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Introduction
This edition of the Rules for the Classification and Construction of Sea-Going Ships, 2020, as compared
to their 2011 edition, as amended, contains the following amendments:

PART II. HULL

1. Para 1.1: in paras 1.1.6.6.3 and 1.1.6.8 requirements have been specified.

2. Para 1.2: para 1.2.3.3 has been completed with the requirements for ice class, polar class, Baltic ice
class ships;

a new para 1.2.3.13 has been introduced taking into account IACS UR S6;

in paral.2.5 requirements have been specified.

3. Para 1.4: numeration of 1.4.5 + 1.4.8 has been replaced by 1.4.6 +~1.4.9;

A new para 1.4.6.10 has been introduced taking into account longitudinal strength requirements for the
abaft part of the hull.

4. Para 1.5: paras 1.5.4 + 1.5 7 have been canceled.

5. Para 1.6: in para 1.6.4.5 requirements have been specified.

6. Para 1.7: in paras 1.7.2.2.1 and 1.7.3.2.1 requirements have been specified to the size of knees and
stiffeners;

paras 1.7.2.2.5 and 1.7.5.6.1 have been completed with the requirements for ice class, polar class, Baltic
ice class ships.

7. Para 2.2: paras 2.2.4.1 and 2.2.4.4 have been amended.

8. Para 2.3: paras 2.3.1.1, 2.3.4.1 and 2.3.4.3 have been amended,;

para 2.3.4.2 have been revised taking into account the analysis of the Rules of other classification
societies;

a new para 2.3.4.4 has been introduced with the requirements for minimum single-bottom plates
thicknesses;

para 2.3.5.1.4 has been canceled.

9. Para 2.4: paras 2.4.2.3, 2.4.2.4 and 2.4.2.7.4 have been amended,;

paras 2.4.4.2.4, 2.4.44.1, 2.4.45.1, 2.4.4.6.1 ~ 2.4.4.6.3 and 2.4.4.10 have been revised taking into
account the analysis of the Rules of other classification societies.

10. Para 2.5: paras 2.5.1.3, 2.5.4.7.6 and 2.5.5.1.6 have been canceled;

paras 2.5.2.1 and 2.5.3.2.3 have been amended;

paras 2.5.4.1 +25.4.6, 25471+ 25.4.7.3, 25.4.8, 2.5.5.3 and 2.5.5.6 have been revised taking into
account the analysis of the Rules of other classification societies.

11. Para 2.6: para 2.6.1.2 has been canceled,;

paras 2.6.4.1.3 have been amended;

paras 2.6.4.1.4, 2.6.4.1.5, 2.6.4.2 +~ 2.6.4.9 and 2.6.5.1.1 have been revised taking into account the
analysis of the Rules of other classification societies.

12. Para 2.7: paras 2.7.1.2 and 2.7.3.2 have been amended;

para 2.7.1.5 has been canceled,

paras 2.7.4.1 + 2.7.4.4 have been revised taking into account the analysis of the Rules of other
classification societies;

new paras 2.7.4.5 and 2.7.4.6 have been introduced;

paras 2.7.5.3 + 2.7.5.6 have been canceled.

13. Para 2.8: paras 2.8.1.1, 2.8.2.2, 2.8.2.3, 2.8.2.14, 2.8.5.1.1 + 2.8.5.1.5 have been amended;

paras 2.8.5.4, 2.8.2.15, 2.8.4.7 + 2.8.4.9 have been canceled,;

paras 2.8.4.1 + 2.8.4.6 have been revised taking into account the analysis of the Rules of other
classification societies.

14. Para 2.9: paras2.9.1,2.9.1.1, 2.9.1.2, 2.9.2.1, 2.9.4.1 have been amended;

para 2.9.5 has been canceled.

15. Para 2.10: paras 2.10.1.2, 2.10.4.3.2 and 2.10.5 have been canceled,

paras 2.10.2.2, 2.10.2.6 and 2.10.4.2.4 have been amended;

para 2.10.4.1 has been revised taking into account the analysis of the Rules of other classification
societies.

16. Para 2.11: para 2.11.2.2 has been amended.

17. Para 2.12: paras 2.12.3, 2.12.4.5, 2.12.5.2 and 2.12.5.3 have been revised taking into account the
analysis of the Rules of other classification societies;

paras 2.12.4.6 and 2.12.5.5 have been amended.



18. Para 2.13: paras 2.13.1 and 2.13.2 have been revised taking into account the analysis of the Rules of
other classification societies;

Para 2.13.3 has been canceled,;

The number of para 2.13.4 has been replaced by 2.13.3;

Para 2.13.3 (amended) has been revised taking into account the analysis of the Rules of other
classification societies.

19. Para 2.14: paras 2.14.4.1 and 2.14.4.2 have been revised taking into account the analysis of the
Rules of other classification societies.

20. Para 3.1: paras 3.1.1.5 and 3.1.3.6 have been amended;

paras 3.1.2.5, 3.1.2.7 and 3.1.2.9.3 have been canceled,

numbers of paras have been replaced as follows: 3.1.2.6 by 3.1.2.5, 3.1.2.8 by 3.1.2.6, 3.1.2.9 by
3.1.2.7,3.1.29.4 by 3.1.2.7.3,3.1.2.10 by 3.1.2.8, 3.1.2.11 by 3.1.2.9.

21. Para 3.2: paras 3.2.1.2, 3.2.4.5 and 3.2.4.7 have been amended;

paras 3.2.3.2, 3.2.3.4 + 3.2.3.9, 3.2.4.1 + 3.2.4.4 have been revised taking into account the analysis of
the Rules of other classification societies;

paras 3.2.3.10 -+ 3.2.3.13, 3.2.4.8 + 3.2.4.11 have been canceled.

22. Para 3.3: paras 3.3.4.9.5, 3.3.4.10, 3.3.5.3, 3.3.6.2 + 3.3.6.5 have been amended.

23. Para 3.5: para 3.5.5.3 has been canceled.

24. Para 3.6: para 3.6.1.2 4 has been revised taking into account the analysis of the Rules of other
classification societies;

paras 3.6.2.8.1, 3.6.4.10 i 3.6.5.5 have been amended;

para 3.6.4.12.1 has been canceled;

numbers of paras: 3.6.4.12.2 + 3.6.4.12.5 have been replaced by 3.6.4.12.1 + 3.6.4.12.4.

25. Para 3.7: para 3.7.1.3 has been canceled;

numbers of paras: 3.7.1.4 + 3.7.1.6 have been replaced by 3.7.1.3 + 3.7.1.5;

paras 3.7.2, 3.7.3.4, 3.7.4 i 3.7.5 have been revised taking into account the analysis of the Rules of other
classification societies.

26. Para 3.8: para 3.8.4 has been revised taking into account the analysis of the Rules of other
classification societies.

27. Para 3.9: para 3.9.4.7 has been revised taking into account the analysis of the Rules of other
classification societies.

28. Paras 3.10 and 3.11: have been combined into one para 3.10, revised taking into account the analysis
of the Rules of other classification societies.

29. Section 3: new paras 3.11 «Polar class ships», 3.12 «Baltic ice class ships», 3.14 «Requirements for
ice strengthening of ships intended for operation astern» and 3.15 «Ships intended for operation in low air
temperatures» have been introduced.

Existing para number 3.12 has been replaced by 3.13. Para 3.13 (amended) has been revised taking into
account the analysis of the Rules of other classification societies.

30. Para 3.13 Existing para number has been replaced by 3.16.

31. Para 3.14 Existing para number has been replaced by 3.17.

32. Appendix 1: has been revised taking into account the analysis of the Rules of other classification
societies.

33. Appendix 3: the text title has been amended;

para 4.1.2 has been amended with Pic. 4.1.2.

34. Appendix 4: the text title has been amended.

35. Editorial amendments have been made.

PART III. EQUIPMENT, ARRANGEMENTS AND OUTFIT

1. Para1.1: paras 1.1.1 and 1.1.4 have been amended;

para 1.1.5 has been canceled.

2. Para 1.3: para 1.3.2.9 has been amended.

3. Para 2.1: a new para 2.1.3 has been introduced taking into account IACS UR S10.Rev.5;

numbers of paras 2.1.3 + 2.1.10 have been replaced by 2.1.4 + 2.1.11 and amended taking into account
the requirements for polar, Baltic ice class ships.



4. Para 2.2: paras 2.2.2.2, 2.2.2.3 and 2.2.3.1 have been completed with the requirements for polar class
ships, Baltic ice classes.

5. Section 2: a new para 2.11 «Additional requirements for Baltic ice class ships» has been introduced.

6. Para 3.1: para 3.1.1 has been amended.

7. Para 3.2: para 3.2.1 has been amended with Fig. 3.2.1.

8. Para 4.1: para 4.1.1 has been amended.

9. Para 5.1: a new para 5.1.4 has been introduced.

10. Para 7.1: para 7.1.1 has been amended.

11. Para 7.2: a new para 7.2.1.14 has been introduced.

12. Para 7.7: para 7.7.1.1 has been amended.

13. Para 7.10: para 7.10.4.1 has been amended, the number of para has been canceled;

paras 7.10.4.2, 7.10.4.3 and 7.10.7 have been canceled.

14. Para 7.11: the heading of para has been changed,;

paras 7.11.1 and 7.11.2 have been revised taking into account the analysis of the Rules of other
classification societies;

paras 7.11.4 + 7.11.6 have been canceled.

15. Para 7.12: paras 7.12.2.5, 7.12.5.3, 7.12.5.4, 7.12.5.6 and 7.12.5.15 have been amended.

16. Para 7.13: para 7.13.1 has been amended,;

paras 7.13.13 + 7.13.20 have been revised taking into account the analysis of the Rules of other
classification societies.

17. Para 7.14: para 7.14.2 has been amended;

para 7.14.3 has been canceled.

18. Para 8.5: para 8.5.2.8 has been revised taking into account the analysis of the Rules of other
classification societies.

19. Para 8.6: para 8.6.1 has been amended.

20. Para 8.8: the heading of para has been changed;

paras 8.8.2 and 8.8.3 have been revised taking into account the analysis of the Rules of other
classification societies.

21. Section 9: the heading of para has been changed.

22. Para 10.2: para 10.2.2 a new para 10.2.2.3 has been introduced,

the number of para 10.2.1.2 has been replaced by 10.2.3;

para 10.2.3 (existing) has been canceled.

23. Para 10.3: para 10.3.5 has been canceled;

numbers of paras 10.3.6 + 10.3.12 have been replaced by 10.3.5 + 10.3.11;

para 10.3.5 (amended) has been amended.

24. Para 10.5: para 10.5.1 a new para 10.5.1.8 has been introduced.

25. Section 10: a new para 10.6 «Testing» has been introduced.

26. Para 11.1: para 11.1.1 has been amended;

the number of para 11.1.5.2 has been replaced by 11.1.5.3;

para 11.1.1 a new para 11.1.5.2 has been introduced.

27. Para 11.2: para 11.2.6.5 has been amended.

28. Section 11: a new para 11.8 «Testing» has been introduced.

29. Section 13: the number of Section has been replaced by 12.

30. Part TIT: a new Section 13 «Ships intended for operation in low air temperatures» has been
introduced.

31. Section 12: the number of Section has been replaced by 15.

32. Section 15 (amended): para 15.2.5 (amended) has been amended taking into account the
requirements for polar, Baltic ice class ships.

33. Appendix 2: have been revised taking into account the analysis of the Rules of other classification
societies.

34. Editorial amendments have been made.

PART IV. STABILITY

1. Para1.1: para 1.1.1 has been amended;

para 1.1.4 has been canceled;

the number of para 1.1.5 has been replaced by 1.1.4.

2. Para 1.4: paras 1.4.2.1,1.4.7.1 and 1.4.11.3 have been amended.



. Para 1.5: paras 1.5.1, 1.5.2.1, 1.5.5.2 and 1.5.13 have been amended.
. Section 1: a new para 1.7 «Passage of ships» has been introduced.
. Para 2.1: para 2.1.5.6 has been amended.
. Para 3.1: para 3.1.1 has been amended.
. Para 3.2: para 3.2.1 has been amended.
. Para 3.3: para 3.3.1 has been amended.
. Para 3.7: para 3.7.1 a new para 3.7.1.3 has been introduced;

para 3.7.4 a new para 3.7.4.7 has been introduced.

10. Para 3.8: para 3.8.4.7 has been canceled;

the number of para 3.8.4.8 has been replaced by 3.8.4.7;

paras 3.8.7.2 and 3.8.7.3 have been revised taking into account the analysis of the Rules of other
classification societies.

11. Para 3.9: para 3.9.3 has been canceled;

numbers of paras 3.9.4 + 3.9.11 have been replaced by 3.9.3 + 3.9.10.

12. Para 3.10: para 3.10.5 has been revised taking into account the analysis of the Rules of other
classification societies.

13. Para 3.11: the heading of para has been changed,;

para 3.11.1 have been revised taking into account the analysis of the Rules of other classification
societies;

paras 3.11.8.1.1, 3.11.8.3.1 + 3.11.8.3.5, 3.11.8.4.1 + 3.11.8.4.4, 3.11.9.2, 3.11.10.4.1.2, 3.11.10.5.1,
3.11.10.6.2 ~3.11.10.6.4, 3.11.10.7.1 and 3.11.10.7.2 have been amended;

paras 3.11.11 and 3.11.12 have been canceled.

14. Para 4.1: para 4.1.1 a new para 4.1.1.5 has been introduced.

15. Para 4.2: para 4.2.1 has been amended.

16. Para 4.3: para 4.3.3.9 has been amended.

17. Editorial amendments have been made.
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PART V. SUBDIVISION

1. Para 1.1: para 1.1.1 has been amended;

para 1.1.4 has been canceled.

2. Para 1.4: para 1.4.6 has been amended;

para 1.4.6.1.4 has been amended taking into account the requirements for polar, Baltic ice class ships.

3. Para 2.1: para 2.1.1 has been amended,;

a new para 2.1.2 has been introduced.

4. Para 2.5: para 2.5.4.1.2 has been amended.

5. Para 3.4: paras 3.4.2.1, 3.4.2.2, 3.4.2.3.4, 3.4.2.35, 3.43.1, 3.4.4, 3.4.4.1, 3.4.13 i 3.4.13.1 BHeceHi
3MIHU;

paras 3.4.10, 3.4.10.1 + 3.4.10.3 and Table 3.4.10.5 have been amended taking into account the
requirements for polar, Baltic ice class ships.

6. Para 3.4: a new para 3.4.15 «Ships for handling anchors» has been introduced.

7. . Editorial amendments have been made.

PART XVI. STRUCTURE AND STRENGTH OF FIBER-REINFORCED PLASTIC SHIPS

This part of the Rules has been revised taking into account the analysis of the Rules of other
classification societies.
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PART II. HULL

1. DESIGN PRINCIPLES
1.1 GENERAL

1.1.1 Application.

1.1.1.1 Unless provided otherwise, requirements of the present Part of the Rules apply to steel ships of
welded construction, from 12 to 350 m in length whose proportions are taken within the limits given in Table
1.1.1.1.

Table 1.1.1.1
BigHomenns Navigation area
) %) % 5
s o |s |48 23 Eg,
TR | (3% |58 |caz
g < | < | &< | =& Z 4D
py - - o o o 0 ol m
g = |2 | 4% |22 - 52
£ 2g |=E 237
< 2| go
The length of the ship to the depth L/D 18 19 20 21 22 23
The breadth of the ship to the depth B/D 2,5 | 25" 32 3 3 43
! For vessels of dredging fleet, not more than 3.
2 For vessels of industrial fleet, not more than 4.
3 For floating cranes, not less than 4,5.

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

- contracted for construction on or after 1 July 2016;

- in the absence of a contract for construction, which keels were laid or which were at a similar stage of
construction on July 1, 2017 or after that date; or

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

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

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

1.1.1.3 Draft fore of mixed (sea — river) navigation ships, in all load conditions, shall not be less
than:

.1 for ships with sign R2-RS(6,0) — 2,9 m with L > 60,0 m and not less than 1,6 m with L <25,0
m;

.2 for ships with sign R2-RS(4,5) — 2,2 m with L > 60,0 m and not less than 1,2 m with L <25,0
m;

.3 for ships with sign R3-RS — 1,7 m with L > 60,0 m and not less than 0,9 m with L <25,0 m;

For the intermediate values of L and intermediate wave height values, among specified in .1 and .2, the
minimum allowable draft fore is determined by linear interpolation.

' Refer to IMO Resolution MSC.290(87)
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1.1.1.4 Ships of mixed (sea — river) navigation, having in class notation signs R2-RS or R3-RS, namely:
self-propelled cargo ships, tugs, towed barges, and pushed barges, shall be fitted with double sides and
double bottom.

Double sides shall be provided within cargo holds (cargo tanks). Double bottom shall be arranged from
collision (forepeak) bulkhead to after peak bulkhead. On towing vessels double sides may not be provided
and double bottom shall be arranged from forepeak to after peak bulkhead, as far as practicable and
compatible with the design and normal operation of the vessel.

In this case, any part of the towing vessel not fitted with a double bottom shall be capable of
withstanding the damage to the bottom referred to in 2, Part V "Subdivision".».

1.1.2 General.

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

1.1.2.2. The structures regulated by this Part shall comply with the requirements of Part XIII "Materials"
and Part XIV "Welding" and with the approved technical documentation listed in B 4.2.3 Part I
"Classification" of the Rules for the Classification and construction of Sea-going Ships®.

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

1.1.3 Definitions and explanations.

The definitions and explanations relating to the general terminology of the Rules are given in Part 1
"Classification".

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

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

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

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

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

Block coef ficient Cy is the block coefficient at draught d corresponding to summer load waterline, based
on length L and breadth B, determined by the formula

Moulded displacement (m*)
Cy, = LBd"

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

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

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

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

Superstructure is a decked structure on the upper deck extending from side to side of the ship or with
the side plating not being inboard of the shell plating more than 4 % of the breadth of the ship.

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

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

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

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

Superstructure deck is a deck forming the top of a tier of superstructure.

Where the superstructure has several tiers, the superstructure decks are called as follows: first tier

2Hereinafter — Part I «Classificationy.
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superstructure deck, second tier superstructure deck, etc., counting from the upper deck.

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

Lower decks are the decks located below the upper deck.

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

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

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

Deckhouse top is a deck forming the top of a tier of a deckhouse.

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

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

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

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

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

g =9,81 m/s* - acceleration due to gravity;

p =1,025 t/m’ - density of sea water.

Moulded breadth B is the greatest moulded breadth, in m, measured amidships from outside of frame to
outside of frame.

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

Intermediate frames are additional frames fitted between main frames.

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

ao = 0,002L + 0,48.

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

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

1.1.4 Basic provisions for determining the scantlings of hull members.

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

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

1.1.4.3 3 For the purpose of these Rules, the design characteristics of the material used for hull
structures shall be as follows:

Re.n —upper yield stress, in MPa;

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

on=235m, (1.1.4.3-1)

where: m — application factor of mechanical properties of steel, determined from Table 1.1.4.3;
7, — design specified yield stress for shear stresses, in MPa, determined by the formula

1,= 0,570, . (1.1.4.3-2)
Table 1.1.4.3
Rer 235 315 355 > 390
M 1,0 0,78 0,72 0,68
Gy 235 301 326 346
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1.1.4.4 The requirements for strength of structural members and structures as a whole aiming at
determining their scantlings and strength characteristics are set forth in these Rules by assigning the specified
values of permissible stresses for design normal o, = k0, and shear tp,= k1, stresses (where ks and k. —
factors of permissible normal and shear stresses respectively).

The values of where ks and &: 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
considerable compressive normal and/or shear stresses (refer to 1.6.5).

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

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

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

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

For ships of restricted areas of navigation R2, R2-S, R2-RS, A-R2, A-R2-S, A-R2-RS, B-R3-S, B-R3-
RS, C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS a reduction in the thickness of hull
members is permitted, but not in excess of the values given in Tablel.1.4.6.

Table 1.1.4.6 Permissible reduction of minimum hull member thickness

Hull members Paiion miaBaHHs
R2, R2-S, R2-RS, A-R2, A-R2-S, R3-S, R3-RS, R3,
A-R2-RS, B-R3-S, B-R3-RS, R3-IN, D-R3-S, D-R3-RS

C-R3-S, C-R3-RS

Primaty support members in way
of ballast tanks
Other hull members 10% 20%

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

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

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

The reduced scantlings as well as scantlings determined in accordance with the requirements of these
Rules for the 25-years service life of the ship shall be expressly indicated in the hull structural drawings
submitted to the Register for review. A special entry shall be made in the Classification Certificate of such
ships (refer to 2.3.1, 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:

15% 30%

As =u(T -12), (1.1.5.1)

where  u average annual reduction in thickness of the member, in mm per annum, due to corrosion wear or tear according to
1.1.5.2;
T — planned service life of structure, in years;

if service life is not specially prescribed, T shall be taken equal to 7= 25.

For the structures whose planned service life is less than 12 years, As = 0.

In the drawings of hull structures, which planned service life has been taken to be less than 25 years,
scantlings determined at 7= 25 shall be additionally indicated.

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

1.1.5.2 When there are no special requirements for service conditions and means of corrosion prevention
of the hull for determining the scantlings of hull members according to the Rules one shall be guided by the
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data on the average annual reduction in thickness u, of structural member given in Table 1.1.5.2-1 and
1.1.5.2-2, depending on the group of ships and the designation of the space.

Tables 1.1.5.2-1 and 1.1.5.2-2 provide for division of all ships into two groups depending on corrosion
wear conditions:

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

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

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

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

The average structural members thickness reduction of restricted navigation area ships operated in fresh
water for 50 and more per cent of the service life is specified in the Table 1.1.5.2-2. If the ship is operated in
fresh water at least 50% of operational service life, average structural hull members thickness reduction shall
be determined by linear interpolation between Tables 1.1.5.2-1 and 1.1.5.2-2 depending on the percentage of
ship in fresh water. For ships of restricted service, intended to operate only in fresh water basins, the value of
u may be reduced 2,5 times for group I and 1,2 times for group II relative to the corresponding values
specified in the Table 1.1.5.2-1.

In the drawings of hull structures, which scantlings have been adopted with regard to the reduced value
of u, the reduced scantlings determined at u according to Tables 1.1.5.2-1 and 1.1.5.2-2. shall be additionally
indicated.

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

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

Nos. Structural member Gruo’ulg ;n m per agrl;l:; I
1 2 3 4
1 |Plating of decks and platforms
1.1 |Upper deck 0,10 0,202
1.2 |Lower deck 0,11 —
1.3 |Deck in accommodation and working spaces 0,14 0,14
2 |Side plating
2.1 |Side (no inner skin is provided):
2.1.1 |freeboard 0,10 0,132
2.1.2 |in the region of alternating waterlines 0,17 0,192
2.1.3 |below the region of alternating waterlines 0,14 0,16
22 Side (inner skin is provided) (compartments of double
™ |skin side are not designed to be filled):
2.2.1 |freeboard 0,10 0,10
2.2.2 |in the region of alternating waterlines 0,17 0,17
2.2.3 |below the region of alternating waterlines 0,14 0,14
Side (inner skin is provided) (compartments of double
2.3 |skin side are designed for the of carriage cargo, fuel oil
or water ballast):
2.3.1 |freeboard:
.1 tanks filled with fuel oil 0,19 0,19
.2 tank for reception of water ballast 0,21 0,21
2.3.2 |in the region of alternating waterlines:
.1 tanks filled with fuel oil 0,18 0,18
.2 tank for reception of water ballast 0,21 0,21
2.3.3 |below the region of alternating waterlines:
.1 tanks filled with fuel oil 0,17 0,17
.2 tank for reception of water ballast 0,18 0,18
3 |Bottom plating
3.1 |Bottom (inner bottom is not provided):
3.1.1 |including bilge 0,14 —
3.1.2 |in way of cargo tanks — 0,17
3.1.3 |in way of fuel oil tanks 0,17 0,17
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1, in mm per annum

Nos. Structural member Group T Group IT
3.1.4 |in way of ballast compartments 0,20 0,20
3.1.5 |flat keel 0,23 0,25
3.2 |Bottom (inner bottom is provided):
3.2.1 |including bilge 0,14 0,14
3.2.2 |in way of cargo tanks 0,15 0,15
3.2.3 |in way of ballast compartments 0,20 0,20
3.2.4 |flat keel 0,20 0,20
4 Plating of inner bottom, hopper tank and trapezoidal
stools under transverse bulkheads
4.1 |Inner bottom in the area of cargo holds (tanks):
4.1.1 |in way of fuel oil tanks 0,12 0,17
4.1.2 |in way of ballast compartments 0,15 0,20
4.1.3 |in way of boiler room 0,30 0,30
4.1.4 |in way of engine room 0,20 0,20
with no wood sheathing in holds if cargo is expected to 0,30
4.1.5 . 0,30
be discharged by grabs
42 Hopper tanks, trapezoidal stools under transverse
"™ |bulkheads, margin plate:
4.2.1 |plating of hopper tanks and trapezoidal stools:
bottom strake 0,25 0,30
other strakes 0,12 0,17
4.2.2 |margin plate (inclined and horizontal) 0,20 0,22
4.2.3 |margin plate in boiler room:
inclined 0,28 0,30
horizontal 0,23 0,28
5 Plating of longitudinal and transverse bulkheads of
inner skin
5.1 |Watertight bulkheads:
5.1.1 |top strake 0,10 -
5.1.2 |middle strake 0,12 —
5.1.3 |bottom strake 0,13 -
5.2 |Bulkheads between holds loaded with bulk cargoes:
5.2.1 |top strake (0,1 D from the upper deck) - 0,13
5.2.2 |other strakes — 0,18
53 Bulkheads between holds loaded with oil cargo or bulk
cargo:
5.3.1 |top strake (0,1 D from the upper deck) — 0,16
5.3.2 |other strakes — 0,18
5.4 |Bulkheads between cargo tanks:
5.4.1 |top strake (0,1 D from the upper deck) — 0,202
5.4.2 |middle strake — 0,132
5.4.3 |bottom strake — 0,18
5.5 |Bulkheads between cargo and ballast compartments:
5.5.1 |top strake (0,1 D from the upper deck) 0,13 0,30
5.5.2 |middle strake 0,15 0,25
5.5.3 |bottom strake 0,16 0,20
5.6 |Topside tanks 0,12 0,20
6 |Framing of decks and platforms
6.1 Deck longitudinals and beams of decks and platforms
" |forming boundaries of:
6.1.1 |holds loaded with general cargoes 0,12 —
6.1.2 |holds loaded with bulk cargoes — 0,15
6.1.3 holds loaded with crude oil and petroleum products or B 0,18
" |bulk cargoes
6.1.4 |cargo tanks — 0,252
6.1.5 |fuel oil tanks 0,15 0,17
6.1.6 |ballast compartments 0,18 0,20




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

Nos. Structural member Gﬁ)’ul; ;n m per ag;g:; I
Deck girders, transverses of decks and platforms
6.2 . .
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 B 0,15
™" |bulk cargoes
6.2.4 |cargo tanks - 0,207
6.2.5 |fuel oil tanks 0,19 0,19
6.2.6 |ballast compartments 0,21 0,21
6.3 |Cargo hatch coamings 0,10 0,12
7 |Framing of sides and bulkheads
Longitudinals, main and web frames, cross ties,
7.1 |vertical stiffeners and horizontal girders of sides and
bulkheads forming boundaries of:
7.1.1 |holds loaded with general cargoes 0,10 —
7.1.2 |holds loaded with bulk cargoes — 0,13
713 holds loaded with crude oil and petroleum products or B 0,15
""" |bulk cargoes
7.1.4 |cargo tanks - 0,20%3
7.1.5 |fuel oil tanks 0,18° 0,18°
7.1.6 |ballast compartments 0,21 0,21
8 |Framing of bottom and inner bottom
8.1 Bottom centre girder, side girders, floors and bottom
" |longitudinal girders (inner bottom is omitted):
8.1.1 |in general cargo compartments 0,14 -
8.1.2 |in cargo tanks — 0,20
8.1.3 |in ballast compartments 0,20 0,20
8.1.4 |under the boilers 0,30 0,30
8.2 Bottom centre girder, side girders, floors, bottom and inner
™ | bottom longitudinals in double bottom compartments:
8.2.1 |not intended to be filled 0,14 0,14
8.2.2 |in oil fuel tanks 0,15 0,15
8.2.3 |in water ballast tanks 0,20 0,20
8.2.4 |under the boilers 0,25 0,25
9  [Superstructures, deckhouses and bulwarks
9.1 |[Shell plating 0,10 0,10
9.2 |Framing 0,10 0,10

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

Nos Structural member 4, In Thim pet annum
Group 1
1 2 3 4
1 |Plating of decks and platforms
1.1 |Upper deck 0,08 0,13!
1.2 |Lower deck 0,08 —
1.3 |Deck in accommodation and working spaces 0,08 0,08
2 |Side plating
2.1 |Side (no inner skin is provided):
2.1.1 |freeboard 0,08 0,08
2.1.2 |in the region of alternating waterlines 0,12 0,12
2.1.3 |below the region of alternating waterlines 0,12 0,12
22 Side (inner skin is provided) (compartments of double skin
"™ |side are not designed to be filled):
2.2.1 |freeboard 0,08 0,08
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Nos Structural member 4, I Thim pet annum
Group 1
2.2.2 |in the region of alternating waterlines 0,12 0,12
2.2.3 |below the region of alternating waterlines 0,12 0,12
23 Side (inner skin is provided) (compartments of double skin side
"~ |are designed for the of carriage cargo, fuel oil or water ballast):
2.3.1 |freeboard:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
2.3.2 |in the region of alternating waterlines:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
2.3.3 |below the region of alternating waterlines:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
3 |Bottom plating
3.1 |Bottom (inner bottom is not provided):
3.1.1 |including bilge 0,12 —
3.1.2 |in way of cargo tanks — 0,15
3.1.3 |in way of fuel oil tanks 0,15 0,15
3.1.4 |in way of ballast compartments 0,15 0,15
3.2 |Bottom (inner bottom is provided):
3.2.1 |including bilge 0,12 0,12
3.2.2 |in way of cargo tanks 0,15 0,15
3.2.3 |in way of ballast compartments 0,15 0,15
4 Plating of inner bottom, hopper tank and trapezoidal stools
under transverse bulkheads
4.1 |Inner bottom in the area of cargo holds (tanks):
4.1.1 |in way of fuel oil tanks 0,12 0,15
4.1.2 |in way of ballast compartments 0,15 0,15
4.1.3 |in way of boiler room 0,17 0,17
4.1.4 |in way of engine room 0,10 0,17
with no wood sheathing in holds if cargo is expected to be 0,17 0,17
415 | .
discharged by grabs
42 Hopper tanks, trapezoidal stools under transverse bulkheads,
"™ |margin plate:
4.2.1 |plating of hopper tanks and trapezoidal stools:
bottom strake 0,17 0,17
other strakes 0,12 0,15
4.2.2 |margin plate (inclined and horizontal) 0,17 0,17
4.2.3 |margin plate in boiler room:
inclined 0,17 0,17
horizontal 0,17 0,17
5 Plating of longitudinal and transverse bulkheads of inner
skin
5.1 |Watertight bulkheads:
5.1.1 |top strake 0,10 -
5.1.2 |middle strake 0,12 —
5.1.3 |bottom strake 0,13 —
5.2 |Bulkheads between holds loaded with bulk cargoes:
5.2.1 |top strake (0,1 D from the upper deck) — 0,13
5.2.2 |other strakes — 0,15
5.3 |Bulkheads between holds loaded with oil cargo or bulk cargo:
5.3.1 [top strake (0,1 D from the upper deck) — 0,16
5.3.2 |other strakes — 0,18
5.4 |Bulkheads between cargo tanks:
5.4.1 |top strake (0,1 D from the upper deck) — 0,13!
5.4.2 |middle strake - 0,10!
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Nos Structural member 4, I Thim pet annum
Group 1
5.4.3 |bottom strake — 0,13
5.5 |Bulkheads between cargo and ballast compartments:
5.5.1 |top strake (0,1 D from the upper deck) 0,13 0,15
5.5.2 |middle strake 0,15 0,15
5.5.3 |bottom strake 0,15 0,17
5.6 |Topside tanks 0,12 0,15
6 |Framing of decks and platforms
6.1 Deck longitudinals and beams of decks and platforms forming
"~ |boundaries of:
6.1.1 |holds loaded with general cargoes 0,12 —
6.1.2 |holds loaded with bulk cargoes — 0,15
6.1.3 holds loaded with crude oil and petroleum products or bulk - 0,15!
cargoes
6.1.4 |cargo tanks — 0,15
6.1.5 |fuel oil tanks 0,15 0,15
6.1.6 |ballast compartments 0,15 0,15
6.2 Deck girders, transverses of decks and platforms forming
"™ |boundaries of:
6.2.1 |holds loaded with general cargoes 0,08 —
6.2.2 |holds loaded with bulk cargoes — 0,12
6.2.3 holds loaded with crude oil and petroleum products or bulk - 0,15
cargoes
6.2.4 |cargo tanks - 0,15
6.2.5 |fuel oil tanks 0,10 0,10
6.2.6 |ballast compartments 0,10 0,10
6.3 |Cargo hatch coamings 0,08 0,10
7 |Framing of sides and bulkheads
Longitudinals, main and web frames, cross ties, vertical
7.1 |[stiffeners and horizontal girders of sides and bulkheads
forming boundaries of:
7.1.1 |holds loaded with general cargoes 0,10 —
7.1.2 |holds loaded with bulk cargoes — 0,13
713 holds loaded with crude oil and petroleum products or bulk - 0,15
cargoes
7.1.4 |cargo tanks - 0,15!
7.1.5 |fuel oil tanks 0,15 0,15
7.1.6 |ballast compartments 0,15 0,15
8 |Framing of bottom and inner bottom
8.1 Bottom centre girder, side girders, floors and bottom
" |longitudinal girders (inner bottom is omitted):
8.1.1 |in general cargo compartments 0,14 —
8.1.2 |in cargo tanks — 0,15
8.1.3 |in ballast compartments 0,15 0,15
8.1.4 |under the boilers 0,17 0,17
8.2 Bottom centre girder, side girders, floors, bottom and inner bottom
" |longitudinals in double bottom compartments:
8.2.1 |not intended to be filled 0,12 0,12
8.2.2 |in oil fuel tanks 0,15 0,15
8.2.3 |in water ballast tanks 0,15 0,17
8.2.4 |under the boilers 0,17 0,17
9 |Superstructures, deckhouses and bulwarks
9.1 |Shell plating 0,06 0,06
9.2 |Framing 0,06 0,06

I'— for tankers carrying crude oil, u is increased by 50 %.
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1.1.5.3 The factors w; and ji, taking into account corrosion allowance with regard to the cross-sectional
area of the web and to the section modulus of members of rolled section are determined by the formulae:
.1 for rolled tee, angular and symmetrical flat bulb profile members:

o, =215/ 37)+Vas /2,

®, =0,1As+0,96;

.2 for band and flat profile members
o, = (08537 )+ Vas /2,

but at least 1,05,
where  W'— section modulus of the member under consideration in accordance with 1.6.4.2;
As —referto 1.1.5.1;

Jk =Of

1.1.6 Compliance with statutary requirements (for ships of gross tonnage 500 t and over).

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

.1 a fore peak or collision bulkhead shall be fitted which shall respectively be watertight up to the
bulkhead deck. This bulkhead shall be located at a distance from the forward perpendicular of not less than 5
per cent of the length of the ship and not more than 3 m plus 5 per cent of the Where the stem forms the
external contour of the hull from the forward end with no protruding parts except the bulbous bow, the
forward perpendicular shall coincide with the forward edge of the stem on the level of the deepest
subdivision load line;

.2 where any part of the ship below the waterline extends forward of the forward perpendicular, e.g. a
bulbous bow, the distances stipulated in 1.1.6.1.1, shall respectively 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 respectively be extended weathertight to the next full deck above the bulkhead deck. The
extension shall be so arranged as to preclude the possibility of the bow door causing damage to it in the case
of damage to, or detachment of, the bow door.

.4 The extension required in 1.1.6.1.3 need not be fitted directly above the bulkhead below, provided
that all parts of the extension are not located forward of the forward limit 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 extension, the part of the extension which is more than 2,3
m above the bulkhead deck may extend no more than 1 m forward of the forward limits specified in 1.1.6.1.1
or1.1.6.1.2; and

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

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

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

3 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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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 June 1997.

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

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

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

1.1.6.2 In cargo ships, other than tankers, the keels of which were laid or which were at a similar stage
of construction before 1 January 2009, as well as in tankers irrespective of the construction date the peak and
machinery space bulkheads, stern tubes shall comply with the following requirements *.

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

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

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

.4 where a long forward superstructure is fitted, the collision bulkhead shall be extended weathertight to
the deck next above the freeboard deck. The extension need not be fitted directly above the bulkhead below
provided it is located within the limits prescribed in 1.1.6.2.1 or 1.1.6.2.2 with the exemption permitted by
1.1.6.2.5 and the part of the deck which forms the step is made effectively weathertight.

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

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

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

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

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

.1 a collision bulkhead shall be fitted which shall be watertight up to the bulkhead deck. This bulkhead
shall be located at a distance from the forward perpendicular of not less than 5 per cent of the length of the
ship or 10 m, whichever is the less, and if other value is not permitted, not more than 8 per cent of the length
of the ship or 3 m plus 5 per cent of the length of the ship, whichever is the greater.

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

.3 the bulkhead may have steps or recesses provided that they are within the limits prescribed in
1.1.6.3.1 or 1.1.6.3.2.

.4 no doors, manholes, access openings, ventilators or any other openings shall be fitted in the collision

4For 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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bulkhead below the bulkhead deck.

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

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

.7 where a long forward superstructure is fitted, the collision bulkhead shall be extended weathertight to
the deck next above the bulkhead deck. The extension of the collision bulkhead need not be fitted directly
above the bulkhead below provided it is located within the limits prescribed in 1.1.6.3.1 or 1.1.6.3.2, with the
exemption permitted by 1.1.6.3.8, and the part of the deck which forms the step is made effectively
weathertight. The extension shall be so arranged as to preclude the possibility of the bow door causing
damage to it in the case of damage to, or detachment of, the bow door.

.8 where bow doors are fitted and a sloping loading ramp forms part of the extension of the collision
bulkhead above the bulkhead deck, the ramp shall be weathertight over its complete length. In cargo ships,
the part of the ramp which is more than 2,3 m above the bulkhead deck may extend forward of the limit
specified in1.1.6.3.1 or 1.1.6.3.2. Ramps not meeting the above requirements shall be disregarded as an
extension of the collision bulkhead.

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

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

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

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

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

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

.12 The ship shall be so designed that the factor s; calculated in accordance with 2.5, Part V is not less
than 7/ under load conditions at the highest draft of subdivision, under load conditions at trim or any forward
trim, if any the part of the ship ahead of the collision bulkhead has been flooded without vertical borders.

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

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

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

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

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

.2 where a double bottom is required to be fitted, its depth shall be in accordance with the requirements
of M 2.4.4.1, and the inner bottom shall be continued out to the ship's sides in such a manner as to protect the
bottom to the turn of the bilge. Such protection will be deemed satisfactory if the line of intersection of the
outer edge of the margin plate with the bilge plating is not lower at any part than a horizontal plane passing
through the point A at midship section, as shown in Fig.1.1.6.4.2.
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Base line

CL

Fig. 1.1.6.4.2

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

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

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

1.1.6.5 In cargo ships other than tankers, the keels of which were laid or which were at a similar stage of
construction before 1 January 2009, the double bottom shall comply with the following requirements:

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

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

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

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

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

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

.2 the double bottom depth shall be in accordance with the requirements of 2.4.4.1 and the inner bottom
shall be continued out to the ship's sides in such a manner as to protect the bottom to the turn of the bilge.

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

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



Part I1. Hull 27

In no case shall the vertical distance from the bottom of such a well to a plane coinciding with the keel
line be not less than //2 or 500 mm whichever is greater, or whether the requirements of 2.9, Part V, for this
part of the ship have been established.

.3. Other wells (e.g., for lubricating oil under main engines) may be permitted if the arrangements give
protection equivalent to that afforded by a double bottom complying with the present paragraph.

.3.2 For a cargo ship with a length of 80 m and over or for a passenger ship it shall be demonstrated that
the ship is capable of withstanding bottom damages as specified in 2.9, Part V.

Alternatively, lubricating oil wells under main engines may extend into the double bottom below the
boundary line, which is determined by the distance /, provided, the vertical distance from the bottom of such
a well to a plane coinciding with the keel line be not less than /#/2 or 500 mm whichever is greater.

.3.3 For a cargo ship with a length of 80 m such devices shall provide a level of safety satisfactory to the
Administration.

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

.5 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 requirements of 2.9, Part V "Subdivision".

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

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

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

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

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

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

1.2 MATERIALS

1.2.1 General.

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

1.2.2 Steel grades for hull structures.

1.2.2.1 Hull members shall be fabricated of mild steel grades A, B, D and E with the upper yield stress
Rer= 235 MPa and of AH , DH , E H and F H high tensile steel grades A32, D32, E32 and F32 with the
upper yield stress R.z = 315 MPa; A3 6, D36, E36 and F36 steel grades with the upper yield stress Ry = 355
MPa, and A40, D40, E40 and F40 steel grades with the upper yield stress R.; = 390 MPa.

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

1.2.2.2 In case of high local stresses in the thickness direction, Z-steel (refer to 3.14, Part XII 1
"Materials") shall be used for the fabrication of structural members having a thickness in excess of 18 mm
unless no measures are taken to structurally prevent lamellar tearing.

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

Hull structural steel stated in 3.17, Part XIII "Materials" shall be used as the base material.
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1.2.3 Selection of steel grades for hull structures.

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

1.2.3.2 The design temperature of the structures which come constantly or periodically in contact with
ambient air are expressed in terms of minimum design temperature of ambient air 7.
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In the absence of any other provisions, for the value of 74 the minimum average daily air temperature is
adopted which can take place during a five-year period of operation on the routes passing in the most
unfavourable waters as regards cooling conditions.

1.2.3.3 In all cases the value of 7 shall not excee:

— 40 °C° — for icebreakers of ice classes Icebreaker2, Icebreaker3, Icebreaker4 and ships of ice classes
Ice6, IceS;

— 30 °C — for icebreakers of ice class Icebreaker1 and ships of ice classIced4;

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

For ships of polar classes, Baltic ice classes IC + IA Super and other ice classes equipped to provide
continuous operation at low temperatures with assigning WINTERIZATION(DAT) sign, the value of Ty is
set according to the estimated outside temperature according to the sign (refer to 3.16.2).

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

Table 1.2.3.4
Operation conditions Design temperature ¢,
Hull structure Cargo Space Regiontﬁf
Insulation Heating region spaces other
than cargo
tanks | holds Spaces
Exposed part of strength deck, side Not
plating portion above summer load Fitted . T4
> . . provided
waterline (for ice class ships — above
ice belt) as well as adjacent framing and
portions up to 1,0 m wide of bulkhead _ Fitted 0,50 T4
structures, decks, platforms, topside
tanks, etc. Not Not
0 0 o
provided provided 0,70 T4 | Ty +5°C 0,60 T4
Strength deck portion under unhealed Not o
- . -10°C
superstructures. provided
External structures of superstructures and Fitted 0,50 T4
deckhouses. Fi
itted Not 0,70 T,
provided
Structures cooled on both sides with Not Not T
ambient air provided provided 4
Side plating portion in the region of . Not
alternating waterline. Ice belt of ice class Fitted provided 0,55 T4
ships - Fitted 0,35 T4
Not Not
provided provided 0.40 T

Notes to Table 1.2.3.4 :
1. For external structures of underwater portion of the hull £, =0 °C.
2. "-" means that the isolation does not affect the design temperature 7.

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

> When operating with calls at the mouth of the northern rivers the value of T
shall not exceed —50 °C.
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AT, =—-10(04 /65 — 1), °C.

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

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

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

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

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

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

The steel grade of structural members shall not be below the grade specified in Tables 1.2.3.7-1 _
1.2.3.7-6. Additional requirements:

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

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

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

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

The steel grade depending on the structural member thickness is determined in accordance with Table

1.2.3.7-6.
Table 1.2.3.7-1
Nos Structural member category Material class/grade

1 2 3

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

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

3 Side plating

4 | Bottom plating, including keel plate Class II amidships.

5 Strength deck plating, excluding that given in paras cl ) .
12,13, 14, 15 and 16 ass I outside of amidships.

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

7 Uppermost strake in longitudinal bulkhead
Vertical strake (hatch side girder) and uppermost

8 . .
sloped strake in top wing tank

9 Longitudinal hatch coamings of length less than 0,15L
External longitudinal members, plating and framing of

10 | long superstructures and plating of sides of short
superstructures and deckhouses (first tier)

11 | Sheerstrake ' Class III amidships

12 | Stringer plate in strength deck '. Class II outside of amidships

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

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

15 | Strength deck plating at outboard corners of cargo | Class III amidships
hatch openings in container carriers and other ships | Class II outside of amidships
with similar hatch opening configurations Class 1 outside 0,6L

amidships

Class III within cargo region.

16

Strength deck plating at corners of cargo hatch

Class III within 0,6L of the
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openings in bulk carriers, ore carriers, combination | ship
carriers and other ships with similar hatch opening | Class II within rest of cargo
configurations. region.
17 Trunk deck and inner deck plating at corners of | Class III within 0,6L of the
openings for liquid and gas domes in membrane type | ship
liquefied gas carriers Class II within rest of cargo
region.
18 Bilge strake in ships with double bottom over the full | Class I within  0,6L
breadth and length less than 150 m! amidships
Class I outside 0,6L
amidships.
19 Bilge strake in other ships! Class IIT amidships
Class II outside of amidships
Class 1 outside 0,6L
amidships.
20 Longitudinal hatch coamings of length greater than | Class Il amidships o
0,15L, including coaming top plate and flange. Class II outside Of amidships
21 End brackets and deck house transition of longitudinal Clqss . I 3 outside  0,6L
. amidships.
cargo hatch coamings.
22 Side plating at cargo port corners Class 1II throughout the
length of a ship
23 Plating and framing (welded members) in ice- | Class I throughout the length
strengthening region I (refer to Figs. 3.10.1.3.2 and | of a ship
3.10.1.3.3), welded plate stems and stern frames of:
.1 ships of ice classes Ice4, Ice3, Ice2, Icel
.2 ships of ice classes Ice6, Ice5 and icebreakers | Class II throughout the
irrespective of ice class length of a ship
24 Rolled section framing of: Class I throughout the length

.1 ships irrespective of ice class and icebreakers of ice
class Icebreaker1

of a ship

2 icebreakers of ice classes Icebreaker2,
Icebreaker3, Icebreaker4

Class II throughout the
length of a ship

! Single strakes required to be of Class Il within 0,4Z amidships shall have breadths not less
than 800+ 5L mm, need not be greater than 1800 mm, unless limited by the geometry of the
ship's design.
2 The boundaries of areas for members related to this category correspond to Fig. 1.2.3.7.
3 Not to be less than Grade D/D H

Table 1.2.3.7-2

Structural member category

Material grade

Longitudinal plating of strength deck where contributing to the
longitudinal strength.

Grade B/AH amidships.

Continuous longitudinal plating of strength members above
strength deck.

Grade B/AH amidships.

Single

side strakes for ships without inner continuous

longitudinal bulkhead(s) between bottom and the strength deck.

Table 1.2.3.7-3*

Grade B/AH within cargo
region

Structural member category

Material class/grade

Longitudinal plating of strength deck where contributing

Grade B/AH amidships.
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to the longitudinal strength.
Continuous Trunk deck plating Class II amidships.
longitudinal
plating of strengt h | Inner deck plating. Grade B/AH amidships.
member s above Longitudinal strength member
the strength deck plating between the trunk deck and

inner deck

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

Table 1.2.3.7-4
Structural member category Material grade
Sheerstrake at strength deck’. Grade E/EH amidships
Stringer plate in strength deck’. Grade E/EH amidships
Bilge strakel! Grade D/DH amidships

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

Table 1.2.3.7-5
Structural member category Material grade
Shell strakes in way of ice strengthening area for plates. Grade B/AH.
Table 1.2.3.7-6
Class, hull member is related to
Structural I - p—
member
thickness : : : : : :
; . High tensile . High tensile . High tensile
S inmm | Mild steel steel Mild steel steel Mild steel steel
§<15,0 A
— A AH
15<8<20 A AH B
20<8<25 B
S AH D DH
25<5<30
30<5<35 B D DH
35<85<40 E EH
40<85<50 D DH E EH
—

1,25y

¥

Fig. 1.2.3.7. Areas of cargo hatch corners (lined) belonging to members referred to Class II1.
1.2.3.8 Structural members not mentioned in Tables 1.2.3.7-1 - 1.2.3.7-5, whose scantlings are regulated
by this Part, shall be referred to Class I.
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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 IlII or steel grade E/EH and have breadths not less than
800 + 5L mm, need not be greater than 1800 mm.

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

1.2.3.12 Plating materials for sternframes supporting the rudder and propeller boss, rudders, rudder
horns and shaft brackets shall in general not be of lower grades than corresponding to Class II.

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

1.2.3.13 Steel grades for hull structural members of ships of 90 m in length and above, contributing to
the hull strength may be selected in accordance with IACS unified requirement (UR) S6 taking into account
1.2.3.3.

1.2.4 Aluminium alloys.

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

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

superstructures and deckhouses, if L > 40 m.

1.2.5 Anticorrosive protection and coatings.

1.2.5.1 Effective protective coatings complying with the requirements of 6.5.1.1, Part XIII "Materials"
shall be applied to the inner surfaces of ballast tanks. It is recommended to protect the inner spaces of
cofferdams, duct keels, supports of transverse bulkheads and other similar void spaces of oil tankers and bulk
carriers with protective coatings in accordance with 6.5.1.2, Part XIII "Materials".

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

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

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

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

1.3 DESIGN LOADS

1.3.1 General..

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

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

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

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

cw = 0,0856L for L <90m,
cw=10,75 - {(300 — L) / 100}*? for 90 < L < 300m, (1.3.1.4)

¢y = 10,75 for 300 < L <350m.

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

Table 1.3.1.5
Area of navigation Factor ¢,

1 2
R1, A-R1 1
R2, A-R2 1,25 - 0,25L-102 <1
R2-S**, R2-RS**, A-R2-S, A-R2-RS 1,0 - 0,20L-102
R2-S (4,5), R2-RS (4,5) 0,94 — 0,19L-102
R3-S, R3-RS, B-R3-S*, B-R3-RS*, C-R3-S, C-R3-RS 0,86 —0,18L-102
R3, R3-IN, D-R3-S, D-R3-RS 0,75 -0,18L-102

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

** For ships with a sign R2-S and R2-RS subject to the establishment of the area of operation with a

wave height of at 3% provided between 4,5 m and 6,0 m, ¢, is determined by linear interpolation
between the values for R2-S and R2-RS and R2-S(4,5) and R2-RS(4,5), respectively to a specific waves
height values.

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,
D =Pst T pw; (1.3.2.1-1)
for the points of application of the loads above the summer load waterline,
P =Dw, (1.3.2.1-2)
where  ps — static pressure, in kPa, determined by the formula
pst = 10z;;
zi — distance form the point of application of the load to the summer load waterline, in m;

pw— as defined in 1.3.2.2.

1.3.2.2 The design pressure p,, kPa, due to ship's hull motion about the wave contour is determined by

the following formulae:
for the points of application of the loads below the summer load waterline:

Pw=pw - [1=-4,75-(d/L+B/4L) - (zi/ d)] = 0,5 - pwo
(1.3.2.2-1)

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

pw :pwo _7,5 ax Zi (1322_2)

where: pywo =5 cw ay ay;

¢y —referto 1.3.1.4 1 1.3.1.5;

a,=[0,8vo- (L/10°+0,4) /L] +1,5;

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

ky — factor equal to 0,8 and 0,5 for hull sections forward and aft of the midship section respectively;
x1 — distance of the considered section from the nearest fore or after perpendicular, in m;

for z; — refer to 1.3.2.1-2;

vo — specific speed of the ship, in knots, see 1.1.3.6.3.

In any case, the product a,a, shall not be taken as less than 0,6.

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

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

a=,la? +ag +04a? (1.3.3.1-1)
where: a. — projection of ship's centre of gravity acceleration on the appropriate direction;
ax , as — projections of pitching and rolling acceleration on the appropriate directions at the point under
consideration.
Acceleration projections for the considered member on the vertical (index z), horizontal-transverse

(index y) and horizontal-longitudinal (index x) directions are determined by the following formulae:
ace = 0,1(100/L) *goy;
a,, = 02(100/L)" g0,

a,..=02(100/L)" g0,
ape = (20T, V2o

ap, = 0; -

a,. = (2n/T, )" xg;

a, =0

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

a,. =(2n T,l:till';.
(1.3.3.1-2)

where: ¢, is given in Table 1.3.1.5 (¢, = 1 — for ships of unrestricted service);

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

¥o, zo — distance of the considered point from the centreline and the horizontal plane passing through the
ship's centre of gravity respectively, in m;

T, and T; — pitching and rolling periods, in s, determined by the formulae:

0.8v L

v, .
1 -uA—:lL v 0.4

JL 107

T,

T, = ¢B/Jk
(13.3.1-3)
where: ¢ — numerical factor determined on the basis of the data for the ship of similar type. As a first
approximation, ¢ = 0,8;
h — metacentric height for the most unfavourable conditions of operation; for a ship in fully loaded
condition, 4 = 0,07B.
For a tanker in ballast condition T: as a first approximation, can be determined by the formula:

T,~3./B,
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vy — design angle of trim, in rad, determined by the formula:

0,23
y=¢p ——— (1.3.3.1-4)
1+L-10
¢ — refer to Table 1.4.4.3 (¢ =1 for ships of unrestricted service);
0 — design angle of heel, in rad., determined by the formula:

0,60
9=(pr—_2, (1.3.3.1-5)
1+0,5L-10
If L <40 m m in Formulae (1.3.3.1-4) and (1.3.3.1-5), L shall be taken equal to L =40 m.

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

0’9(1 k) (13.3.1-6)
a,=g +kg,), 3.3.1-
Jr
where ko = 1,6 (1 —2,5x1/L) > 0 in the forward region;

ka=0,5(1-3,33x1 /L) > 0 in the aft region;

x1 —refer to 1.3.2.2.

If L <80 m in Formula (1.3.3.1-6) shall be taken equal to tensile 80 m.

1.3.4 Cargo, fuel and ballast loads.
1.3.4.1 Design pressure p., kPa, on the grillages of cargo decks, platforms and double bottom from
package cargo is determined having regard to inertia forces by the formula:

Pe=hpeg - (1+a:/g), (1.3.4.1)
but not less than 20 kPa,

where /1 — design stowage height, in m;
pc— density of the cargo carried, in t/m3;
a, — design acceleration in the vertical direction determined in accordance with 1.3.3.1, in m/s?.

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 tankers, the ballast tanks in dry cargo ships as well as the tanks for
ballast and fuel oil is determined depending on their dimensions, the extent of filling and the height of air
pipe.

By compartment is meant a tank or a part of a tank confined between the effective bulkheads. Both
watertight and wash bulkheads with the total area of openings not over 10 % of the bulkhead area are
considered as effective bulkheads.

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

pe=pcg (1 +a/g) z, (1.3.4.2.1-1)
Pe=peg(zi +b0), (1.3.42.1-2)
Pe=pcg(zit1y), (1.3.4.2.1-3)
pe =0,75pc g (zi + Az), (1.3.4.2.1-4)
Pe=Pegzi t py, (1.3.4.2.1-5)

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

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

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

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

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

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
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tanks and for lubricating oil tanks of less than 3 m? capacity, the minimum values of pc 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 midheight of each compartment section where their variation is not appreciable;
the Formulae (1.3.4.2.1-2) and (1.3.4.2.1-3) are used for each measured value of / and b accordingly.

whichever is the greater.

1.3.4.2.2 Where a compartment shall be partially filled proceeding from service conditions, with the
compartment length / < 0,13L and compartment breadth b < 0,68, the design pressure p, in kPa, for the
structures mentioned below shall not be less than:

for the side, longitudinal bulkheads and adjoining compartment top within 0,255 of the line of
compartment top and side intersection, or of the longitudinal bulkhead

pe=p(5—B/100)b;  (1.3.4.2.2-1)

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

Pe = pc(4—L/200)!.. (1.3.4.2.2-2)
[ and b shall be measured on the level of the free surface of liquid.

For compartments where / > 0,13L and/or b > 0,68, the design pressure for the case of partial flooding is
determined in accordance with a special procedure approved by the Register.

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

Pe=pc g ke (1+a./g) -z, (1.3.4.3)

but not less than 20 kPa.

where for: p. — refer to 1.3.4.1, t/m’;

k. = sino. - tg%(45 — @ig/ 2) + cos’a, or k. = cos 20, whichever is the greater;

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

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

a. — design acceleration in the vertical direction according to (1.3.3.1-6), in m/s?;

z; — vertical distance from the load application point to the free surface level of cargo, in m.

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

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

a, = Jaz, + (a,, + gsind)’; (13.4.4-1)
and in the horizontal-longitudinal direction

ay = J@ix + (@ + gsiny)’ , (1.3.4.4-2)
where 0, v — are determined by Formulae (1.3.3.1-4) and (1.3.3.1-5);

dey, Ary, ex, Apx — refer to. 1.3.3.1.

1.4 LONGITUDINAL STRENGTH

1.4.1 General and definitions.

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

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

The requirements of the this Chapter shall not apply to container ships and ships, dedicated primarily to
carry their cargo in containers, both of 90 m in length and upwards and operated in unrestricted service.
When assessing the longitudinal strength, the requirements of AICS UR SI11A «Longitudinal strength
standard for container ships» taking into account S34 (May 2015).
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1.4.1.2 Hull structures of ships having:

.1 proportion:

L/B<LS,

B/D > 2,5 ((for ships of restricted areas of navigation R2-S, R2-RS, A-R2, A-R2-S, A-R2-RS, B-R3-S,
B-R3-RS, C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S and D-R3-RS the ratio B/D is obtained
from Table 1.1.1.1);

.2 block coefficient
Cy<0,6;

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

v= kL,
where & =22ifL <100 m;

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

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

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

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

1.4.1.4 Downward shear forces are assumed to be taken as positive values and upward shear forces - as
negative values.

The hogging bending moments are assumed to be taken as positive values and sagging bending
moments - as negative values.

For the calculation of still water bending moment and shear force, transverse loads shall be integrated in
the forward direction from the aft end of L;

in this case, downward loads are assumed to be taken as positive values.

The sign conventions of still water bending moment and shear force are as shown in Fig. 1.4.1.4.

Shear forces

Bending moments

(LoD [ ¢

Aft Fore
Fig.1.4.1.4

1.4.2 Symbols.

Ly — length of the compartment considered, in m;

B — breadth of the compartment considered, in m;

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

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

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

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

x — distance of the considered hull section from the after perpendicular, in m.
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1.4.3 Still water bending moments and shear forces.

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

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

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

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

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

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

homogeneous loading conditions at maximum draught;

ballast condition;

special loading conditions:

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

short voyage, where applicable;

loading and unloading transitory conditions;

docking condition (afloat);

.2 for oil tankers:

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

partly loaded and ballast conditions for both departure and arrival;

any specified non-uniform distribution of loads;

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

loading and unloading transitory conditions;

docking condition afloat;

.3 for combination carriers:

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

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

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

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

- trim by the stern for 3 % of ship length;

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

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

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

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

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

The valuesM,,, and Nj, are regarded further as design values for the section under consideration.

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

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

Loaded hold Empty hold

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

1.4.3.4 Where provision is made in ship's design for loading conditions resulting in regular change of a
sign of the still water bending moment (in fully loaded and ballast conditions on direct and return voyages),
its components at the section with the maximum range of bending moment (refer to Fig. 1.4.3.4) shall be
determined for use in the calculation under 1.4.6.3.
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Fig. 1.4.3.4
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1.4.4 Wave bending moments and shear forces.
1.4.4.1 The wave bending momentM,,, in kN/m, acting in the vertical plane at the section under
consideration shall be determined by the formulae:

hogging bending moment

M, =190¢,BL*Cyo - 107; (1.4.4.1-1)
sagging bending moment
M,=-110¢,BL*(C,+0,7)a.- 107,
(144.1-2)
where: ¢y — as determined from 1.3.1.4;
o — coefficient determined from Table 1.4.4.1 and Fig. 1.4.4.1;
Cp — as defined in 1.1.3, but not less than 0,6.
Table 1.4.4.1
Position of section along the
ship's length ©
x/L<04 25x/L
04< x/L< 0,65 1
x/L > 0,65 (1-x/L)/0,35
|
10p=me—emnnna
1 L)
08f I :
I I
06 : i
] I
04} ; i
] L]
021 ' i
] L)
0,2 04 065 08 10 xi
AP FP
Fig. 1.4.4.1
1.4.4.2 The wave shear forceV, , in kN, at the section concerned shall be determined by the formulae:
positive
Nv=30c,BL(Cy+0,7)fi-107, (1.4.4.2-1)
negative
Nv=-30c,BL(Cy,+0,7)f-107, (1.4.4.2-2)
where ¢y — as determined from 1.3.1.4;
Cp,— as defined in 1.1.3, but not less than 0,6;
fiand f; — coefficients determined from Table 1.4.4.2, Figs. 1.4.4.2-1 and 1.4.4.2-2.
Table 1.4.4.2
Position of section along the f Y
ship's length ' ’
1 2 3
0<x/L<0,2 4,6 fo x/L 4,6 x/L
02<x/L<03 0,92 1, 0,92
03<x/L<04 0,7+ (9,2 fo—7) (0,4 - x/L) 1,58 —2,2x/L
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04<x/L<06 0,7 0,7

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

0,7<x/L<085 1,0 A

085<x/L<1,0 6,67(1 - /L) 6,67(1 —x/L Yo
£=190C,/110(C, + 0,7)

0.0 02 03 04 06 07 08 1o

Fig.1.4.4.2-1

Fig.1.4.4.2-2
1.4.4.3 For ships of restricted area of navigation, the wave bending moments and shear forces determined in
accordance with 1.4.4.1 and 1.4.4.2, shall be multiplied by the reduction factor ¢, obtained from Table 1.4.4.3
as well as by the factors y and v, determined by the following formulae:
v=>1+p, - f-1072); (1.4.4.3-1)
v =1/(1+A), (1.4.4.3-2)

where: p,=a?- (0,5 + 2,5 - sinfy) > a — for conventional bow shape (no bulb);
pi= a2 (1 + a?) > 1- for a bulbous bow;
o — waterplane area coefficient for summer load waterline;
Bo — angle, in deg., between a frame tangential and a vertical at the level of summer load waterline at the

section within0,4 - (1 - C») - L <0,1L from the fore perpendicular;

L
e e Ll
430Dn9 ¢ 100 100

where: D\=D + hy;

h— height of continuous hatch side coamings, in m (where these are not fitted 4= 0);
A=0,045(a — 0,25)>- [L/(20 - D1 ¢ - m)] - (L/100);

n- refer to 1.1.4.3;

¢ - determined from Table 1.4.4.3.

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



Part II. Hull

43

Table 1.4.4.3
Area of navigation 0]
1 2
R1, A-R1 1,1-0,23 L-1072< 1
R2, A-R2 1,0-0,25 L-1072

R2-S**, R2-RS**, A-R2-S, A-R2-RS

0,94-0,26 L-1072

R2-S (4,5), R2-RS (4,5)

0,92-0,29 L-1072

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

0,71-0,22 L-1072

R3, R3-IN, D-R3-S, D-R3-RS

0,60-0,20 L-1072

* ** refer to Table 1.3.1.5.

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 Ar/(L- zr)> 0,1 is satisfied.

Ar and zr as determined from 1.4.2.

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

follows:

Mp=—kg ¢y B-L* (Cs+0,7) - ar - 107,

where: kp=7 - (1+1,25 - vo/L) - ¢ * c2, but not more than 23;

¢1= (L —100)/30, for 100m < L < 130m;

ci=1, for 130m < L < 170m;

ci=1— (L —170)/30, for 170m < L <200m;

=[5 Ar/(L - zr)] —0,5,at 0,1 < Ar/(L - zr) <0,3;
Cz:( Ar/L - ZF) +0,7,at 0,3 <A1:/(L 'ZF) <04;
co=1,1,at Ap/(L -zr)>0,4;

for ¢, refer to 1.3.1.4;

vo— refer to 1.4.1.2.3;

or—1s obtained from Table 1.4.5.2 and Fig. 1.4.5.2.

(1.4.5.2)

Table 1.4.5.2
Position of section along the ship's length oF
x/L<0,15 0,667x/L
0,15<x/L<0,45 0,1 +3(x/L-0,15)
0,45<x/L<0,75 1
x/L>0,75 1 —4(x/L-0,75)

2
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Fig.1.4.5.2
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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 ¢ determined from
Table 1.4.4.3.

For ships of restricted areas of navigation R3-S, R3-RS, B-R3-S and B-R3-RS with restricted navigation at
a wave height of 3% probability of not more than 3,5 m, C-R3-S, C-R3-RS, R3, R3-IN, D-R3-S, D-R3-RS
Mp=0.

1.4.6 Hull section modulus and moment of inertia.

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

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

W=M_10"/c , (1.4.6.2)

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

M, — referr to 1.4.3, in kN-m;

M,, —referr to 1.4.4;

c=175/m, 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 shall be multiplied by the factor m determined by the formula:

Mmin Mmin +Mmax
m=1+ sw sw - sw -1, (1463)
10M ™\ 0,076¢,BL*(C, +0,7)
but not less than 1,
where: M™n A M absolute values of hogging and sagging bending moments at the maximum range

section, in kNm (refer to Fig. 1.4.3.4).
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’, at the section concerned shall not be less than:

-3
M 10 (1.4.6.4)
o

where: My=|M,, + M,, + MF| - _design bending moment, in kN-m, at the section concerned equal to the maximum
absolute value of algebraic sum of M,,,, M,, and Mr components at this sectio;
M, - 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;
M,, - wave sagging bending moment (refer to 1.4.4);
Mp - as determined from 1.4.5;
o - refer to 1.4.6.2.

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

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

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

Wanin = ¢w B L* (Cy+0,7) 1, (1.4.6.7-1)

where: for ¢, — refer to 1.3.1.4.

For ships of restricted area of navigation, the minimum hull section modulus, in cm3 , 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:
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Wain1= (0] W inin; (1467—2)
Winin2= 0,95\VV(P Wmin, (1467-3)

where: ¢ —refer to Table 1.4.4.3;

v - refer to Formula (1.4.4.3-1);

v - refer to Formula (1.4.4.3-2).

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

1.4.6.9 The moment of inertia of hull section 7, in cm*, within the midship region shall not be less than:

Inin = 3¢wBL? (C + 0,7), (1.4.6.9-1)

where: ¢,, — as determined from 1.3.1.4.
For ships of restricted area of navigation, Inin shall be multiplied by the reduction factor jO determined
by the formula:

©0=18¢M/(L/D)max, (1.4.6.9-2)

where: for ¢ — refer to Table 1.4.4.3;

1 —refer to 1.1.4.3;

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

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

in way of the forward end of the engine room;

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

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

where there are changes in the framing system.

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

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

for ships with large deck openings such as a containerships, sections at 0.25L or near to the aft and
forward quarter length positions shall be checked. For such ships with cargo holds aft of the superstructure,
deckhouse or engine room, strength checks of sections in way of the aft end of the aft-most holds, and the aft
end of the deckhouse or engine room shall be performed.

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

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

§=8Naw+ Ny -102/(211), (1.4.7.1)

where: Ny, — as defined in 1.4.3.2, kN;

for N,, — refer to1.4.4.2 and 1.4.4.3;

T =110/m, MPa.

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

Ss =S ots ( Now+ Ny) - 10% /(2 1); (1.4.7.2-1)

s1=Sou(Now+Ny)- 102/ (t1); (1.4.7.2-2)

where: for Ny, , N, ,t—referto 1.4.7.1;
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o, =0,27;
oy =0,23.
1.4.7.3 For ships having one or more than two continuous plane longitudinal bulkheads as well as
longitudinal bulkheads with horizontal corrugations the required thickness of side plating and members in
question shall be calculated according to the procedure approved by the Register.
Appropriate calculation may also be required for ships with two continuous longitudinal bulkheads if
the transverse distribution of load is substantially different from uniform distribution.
1.4.8 Calculation of actual hull section modulus.
1.4.8. The hull section modulus is determined:

for strength deck Wf’ — at moulded deck line at side (lower edge of deck stringer);

for bottom Wbe — at moulded base line (top of plate keel).

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

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

where: z — distance from neutral axshall the top of continuous strength member above deck included in the
calculation of Wa‘}’ , 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 W 6}1’ , in m.

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

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

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

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

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

C=m + 065 + C, L , (1.4.8.2)
3 X1, + Al + Al
where:
_f—010atn=1
M=V_o012atn=2;

n — number of longitu&i‘nal strips over ship's breadth;
>l — total length of longitudinal deck strips, in m;
A L, Al — length of end attachments of longitudinal deck strips aft and forward, in m.

If the end of the longitudinal deck strip is effectively attached to continuous deck and/or longitudinal bulkhead
(refer to Fig. 1.4.8.2):
Al =411 B354, >

where: f— sectional area of one longitudinal deck strip, in cm?;
B, — breadth of ship in way of longitudinal deck strip termination, in m;
sq,, — average thickness of the portion of deck plating between the extension of longitudinal deck strip and

ship's side along the effective attachment, in mm.
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Where a longitudinal deck strip terminates at the transverse deck strip, provided10b"s’s > nf i " > b":

ALo=13nf"[(b' b") + 1)/10 5'4,
where: sy — 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 )
-
- A
SO
-—
—

Fig.1.4.8.2. Longitudinal deck strips to be included in the calculation of hull section modulus.

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

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

the sum of their breadths and shadow area breadths (refer to Fig. 1.4.8.3) in one transverse section of the
hull does not exceed0,06 - (B —Xb), (wjere b — is the total breadth of openings) or does not reduce the
section modulus at deck or bottom by more than 3%;

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

Fig.1.4.8.3. Design section.

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

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

N,

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

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

Wa, Wn=1 — actual section modulus and required section modulus with n =1 for the deck (continuous hatch
coaming

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

1.4.9 Loading control facilities.

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

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

Category I:

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

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

chemical tankers and gas carriers.

Category I1:

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
uneven 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;

(1.4.8.5)



Part I1. Hull 49

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 condition can be easily and quickly checked at specified readout points.

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

Single point loading instruments are not acceptable.

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

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

1.4.9.5 All ships other than category II ships of less 90 m in length, which deadweight is not greater
than 30 % of summer load line displacement, shall be provided with the Loading Manual approved by the
Register.

In addition to the Loading Manual, all ships of category 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 The stability and strength Booklet at carriage of non-grain bulk cargoes.

To prevent excessive hull stresses, provision shall be made for the Booklet as per SOLAS regulation
V1/7.2 to be carried on board, including the following as a minimum:

.1 stability data required in 1.4.11, Part [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;

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

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

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

1.5 VIBRATION OF HULL STRUCTURES

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 requirements of Ukraine health authorities and other requirements for permissible
vibration parameters at work places in the accommodation, service and other spaces of ships.

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

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

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

1.5.2 Technical documentation.

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

1.5.3 Measured vibration parameters.

1.5.3.1 For the purpose of the present Chapter, the following vibration parameters have been adopted:
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root mean square value of vibration velocity measured in one-third octave bands and, where necessary,
in octave bands;
root mean square value of vibration acceleration and, in well-grounded cases, the root mean square or
peak value of vibratory displacement.
1.5.3.2 Vibration parameters shall be measured in absolute units or in logarithmic units (decibels) with
regard to standard threshold values of vibration velocity or acceleration equal to 5-10° mm/s i 3-10~* m/s?
accordingly.
1.5.3.3 Measurements shall be carried out in the following directions:
in each of the inter-perpendicular directions with regard to the ship: vertical, horizontal-transverse and
horizontal-longitudinal direction, when measuring the main hull vibration;
in the direction normal to the plane of ship structures (deck, side, bulkheads, etc.) or in the lowest-rigidity
direction of the hull girder, when measuring local vibration.
1.5.3.4 The permissible root mean square values of vibration velocity and vibration acceleration of the
hull and superstructures as well as hull structures are mentioned in Table 1.5.3.4 and in Fig. 1.5.3.4.
Table 1.5.3.4

Mean Hull and superstructure, rigid Hull structures
geometric members '
values  of frames?® | plates
octave Permissible root mean square values
ranges, in vibration vibration vibration vibration vibration vibration
Hz velocity acceleration velocity acceleration velocity acceleration
mm/s | dB | m/s> | dB | mm/s | dB | m/s> | dB | mm/s | dB m/s? dB
1,6 5,6 101 | 0,054 | 45 5,6 101 | 0,054 | 45 5,6 101 0,054 45
2 5,6 101 | 0,067 | 47 5,6 101 | 0,067 | 47 5,6 101 0,067 47
2,5 5,6 101 | 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 5,6 101 | 0,135 | 53 8,9 105 | 0,21 57 8,9 105 0,21 57
5 5,6 101 | 0,17 55 11 107 | 0,34 61 11 107 0,34 61
6,3 5,6 101 | 0,21 57 11 107 | 043 63 14 109 0,54 65
8 5,6 101 | 0,27 59 11 107 | 0,54 65 16 110 0,75 68
10 5,6 101 | 0,34 | 61 11 107 | 0,65 67 16 110 0,94 70
12,5 5,6 101 | 043 63 11 107 | 0,84 69 16 110 1,2 72
16 5,6 101 | 0,54 | 65 11 107 | 1,06 71 16 110 1,5 74
20 5,6 101 | 0,67 | 67 11 107 | 1,35 73 16 110 1,9 76
25 5,6 101 | 0,84 69 11 107 1,7 75 16 110 2,4 78
40 5,6 101 | 1,35 73 11 107 | 2,7 79 16 110 3.8 82
50 5,6 101 1,7 75 8,9 105 2,7 79 12,5 108 3,8 82
63 5,6 101 2,1 77 7,1 103 2,7 79 10 106 3.8 82
80 5,6 101 2,7 79 5,6 101 2,7 79 8 104 3.8 82
' Hull and superstructures, rigid members are the intersections of decks with main transverse and
longitudinal bulkheads, sides, transom, superstructure walls, etc.
2 Girders supporting the foundations of ship machinery and equipment are included.
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Fig.1.5.3.4. Permissible mean root values of vibration velocity and vibrational acceleration:
1 — hull, superstructures and rigid members; 2 — framing members including the girders by which the foundations
of ship machinery and equipment are supported; 3 — plates.

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 ', may be increased 1,41(«/5 ) times or by 3 dB
as compared to tabulated values.

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

1.6 REQUIREMENTS FOR SCANTLINGS OF HULL STRUCTURAL MEMBERS

1.6.1 General.

1.6.1.1 This Chapter contains general requirements for plating and framing.

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

1.6.1.3 In this Part the term "framing" includes primary members and deep members strengthening the
plate structures. Deep members also serve as supporting structures for primary members. Primary members
are deck longitudinals, side longitudinals, bulkhead longitudinals, inner bottom plating and bottom
longitudinals, as well as vertical and horizontal stiffeners of bulkheads, frames, beams, reverse and bottom
frames of bracket floors, etc. Deep members are deck transverses, deck girders, web frames, side stringers,
floors, side girders, centre girder, vertical webs and horizontal girders of bulkheads, etc.
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1.6.1.4 The scantlings of primary and deep members are based on the required section modulus,
moment of inertia, web sectional area, thicknesses of web and face plate, as well as width of the face plate.
Geometric properties of the member section, unless stated otherwise, are determined taking into account the
effective flange. If the member is so arranged that it is not normal to the effective flange, the section modulus
shall be increased in proportion to 1/cosa (where a — is the angle, in deg., between the member web and the
perpendicular to the effective flange at the section considered). If o < 15° no increase of section modulus is
required.

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

The values of negative rolling tolerances for plates shall comply with the requirements of 3.2.8, Part
XIII "Materials".

1.6.2 Symbols.

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

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

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

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

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

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

h — depth of the member web, in cm;

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

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

ar— primary member effective flange width, in m;

cr— deep member effective flange breadth, in m;

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

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

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

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

1.6.3 Span and effective flange of member.

1.6.3.1 The span of primary and deep member / is measured along the member face plate as the distance
between its span points.

Unless provided otherwise, where the end brackets are fitted, the span points shall be taken at the mid-
length of the bracket. In this case, the span point position shall be such that the height of the end bracket in it
does not exceed the web depth of the member considered (refer to Fig. 1.6.3.1).

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

1.6.3.3 The width of the effective flange a5, in m, of primary members shall be determined by the
formulae:

ar=1/6; (1.6.3.3-1)
ar=0,5( a1 + az), (1.6.3.3-2)
where ai, ap — distance of the considered member from the nearest members of the same direction located on

both sides of the considered member, in m.

1.6.3.4 The width of the effective flange of deep members ¢y, in m, is determined by the formula:
cr=kec, (1.6.3.4)

where: ¢ = 0,5(ci1+ ¢2);
c1, ¢2 — 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 ¢, given span /;, and number n of members supported by
considered deep members.

For simply supported deep members the given span /s, = /, and for fixed deep members /;, = 0,61.
For intermediate values /s, /c and n factor k is determined by linear interpolation.

The way in which the framing members shall be supported (simple supporting or fixing) is determined
proceeding from the general engineering principles with regard for the actual structure (presence of brackets,
welding of webs, face plates, etc.) and is characterized by the presence or absence of bending moment effects
in the span point of the member.

Table 1.6.3.4

Number of k values at [y, /c

members n 1 2 3 4 5 6 7 and more
>6 0,38 0,62 0,79 0,88 0,94 0,98 1
<3 0,21 0,4 0,53 0,64 0,72 0,78 0,8
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1.6.3.5 The width of the hatch coaming effective flange shall be equal to one-twelfth of their span but
not more than half the distance between the cargo hatch and the ship's side for the side coaming and,
accordingly, half the distance between a cargo hatch and a transverse bulkhead (or the beam nearest to the
cargo hatch) for the hatch end coaming.

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

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

1.6.4 Scantlings of structural members.

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

W=W o, (1.6.4.1-1)

P =i
for built-up welded members

W=W+AW, (1.6.4.1-2)
i=i'+tAi,

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

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

o, jr —multipliers taking into account corrosion allowance, determined in accordance with 1.1.5.3;

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

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

W= OI10° /( m ks ), (1.6.4.2)

where QO = pal — transverse load on member considered, in kN;

m, ks — factors of bending moment and permissible stresses to be found in the relevant Chapters of this Part;
o — estimated normative yield stress at normal stresses, in MPa, determined from 1.1.4.3.

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

.1 for members of rolled section

_ 10N, w (1.6.4.3-1)
7. ir o .6.4.
.2 for built-up welded members
10N,
=—"% 4+ 0,1hAs, (1.6.4.3-2)
¢ Tz-n

where Nmax , k& — maximum shear force value and permissible shear stress factor as defined in the relevant
Chapters of this Part;
h — general height of the member profile, in cm;
wy - refer to 1.1.5.3;
7, — refer to 1.1.4.3;
As — refer to 1.1.5.1.
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1.6.4.4 The thickness s, in mm, of the plates under transverse load shall not be less than

s =mak L+As,

k o

o n
where: m, ks — bending moment and permissible stress factors as defined in the relevant chapters of this Part;

k=1,2-0,5" ala;, but not greater than 1;
a, a— smaller and greater sizes, in m, of supporting contour sides of plate structure;

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

(1.6.4.4)

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

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

The following relationship shall be satisfied

bls < 0,06\ (1.6.4.5.1)

where Bo — half-angle of spread of corrugation (refer to Fig. 1.6.4.5.1);

S — TOBIIMHA, MM, (IuB. puc. 1.6.4.5.1).
Angle ¢ (refer to Fig. 1.6.4.5.1, a) shall be assumed not less than 40°.

Fig. 1.6.4.5.1

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

(1.6.4.52-1)

s=22B,R |-—L— +As,
kG,
where: o — half-angle of spread of corrugation (refer to Fig. 1.6.4.5.1, b), in rad;
R —radius of corrugation, in m;
ks — radius of corrugation, in m determined in the relevant Chapters of this Part;
on — estimated normative yield stress at normal stresses, in MPa, determined from 1.1.4.3;
As — corrosion allowance, in mm, determined from 1.1.5.1.

In this case, the following relationship shall be satisfied:

R/s < 17/Ren. (1.6.4.5.2-2)

where : Req — upper yield stress, in MPa;
s — thickness, mm, (refer to Fig. 1.6.4.5.1).
.3 the section modulus of the corrugation is determined according to 1.6.4.1:
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O =pdl, (do—referto Fig.1.6.4.5.1).
The spacing and section modulus of corrugations can be determined by the formulae given in Table
1.6.4.5.3. (Linear dimensions are expressed in cm, ¢, Bo — in deg.).

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

(1.6.4.5.3)
1—-cosB,
In calculating the factor y, the angle o shall be taken in rad.
Table 1.6.4.5.3
Type of corrugation Spacing of corrugations Section modulus
Trapezoidal do=2(b+ c cos @) W=hs(b+ c/3)
Wave-shaped do= 4R sin B, W =vysR?

1.6.4.6 Permissible stress factors ks and 4:, defined in the relevant chapters of this Part may be increased
for ships of restricted areas of navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S and B-R3-RS with restriction of navigation at a
wave height of 3% probability of 4,5m or more, by 5 %;

R3-S, R3-RS, B-R3-S and B-R3-RS with restriction of navigation at a wave height of 3% probability
of 4,5m or less, C-R3-S, C-R3-RS, R3, R3-IN, D-R3-S, D-R3-RS by 10%,

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

1.6.5 Buckling strength of hull structural members.

1.6.5.1 The buckling strength of longitudinals, shell plates and hull structure plating shall be ensured in
ships of unrestricted service, including sign A, and ships of restricted areas of navigation R1, A-R1 and R2,
A-R2 65 m and greater in length, of restricted areas of navigation R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-
S, B-R3-RS, C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS 60 m and greater in length
subject to compressive stresses due to longitudinal bending of the hull girder.

Effective compressive streses G, in MPa, shall be determined by the following formul:

Ge = Mrzi-10°/1 > 30/, (1.6.5.1-1)

where My — design bending moment, in kN-m, at the section under consideration equal to the maximum

absolute value of algebraic sum of the moment components; My = | My, + M, |- for longitudinal members arranged
below the neutral axis;

Mr = ‘ My, + M, + MF’ - for longitudinal members arranged above the neutral axis;
M, — as defined in 1.4.3, in kKN-m;

M,, — as determined from 1.4.4, in KN-m.

My — refer t01.4.5, in kN-m.

The maximum hogging bending moment shall be assumed as design value M7 for longitudinal members
arranged below the neutral axis, and the maximum sagging bending moment — for longitudinal members
arranged above the neutral axis.

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

for side shell plating in ships without effective longitudinal bulkheads

N, +N,6 S
T, = w202, (1.6.5.1-2)
2s 1
for side shell plating in ships with two effective longitudinal bulkheads
N, +N
T = ) a:10%, (1.6.5.1-3)
S, 7
for longitudinal bulkhead plating in ships with two effective longitudinal bulkheads
Ny, +N, S
= w2 a,'102 , (1.6.5.1-4)
S 1



Part I1. Hull 57

where Ns, — still water shear force at the section considered, defined in 1.4.3, in kN;

N,, — wave vertical shear force determined from 1.4.4.2;

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

sy, 81— actual thicknesses of side shell plating and longitudinal bulkhead plating at the section considered in ships
with two longitudinal bulkheads, in mm;

S, I — as defined in 1.4.2;

for oy, a; — refer to 1.4.7.2.

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

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

ko6.<0u; 1< 1o, (1.6.5.2-1)

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

for o, i 1. —refert01.6.5.1;

for 6. i T, —refertol.6.5.3.

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

R1, A-R1 — by 10%;

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS (refer to 1.6.4.6) — by 15%;

B-R3-S, B-R3-RS (refer to 1.6.4.6), C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS
and for berth-connected ships — by 20%.

In this case, when determining the actual section modulus of hull in accordance with 1.4.8 the strength
reduction of compressed plate shall be considered, i.e. where o, < 6. the plates shall be included in the hull
girder section, except for the areas adjoining the longitudinals and having a breadth equal to 0,25 of the
shorter side of supporting contour, with the reduced factor v, to be determined by the formula:

W, =0/ Oc . (1.6.5.2-2)

1.6.5.3 Critical stresses o and 1., in MPa, shall be determined by the formulae:

Gcr = Ge When GQS 0,5 REH;
6o = Rer (1,00 — Ry /46.) when 6.> 0,5 Ry ;
T = T. Wwhen 1.< 0,29 Rey;

Ter = Rerr (0,58 — 0,08 Rery /1 o) when t. > 0,29 Rep,

where c. and 1.— = 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 c., 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,

e =206i/fP, (1.6.5.4.1)

where i — moment of inertia, in cm*, of longitudinal, including plate flange and calculated with thickness
reduced by the value of As (for As — refer to Table 1.6.5.5-2);

f— cross-sectional area, in cm?, of longitudinal, including plate flange and calculated with a thickness reduced by
the value of As (for As refer to Table 1.6.5.5-2); a plate flange equal to the frame spacing may be included;

.2 for torsional buckling of primary longitudinal members

Ge = (203/P)(ivlip)(m+h/m? Y+79310 i, (1.6.5.4.2)

where: k=0,05¢cl/iy,;
m —number of half waves, given by Table 1.6.5.4.2;
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Table 1.6.5.4.2
k 0<k<4 4< k<36 36<k<144 (m—1’m? < k<m*(m + 1)’
m 1 2 3 m

i, — moment of inertia, in cm*, of profile under simple torsion (without plate flange), determined as follows:
ir=he s /30000 — for flat bars;

iy = [he 88 + buse® (1 —0,63 51/ by )] / 30000 — for angles, bulb, symmetrical bulb and T-profiles;

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

ip = he 5./ 30000 — 4 for flat bars;

ip= (h sc + 3 h? bysa ) / 30000 — for angles, bulb, symmetrical bulb and T-profiles;

i, — sectional moment of inertia, in cm®, of profile about connection of stiffener to plate, determined as follows:
iw="h3 s’ 10°/36 — for flat bars;

i = subo> h 1076/ 12 — for T- and symmetrical bulb profiles;
3712
i, = Lz[sn (bn2 +2b.h, +4h’ )+ 3s(,bnh[] 107 — for angles and bulb profiles;
12(b, + 1)

h.— web height, in mm;

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

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

s¢ — 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, sr may be adopted equal to the mean thickness of the bulb;

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

3
68,7k, s

133k, B, 53 ’
[1+1’3“-103]a

as;

Cc=

ky=1-0./c. 20 (to be taken not less than 0,1 for angles, bulb, symmetrical bulb and T-profiles);
G, — compressive stress according to 1.6.5.1;
c.— Euler stress of supporting plate according to 1.6.5.5;

s — supporting plate thickness, in mm, reduced by the value of As for As — refer to Table 1.6.5.5-2);
a — distance between longitudinals.

.3 for web and flange buckling:
6.=7,83(s/he)* - 10%; (1.6.5.4.3)

for flanges of deep longitudinal members buckling is taken care by the following requirement
bu/ sy 215,

where br— flange width, in mm, for angles, half the flange width for T-sections;
st — flange thickness, in mm.
1.6.5.5 Euler normal c. and shear 1. stresses, in MPa, for plate structures shall be determined as for
rectangular plates by the formulae:

c.=0,1854 n (s'/b)*; (1.6.5.5-1)
1.=0,1854 n (s'/ b)*, (1.6.5.5-2)
where n factor depending on the load type of the plate and the ratio of sides (Table 1.6.5.5-1);

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

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.
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Table 1.6.5.5-1

Type of load y=a/b n
o 0<y <! g y>1 8,4
| v+ 11
° y<1 1Y 2.1
| g y+— :
= — v) v+11
P —I<yY<0 o y> 1 10\u2—6,4w+7,6
? - 'YSI 2 2
é S[IO\V —14y+1,9 (1+y)(y +1/y) ]
Yo a 74
|
o4 je y>1 534+4/y
| S }
Notes:

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

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

1,1 — when stiffeners are bulb flats;

1,05 — when stiffeners are flat bars.

Table 1.6.5.5-2

Structure A s, iIn mm
Compartments carrying dry bulk cargoes. Vertical surfaces and surfaces sloped at an angle 0,05s
greater than 258 to the horizontal line. One side exposure to ballast and/or liquid cargo (0,5<As<1)
Horizontal surfaces and surfaces sloped at an angle less than 258 to the horizontal line. One
side exposure to ballast and/or liquid cargo 0,10 s
Vertical surfaces and surfaces sloped at an angle greater than 258 to the horizontal line. Two (2<As<3)
side exposure to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than 258 to the horizontal line. Two 0,155
side exposure to ballast and/or liquid cargo (2 <As<4)
otherwise As =0

where: s — as-built thickness, in mm, of the structural member under consideration.

be less than determined by the formulae:

for the stiffeners fitted normal to the girder face plate

i=vyas® 107

for the stiffeners parallel to the girder face plate

i=2,35(f+ 0,1 a s )Pm,

where y — coefficient obtained from Table 1.6.5.6 depending on the ratio of the girder web depth 4 to the spacing

of stiffeners a;
a — spacing of stiffeners, in cm;
s — actual thickness of the web, in mm;

1.6.5.6 The moment of inertia i, in cm®*, of the stiffeners on deep girder webs (refer to 1.7.3.2) shall not

(1.6.5.6-1)

(1.6.5.6-2)
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f — actual cross-sectional area of the stiffener, in cm? ;
[ — span of the stiffener, in m;
1 — as determined according to 1.1.4.3.

Table 1.6.5.6
h/aq 1 and less 1,2 1,4 1,6 1,8 2,0 2,5 3,0 35 4,0
Y 0,3 0,6 1,3 2,0 29 4.1 8,0 12,4 16,8 21,2

Note: The intermediate values of y are determined by linear interpolation.
1.6.6 Aluminium alloy structures.
1.6.6.1 The scantlings of aluminium alloy structures shall be determined by conversion of the scantlings
relating to the corresponding steel structures.
The conversion shall be made using the formulae of Table 1.6.6.1 without considering the limits by
minimum scantlings of steel structures.
Table 1.6.6.1

Parameter Requirement

Thickness of plating for the shell, decks (without s1=s. R,y /R P — for superstructures;

0,2
covering), bulkheads, enclosures and other details

made of plates 51=09s . [R, /RPo,z — for main hull

Section modulus of framing members W =W-R, /R,,
Cross-sectional area of pillars fi=f "R,/ R,
Moment of inertia of pillars and framing members 5L=31

Note. R Pos proof stress of aluminium alloy, in MPa.

The values of s, W, £, 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 aluminium alloy and
the process of welding.

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

1.7 WELDED STRUCTURES AND JOINTS

1.7.1 General.

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

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

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

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

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

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

1.7.1.6 For the purpose of this Part, 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
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platform continuous within the engine room and bounded:

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

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

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

1.7.1.7 7 In way of the ends of bulwark, bilge keels, and other details welded to the hull, as well as
generally of gutterway bars, their height shall decrease on a length of at least 1,5 times the height of these
members. The ends of bulwarks shall be tapered. This is also recommended for the portions of the ends of
the gutter bars.

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

1.7.2 Connections of framing members.

1.7.2.1 The framing members shall have butt-welded joints, brackets shall be fitted in line with the
members connected. Overlapping joints may be permitted, except for in regions with high level of vibration,
deep member connections and in way of heavy concentrated loads.

Overlapping brackets may be fitted in line with the members connected in regions where the bending
moment in the span point is less than the bending moment in span of the member, for example, in upper
section of frames and vertical stiffeners of bullheads.

Brackets shall be made of material having generally the same yield strength as the connections of
framing members.

1.7.2.2 Connections of primary members.

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

c=5- Wi, (1.7.2.2.1)

where: W — required section modulus of the member attached, in cm?;
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 different profile, the characteristics of the smaller profile
shall be used for determining the bracket size.

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

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

Fig. 1.7.2.2.1
1.7.2.2.2 If the free edge / in mm, of a bracket (refer to Fig. 1.7.2.2.1) is longer than 45s (s — thickness
of the bracket, in mm) the bracket shall have a flange (face plate).
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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 the plating portions unsupported by the framing (refer to Fig.
1.7.2.2.4).

N

= N

L

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 Ice6, Ice5, Iced, in areas between USWL and LSWL
ships of polar classes PC1 + PC6, ships of Baltic ice classes IA Super — IB, and in region Al of ships of ice
class Ice3 ice strengthening and in areas B and BI polar class ships PC7, and in bow area of Baltic ice class
ships IC, the beam bracket shall have a face plate or flange.

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

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

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

If the distance, in mm, between bracket ends exceeds [ > 160S\/ﬂ , in mm, (s = thickness of bracket, in

mm), a stiffener shall be fitted parallel to the line connecting bracket ends at the distance a equal to 1/4 of the
bracket height or 35 times its thickness (whichever is less). The inertia moment of the stiffener shall be
determined by Formula (1.6.5.6-2). Brackets shall be additionally stiffened depending on their size and
configuration (refer to 1.7.3.2.2).

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).
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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 /4 and thickness s,, of member webs (as well as of built-up primary members) and their

sectional area are regulated by the relevant Chapters of this Part. The width of member face plate b, in mm,
as measured from its web, shall not be more than

b=200s, / /R,

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

(1.7.3.1)

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

1.7.3.2 Where h/s.> 160\/5 , (for & and s, 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).

b)

d)

Bracket
Fig. 1.7.3.2
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1.7.3.2.1 Where h/s.>1604/1, the webs of members shall be stiffened with the stiffeners fitted parallel

to the member face plate (refer to Fig. 1.7.3.2, a). Where h/sc < 160\/ﬁ , stiffening may be carried out as

shown in Figs. 1.7.3.2, b, c.
. The spacing of stiffeners (width of non-stiffened web area), in mm, shall not be greater thana = 90 - s
n.

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

In way of portions equal to 0,2/, but not less than 1,54 from supports (/ and % are the span and depth of
member web respectively), the spacing a shall be reduced 1,5 times.

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

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

1.7.3.2.2 The thickness of stiffener shall not be less than0,8s,,. Moment of inertia of the stiffeners is
determined according to 1 1.6.5.6.

1.7.3.2.3 The tripping brackets stiffening deep members shall be fitted at the toes of brackets securing

the members in way of roundings and struts as well as in way of span of the member (refer to Figs. 1.7.3.2,
a, b). In any case, the spacing of brackets shall not exceed 3,0m or 155, (bs, — full width of face plate, in
mm), whichever is less.

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

The width of the tripping brackets, measured at the base shall not be less than half their depth.

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

Face plates or flanges ends of the tripping brackets shall be sniped.

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

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

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

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

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

1.7.4 Details of welded structures.

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

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

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

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

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

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

1.7.4.6 It is recommended that local concentration of welds, crossings of welds at an acute angle, as well
as close locations of parallel butts or fillet welds and butt welds, be avoided. The distance between parallel
welded joints, whatever their direction, shall not be less than:

200 mm between parallel butt welds;

75 mm between parallel fillet and butt welds;

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

The distance between welded joints may be reduced on the basis of appropriate technical background,
which includes tests and strength calculations taking into account welding stresses and deformations.

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

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

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

The butts of webs and face plates may be arranged in the same plane provided that:

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

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

1.7.5 Types and dimensions of fillet welds.

1.7.5.1 The design throat thickness @, in mm, of fillet welds for tee-connections for manual and
semiautomatic welding shall not be less than:

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

B — factor given in Table 1.7.5.1-2 depending on the ratio of weld pitch 7, in mm, to weld length /, in mm (refer to
Fig. 1.7.5.1-1);

s — thickness of the lesser of the parts joined.

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

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

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

0,25s mm for s > 15 mm.
The dimensions of fillet welds taken from calculations shall not exceed a < 0,7s (k< s).
Table 1.7.5.1-1

Nos. Connection of structural members Weld factor a
1 2 3
1 |Double bottom

1.1 |Centre girder and duct keel to plate keel 0,35
1.2 |Ditto to inner bottom plating 0,25
1.3 |Ditto to inner bottom plating in the engine room and in way of thrust 0.35
bearings )
1.4 |Floors to centre girder and duct keel under engines, boilers, thrust 0.35
bearings and within 0,25L from F.P. i
1.5 |Floors to centre girder and duct keel elsewhere 0,25
1.6 |Floors to margin plate and inner bottom plating under the corrugated
0,35
bulkhead plates
1.7 | Watertight floors, portions of side girders or centre girder round the
boundaries of tanks, plating of bilge wells to their bottom plates and to 0,35
inner bottom, floors and side girders
1.8 |Floors and side girders to shell plating within 0,25L from F.P. 0,25
1.9 |Ditto, elsewhere 0,20

1.10 |Floors and side girders to inner bottom plating under engines, boilers 0.25

and thrust bearings ’

1.11 |Ditto, elsewhere 0,15

1.12 |Floors to side girders within 0,25L from F.P. 0,25

1.13 |Ditto, elsewhere 0,20

1.14 | Margin plate to shell plating 0,35

1.15 |Inclined margin plate to inner bottom plating 0,35

1.16 |Bracket floors: bottom frames and brackets to shell plating 0,15

1.17 |Reverse frames and brackets to inner bottom plating 0,10

1.18 |Brackets, frames (refer to 2.4.4.5) to duct keel, plate keel, shell and 0.35

inner bottom plating ’

1.19 | With longitudinal framing, bottom transverses to shell, inner bottom

plating, centre girder and duct keel, margin plate where the floor 0,25
spacing is less than 2,5 m outside the regions defined in 1.4 and 1.7

1.20 | Ditto, with floor spacing 2,5 m and more, in all regions 0,35

1.21 |Longitudinals to shell plating within 0,25L from F.P. 0,17

1.22 | Ditto, with floor spacing 2,5 m and more, in all regions 0,35

1.23 | Longitudinals to inner bottom plating 0,10

1.24 | Brackets (refer to 2.4.2.5.2) to shell plating, margin plate, inner bottom 0.25

plating and longitudinals ’
2 | Single bottom
2.1 |Centre girder to plate keel 0,35
2.2 | Centre girder to face plate 0,25
2.3 |Floors to centre girder and longitudinal bulkheads 0,45
2.4 |Floors and side girder webs to their face plates and to shell plating 0.25
under engines, boilers and thrust bearings, as well as in the after peak ’
2.5 |Floors and side girder webs to shell plating elsewhere referto 1.8, 1.9,
1.1911.20
2.6 |Floors and side girder webs to their face plates elsewhere 0,15
2.7 |Side girder webs to floors 0,20
2.8 |Bottom longitudinals to shell plating referto 1.21 i
1.22
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 0.17
strengthening and strengthening of sides of ships mooring at sea ’
alongside other ships or offshore units
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Nos. Connection of structural members Weld factor a
3.2 |Ditto, elsewhere 0,13
3.3 |Frames (including web frames) and side stringers to their face plates in 0.13

regions defined in 3.1 ’
3.4 |Ditto, elsewhere 0,10
3.5 |Frames (including web frames) and side stringers to shell plating in the 0.25

after peak §
3.6 |Ditto to their face plates 0,17
3.7 |Side stringers to web frames 0,25
3.8 |Side longitudinals to shell plating 0,17
3.9 |Ditto to face plates 0,13

3.10 |Bilge brackets to margin plate and face plates of floors outside double 0.35!

bottom ’

3.11 | Ditto to shell plating 0,25

4 | Deck framing and decks

4.1 |Deck transverses and girders to deck plating 0,17
4.2 | Ditto to their face plates 0,13
4.3 | Cantilever beams to deck plating and to their face plates 0,25
4.4 | Webs of deck transverses to girder webs and bulkheads 0,25
4.5 |Beams in way of tanks, fore and after peaks, as well as hatch end

. 0,15

beams, to deck plating

4.6 |Ditto, elsewhere 0,10
4.7 | Deck longitudinals to deck plating and their face plates 0,10
4.8 | Stringer plate of strength deck to shell plating 0,452
4.9 |Ditto for other decks and platforms 0,35

4.10 | Hatch coamings to deck plating at hatch corners 0,452

4.11 |Ditto, elsewhere 0,35°

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

4.13 Staysf horizontal and vertical stiffeners to vertical plates of hatch 0.20

coamings i

4.14 |Side and end bulkheads of superstructures and deckhouses to deck 0.35

plating ’

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

4.16 | Bulwark stays to bulwark plating 0,20

4.17 | Bulwark stays to deck and guard rails 0,35

4.18 |Pillars to deck and inner bottom, pillar brackets to pillars, decks, inner

0,35
bottom and other structures
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 0,35
perimeter
5.2 |Other watertight bulkheads (including wash bulkheads) to bottom shell
. . N ) 0,35
or inner bottom plating, shell plating in way of the bilge
5.3 |Ditto to sides and deck 0,25
5.4 |Vertical box corrugations of corrugated bulkheads to inner bottom 0.35
plating or upper strake of lower stool ’
5.5 | Shaft tunnel plating all round 0,35
5.6 | Vertical and horizontal stiffeners to bulkhead plates under 5.1, and to
0,15
wash bulkheads
5.7 |Ditto of other bulkheads 0,10
5.8 | Vertical webs and horizontal girders to bulkhead plates according to 0.17
5.1, and to wash bulkheads i
5.9 |Ditto to their face plates 0,13

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

5.11 |Ditto to their face plates 0,10

5.12 | Transverse bulkheads to wash bulkheads 0,35!

6 | Brackets and stiffeners
6.1 |Brackets for interconnection of structural members 0,35°
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Nos. Connection of structural members Weld factor a

6.2 | Stiffeners and tripping brackets (refer to 1.7.3.2) of deep members, 0.10

floors, etc i
7 |Foundations for main engines, boilers and other machinery

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

7.2 | Top plates (face plates) to longitudinal girders, brackets, knees 0,452

7.3 | Brackets and knees of foundations to vertical plates, shell plating, 0.354
inner bottom (floor face 0,353 plates) and to deck plating ’

7.4 | Brackets and knees to their face plates 0,25

! Double continuous weld shall be applied.

? Welding through the entire thickness is to be provided.

? Fillet welds attaching face plates to member webs shall be welded in way of brackets with weld factor 0,35.
The face plates shall be welded to the brackets by the same weld as that of the face plate of the member in
the span between the bracket.

* The structures under the girder webs, brackets and knees of foundations shall be welded to the inner
bottom and decks by double continuous fillet welds with factor 0,35.
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Fig. 1.7.5.1-1
Weld types: a - staggered intermittent; b - chain intermittent; ¢ - scalloped; d - single intermittent; e - staggered
spot

Fig.1.7.5.1-2.
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Table 1.7.5.1-2

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

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

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

The sectional area f, in cm?, of the welds connecting the primary members to supporting members shall
not be less than determined by the formula:

f=25pal / o, (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 6, — refer to 1.1.4.3.

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

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

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

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

fi=1,755, (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
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.2 if one continuous bracket plate welded in the appropriate slot cut in the bulkhead plating is fitted
(refer to Fig. 1.7.5.4.1 b), the sectional area of the bracket at the bulkhead shall not be less than 1,25S,.
.3 the arm length I, in mm, of the bracket, in mm, over the longitudinals shall not be less than
determined by the formula:

1,75S50 S

Iyy = 2a I . I“: (17543)

where S; — area of weld connecting longitudinal butt ends to transverse bulkheads, in cm?;
a — accepted design thickness of fillet weld connecting bracket to longitudinal, in mm.

1.7.5.5 Where plate thickness exceeds 18 mm, for connections made by fillet welds in which excessive
stress in Z-direction may be caused by welding process or by external loads, Z-steel (refer to 1.2.2.2) shall be
used or structural measures shall be taken to prevent lamellar tearing. In all cases, reducing of residual stress
level shall be provided.

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

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

.2 in region I of ships of ice classes Ice6, Ice5, Ice4, in areas between USWL and LSWL ships of polar
classes PC1 + PC6, ships of Baltic ice classes IA Super — IB, and in region Al of ships of ice class Ice3 ice
strengthening and in areas B and BI polar class ships PC7, and in bow area of Baltic ice class ships IC, 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), exclusive the tanks for fuel oil or lubricating oil;

.7 for structures providing tightness.

1.7.5.7 Single continuous welds shall not be used:

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

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

.3 in region 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 ((#—/) — for
chain welds and scalloped framing, and (¢ — 2/) /2 for staggered welds) shall not exceed 15s (s — plate
thickness or web thickness, whichever is less). In any case, the spacing of welds or scallop length, where
scalloped frames are used, shall not exceed 150 mm.

Intermittent or single continuous welds connecting the framing members to the plating shall be
substituted in way of supports and member ends by double continuous welds having the same throat
thickness as the intermittent or single continuous welds of the remaining part of the members. The length of
joints welded from both sides shall be not less than the sum of bracket arm and the web depth, if a bracket is
fitted, and shall be twice the web depth if no bracket is fitted. Where the framing members pass through
supporting structures (deck transverses, deck girders, floors, etc.), the aforesaid reinforcement shall be
provided on both sides of supporting member. Where single continuous welds are used, back runs at least 50
mm long and spaced not more than 500 mm apart shall be welded on the reverse side of the detail joined.

The throat thickness of back weld shall be the same as that of the single continuous weld.

1.7.5.9 Staggered spot welds and single intermittent welds (refer to Fig. 1.7.5.1-1,d and ¢) may be used
in the structures of deckhouses and superstructures of the second tier and above, on decks inside first tier
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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 =112 ats, (1.7.5.9)

where ¢ — pitch of spot weld (refer to Fig. 1.7.5.1-1);
t max = 80 mm;
for o, s —refer to 1.7.5.1.

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

1.7.5.10 Scalloped construction shall not be used:

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

.2 in regions with high level of vibration (refer to1.7.1.6);

.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.

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

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

1.7.5.13 Where welding of tee-joints by fillet welds is impracticable, plug welds (refer to Fig.

1.7.5.13 a) or tenon welds (refer to Fig. 1.7.5.13 b) may be used.

The length / and pitch ¢ 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, a).

Complete filling of slot is not permitted.

In regions of high level of vibration (refer to 1.7.1.6) welded joints with complete root penetration and
permanent backing ring (refer to Fig. 1.7.5.13 ¢) are recommended instead of tenon welds or plug welds.
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1.7.5.14 Where aluminium alloy structures are welded according to Table 1.7.5.1-1, it is not permitted:
.1 to use intermittent welds (except in scalloped construction);

.2 to use scalloped construction in regions of high level of vibration (refer to1.7.1.6).
The throat thickness of welds shall be not less than 3 mm, but not more than 0,5s (for s, refer to1.7.5.1).



Part II. Hull 73
2. GENERAL REQUIREMENTS FOR HULL STRUCTURES

2.1 GENERAL

2.1.1 Application.

The requirements given in this Section apply to sea-going ships of all types and purposes, having regard
to additional provisions of Section 3. This Section contains the requirements for hull structures: shell plating,
platings, primary and deep members, pillars, stems, sternframes, seatings, etc.

2.1.2 Symbols.

Ly — length of the compartment, in m, measured as follows:

with plane bulkheads, as the distance between bulkhead platings;

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

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

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

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

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

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

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

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

h — depth of the member web, in cm;

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

s — plate thickness, in mm;

W — section modulus of members, in cm?’;

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

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

i — corrosion allowance to the plate thickness, in mm (refer to 1.1.5.3);

Jji— factor taking account of corrosion allowance to the section modulus of members (refer to 1.1.5.3).

2.2 SHELL PLATING

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, garboard strakes, as well as the requirements for the minimum
structural thicknesses of these members and construction of openings therein. The requirements are
applicable to all regions over the ship's length and depth unless additional requirements for shell plating
thickness are put forward.

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

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

st — design static pressure according to 1.3.2.1;

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

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

r — opening radius, in m.

2.2.2 Construction.

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

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

In all cases when the openings may result in considerable reduction of longitudinal or local strength of
the ship, provision shall be made for reinforcement of such areas.
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Reinforcement by means of thickened insert plates is required for openings located within 0,35L from
the midship region, the distance from their upper edge to the strength deck being less than the depth of
opening. The minimum width of thickened insert plates, as measured from the upper or lower edge of
opening, shall be equal to 0,25 of the depth or length of the opening, whichever is less; the total width
measured outside the opening shall be greater than the minimum thickness by at least 0,25 of the depth or
length of the opening, whichever is less. The minimum distance from the end of the thickened insert plate to
the nearest edge of opening, as measured along the length, of the ship shall be equal to at least 0,35 of the
depth or length of opening, whichever is less. The corners of the thickened insert plate shall be rounded. The
thickness of the thickened insert plate shall not be less than:

1,5s when s <20 mm,;

30 mm when 20 < s <24 mm,;

1,25 s when s >24 mm,

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

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

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

2.2.2.2 The area of transition from sheerstrake to deck stringer may be rounded. In this case, the radius
of curvature of sheerstrake shall not be less than 15 times the sheerstrake thickness.

No openings are permitted in the rounded area.

2.2.3 Loads on shell plating.

The external pressure p, in kPa, on the bottom and side shell plating is determined by the formula:

P =pst pw (2.2.3-1)

For ships with double bottom and double skin side construction intended for liquid ballast and for tankers
with neither double bottom nor double skin side construction, the internal pressure p = p. shall be determined
additionally by Formulae 1.3.4.2.1.

Where py; > pw, counterpressure shall be considered:

P = Pe— (Dst — pw). (2.2.3-2)

For ships with double bottom and double skin side construction p and p,, shall be determined in accordance
with 1.3.2 as in the case of the ballasted ships.
As the design pressure, both external and internal pressure may be adopted, whichever is the greater.

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

pmin:0,03L+5 (223—3)

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

For ships of restricted area of navigation, the value of pmin may be reduced by multiplying by the factor
¢, 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 Formula
(1.6.4.4) taking:

m=15,8;

for bottom shell plating:

ks =0,3 - kb < 0,6 in the midship region for L>65 m and transverse framing system,;
ks = 0,6 in the midship region for L= 12 m and transverse framing system.
Where 12m <L < 65m ks shall be determined by linear interpolation taking ks = 0,45 for L = 65m;
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ks = 0,6 in the midship region for longitudinal framing system;

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

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

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

ks = 0,6 in the midship region;

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

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

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

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

ko for upper deck level is determined in the same way as ks for bottom shell plating, parameter kb being
substituted for parameter kd.

ko=Wo® /(- W),  ka=Wd® /(- W), (2.2.4.1)

where: W — = required hull section modulus amidships in accordance with 1.4.6 and assuming n = 1;
Wv® 1 W4® — actual section moduli for bottom and deck amidships according to 1.4.8;

n - factor indicating application of the steel mechanical properties for the member for which ks is determined, to be
established on the basis of 1.1.4.3.

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

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

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

bx =800 + 5L, (2.2.4.4)
in this case, b need not exceed 2000 mm.

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

2.2.4.5 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.

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.

At ends, the sheerstrake thickness may be equal to that of side shell plating in this region.

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

s =0,1L + 4,4, for L <80m; (224.6-1)
s=0,055L +8, for L>80m. (2.2.4.6-2)

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

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

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

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

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

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

where: where for 77— refer to 1.1.4.3.



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

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

Where the adopted spacing is less than the standard one (refer to 1.1.3) for ships of unrestricted service
A and restricted area of navigation R1 and A-R1, a reduction of minimum thickness of shell plating is
permitted in proportion to the ratio of adopted spacing to standard spacing but not more than 10 per cent10%.

For other ships restricted service —refer to 1.1.4.6.

2.2.5 Special requirements.

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

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

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

2.2.5.3 Bilge keels shall be attached to the shell plating by means of an intermediate member, 1. e. a flat
bar welded to the shell plating with an allround continuous fillet weld. Connection of the bilge keel to this
member shall be weaker than that of the member to the shell plating. However, the connection shall be
strong enough to keep the bilge keels under the ordinary operating conditions of the ship. The intermediate
member shall be made continuous over the length of bilge keel.

Bilge keels shall terminate in the stiffened area of shell plating and shall be gradually tapered at ends.
The bilge keel and the intermediate member shall be of the same steel grade as the shell plating in this
region.

2.3 SINGLE BOTTOM

2.3.1 General and symbols.

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

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

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

B1— breadth of the compartment concerned, in m, refer to 2.1.2;

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

2.3.2 Construction.

2.3.2.1 In tankers of 80 m and above, longitudinal framing shall be provided for single bottom.

2.3.2.2 The structure of centre girder shall satisfy the following requirements:

.1 the centre girder shall extend throughout the ship's length as far as practicable. In ships greater than
65 m in length, a continuous centre girder is recommended between transverse bulkheads;

.2 when the bottom is framed longitudinally, the centre girder shall be stiffened on both sides with
flanged brackets fitted between the bottom transverses and between bottom transverse and transverse
bulkhead. The distance between brackets, between bracket and bottom transverse or between bracket and
transverse bulkhead shall not exceed 1,2 m.

The brackets shall be carried to the face plate of the centre girder if the web of the latter is stiffened
vertically or to the second horizontal stiffener from below if the centre girder web is stiffened horizontally.

In way of bottom plating, the brackets shall extend to the nearest bottom longitudinal and shall be
welded thereto.

2.3.2.3 When the bottom is framed transversely, floors shall generally be fitted at every frame.

Where the floors are cut at the centre girder, their face plates shall be butt-welded to the face plate of the
centre girder. If the actual section modulus of floors exceeds the value required by 2.3.4.1.2 less than 1,5
times, the width of their face plates shall be doubled, where attached to the centre girder face plate, or
horizontal brackets of adequate size shall be fitted.

The floor face plates may be replaced by flanges.

Flanged floors are not permitted in way of engine room, in the after peak, and in ships of 30 m and
above; they are not permitted within 0,25L from the fore perpendicular, either.

2.3.2.4 When the bottom is framed longitudinally, brackets shall be fitted in line with the bottom
transverse web on both sides of the centre girder where the girder is higher than the bottom transverse at the
place of their connection. A bracket shall be welded to bottom transverse face plate and to centre girder web
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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 In dry cargo ships, when the bottom is framed longitudinally, the spacing of side girders and the
distance from the centre girder or ship's side to the side girder shall not exceed 2,2 m.

The side girder plates shall be cut at floors and welded thereto.

The face plates of side girders shall be welded to those of floors.

2.3.2.6 In tankers, the side girders, if fitted, shall form a ring system together with vertical stiffeners of
transverse bulkheads and deck girders.

Deep side girders having the same depth as the centre girder, as well as conventional side girders having
the same depth as bottom transverses, shall run continuous from one transverse bulkhead to another with
Li/B1<1.

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

2.3.2.10 When the bottom is framed longitudinally floors shall be fitted within the plane of side web
frames, the spacing between floors or the distance between floors and travsverse bulkhead shall be multiple
to spacing and shall not exceed five spacings or 2,4m, whichever is less.

2.3.2.11 For hulls of a pontoon shape an alternative design and arrangement of the deck girders and
transverses may be permitted, provided the additional longitudinal bulkheads are installed and strength of
double bottom structures is verified by direct calculation according to the Register-agreed procedures.

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 p in Formula (2.2.3-
1), the ballast draught may be taken as 0,6 of the summer draught.

If a dry cargo ship is designed to operate in a fully loaded condition with some holds empty the static
pressure ps: 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 0,055B;. 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 between longitudinal girders under the seating shall not be
less than 0,65 of the required depth at the centreline. A reduction of floor section modulus by more than 10
% as compared to that required by 2.3.4.1.2 is not permitted.

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

.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:

for p, refer to 2.3.3.1, but it shall not be less than 35 kPa for dry cargo ships and not less than 85 kPa for
tankers;

[ = B, but at least 0,6B,;

m=13;

ks=0,6.
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On portions equal to 0,05B, from ship's side, the floor web sectional area shall not be less than
determined according to 1.6.4.3 taking:

Nmax = 0,4pal;

k‘c = 0,6

When determining p and /, the above limitations shall be used;

.3 in accordance with 2.3.4.1.2, the section modulus of centre girder shall be at least 1,6 times greater
than the section modulus of a floor at the centreline. The depth of centre girder shall be equal to that of a
floor at the place of their connection;

.4 the section modulus of a side girder shall not be less than the section modulus of a floor at the
centreline in accordance with 2.3.4.1.2.

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

2.3.4.2 If longitudinal system of framing is adopted, the bottom members in way of the cargo tanks in
tankers shall satisfy the following requirements:

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

p — as defined in 2.3.3.2;

m=12;

ks = 0,45k < 0,65 in the midship region;

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.;

kv — shall be determined by Formula (2.2.4.1).

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

.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;

for a wing tank
m=18;
Nmax = 0,35])(11;

for a centre tank

m = mb.t,

Nmax = 0,7ng pal,

mp.c and n,,, shall be obtained from Table 2.3.4.2.2 depending upon the parameter m and the number of
bottom transverses within a tank:

w= 0.4/3(L1/Bl)3;

o= Wbt/Wc.g;
Table 2.3.4.2.2
Number of transverses within a tank
u2‘3‘4‘5 2\3\4\5 2\3\4|5 2\3\4\5
mp.t Me.g Np.t Neg

0,01 | 96,0 | 95,9 | 959 | 958 | 27,3 | 21,7 | 255 23,3 | 0,253 | 0,255 | 0,256 | 0,257 | 0,329 | 0,370 | 0,393 | 0,409

0,02 | 95,8 | 95,6 | 954 | 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 | 954 | 954 | 93,9 | 92,7 | 283 | 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
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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

02 | 86,5 | 751 | 72,1 | 64,0 | 33,4 | 289 | 355 34,7 | 0,298 | 0,326 | 0,333 | 0,352 | 0,269 | 0,294 | 0,304 | 0,307

03 | 79,6 | 64,0 | 61,1 | 52,3 | 36,6 | 32,8 | 409 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 | 632|449 | 433 | 36,1 | 46,2 | 454 | 58,0 61,6 | 0,354 | 0,404 | 0,409 | 0,436 | 0,195 | 0,206 | 0,213 | 0,214

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 | 344 | 34,0 | 28,6 | 59,0 | 64,0 | 82,8 93,1 | 0,386 | 0,443 | 0,445 | 0471 | 0,153 | 0,165 | 0,170 | 0,171

1,2 | 47,2 | 31,6 | 31,6 | 269 | 654 | 742 | 96,6 | 110,8 | 0,397 | 0,456 | 0,456 | 0,482 | 0,138 | 0,150 | 0,155 | 0,158

1,5 | 43,1 | 288 | 29,1 | 250 | 75,0 | 90,7 | 117,0 | 141,1 | 0,410 | 0,471 | 0,469 | 0,492 | 0,120 | 0,132 | 0,139 | 0,142

W5.: — bottom transverse section modulus satisfying the present requirements;

W. 4 — centre girder section modulus satisfying the requirements of 2.3.4.2.3.

The value of the parameter o is optional, but shall not exceed 0,6; the value of the parameter m shall not
exceed 1,5.

Bottom transverse section modulus shall not be less thanaW.g;

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

p — as defined in 2.3.3.2;

=L

m= me.g;

Nmax = O,7nc,gpal;

mcg and n.g shall be obtained from Table 2.3.4.2.2 depending upon the parameter pu and the number of
floors within a tank;

u shall be determined in accordance with 2.3.4.2.2;

ks = 0,35k, < 0,6 in the midship region;

ks= 0,6 at the ends of the ship within 0,1L from the fore or after perpendicular;

kv — shall be determined by Formula (2.2.4.1).

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

k.= 0,6.

The section modulus of centre girder shall not be less than W, /o, where W), — is bottom transverse
section modulus satisfying the requirements of 2.3.4.2.2; o — shall be as stipulated under 2.3.4.2.2;

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

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

The section modulus of conventional side girders, when fitted in accordance with 2.3.2.6, shall not be
less than bottom transverse section modulus;

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

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

If a girder acts as the vertical plate of engine seating, the girder thickness shall not be less than the
vertical plate thickness as required by 2.11.3.

The depth of bottom transverse shall be increased in proportion to the height at which engine seatings
are fitted.
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2.3.4.4 The thickness, in mm, of single bottom members shall not be less than:
Smin=3,3 + 0,04L for L < 80m,; (2.3.4.4-1)
Smin=06,5 + 0,025L for L > 80m. (2.3.44-2)

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

For the centre girder, smin 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 following
requirements:

.1 centre girder and side girders shall be attached to transverse bulkheads by brackets. For size of
brackets, refer to 1.7.2.3.

.2 in dry cargo ships, the height of brackets may be reduced to half the centre girder depth if the face
plate of centre girder is welded to the transverse bulkhead. In case the centre girder face plate is widened to
at least twice the normal value in way of abutting upon the transverse bulkhead, the brackets need not be
fitted. If the centre girder is not fitted in the engine room, then at discontinuities beyond bulkheads it shall be
terminated in gradually tapered brackets of a length equal to twice the centre girder depth, but not less than
three spacings.

3 in tankers, the bottom transverses shall be attached to side transverses and/or vertical webs of
longitudinal bulkheads by brackets. For size of brackets, refer to 1.7.2.3.

The bottom transverses shall be attached to centre girder by brackets.

2.3.5.2 If transverse system of framing is adopted, the holes cut in floors shall have a diameter not
exceeding half the floor depth in this location. The distance between the hole edge and floor face plate shall
not be less than 0,25 times the floor depth in this location. The distance between the edges of adjacent holes
shall not be less than the floor depth. Floor plates provided with holes shall be strengthened with vertical
stiffeners.

2.3.5.3 The webs of side girders and floors shall be provided with drain holes.

2.4 DOUBLE BOTTOM

2.4.1 3aranpHi N0J10KEeHHS.

Requirements are given in this Chapter for double bottom structures including bottom framing up to the
top of bilge rounding, inner bottom plating and framing, centre girder and duct keel, side girders and half-
height girders, margin plate with stiffeners, brackets, knees and intermediate vertical stiffeners in the double
bottom space, sea chests and drain wells.

Additional requirements for double bottoms are given in:

1.1.6.4 and 1.1.6.6 (passenger ships);

1.1.6.5 and 1.1.6.6 (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);

3.10 (icebreakers).

2.4.2 Construction.

2.4.2.1 In tankers of 80 m in length, bulk carriers and ore carriers, as well as in oil/bulk dry cargo
carriers and ore/oil carriers, the double bottom shall be framed longitudinally.

2.4.2.2 The centre girder shall extend fore and aft as far as practicable to the stem and sternframe and
shall be attached to them whenever possible. The centre girder shall generally be continuous within at least
0,6L amidships. Where longitudinal framing is adopted in the double bottom, brackets shall be fitted on both
sides of centre girder, 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.
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Transverse members with brackets shall be fitted at every frame in way of the bottom and inner bottom
plating between the side plates of the duct keel.

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

Where the duct keel fitted only over a part of the ship's length terminates and is transformed into the
centre girder, the duct keel and centre girder plates shall overlap over a length of at least one frame spacing
and shall terminate in brackets with face plates.

In this case, the length of the brackets shall not be less than three spacings if the transition areas lie
within 0,6L amidships, and not less than two spacings elsewhere.

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

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

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

.3 in the engine room, the arrangement of side girders shall be consistent with that of the engine, boiler
and thrust block seatings, so that at least one of the longitudinal girders under the seating is fitted in line with
the side girder. In this case, an additional side girder shall be provided under the seating in line with the
second longitudinal.

Where side girders cannot be arranged under the seatings in line with longitudinal girders, additional
side girders shall be fitted under each longitudinal girder.

Additional side girders may be replaced by half height side girders welded to the inner bottom plating
and floors only;

.4 inclined margin plate, if fitted, shall extend throughout the double bottom length.

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

.1 if transverse framing is adopted in the double bottom, plate floors shall be fitted at every frame:

in engine and boiler rooms;

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

in the holds intended for the carriage of heavy cargo and ore, as well as in holds from which cargo is
regularly discharged by grabs;

in ships which may happen to be aground due to the ebb-tide in ports.

In other regions, plate floors may be fitted five spacings or 3,6 m apart, whichever is less.

In this case, provision shall be made for open floors (bracket or lightened).

Bracket floors consist of bottom and reverse frames connected with brackets at centre girder, side
girders and margin plate (refer to Fig. 2.4.2.5.1-1).

Lightened floors consist of plate panels having large openings of a smooth shape between side girders
(refer to Fig. 2.4.2.5.1-2);

Not less than 0,75h
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.2 if longitudinal framing is adopted in the double bottom, plate floors shall generally be fitted at a
distance not exceeding two spacings from each other:

in engine and boiler rooms; at the fore end within 0,25L from the fore perpendicular;

in the holds intended for the carriage of heavy cargo and ore, as well as in holds from which cargo is
regularly discharged by grabs;

in ships which may happen to be aground due to the ebb-tide in ports.

In other regions, plate floors may be fitted five spacings or 3,6 m apart, whichever is less. Where
lightened side girders are fitted in lieu of bottom and double bottom longitudinals (refer to 2.4.2.4.2), the
above spacing may be increased, but not more than twice.

When the ship's side is framed transversely and double bottom is framed longitudinally, brackets shall
be fitted at every frame between plate floors to stiffen the margin plate, which shall be carried to the nearest
bottom and inner bottom longitudinals or to the nearest additional side girder, and welded thereto (refer to
Fig. 2.4.2.5.2).

Under the seating of main engine, plate floors shall be fitted at every frame and carried to the nearest
side girder outside the main engine seating;

Bracket in way
of margin plare

Fig. 2.4.2.5.2

.3 irrespective of the requirements of 2.4.2.5.1 and 2.4.2.5.2, plate floors shall be fitted:

under pillars and ends of longitudinal partial bulkheads; under bearers and boiler bearer ends;

under transverse bulkheads and sloping plates of low trapezoidal stools of corrugated bulkheads;

under bracket toes of deep tank bulkhead stiffeners in transversely framed double bottom;

under block bearing seatings. In the above cases, the floors need not be fitted throughout the ship's
breadth.

Partial floors may be fitted and carried to the side girder nearest to the structure being stiffened.

2.4.2.6 Arrangement of stiffeners on centre girder and duct keel, side girders and floors shall satisfy the
following requirements:

.1 stiffeners shall be provided where transverse system of framing is adopted and plate floors are more
than 900 mm in depth. The spacing of stiffeners shall not exceed 1,5 m. The spacing of stiffeners of
lightened floors shall not exceed 2,2 m.
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If longitudinal system of framing is adopted, the stiffeners on plate floors shall be fitted in line with
bottom and inner bottom longitudinals. The stiffeners shall be carried to the longitudinals, and either welded
thereto or attached by the brackets.

The stiffeners shall be fitted under the pillars, at bracket toes of end stiffeners of longitudinal partial
bulkheads, etc;

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

2.4.2.7 Holes (manholes) shall satisfy the following requirements:

.1 an adequate number of holes (manholes) shall be provided in the inner bottom plating, side girders
and floors for access to all portions of double bottom.

The size of the holes, including lightening holes, shall satisfy the requirements of standards or other
normative documents recognized by the Register. Air and drain holes, cut-outs for the passage of welded
joints, refer to 1.7.5.12);

.2 the holes in centre girder, side girders and floors shall have a smooth rounded shape. The minimum
allowable height of the plate adjoining bottom shell plating or inner bottom plating is indicated in Table
24.2.7.2.

Besides, the minimum height of the plate in way of the hole shall not be less than 1 /8 of the length of
the hole.

The plate height indicated in Table 2.4.2.7.2 may be reduced if suitable stiffening is provided.

Besides, lightened side girder and floor plates shall satisfy the requirements of 2.4.4.5.5, and if the plate
height /o, in mm, exceeds 2551 , the free edge of the plate shall be stiffened.

Where: s — lightened side girder or floor height, in mm,;

for n —refer to 1.1.4.3;

Table 2.4.2.7.2
Member Minimum allowable platq height (in parts of
member height)

Centre girder 03
Side girders 0.25
Lightened side girders 0.15
Floors:

plate 0.25
lightened 0.2

.3 the distance between the edges of adjacent openings in centre girder, side girders and plate floors
shall not be less than half the length of the largest opening.

The distance of the edges of openings in the floors from longitudinal bulkheads, centre girder, side
girders, inclined margin plate and inner edges of hopper side tanks shall not be less than half the centre
girder depth in this region.

The distance of the edge of opening in a lightened floor from the side girder shall not be less than one-
quarter of centre girder depth.

In exceptional cases, deviation from the above requirements is permitted;

.4 one or more consecutive openings may be permitted in a lightened side girder web between adjacent
floors or in a lightened floor web between adjacent side girders. In the latter case, vertical stiffeners shall be
fitted between openings. The length of one opening shall not exceed 1,2 times the accepted depth of centre
girder or 0,7 times the distance between floors (side girders) or between a floor (side girder) and vertical
stiffener, whichever is less (refer to Fig. 2.4.2.5.1-2). The distance of the edges of openings in lightened side
girders and floors from each other shall not be less than half the centre girder depth in this regio;

.5 normally, openings are not permitted:

in centre girder over a length of 0,75L from the fore perpendicular;

in centre girder and side girders (lightened side girders) under pillars and in sections adjoining
transverse bulkheads (between the bulkhead and extreme floor for double bottom with transverse framing
and on a length equal to the depth of double bottom with longitudinal framing);

in floors under pillars and in way of partial longitudinal bulkheads;

in floors at the toes of brackets transversely supporting main machinery seatings;

in floors between the side (inner side) and the nearest lightened side girder, provided the spacing of
floors is increased in accordance with 2.4.2.5.2.
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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 1/3 of the
width or height of the bracket, whichever is less.

2.4.2.8 Where double skin side construction is provided, the inner bottom plating shall extend through
the inner skin as far as the shell plating.

A side girder shall be fitted in line with the inner skin. Festoon plates may be fitted in lieu of the inner
bottom plating inside the double skin side or additional side girder in line with the inner skin.

2.4.2.9 Connections of bottom and inner bottom longitudinals to watertight floors shall be such that the
effective sectional area of these members is maintained.

2.4.3 Double bottom loads.

2.4.3.1 The external pressure on double bottom structures is determined by Formula 2.2.3-1.

For design ballast condition, the value of z; according to 1.3.2.1-2 shall be counted from the design
ballast waterline.

2.4.3.2 Double bottom loads from inside:

.1 design pressure on the double bottom from general cargo is determined according to 1.3.4.1;

.2 design pressure on the double bottom from liquid cargo or ballast is determined according to 1.3.4.2;

.3 design pressure on the double bottom from bulk cargo is determined according to 1.3.4.3;

.4 test loads

p=15h, (2.43.2.4)

where 4, — vertical distance, in m, from inner bottom plating to the top of air pipe;
.5 loads due to the emergency flooding of double bottom compartments:

p =105 (d-h), (2.4.3.2.5)
where / - actual depth of double bottom, in m.

2.4.3.3 The total design pressure on the double bottom is defined as a difference between the external
pressure p and the cargo (ballast) pressure from inside p..

In this case, the value of p. is defined as the smallest value of counterpressures determined from
2.4.3.2.1-2.4.3.2.3 with p > p,, and as the greatest of the above values with p < p..

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

2.4.4 Scantlings of double bottom members.

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

h=(L-40)/570+0,04-B+3,5-d/L, (2.4.4.1)

but not less than 0,65 m, unless a greater value is indicated in other sections of these Rules and the
Rules for the Prevention of Pollution from Ships.
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=(ou - B> -\ / hy) + As, (24.4.2.1)

where: & — height of centre girder, in m, required by 2.4.4.1;
hy — = actual height of centre girder, in m;
for n — refer to 1.1.4.3;
for As — refer to 1.1.5.1;
ox=0,03L + 8,3, but not greater than 11,2.

In any case, the thickness of centre girder shall be 1 mm greater than that of a plate floor.
The thickness of side girders shall not be less than that of plate floors;
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.2 the buckling strength of centre girder web and of side girders, as well as of longitudinal stiffeners
fitted along them shall be ensured in accordance with 1.6.5;

.3 at ends within 0,1L from the fore and after perpendiculars, the centre girder web thickness may be 10
% less than that in the midship region, as determined for steel used at ends, but not less than the minimum
thickness stipulated under 2.4.4.9.

The thickness of side plates of the duct keel shall not be less than 0,9 of that required for the centre
girder in this region;

.4 the thickness of watertight sections of centre girder and side girders shall not be less than determined
by Formula (1.6.4.4) taking:

p — as determined by Formulae (1.3.4.2.1-4) and (1.3.4.2.1-5) for the mid-depth of centre girder (side
girder), whichever is the greater (where no safety valve is fitted

pv=0);

m=15,8;

if the centre girder (side girder) is stiffened with vertical brackets or stiffeners:

ks = 0,6k, < 0,75 for L > 65m;
ks=10,75 for L = 12m.
For 12 < L < 65Mm ks shall be determined by linear interpolation taking ks = 0,68 mpu L = 65m;

if the centre girder (side girder) is stiffened with horizontal stiffeners, in the midship region:
ks =10,75;
at the ends of the ship within 0,1L from the fore or after perpendicular:

ks =0,85.

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

kv shall be determined by Formula (2.2.4.1).

The thickness of the watertight sections of centre girder and side girders need not be greater than that of
adjacent shell plating.

2.4.4.3 Floors shall satisfy the following requirements:

.1 the thickness, in mm, of floors shall not be less than
s=a-k-a-\n +As, (2.4.43.1)

where: a = 0,12L — 1,1, but not greater than 6,5 for transversely framed double bottom;
o =0,023L + 5,8 for longitudinally framed double bottom,;

k=ki - ky;

ki, k> — coefficients given in Tables 2.4.4.3-1 and 2.4.4.3-2 respectively;

a — spacing, in m, of stiffeners, but not greater than the actual depth of double bottom;
for n — refer to 1.1.4.3;

for As — refer to 1.1.5.1;

Table 2.4.4.3-1 Coefficient k;

Framing system agla

1 2 3 4 5
Transverse 1 1,15 1,20 1,25 1,30
Longitudinal - 1,25 1,45 1,65 1,85
Symbols:
ar— distance, in m, between plate floors;
a — spacing, in m.
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Table 2.4.4.3-2 Coefficient k,

Framing KinpKicTh cTpuHTEpiB HA OUH OOPT
system 0 1 2 3 1 Ounble
Transverse 1 0,97 0,63 0,88
Longitudinal 1 0,93 0,86 0,80

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

Between the fore peak bulkhead and 0,25L from the forward perpendicular, in the engine room and
peaks, and in the holds of ships which may happen to be aground due to ebb-tide or from which cargo is
regularly discharged by grabs, the thickness of plate floors smin, in mm, shall not be less than:

for transverse framing system

Smin = 0,035L + Smm; (2.4.4.3.2-1)
for longitudinal framing system

Smin = 0,035L + 6mm,; (2.4.43.2-2)
.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;
ks =0,85.

In any case, the thickness of watertight floors shall not be less than that required for plate floors in this
region.
2.4.4.4 Inner bottom plating and margin plate shall satisfy the following requirements:

.1 the thickness of inner bottom plating, including margin plate, shall not be less than determined by
Formula (1.6.4.4) taking:

m=224;

p — maximum design pressure as stipulated under 2.4.3.2;

ks = 0,6k, < 0,8 in the midship region for L>65 m and transverse framing system;

ks = 0,8 in the midship region for L = 12 m and transverse framing system.

For 12 <L <65m ks, is determined by linear interpolation taking ks = 0,7 for L = 65m,

ks = 0,8 in the midship region for longitudinal framing system;

ks = 0,9 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

ko shall be determined by Formula (2.2.4.1);

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

Smin=(0,05L +3,8)\n, for L <80m, (2.4.4.4.2-1)
Smin=(0,035L + 5)\", for L > 80m, (2.4.4.42-2)
where: 1 — as stated in Table 1.1.4.3.

For L > 260m, L shall be taken equal to 260 m.

Where the adopted spacing is less than the standard one (refer to 1.1.3) for ships of unrestricted service

and restricted area of navigation R1 and A-R1, the minimum thickness of inner-bottom plating may be
reduced in proportion to the ratio of adopted spacing to the standard spacing, but not more than by 10 %. In
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any case, the minimum thickness shall not be less than 5,5 mm.

The thickness of inner bottom plating in holds into which water ballast may be taken, as well as in the
cargo (ballast) tanks of tankers shall not be less than stipulated under 3.5.4.

In the engine room and holds under cargo hatches where no wood sheathing is provided, smin shall be
increased by 2 mm.

In holds where no wood sheathing is provided and cargo is discharged by grabs, smin shall be increased
by 4 mm.

.3 in the midship region of ships of 65 m and greater in length, the buckling strength of inner bottom
plating and margin plate shall be ensured in accordance with 1.6.5.

2.4.4.5 Primary members of bottom and inner bottom shall satisfy the following requirements:

.1 the section modulus of bottom and inner bottom longitudinals, as well as of the bottom and reverse
frames of bracket floors and duct keel shall not be less than stipulated under 1.6.4.1 taking:

p — design pressure, in kPa, determined for bottom longitudinals and the bottom frames of bracket floors
and duct keel in accordance with 2.4.3.1, and for inner bottom longitudinals and the reverse frames of
bracket floors and duct keel, in accordance with 2.4.3.2;

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 longitudinal:

ks = 0,45k, < 0,65 in the midship region;

ks= 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

for inner bottom longitudinals:

ks = 0,6k, < 0,75 in the midship region;

ks= 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

for bottom frames of bracket floors and duct keel:
ks=0,65;

for reverse frames of bracket floors and duct keel:

ks=10,75;

ko shall be determined by Formula (2.2.4.1);

.2 if intermediate struts are fitted at midspan between bottom and inner bottom longitudinals, the section
modulus of such longitudinals may be reduced by 35%;

3 if the ratio of the span of a bottom or inner bottom longitudinal to its depth is less than 10, the
sectional area of the longitudinal web shall not be less than determined by Formula (1.6.4.3-1) taking
Nmax = 0,5pal (p, | — design pressure and design span of longitudinal as stipulated under 2.4.4.5.1),
k. = ks, where ks 1s as determined from 2.4.4.5.1 with &, = 1,25;

.4 in the midship region of ships of 65 m in length and above, the buckling strength of bottom and inner
bottom longitudinals shall be ensured in accordance with 1.6.5;

.5 at the centre of openings in lightened side girders and floors, the section modulus of the plate adjoining
the shell plating or inner bottom plating shall comply with the requirements of 2.4.4.5.1 for bottom and inner
bottom longitudinals and transverses respectively. In this case, the design span 1 shall be taken equal to the
greatest opening length minus its rounding-off radius. The plate section shall include the effective flange of
shell plating (inner bottom plating), as described under 1.6.3.2 and 1.6.3.3, as well as the flange or horizontal
stiffener of the free edge of the plate, if these are fitted.

2.4.4.6 The stiffeners on the watertight sections of centre girder (duct keel), side girders and floors shall
satisfy the following requirements:

.1 the section modulus of vertical stiffeners on the watertight sections of centre girder (duct keel), side
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girders and floors shall not be less than stipulated under 1.6.4.1 taking:

p —=as determined by Formula (1.3.4.2.1-5) for mid-height of vertical stiffener;

[ — span, in m, of stiffener, defined as the spacing of longitudinals to which the stiffener is welded or as
double bottom depth if the stiffener is not in line with bottom or inner bottom longitudinals;

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

ks=0,75;

.2 the section modulus of horizontal stiffeners on the centre girder (duct keel) and side girders shall not
be less than stipulated under 1.6.4.1 taking:

p —= as determined by Formula (1.3.4.2.1-5) for the level of the horizontal stiffener considered;

[ — = distance, in m, between floors or between floors and brackets (refer to 2.4.2.2);

m=12;

ks = 0,5k, < 0,75 in the midship region;

ks= 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

ko shall be determined by Formula (2.2.4.1);

.3 in the midship region of ships of unrestricted service A, and of restricted areas of navigation R1, A-
R1 and R2, A-R2 65 m and greater in length, as well as of ships of restricted areas of navigation R2-S, R2-
RS, A-R2-S, A-R2-RS, B-R3-S, B-R3-RS, C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-
RS 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 are f, cm?, of intermediate struts shall not be less than
f=[5pal/(kscn)] + 0,1hAs, (2.4.4.7.1)

where p — design pressure, in kPa, defined as the greater of the values of p or p. according to 2.4.3.1 or
2.4.3.2, whichever is the greater;

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

ks=0,5;

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

for As — refer to 1.1.5.1;

.2 the inertia moment 7, in cm®*, of intermediate struts shall not be less than:

i=0,01 fPon, (2.4.4.7.2)

where f— sectional area of intermediate struts as given in 2.4.4.7.1;
[ — length, in m, of intermediate strut.

2.4.4.8 The thickness of brackets of centre girder (duct keel) and margin plate, as well as of the brackets
of bracket floors and the brackets connecting bottom and inner bottom longitudinals to watertight floors, if
the longitudinals are cut at the floors, shall not be less than the thickness of plate floors adopted in this
region.

In way of centre girder and margin plate, the thickness of brackets fitted in line with the bracket floor
shall not be less than 0,75 of the centre girder depth. The free edges of brackets shall be provided with
flanges or face plates. The side girder fitted in line with the bracket floor shall be provided with a vertical
stiffener whose profile shall be selected in the same way as that of the reverse frame of the floor.

The arm length of brackets connecting longitudinals on the bottom and inner bottom plating to
watertight floors shall not be less than 2,5 times the bottom longitudinal depth (refer to Fig. 2.4.4.8).

The scantlings of knees by which bottom and reverse frames of the duct keel are secured shall be
determined in accordance with 1.7.2.2.
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2.4.4.9 Structural members inside the double bottom shall have a thickness smin, in mm, not less than:
Smin = 0,045L + 3,9 mm for L<80 m, (2.4.4.9-1)
Smin =0,025L + 5,5 mm 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 In way of holds designed for the carriage of heavy cargoes, the strength of double bottom
structure shall be verified by the calculation of the bottom grillage strength using design loads stated in 2.4.3,
as required by 3.3.4.1.1.

2.4.5 5 Special requirements.

2.4.5.1 Partial double bottom and stiffening in way of variable double bottom depth shall satisfy the
following requirements:

.1 where the double bottom terminates, gradual transition from longitudinal members of double bottom
to those beyond it shall be ensured.

The inner bottom plating shall be gradually tapered (on a length of at least three frame spaces) into the
face plates of centre girder and side girders of single bottom. In way of the double bottom boundary, the
width of these face plates shall be not less than half the distance between adjacent side girders.

The margin plate shall extend beyond the double bottom as a bracket with the height equal to the margin
plate width and the length equal to at least three frame spaces, with a face plate or flange along its free edge;

.2 where the double bottom depth changes in the form of a knuckle, one end of the knuckle shall be in
way of a transverse bulkhead and the other, on the fplate floor. However, both the knuckles may be arranged
on plate floors; in this case the strength of the structure shall be verified by calculation;

.3 where the double bottom depth changes in the form of a step, the latter shall normally be arranged on
a transverse bulkhead.

At the step, the inner bottom plating of the lower section should extend for a length of three frame
spaces when L> 80 m and for two frame spaces when L < 80 m. Forward (or aft) of the end of the extension
the general requirements for partial double bottom shall be complied with.

If the step is arranged beyond 0,5L amidships or, if the height of the step is less than 660 mm, the
extension may be reduced;

.4 continuity and reduction of stress concentrations shall be ensured in way of the step where a variation
of the depth of centre girder, side girders, margin plate and inner bottom longitudinals takes place (if
longitudinal system of framing is adopted).

2.4.5.2 Bilge wells, sea chests and ice boxes shall satisfy the following requirements:

.1 in cargo ships, the bilge wells shall, as far as practicable, satisfy the requirements of 1.1.6.5.3 or
1.1.6.6.3.

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

The thickness of the walls and bottom plates of a bilge well shall exceed that of watertight floors by not
less than 2 mm;

.2 the thickness of the floors, side girders and inner bottom plating forming the walls of sea chests shall
be 2 mm greater than that required by 2.4.4.2 ~ 2.4.4.4.

In any case, the thickness of sea chest and ice box walls shall be not less than that required by 2.2.4.1
for the shell plating in the region under consideration.

2.4.5.3 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.
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2.4.5.4 Where the bed plate of main engine and the thrust block are seated directly on the inner bottom
plating, insert plates having a thickness not less than stipulated under 2.11.3.1 shall be welded to the plating
under the supporting parts of bed plate and thrust block. The size of welded inserts shall be such as to ensure
an adequate arrangement of supports and the attachment of machinery, and shall in any case be not less than
that of the supporting parts of bed plate. Where the engine bed plate and thrust block are fitted on the inner
bottom plating, two girders, or one girder and a half-height girder shall be provided in way of their
arrangement along each welded insert plate. The upper part of the girder webs shall have the same thickness
as the welded insert for at least 0,2 of the girder depth, or alternatively, the thickness of the webs throughout
their depth shall be as required by 2.11.3 for the vertical plates of seatings.

Between the girders, a horizontal stiffener of the size required in the foregoing for the upper part of
girder webs shall be fitted, account being taken of the holes for the holddown bolts of the bed plate.

Only one side girder may be fitted under the welded insert plate for small power engines.

2.4.5.5 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 SIDE FRAMING

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 bulkheads
in tankers, as well as for specific structures of double skin side.

2.5.1.2 By the double skin side construction, a side structure is meant which consists of watertight side
shell plating and inner skin, both either strengthened with frames and longitudinals or not, and connected
with plate structures perpendicular thereto: vertical (diaphragms) and/or horizontal (platforms). If no
diaphragms or platforms are fitted, the inner skin together with framing shall be considered as longitudinal
bulkhead and shall comply with the requirements of 2.7.

2.5.2 Construction.

2.5.2.1 When the ship's side is framed transversely, side stringers may be provided. In tankers with two
or more longitudinal bulkheads, fitting of cross ties is recommended between the side stringers and
horizontal girders of longitudinal bulkheads.

Web frames may be fitted if the ship's side is framed transversely, and they shall be fitted, if the ship's
side is framed longitudinally.

They shall be fitted in line with plate floors, as well as with deep beams, if any.

In tankers with two or more longitudinal bulkheads, fitting of cross ties is recommended between side
transverses and vertical webs of longitudinal bulkhead.

2.5.2.2 Structures of double skin side shall satisfy the following requirements:

.1 if the same framing system is adopted for side shell and inner skin, fitting of frames or longitudinals
of both side shell and inner skin in line with each other is recommended. In this case, cross ties may be fitted
between the frames or longitudinals of the side shell and inner skin, which shall be arranged at midspan of
relevant members ;

.2 diaphragms or platforms shall be stiffened in accordance with 1.7.3.2. In this case, the shorter side, in

mm, of panel of the diaphragm or platform being stiffened shall not exceed lOOS\/ﬁ , where s is the

thickness, in mm, of the diaphragm or platform;
For n —refer to 1.1.4.3;

.3 an appropriate number of openings (manholes) shall be provided in the diaphragms and platforms for
access to all the structures of double skin side.

The total breadth of openings in a diaphragm or platform section shall not exceed 0,6 of the double skin
side breadth. The edges of openings in diaphragms and platforms, arranged within 1/4 of the span from their
supports, shall be reinforced with collars or stiffeners.

The distance between the edges of adjacent openings shall not be less than the length of the openings.

Normally, openings are not permitted, with the exception of air and drain holes:

in platforms on a length not less than three frame spaces or 1,5 times the double skin side breadth,
whichever is less, from transverse bulkheads or partial 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.
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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 stipulated under 2.7.3.1;

.2 the scantlings of cross sections of diaphragms and platforms are determined using the design pressure
specified in2.2.3;

.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 If transverse system of framing is adopted, the section modulus of hold frames in dry cargo ships
and of side frames in tankers shall not be less than determined from 1.6.4.1 and 1.6.4.2. taking:

p —= as defined in 2.5.3; the value of p for the side shell shall not be less than

pmin=10z+ 0,3L + 1, for L <60 m; (2.5.4.1-1)
pmin= 10z + 0,15L + 10, for L > 60 m; (2.5.4.1-1)
where: z — = distance, in m, from the mid-span of the frame to the summer load waterline;

[ — in m, between adjacent supports, as measured in accordance with 1.6.3.1; unless expressly provided
otherwise, the supports of a frame are bottom, deck or platform, side stringers;

m = 12 for single skin side construction when determining the section modulus of the supporting section
of the frame taking into consideration the bracket, if any, included in the section, as well as for frames of the
side shell and inner skin forming double skin side construction;

m = 18 for single skin side construction when determining the section modulus in the frame span;

ks= 0,65 for frames of the side shell;

ks= 0,75 for frames of the inner skin.

For ships of restricted service pmin may be reduced by multiplying by a factor ¢,, determined in
accordance with Table 1.3.1.5.

2.5.4.2 The section modulus of tween deck frames shall not be less than determined according to 1.6.4.1
taking:

p — as defined in 2.5.3;

| — average spacing of web frames or diaphragms, in m determined in accordance with 1.6.3.1;
supporting section of the frame are decks and platforms;

m = 10 for single skin side construction;

m = 12 for frames of the side shell and inner skin within the double-side construction;

k,= 0,65 for frames of the side shell;

k,= 0,75 for frames of the inner skin.

The above applies in case the lower end of 'tween deck frame is not stiffened by a bracket. If the lower
end of the frame is stiffened by a bracket of a height not less than 0,11 and the section modulus of the frame
in way of deck is not less than 1,75 of the section modulus determined above, taking the bracket into
consideration, the section modulus of 'tween deck frame may be reduced by 30 %.
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2.5.4.3 The section modulus of side longitudinals of all ships shall not be less than determined
according to 1.6.4.1 taking:

p — as defined in 2.5.3;

a — spacing of longitudinals, in m;

[ — = average spacing of web frames or diaphragms, in m;

m=12;

for side shell:

ks= 0,65 within (0,4 + 0,5)D from the base line.

For regions below 0,4D from the base line, k; shall be determined by linear interpolation between 4, for
bottom longitudinals in accordance with 2.4.4.5.1 and /s within (0,4 + 0,5)D from the base line.

For regions above 0,5D from the base line k; shall be determined by linear interpolation between ks s for
strength deck longitudinals in accordance with 2.6.4.2 and ks within (0,4 + 0,5)D from the base line.

For the inner skin, ks 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
stipulated under 1.6.4.1 taking:

ks= 0,65 is determined in the same way as for side shell longitudinals mentioned under 2.5.4.3;

p — as defined in 2.5.3.1;

[ — spacing, in m, of web frames and where these are not fitted, between transverse bulkheads, including
end brackets;

a — = spacing, in m, of side stringers;

m = 18 without cross ties;

m = 27,5 with cross ties.

The cross-sectional area, in cm” , of a side stringer web shall not be less than determined according to
1.6.4.3 taking:

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;

kr = 0,65

If web frames are fitted, the scantlings of side stringer section may be determined on the basis of the
calculation of the side grillage using beam models.

The design loads shall be determined in accordance with 2.5.3.1, permissible stress factors shall be
selected in accordance with this paragraph.

Where cross ties are fitted, the calculation shall consider the interaction between side grillage and
grillage of the longitudinal bulkhead being connected with the cross ties.

2.5.4.5 The section modulus of web frames (side transverses) fitted in the holds and 'tween decks of dry
cargo ships, as well as in the tanks of tankers, shall not be less than stipulated under 1.6.4.1 and 1.6.4.2
taking:

p — as defined in 2.5.3.1;

[ — = distance, in m, from the upper edge of a 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;

ks=0,65.

The cross-sectional area, in cm® , of a side transverse (web frame) web, excluding openings, shall not be
less than stipulated under 1.6.4.3 taking:

Nmax = npal;

n = 0,5 without cross ties;

n = 0,375 with one cross tie;
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n = 0,35 with two or more cross ties;

ke =0,65.

When the side is transversely framed, the scantlings of web frames may be determined on the basis of
the side grillage calculation in accordance with the requirements of 2.5.4.4.

In this case, the permissible stress factors shall be selected in accordance with the requirements of this
paragraph.

In single-deck ships, the depth of web frame (side transverse) webs may be taken variable over the
ship's depth with reducing at the top end and increasing at the bottom end. Variation of web depth shall not
exceed 10 % of its mean value.

For stiffening of web frames (side transverses), refer to 1.7.3.

2.5.4.6 The sectional area f, in cm?, of a cross tie fitted between deep members of side framing and of
longitudinal bulkhead shall not be less than

f = (10kpaai/ce) + 0,05 hiAs, (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;

a; — mean depth, in m, of side area supported by a cross tie;

> hi — perimeter of cross section, in cm, of a cross tie;

k= 2,5 — buckling strength margin;

ocr — critical stresses in accordance with 1.6.5.3 corresponding to the Euler stresses, in MPa, as determined by the
formula:

oe = 206i/(fP),

where: i — minimum moment of inertia, in cm* , of a cross tie;

| — cross tie length, in m, as measured between the inner edges of deep members of side framing and of
longitudinal bulkhead;

f— 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 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 determined in accordance with 2.5.4.3.

The scantlings of web frames (side transverses) shall be determined in accordance with 2.5.4.5 taking:

| — = span measured between inner bottom plating (upper edge of floor) and the lower edge of deep
beam;

.2 in the engine room of ships less than 30 m in length, the web frames and side stringers required by
2.5.2.3 may be omitted on condition that the main frame has a section modulus ¥, in cm’ , not less than:

w=1,.8 W, (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.

If transverse system of framing is adopted, the section modulus of side stringers shall not be less than
determined according to 1.6.4.1 and 1.6.4.2 taking:

m=10;

ks=0,65.

In all other respects, the requirements of 2.5.4.4 shall be complied with;

.4 in the engine room, the web frames shall have a depth not less than 0,1 of the span, and a web
thickness not less than 0,01 of the web depth plus 3,5 mm,;

.5 in the engine room, the web depth of a side stringer shall be equal to that of a web frame.
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The web thickness of a side stringer may be 1 mm less than that of a web frame.

The side stringer face plate thickness shall be equal to the face plate thickness of a web frame.

2.5.4.8 The diaphragms and platforms of the double skin side shall satisfy the following requirements:

.1 the section moduli and cross-sectional areas of diaphragms and platforms shall satisfy the
requirements for the section moduli and cross-sectional areas of side stringer webs, as specified in 2.5.4.4,
and of web frames, as specified in 2.5.4.5, using the design pressure determined in accordance with 2.5.3.2.2.

In any case, the thickness, in mm, of diaphragm and platform shall not be less than

smin=0,018L + 6,2; (2.5.4.8.1)

.2 the stiffeners of diaphragms and platforms shall satisfy the requirements of 1.7.3.2.2;

.3 the platforms in the midship region and their continuous longitudinal stiffeners, if any, shall comply
with the requirements for the buckling strength of longitudinal framing members, as specified in 1.6.5.2,
within 0,25D above the base line and 0,25D below the strength deck;

.4 the thickness of watertight sections of diaphragms and platforms shall not be less than that
determined by Formula (1.6.4.4) taking:

p — as defined in 2.5.3.2.3;
m=15,8;
<= 0,65;
.5 the section modulus of stiffeners of the watertight sections of diaphragms and platforms shall not be
less than determined from 1.6.4.1 taking:

p — as defined in 2.5.3.2.3;

[ — = span of stiffener, in m, equal to: the diaphragm spacing, for stiffeners parallel to the shell plating;
the distance between the inner edges of primary members of side shell and inner skin if the stiffener is
welded thereto, for stiffeners perpendicular to the shell plating; the double skin side breadth if the stiffener
ends are sniped;

m = 12 for continuous stiffeners parallel to the side plating;

m = 10 for stiffeners perpendicular to the side plating and welded to primary framing members;

m = 8 elsewhere;

ks=10,75.

2.5.4.9 If there are large openings (exceeding 0,7 times the ship's breadth in width) in the deck,
stiffening of the diaphragms and frames of the side shell and inner skin may be required in connection with
the upper deck pliability, which shall be determined by calculation (refer also to 3.1.4).

2.5.4.10 The thickness of inner skin shall comply with the requirements for the thickness of longitudinal
bulkhead plating in tankers, as specified in 2.7.4.1, using the design pressure determined in accordance with
2.5.3.2.1. In any case, this thickness shall not be less than determined by Formula (2.7.4.1-1).

2.5.4.11 The cross ties between frames and longitudinals of side shell and inner skin, as mentioned
under 2.5.2.2.1, shall comply with the requirements for the intermediate struts of double bottom, as
mentioned in 2.4.4.7 using the design pressure determined from 2.5.3.1 or 2.5.3.2.1, whichever is the greater.

If cross ties are fitted, the section modulus of frames complying with 2.5.4.1 and 2.5.4.2, as well as of
longitudinals complying with 2.5.4.3, may be reduced by 35 %.

2.5.4.12 In the cargo and ballast tanks of tankers, in holds into which water ballast can be taken and in
tanks, the thickness of structural members of side framing shall not be less than that required by 3.5.4.

2.5.5 Special requirements.

2.5.5.1 If transverse system of framing is adopted, efficient connection of lower ends of frames to
bottom structures shall be ensured by means of bilge brackets or other structures of equivalent strength.

The bilge brackets shall comply with the following requirements:

.1 the depth of bilge brackets shall not be less than that of the bilge as a whole. The free edge of a bilge
bracket shall be flanged or stiffened with a face plate the dimensions of which shall be in compliance with
1.7.2.2.2.

The thickness of a bilge bracket is taken equal to that of plate floors in the hull region under
consideration, but it need not exceed the frame web thickness more than 1,5 times.

Holes cut in bilge brackets shall be such that the width of plating outside the hole is nowhere less than
1/3 of the bracket width.
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In any case, the size of bilge brackets shall not be less than that required by 1.7.2.2;

.2 the end attachments of a frame to bilge bracket shall be designed so that at no section the section
modulus is less than required for a frame;

.3 where an inclined margin plate is fitted in the double bottom, the bilge bracket shall be carried to the
inner bottom plating, and its face plate (flange) shall be welded to the plating;

.4 where a horizontal margin plate is fitted in the double bottom or transverse system of framing is
adopted in the single bottom, the width of bilge brackets shall be determined proceeding from the condition
that their section moduli at the point of connection to the inner bottom plating or upper edge of floor shall be
at least twice those of the frame.

The face plate (flange) of a bilge bracket may be welded to either the inner bottom plating or the face
plate (flange) of a floor, or it may be sniped at ends. If the face plate (flange) is welded, the floor web shall
be stiffened with a vertical stiffener or a bracket at the point of welding, also welded to the inner bottom
plating or to the floor face plate (flange).

The depth of a bilge bracket shall not be less than its width;

.5 if longitudinal system of framing is adopted in the single bottom, the bilge bracket shall be carried at
least to the bottom longitudinal nearest to the side and shall be welded thereto. The section modulus of the
bracket at the section perpendicular to the shell plating where the bracket width is the greatest shall be at
least twice the section modulus of the frame.

2.5.5.2 In all the spaces, the upper ends of frames shall be carried to the decks (platforms) with
minimum gaps if they are cut at the decks (platforms). The beams of transversely framed decks (platforms)
shall be carried to the inner edges of frames with minimum gaps.

The uppermost decks of ships (except for those secured alongside other ships at sea) may be designed
with beams carried to the shell plating with minimum gaps, and frames carried to the beams.

The brackets by which the upper ends of frames are attached shall be sized in accordance with the
requirements of ram 1.7.2.2.

If the deck is framed longitudinally, the bracket shall be carried at least to the deck longitudinal nearest
to the deck and welded to that longitudinal.

2.5.5.3 If 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 if the ends of this frame are welded to the deck plating from above and
below, and full penetration is ensured.

2.5.5.4 Side stringers shall be attached to web frames by brackets carried to the web frame face plate
and welded thereto.

2.5.5.5 If cross ties are fitted in the wing tanks of tankers, the side transverse and side stringer webs in
way of the cross tie attachments shall be provided with stiffeners which shall be an extension of the cross tie
face plates. Cross tie attachments to side transverse (side stringer) shall comply with the requirements of
1.7.2.3.

2.5.5.6 Double-side attachment to double-bottom shall comply with 2.4.2.8.

2.6 DECKS AND PLATFORMS

2.6.1 General.

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 +2.12.53.
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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. If the deck girders are cut at transverse bulkheads, their web plates shall be welded to the
transverse bulkheads and attached thereto by brackets.

The web plates of hatch end coamings, deck transverses, hatch end beams and wash plates shall be
strengthened by stiffeners and brackets (refer to 1.7.3).

The face plates of deck girders shall be connected to the face plates of hatch end beams by means of
diamond plates (refer to 1.7.4.5) whose thickness shall be equal to the greater face plate thickness.

2.6.2.3 On the strength deck, the ends of side coamings at the corners of hatchways shall be either bent
along the line of hatch corner rounding and buttwelded to the hatch end coaming or extended, in the form of
a bracket, beyond the corner of the hatchway. Provision shall be made for a gradual termination of the
bracket above the deck girder web.

The upper edges of coamings acting as deck girders shall be stiffened with face plates and the lower
edges of the coamings shall be rounded.

The upper edge of hatch side coaming shall be smooth and their corners shall be well rounded in the
transverse direction.

2.6.2.4 The deck girders and deck transverses in way of pillars shall be strengthened by stiffeners or
tripping brackets.

Where deck girders are connected to deck transverses and their web height is different, the deck girder
web shall be strengthened by brackets fitted in line with the deck transverse. The brackets shall be welded to
the face plate of deck transverse, to the web and face plate of deck girder.

Where deck girders are attached to conventional beams, the web of deck girder shall be strengthened by
vertical stiffeners.

2.6.2.5 In the case of connection of deck longitudinals to transverse bulkheads, the effective sectional
area of the longitudinals shall be maintained.

2.6.2.6 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

pP= 0,7PW zpmin, (2631)
where: pw— wave load at the deck level, as defined in 1.3.2.2;
Pmin=0,1L + 7 at the fore end within 0,2L from the forward perpendicular;

Pmin= 0,015L + 7 in the midship region and aft of the midship region;
for regions between the fore end and the midship region, pmin shall be determined by linear interpolation.

For ships of restricted area of navigation the value of pmin For ships of restricted area of navigation the
value of ¢, obtained from Table 1.3.1.5.

2.6.3.2 For weather decks intended to carry deck cargo (except timber and coke), the design pressure
shall be taken equal to the cargo pressure p., determined by Formula (1.3.4.1).

For weather decks intended to carry timber and coke, the value of / in Formula (1.3.4.1) shall be taken
equal to 0,7 times the stowage height of timber and coke on deck.

For lower decks and platforms, the design pressure shall be taken according to 1.3.4.1. For decks where
cargo is suspended from beams or deck longitudinals, the design pressure value shall be suitably increased.

For decks and platforms intended for the crew, passengers and equipment, the design pressure shall be
determined by Formula (1.3.4.1) while the product /p.g shall not be less than 3,5 kPa.

For platforms in the engine room, the minimum design pressure shall be 18 kPa.

Watertight lower decks and platforms shall be additionally calculated using the test loads, in kPa, as

follows:
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p =15hy, (2.6.3.2)

where: s, — vertical distance, in m, from deck (platform) plating to air pipe top.

2.6.3.3 The design pressure on the structures of decks and platforms forming boundaries of
compartments intended for the carriage of liquids shall be determined in accordance with 1.3.4.2.

2.6.4 Scantlings of deck members.

2.6.4.1 Thickness of deck plating.

2.6.4.1.1 The thickness of strength deck plating outside the line of hatch openings, taking deck
longitudinals into account, shall be that necessary to give the hull section modulus for strength deck, as
required by 1.4.6.

The adopted thickness of strength deck plating within midship region shall be in accordance with the
requirements for buckling strength (refer to 1.6.5).

2.6.4.1.2 The plating thickness for decks and platforms shall not be less than determined by Formula
(1.6.4.4) taking:

m=15,8;

p — as defined in 2.6.3;

for strength deck

ks = 0,3k4 < 0,6 in the midship region for L>65 m and transverse framing system,;

kq— as determined by Formula (2.2.4.1);

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

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

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

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

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

for the second continuous deck situated above 0,75D from the base line:

ks = 0,65kq4 < 0,8 in the midship region for L>65 m and transverse framing system;

kq— as determined by Formula (2.2.4.1);

ks = 0,8 in the midship region for L = 12 m and the deck is transverse framing system.

Where 12 < L <65 m, ks shall be determined by linear interpolation taking ks = 0,73 for L = 65 m.

ks = 0,8 in the midship region for longitudinal framing system;

ks=0,9 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

for other lower decks and platforms, ks = 0,9.

2.6.4.1.3 If the engine room is located aft, the plating thickness and the scantlings of deck longitudinals,
at the poop (aft deckhouse) front shall be maintained abaft the poop (deckhouse) front for a length of at least
the width of machinery casing opening.

If the distance from the fore edge of casing opening to the poop (deckhouse) front is less than the width
of the opening, additional strengthening of deck may be required in this region.

2.6.4.1.4 If the thickness of strength deck plating is taken less than the side plating thickness, a deck
stringer plate shall be provided. The width b, in mm, of the strength deck stringer plate shall not be less than

b= 5L+ 800 < 1800, (2.6.4.1.4)

and the thickness of stringer plate shall not be less than that of side shell plating (sheerstrake).

2.6.4.1.5 The thickness smin in mm, of deck plating and platforms shall not be less than:

for upper deck between the ship's side and line of large openings (tank decks of tankers) in the midship
region
Smin = (0,05L + 4\ for L <100 m; (2.6.4.1.5-1)
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Smin=(0,02L + 7\ for L > 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 = (0,04L + 4\ for L < 100 m; (2.6.4.1.5-3)
Smin=(0,01L + 7)\ for L > 100 m; (2.6.4.1.5-4)

for the third deck and other lower decks and platforms
Smin = (0,01L + 5)\n ; (2.6.4.1.5-5)

where: 1 — as defined in 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
A, and restricted area of navigation R1, A-R1, the minimum deck plating and platform thickness may be
reduced in proportion to the ratio of adopted spacing to the standard spacing, but not more than by 10 %.

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

ko = 0,45k4 < 0,65 in the midship region;

kq— shall be determined by Formula (2.2.4.1);

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

for other decks ks = 0,75.

2.6.4.3 When the decks are framed transversely, the scantlings of beams shall satisfy the following
requirements:

.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=12;

ks =0,65;

.2 the inertia moment 7», in cm*, of weather deck beams in the midship region of ships 65 m and greater
in length shall be determined on the basis of a buckling strength calculation of deck grillage using beam
models in accordance with 1.6.5.

For beams having two or more intermediate rigid supports, the required inertia moment may be
determined, alternatively to the grillage calculation, by the following formula:

is=633(s/a) - I ¢y 107, (2.6.4.3.2)

where: / — beam span, in m, between supports;

¢=1 where o, <0,5Rcn;

¢=4"-06.(1-0dRen) Ren Where c. > 0,5Rex;

x = A4 - 1,50%);

A=4" o - (a/s)* @, but not more than 1;

o, — = compressive stresses as determined according to 1.6.5.1;
s — actual deck plating thickness, in mm.
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2.6.4.4 The scantlings of deck framing members, such as deck transverses, deck girders, hatch coamings
and hatch end beams, shall be determined on the basis of deck grillage calculation using beam models,
except for cases mentioned under 2.6.4.5 +~ 2.6.4.8.

Design loads shall be chosen in accordance with 2.6.3. Where pillars are fitted, the interaction between
deck grillage and upper and/or lower structures shall be considered with regard for the arrangement of
pillars.

Permissible stress factors shall be taken as follows

strength deck

for deck girders and hatch side coamings which are arranged in line with the deck girders,

ks =0,35kq < 0,65 in the midship region for L>65 m;

kq— shall be determined by Formula (2.2.4.1);

ks = 0,65 in the midship region for L =12 m.

Where 12 < L < 65 m, k; shall be determined by linear interpolation taking ks = 0,5 for L = 65 m;

ks=0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

for deck transverses and half beams, hatch coamings, which are not arranged in line with the deck
girders and hatch end beams

ks=0,65;

for deep members, which are calculated using the shear stresses
ks=0,65;

for deep members of other decks and platforms

ks=k:=0,7.

The deep members of weather deck in the midship region shall also comply with the requirements of
2.6.4.9.

2.6.4.5 In tankers with two effective longitudinal bulkheads and with no deck girders, and where
longitudinal system of framing is adopted, the scantlings of deck deep members in the centre tank shall
comply with the following requirements:

.1 the section modulus of deck transverse shall not be less than determined according to 1.6.4.1 and
1.6.4.2, the sectional area of deck transverse web, excluding openings, shall not be less than determined from
1.6.4.3 taking:

p — as defined in 2.6.3;

ks and k. — as defined in 2.6.4.4;

[ = By, B| — breadth, in m, of centre tank;

m = Mpy,

Nmax = 0,7np, pal,;

my, and nyp,shall be determined from Table 2.3.4.2.2 depending upon the parameter m and the number of
deck transverses within the tank:

“ — 0,4/3(L1/Bl)3;

o= Woi Ww.p;

where: L; — tank length, in m;

Wh.t — 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 parameter m
shall not exceed 1,5.

The deck transverse section modulus shall not be less than o Ww.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;

ks and k; — as determined for deck girders in accordance with 2.6.4.4;

[ =Ly, where L, — = tank length, in m;

a — = distance, in m, between the wash plate and longitudinal bulkhead;
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m = me.g,

Nmax = O,7nc,gpal;

meg and ne.g shall be obtained from Table 2.3.4.2.2 depending upon the parameter pu and the number of
deck transverses within the tank; p shall be determined in accordance with 2.6.4.5.1.

Besides, the section modulus of wash plate shall not be less than Wbyt /a, where Wot — is the deck
transverse section modulus complying with the requirements of 2.6.4.5.1; o — shall be determined in
accordance with 2.6.4.5.1.

Along the free edge, the wash plate shall be strengthened with a face plate the sectional area of which
shall not be less than that of the deck transverse face plate.

2.6.4.6 The deck transverses of tankers having a single longitudinal bulkhead, tankers with two
longitudinal bulkheads and no deck girders or strengthened longitudinals (in wing tanks only), as well as
deep half beams, deep beams and hatch end coamings of dry cargo ships, which may be considered as
members with rigid supports shall have a section modulus not less than stipulated under 1.6.4.1 and 1.6.4.2
and a web sectional area, excluding openings, not less than stipulated under 1.6.4.3 taking:

p — as defined in 2.6.3;

ks and k; — as defined in 2.6.4.4;
m = 10;

Nmax = O,Spal.

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 stipulated under 1.6.4.3 taking:

p — as defined in 2.6.3;

ks and k. — as defined in 2.6.4.4;

Nmax = O,Spal;

m = 10 for intercostal deck girders, hatch side coamings when determining the section modulus at
supporting section taking into account the bracket, if any, included in this section;

m = 18 for continuous deck girders and hatch side coamings when determining the section modulus in
the span of a deck girder, hatch side coaming;

.2 for ships less than 30 m in length, the deck girder web thickness need not be taken greater than the
deck plating thickness, and the hatch coaming web thickness shall be 1 mm greater than the thickness of
deck plating;

3 if the side coamings of strength deck hatches terminate in brackets, the length /5, in m, of these
brackets on the deck shall be:

[,>0,75h;, at Ry <315 MPa;
(2.6.4.7.3)
Iy >1,50 hy at Ren =390 MPa,

where: 4, — = height of coaming above deck, in m.

For the intermediate values of Ren the bracket length shall be determined by linear interpolation;

.4 if containers or other cargo are stowed on cargo hatch covers, the scantlings of stiffeners for vertical
coaming plates shall be so chosen as to consider both the horizontal and vertical components of inertia forces
acting upon the stiffeners in the event of rolling.

2.6.4.8 If deck deep member can be considered separately from others, its section modulus shall not be
less than stipulated under 1.6.4.1 and 1.6.4.2 using the design loads and factor ks determined from 2.6.4.4
and with m = 10.

The sectional area of such member shall not be less than determined by 1.6.4.3 taking:

k- as stipulated under 2.6.4.4;

Nmax = 0,5pal;

p — as defined in 2.6.3.
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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.
Where deck is framed longitudinally and no deck girders are fitted, or deck girders serve as rigid
supports for deck transverses, the required moment of inertia I, in cm®, of deck transverses may be
determined by the following formula, as an alternative to grillage calculation:

1:=0,76 - (llc)* - (Uar) i ¢ -y, (2.6.4.9)

where: / — span of deck transverse between supports, in m;

¢ — distance, in m, between deck transverses;

a) — spacing of deck longitudinals, in m;

i — actual inertia moment, in cm* , of deck longitudinal provided with a face plate;
¢=1 where 1,150, < 0,5Rcn;

¢0=4,6"0."(1-1,156./ Rerr)/ Ren where 1,156 > 0,5Rcn;

x=A(4—1,50%);

A=1,15"o. /(¢ * Ge);

o — compressive stress as defined in 1.6.5.1;

o. — actual Euler stresses in deck longitudinals, determined in accordance with 1.6.5.4.

2.6.5 Special requirements.

2.6.5.1 The requirements for hatch openings as given below apply to single hatches whose scantlings do
not exceed those stipulated under 2.6.1.

The openings are supposed to be arranged in the fore-and-aft direction with their greater side.

2.6.5.1.1 For the strength deck within 0,61 amidships if L > 65 m and 0,5L if 40m < L < 65 m, the corner
radii of openings in cargo hatches and engine and boiler casings shall comply with the following
requirements:

when the corners are rounded along the circumferential arc with a radius 7, in m:

r>0,laby; (2.6.5.1.1-1)

the corner radii of openings in cargo hatches and engine and boiler casings shall comply with the
following requirements: when the corners are rounded along the circumferential arc with a radius r, in m di,
in m, to the length of transverse half-axis ¢; in m, being equal to 2 2,

c1>0,07abs; (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;
b1 = ¢, when ¢ < ¢, for adjacent edges of successive openings;
by = b, when ¢ > ¢, for adjacent edges of successive openings and in all other cases;
¢ — distance, in m, between adjacent edges of successive openings (length of landing between openings);
b — breadth, in m, of opening;
co=B - (b/l) - {[2/(N(B/B)] - 1};
[ — = length of opening, in m.

The size of thickened insert plates by which the corners of openings are reinforced shall be in
compliance with Fig. 2.6.5.1.1 or with the requirements of 2.6.5.1.5 where 7 shall be determined by Formula
(2.6.5.1.1-1) if the rounding is made along the circumferential arc;

r = ¢ for the transverse dimensions of the insert plate, and » = d, for its longitudinal dimensions if the
rounding is made along the elliptical arc, and ¢, shall be determined by Formula (2.6.5.1.1-2).



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

. ' Area A

Fig.2.6.5.1.1

2.6.5.1.2 For the strength deck outside the area indicated in 2.6.5.1.1 and for the second continuous deck
situated above 0,75D from the base line, the corner radii of openings, as required by 2.6.5.1.1, may, in
accordance with 1.1.3, be reduced by half in the midship region.

The minimum radius shall not be taken less than 0,2 m. For other regions, other decks and platforms, as
well as for ships less than 40 m in length, the minimum corner radius of openings in cargo hatches and
engine and At corners of openings in the cargo hatches of decks (irrespective of their location over the length
and depth of the hull) exposed to low temperatures, the radii of curvature shall comply with the requirements
for similar structures of the strength deck, situated in the midship region (refer to 2.6.5.1.1).

2.6.5.1.4 4 In the area A (refer to Fig. 2.6.5.1.1), butts of deck plating and coaming plates, butt welds of
primary and deep longitudinal members, openings welding of shackles, frames, etc., as well as mounting
parts, to deck plating are not permitted.

In the area C (refer to Fig. 2.6.5.1.1), only small openings generally of a round or elliptical shape with a
minimum size not exceeding 20s (s — deck plating thickness, in mm) are permitted. Penetration of welds to
longitudinal edges of openings shall be avoided as far as practicable.

If the deck plating is terminated at a hatch coaming (or engine casing) and welded thereto, full
penetration welds shall be used. Where the deck plating extends inside a hatch coaming, the free edges of
plating shall be smooth within the hatch and free of weld attachments.

If the hatch side coaming terminates in a bracket, the bracket the shall not coincide with the butt joint of
the deck plating.

2.6.5.1.5 If the lost cross-sectional area of deck shall be compensated in way of an isolated opening,
reinforcement shall be applied as shown in Fig. 2.6.5.1.5. The value of factor £ 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°
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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 dimensions of
rounding shall not be less than stipulated under 2.6.4.1.5. The thickness smin is permitted in way of transverse
edges of isolated openings in the area shown in Fig. 2.6.5.1.6.

LA = 105

\

\

Fig. 2.6.5.1.6

If longitudinal system of framing is adopted, the deck plating between hatch end coamings shall be
additionally strengthened by fitting of transverse intercostal stiffeners at every frame.

2.6.5.1.7 Single openings in the strength deck and in the second continuous deck situated above 0,75D
from the base line, in areas within the midship region, as mentioned in 2.6.5.1.1 and 2.6.5.1.2, and between
the ship's side and the line of hatch openings in ships of 40 m and greater in length shall be as small as
practicable and be arranged well clear of the corners of openings in cargo hatches and engine and boiler
casings, as well as of the ends of superstructures.

Rectangular and circular openings in the above areas need not be reinforced, if their width (diameter) is
less than 20 times the deck plating thickness in way of the opening, or 300 mm, whichever is less.

No openings are permitted in the thickened insert plates by which the corners of cargo hatches and
engine and boiler casings are reinforced, as well as in the thickened deck stringer plates at the ends of
superstructures and at the toes of brackets in which side coamings terminate.

Openings (including rectangular ones) shall not be reinforced when located inside the line of large
hatchway openings not more than 0,25b from the centreline and 0,5b from the transverse edges of a cargo
hatchway opening (where b is the width of cargo hatch, in m).

For isolated openings in the area indicated in Fig. 2.6.5.1.6, reinforcement is not required. If the distance
between the edge of an opening in the strength deck and ship's side (or a hatch side coaming) is less than
twice the opening width, appropriate reinforcement shall be provided irrespective of the width and shape of
opening. The aforesaid distance shall not be less than 75 mm.

The corners of rectangular openings shall be rounded with a radius.

In general, 7min = 0,15 (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=0,01dc +5, (2.6.5.2)
where: di— internal diameter or length of the greater side of a coaming section, in mm.

The thickness s shall not be less than 7 mm, but it need not be greater than 10 mm.

In ships of restricted areas of navigation R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S, B-R3-

RS, C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS less than 24 m in length, the thickness
s, in mm, of ventilator coamings shall not be less than:
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s=0,01d +4, (2.6.5.2-1)
or
s=sq+ 1, (2.6.5.2-2)

where: d — internal diameter or length of the greater side of a coaming section, in mm;
sq — thickness of deck plating, in mm.

whichever is the greater

The thickness of coamings on decks of the first tier superstructures situated outside 0,25L from the
forward perpendicular may be reduced by 10 % as compared to that required for coamings on freeboard deck
and raised quarter deck.

Where the thickness of deck plating is less than 10 mm, a welded insert or doubling plate shall be fitted
in way of the coaming, having a thickness equal to at least 10 mm, length and breadth not less than twice the
diameter or twice the length of the greater side of the coaming section. In case of an efficient connection of
the coaming to the deck framing, fitting of welded insert or doubling plate is not required.

Where the height of a ventilator coaming is greater than 0,9 m and the coaming is not supported by
adjacent hull structures, brackets shall be fitted to attach the coaming to the deck.

The height of ventilator coamings shall be determined in accordance with 7.8, Part III "Equipment,
Arrangements and Outfit".

The structure of companionway and skylight coamings shall have strength equivalent to that of cargo
hatches, whereas the thickness of the coamings shall not be taken less than 7 mm, but need not exceed the
thickness of deck plating in way of the coaming.

2.7 BULKHEADS, PROPELLER SHAFT TUNNEL

2.7.1 General and definitions.

2.7.1.1 Requirements are given in this Chapter for various types of bulkheads, propeller shaft tunnel and
cofferdams. Requirements for cofferdam bulkheads are given under 3.3.

2.7.1.2 Definitions.

For the purpose of this Chapter, the following definitions have been adopted.

Wash bulkhead is a bulkhead with openings, fitted inside a compartment in order to reduce impact
pressure due to the movement of liquid therein.

Watertight (emerg ency) bulkhead is a bulkhead restricting the flow of water through ship spaces in the
case of emergency.

Cofferdam bulkhead is a bulkhead having two parallel tight platings, either strengthened with vertical or
horizontal stiffeners or not, which are connected to each other by plate structures perpendicular to the
platings: vertical structures (diaphragms) and/or horizontal structures (platforms). If no diaphragms and
platforms are fitted, the structure shall be considered as two bulkheads bounding the cofferdam.

Partial bulkhead is a bulkhead fitted in a compartment or part thereof, which shall ensure additional
support for deck structures.

Tight bulkhead is a bulkhead proof against water and other liquids.

Tank/cargo tank bulkhead is a bulkhead bounding a ballast, fuel or other tank, as well as a cargo tank of
tanker.

2.7.1.3 The total number of transverse watertight bulkheads, including fore and after peak bulkheads,
shall be not less than specified in Table 2.7.1.3. These requirements apply to cargo ships only and are
minimum.

Where compliance with subdivision requirements shall be ensured, the number and disposition of
watertight bulkheads (and of partial watertight bulkheads) shall be determined proceeding from the
requirements of Part V "Subdivision".

All the transverse watertight bulkheads located between fore and after peak bulkheads shall be carried to
the freeboard deck.

Table 2.7.1.3
| Total number of bulkheads
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Length of the ship, in m Machinery amidships Machinery aft!
Up to 65 4 3
65 to 85 4 4
8510 105 5 5
105 to 125 6 6
125 to 145 7 6
145 to 165 8 7
165 to 185 9 8
Above 185 In accordance with Part V "Subdivision".

! With after peak bulkhead forming after boundary of the engine room.

2.7.1.4 Peak and engine room bulkheads, shaft tunnels shall also comply with the requirements of
1.1.6.3.

2.7.2 Construction.

2.7.2.1 Tight bulkheads may be either plane or corrugated. Wash bulkheads with openings shall be
plane bulkheads.

For the construction of longitudinal tight bulkheads, as well as for the tight bulkheads of log and depth
sounder wells, escape trunks, propeller shaft tunnel, etc., the same requirements apply as for transverse tight
bulkheads.

In bulkheads, watertight steps and recesses are permitted.

In tankers, the longitudinal bulkheads shall be tight throughout the cargo tank region (including pump
rooms and cofferdams) with the exception of the third bulkhead at the centreline which may be constructed
as a wash bulkhead.

At intersections of longitudinal and transverse bulkheads, structural continuity of longitudinal bulkheads
shall be ensured.

The termination of longitudinal bulkheads shall be smooth.

Partial bulkheads shall be plane bulkheads.

2.7.2.2 In corrugated longitudinal bulkheads, the corrugations shall generally be arranged horizontally,
while in transverse bulkheads the arrangtement of corrugations may be both horizontal and vertical. Plane
bulkheads shall be strengthened by vertical or horizontal stiffeners.

The vertical and horizontal stiffeners of plane bulkheads as well as the vertical and horizontal
corrugations of corrugated bulkheads may be supported by horizontal girders or vertical webs respectively.

The horizontal girders and vertical webs shall be stiffened in accordance with the requirements of 1.7.3.

Partial bulkheads shall be strengthened by vertical webs.

2.7.2.3 The end attachments of bulkhead framing members shall comply with the following
requirements:

.1 the ends of vertical webs and horizontal stiffeners of bulkheads shall generally be attached by
brackets complying with the requirements of 1.7.2.2. Bracket attachments are required for the ends of main
framing of forepeak bulkhead below the freeboard deck;

.2 if transverse system of framing is adopted, the brackets by which the vertical webs of transverse
bulkheads are attached to deck plating and inner bottom plating (bottom plating) shall be carried to the beam
or floor nearest to the bulkhead and welded thereto.

Where transverse framing system is adopted, the brackets by which the horizontal stiffeners of
bulkheads are attached to the side or other bulkhead shall be carried to the frame or vertical stiffener nearest
to the bulkhead and welded thereto;

.3 when the vertical stiffeners of bulkheads are cut at decks, platforms or horizontal girders and no
brackets are fitted, the stiffener ends shall be welded to deck or platform plating, to horizontal girder web, or
sniped at ends;

.4 the end attachments of vertical webs and horizontal girders shall comply with the requirements of
1.7.2.3.

Where there are no horizontal girders on longitudinal bulkheads and/or side stringers at the level of the
horizontal girder brackets of transverse bulkheads, the brackets shall be carried to the nearest vertical web on
longitudinal bulkhead and/or the nearest frame and welded thereto.

If the vertical web on a transverse bulkhead is not in line with the centre girder or side girder, a bracket
shall be fitted in the double bottom under the bracket by which the lower end of the vertical web is attached.



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

2.7.2.4 The attachments of corrugated bulkheads shall comply with the following requirements:

.1 where a horizontally corrugated bulkhead is attached to deck and bottom (inner bottom) or a
vertically corrugated bulkhead is attached to ship's sides and longitudinal bulkheads, provision shall be made
for flat transition areas whose structure, thickness and stiffening shall be in compliance with the
requirements for plane bulkheads;

.2 attachment of corrugation ends shall be effected by welding them directly to the inner bottom plating
(bottom plating), side plating, deck plating, etc. In so doing, attention shall be given to eliminating hard spots
(refer to 1.7.1.4) in the above structures;

.3 requirements for the attachments of corrugated bulkheads in bulk carriers are given in 3.3.2.

2.7.2.5 The ends of the shaft tunnel stiffenerss shall be attached with brackets similar to the stiffeners of
waterproof and tanks bulkheads.

2.7.3 Bulkhead loads.

2.7.3.1 The design pressure p, in kPa, on watertight bulkhead structures and propeller shaft tunnel shall
be taken equal to:

P=a 2, (2.7.3.1)

where: o = 10 for forepeak bulkhead structures;

o = 17,5 elsewhere;.

zp, — distance, in m, as measured at the centreline, from the point of design load application to its upper level; the
upper load level is: the bulkhead deck for watertight bulkheads and propeller shaft tunnel, the upper edge of forepeak
bulkhead for the forepeak bulkhead.

If partial watertight bulkheads are fitted on the bulkhead deck in line with the watertight bulkheads or in
close vicinity to them, z, shall be measured to the upper edge of the watertight partial bulkheads.

In any case, the design pressure shall be not less than 12 kPa for watertight bulkhead structures and not
less than 16 kPa for forepeak bulkhead structures.

2.7.3.2 The design pressure on the bulkheads of tanks, cargo tanks and water ballast holds shall be
determined in accordance with 1.3.4.2.

The design pressure on the wash bulkheads and plates shall be determined by Formulae (1.3.4.2.2-1)
and (1.3.4.2.2-2), but shall not be less than pmin = 25 kPa.

The design pressure on bulkheads bounding heavy bulk cargo holds shall be determined in accordance
with 1.3.4.3.

2.7.4 Scantlings of bulkhead members.

2.7.4.1 The thickness of bulkhead plating shall be not less than determined by Formula (1.6.4.4) taking:

p — as defined in 2.7.3;

m =15,8;

for the longitudinal bulkheads of tankers 65 m or greater in length, with transverse framing in the
midship region:

ks = 0,55k, < 0,8 at the level of base line;

kv — shall be determined by Formula (2.2.4.1);

ks = 0,55kq4 < 0,8 at the upper deck level;

kq— shall be determined by Formula (2.2.4.1);

ks = 0,8 in way of (0,4+0,5)D from the base line.

For intermediate regions over the ship's depth, ks shall be determined by linear interpolation.

ks=0,8 for L =12 m.

Where 12 < L <65 m k; shall be determined by linear interpolation taking k; =0,68 for L = 65 m at the
level of base line and upper deck.

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

ks = 0,9 for other bulkheads.

In ships of 50 m in length, the thickness of watertight bulkhead plating may be reduced by 0,5 mm, and
in ships of 40 m in length or below, by 1 mm. For intermediate ship lengths, the reduction in thickness shall
be determined by linear interpolation.

In tankers, the thickness of top and bottom strakes of longitudinal bulkheads shall comply with the
requirements for side plating, as given in 2.2.4, with regard for the liquid cargo pressure.
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The plating thickness smin, in mm, of watertight bulkheads and bulkheads of lubricating oil tanks shall
not be less than:

Smin = 4+ 0,02, (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, determined by the
Formula (2.7.4.1-1), but shall not be less than 6 mm.

For tank bulkheads (except lubricating oil tanks), the thickness smin, in mm, of plating, face plates and
webs of framing members shall not be less than:

Smin = 51 0,015L, (2.7.4.1-2)
6,0 mm < $pin < 7,5 mm.

In tankers, the minimum bulkhead plating thickness in way of cargo and ballast tanks shall not be less
than that required by 3.5.4.

Bulkhead plating may have a thickness not exceeding that of relevant shell plating strakes and deck
plating, where the spans and yield stress values are identical. The same applies to the thickness relationship
of bulkhead bottom plating and inner bottom plating (bottom plating).

The breadth of top and bottom strakes of bulkheads shall be determined in accordance with 2.7.5.1.
Where sterntubes penetrate through bulkhead plating, the thickness of the latter shall be doubled.

The thickness of corrugated bulkheads shall be determined in accordance with 1.6.4.5 with regard for
the requirements for the section moduli of vertical and horizontal stiffeners, as specified in 2.7.4.2.

2.7.4.2 The section modulus of vertical and horizontal stiffeners of bulkheads shall not be less than
stipulated under 1.6.4.1 and 1.6.4.2 taking:

p — as defined in 2.7.3;
m — as obtained from Table 2.7.4.2;

Table 2.7.4.2

Framing members | m
Single span vertical stiffeners:
both ends sniped 8
upper end sniped, lower end welded to supporting structure 9
both ends welded to supporting structure 10
upper end welded to supporting structure, lower end bracketed ! 14
both ends bracketed ! 18
Multispan vertical stiffeners:
within span 18
within intermediate supporting section, where stiffener is continuous through supporting structure 2 12
Horizontal stiffeners 12
! Additionally, strength in the supporting section shall be verified, considering the bracket as part of the
section, with m=12.
2 With regard for a bracket, if fitted, in the supporting section

for horizontal stiffeners of longitudinal bulkheads fitted in the midship region of tankers 65 m and
greater in length:

ks = 0,55k, < 0,75 at the level of base line;

kv — shall be determined by Formula (2.2.4.1);

ks =0,55kq < 0,75 at the upper deck level,;

kaq— shall be determined by Formula (2.2.4.1);

ks = 0,75 within (0,4+0,5)D from the base line.

For intermediate regions over the ship's depth, /s shall be determined by linear interpolation.

ks=0,75 for L =12 m.
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Where 12 < 65 m, k; shall be determined by linear interpolation, taking ks = 0,65 for L = 65 m at the
base line and upper deck level;

ks = 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

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

ks = 0,75 for other girders of bulkhead framing.

m=10 for corrugations;

m = 13 for vertical corrugations of bulkheads whose top and bottom ends are attached to deck and
bottom or to inner bottom by transverse members of rectangular or trapezoidal section and by supports of
trapezoidal section complying with 3.3, respectively.

Horizontal stiffeners of longitudinal bulkheads fitted at a distance of 0,15D from deck and bottom shall
comply with the buckling strength requirements of 1.6.5.

For tank bulkheads (except lubricating oil tanks), the thickness of member webs and face plates as well
as of their stiffening brackets shall not be less than required by Formula (2.7.4.1-2), and for the bulkheads of
tankers in way of cargo and ballast tanks it shall not be less than stipulated under 3.5.4.

2.7.4.3 Bulkhead vertical webs and horizontal girders shall satisfy the following requirements:

.1 the section modulus and web sectional area, excluding openings, of the vertical webs of bulkheads
whose structure does not include horizontal girders, and of the horizontal girders of bulkheads whose
structure does not include vertical webs, shall not be less than stipulated under 1.6.4.1 - 1.6.4.3 taking:

Nmax = npal;

p — as defined in 2.7.3;

m, 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 » shall be obtained from Table 2.7.4.3-2;

[ — span, including the brackets, in m;

ks — 1s determined for horizontal girders of longitudinal bulkheads in tankers in the same way as for the
horizontal stiffeners of those bulkheads in accordance with 2.7.4.2;

for other webs and girders, ks= 0,75;

k= 0,75,
Table 2.7.4.3.1-1
Member Parameter Number of cross ties
0 1 2 3
Vertical web m 11 24 24 24
n 0,5 0,325 0,3 0,275
Horizontal girder m 18 36 36 36
n 0,5 0,35 0,3 0,3
Tabnuuyn 2.7.4.3.1-2
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

.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 bulkheads, the lowest cross section shall be adopted as the
design cross section; the face plate width shall be determined in accordance with 1.6.3.6;

.4 for tank bulkheads (except lubricating oil tanks), the web and face plate thickness of girders and of
their brackets and stiffeners shall not be less than required by Formula (2.7.4.1-2); for tanker bulkheads in
way of cargo and ballast tanks, this thickness shall not be less than that required by 3.5.4.
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2.7.4.4 In compartments intended for the carriage of liquid cargoes and ballast, the scantlings of
members of wash bulkheads and wash plates shall comply with the following additional requirements:

.1 in the wash bulkheads, the total area of openings shall not be greater than 10 % of the bulkhead area
as a whole. The number and size of openings in the top and bottom strakes shall be as small as possible.

The thickness and breadth of the top and bottom plates of wash bulkheads shall comply with the
requirements for the bulkhead plating of tanks or cargo (ballast) tanks proceeding from the purpose;

.2 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, it shall comply with the requirements of am 2.6.

2.7.4. The scantlings of partial bulkhead members shall comply with the following requirements:

.1 the thickness of partial bulkhead plating shall not be less than that required by Formula (2.7.4.1-1);

.2 partial bulkhead stiffeners supporting deck transverses and hatch end beams shall be in accordance
with the requirements for relevant pillars (refer to 2.9).

In any case, the Euler stresses, in MPa, in a stiffener, to be determined in accordance with 2.9.4.1, shall
not be less than:

6. = 2007 (2.7.4.5.2)

The moment of inertia and sectional area of the stiffener on the basis of which the Euler stresses therein
are determined shall be calculated with regard for the face plate of partial bulkhead plating equal in width to
half the distance between the stiffeners;

3 if the partial bulkhead takes up the load directly from cargo, the scantlings of its members shall
comply with the requirements for hold bulkheads with regard for the particular cargo.

2.7.4.6 The scantlings of shaft tunnel members, its recess included, and those of the tight bulkheads of
log and depth sounder wells, escape trunks, etc. shall comply with the requirements for the scantlings of
watertight bulkhead members.

If the shaft tunnel passes through a compartment intended for the carriage of liquid cargo or ballast, the
scantlings of its members shall comply with the requirements for the scantlings of the members of tight
bulkheads bounding the compartment.

If the top plating is well curved, the thickness may be reduced by 10 %.

Under hatchways the top plating thickness shall be increased by 2 mm.

2.7.5 Special requirements.

2.7.5.1 The breadth of the bottom strake of bulkhead, as measured from inner bottom plating, or, where
double bottom is omitted, from the bottom shell, shall be not less than 0,9 m for ships of 40 m and greater in
length, and not less than 0,4 m for ships of 12 m in length. For intermediate ship lengths, the breadth of this
strake shall be determined by linear interpolation. If the double bottom extends to the bulkhead on one side
only, the bottom strake of bulkhead plating shall extend for at least 0,3 m above the inner bottom plating.

In the boiler room, the bottom strake of the bulkhead shall extend for at least 0,6 m above the flooring.

The upper edge of bottom strake of transverse bulkheads in the cargo tanks of tankers shall be at least
100 mm above the upper toes of brackets of bottom longitudinals. The top and bottom strake breadth of
longitudinal bulkhead plating shall not be less than 0,1D, but need not exceed 1,8 m.

2.7.5.2 Cofferdams and the bulkheads forming their boundaries shall comply with the following
requirements:

.1 unless expressly provided otherwise in the other Parts of the Rules, the breadth of vertical cofferdams
stipulated under 2.4.7, Part VI "Fire Protection", 4.3.4 Part VII "Machinery Installations" and 13.7.5, 14.5.2,
17.3 Part VIII "Systems and Piping" shall be equal to one spacing, but not less than 0,6 m, and the height of
horizontal cofferdams shall not be less than 0,7 m.

In any case, cofferdam dimensions shall be so selected as to make the cofferdams accessible for
inspection and repair.

Instead of cofferdams, cofferdam bulkheads may be fitted in accordance with 3.3 unless expressly
provided otherwise by the Rules;

.2 cofferdams adjoining cargo tanks and fuel tanks shall be watertight.

Bulkheads separating cofferdams from tanks shall comply with the requirements for the bulkheads of
those tanks.
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The bulkheads of cofferdams filled with water shall comply with the requirements for tank bulkheads.

The bulkheads of cofferdams which shall ensure tightness, but which are not filled with water, shall
comply with the requirements for watertight bulkheads.

The bulkheads of cofferdams which are non-tight shall comply with the requirements for partial
bulkheads as stipulated under 2.7.4.5, except the requirement for vertical webs supporting deck transverses
and hatch end beams. They may have openings provided the corners of the openings are rounded and the
edges are suitably reinforced. Such openings shall not generally be arranged in the top and bottom strakes of
longitudinal bulkheads.

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 0,25L aft of the fore perpendicular,

side within 0,15L aft of the fore perpendicular, structures located aft of the after peak bulkhead, as well
as strengthening of bottom and side forward in the region of impact pressure.

It is assumed in this Chapter that the upper boundary of the fore and after peak is formed by a tight deck
or platform arranged directly above the summer load waterline.

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

dr— minimum design draught, in m, in way of forward perpendicular;

0 — KyT MDK BEPTUKaJIbHOI JIHIEIO 1 MPSIMOIO JiHI€I, KA 3'€JHY€ TOYKH MEPETHHAHHS JITHHOI
BAHTAKHOI BaTEpJIiHIi Ta BEPXHBOI BIOKpUTOI MamyOW 3 OOPTOM CyAHA y TONMEPEUYHOMY Iepepisi, SKui
3HaxXoAuThCs Ha BincTaHi 0,05L B HOCOBOTO MepneHAuKyJsipa (auB. puc. 2.8.1.2-1), rpan;

B. — angle, in deg., between a tangent to the waterline at vertical mid-distance between the summer load
waterline and weather deck on forward perpendicular, and a line parallel to the centreline at a cross section
within 0,05L from the forward perpendicular (refer to Fig. 2.8.1.2-2).

Weather deck

|
]
E

7N
/L

Loadline

Load waterline

CL - -

Fig. 2.8.1.2-1 Fig. 2.8.1.2-2
Determination of angle oL, Diagram for determining the angle B, and the area
(lined) to which the move impact pressure is applied:

1 — open upper deck;
2 — water line for determining the angle;
3 — forward perpendicular;
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4 — impact pressure area;
hy— vertical distance between the loadline and the open
upper deck at forward perpendicular.

2.8.2 Construction.

2.8.2.1 The following framing systems are adopted at ends:

transverse system of framing for bottom in peaks;

transverse or longitudinal system of framing for other structures.

Transverse or longitudinal framing for all structures shall be adopted for hulls of a pontoon shape.

2.8.2.2 Fore peak floors shall be fitted at every frame. Their height shall not be less than stipulated
under 2.4.4.1, but need not exceed 2,25 m, and the thickness shall not be less than required by Formula
(2.4.43.1) at £ =1 and a =0,6 m; however, they need not be thicker than the bottom shell plating in this
region.

Floor webs shall be strengthened with vertical stiffeners to be spaced not more than 0,6 m apart. Floor
face plates shall have a thickness not less than the floor thickness and a breadth required by 1.7.3.1.

At the centreline an intercostal side girder with a face plate shall be fitted as an extension of centre
girder in way of the holds. The height and thickness of girder plates as well as the thickness and width of
girder face plate shall be equal to those of the floors.

Where the webs of the girder cannot be arranged, the floor face plates shall be interconnected at the
centreline by an angle, tee section, etc. the flanges of which have the same width and thickness as the floor
face plates. If transverse system of framing is adopted in the fore peak side, the side stringers shall be fitted
at least up to the deck directly above the summer load waterline. Side stringers shall be so fitted that the
distance measured vertically between them does not, in general, exceed 2 m.

Side stringers shall be supported by panting beams fitted at alternate frames and shall, where possible,
be supported at the centreline by a longitudinal bulkhead.

The free edge of the side stringers shall be stiffened by a face plate having a thickness not less than that
of a stringer web and a breadth in accordance with 1.7.3.1.

At every frame, the stringer web shall be stiffened by brackets having the side dimensions not less than
half the stringer web height, and where panting beams are fitted, these shall be not less than required by
1.7.2.2. The thickness of brackets shall not be less than that of the stringer web.

Instead of panting beams, the side stringers may be supported by web frames spaced not more than 3 m
apart.

It is recommended that non-tight platforms be fitted instead of side stringers with panting beams or web
frames. In this case, the distance between the platforms may be increased to 2,5 m. The beams of non-tight
platforms shall be fitted at every frame.

If in the structure with panting beams or web frames the distance from the base line to the nearest deck
or platform exceeds 9 m, a non-tight platform shall be fitted at the middle of this length, in which the total
area of openings shall not exceed 10 % of its area.

With longitudinally framed fore peak side, the spacing of web frames shall not exceed 2,4 m. Deck
transverses shall be fitted in way of the web frames passage through or attachment to decks and platforms.

Floors without web frames fitted in line with them shall be attached to the nearest side longitudinals by
brackets.

2.8.2.4 The bulb shall be strengthened by platforms spaced not more than 2 m apart. Beams of the
platform shall be fitted at every frame.

If the length of the bulb forward of the forward perpendicular exceeds 0,03L, a non-tight bulkhead shall
be fitted at the centreline, with stiffeners arranged at every frame.

If the length of the bulb is less than 0,03L, the bulb may be strengthened by a girder fitted at the
centreline in continuation of the centre girder.

The construction of the fore end shall provide for the anchor to be lowered freely past the bulb with the
ship listed 5°ither 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:
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.1 if transverse system of framing is adopted, the spacing of side girders, as well as the distance from the
centre girder or the ship's side to a side girder, shall not exceed 1,1 m within 0,25L from the forward
perpendicular.

If longitudinal system of framing is adopted and minimum draught is less than 0,035L in way of the
forward perpendicular, in cargo tanks of tankers an additional transverse with a face plate along its free edge
shall be fitted midway between the bottom transverses. The depth of this transverse shall not be less than that
of bottom longitudinals;

.2 forward of cargo tanks:

if transverse system of framing is adopted, intercostal side girders with face plates along their free edges
shall be fitted in continuation of every second bottom longitudinal, extending forward as far as practicable.
The depth and thickness of the side girder webs, as well as the scantlings of the face plates, shall be taken the
same as for the floors;

if longitudinal system of framing is adopted, the spacing of floors shall not exceed 2,8 m. An intercostal
side girder having the same scantlings as the floors shall be fitted on either side of the ship between the
centre girder and longitudinal bulkhead.

2.8.2.6 In way of the fore end, the double bottom structure outside the fore peak shall comply with the
requirements of 2.4.2 and those given below.

Within 0,25L from the forward perpendicular the distance between side girders shall not exceed 2,2 m.
If transverse system of framing is adopted, in this region half-height side girders shall be fitted additionally
and welded to the bottom and floors. The distance between side girders and half-height girders shall not
exceed 1,1 m. These half-height girders shall be extended as far forward as practicable, whereas their free
edges shall be reinforced with flanges or face plates.

If longitudinal system of framing is adopted, the floors shall be strengthened with stiffeners in line with
each half-height side girder and each bottom longitudinal.

In ships greater than 80 m in length with a minimum draught less than 0,025L in way of the forward
perpendicular, the edges of openings in floor, side girder and centre girder webs shall be stiffened within
0,25L from the forward perpendicular.

2.8.2.7 If transverse framing system is adopted, intercostal side stringers shall be fitted within 0,15L
from the forward perpendicular, outside the fore peak, at the level of the fore peak side stringers.

The depth and thickness of a stringer plate shall be equal to those of the frame. The intercostal brackets
fitted as stringer plates shall be welded to the webs of frames at both ends and to the shell plating. On the
free edge of a stringer, a face plate shall be fitted with the thickness not less than that of the web and the
breadth in accordance with 1.7.3.1.

The intercostal side stringer may be of the same profile as the frames.

The stringer face plate (flange) shall not be welded to the face plate of frame.

Intercostal stringers shall be attached to the bulkheads by brackets.

The face plates (flanges) of intercostal stringers may be omitted where the spacing of frames does not
exceed their double depth. In this case, their thicknesss, in mm, shall not be less than:

s=1/4s. + As abo s =0,054,
whichever is the greater,

where: / — length of the free edge of stringer between frames, in mm;
h — stringer depth, in mm;
sc— stringer thickness, in mm, in accordance with 1.6.5.4;
As— value, in mm, in accordance with 1.6.5.5.
In ships having the characteristic (vo A/L) > 1,5 or a large bow flare, provision shall be made for web
frames and side stringers supported thereby. The spacing of web frames shall not exceed 5 frame spaces.
Where longitudinal framing is adopted in the ship's side forward outside the fore peak, the spacing of
side transverses shall not exceed 3 m. In the holds of any ship, as well as in 'tween decks and superstructures
of ships with the characteristic (vo/NL) > 1,5 or with a large bow flare, provision shall be made for a vertical
intercostal member having the same scantlings as side longitudinals, to be fitted between side transverses.
The structure of the member shall be similar to that of the intercostal side stringers required by transverse
framing system. The intercostal member can terminate at the upper and lower side longitudinals of the hold,
'tween decks and superstructure. Every second side longitudinal shall be attached to the side transverses by
brackets extended to the frame face plate.
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2.8.2.8 Within 0,1L from the forward perpendicular, the span of weather deck transverses shall not
exceed 3 m, and the deck girder span shall not exceed 3,6 m.

Within 0,2L from the forward perpendicular, the section modulus of weather deck transverses shall not
be less than required for deck girders with equal spans and spacing of members.

2.8.2.9 The structure located aft of the after peak bulkhead shall be sufficiently rigid in the vertical and
horizontal plane. For this purpose, fitting of additional longitudinal bulkheads or platforms, thickening of
deck plating and shell plating, as well as connection of bottom and upper deck longitudinals with pillars or
struts may be required. If the stern overhang is large or the after peak widthexceeds 20 m at any section,
fitting of additional longitudinal non-tight bulkheads is recommended port or starboard.

Where there is a flat of the bottom, additional strengthening may be required to take up the loads due to
impact pressure.

2.8.2.10 Floors in the after peak shall comply with the requirements of 2.8.2.2.

In single screw ships, the floors shall be extended above the sterntube, but in any case to a height of not
less than 0,8 m. If this is impracticable, tie plates with face plates on both edges shall be fitted transversely at
every frame above the sterntube. The thickness of the tie plates shall not be less than that of the floor. Tie
plate exceeding 1,5 m in length shall be provided with a stiffener fitted in the middle of its length.

Floors with flanged edges are not permitted.

In ships greater than 200 m in length, floors shall be extended to the platform located above the
sterntube. Longitudinally, the floors shall be stiffened with brackets fitted at the centreline and, if practicable,
supporting the floor for a full depth. Brackets above the sterntube are necessary. The brackets shall be carried
to the propeller post. They need not be fitted where a wash plate is located above the floors, with its lower
edge extending at least 0,8 m below the face plates of the floors. The opening in floors for the sterntube shall
be reinforced with face plate along the edges.

Below the sterntube, the openings shall be reinforced with face plates or stiffeners.

2.8.2.11 If transverse framing is adopted in the after peak side, panting beams and side stringers, beam
knees, frame to side stringer attachments, arrangement and structure of web frames and non-tight platforms
shall comply with the requirements of 2.8.2.3. The vertical distance between side stringers shall not exceed
2,5 m, and the frame span, as measured on the side plating, shall not exceed 3,5 m.

In 'twin- and multi-screw ships having a cruiser or transom stern, the distance between stringers, as
measured on the side plating, shall not exceed 2 m, with one of the stringers being fitted in way of the top
edge of propeller shaft bossing or in line with the shaft bracket. Where web frames are fitted, their spacing
shall not exceed 2,4 m.

If longitudinal framing is adopted in the after peak side, relevant requirements of 2.8.2.3 shall be
complied with.

2.8.2.12 The ends of after peak members (including deck, platform and bulkhead framing), as well as
the ends of horizontal and, where practicable, vertical stiffeners of floors shall be secured (refer to 1.7.1.4).

The face plates of the after peak floors and deck transverses shall be sniped in way of their attachments
to longitudinal bulkheads.

Bulkhead stiffeners shall be attached to the floor face plates by brackets fitted on either side of the
bulkhead.

This also applies to deck girder and side girder attachments to transverse bulkheads.

2.8.2.13 The spacing of ordinary and bevel frames may be the same as in the midship region, but shall
not exceed 750 mm.

A side girder of the same depth as that of floors shall be fitted at the centreline. In case of transom stern
and/or flat of the bottom, the side girders shall be spaced not more than 2 m apart.

In full cruiser sterns and where the frame span from the upper edge of floors to the nearest deck exceeds
2,5 m, additional strengthening shall be provided by means of web frames and a side stringerepa.

2.8.2.14 If peaks are used as tanks, fitting of a wash bulkhead is recommended at the centreline.

2.8.3 Loads on structures at ends.

2.8.3.1 The design pressure on the structures at ends is determined using the design loads specified in
2.2 - 2.7 and the extreme loads specified in 2.8.3.2 and 2.8.3.3.

The scantlings of fore end members subject to impact pressure shall be verified by applying extreme
loads:

- in accordance with 2.8.3.2 for ships greater than 65 m in length with a minimum draught of 0,045L in
way of the forward perpendicular;
- in accordance with 2.8.3.3 for ships having the characteristic (vo//L) > 1,5 or a considerable bow flare.
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2.8.3.2 Under the wave impact upon the bottom of the fore end, the extreme values of the design
hydrodynamic pressureky ps:, in kPa, shall be determined by the formula:

P =5,5¢102 ¢, (by/B)(1-5d/L)x(1-x1/1y) - 10%, (2.83.2-1)

where: e =«/Z for L <200 m;
¢, =5410-L/100 for L > 200 m;

2=0,07v, (1-17,1 d/L)/JL;

1=1(0,22 + 1,5¢)L,
v, — refer to 1.1.3;

¢, — as obtained from 1.3.1.5 (for ships of unrestricted service ¢,= 1);

by — ship breadth, in m, in the considered cross section at the level of 0,048 above the base line, but not greater
than 0,8B;

x1 — distance, in m, from the considered cross section to the forward perpendicular, but not greater than /;

dr— smallest estimated draft at the forward perpendicular.

Formula (2.8.3.2-1) is used for derivation of p values in a number of sections within the portion /5, from
which the maximum value of p (hereinafter - symbol p...) and the value of x; (hereinafter - symbol Xqx)
corresponding to pmax are chosen.

The design pressure pg;. (refer to Fig. 2.8.3.2) is determined by the formula:

Ppst = put (Pmax - Pu) X1/(Xmax- 0,05L), when 0 < x1 < Xmax — 0,05L;
PSL = Pmax, when Xmax — 0,05L < X1 S Xmax T 0,0SL,
Pst. = Pmax (0,5L - x1)/(0,45L - Xmax), When xmax+ 0,05L < x; <0,5L . (2.8.3.2-2)

where: py = 0,5pmax — with bulb;
pu = 0 —without bulb.

The hydrodynamic pressure as determined by Formula (2.8.3.2-2) is distributed over a height of 0,045
above the base line.

1.20 L/20

L
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Fig.2.8.3.2 Determination of design pressure ps;.
1- value of p determined by Formula (2.8.3.2-1);
2- forward perpendicular.

2.8.3.3 Under the wave impact upon the side at the fore end, the extreme values of the design
hydrodynamic pressure ps;, in kPa, shall be determined by the formula:

pst =09 ¢3¢, (2.8.3.3)

where: ¢3=2,2 + 1,5 tga,,;

¢4 =[vo - (0,6 —20/L) - (1,2 — 0,2Bx/60) - sin Bx] + 0,6\L;
for v, — refer to 1.1.3;

Ox, Px— as defined in 2.8.1.2.

Depthwise the impact pressure is distributed over the part of the side above the ballast waterline, and
lengthwise - over the part of the side extending as far aft as the cross section at 0,01vL from the forward
perpendicular and as far forward as the intersection of the upper deck with the stem (refer to Fig. 2.8.1.2-2).

2.8.4 Scantlings of structural members at ends.

2.8.4.1 The shell plating thickness, scantlings of single bottom and double bottom members and of side
framing shall comply with the requirements of 2.2.4, 2.3.4, 2.4.4, 2.5.4 using the service loads given in 2.2,
2.3, 2.4, 2.5. Besides, when determining the scantlings of fore and after peak members, the following
requirements shall be satisfied:

.1 the section modulus of frames shall be determined by Formulae (1.6.4.1) and (1.6.4.2) taking:

m=12;

[ — 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;

Nimax = 0,5pal, in kN,
(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 /p.g shall not be less
than 3,5 kPa.

The thickness of non-tight platform plating, in mm, shall not be less than:
smin = (0,02L + 5)\n, (2.8.4.1.4)

but not less than 5 mm.

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

.5 if the fore peak (after peak) is used as tanks, the scantlings of their members shall also comply with
the requirements for the structural members of tanks.

2.8.4.2 Where exposed to extreme loads to be determined in accordance with 2.8.3.2, the scantlings of
bottom framing members at the fore end shall comply with the requirements of 2.2.4, 2.3.4 and 2.4.4, as well
as with the following additional requirements:

.1 the thickness of shell plating shall be determined by Formula (1.6.4.4) taking

p=04ps1, (2.8.4.2.1)

where: psi — as determined by Formula (2.8.3.2-2);
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m=15,8;
ks=0,7;
.2 the section modulus, in cm?, of a primary member shall not be less than:

W=0,75palPo. - 10°*/(mkson), (2.8.4.2.2)

where: p — as determined by Formula (2.8.4.2.1);

ks=0,65;

m = 16, if the members are continuous through the webs of supporting structures;

m = 8, if the members are cut at supports;

m = 28, if the supporting sections of the member are reinforced with brackets on both sides of the supporting
structure; the depth and length of brackets are not less than 1,5 of the member depth;

for @, — refer to 1.1.5.3;

.3 the cross-sectional area £, in cm?, of a primary member or of welds by which intercostal members are
connected to supporting structures shall not be less than:

f=[5pal - (- 0,5a)/(ketn)] + 0,055 his, (2.8.4.2.3)

where: p — as determined by Formula (2.8.4.2.1);
k:=0,65;

> hi — 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 s (where s is the thickness, in mm, of shell plating).

If the member is of bulb profile, the whole of its face plate is included in the cross-sectional area. In the
case of member of T-section, a portion of its breadth b, = 3s7p (Where s7p — 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:

s = [0,75pab/(kewh)] + As, (2.8.4.2.4)

where: p — as determined by Formula (2.8.4.2.1);

k= 0,65;

h— depth, in m, of floor, side girder or centre girder accordingly;

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;

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 determined by Formula (1.6.4.4) taking:
P =04psL, (2.8.4.3.1)

where: ps — as determined by Formula (2.8.3.3);

m=158;

ks =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 section modulus 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).
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2.8.4.4 Within the area of the stern counter, the scantlings of frames shall be not less than those of the

after peak frames, unless their span exceeds 2,5 m. With a greater span, the frame scantlings shall be

increased accordingly. The thickness of floors and side girders shall not be less than required by 2.8.4.5.
2.8.4.5 The side stringers of fore and after peaks shall have a web sectional area /¢, in cm?, not less than

fe=0,45L+12. (2.8.4.5-1)
The side stringer width b, in m, shall not be less than:

b=0,005L + 0,24, for L <80 m;

(2.8.4.5-2)
b=0,003L + 0.4, for L > 80 m.
The web thickness, in mm, of a side stringer shall not be less than
s=(0,02L +5) - \n, (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 0,08L+6, but it need not
be taken greater than 25 mm. In this case, the shell plating thickness at the lower part of the bulb shall not be
less than stipulated under 2.8.4.2.1 for the hull section in way of the forward perpendicular.

2.8.5 Special requirements.

2.8.5.1 Visor-type bow doors.

2.8.5.1.1 The present requirements apply to the construction of visor-type bow doors which form a
component part of the fore end of the ship, being mechanically connected with the side and deck structures
and capable of moving in the vertical direction to provide access for motor vehicles and/or other transport
means.

2.8.5.1.2 The thickness of visor-type bow door plating shall not be less than that required by 2.8.4 for
the appropriate sections of shell plating.

2.8.5.1.3 The section modulus of primary members shall not be less than that required by 2.8.4 for the
appropriate fore end regions.

In this case, the design load, in kPa, shall not be less than:

Punin = 0,8(1,5v0 + 0,6 /L Y. (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:
Nmax = 0,5pal, in kN, (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 py,, in kPa,
as determined by Formula (2.8.5.1.3-1);

k= 0,7.

2.8.5.1.4 Structural measures shall be taken to ensure rigid attachment of primary members and support
members of bow doors.

2.8.5.1.5 The scantlings of support members shall be obtained by strength calculation using the design
loads given in 1.3.2.2 or 2.8.3.3, whichever is the greater, but not less than p,., determined by Formula
(2.8.5.1.3-1), as well as the permissible stress factors ks = kx = 0,6.

2.8.5.1.6 The construction of support members shall comply with the requirements of 1.7.3.

2.8.5.2 In ships provided with fixed propeller nozzles, transverse bulkheads or support members shall be
fitted in way of the nozzle attachment to the hull.

2.8.5.3 In hull curvilinear sections (deadrise, flare), it is recommended that the framing be fitted at an
angle of approximately 908 to the shell plating.

2.9 PILLARS AND PANTING BEAMS
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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,
superstructures and deckhouses and for the panting beams in peaks.

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

[/ — length of pillar (panting beam), in m, measured:

for the pillar — between the face plate of the deck girder (or the deck transverse, if the latter is supported
by the pillar) and the deck plating (or the inner bottom plating);

for the panting beam — between the inner edges of the starboard and port frames or from the inner edge
of the frame to a strong support at the centerline;

f— = sectional area of the pillar (panting beam), in cm?;

i — the least moment of inertia of the pillar (panting beam), in cm®;

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 kN has no brackets, the deck (inner bottom)
plating under the heel shall be strengthened with doubling or insert plates (P = as determined from 2.9.3.1).

The web of a framing member to which the head of a pillar is attached shall be strengthened with
brackets to transmit the load to the pillar.

The pillars shall be fitted on plate floors and side girders which shall be strengthened with vertical
brackets. Openings in floors and side girders under the pillars are not permitted.

With the load P > 250 kN (P = as defined in 2.9.3.1), the pillars shall be fitted at the intersection of plate
floors and side girders, otherwise the plate floor (side girder) shall be strengthened with vertical brackets
attached to the adjacent floors (side girders).

2.9.2.2 The pillars shall be attached at their heads and heels by brackets or other arrangements, in order
to effectively transmit the loads to the hull structures below:

in the holds of ships of ice classeslce6 and Ice5;

in the tanks under watertight platforms, deckhouses, ends of superstructures, windlasses, winches,
capstans, etc.;

at the fore end of ships with the specified speed vo > 1,5VL (for v — refer to 1.1.3) or large bow flare.

2.9.3 Design loads.

2.9.3.1 Loads on the pillar P, in kN, is determined by the formula

P=pl,b,+Y (pl,b,), (2.9.3.1)

where: p — design pressure on the above deck specified in 2.6.3, in kPa;

I,, — distance measured along the deck girders between mid-points of their spans, in m;

b, — mean breadth of deck area (including the hatchways in the region concerned) supported by the pillar, in m;
Z( pl.b, )i — 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 kN, is determined by the formula
P = pac, (2.9.3.2)

where: p = py + pw — design pressure on the ship's side in way of installation of the panting beam, determined
from 1.3.2.1 and 1.3.2.2, in kPa;

a — spacing of frames on which panting beams are fitted, in m;

¢ — half-sum of frame spans measured vertically above and under the beam considered, in m.

2.9.4 Scantlings of pillars and panting beams.
2.9.4.1 The sectional area of pillalrs and panting beams f, in cm?, shall not be less than determined by
the iterative method according to the formula

= 10Pk /o0 + A, (2.9.4.1)
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where: P — as determined in accordance with 2.9.3;
k =2 — buckling strength margin;
o.- — critical stress according to 1.6.5.3 at Euler stress determined by the formula:

ce =206i/fP;
Af—wear allowances, in cm? , determined by the following formulae:

for tubular pillars
Af=0,03d,As;

for box-shaped pillars

Af= 0,13 hi As,

where: Y A; — perimeter length of cross section, in cm;
As —refer to 1.1.5.1;

i, f, 1, d,—refer to 2.9.1.2.

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 =h,/50, (2.9.4.2-2)

where: /i, — width of the pillar wall, in mm.

The wall thickness of a pillar, in general, shall not be taken less than 6 mm.

In small ships the thickness of the pillar walls may be reduced to 5 mm, provided the required sectional
area of the pillar is maintained.

2.9.4.3 The thickness of insert plate under the lower end of pillar (refer to 2.9.2.1) s, in mm, shall not be
taken less than

s=3,3P 107+ 10, (2.9.4.3)

where: P — as defined in 2.9.3.1.

The diameter of the insert plate shall exceed the diameter of the pillar by ~ 6s.

2.10 STEMS, KEELS, RUDDER HORN, PROPELLER SHAFT BRACKETS, FIXED NOZZLES OF
PROPELLER

2.10.1 General.

Requirements are given in this Chapter for the construction and scantlings of the stem, sternframe
(rudder post, propeller post), solepiece of the sternframe, rudder horn of semi-spade rudders, propeller shaft
brackets, bar keel, fixed nozzles of propellers.

2.10.2 Construction.

2.10.2.1 It is recommended to use a bar or plate type welded stem. The lower part of the stem shall be
efficiently connected to the bar or plate keel and, whenever possible, to the centre girder.

The welded stem plates shall be stiffened with transverse brackets. Arrangement of transverse brackets
of the stem shall, 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, it is recommended to fit a
centerline girder with a face plate.

2.10.2.2 The construction of sternframe of a single screw ship shall comply with the following
requirements:
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.1 the solepiece shall be made with a smooth rise in the aft direction;

.2 the propeller post shall be provided with transverse brackets in the case of welded sternframe and
webs in the case of cast sternframe. The brackets and webs shall be spaced at least 1 m apart; their
arrangement shall be consistent with the hull framing;

.3 the sternframe shall be efficiently attached to the hull.

The lower part of the sternframe shall be extended forward from the propeller post and shall be attached
by its brackets (webs) to at least three floors in ships with a length L > 120 m and at least two floors in ships
with a length L <120 m.

In small ships the sternframe may be attached to one floor only.

The rudder post shall extend over the counter to a height sufficient for its attachment to the transom
floor. In ships of 80 m and above and in ships with cruiser stern, the propeller post shall also be extended
upwards to a distance sufficient for its attachment to the additional transom floor.

The thickness of transom floor and additional transom floor shall be increased as compared to that of the
floors in the after peak. In general, the above floors shall be extended to the nearest deck or platform.

2.10.2.3 The sternframe in twin screw ships shall comply with the requirements for the sternframe in
single screw ships, as specified in 2.10.2.2.

The lower part of the sternframe to be extended forward, may be attached to at least two main floors.

2.10.2.4 The sternframe of triple screw ships shall comply with the requirements for the sternframe of
single screw ships, as specified in 2.10.2.2 and 2.10.4.2.

2.10.2.5 The rudder horn of semi-spade rudder shall be efficiently connected to the respective floors of
the after peak and its centreline wash bulkhead.

The welded rudder horn shall be provided inside with transverse brackets; its main supporting structures
shall be extended to the nearest deck or platform; the thickness of the floors to which the rudder horn is
connected shall be increased as compared to that of the floors in the after peak.

2.10.2.6 The struts of two-strut shaft brackets shall form an angle not less than 50° to each other.

2.10.2.7 The outer and inner plating of propeller nozzle shall be strengthened by stiffeners whose
arrangement and size as well as connection with outer and inner plating of the propeller nozzle shall be
determined according to 2.4.2.2, Part III "Equipment, Arrangements and Outfit".

In general, the transverse web plates shall be arranged in line with the floors of the after peak.

In way of attachment of the nozzle to the hull smooth transition from the nozzle to the ship's hull shall
be provided. The bottom part of the nozzle shall be connected to the hull. If the propeller nozzle is attached
to the hull by shaft brackets, provision shall be made for an efficient connection of the brackets with the
framing in the aft region of the hull and the framing inside the nozzle.

The construction of shaft brackets shall satisfy the requirements of 2.10.2.6.

Drain plugs of non-corrosive material shall be fitted in the top and bottom parts of outer plating.

2.10.3 Design loads.

Design loads for the structures of the solepiece and rudder horn of semi-spade rudders is taken equal to
the reaction force of lower support of the rudder R4 according to 2.2.4.12, Part III "Equipment, Arrangements
and Outfit". In the Formulae (2.2.4.7-2) - (2.2.4.7-4) the coefficient a4 shall be taken equal to zero.

2.10.4 Scantlings of stem, sternframe, rudder horn and propeller shaft brackets, bar keel and
fixed nozzle of propeller.

2.10.4.1 The stem shall satisfy the following requirements:

.1 the sectional area f; in cm?, of a bar stem from the keel to the summer load waterline shall not be less
than

f=13L-4. (2.10.4.1.1)

The sectional area may be reduced for ships of restricted areas of navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S and B-R3-RS (refer to 1.6.4.6) — by 10%;

B-R3-S i B-R3-RS (refer to 1.6.4.6), C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS
— by 20%.

Above the summer load waterline the sectional area may be gradually reduced to 70 % of the area stated
above;

.2 the plate thickness s, in mm, of welded stem shall not be less than

s=(0,085L + 5,5)\n, (2.10.4.1.2)
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where: 1 — 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, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S and B-R3-RS (refer to 1.6.4.6) — by 5%;

B-R3-S i B-R3-RS (refer to 1.6.4.6), C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-RS
— by 10%.

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 compared to that
required by 2.10.2.1, the reduction of plate thickness of stem by 20 % may be permitted.

If the reduction of the distance between the brackets is less than 0,5 m, the permissible reduction of
plate thickness shall be determined by linearinterpolatio;

.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 /s and width bs , in mm, of rectangular solid propeller post section, from the keel to the
counter, shall not be less than

ls=1,30 L+ 95; bs= 1,60L+ 20, for L <120 m; (2.10.4.2.1)
ls=1,15L+ 110; bs=0,675L+ 130, forL =120 m.

The thickness of webs shall be at least 50 % greater than that of the shell plating adjoining the
sternframe:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S and B-R3-RS (refer to 1.6.4.6) — by 5%;

B-R3-S and B-R3-RS (refer to 1.6.4.6), C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-
RS — by 10%.

Above the counter the sectional area of sternframe may be gradually reduced. And nowhere its sectional
area shall be less than 40 % of the required area of the propeller post, corresponding to the scantlings stated
above (2.10.4.2.1);

.2 the scantlings of the propeller post cross section of a cast sternframe with the rudder having top and
bottom supports shall be established in accordance with Fig. 2.10.4.2.2 depending on the value sy, in mm,
determined by the following formulae:

so=0,1L+4,4, for L <200 m; (2.10.4.2.2)
so= 0,06L+12,4, for L > 200 m.

The thickness of webs shall be at least 50 % greater than that of the shell plating adjoining the
sternframe;
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1— web; 2 — along the hull shape; 3 — adjoining plate of shell;
s1=1,550; 52 = 2,580; 53 = 3,550,
[i>19L+135mm  for L <200 m;
>14L+235mm  for L >200 m;

r — cast radius.

.3 the scantlings of the propeller post cross section of a welded sternframe with the rudder having top
and bottom supports shall be established according to Fig. 2.10.4.2.3 where s, shall be determined in
accordance with 2.10.4.2.2.

The thickness of transverse brackets shall be at least 20 % greater than that of the shell plating adjoining
the sternframe.

Welded propeller post of other construction may be used, provided that its strength is equivalent to that
of the abovementioned construction;
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Fig.2.10.4.2.3:
s=1,65s, for L <150 m;
s=1,5s, forL>150m;

[;=2,5L+ 180 mm for L <200 m;
I;=1,4L +400 mm for L >200 m;
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R — bending radius.

.4 the finished thickness of propeller boss shall be not less than 30 % of the shaft diameter;
.5 the section modulus W, in cm’ , of the solepiece about the vertical axis shall not be less than

W, = 8a Ryxon. (2.10.4.2.5-1)

The section modulus #,,, in cm® , of the rudder post about the horizontal longitudinal axis shall not be
less than

W, ,=8(1-0) Rs Ipn. (2.10.4.2.5-2)

where: a= 0,85 if there is a rudder post;

o= 1,0 if there is no rudder post or a bolted rudder post is fitted;

xs — distance from the solepiece section concerned to the centre of the rudder stock (x, shall not be taken less than
0,5/; and more than /);

R4— as determined according to 2.10.3;

I, — span of the solepiece, measured from the centre of the rudder stock to the beginning of rounding of the
propeller post, in m;

I, — =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;

1 — as determined according to 1.1.4.3.

The section modulus of the solepiece about the horizontal transverse axis shall not be less than 0,5 W,
where W; shall be determined by Formula (2.10.4.2.5-1).

The section modulus of the rudder post about the horizontal transverse axis shall not be less than 0,5
W., where W, ,p shall be determined 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 ks = 0,55 and external loads according to 2.2, Part III
"Equipment, Arrangements and Outfit".

2.10.4.3 The scantlings of the sternframe of twin screw ships shall satisfy requirements for the
scantlings of propeller post in single screw ships as given in 2.10.4.2 with the following amendments:

.1 the section width of the sternframe of a solid rectangular cross section may be reduced by 50 % as
compared with that required by 2.10.4.2.1;

.2 the scantlings of the cast or welded sternframe may be reduced as compared with those required by
2.10.4.2.2 and 2.10.4.2.3 respectively, so that their section moduli about the horizontal longitudinal and
transverse axes, are reduced by not more than 50 %. The thickness of the sternframe wall shall be at least 7
mm.

2.10.4.4 For semi-spade rudders with one gudgeon upon the horn, the section modulus, in cm® , of the
rudder horn about the horizontal longitudinal axis shall not be less than

W=12Rszsm. (2.10.4.4)

where: R4— = as defined in to 2.10.3;

zy — vertical distance for the mid-thickness of the horn gudgeon to the section concerned, in m (z, shall not be
taken less than 0,5/, and more than /,);

I, — 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;

1 — 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 determined on the basis of direct strength calculation taking

the permissible stress factor k; = 0,35 and external loads according to 2.2, Part III "Equipment,
Arrangements and Outfit"..
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2.10.4.5 The sectional area of either strut of two-strut shaft brackets shall be equal to not less than 60 %
of the propeller shaft section in the bracket plane, the strut thickness _ to not less than 45 %, and the boss
thickness — to not less than 35 % of the propeller shaft diameter.

The length of the boss shall be in accordance with 5.6.1, Part VII "Machinery Installations".

The strength of the welded shaft brackets shall not be less than that specified above. The plate thickness
shall not be less than 7 mm.

The weld area of rivets attaching each strut to the hull shall not be less than 25 % of the propeller shaft
sectional area. Where the struts are attachhed by means of flanges, the thickness of the latter shall be not less
than 25 % of the propeller shaft diameter.

2.10.4.6 The height 4s 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
navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-RS, B-R3-S and B-R3-RS (refer to 1.6.4.6) - by 5%;

B-R3-S and B-R3-RS (refer to 1.6.4.6), C-R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-IN, D-R3-S, D-R3-
RS - by 10%.

2.10.4.7 The thickness of outer and inner plating of fixed propeller nozzle shall comply with the
requirements of 2.4.2, Part III "Equipment, Arrangements and Outfit" taking the following into
consideration:

width of middle belt of inner plating shall be not less than the distance from 0,03 D, forward of the
propeller blade tips and 0,07D, aft of the propeller blade tips where D, is the internal diameter of propeller
nozzle;

thickness of forward part of the inner and outer plating shall be not less than required for side shell
plating (refer to 2.2.4.1 for transverse framing system).

The width of attachment shall be at least 0,15D.,.

The cross-sectional area of the joint shall be not less than required by 2.10.4.2.5 for the solepiece.

For twin screw ships when the propeller nozzle is not attached to the hull at its bottom part, the width of
attachment at the top part shall be not less than 0,3D.,.

If the propeller nozzle is attached to the hull by shaft brackets, their strength shall comply with the
requirements of 2.10.4.5.

In way of attachment of the nozzle to the hull the thickness of framing members shall not be less than
required by Formula (2.4.2.2-2), Part III "Equipment, Arrangements and Outfit".

2.11 SEATINGS OF MACHINERY AND BOILERS

2.11.1 General.

2.11.1.1 Requirements are given in this Chapter for the construction and dimensions of the seatings
intended for main machinery and boilers, deck machinery, fishing installations, cargo handling gear,
auxiliary machinery, etc.

2.11.1.2 Requirements of this Chapter are minimal. Requirements concerning construction and
dimensions of structural components of a seating, which are contained in the technical documentation of the
machinery, unit or device to be installed on the seating concerned, shall also be complied with.

2.11.1.3 For dimensions of the structural components of the seatings intended for mooring and towing
appliances — refer to 4.3 and 5.3, Part III "Equipment, Arrangements and Outfit".

2.11.2 Construction of seatings.

2.11.2.1 The construction of seatings shall satisfy the following requirements:

.1 the seating shall be of substantial construction to ensure efficient attachment of machinery, gear or
device and transmission of forces to the hull framing, which shall be sufficiently strong. If necessary, the
framing may be strengthened;

.2 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;
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.3 where the seating in ships with a length L > 65 m is installed on the continuous longitudinals of
strength deck and double bottom (bottom) within 0,5L amidships, the height of the vertical plates of the
seating at the ends shall be gradually reduced.

If the length of the vertical plate is more than six times its height, the vertical plate and its top plate shall
be made of the same steel grade as the deck or double bottom (bottom) structural member on which it is
installed.

The structural components of the seating shall not terminate at the unsupported portions of plating;

.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.

2.11.2.2 In general, a seating of main machinery and boilers shall comprise two vertical plates (girder
webs) (for medium-speed and high power engines — four vertical plates (two — either side of the engine))
and horizontal face plates (top plates) to which the machinery (boiler) shall be attached directly.

The vertical plates shall be strengthened with brackets (knees) having face plates (flanges) along the
free edges.

Where the seating comprises four vertical plates, the top plate is attached to two vertical plates fitted on
one side of the machinery; the outer plates shall have openings to provide access into the seating.

In the case of medium-speed engines, such openings shall not extend to the top plate.

The outer plates may be made sloped.

All the vertical plates shall be fitted in line with the main or additional side girders.

2.11.2.3 Machinery and equipment may be installed on shell plating of the hull, tight bulkheads, decks
and platforms (including tank bulkheads and crown), inner bottom and shaft-tunnel platings on condition
they are attached to the framing members and stiffeners (refer to 1.7.1.4), or on cantilevers connected to
framing members or stiffeners.

Attachment of small-sized machinery and equipment directly to the above-mentioned structure with the
help of welded pads is not permitted.

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=koifO+ ki, 2.11.3.1)

where: O — mass of machinery (boiler) in working condition, in t;
ko — factor given in Table 2.11.3.1-1;
k1 — factor given in Table 2.11.3.1-2.

Table 2.11.3.1-1

Seating of machinery (boiler) ko
Vertical
Top plates plates! Brackets, knees
Main internal combustion engine 4,65 3,0 2,5
Main ge.ared turbine set, main diesel generator and 4.15 2.7 2.7
propulsion motor
Boiler 3,65 2,4 2,4

In a seating with four vertical plates the thickness of the plates may be taken equal to the
thickness of brackets and knees.

Table 2.11.3.1-2

Mass of machinery (boiler), in t <20 >20 > 50 > 100 200
<50 <100 <200
ki 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=ki/N +a, (2.11.3.2)
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where: N — specified power of the engine, in kW;
k2, ks — factors given in Table 2.11.3.2,

Tabnuus 2.11.3.2
N, in Number of vertical Vertical
kW plates Factor Top plates plates Brackets, knees
2 ky 1,7 1,1 0,9
k3 6 4 3
<1000 ) b s K E
ks 5 3 3
P ko 1,0 1,0 0,7
ks 13 5 5
> 1000 4 k2 0,8 0’7 0’7
ks 11 5 5

but not less than required by 2.11.3.1.
2.12 SUPERSTRUCTURES, DECKHOUSES AND QUARTER DECKS

2.12.1 General provisions, definitions and symbols.

2.12.1.1 Requirements are given in this Chapter for short and long bridges extending from side to side
of the ship as well as to short bridges which do not extend to the sides of the ship, forecastle, poop, long
forecastle and poop extending to ship's sides, short deckhouses and quarter decks.

2.12.1.2Long deckhouse isa deckhouse of a length not less than that determined by Formula
(2.12.1.2-1), but not less than 0,20 L, having no expansion or sliding joints .

Long bridge is a superstructure having a length not less than:

L= 21, (2.12.1.2-1)

but not less than 0,15 L .

Quarter deck is the after part of upper deck stepped up to a portion of 'tween deck height.

Ends of superstructur s and deck-houses are the ends of the length measured from the
end bulkheads, in m,

Le=1,5 (B2 2+ h). (2.12.1.2-1)

Short deckhouse isany deckhouse which is not a long deckhouse.

Deckhouses of ships less than 65 m in length are considered as short deckhouses.

Short bridge isany bridge which is not a long bridge.

Superstructures of ships less than 65 m in length are considered as short superstructures.

Transition area of quarter deck —is an area measured from the forward edge of break to
the after edge of upper deck plating and extending below the quarter deck.

Long forecastle (poop) is a forecastle (poop) having a length not less than
L= 0,1L+ [, (2.12.1.2-3)
in ships of 65 m and greater in length

Deck step up is a stepped up or lowered part of the deck upon side depth, (may be vertical or
inclined).

2.12.1.3 Symbols:

B> — breadth of superstructure deck measured at its mid-length, excluding the breadth of openings of
cargo hatches, machinery casings, if any, in m; helicopter deck (platform), which is part of the upper deck or
the superstructure or deckhouse top;

B, — ship's breadth at the level of the upper deck at the section considered, in m;

b — breadth of the deckhouse, in m;

h — height of the first tier of superstructure or deckhouse, in m;
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/1 — = 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;

2.12.2 Construction.

2.12.2.1 For the first tier of long bridge outside the end portions, long forecastle (poop) outside the end
portion, the requirements of 2.6 for the upper deck and the requirements of 2.2 and 2.5 for the ship's side in
way of the upper 'tween deck space shall be complied with.

2.12.2.2 For the buttom strake of side plating and longitudinal bulkhead plating of short bridge, the ends
of 1st tier long bridges and long forecastle (poop), the bottom strake of side plating of steel short deckhouses
and the ends of steel long deckhouses fitted on the strength deck, grade of steel and yield stress shall be the
same as required for the strength deck in this region. The width of the bottom strake shall not be less than
0,5h.

2.12.2.3 Whenever practicable, the end bulkheads of superstructures and deckhouses shall be situated in
line with the hull transverse bulkheads or as close to the latter as possible.

Web frames or vertical webs, bulkheads or partial bulkheads shall be fitted in superstructures and
deckhouses in such a way as to be in line with girder webs or bulkheads of hull structures located below. The
vertical webs of end bulkheads shall be fitted in line with the vertical webs of hull bulkheads.

2.12.2.4 The lower ends of vertical stiffeners of the end bulkheads of the Ist tier superstructures and
deckhouses shall be welded to the deck. The lower ends of side vertical stiffeners of 1st tier houses shall be
attached to the deck by brackets.

2.12.2.5 Adequate strengthening shall be provided for the structures of deckhouses and superstructures
where launching and recovery appliances for survival craft and rescue boats are fitted.

2.12.3 Design loads.

2.12.3.1

.1design pressure on the superstructure sides is determined according to 2.2.3;

.2 design pressure on weather areas of the superstructure and deckhouse decks shall be determined by
the formula

p=0a-py, (2.12.3.1.2)

where: py,— wave load at the deck level according to 1.3.2.2;

o = 0,9 for forecastle deck, long forecastle deck or part of long bridge deck within 0,2L from the fore
perpendicula;

o = 0,8 for poop deck, long poop deck or part of long bridge deck within 0,2L from the after perpendicular;

o = 0,7 for short bridge and deckhouse decks, long superstructure and deckhouse decks, long forecastle and poop
decks within the midship region.

For areas of long bridge and deckhouse decks, long forecastle and poop decks outside the midship
region and outside areas situated at 0,2L from the fore or after perpendicular, a shall be determined by linear
interpolation.

but not less than pmin.

For the 1st tier superstructure and deckhouse decks, pmin in kPa, shall be determined by the following
formulae:

for forecastle, long forecastle decks or part of long bridge deck within 0,2L from the fore perpendicular

Pmin = 0,1L + 7;
for poop, long poop deck or part of long bridge deck within 0,2L from the after perpendicular

Pmin=0,015L+4  for L <80 m;
Pmin=0,03L+2,8 for L>80m;

for bridge and deckhouse decks, long forecastle and poop decks within the midship region
Pmin = 0,015L + 4;
for areas of bridge and deckhouse decks, long forecastle and poop decks outside the midship region and

outside areas situated at 0,2L from the fore or after perpendicular, pmin shall be determined by linear
interpolation.
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For decks of the superstructures and deckhouses of the 2nd and upper tiers
Pmin = 2 kPa.
For ships greater than 250 m in length, pmin is determined taking L = 250 m.
For ships of restricted area of navigation, pmin may be reduced by multiplying by the factor ¢,, obtained
from Table 1.3.1.5.
2.12.3.2 Pressure on the end bulkheads of superstructures and deckhouses as well as on sides of
deckhouses p, in kPa, is determined by the formula

pP= 5,1}’102 (kZo—Zl), (2.12.3.2)
where: n — factor determined from Table 2.12.3.2-1;

¢;=0,3+0,7b/B,, in this case ¢;>0,5;
x,/L-0,45

k=1,0+
C,+0,2

2
j when x/L <0,45;
x,/L-0,45
C,+0,2
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 0,15L each, and x; is taken as the

distance between the after perpendicular and the middle of the part considered;
Cp— shall be taken as not less than 0,6, nor greater than 0,8; for the aft end bulkheads forward of amidships C, =

2
k=1,0+l,5[ j when x1/L > 0,45;

0,8;

zo— as given in Table 2.12.3.2-2;

z; — = 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.

The above-stated valus of factor n apply to a ship having the freeboard equal to minimum tabular
freeboard of Type "B" ships, and a standard height of superstructures according to Section 4 of the Load
Line Rules for Sea-Going Ships.

If the deck of the tier considered is situated higher than the standard position due to an increase of
freeboard, as against the tabular value, then the appropriate factor n may be determined by linear
interpolation between the values of that factor for superstructures with standard and actual positions of decks
under the superstructures.

In any case, the design pressure shall not be taken less than indicated in Table 2.12.3.2-3.

Table 2.12.3.2-1

Bulkhead Structure n
1st tier 2+ Ly/120
Unprotected 2nd tier 1+ Lo/120
Front 3rd tier .
Protected 0,5+ Lo/150
Aft end Aft of amidships 0,7 + (Ly/1000) - 0,8x1/Lg
Forward of amidships 0,5 + (Lo/1000) - 0,4x1/Lo
Lo — length of ship, in m (to be taken not greater than 300 m for the purpose of calculation);
x1 — distance, in m, between the after perpendicular and the bulkhead under consideration.
! Formula is also used for the deckhhouses sides.

Table 2.12.3.2-2

L, m Zo, M L,m Zo, 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 6,60 260 10,92
120 7,69 280 11,00
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140 8,63 300 11,03

160 9,35 350 11,05

Table 2.12.3.2-3
Design pressure p, in kPa
L,m for 1st tier unprotected fronts elsewhere
<50 15,6 7,8
50 <L<250 13 +0,052L 6,5 +0,026L

>250 26 13

For ships of restricted area of navigation the design pressure may be reduced by multiplying by the
factor o, obtained from Table 1.3.1.5.

2.12.4 Po3Mmipu KOHCTpPYKUiil HAa0y10B, pyOOK i KBapTEpaeKy.

2.12.4.1 The thickness of side plating of short and long bridges, forecastle and poop, long forecastle and
poop shall be determined according to 2.2.4.1 using the design loads given in 2.12.3.1.1.

For short bridges, forecastle and poop, ks = 0,7.

For long bridge, long forecastle and poop outside the end portions, ks is determined according to
2.2.4.1;

at sections in way of end bulkheads k; = 0,7

within the end portions 45 shall be determined by linear interpolation.

The thickness of side plating of long bridges, long forecastle and poop shall satisfy the requirements of
2.2.4.8.

In any case, the thickness suis, in mm, of side plating of short bridges, forecastle and poop shall not be
less than:

for superstructures of the lowest tier

Smin = (4,5 + 0,025L) - n; (2.12.4.1-1)
for superstructures of other tiers
Smin= (4 +0,02L) - \n, (2.12.4.1-2)

where 1) is obtained from Table 1.1.4.3.

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

For ships of unrestricted service A and ships of restricted area of navigation R1, A-R1 the reduction of
minimal thickness, but not more than 10 %, is permitted in proportion to the ratio of adopted spacing to
standard spacing, where the adopted spacing is less than the standard one (refer to 1.1.3). In any case, for
ships of 30 m and greater in length the minimum thickness shall be not less than 5 mm.

2.12.4.2 The thickness of deck plating of short and long bridges, forecastle and poop, long forecastle
and poop, short and long deckhouses shall be determined according 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, ks = 0,7.

For long bridge, long forecastle and poop outside the end portions, ks is determined as for the strength
deck according to 2.6.4.1.2;

at sections in way of end bulkheads ks shall be determined by linear interpolation.

The thickness of deck plating of long bridges, long forecastle and poop, long deckhouses shall satisty
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 smin, in mm, of deck plating of short bridges, forecastle and poop, short
deckhouses shall not be less than:

for open forecastle deck
Smin = (4+0,04) -\ for L <100 m; (2.12.4.2-1)

Smin=(7+0,01L)-\n  forL>100m;
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for other decks of superstructures and deckhouses of the lowest tier

Smin = (5 +0,01L) - \n; (2.12.4.2-2)
for superstructure and deckhouse decks of other tiers

Smin = (4 + 0,01L) - \, (2.12.4.2-3)
where: 1 is obtained from 1.1.4.3.

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

For ships of unrestricted service A and ships of restricted area of navigation R1, A-R1, the reduction of
minimal thickness, but not more than 10 %, is permitted in proportion to the ratio of adopted spacing to
standard spacing, where the adopted spacing is less than the standard one (refer to 1.1.3).

In any case, 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 <50 m, and to 3 mm for ships of
length L <20 m.

2.12.4.3 The plate thickness of the end bulkheads of superstructures, sides and end bulkheads of
deckhouses shall not be less than that determined by Formula (1.6.4.4) taking:

m=15,8;
ks =0,6;
As=0;

p — as defined in 2.12.3.2.

The thickness of side plating of deckhouses may be not less than that of superstructures as stated in
2.12.4.1, provided they are arranged similarly over the ship's length and depth.

The thickness of bottom plates of end bulkheads in superstructures (deckhouses) of 1st tier shall be
increased by 1 mm as compared with the design thickness.

The width of bottom plate shall be not less than 0,5 mm. If the deckhouse front extends in a fair convex
form beyond the intersection with the deckhouse sides, the thickness of plating may be taken 0,5 mm less as
compared with the design value.

2.12.4.4 In any case, the plate thickness Smin, in mm, of superstructure end bulkheads, sides and end
bulkheads of deckhouses shall not be less than:

for the lowest tier

Smin= (5 +0,01L) - \n, (2.12.4.4-1)
for other tiers

Smin = (4 +0,01L) - \m, (2.12.4.4-2)
where: 1 is obtained from 1.1.4.3.

Where L> 300 mm, 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 <50 m, and to 3 mm for ships of
length L <20 m.

Reduction of the minimum thickness is not permitted for fronts of bridge and unprotected front of poop
in ships of lengthZ > 20m.

2.12.4.5 Framing of the sides, decks and end bulkheads of the forecastle, poop and bridge, quarter deck
and deckhouse shall satisfy the following requirements:

.1 side framing of the superstructure shall comply with the requirements for side framing in 'tween deck
space as specified in 2.5.4.2 - 2.5.4.5 using the design loads given in 2.12.3.1.1. For longitudinals and side
stringers of short bridge, forecastle and poop, ks = 0,65.



Part II. Hull 131

For longitudinals and side stringers of long bridge, long forecastle and poop outside the end portions, ks
is determined according to 2.5.4.3 and 2.5.4.4;

at sections in way of the end bulkheads k; = 0,65; within the end portions ks shall be determined by
linear interpolation;

.2 underdeck framing of the superstructure and deckhouse shall satisfy the requirements of 2.6.4.2 -
2.6.4.9 using the design loads stated in 2.12.3.1.2.

For longitudinals and deck girders of long bridge, long forecastle and poop outside the end portions, ks
is determined in accordance with 2.6.4.2 and 2.6.4.4; at sections in way of the end bulkheads ks=0,65; within
the end portions k5 shall be determined by linear interpolation;

.3 section modulus of vertical stiffeners of the end bulkheads of superstructures, deckhouse sides and
end bulkheads shall not be less than that determined according to 1.6.4.1 taking:

ks =0,6;
AW =0;
o =1;

p —as defined in 2.12.3.2;

m =12, if the lower end of the stiffener is attached to the deck by a bracket;

m = 10, if the lower end of the stiffener is welded to the deck;

m = 8, if the lower end of the stiffener is sniped.

The section modulus of stiffeners of deckhouse sides need not be greater than that of frames of
superstructures as stated in 2.12.4.5.1, where arranged similarly over ship's length and depth.

2.12.4.6 The scantlings of members of bulkheads and partial bulkheads inside the superstructures and
deckhouses shall satisfy the requirements of 2.7.4.5, unless stated otherwise.

2.12.5 Special requirements.

2.12.5.1 The upper deck areas situated under the long bridge, long forecastle and poop outside the end
portions shall satisfy the requirements of 2.6 for the second deck.

Requirements for the upper deck areas situated under the ends of long bridge, long forecastle and poop
are determined by linear interpolation between the requirements for the upper deck and those for the second
deck.

2.12.5.2 In way of the end bulkheads the following requirements shall be complied with:

.1 where the superstructure end bulkhead is not in line with the transverse bulkhead of the hull, partial
bulkheads or pillars shall be fitted in spaces below the end bulkhead, or frames and beam knees shall be
strengthened;

.2 where the end bulkhead of long deckhouse is not in line with the transverse bulkhead below, short
deck girders shall be fitted in line with deckhouse sides under the house deck so as to extend further for three
frame spaces forward and aft of the deckhouse end bulkhead;

.3 at the section, where the end bulkheads of superstructures and deckhouses abut on the undeck
longitudinal structures and the sides of deckhouses on the transverse underdeck structures fitted below
(bulkheads, partial bulkheads, undeck girders, deck transverses, etc.), the webs of these underdeck structures
shall be stiffened with brackets.

2.12.5.3 The structure at the ends of superstructures shall satisfy the following requirements:

.1 at the ends of bridge, long forecastle and poop located within 0,6L midship region of a ship with a
length L>60 m the side plating shall be extended beyond the end bulkhead with smooth tapering to the ship's
side on a length d, in m, (refer to Fig. 2.12.5.3.1), determined by the formula:

di>02-0,5-By+h), (2.12.5.3.1)
where: for B, h —refer to 2.12.1.3.

The value of d) may be reduced provided that the thickness of bottom strake of the superstructure side
plating, sheerstrake and deck stringer plate within the region shown in Fig. 2.12.5.3.1 is increased;
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Fig. 2.12.5.3.1

.2 if the end of superstructure (forecastle, poop) is located within 0,1L from the fore or after
perpendicular, as well as in ships of length L>65 m the value of d; may be reduced by half.

If the end of a superstructure is located outside the above-mentioned regions and outside 0,6L
amidships, the value of d1 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 required by 2.12.5.4 for deckhouses, otherwise gussets shall
be used to provide smooth transition from the side to a short deck girder strengthening the deck under that
side with simultaneous strengthening of the deck stringer plate within the region shown in Fig. 2.12.5.3.1.

2.12.5.4 Attachment of sides of the deckhouse to the end bulkhead arranged within 0,6L amidships of a
ship with a length L>65 m shall be performed by rounding with a radius r, in m, determined by the formula:

r=1-(1,5+0,1-1/b)/100 < 1,4, (2.12.5.4)

where: b — breadth of the deckhouse in way of the end bulkhead, in m;
I, — refer to 2.12.1.3.

2.12.5.5 Rectangular openings in outer sides and top plating of long deckhouses shall have their corners
well rounded and shall be substantially framed.

Door openings in the sides of a deckhouse, arranged within 0,6L amidships, shall be additionally
reinforced with thickened plates as shown in Fig. 2.12.5.5. Rectangular openings are not permitted for a
length not less than the height of the deckhouse counted from the end bulkhead, if the deckhouse is situated
on the strength deck.

If door openings in sides are arranged outside the midship region or if the deckhouse is short, the
thickened plates may be fitted only below the opening as shown in Fig. 2.12.5.5.

Where the distance between the expansion or sliding joints is less than a triple height of the deckhouse,
it is sufficient to provide the rounding of the corners of openings. Openings for side scuttles shall have the
upper and lower edges reinforced with horizontal stiffeners.
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Fig. 2.12.5.5

2.12.5.6 The structures in way of the break at connection of the upper deck to quarter deck in ships of
90 m and under shall satisfy the following requirements:

.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 L>60
m, and for two frame spaces, where L < 60 m. The stringer plate so arranged shall be tapered from its full
width to a width equal to the depth of frame to which it is welded;

.3 the stringer plate of quarter deck shall extend forward in the form of a bracket gradually tapered to
ship's side on a length of three frame spaces. The quarter deck stringer plate projecting beyond the break
shall be adequately stiffened and its free edge shall have a face plate or flange;

.4 the sheerstrake of quarter deck shall extend forward of the deck stringer plate projecting beyond the
break bulkhead for at least 1,5 times the height of break and shall be smoothly tapered into the upper edge of
ship's side sheerstrake. For other structural requirements, refer to 2.12.5.3;

.5 diaphragm plates spaced not more than 1,5 m apart shall be fitted over the ship's breadth between the
overlapping decks in way of the break. The thickness of diaphragms shall not be less than the thickness of
the break bulkhead plating.

The diaphragm plates shall be strengthened by vertical stiffeners.

Vertical stiffeners with effective flange shall have a moment of inertia not less than that determined by
Formula (1.6.5.6-1).

Continuous welds shall be used to attach the horizontal edges of diaphragm plates to the decks, and the
vertical edges to break bulkhead on one side, and on the other side to an extra supporting bulkhead made of
continuous plate welded to the decks over the ship breadth. The plate thickness of that bulkhead shall be not
less than the thickness of break bulkhead plating and may have openings between diaphragms;

.6 where a supporting bulkhead is fitted, the diaphragm plates shall be stiffened with brackets fitted to
their ends (refer to Fig. 2.12.5.6.6);
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1 - supporting bulkhead; 2, 6 - brackets; 3 - quarter deck; 4 - diaphragm; 5 - break bulkhead; 7 - upper deck;
8 - stiffener in line with bracket
Fig. 2.12.5.6.6

.7 where a raised quarter deck is adjoining the bridge, it shall extend into that superstructure for two
frame spaces beyond the break, the extension being, in any case, not less than the elevation of superstructure
above the quarter deck.

The quarter deck stringer plate shall extend forward for two frame spaces with the width gradually
reduced as required by 2.12.5.6.2.

Strengthening of the overlapping decks in way of break shall comply with requirements of 2.12.5.6.5
and 2.12.5.6.6 depending on the location of the break along the length of the ship.

The superstructure side plates extending aft of the superstructure shall be smoothly tapered into the
sheerstrake on a length of at least 1,5 times the height of break (refer also to 2.12.5.3.1).

.8 strengthening in case where the break bulkhead is located within 0,25L from the after perpendicular
shall comply with the following requirements:

in ships greater than 60 m in length, the supporting bulkhead fitted over the breadth the ship may be
omitted. The free edges of diaphragm plates shall, in this case, be stiffened with face plates or flanges of a
width equal to at least ten thicknesses of the diaphragm plate;

in ships of 60 m in length and below, the upper deck plating need not extend aft of the break over the
ship breadth, however, the upper deck stringer and the raised quarter deck stringer and sheerstrake shall be
extended forward and aft as provided in 2.12.5.6.3 and 2.12.5.6.4.

2.12.5.7 The use of aluminium alloys for the construction of deckhouses is permitted. Decks of
accommodation and service spaces situated above the machinery and cargo spaces shall be made of steel.

The scantlings of aluminium deckhouses shall be determined according to 1.6.6. The minimum
scantlings shall be the same as those required for steel deckhouses.

The degree to 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.

2.12.6 Helicopter deck.

2.12.6.1 The design of the Helicopter Deck, which is the upper deck or the superstructure or deckhouse
top:

.1 The main members of the deck framing should be installed parallel to the axis of the helicopter
during its take-off and landing;

.2 Plating thickness, section modulus cross-section area of the deck main and web members webs is
determined in accordance with 3.2.4.1 + 3.2.4.3 with Q, determined by the Formula (3.2.3.4), and /a and /b
taken 0,3 m. In formula (3.2.3.4) Qy is taken equal to the take-off weight of the helicopter, in kN; k¢ = 3, no=
2, n=1;

.3 Scantling of members, pillars, as well as cross stays and panting beams for the helicopter, which is
fitted with skids instead of wheels, shall be determined by direct calculation.

2.12.6.2 The design of the Helicopter Deck (platform), which is not the upper deck or the
superstructure or deckhouse top:

.1 Plating thickness, section modulus cross-section area of the deck main and web members webs is
determined in accordance with 2.12.4.2, 2.12.4.5, 2.12.6.1, as for the short deck house or deck house of
corresponding tier;

.2 Scantling of stiffeners and panting beams is determined in accordance with 2.9 as for pillars;

.3 Scantling of members, pillars, as well as cross stays and panting beams, are to be determined
taking into account forces of inertia of the mass of deck structures. Acceleration to determine the inertial
forces are determined according to 1.3.3.1 and 1.3.4.4;

.4 Use of aluminum alloys is allowed. Strength and stability of the Helicopter decks made of aluminum
alloys are allowed to be determined by the method of model tests, which is to be carried out in the presence
of a representative of the Register under an agreed program;

.5 Helicopter Deck (platform) construction is to take into account the provisions of 11.2.6 of Part III
"Equipment, Arrangements and Outfit".
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2.13 MACHINERY CASINGS

2.13.1 General.

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 longitudinal wall plating, adjoining the strength deck within
the 0,6L, midship region of ships with a length L>65 m of steel grade and yield stress shall be the same as for
the strength deck plating in this region.

2.13.2.3 Where the opening for machinery casing is arranged in the strength deck, the requirements of
2.6.5.1 regarding the design of corners and compensation for openings shall be complied with.

2.13.3 Scantlings of machinery casing structures.

2.13.3.1 The part of machinery casing located inside the enclosed spaces (‘tween deck spaces, forecastle,
poop, bridge, deckhouse) shall comply with the requirements of 2.7.4.5 for partial bulkheads.

The spacing of stiffeners shall not exceed 0,9 m.

The thickness of plating of the part of machinery casing located inside the poop, bridge or deckhouse
may be 0,5 mm less than specified.

2.13.3.2 The part of machinery casing located below the bulkhead deck shall comply with the
requirements of 2.7.2.3, 2.7.4.1 - 2.7.4.3 for waterlight bulkheads where it is included in subdivision
calculation as watertight construction.

2.13.3.3 The part of machinery casing located above weather deck shall comply with the requirements
of 2.12 for deckhouses situated in the same region of the ship. In calculating the design loads by Formula
(2.1232) 2= 1.

2.14 BULWARKS

2.14.1 General.

Bulwarks of strong construction shall be provided in places specified in 8.6, Part III "Equipment,
Arrangements and Outfit".

The construction of bulwarks in the midship region of ships of 65 m and above shall be such that the
bulwark does not contribute to longitudinal bending of the hull.

2.14.2 Construction.

2.14.2.1 The height of the bulwark as measured from the upper edge of the deck plating or from that of
planking, if any, to the upper edge of the rail section shall comply with the requirements of 8.6.2, Part III
"Equipment, Arrangements and Outfit".

2.14.2.2 The bulwark plating within the 0,6L midship region of ships of 65 m and above shall not be
welded to the upper edge of sheerstrake. Outside the above-mentioned region as well as in ships less than 65
m in length, the openings cut in bulwarks shall be so designed as to ensure a smooth transition (with a radius
not less than 100 mm) from the bulwark plate to the sheerstrake.

Within 0,07L from the fore perpendicular the welding of bulwark plating to the sheerstrake is necessary.

2.14.2.3 The bulwark shall be supported by stays spaced not more than 1,8 m apart. In the region of
uprights for timber deck cargo, fastening to bulwarks, as well as at the fore end within 0,07L from the fore
perpendicular, the spacing of stays shall be not more than 1,2 m.

In the ships with large flare of sides and in ships with minimum assigned freeboard, stays may be
required to be fitted at every frame within the region considered.

2.14.2.4 The stays shall be fitted in line with deck beams, brackets and other structures and shall be
welded to the rail section, bulwark plate and deck. The attachment of stays to bulwark shall be ensured on a
length not less than half the height of the bulwark.

In welding the stays to the deck, holes sufficient in size to allow free passage of water to the scuppers
shall be provided in the stays.

The welded connection of the beam (bracket) to deck plating under the stay shall not be weaker than the
attachment of stay to deck.

Directly under the lower ends of stays no cut-outs in the deck beams and no gaps between frame ends
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and deck are permitted.

The dimensions of lightening holes in stays shall not exceed half the stay width in any section of the
stay. The free edges of stays shall be stiffened with face plates or flanges. In general, the flanges (face plates)
of stays shall not be welded to deck plating and 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 in1.1.6.7.

2.14.3 Loads on bulwarks.

The external pressure determined by the Formula (1.3.2.2-2) is the design pressure p, in kPa, acting on
the bulwark. The design pressure shall be taken not less than

Pmin= 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
¢, obtained from Table1.3.1.5.

2.14.4 Scantlings of bulwark structures.

2.14.4.1 The thickness of the bulwark plating shall not be less than:

s =0,065L + 1,75, for L <60 m and
(2.14.4.1)

s=0,025L +4,0, for L > 60 m,

but not less than 3,0, nor greater than 8,5 mm.

The thickness of bulwark plating of a superstructure located beyond 1 /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
determined according to 1.6.4.1 takin:

p — as defined in 2.14.3;

m=2;

ks=10,65.

Where the bulwarks are cut to form a gangway or provision is made for expansion joints, the section
modulus of stay at the ends of the openings or expansion joints shall be increased by 25 %.

The width of stay at the upper end shall be equal to that of the rail sectiony.

2.14.4.3 Where the deck cargo effect on the bulwark is contemplated, the scantlings of the bulwark stays
shall be determined by strength calculation involving effect of the said cargo, with regard for heel of the ship
determined by Formula (1.3.3.1-5) and acceleration in the horizontal-transverse direction, determined by
Formulae (1.3.3.1-2); the permissible stress factor is determined according to 2.14.4.2.

3. REQUIREMENTS FOR STRUCTURES OF SHIPS OF SPECIAL DESIGN
3.1 SHIPS WITH LARGE DECK OPENINGS

3.1.1 General and symbols.
3.1.1.1 The requirements of this Chapter are additional to those of Sections 1 and 2.
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The functional requirements on load cases to be considered on finite element analysis for the structural
strength assessment of container ships and ships, dedicated primarily to carry their cargo in containers, both
of length 150 m or above are specified in IACS UR S34 (May 2015).

3.1.1.2 The requirements for deck structure, exclusive of those for cantilever beams, apply to ships with
single, twin and triple cargo hatchways which are considered to form a large deck opening meeting the
following conditions:

b/B=0,7;, I/1,=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 following symbols have been adopted:

b — breadth of deck opening determined as the distance between the outer longitudinal edges of
hatchway openings at ship's sides, in m;

[/ — length of hatchway opening, in m;

I, — = distance between centres of transverse deck strips at each end of opening, in m.

¢ — distance between trasverse edges of adjoining openings, in m;

n — total number of 20-foot containers carried by the ship.

3.1.2 Construction.

3.1.2.1 For ships with a length Z>80 m longitudinal framing system is provided for the deck and bottom.

3.1.2.2 Upper deck and side longitudinals shall be continuous within the region stated in3.1.1.2.

3.1.2.3 Ends of cargo hatch continuous side coamings shall be attached as required by 1.7 and 2.6.2. It is
not recommended that continuous side coamings be attached to the front bulkhead of the aft superstructure
and the aft bulkhead of the forecastle.

3.1.2.4 Abrupt changes of cross section and shape of members referred to in 3.1.2.2 over the length of
the ship is generally not permitted. Where such changes are necessary, arrangements shall be such as to
minimize the creation of stress concentration and attention shall be paid to provision of buckling strength.

3.1.2.5 It is recommended that transverse and longitudinal deck strips have a box-shaped cross-section.

3.1.2.6 Openings in the deck plating in immediate proximity to the attachments of transverse and
longitudinal deck strips are not permitted.

3.1.2.7 Large deck openings:

.1 adjacent corners of hatch openings in the upper deck arranged in one line shall be rounded with a
radius 7, in m, (refer to Fig. 3.1.2.7.1) not less than

r= kb, (3.1.2.7.1)

where: k= 0,025 when ¢/b < 0,04;
k= 0,050 when ¢/b > 0,2; the intermediate values of & shall be obtained by linear interpolation;
for ¢ and b — refer to 3.1.1.5.

In way of longitudinal deck strips the value of » may be reduced by 40 %.
Given below are minimum radii of rounding of opening corners:

rmin = 300 mm in way of deck stringer plate;

Fmin = 250 mm in way of longitudinal deck strips.

Thickened insert plates are required at hatch corners (refer to Fig. 3.1.2.7.1);
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| F 1,35s 1 s )

Side
Fig. 3.1.2.7.1

.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

r=0,07b; (3.1.2.7.2)
.3 for general requirements regarding deck openings, refer to 2.6.5.1.

3.1.2.8 The cantilever beams shall be fitted in line with web frames. Their connection shall satisfy the
requirements of1.7.2.3.

The cantilever beams shall be fitted with minimum stiffeners as shown in Fig.3.1.2.8.

N —

A

Fig. 3.1.2.8 Stiffening of cantilever beams

3.1.2.9 Stiffeners, brackets or deep members shall be fitted under the vertical guides or corner fittings of

containers in double bottom of container ships. The inner bottom plating in these locations shall be increased
in thickness or the corner fitting sockets shall be welded therein.

The above also applies to lashing pots.

Similar increase in the plating thickness and stiffening in way of container corner fitting pockets and
lashing pots shall be provided in deck structure.
3.1.3 Design loads.
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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 moment M}, in kN/m, is determined by the formula

My =250 ki ¢y BL*Cyou, - 107, (3.1.3.3)
where: &, = o (d/b+0,3);

o=1-4d/L;

for ¢,, — refer to 1.3.1.4;

ay,=0,5[1—-cos(2n x/L)];

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 formulawn:

M, =63kc,BL%a, 107 ; (3.1.3.4-1)
M, =63kyc, BL*Cyo,, -107; (3.1.3.4-2)
M, =126kyc, BL*Cyat,, 107 (3.1.3.4-3)

where: ki =2 a0 [1 + 3,6 (Cwz — 0,7)] B/L;

k» =10 o d e/LB);

o =1-8d/L;

Yo =1—4 Cw B/L;

Cwi, — water plane area coefficient for summer load waterline;

For o — refer to 3.1.3.3;

e — vertical distance from the torque centre to a point at 0,64 above the base line; the torque centre position shall be
determined in accordance with the procedure approved by the Register;

oy, =0,5(1—0052%j;
. 3mx
o, =sin—-;
2 L

. 2mx
o, =sin—;
3 L

for x — refer to 3.1.3.3.

3.1.3.5 For container ships, the design statical torque My, in kN/m, is determined by the formula
M = 30VnB, (3.1.3.5)

where: n — total number of 20-ft containers carried by ship.

3.1.3.6 For ships of restricted area of navigation, the horizontal wave bending moment (refer to 3.1.3.3)
and the components of a wave torque (refer to 3.1.3.4) shall be multiplied by the reduction factor ¢,
determined in accordance with 1.4.4.3.

3.1.3.7 The design loads for cantilever beams are determined in accordance with 2.6.3.

3.1.3.8 The design loads on container securing arrangements are determined with due regard for the
inertia forces caused by ship's accelerations at motions in accordance with 1.3.3.1. The design mass value of
ISO series 1 containers is:

24,0 t for 20-ft containers;

30,5 t for 40-ft container.

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 = 1,0kIIa.

3.1.4 Scantlings of structural members.

3.1.4.1 The combined stresses oz, in MPa, in strength deck longitudinals, determined by Formula
(3.1.4.1-1) shall not exceed 190/n in any section.
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Os = Osw+ Ot T ks Ow, (3.1.4.1-1)

where: G, — normal stresses, in MPa, in the section considered due to still water bending moment, determined by
the formula

Oow= My - 105/ W2 ; (3.1.4.1-2)

where: for My, —, in kKN/m, refer to 1.4.3;
W}’ — actual hull section modulus in way of deck, as defined in 1.4.8 1.4.8;

os— normal stresses, in MPa, in the section considered due to the static torque M, (refer to 3.1.3.5), determined by
the formula

o= Bu®/(Ly 10%), (3.1.4.1-3)

where: Bis — = biomoment in considered section along the length of open part of the ship under the effect of the
static torque Mis, KN-m?;

© — main sectional area at the considered section point, in m?;

I, — main sectional moment of inertia, in m9;

By, o, I, — are determined according to the procedure approved by the Register;

ow — normal stresses, in MPa, in considered section due to vertical wave bending moment, determined by the
formula

o =My - 109/ W2,

where: for My, — refer to 1.4.4;
ks — factor by which vertical bend stresses are increased taking the horizontal bending and torque into account. It is
determined by the formula:

ky =[1+0,15(0.85+ L/ 600)’ (5, +5,, ) ;
Eh = Gh/Gw;

on — normal stresses, in MPa, in considered section due to design horizontal wave bending moment, determined by
the formula

on= My - 10/W 2 ; (3.1.4.1-4)

where: for M), — refer to 3.1.3.3;
Wgz) — actual hull section modulus about the vertical axis through the centreline of the ship, in cm?, determined by

the formula:

W =1, -10° Jy;

I, — actual inertia moment of the hull about the vertical axis, in cm?-m?;
y — half the ship's breadth in the considered section, in mwm;

G, = Otw/ Ow;

ow — total warping stresses, in MPa, under the effects of the torques M wy > M twy > M > determined by the

formula
2
Ope = \/(Gtwl - Gth)z + 0, (3.1.4.1-5)
G,, — normal warping stresses, in MPa, under the effects of the torque M, , M, , M, (refer to 3.1.3.4),

determined by the formula
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B.o

Gy = (3.1.4.1-6)
" 1,-10

B; — biomoments in considered section along the length of the open part of the ship under the effects of M, ,

M

iy » My, respectively, in kN/m? . The biomoments are determined by the procedure approved by the Register.
3.1.4.2 Kinematic parameters of warping shall be determined.

The elongation of hatch opening diagonal under the effect of hull warping shall not exceed 35 mm.
Where such elongation obtained by calculation is in excess of 35 mm, measures shall be taken for opening
edge reinforcements. The calculation shall be made in accordance with the RS-agreed procedure.

3.1.4.3 Adequate buckling strength of the longitudinal deck strip between the supports as well as that of
its items as regards the compressive stresses due to longitudinal bending shall be ensured.

3.1.4.4 Where the ratio of the length of the hatch opening to the width of the deck portion from the side
shell to the longitudinal edge of the nearest hatch opening exceeds 10, calculation of shape deformation of
the deck portion concerned in the horizontal plane in accordance with the procedure approved by the
Register and use of the results obtained in assessment of the deck stressed state, design of hatch covers and
side framing may be required.

3.1.4.5 The scantlings of cantilever beams and adjoining web frames shall satisfy the following
requirements:

.1 the section modulus, in cm® , of cantilever beam at a section in way of the end of a beam knee shall
not be less than:

(0,5pal + Q)L o, -10°
W =
kG G}’l
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;
QO — design load, in kN, transmitted from hatch cover to the cantilever beam

, (3.1.4.5.1)

Q: 0’5 pia bl 5

where: 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;

ks = 0,6,

oy — 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;

Nmax = pal + O — for the section at the end of the beam bracket;

Nmax = Q — for the section in way of the hatch side coaming adjoining the cantilever beam;

.2 the section modulus of the web frame connected to the upper deck cantilever beam at the section in
way of the end of the beam bracket shall not be less than that determined by Formula (3.1.4.5.1).

The section modulus of the web frame connected to the cantilever beam of the lower deck and fitted
below that deck at the section in way of the end of the beam bracket shall comply with the same requirement
but may be reduced by the value of section modulus of the web frame fitted above that deck, at the section in
way of the end of the bracket adjoining the deck.

3.1.4.6 The scantlings of container securing arrangements shall be determined on the basis of strength
calculations using the design loads complying with the requirements of 3.1.3.8, and the resulting stresses
shall not exceed the permissible ones determined using the permissible stress factors:

ke = k.= 0,75.

The strength of hull structures taking up forces from the container securing arrangements shall be
verified by calculation of the effects produced by these forces, and the resulting stresses shall not exceed the
permissible ones specified in Section 2 for the appropriate structures.
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3.2 ROLL-ON/ROLL-OFF SHIPS

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
supplementary to those of Sections 1 and 2.

These requirements also apply to decks and double bottoms of ships carrying wheeled vehicles for use
in cargo handling.

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

Qo — static load on the axle of the wheeled vehicle, in kN;

no — number of wheels on an axle;

n —number of wheels forming a design load spot (for a single wheel n = 1);

u — size of a tyre print normal to the axis of rotation, in m;

v — size of a tyre print parallel to the axis of rotation, in m;

e — spacing between adjacent tyre prints, in m;

[, — design load spot dimension parallel to the smaller side of the panel (directed across framing
members), in m;

I» — design load spot dimension parallel to the larger side of the panel (directed along framing members),
inm;

a, b — smaller and larger sides of panel, respectively, in m;

[ — span of the considered girder between supports, in m (refer to1.6.3.1).

3.2.2 Construction.

3.2.2.1 Vehicle decks and double bottoms of ro-ro ships and car ferries shall, in general, be longitudinally
framed.

3.2.2.2 Movable decks fitted temporarily for the carriage of vehicles shall be so fixed as to prevent these
decks from taking up longitudinal forces under the hull longitudinal bending.

The Rules provide for movable deck structure consisting of a top decking with a web structure and
longitudinals welded thereto.

3.2.3 Loads from wheeled vehicles.

3.2.3.1 The design loads shall be based on specification details of vehicles carried on board the ship and
used for cargo handling. The design documentation submitted to the Register for the consideration shall
include statical load on vehicle axle, number of wheels on the axle, wheel spacing, tyre print dimensions and
tyre type.

Where wheel print details are not initially available, the requirements of 3.2.3.5 shall be applied.

3.2.3.2 The design load spot dimensions /, and /, shall be chosen as the overall dimensions of the print
of a wheel group consisting of a maximum number of wheels and complying with the following conditions:

when determining the required plating thickness, the prints of all the wheels in a group shall be arranged
within the panel surface (i.e. [, < ail, < 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. /; < 2a i/, <[ —refer to Table 3.2.3.2).

The wheels may be united in a group irrespective of the distance between prints provided the overall
dimensions of the group are in accordance with the above limitations.

Where two positions of the design load spot are possible (along and across main framing), /, > /, shall be
adopted as the design case (i.e. the spot positioned with its larger side along main framing).

Table 3.2.3.2 Procedures for choosing design load spot dimensions when establishing deck plating
thickness
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Fig.3.2.3.2 Design load spot dimension for main framing
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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 kN, shall be determined by the formula

0 =ka Qo * (n/no), (3.2.3.4)

where: k; = o o, — dynamic coefficient in the process of operation of vehicles used for cargo handling operations;

o — factor equal to: 1,10 and 1,05 for vehicles (except fork lift trucks) having an axle load less than 50 kN and 50
kN and more, respectively; 1,0 for fork lift trucks;

o — factor equal to: 1,03 and 1,15 for pneumatic and cast-rubber tyres, respectively; 1,25 for wheels with a steel
rim;

ka =1+ a./g — dynamic factor characterizing the ship motions;

a: — acceleration in the ship section under consideration in accordance with 1.3.3.1.

Where distribution of the load between wheeled vehicle axles is not uniform, the maximum axle load
shall be taken as the design load. For fork lift trucks it is assumed that the total load is applied to the forward
axle.

3.2.3.5 Where specifications on tyre print dimensions are not available, the tyre print dimension normal
to the wheel axle u, in m, shall be determined by the formulae:

for wheels with cast tyres

u=0,0100/n,, where Qo/n, <15 kN;

(3.2.3.5-1)
u=0,15+0,001- [(Qo/no) - 15], where Qo/n, > 15 kN;
for wheels with pneumatic tyres
u=0,15+0,002500/n,, where Qo/n, < 100 kN;
(3.2.3.5-2)

u= 0,4+ 0,002[(Qo/no) - 100], where Q/no > 100 kN.

The tyre print dimension of a wheel parallel to the wheel axle v, in m, shall be determined by the
formula:

v = Qo/(noupk), (3.2.3.5-3)
where: pi — static specific pressure, in kPa, to be adopted from Table 3 3.2.3.5.
Table 3.2.3.5
Vehicle Pk
Pneumatic tyres Cast tyres
Cars 200 -
Lorries, motor vans 800 -
Trailers 800 1500
Fork lift trucks 800 (where n=1) 1500
600 (where n>2) 1500

3.2.3.6 If the size of wheel prints is adopted in accordance with 3.2.3.5, the design load Q shall be
increased by 15 %
3.2.3.7 The design load for train rails 0, in kN, shall be determined by the formula:

0= 0,5k; Qony, (3.2.3.7)

where: kg = 1,1 if the vehicle moves about during cargo-handling operations;

ki=1+a./ g—in case of the ship motions;

a: — acceleration in considered ship section in accordance with 1.3.3.1;

n; —number of vehicle wheels arranged within the design span of framing member supporting railways.

3.2.3.8 The design loads for side shell and permanent deck primary members shall be those to satisfy the
most severe stowage arrangement of all cargoes carried on deck (including package cargo, containers,
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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 kN, for the transverses and girders of movable decks shall be determined
by the formula

O = ki (pe + paazl, (3.2.3.9)

where: k; — as defined in 3.2.3.4;

. — static deck loads from the cargo carried , in kPa;

pa — static deck loads from deck own mass, in kPa;

a — mean spacing of transverses and girders, in m.

for / — refer to 3.2.1.2.

The value of (p. + pq) 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

s = [170ko/ (lalbRerkikoks)]*® + 2, (3.2.4.1)

where: O — as defined under 3.2.3;

ko — factor accounting for the effects of total hull bend:

ko= 1/(1,4 — 0,8W/W4®) > 1 — for the upper (strength) deck amidships with loads acting at sea;
ko, =1 — elsewhere;

ki =0,83/\a;
k= (0,84/V1,) — 0,185;

ks = (0,18/1) + 0,38;

W4 — 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’, shall not be less than obtained from
1.6.4.1 with:

QO — as defined under 3.2.3;
m=5,84/{[1—0,57h/lka};

ka =1-0,204(l/a)* + 0,045(l/a)’;

ks = 0,8/ko — for cargo handling operations in port;

ks = 0,7/ko — with loads applied at sea;
ko — factor defined in 3.2.4.1.

3.2.4.3 The web cross-sectional area f, in cm?® of beams and longitudinals shall not be less than
obtained from 1.6.4.3 with:

Nunax = Oka(1 — 0,471/1); (3.2.4.3)

k= kc,
wherer: O — as defined under 3.2.3;

kq and ks — factors defined in 3.2.4.2.

3.2.4.4 The plating thickness, section modulus and cross-sectional area of beams and longitudinals of
movable decks shall be determined in accordance with 3.2.4.1, 3.2.4.2 and 3.2.4.3. Where beams and
longitudinals are freely supported by girders and transverses, the factor m shall be determined by the
formula:

m = 8/[ka(2 - I/])], (3.2.4.4)

where: k, — factor defined in 3.2.4.2.
Otherwise, the factor m shall be determined as for beams and longitudinals of permanent cargo decks
according to 3.2.4.2.
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3.2.4.5 The section modulus of longitudinals W, in ¢cm’, supporting fixed rails shall not be less than
obtained from 1.6.4.1 with:

QO — as defined under 3.2.3.7;
m to be determined by the formula

m=5,.85/[(1 - kse2)/1], (3.2.4.5)

where: ks=0 with n; =1;

ks=0,57n1 with n3 >2;

for ny — refer to 3.2.3.7;

e, — = mean spacing of centres of wheels arranged within the design member span, in m;

ks = 0,7/ko;

ko — factor determined by 3.2.4.1.

3.2.4.6 The scantlings of deep members of sides and permanent cargo decks, as well as of pillars shall
be derived by direct calculation using the procedures approved by the Register.

3.2.4.7 The section modulus of the girders and transverses of movable decks W, in cm?®, shall not be less
than obtained from 1.6.4.1 with:

0O — as defined in 3.2.3.9;

m = 12 — for fixed members;

m = 8 — for freely supported members;

ks=10,7.

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 modulus and sectional area of deck transverses shall be determined for
the section located in the rail recess. Structural continuity of the effective flange of the deck transverse,
where it intersects the rail, shall be ensured.

3.2.5.4 Where rails for the transport of railway carriages are welded to the deck plating throughout the
entire length, the rail butts shall be welded with full penetration.

3.3 BULK CARRIERS AND OIL OR BULK DRY CARGO CARRIERS

3.3.1 General.

3.3.1.1 The requirements of this Chapter apply to bulk carriers and combination carriers intended for the
carriage of bulk cargoes and crude oil, and not covered by the requirements of 1.1.1.1 of this Chapter and
and which hall coply with the requirements of Part XVII «Common Structural Rules non-CSR bulk carriers
and combination carriers.

3.3.1.2 The scantlings of structural members bounding the cargo region shall be determined as required
by Sections 1 and 2 on assumption of the carriage of bulk or liquid cargo (water ballast) in the holds
primarily designed for the purpose concerned. The value to be adopted is the greater of the appropriate
strength characteristics of the item.

3.3.1.3 The requirements for the structures not mentioned in this Chapter shall be as given in Sections 1
and 2.

In any case, the requirements for the hull and its structures shall not be less stringent than those stated in
Sections 1 and 2.

3.3.1.4 The basic structural type of ships is considered to be a single-deck ship with machinery aft,
having a flat (or nearly a flat) double bottom in the holds (permissible slope of the inner bottom from the side
to the centreline is not over 3°), hopper side and topside tanks, single or double skin sides, transverse hold
bulkheads of plane, corrugated or cofferdam type, which is primarily intended for balk cargoes.

3.3.1.5 In combination carrier the length of the holds shall not exceed 0,1L.

It is assumed that when carrying heavy bulk cargo, certain holds remain empty, their numbers shall be
indicated in column "Other characteristics" in Classification Certificate as stated in 2.3, Part I
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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 intended primarily for carriage of dry cargoes in bulk. Typical

midship sections are given in Fig. 3.3.1.6.1, refer also to definition «Bulk carrier» in 1.2.1 Part I
«Classificationy.

147

Bulk carrier of single skin side construction means a bulk carrier where one or more cargo holds 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.
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Fig. 3.3.1.6.1
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 oil or dry cargoes, including ore, in
bulk.

A typical midship section is given in Fig. 3.3.1.6.1.

3.3.1.6.3 The ship type descriptive notation Self-unloading bulk carrier and the distinguishing mark
(ESP) shall be assigned to sea-going self-propelled ships which are constructed generally with single deck,
double bottom, hopper side tanks and topside tanks and with single or double side skin construction in cargo
length area and intended to carry and self-unload dry cargoes in bulk.

Typical midship sections are given in Fig. 3.3.1.6.3.

N R —. SR !..

Fig. 3.3.1.6.3

3.3.2 Construction.

3.3.2.1 Longitudinal framing shall be adopted for the deck, the side shell in way of topside tanks and the
sloped bulkheads of topside tanks. The deck plating between end coamings of adjacent cargo hatches shall be
additionally strengthened with intercostal transverse stiffeners fitted at every frame.

The double bottom shall be longitudinally framed. The double bottom structure in which all bottom and
inner bottom longitudinals are replaced by side girders may be permitted (refer to 2.4.2.4.2).
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The single skin side between topside and hopper side tanks shall be transversely framed.

Longitudinal or transverse framing may be adopted for the double skin side and in the hopper side tanks.

The transverse watertight bulkheads may be plane with vertical stiffeners, corrugated with vertical
corrugations or of a cofferdam type.

3.3.2.2 A hatch side coaming shall be fitted with horizontal stiffeners. At every alternate frame the
coaming shall be stiffened with vertical brackets fitted between the coaming flange and the deck

3.3.2.3 The slope angle of topside tank walls to the horizontal axis shall not be less than 30°.

Inside topside tanks, in line with hold transverse bulkheads, diaphragms shall be fitted, the plating of
which may generally have drain and access holes of minimum size. The plating of transverse bulkheads
inside topside tanks shall be strengthened with stiffeners. The ends of vertical stiffeners shall be bracketed.

In topside tanks transverse beams shall be fitted in line with deck transverses.

To stiffen the plates of the tank vertical walls which are in line with the hatch side coaming, brackets
shall be placed 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.

At every frame, in the lower corner of the tank, brackets shall be fitted in line with the brackets
attaching the hold frame to the sloped bulkhead of the tank. These brackets shall be carried to the ship's side
and tank sloped bulkhead longitudinals nearest to the lower corner of the tanks and welded to them so as to
extend beyond the brackets of frames.

3.3.2.4 The slope angle of hopper side tank walls to the horizontal shall not be less than 45°. The
extension of the tank over the ship breadth at the inner bottom level shall generally not be less than 0,1258
on one side.

Transverse diaphragms shall be fitted in line with transverse bulkheads and every alternate plate floor.
The diaphragms may have drains and access holes. The total height of openings at the section of diaphragm,
in the direction along the normal to the tank plating, from a line drawn through the opening centre
perpendicularly to that normal, to the plating shall not exceed 0,5 of the height of that section anywhere. The
opening edges shall be reinforced with face plates or stiffeners. The diaphragm plating shall be stiffened as
required by 1.7.3.2 for the floor stiffeners.

Inside longitudinally framed tank, brackets shall be fitted in line with every frame. These brackets shall
be carried to the sloped bulkhead and side longitudinals and welded to them so as to extend beyond the
brackets of frames.

At the outboard side girder forming transversely framed hopper side tank wall, brackets shall be fitted in
line with every frame. These brackets shall be carried to the nearest bottom and inner bottom longitudinals
and welded to them.

3.3.2.5 Within the cargo area, the single-side structure shall comply with the following requirements:

.1 the scantlings of side hold frames immediately adjacent to the collision bulkhead shall be increased in
order to prevent excessive imposed deformation on the shell plating. As an alternative, supporting structures
shall be fitted which maintain the continuity of fore peak stringers within the foremost hold;

.2 frame ends shall be attached with brackets. The vertical dimension of the lower and upper brackets, as
measured at shell plating, shall not be less than 0,125 of the frame span. On the level of the frame adjoining
the bilge and underdeck tank, the breadth of the lower and upper brackets shall not be less than half the web
height;

.3 frames shall be fabricated symmetrical sections with integral upper and lower brackets and shall be
arranged with soft toes. The end brackets adjoining the underdeck and bilge tanks shall be blunted, and the
flange ends shall be sniped. The side frame flange shall be curved at the connection with the end brackets.
The radius of curvature shall not be less than r, in mm, determined by the formula:

r=4b%, / spr (3.3.2.5.3)

where: by — the flange width, in mm;
sp-— = 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:
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60\ — for symmetrically flanged frames;

50"n — for asymmetrically flanged frames;

.7 the outstanding flange shall not exceed 10\n 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 effective fillet weld, edge preparation of the web of frame
and bracket may be required, in order to ensure the same efficiency as the weld connection stated above.

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, accordingly, diaphragms. The vertical stiffeners of both platings shall be
fitted in the same plane parallel to the centreline of the ship; the horizontal stiffeners shall be fitted in the same
plane parallel to the base line of the ship.

Cross ties are permitted between the vertical or horizontal stiffeners of both platings, at the mid-span thereof;,

.3 the diaphragms or platforms shall be stiffened in accordance with 1.7.3.2. The smaller side, in mm, of

the panel of diaphragm or platform to be stiffened shall not exceed IOOS\/H , where s is the thickness of

diaphragm or platform, in mm;

.4 for access to all parts of the cofferdam bulkhead an adequate number of openings (manholes) shall be
provided in the diaphragms and platforms. The total width of openings in one section of the diaphragm or
platform shall not exceed 0,6 of the cofferdam bulkhead thickness.

Openings other than the air and drain scuppers are generally not permitted:

in the platforms, at a distance not less than 1,5 times the cofferdam bulkhead thickness from the
longitudinal bulkheads or side, which act as the platform supports;

in the diaphragms, at the same distance from the inner bottom plating or the upper point of the bulkhead
bottom trapezoidal stool, if any, and the upper deck plating or the lower point of the horizontal underdeck
stiffener of rectangular or trapezoidal section, being the bulkhead top stool, if any, which act as the
diaphragm supports.

Edges of the openings cut in the diaphragms and platforms located within 1/4 of the span from their
supports shall be reinforced with face plates or stiffeners. The distance between the edges of adjacent
openings shall be not less than the length of these openings.

3.3.2.8 Transverse bulkheads with vertical corrugations shall have plane areas at ship's sides not less
than 0,088 in width. The upper ends of these bulkheads shall be attached to the deck by horizontal stiffeners
of rectangular or trapezoidal section, complying with the requirements of 3.3.2.11, while the lower ends shall
be attached directly to the inner bottom plating or to the stools of trapezoidal section fitted on the inner
bottom, complying with the requirements of 3.3.2.10. The bulkheads in heavy cargo holds shall be supported
by trapezoidal stools.

At lower end of corrugations there shall be fitted vertical and sloped plates so as to cover the concave
portion of corrugations on each side of the corrugated bulkhead. The height of the covering plates in oil or
bulk dry cargo carriers shall not be less than 0,1 of the corrugation span, and their thickness shall be not less
than the lower strake thickness of the corrugation.

3.3.2.9 Where lower ends of vertical corrugations are attached directly to the inner bottom plating,
floors the thickness of which shall be not less than that of the bottom strake of the corrugated bulkheads shall
be aligned with transverse faces (those directed athwart the ship).
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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 longitudinals 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. It shall consist of a top horizontal
plate having a width not less than the height of the bulkhead corrugations and two sloped plates resting upon the
plate floors. The height of the stool shall not exceed 0,15D;

.2 inner bottom longitudinals shall be cut at the floors giving support to the sloped plates of the bottom stools
and to be attached to them by brackets. Brackets having a thickness not less than that of the floors, reinforced with
stiffeners shall be fitted between the floors in line with the inner bottom longitudinals;

.3 diaphragms shall be fitted inside the bottom stools in line with the centre girder and side girders. Drain and
access holes may be cut in the diaphragms. Size of the openings, their runforcement as well as stiffening of
diaphragms shall comply with similar requirements for the diaphragms of hopper side tanks, as specified in 3.3.2.4;

.4 the horizontal and sloped plates inside the bottom stool shall be stiffened to form a ring structure, fitted in line
with the inner bottom longitudinals.

3.3.2.11 The construction of the corrugated bulkhead top stool of rectangular or trapezoidal section shall
comply with the following requirements:

.1 the top stool shall be fitted under the deck athwart the ship, over the bulkhead. It shall consist of a
bottom horizontal plate having a width not less than the height of the bulkhead corrugations and two vertical
or sloped plates. The height of the top stool shall be approximately equal to 0,1 of the distance between the
topside tanks. The dimensions of the top stool shall be such as to provide access into that stool;

.2 the horizontal and vertical (sloped) platesinside the stool shall be stiffened.

The stiffeners may be fitted in line with the deck longitudinals forming ring structures with them.

Horizontal stiffeners may be fitted. In this case, webs giving intermediate support to these stiffeners as
well as brackets ensuring efficient end attachment of corrugations shall be provided inside the top stool;

.3 where an angle between the sloped plate of the top stool and a vertical axis exceeds 30°, brackets
ensuring efficient upper end attachment of corrugations shall be fitted inside the top stool in line with plane
faces of trapezoidal corrugations.

3.3.3 Design loads.

3.3.3.1 The design loads on the inner bottom members, sides and transverse bulkheads shall be
calculated as required by 2.2.3, 2.4.3, 2.5.3 and 2.7.3 respectively, taking account of the heaviest of the
anticipated bulk cargoes, liquid cargo (water ballast) or empty holds, whichever is appropriate.

3.3.3.2 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 required by 1.3.4.2 for liquid cargo, whichever is appropriate. In any
case, the design pressure need not be taken less than that determined by Formula (1.3.4.2.1-4), and for the
trapezoidal stools also in accordance with 2.7.3.1.

3.3.3.3 The design pressure on the plating and framing of the topside tank longitudinal bulkheads and of
the plates of the transverse bulkhead top stools of rectangular or trapezoidal section shall be determined as
required by 1.3.4.2 for the holds filled with liquid cargo (water ballast). In any case, the design pressure need
not be taken less than that determined by Formula (1.3.4.2.1-4), and for the top stools also in accordance
with 2.7.3.1.

3.3.3.4 Where the hopper side and/or topside tanks, transverse bulkhead bottom and/or t