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The Rules for the Survey and Classification of Steel Vessels serve as the fundamental framework 
of IS CLASS for providing classification services to sea-going ships engaged in international voyages. 
The Rules define the conditions, scope, and supporting technical requirements of classification, 
covering areas such as ship construction, hull structure, machinery and electrical systems, fire 
safety, and environmental protection. They also establish survey and testing requirements, along 
with provisions for maintaining ships in proper condition. Collectively, these standards are intended 
to ensure the safety, quality, and reliability of ships, while securing broad recognition within the 
maritime industry. 

The Rules apply to classed sea-going ships of 20 meters in length and above. Unless expressly stated 
otherwise, they do not extend to military ships, wooden ships, non-commercial yachts, high-speed 
craft, small waterplane area craft, or sailing ships. 

The 2025 edition of the Rules incorporates the 2025 amendments to the IS CLASS Rules for 
Conditions of Classification 2024 Rev.2. Upon its entry into force, the 2025 edition supersedes the 
2024 Rev.2 version. 
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CHAPTER 1 - GENERAL 
 
SECTION 1 - GENERAL PROVISIONS 
 
1.1.1 Application 

1.1.1.1 This PART applies to sea-going steel ships of all welded construction. 

1.1.1.2 In addition, the hull is to comply with the applicable requirements in PART ONE of the Rules. 

1.1.1.3 CSR oil tankers and bulk carriers are to satisfy the requirements of PART NINE of the Rules. 

 

1.1.2  Definitions 

1.1.2.1 Length of ship L (in m), i.e. the Rule length, is the distance measured on the waterline at 

the scantling draught from the forward side of the stem to the aft side of the rudder post, or to the 

centre of the rudder stock if there is no rudder post. L is not to be less than 96%, and need not be 

greater than 97%, of the extreme length on the waterline at the scantling draught. In ships with 

unusual stern and bow arrangement, the length L is to be specially considered. 

For pontoon hulls, L is the distance on the waterline at the scantling draught from the forward 

side of the fore end plate to the aft side of the aft end plate. 

For ships without rudder stocks (such as ships provided with azimuth thrusters), L is 97% of the 

extreme length on the waterline at the scantling draught. 

 

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

scantling draught. 

 

1.1.2.3 Moulded depth D (in m), is the vertical distance measured at the middle of the length L 

from top of keel to top of the deck beam at side on the uppermost continuous deck. When a 

rounded gunwale is arranged, the moulded depth is to be measured to the point of intersection of 

the continued moulded lines of the deck and side shell plating. 

 

1.1.2.4 Draught d (in m) , i.e. the scantling draught, is the vertical distance measured at the middle 

of the length L from top of keel to the waterline at the scantling draught. Scantling draught, at 

which the strength requirements for the scantlings of the ship are met and represents the full load 

condition. The scantling draught is to be not less than that corresponding to the assigned freeboard. 

 

1.1.2.5 Block coefficient Cb is the moulded block coefficient corresponding to the waterline at 

the scanting draught, to be determined by the following formula: 

 
 

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

(1) the uppermost continuous deck; 

(2) the superstructure deck extending within 0.5 L amidships, and having a length not less than 

0.15 L, and the uppermost continuous deck extending outside the region of such a 

superstructure. 

 

1.1.2.8 Lower decks: The continuous deck next below the uppermost continuous deck is to be 

named as 2nd deck, and so on. They are generally called lower decks. 

 

1.1.2.9 Bulkhead deck is the highest deck to which the transverse watertight bulkheads extend. 

 

1.1.2.10 Freeboard deck is the deck from which the freeboard is measured in accordance with 

the International Convention on Load Lines, 1966. 

 

1.1.2.11 Platform decks are the non-continuous decks below the strength deck, which are not 

considered to be effective decks for longitudinal strength. 

 

1.1.2.12 Superstructure and deckhouse: Superstructure is an enclosed structure on the uppermost 

continuous 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 B. Forecastle, bridge and poop are regarded as 

superstructures. All other enclosed structures are to be termed as deckhouses. 

 

1.1.2.13 Long superstructure and short superstructure: A superstructure having a length greater 

than 0.15 L and not less than 6 times its height is to be termed as a long superstructure, otherwise 

it is to be regarded as a short superstructure. 

 

1.1.2.14 Long deckhouse and short deckhouse: A deckhouse having a length greater than 0.15 L 

and not less than 6 times its height is to be termed as a long deckhouse, otherwise it is to be 

regarded as a short deckhouse. 

 

1.1.2.15 Stowage rate  ɹ(m3/t)  is the volume of the hold, in m3, excluding the volume contained 

within the depth of the cargo hatchway, divided by the mass of cargo, in tons, stowed therein. 

 

1.1.2.16 Forward and after perpendiculars: The forward perpendicular is to coincide with the 

foreside of the stem on the scantling draught waterline on which the length L is measured. The 

after perpendicular is the perpendicular to the scantling draught waterline at a distance L aft of the 

fore end. 

 

1.1.2.17 Large openings: A deck opening is to be regarded as a large opening if any of the 

following conditions applies: 
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where: b τ breadth of the opening, in m. Where there are several hatches  

B1 τ maximum breadth of deck, in m, including opening, measured at the mid-length of 

the opening; 
lH τ length of the hatch, in m; 

lBH τ distance between centrelines of the deck strips at each end of the opening, in m, 

as shown in Figure 1.1.2.17. Where there are no further hatches fore or aft of 
the one under consideration, then lBH is to be measured to the bulkhead. 

 
Figure 1.1.2.17 

 
1.1.2.18 Primary members: The primary supporting members of hull are regarded as primary 

members, such as web frames, side stringers, transverses, deck girders, plate floors, bottom 

girders, bulkhead webs, etc. 

 

1.1.2.19 Secondary members: The stiffeners of the plate are generally regarded as secondary 

members, i. e. frames, longitudinals, beams, bulkhead stiffeners and members of bracket floors, etc. 

 

1.1.2.20 Load line length LL (in m) is the shipΩǎ length as defined in Regulation 3 of Annex I to 

the International Convention on Load Lines, 1966. 

 

1.1.2.21 Position 1 is as defined in Regulation 13 of Annex I to the International Convention on 

Load Lines, 1966. 
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1.1.2.22 Position 2 is as defined in Regulation 13 of Annex I to the International Convention on 

Load Lines, 1966. 

 

1.1.2.23 Main frames are side frames between the collision bulkhead and the aft peak bulkhead, 

and below the lowest deck. 

 

1.1.2.24 Frames in a Ωtween deck space are frames between two decks. 

 

1.1.2.25 Fore peak is a compartment situated forward of the collision bulkhead and below the 

bulkhead deck. 

 

1.1.2.26 Aft peak is a compartment situated aft of the aft watertight bulkhead at the aft end of 

the ship and below the bulkhead deck or the watertight platform deck. 

 

1.1.2.27 V, the maximum service speed, in knots, means the greatest speed which the ship is 

designed to maintain in service at her deepest seagoing draught at the maximum propeller RPM 

and corresponding engine MCR (Maximum Continuous Rating). 

 

SECTION 2 - HULL STRUCTURAL MEMBERS 

 

1.2.1 General requirements 

1.2.1.1 Except where otherwise stated, the Rule section modulus or moment of inertia in this PART 

is the minimum required value of the section in association with attached plating, and the attached 

plating is assumed as being normal to the web. When the attached plating is not normal to the web 

and the angle between them is less than 75°, the sectional characteristics (moment of inertia, 

section modulus and shear area) are to be calculated in respect to the axis parallel to the attached 

plating. When a structural member is of rolled section(s), its actual section modulus may be 

approximately determined by the following formula: 

 
where: W  τ actual section modulus with the attached plating assumed as being normal to the  

 hτ angel between web and attached plating, in degrees. 

 

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

structural members specified in this PART. 

 

1.2.1.3 In formulae or tables where only midship and end scantlings are given, the reduction 

from the midship to the end scantlings is to be effected in as gradual a manner as practicable. At 

the break of structures, constructional arrangement is to be made to ensure a gradual transition. 

 

1.2.1.4 Unless otherwise stated, any intermediate value between the values listed in the Tables 

may be obtained by linear interpolation. 
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1.2.1.5 As commercialized marine plates and rolled sections are not produced in sequential size 

series and for the purpose of providing an economic and reasonable structural requirement without 

compromising structural strength, the rounding tolerance for selecting steel plates according to 

the sizes of structural members as required in this PART is to be based on the following principles: 

(1) Where the decimal part of the calculated plate thickness in this PART is 0.25 mm or less, it may 

be neglected; where it is greater than 0.25 mm but less than 0.75 mm, to be taken as 0.5 mm; 

where it is 0.75 mm or more, a round number of 1 mm is to be taken. 

(2) For a structural member made of rolled section(s), its section modulus with the effective 

attached plate being taken into account, may be 3% less than the value required in this PART. 

(3) When same sizes are taken during construction for a group of members of a same type made 

of rolled sections adjacent to each other in the same area, their respective section moduli with 

their effective attached plates being taken into account, are not to be less than the mean value 

of the values respectively required in this PART for individual members of the group. However, 

this mean value is not to be less than 95% of the greatest value required in this PART for an 

individual member of the group.  

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

 

1.2.1.6 Unless otherwise stated, all scantlings given in this PART are to be regarded as the minimum 

required. When designing structural members, those subject to excessive corrosion or wear and 

tear in service may be adequately increased in thickness. 

 

1.2.1.7 Local members which may frequently bear the forces resulting from docking, pushing or 

towing, etc., are to be strengthened appropriately. 

 

1.2.2 Attached plating of members 

1.2.2.1 The effective sectional area A of attached plating of primary members is to be determined 

as follows, but is not to be less than the sectional area of the face plate: 

(1) For a member attached to plane plating: 

A = 10 fbtp cm² 

(2) For a member attached to corrugated plating and parallel to the corrugations: 

A = 10 at cm² 

(3) For a member attached to corrugated plating and at right angles to the corrugations: 

A = 10 bftf cm² 

where: f τ factor, equal to 0.3(l/b)2/3, but not to exceed 1; 

b τ the mean width, in m, of the load-bearing area of primary members; 

l τ the overall length, in m, of the primary member; 

tp τ the mean thickness, in mm, of the attached plating; 

bf τ the width, in m, of the face plate of primary members; 

tf τ the thickness, in mm, of the face plate of primary members; 

a τ the width, in m, of corrugated plating flange; 

t τ the thickness, in mm, of corrugated plating. 
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1.2.2.2 For secondary members, the width of attached plating is taken as one spacing of the 

corresponding members. 

 

1.2.3 The span point of members 

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

1.2.3.2 For primary members, the span point is to be taken at a point be distant from the end 

of the member (See Figure 1.2.3.2): 

 

 
Figure 1.2.3.2 

 
1.2.3.3 For span points of secondary members where end brackets are fit ted, see Figure 1.2.3.3 
(1) Where there is no end bracket, the span point is to be taken at the end of the member (as 
shown in Figure 1.2.3.3 (2)). 

 
Figure 1.2.3.3(1) 
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Figure 1.2.3.3(2) 

 
1.2.3.4 Unless otherwise specified in this PART, the span of curved members is defined as the 

chord length between span points. 

 

1.2.3.5 Where the ends of stiffening members are not substantially fixed against rotation and 

displacement, consideration will be given to the effective span to be used for the stiffener. 

 

1.2.4 Geometrical characteristics of members. 

1.2.4.1 Section area Az, moment of inertia I and section modulus W of rolled sections (including bulb 

flats, unequal angle bars, and unequal angle bars of unequal thickness) (see Figure 1.2.4.1) together 

with attached plating are to be calculated by the following formulae: 

 
where: h τ height of the sections, in mm; 

A1 τ sectional area of the sections, in cm2; 

Ix1 τ moment of self-inertia of the sections, in cm4; 

y1 τ neutral axis of the sections, in cm; 

A τ sectional area of the attached plate, in cm2; 

t τ thickness of the attached plate in mm; 

y τ neutral axis with attached plate being considered, to be calculated by the following 

formula: 

 

 
Figure 1.2.4.1 
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1.2.4.2 Where the thickness of both face plate and attached plate of T sections is not greater than 

1/10 of web depth, section modulus W and moment of inertia I for T sections with attached plating 

(see Figure 1.2.4.2) may be calculated by the following formulae: 

 
where: A τ sectional area of attached plating, in cm2; where A < a, it is taken as A = a; 

fs τ sectional area of web plate, in cm2; 

dw τ depth of web, in mm. 

 
Figure 1.2.4.2 

 

1.2.4.3 The section modulus W and moment of inertia I of a corrugation over a spacing s for 

corrugated bulkheads (see Figure 1.2.4.3) may be calculated by the following formulae: 

 
where: a τ width of corrugation flange, in m; 

b τ width of corrugation web, in m; 

dw τ depth of corrugation, in mm; 

t τ thickness of corrugated bulkhead plating, in mm; 

 hτ angle between web and flange of a corrugation. 

 

 
Figure 1.2.4.3 
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1.2.4.4 The section modulus W and moment of inertia I of double skin bulkheads (see Figure 1.2.4.4) 

may be calculated by the following formulae: 

 
where: b τ spacing of double skins, in m; 

s τ average spacing of diaphragms, in m; 

tp τ thickness of double skin bulkheads, in mm; 

tw τ thickness of web, in mm; 

f τ factor, the same as specified in 1.2.2.1 of this Chapter. 

 
Figure 1.2.4.4 

1.2.4.5 The minimum radius r of inertia of sectional area of members is to be calculated by the 

following formula: 

 
where: I τ minimum moment of inertia of sectional area of members, in cm4; 

A τ sectional area of members, in cm². 

 

1.2.5 Structural details 

1.2.5.1 Primary members are to be so arranged as to ensure effective continuity of structure, and 

abrupt changes of depth or section are to be avoided. Where members abut on both sides of a 

bulkhead, or on other members, arrangements are to be made to ensure that they are in 

alignment. Primary members in tanks are to form a continuous line of support and wherever 

possible, a complete ring framing. The connections of the ring framing are to be made of rounded 

corners having an adequate radius, and the radius of rounded corners is in general not to be less 

than the web depth of the adjacent members. 

 

1.2.5.2 The web thickness tw of primary members is not to be less than 0.01 Sw, in mm (where 

Sw =spacing of horizontal stiffeners on primary member web, or depth of unstiffened web, in mm); 

but not less than 7 mm in dry spaces and not less than 8 mm in tanks. For ships of less than 60 m 

in length, the web thickness may be reduced by 1 mm. For ships of less than 40 m in length, 

the web thickness may be reduced by 2 mm. 
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1.2.5.3 The sectional area Af of face plate of primary members is not to exceed dwtw/150, in cm2 

(where dw= depth of primary member web, in mm, tw = thickness of primary member web, in mm). 

 

1.2.5.4 Primary members are to be supported by tripping brackets. Where the primary members 

are of symmetrical section, the tripping brackets are to be fitt ed four secondary member spaces 

apart and if the width of the face plate of primary members is more than 400 mm, a back bracket 

is to be provided in way of the tripping bracket. Where the primary members are of asymmetrical 

section, tripping brackets are to be fitted on one side of the web at alternate secondary members. 

Tripping brackets are also to be fitt ed to the primary members in way of concentrated loads. If the 

ratio of depth to thickness of the web is greater than 55, tripping brackets or stiffeners are to be 

fitt ed close to the toes of end brackets. The height of tripping brackets is to be extended to the face 

plate of primary members. The breadth is not to be less than 40% of the height. Where the 

unsupported breadth of the face plate or flange of primary members exceeds 15 t (t being 

thickness of face plate of primary members), the tripping brackets are to be welded to the face 

plate or flange of primary members. The thickness tb (in mm) of tripping brackets is not to be less 

than 5 + 0.025 L, but need not be greater than that of web of primary members, where L being 

length of ship (which need not be greater than 300 m in calculation). Where the free edge length lb 

(in m) is greater than 0.06 tb, the tripping brackets are to have face plate or flange, and the 

sectional area A (in cm²) of which is generally not to be less than 10 lb. 

 

1.2.5.5 All openings on structural members are to be kept clear of areas of stress concentration 

and where this is impracticable, corresponding compensation is to be made. All corners of openings 

are to be well rounded. Where structural members are directly connected with plates, hard points 

are to be avoided. 

 

1.2.5.6 Within 0.4 L amidships, where the web height of strength deck girders is greater than 65 

t K (t being web thickness, while K being material factor), horizontal stiffeners are to be provided 

parallel to face plate. 

 

1.2.6 Secondary member end connections 

1.2.6.1 Unless otherwise specified in this PART, the end connections of secondary members are 

to comply with the requirements of 1.2.6. 

 

1.2.6.2 The ends of secondary members are generally to be bracketed, see Figure 1.2.6.2. Where 

secondary members pass through primary members, secondary members are to be connected to 

the webs of primary members by welding. 

 
1.2.6.3 Where the secondary members contributing to longitudinal bending strength are cut in 

way of bulkheads or transverse primary members, connecting brackets are to be provided so as to 

ensure the longitudinal continuity. The brackets at both sides of the bulkheads or transverse primary 

members are to be in alignment. 
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1.2.6.4 The section modulus W of frames that is used for determining the scantlings of brackets is 

to be selected as follows: 

(1) For the brackets connecting the secondary to the primary members, W is the section modulus 

of the secondary members. 

(2) For the brackets at frame ends, W is the section modulus of the frames. 

(3) For other brackets, W is the lesser of section moduli of two connecting members. 

 

 
Figure 1.2.6.2 

 
1.2.6.5 The thickness t of brackets is to be not less than that obtained from the following formulae: 

mm, for brackets with face plate or flanged brackets 

 

 

mm, for brackets with face plate or flanged brackets 

 

 

mm, for brackets without face plate or unflanged brackets 

 

where: W τ Rule section modulus of frames, in cm3; 

ReH_s τ yield stress of material of frames, in N/mm2; 

ReH_b τ yield stress of material of brackets, in N/mm2; 

C τ coefficient, taken as 2.5 for brackets in tanks or 1.5 for other brackets. 

The minimum thickness of brackets is generally to be 6.5 mm and need not be greater than 15 mm. 
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1.2.6.6 Where the Rule section modulus W of frames is not less than 500 cm3 or the free edge is 

more than 50 times the thickness of brackets in length, the brackets are to be flanged or fit ted with 

face plates. The breadth b of the flanges or face plates is not to be less than that obtained from the 

following formula: 

b = 0.04W + 40 mm, and not less than 50 mm 

where: W τ Rule section modulus of frames, in cm3. 

 

1.2.6.7 The arm length h of brackets is not to be less than 2.2 times the web depth of frames (where 

the ends of frames are welded, it may be reduced to not less than twice the web depth, see Figure 

1.2.6.2 (1)), and is not to be less than that obtained from the following formula: 

 

where: W τ Rule section modulus of frames, in cm3; 

t τ thickness of brackets, in mm; 

C τ coefficient, see 1.2.6.5 of this Section. 

 

1.2.6.8 The two arms of the brackets are to be as far as possible equal in length. Where the two 

arms are not the same in length, they are to comply with the following: 

h1 + h2 җ 2h h1 җ 0.8h 

h2 җ 0.8h 

where: h1, h2 τ actual length of bracket arms, in mm, as shown in Figure 1.2.6.2; 

h  τ arm length of brackets, in mm, see 1.2.6.7 of this Section. 

 

1.2.6.9 Where the frame is lapped to the bracket, the length of overlap is not to be less than 1.25 

times the web depth of the frame. 

 

1.2.6.10 Where the frames are bracketed to primary members, such brackets are in general to be 

extended to the face plates of primary members. 

 

1.2.7 Primary member end connections 

1.2.7.1 Unless otherwise specified in this PART, the end connections of primary members are to be 

in compliance with the requirements of 1.2.7. 

 

1.2.7.2 The ends of primary members are to be fitt ed with connecting brackets. Where two 

primary members are connected with a bracket, the scantlings of the bracket may be determined 

based upon the primary member having the lesser section modulus. 

 

1.2.7.3 The arm length of the end bracket, which includes the web depth of the primary member, 

is not to be less than twice the web depth of the primary member, and the thickness of the bracket 

is not to be less than that of the web plate of the primary member. The brackets are to be flanged 

or fit ted with face plates, the scantlings of which are generally to be the same as the face plates of 

primary members. The web plates of primary members are to be welded to connecting members. 
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Where the side length of the non-stiffened triangle of the bracket is greater than 100t (t being the 

web thickness of the bracket), stiffeners parallel to the face plate of the bracket are to be fitt ed in 

accordance with 5.12.2.6 of Chapter 5 of this PART. 

 

1.2.7.4 Where primary members, which are not in tanks, are connected by integral end brackets to 

bulkheads (i.e. the web plates of primary members gradually raised at ends), the arm length of 

brackets is not to be less than 1.5 times the web depth of primary members. The web plates of 

primary members are to be welded to bulkheads and the face plates are to be extended 

continuously to the bulkheads. 

 

1.2.7.5 Where the deck girders or transverses are to be connected to bulkheads or vertical members 

of shell plating, the increase of scantlings of the vertical members may be required in order to ensure 

that connecting joints have adequate resistance to rotation. 

 

1.2.7.6 In order to avoid the stress concentration at ends of primary strength members, the 

thickness of their web plates are to be adequately increased in way of toe ends of large brackets, 

and the face plates of brackets are to be beveled to ends. The height of toes is in general not to be 

greater than the thickness tw of bracket toes, and is not to be less than 15 mm. For the 

recommended structural configuration of toe ends of large brackets, see Figure 1.2.7.6. 

 
Figure 1.2.7.6 

 

1.2.8 Standard spacing of framing members 

1.2.8.1 The standard spacing sb of frames, beams or longitudinals (bottom, side and deck) is 

to be calculated by the following formula: 

sb = 0.0016L + 0.5 m, but not greater than 0.7 m where: L τ length of ship, in m. 

 

1.2.8.2 In fore and aft  peak tanks, the standard spacing sb of frames or side longitudinals is to 

be that obtained from 1.2.8.1 or 0.6 m, whichever is the lesser. 

 

1.2.8.3 Within 0.05L at ends, the standard spacing sb of deck longitudinals or deck transverses 

of superstructures and deckhouses is to be that obtained from 1.2.8.1 or 0.6 m, whichever is the 

lesser. 
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SECTION 3 ς MATERIALS 

1.3.1 General requirements 

1.3.1.1 The chemical composition and mechanical properties of hull structural steels are to comply 

with the relevant requirements of Chapter 3 of PART ONE of ISC Rules for Materials and Welding. 

 

1.3.1.2 Manufacture and testing of hull structural steels are to comply with the requirements of 

Chapter 1 and Chapter 2 of PART A of ISC Rules for Materials and Welding. 

 

1.3.1.3 Steel castings or steel forgings used for the construction of stems, rudder posts, shaft 

brackets, rudder stocks and other hull structures are to comply with the relevant requirements of 

Chapter 5 and Chapter 6 of PART ONE of ISC Rules for Materials and Welding. 

 

1.3.1.4 Except where otherwise stated, the elastic modulus of steel is to be taken as 2.06 × 105 

N/mm2. 

 

1.3.1.5 Steels having a yield point not less than 265 N/mm2 are regarded as higher tensile steels. 

 

1.3.1.6 Where higher tensile steel is used for hull structures, its category, grade, location and extent 

are to be marked on the structural drawings so as to facilitate for maintenance. 

 

1.3.1.7 The material factor K of hull structural steel is given in Table 1.3.1.7. 

 

1.3.1.8 Unless specially provided, the yield strength of material (yield stress or yield point of 

material) is the specified minimum yield stress in the Rules for Materials and Welding, and the non-

proportional extension strength is the minimum value of specified non-proportional extension 

stress. 

 
Material Factor K-Table 1.3.1.7 

Yield strength ReH (N/mm2) Material factor K Yield strength ReH (N/mm2) Material factor K 

235 1 355 0.72 

265 0.92 390 лΦсу όлΦсс ύ 

315 0.78 460 лΦсн 

Notes: 
 only apply to the strength deck and hatch coaming of containerships complying with the requirements of 

7.1.1.4 of Section 1, Chapter 7 of this PART; 
 ƻƴƭȅ ŀǇǇƭȅ ǘƻ ǘƘŜ ǎǘǊŜƴƎǘƘ ŘŜŎƪΣ ƘŀǘŎƘ ŎƻŀƳƛƴƎ ǇƭŀǘŜ ŀƴŘ ǘƻǇ ǇƭŀǘƛƴƎ ǿƛǘƘ ǘƘŜ ǊŀƴƎŜ ƻŦ ǘƘƛŎƪƴŜǎǎ рл ƳƳ ғ ǘ Җ 

100 mm onboard container ships. 
 ŦƻǊ ƳŀǘŜǊƛŀƭǎ ǿƛǘƘ ȅƛŜƭŘ ǎǘǊŜƴƎǘƘ ƴƻǘ ƭƛǎǘŜŘ ƛƴ ǘƘŜ ǘŀōƭŜΣ ǘƘŜ ƳŀǘŜǊƛŀƭ ŦŀŎǘƻǊ Ƴŀȅ ōŜ ǎǇŜŎƛŀƭƭȅ ŎƻƴǎƛŘŜǊŜŘΦ 

 

1.3.2 Requirements for hull structural steel at normal temperature 

1.3.2.1 In ships of 90 m or over in length, the hull structural steel is to comply with the 

requirements of 1.3.2.2 below. For strength members not covered by Tables 1.3.2.2(1) to 1.3.2.2(6) 

or in ships of less than 90 m in length, grade A/AH steel can generally be used for hull structure. 

The steel grade is to correspond to the as-built plate thickness and material class. 
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1.3.2.2 Materials in the various strength members are not to be of lower grade than those 

corresponding to the material classes and grades specified in Table 1.3.2.2(1) to Table 1.3.2.2(7). 

General requirements are given in Table 1.3.2.2(1), while additional minimum requirements are given 

in the following Tables:  

Table 1.3.2.2(2): for ships, excluding liquefied gas carriers covered in Table 1.3.2.2(3), with length 

exceeding 150 m and single strength deck; 

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

Table 1.3.2.2(4): for ships with length exceeding 250 m; 

Table 1.3.2.2(5): for single side bulk carriers subjected to SOLAS regulation XII/6.4;  

Table 1.3.2.2(6): for ships with ice strengthening. 

 

1.3.2.3 For hull structural members of different material classes, the grades of steel are to be 

selected from Table 1.3.2.2(7) in accordance with the thickness of the structural members. 

 

1.3.2.4 Where plate thickness is greater than that required in the Rules, the grade of steel is to be 

selected from Table 1.3.2.2(7) in accordance with the as-built thickness of plates. 

 

Table 1.3.2.2(1) - Material Classes and Grades for Ships in General 

Category Structural member Material class/grade 

Secondary 

(1) Longitudinal bulkhead plating, other than that belonging to the 
Primary category 
(2) Deck plating exposed to weather, other than that belonging to the 
Primary or Special category 
(3) Side plating 

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

Primary 

(1) Bottom plating, including keel plate 
(2) Strength deck plating, excluding that belonging to the Special 
category 
(3) Continuous longitudinal plating of strength members above 
strength deck, excluding hatch coamings 
(4) Uppermost strake in longitudinal bulkhead 
(5) Vertical strake (hatch side girder) and uppermost sloped strake in 
top wing tank 

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

Special 

όмύ {ƘŜŜǊ ǎǘǊŀƪŜ ŀǘ ǎǘǊŜƴƎǘƘ ŘŜŎƪ 

  όнύ {ǘǊƛƴƎŜǊ ǇƭŀǘŜ ƛƴ ǎǘǊŜƴƎǘƘ ŘŜŎƪ 

(3) Deck strake at longitudinal bulkhead, excluding deck plating in 
way of inner-skin bulkhead of double-Ƙǳƭƭ ǎƘƛǇǎ 

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

Class III within 0.4L amidships  
Class II outside 0.4L amidships 
Class I outside 0.6L amidships 

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

Class III within 0.6L amidships 
Class II within rest of cargo 
region 

(6) Bilge strake in ships with double bottom over the full breadth and 
length less than 150 m 

Class II within 0.6L amidships 
Class I outside 0.6L amidships 

(7) Bilge strake in ƻǘƘŜǊ ǎƘƛǇǎ 
Class III within 0.4L amidships  
Class II outside 0.4L amidships  
Class I outside 0.6L amidships 
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(8) Longitudinal hatch coamings of length greater than 0.15L 
including coaming top plate and flange 

Class III within 0.4L amidships  
Class II outside 0.4L amidships  
Class I outside 0.6L amidships  
Not to be less than Grade 
D/DH 

(9) End brackets and deck house transition of longitudinal cargo 
hatch coamings 

Note:  Single strakes required to be of Class III within 0.4L amidships are to have breadths not less than 800 + 5L 
mm (Lbeing the shipΩǎ length), need not be greater than 1,800 mm, unless limited by the geometry of the shipΩǎ design. 

 

Table 1.3.2.2(2) - Minimum Material Grades for Ships with Length Exceeding 150 m and Single 

Strength Deck 
Structural member category Material grade 

Longitudinal plating of strength deck where contributing to the 
longitudinal strength 
Continuous longitudinal plating of strength members above strength deck 

Grade B/AH within 
0.4L amidships 

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

Grade B/AH within 
cargo region 

Note: This Table is applicable to ships other than the liquefied gas carriers covered in Table 1.3.2.2(3). 

 
 
Minimum Material Grades for Ships with Length Exceeding 250 m Table 1.3.2.2(3) 

Structural member category Material grade 
{ƘŜŀǊ ǎǘǊŀƪŜ ŀǘ ǎǘǊŜƴƎǘƘ ŘŜŎƪ Grade E/EH within 0.4L amidships 
Stringer plate in ǎǘǊŜƴƎǘƘ ŘŜŎƪ Grade E/EH within 0.4L amidships 
.ƛƭƎŜ ǎǘǊŀƪŜ Grade D/DH within 0.4L amidships 

Note:  Single strakes required to be of Grade D/DH or Grade E/EH as shown in the above table and within 0.4L 

amidships are to have breadths not less than 800 + 5L mm (L being the shipΩǎ length), need not be greater than 1800 
(mm), unless limited by the geometry of the shipΩǎ design. 

 
 
 
 
 
 
 
 



PART B ς HULL SURVEYS 
 

 

17 

Table 1.3.2.2(4) - Minimum Material Grades for Single-Side Skin Bulk Carriers Subjected to SOLAS 

Reg. XII/6.4 

Structural member category Material 
grade [ƻǿŜǊ ōǊŀŎƪŜǘ ƻŦ ƻǊŘƛƴŀǊȅ ǎƛŘŜ ŦǊŀƳŜ Grade D/DH 

Side shell strakes included totally or partially between the two points located 
to 0.125l above and below the intersection of side shell and bilge hopper 
ǎƭƻǇƛƴƎ ǇƭŀǘŜ ƻǊ ƛƴƴŜǊ ōƻǘǘƻƳ ǇƭŀǘŜ 

Grade D/DH 

Notes:  
 The term άlower bracketέ means webs of lower brackets and webs of the lower part of side frames up to the point 

of 0.125l above the intersection of side shell and bilge hopper sloping plate or inner bottom plate. 

 The span of the side frame, l, is defined as the distance between the supporting structures. 

 
Table 1.3.2.2(5) - Steel grade requirements for Material Classes 

Material class I   II   III   

Thickness (mm) 
Mild 
steel 

Higher 
tensile steel 

Mild 
steel 

Higher 
tensile steel 

Mild 
steel 

Higher 
tensile steel 

ǘ Җ мр A AH A AH A AH 
15 < t Җ нл A AH A AH B AH 

20 < t Җ нр A AH B AH D DH 
25 < t Җ ол A AH D DH D DH 
30 < t Җ ор B AH D DH E EH 
35 < t Җ пл B AH D DH E EH 
40 < t Җ рл D DH E EH E EH 

 
1.3.2.5 Plating materials for stern frames supporting the rudder and propeller boss, rudders, rudder 

horns and shaft brackets are, in general, not to be of lower grades than those corresponding to class 

II. For rudder and rudder body plates subjected to stress concentrations, e.g. in way of lower 

support of semi-spade rudders (i.e. rudder horn recess) or at upper part of spade rudders, class III 

is to be applied. 

 

1.3.2.6 For ships of less than 90 m in length, single strakes required to be of class III within 0.4L 

amidships are to have breadths not less than 800 + 5L mm (L being length of the ship, in m), but 

need not be greater than 1,800 mm. 

 

1.3.2.7 The material class used for reinforcement and the quality of materials (i.e. whether mild or 

higher tensile steel) used for welded attachments, such as backing bars of bilge keels, is generally 

to be similar to that of the hull envelope plating in way. 

Where attachments are made to rounded gunwale plates, special consideration will be given to the 

required grade of steel, taking account of the intended structural arrangements and attachment 

details. 

 

1.3.2.8 The material class for deck plating, sheer strake and upper strake of longitudinal bulkhead 

within 0.4 L amidships is also to be applied at the poop front and at the ends of the bridge. 

 

1.3.2.9 In the case of container ships, the material class for strength deck, sheer strake and torsion 

box structure within 0.4 L amidships is also to be applied in way of the entire cargo area. 
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1.3.2.10 On tankers having a poop, the quality of strength deck plating extending forward of the 

poop to any pump room openings is to be kept unchanged. 

 

1.3.2.11 For hull structures having T connections or cruciform connections, with full penetration 

welding, and plate material of which is subject to high tensile stress through thickness, the use of Z-

direction steel plates having through thickness properties is recommended. 

 

1.3.3 Requirements for steel used for refrigerated space structures 

1.3.3.1 Where the minimum design temperature tD of the steel falls below 0 ᴈ in refrigerated 

spaces, in addition to the requirements of 1.3.2 of this Section, the steel grade for the deck plating, 

webs of deck girders, longitudinal bulkhead strakes attached to deck and beams for supporting 

hatchway covers and their face plates is to comply with the requirements of Table 1.3.3.1. 

 
Table 1.3.3.1 - Steel Grade of Structural Members in Refrigerated Spaces 

Thickness 
(mm) 

Mild 
steel 

Higher 
tensile steel 

Mild steel 
Higher tensile 

steel 
Mild steel 

Higher tensile 
steel 

t Җ мнΦр B AH D DH E EH 

12.5 < t Җ 
25.5 

D DH E EH 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 

t > 25.5 E EH 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 
Specially 

ŎƻƴǎƛŘŜǊŜŘ 

Notes:  Austenitic stainless steel may generally be used.  Grade FH may generally be used. 

 

1.3.3.2 The minimum design temperature of the refrigerated space deck may be assessed by a 
temperature gradient calculation or may be determined in accordance with Table 1.3.3.2. Where 
one of the internal spaces concerned is not refrigerated, the temperature of the space is to be taken 
as 5ᴈ. 
 
Table 1.3.3.2 - Minimum Design Temperature of Refrigerated Space Deck  

Item Arrangement Deck temperature 

1 
Deck not covered with insulation in the refrigerated 
space 

Temperature of the refrigerated space 

2 
Deck covered with insulation in the refrigerated space 
and not insulated on the other side 

Temperature of the space on the uninsulated side 

3 

Deck covered with insulation on both sides: 
(1) Temperature difference not greater than 11ᴈ 
(2) Temperature difference greater than 11ᴈ but not 
greater than 33ᴈ 

Mean of the temperatures of the spaces above 
and below the deck 
Mean of the temperatures of the spaces above 
and below the deck less 3ᴈ 

 
1.3.4 Ships exposed to low air temperatures 
1.3.4.1 For ships intended to operate in areas with low air temperatures (below -10 ᴈ ), e.g. 

regular service during winter seasons to Arctic or Antarctic waters, the materials in exposed 

structures are to be selected based on the design temperature tD. The design temperature tD is to 

be taken as defined in 1.3.4.6. 
 
1.3.4.2 Materials in the various strength members above the lowest ballast waterline (BWL) 
exposed to low air temperatures (including the plating covered by note  of Table 1.3.4.2) and 
materials of cargo tank boundary plating to which 1.3.4.7 is applicable are not to be lower than 
those as given in Table 1.3.4.2. For non-exposed hull structural steel above BWL (except for  as 
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indicated in Table 1.3.4.2) and hull structural steel below BWL, the requirements in 1.3.2 of this 
Section apply. 
 
1.3.4.3 Grades of steel for hull structural members of different material classes are to be 
selected according to Table 1.3.4.3 depending on plate thickness and design temperature. Where 
the design temperature tD is below -55ᴈ, the grades of steel are to be subject to special 

consideration by ISC. 
 
1.3.4.4 Single strakes required to be of class III or of grade E/EH or FH are to have breadths not less 
than 800 + 5L mm (L being length of the ship, in m), but need not be greater than 1,800 mm. 
 
1.3.4.5 Plating materials for stern frames, rudders, rudder horns and shaft brackets are not to be 
of lower grades than those required in 1.3.2 of this Section. 

 
Table 1.3.4.2 - Material Classes at Low Temperatures 

Structural 
member 
category 

Structural member 

Material class 

Within 0.4L 
amidships 

Outside 0. 4L 
amidships 

Secondary 
Deck plating exposed to weather in general, side plating above 
.²[Σ ǘǊŀƴǎǾŜǊǎŜ ōǳƭƪƘŜŀŘǎ ŀōƻǾŜ .²[ 
/ŀǊƎƻ ǘŀƴƪ ōƻǳƴŘŀǊȅ ǇƭŀǘƛƴƎ ŜȄǇƻǎŜŘ ǘƻ ŎƻƭŘ ŎŀǊƎƻ 

I I 

Primary 

{ǘǊŜƴƎǘƘ ŘŜŎƪ ǇƭŀǘƛƴƎ 
Continuous longitudinal members above strength deck, excluding 
longitudinal hatch coamings 
[ƻƴƎƛǘǳŘƛƴŀƭ ōǳƭƪƘŜŀŘ ŀōƻǾŜ .²[ 
¢ƻǇ ǿƛƴƎ ǘŀƴƪ ōǳƭƪƘŜŀŘ ŀōƻǾŜ .²[ 

II II 

Special 

Sheer strake at strength deck, including ǊƻǳƴŘŜŘ ƎǳƴǿŀƭŜ 
 {ǘǊƛƴƎŜǊ ǇƭŀǘŜ ƛƴ ǎǘǊŜƴƎǘƘ ŘŜŎƪ 
5ŜŎƪ ǎǘǊŀƪŜ ŀǘ ƭƻƴƎƛǘǳŘƛƴŀƭ ōǳƭƪƘŜŀŘ 
/ƻƴǘƛƴǳƻǳǎ ƭƻƴƎƛǘǳŘƛƴŀƭ ƘŀǘŎƘ ŎƻŀƳƛƴƎǎ 

III III 

Notes:  
 Plating at corners of large hatch openings to be specially considered. Class III or grade E/EH to be applied in positions where 

high local stresses may occur. 

 Not to be less than grade E/EH within 0.4 L amidships in ships with length exceeding 250 m. 

 In ships with breadth exceeding 70 m at least three deck strakes to be class III. 

 Not to be less than grade D/DH. 

 Applicable to plating attached to hull envelope plating exposed to low air temperature. At least one strake is to be 

considered in the same way as exposed plating and the strake width is to be at least 600 mm. 

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

to be satisfied. 

 
Table 1.3.4.3 - Material Grade Requirements for Classes I, II and III at Low Temperatures  

Class I -11 -15ᴈ -16 -25ᴈ -26 -35ᴈ -36 -45ᴈ -46 -55ᴈ 

Plate thickness, 
in mm 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

tҖмл A AH A AH B AH D DH D DH 

10̖ tҖмр A AH B AH D DH D DH D DH 

15̖ tҖнл A AH B AH D DH D DH E EH 

20̖ tҖнр B AH D DH D DH D DH E EH 

25̖ tҖол B AH D DH D DH E EH E EH 

30̖ tҖор D DH D DH D DH E EH E EH 

35̖ tҖпр D DH D DH E EH E EH ς FH 

45̖ tҖрл D DH E EH E EH ς FH ς FH 
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Class II -11 -15ᴈ -16 -25ᴈ -26 -35ᴈ -36 -45ᴈ -46 -55ᴈ 

Plate thickness, 
in mm 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

tҖмл A AH B AH D DH D DH E EH 

10̖ tҖнл B AH D DH D DH E EH E EH 

20̖ tҖол D DH D DH E EH E EH ς FH 

30̖ tҖпл D DH E EH E EH ς FH ς FH 

40̖ tҖпр E EH E EH ς FH ς FH ς ς 

45̖ tҖрл E EH E EH ς FH ς FH ς ς 

           
Class III -11 -15ᴈ -16 -25ᴈ -26 -35ᴈ -36 -45ᴈ -46 -55ᴈ 

Plate thickness, 
in mm 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

Mild 
steel 

Higher 
tensile 
steel 

tҖмл B AH D DH D DH E EH E EH 

10̖ tҖнл D DH D DH E EH E EH ς FH 

20̖ tҖнр D DH E EH E EH E FH ς FH 

25̖ tҖол D DH E EH E EH ς FH ς FH 

30̖ tҖор E EH E EH ς FH ς FH ς ς 

35̖ tҖпл E EH E EH ς FH ς FH ς ς 

40̖ tҖрл E EH ς FH ς FH ς ς ς ς 

Note: άςέ in the Table = Not applicable. 

 

1.3.4.6 The design temperature tD is to be taken as the lowest mean daily average air temperature 

in the area of operation, where: 

mean: statistical mean over observation period; 

daily average: average during one day and night; 

lowest: lowest during year. 

For seasonally restricted service the lowest value within the period of operation applies. 

Figure 1.3.4.6 illustrates the temperature definition. 

For the purpose of issuing a Polar Ship Certificate in accordance with the Polar Code, the design 

temperature tD is to be no more than 13ᴈ higher than the Polar Service Temperature (PST) of the 

ship. In the Polar Regions, the statistical mean over observation period is to be determined for a 

period of at least 10 years. 

 
Figure 1.3.4.6 General Temperature Definiti ons 
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1.3.4.7 Cold cargo for ships other than liquefied gas carriers 

For ships other than liquefied gas carriers, intended to be loaded with liquid cargo having a 

temperature below -10ᴈ, e.g. loading from cold onshore storage tanks during winter conditions, 

the material grade of cargo tank boundary plating is defined in Table 1.3.4.3 based on the following:  

(1) tc design minimum cargo temperature in ᴈ; 

(2) steel grade corresponding to Class I as given in Table 1.3.4.2. 

The design minimum cargo temperature, tc is to be specified in the loading manual. 

 

1.3.5 Use of aluminum alloy 

1.3.5.1 The use of aluminum alloy is permitted for superstructures, deckhouses, hatch covers, or 

other similar structures, based on equivalent strength, instead of hull structural steel as required in 

the Rules. The chemical composition and mechanical properties of aluminum alloys used are to 

comply with the relevant requirements of Chapter 8, PART ONE of ISC Rules for Materials and 

Welding. 

 

1.3.5.2 Unless stated otherwise, the modulus of elasticity of Aluminum alloy may be taken as 

70,000 N/mm². 

 

1.3.5.3 The scantlings of Aluminum alloy structures may be obtained from the following formulae: 

 
 

where:  

ts τ thickness of mild steel plating as required in the Rules, in mm; 
Ws τ section modulus of mild steel as required in the Rules, in cm3; 

Ka
 τ material factor for aluminum alloy, 

 

; 

wΩlim τ the minimum yield stress R p0.2 of parent material which could be guaranteed under 

welding condition, in N/mm2, to be taken not greater than 70% minimum tensile 
strength R m of parent material which could be guaranteed under welding condition: 

 
Rp0.2 τ the minimum yield stress of parent material which could be guaranteed  

under delivery condition, in N/mm2; 
Rm τ the minimum tensile strength of parent material which could be guaranteed under 

delivery condition, in N/mm2. h 1  and h 2 are given in Table 1.3.5.3 (1) 
 
Table 1.3.5.3 (1) - Aluminum Alloy used for Welded Structures 

Aluminum alloy h 1 h 2 

Not treated by hardening (5000 series under annealed condition O or 
annealing leveling condition H111) 

1 1 

Treated by hardening (5000 series other than O or H111) R p0.2 /  Rp0.2 wΩm / Rm 

Heat treated and hardened (6000 series) ſ R p0.2 /  Rp0.2 0.6 

Note: (1) If information is not provided, the factor h 1 defined in Table 1.3.5.3(2);is to be taken as metallographic efficiency coefficient b 

R p0.2τ the minimum yield stress of material which could be guaranteed under welding condition, in N/mm2; 

R mτ the minimum tensile strength of material which could be guaranteed under welding condition, in N/mm2. 
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Table 1.3.5.3(2) - Aluminum Alloy τ Metallographic Efficiency Coefficient b  

Aluminum Alloy 
Tempering 
Condition 

Total Thickness (mm)  ̡

6005A (opening section) 
  

T5 or T6 ǘ Җ с 0.45 

t > 6 0.4   

6005A (closed section) T5 or T6 All 0.5 

6061 (section) T6 All 0.53 

6082 (section) T6 All 0.45 

 
1.3.5.4 The welding procedures for aluminum alloy are to be subject to approval. The methods used 

for connecting aluminum alloy with steel members and the information for measures to be taken 

for corrosion control are to be submitted to ISC for examination. 

 
1.3.6 Use of stainless steel 
1.3.6.1 Stainless steel may be used for tanks onboard oil tankers and chemical tankers to 
equivalently substitute the hull structure steels required in the Rules. 

 
1.3.6.2 Except where otherwise stated, the elastic modulus of stainless steel may be taken as 
2.06×105 N/mm2. 

 
1.3.6.3 The material factor K is to be calculated by the following formula: 

 
where: REht τ the minimum yield strength or non-proportional extension strength of stainless 

steel under the designed allowable maximum cargo temperature, in N/mm2, to be 
calculated by the following formulae: 
for no nitrogen austenitic stainless steel: 

 
for nitrogen austenitic stainless steel: 

 
for duplex stainless steel: 

 
T  τ the designed allowable maximum cargo temperature, inᴈ; 

Rp0.2 τ the minimum yield strength or non-proportional extension strength of stainless 

steel, in N/mm2 at room temperature, in accordance with the relevant requirements 
of Section 8, Chapter 3, PART ONE of ISC Rules for Materials and Welding. 
For duplex stainless steel, K is not to be less than 0.68. 
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SECTION 4 - WELD DESIGN FOR HULL STRUCTURES 

 

1.4.1 General requirements 

1.4.1.1 This Section applies to the weld design for normal hull structures and components. 

Welding procedures for the construction of hull are to comply with the relevant requirements 

of ISC Rules for Materials and Welding. 

 

1.4.1.2 The arrangement of welds in hull structures is to be such as to allow adequate access 

for completion of all welding operations. Welded joints are to be so arranged as to facilitate the 

use of flat (downhand) welding wherever possible. 

 

1.4.1.3 Where welding is used for hull structures, care is to be taken to avoid the arrangement of 

welded joints in positions of stress concentration. Adequate transition is to be made in way of the 

abrupt changes of shape or section, and excessive concentration of welds over such positions is to 

be avoided. 

 

1.4.1.4 Parallel welded seams in the main hull structures are to be spaced an adequate distance 

apart. The distance l1 between two parallel butt  welded seams is not to be less than 100 mm, 

and the butt  welded seams are not to be intersected with an acute angle. Where a butt  welded 

seam is in parallel with a fillet welded seam, the distance l2 between them is not to be less than 

10 mm. The distance between the above two welded seams is in general the distance between 

inner edges of two weld toes (as shown in Figure 1.4.1.4). 

 

  

Distance between butt weld toes Distance between butt and fillet weld toes 

Figure 1.4.1.4 Distance between parallel welded seams 

1.4.1.5 The shell plating, deck plating, inner bottom plating and bulkhead plating are all to be 

connected by butt  welds. 

 

1.4.1.6 Overlaps are generally not to be used to connect plates in hull structures, particularly for 

plates which may be subjected to high stress. 

 

1.4.1.7 The use of permanent backing bars in highly stressed welds in hull structures is to be 

avoided as far as possible. 

 

1.4.1.8 Double continuous fillet welding is to be adopted in the following locations: 

(1) boundaries of weathertight decks and erections, including hatch coamings, companionways 

and coamings of other openings; 

(2) boundaries of tanks and watertight compartments; 

(3) connections in foundations and supporting structures; 
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(4) all structure in the aft peak and the aft peak bulkhead stiffeners; 

(5) all welding inside tanks intended for chemicals or edible liquid cargoes; 

(6) main frames and their upper and lower brackets in cargo holds of bulk carriers to side shell 

plating and sloped bulkhead plating of topside tanks and hopper side tanks; 

(7) all lap welds in tanks; 

(8) primary and secondary members to bottom shell in the 0.25 L forward;  

(9) centreline girder to keel plate; 

(10) boundaries of galleys, pantries, laundry rooms, bathrooms, toilets and storage battery rooms, 

etc.; 

(11) primary and secondary members to plating in way of end connections, and end brackets to 

plating in the case of lap connections; 

(12) other special connections or attachments, and in particular the attachment of minor fitt ings 

to higher tensile steel plating, will be specially considered. 

 

1.4.1.9 Where higher tensile steel is used, double continuous fillet welds are normally to be 

adopted. 

 

1.4.1.10 Details of the welded connections of main structural members of the hull, including type 

and size of welds, are to be clearly indicated on the plans submitted for approval. The extent to 

which automatic welding is used is to be indicated on the plans. 

 

1.4.1.11 When arranging side joints of shell plating, the arrangement of longitudinal members such 

as deck plating, longitudinals and inner bottom margin plates are to be taken into account, avoiding 

coincidence of the side joints and fillet welds of longitudinal members or their intersection to an 

excessively small angle. The butt  welds of end joint of the shell are to avoid the toes of internal 

longitudinal members and the fillet welding of transverse members as far as practicable. 

 

1.4.2 Welding consumables 

1.4.2.1 Welding consumables used for hull structures are to comply with the requirements of ISC 

Rules for Materials and Welding. The grade of welding consumables selected is to be suitable for 

the grade of hull structural steel, and is to comply with the requirements of Table 1.4.2.1. Welding 

consumables of H47 steels are to be selected by referring to ISC Guidelines for Application of Thick 

Higher Strength Steel Plates for Ships and welding consumables of other steels are to be selected 

by referring to ISC Guidelines for Inspection of Hull Welds. 
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Table 1.4.2.1-Selection of Welding Consumables 
Hull structural steel grade  
Grade of welding 
consumables 

A B D E 
AH27 
AH32 
AH36 

DH27 
DH32 
DH36 

EH27 
EH32 
EH36 

FH27 
FH32 
FH36 

AH40 DH40 EH40 FH40 

1 ×                       

2 × × ×                   

3 × × × ×                 

1Y ×       Ҏ                

2Y × × ×   × ×             

3Y × × × × × × ×           

4Y × × × × × × × ×         

2Y40      × ×     × ×     

3Y40     × × ×   × × ×   

4Y40     × × × × × × × × 

5Y40     × × × × × × × × 

Notes: άҎέ means applicable; 

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

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

 
1.4.2.2 For the joining of steels of different strength levels, the welding consumables in general may 

be of a type suitable for the lower strength level except at structural discontinuities or areas of 

stress concentration. For the joining of steels of the same strength level but of different toughness 

grades, the welding consumables in general may be of a type suitable for the lower toughness 

grade except for the structural members subjected to complicated forces or severe construction 

conditions. 

 

1.4.2.3 Low hydrogen welding consumables are to be used for the welding of the following 

structural members and components: 

(1) Circumferential butt  welds in the joining of block sections and butt  welds of girders; 

(2) End and side joints of the shell of ships with ice strengthening; 

(3) Masts, derricks, boat davits, bollards and other outfits subjected to heavy loads and all 

other highly stressed fitti ngs; 

(4) Components for which high rigidity is required, such as stems, stern frames, propeller shaft 

brackets, and joints between them and the shell plating and the hull framing; 

(5) Main engine seatings and the associated structural members. 

 

1.4.2.4 It is recommended that low hydrogen welding consumables be used for the joining of higher 

strength structural steel or of steel with carbon equivalent over 0.41%. 

 

1.4.3 Butt, lap and slot welds 

1.4.3.1 Where plates of different thicknesses are to be butt  welded and the difference in thickness 

of one side is less than or equal to 4 mm, the transition may be achieved within the width of the 

weld. Where the difference in thickness of one side is greater than 4 mm, the edge of the thicker 

plate is to be tapered so as to ensure a uniform transition with the weld. The width is not to be less 
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than 3 times the difference in thickness of one side, and the difference in height of the two sides of 

the groove d is not to be greater than 4 mm, as shown in Figure 1.4.3.1(1). Where the groove width 

is not less than 3 times the difference in thickness of one side, taper may not be necessary and 

the transition may be achieved within the width of the weld, as shown in Figure 1.4.3.1(2). 

  
(1) (2) 

Figure 1.4.3.1 Butt  welding of steel plates of different thickness 
 

1.4.3.2 Overlaps are generally not to be used to connect plates which may be subjected to high 

tensile stress or compressive loading. Where plate overlaps are adopted, the breadth (b) of the 

overlap is not to exceed four times nor be less than three times the thickness of the thinner plate, 

see Figure 1.4.3.2. The joints are to be positioned as to allow adequate access for completion of 

sound welds. The faying surfaces of lap joints are to be in close contact and both edges of the 

overlap are to have continuous fillet welds. 

 
Figure 1.4.3.2 

 

1.4.3.3 For the connection of plating to internal webs, where access for fillet welding is not 

practicable, the closing plating is to be attached by continuous full penetration welds or slot fillet 

welds to face plates fitted to the webs. Slots are to have a minimum length of 75 mm and a 

minimum width of twice the plating thickness, with well rounded ends, and spaced not more than 

150 mm apart. Slots are normally not to be filled with welding. 

 

1.4.4 Fillet welds 

1.4.4.1 T-connections of hull structures are generally to be made by fillet welds on both sides of 

the abutting plate, including fillet welds, partial penetration fillet welds and full penetration fillet 

welds. The types and application of fillet welds are to be as shown in Table 1.4.4.1. 

 

1.4.4.2 The size of fillet welds for hull structural connection is to be determined as follows:  

(1) The throat thickness h of fillet welds is to be determined from the following formula: 

 

where: tp τ thickness of the thinner plate of the abutting plates, in mm, e.g. t1 or t2 in  
item 1 of Table 1.4.4.1 of this Section, whichever is the lesser; 

d τ distance between weld fillets, in mm, i.e. the distance between start positions  
of successive weld fillets for intermittent welding, as shown in items Figure  
1.4.4.2 of this Section; where the fillet weld is continuous, d is to be equal to l; 
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L τ the length of weld fillet, in mm, clear of end craters, and is not to be less than  
75 mm; 

w  ̱τ weld factor. The weld factors used for hull structures are as specified in Table  

1.4.4.2 of this Section. Where an approved automatic deep penetration  
procedure is used, W  ̱may be 85% of the value given in the Table. 

The fillet leg length K is not to be less than the value obtained from the following formula: 

 
(2) In case of full penetration welding, there is no requirement for root face. For partial penetration 

welds the root face, f, is, to be taken between 3 mm and 1/3t. The groove angle made to ensure 

welding bead penetrating up to the root of the groove, h , is usually from 40° to 60°. The welding 

bead of the full/ partial penetration welds is to cover root of the groove. 

 

 
l ς length of weld, e ς spacing of welds, d ς distance between weld fillets, welding to be carried round both 
ends of plating for intermittent fillet welds and ends of all lugs for scalloped construction. 

Figure 1.4.4.2 
 
Table 1.4.4.1 - Types of Fillet Welds  

Item Fillet Weld Type Remark 

1 
Double 
continuous 

 

Used for ordinary connection 
K ς leg length 
h ς throat thickness 
ǘѕΣ ǘі ς thickness of plates 

2 
Double full 
penetration 
welding 

 

Used in areas with high tensile stresses or 
areas considered critical 
ʰ ς groove angle 

3 

Double 
symmetrical 
groove partial 
penetration 
welding 

 

Used in areas with relatively high tensile 
stresses or areas considered critical 
t ς thickness of weldment 
f ς root face 
ʰ ς groove angle 

4 

Double 
asymmetrical 
groove partial 
penetration 
welding 

 

 

Used in areas with relatively high tensile 
stresses or areas considered critical 
t ς thickness of weldment 
f ς root face 
ʰ ς groove angle 
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Table 1.4.4.2 - Weld Factors  

Item 
Weld 
Factor 

Remark 

1 General application (except as required below):    

(1) Watertight or oiltight plate boundaries 0.34   

(2) Non-tight plate boundaries 0.13   

(3) Longitudinals, frames, beams, and other secondary 
members to shell, deck or bulkhead plating 

0.1   

 ς In tanks 0.13   

 ς In way of end connections 0.21   

(4) Panel stiffeners (i.e. small stiffeners) 0.1   

(5) Overlap welds 0.27   

(6) Longitudinals of the flat-bar type to plating 0.21 Double continuous 

2 Bottom construction in way of holds or tanks    

(1) Tight centre girder    

 ς to keel 0.44   

 ς to inner bottom 0.44   

(2) Non-tight centre girder (or centre keelson)    

 ς to keel 0.27   

 ς to inner bottom (or face plate of centre keelson) 0.21 No scallops 

(3) Tight boundaries of floors, girders 0.39   

(4) Non-tight boundaries of floors, girders (or side keelson) and 
brackets 

0.16   

 ς In way of 0.2 × span at ends 0.21   

 ς In way of brackets at lower end of main frame 0.27   

(5) Inner bottom longitudinals or reverse frames to inner 
bottom 

0.13 
Under holds strengthened for heavy 
cargoes 

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

0.44 Double continuous 

3 Hull framing    

(1) Webs of web frames and stringers to shell 0.16   

(2) Webs of web frames and stringers to face plate 0.13   

(3) Tank side brackets to shell and inner bottom 0.34   

(4) Main frames of cargo holds in bulk carriers to shell plating 0.4 See 8.3.6 in this PART 

(5) End brackets of main frames of cargo holds in bulk carriers 0.44 See 8.3.6 in this PART 

4 Decks and supporting structure    

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

(2) Other decks to shell and bulkheads (except where forming 
tank boundaries) 

0.21   

(3) Webs of cantilevers to deck and to shell in way of root 
bracket 

0.44   

(4) Webs of cantilevers to face plate 0.21   

(5) Pillars ς end connections 0.34 
0.21 in a length of 0.15 span of hatch 
girders at ends 

  Tubular end connections 0.44   

(6) Girder web connections and brackets in way of pillar heads 
and heels 

0.21   

(7) Web plates of hatch girders and deck web beams to deck, 
their face plates 

0.16   
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5 Bulkheads and tank construction    

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

0.44   

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

(3) Bulkhead stool plates to inner bottom, deck and bilge 0.44   

(4) Bulkhead plating to side shell 0.34   

(5) Bulkhead plating to secondary members where acting as 
pillars 

0.13   

(6) Non-watertight pillar bulkhead boundaries 0.13   

(7) Perforated flats and wash bulkhead boundaries 0.1   

6 Structure in cargo tanks of oil tankers    

(1) Bottom longitudinals to shell 0.21 For forward of 0.25L 

(2) Connections between primary structural members 0.44 At bottom 

 ς At deck 0.34   

(3) Longitudinal oiltight bulkhead boundaries 0.44 
¢ƘǊƻŀǘ ǘƘƛŎƪƴŜǎǎ Ƙ җ лΦопǘΣ ǘ Ґ ōǳƭƪƘŜŀŘ 
thickness in mm 

(4) Transverse oiltight bulkhead to bottom 0.44 ¢ƘǊƻŀǘ ǘƘƛŎƪƴŜǎǎ Ƙ җ лΦопǘ 

 ς Transverse oiltight bulkhead to deck, sides and longitudinal 
bulkhead 

0.34   

(5) Non-tight bulkhead boundaries 0.21 Generally 

(6) Boundaries of non-watertight girders and floors in double 
bottom 

0.34 Within 0.2L at ends of ship 

 ς Under bulkhead stools 0.4   

 ς Elsewhere 0.44   

(7) Frame rings in hopper and topside tanks to shell, deck and 
sloping (top) plating 

0.34   

(8) Boundaries of diaphragms or frame rings, side girders in 
double hull 

0.34 Generally 

 ς Within 0.2L at ends of ship 0.4   

(9) Between primary structural members in double hull, double 
bottom, hopper tanks and topside tanks 

0.34   

(10) Longitudinal girders or frame rings to face plates in hopper 
tanks, topside tanks and double hull 

0.27   

(11) Web plates of primary structural members in cargo tanks to 
bulkheads, inner bottom and deck 

0.34 Generally 

 ς Within 0.2L at ends of ship 0.44   

(12) Web plates of primary structural members in cargo tanks to 
face plates 

0.27 Generally 

 ς Within 0.2L at ends of ship 0.34   

7 Structure in hoppers of hopper dredgers    

(1) Bulkhead boundary connections 0.44 At bottom and bilge 

 ς At deck and coamings 0.34   

(2) Cross members to longitudinal bulkheads 0.44   

(3) Pillar end connections 0.34   

(4) Hopper door hinges of self-unloading ships 0.44 Partial penetration 

8 Structure in machinery space    

(1) Non-tight centre girder (or centre keelson) to keel and inner 
bottom (or face plate of centre keelson) 

0.27   

(2) Non-tight floors to centre girder (or keelson) in way of 
engine, thrust and boiler bearers 

0.27   
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(3) Non-tight floors and girders (or side keelsons) to shell and 
inner bottom 

0.21 
Partial penetration, girders tapered to 
ōƻǘƘ ǎƛŘŜǎΣ Ǌƻƻǘ ŦŀŎŜ Җ мκо ƎƛǊŘŜǊ 
thickness 

(4) Main engine foundation girders to top plate 0.44   

 ς to hull structure 0.44   

 ς Floors to main engine foundation girders 0.27   

 ς Brackets to main engine foundation girders 0.21   

(5) Transverse and longitudinal framing to shell 0.13   

9 Construction in 0.25L forward    

(1) Floors and girders (or centre keelson, etc.) to shell and inner 
bottom 

0.21   

(2) Bottom longitudinals to shell 0.13   

(3) Transverse and longitudinal side framing to shell 0.13   

(4) Tank side brackets to frame and inner bottom 0.34   

(5) Panting stringers to shell and frames 0.34   

(6) All internal structure in fore peak 0.13 Unless a greater weld factor is required 

10 Aft peak construction 0.21 
All internal structure including 
stiffeners on aft peak bulkhead ς unless 
a greater weld factor is required 

11 Superstructure and deckhouses    

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

 ς Elsewhere 0.21   

(2) Internal bulkheads to deck 0.13   

12 Hatchways and closing arrangements    

(1) Hatch coamings to deck 0.34 0.44 at corners 

(2) Hatch coaming stays (stiffeners, brackets)    

 ς To coaming 0.13   

 ς To deck 0.21   

(3) Hatch cover rest bar 0.16   

(4) Cleats and fittings 0.44 Increased welding may be required 

(5) Primary and secondary stiffening of hatch covers 0.1 
0.13 for tank covers / strengthened 
covers 

13 Steering control systems    

(1) Rudder    

  CŀōǊƛŎŀǘŜŘ ƳŀƛƴǇƛŜŎŜ ŀƴŘ ƳŀƛƴǇƛŜŎŜ ǘƻ ǎƛŘŜ ǇƭŀǘŜǎ ŀƴŘ 
webs 

0.44   

  {ƭƻǘ ǿŜƭŘǎ ƛƴǎƛŘŜ plates 0.44   

  wŜƳŀƛƴƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴ 0.21   

(2) Fixed and steering nozzles    

 ς Main structure 0.44   

 ς Elsewhere 0.21   

(3) Thruster units and stabilizers    

 ς Main structure 0.44   

 ς Elsewhere 0.21   

14 Miscellaneous fittings and equipment    

(1) Rings for manhole type covers to deck, inner bottom or 
bulkhead 

0.34   

(2) Frames of shell and weathertight bulkhead doors 0.34   

(3) Stiffening of watertight doors 0.21   
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(4) Ventilator, air pipe, etc., coamings 0.34 
Positions 1 and 2 specified by Load Line 
assignment 

 ς Elsewhere 0.21   

(5) Ventilator, etc., fittings 0.21   

(6) Scuppers and discharges to deck 0.44   

(7) Masts, derrick posts, crane pedestals, etc., to deck 0.44 
See 5.2.7 of PART THREE of ISC Rules 
for Materials and Welding 

(8) Deck machinery seats to deck 0.21 Special equipment subject to design 

(9) Mooring equipment (bollards, etc.) seats to deck 0.21 
Increased or full penetration welding 
may be required 

(10) Bulwark stays to deck 0.21   

(11) Bulwark attachment and guard rails, stanchions, etc., to 
deck 

0.34   

(12) Bilge keel backing bars to shell 0.34   

(13) Bilge keels to backing bars 0.21   

 
1.4.4.3 Where the thickness of the abutting member of the T connection (e.g. the web of a stiffener 

or longitudinal) is greater than 15 mm and exceeds the thickness of the table member (e.g. bulkhead 

plating, shell plating or deck plating), the welding is to be double continuous and the throat 

thickness h of the weld is to be neither less than the value given in Table 1.4.4.4(2) of this Section, 

nor less than the greater of the following: 

h = 0.5Ctn mm 

h = 0.21th mm 

where:  
tv τ thickness of the abutting member, in mm; 

thτ thickness of the table member, in mm; 

C τ coefficient, 0.21 for dry cargo holds, or 0.27 for liquid tanks. 
 

1.4.4.4 Except as permitted by 1.4.4.2 and 1.4.4.3 of this Section, the throat thickness of all fillet 

welds is to comply with the following requirements: 

(1) The limits of throat thickness are to be as shown in Table 1.4.4.4(1); 
(2) The minimum value of throat thickness is also to comply with the requirements of Table 

1.4.4.4(2). 
 
Table 1.4.4.4(1) - Limits of Throat Thickness  

Item 
Limits of throat thickness (mm) 

Minimum Maximum 

Double continuous welding 0.21 tp 0.44 tp 

Intermittent welding 0.27 tp 0.44 tp 

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

 When the actual plate thickness tΩp exceeds 25 mm, 0.5(tpΩҌ 25). 
 
Table 1.4.4.4(2) - Minimum Throat Thickness  

Plate thickness tp Җ тΦр > 7.5 

Minimum throat thickness (mm) 
Manual or automatic welding 3 3.25 

Automatic deep penetration welding 3 3 

Note: For tp, see 1.4.4.2(1) of this Section. 
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1.4.4.5 Where intermittent fillet welds are used for the connection of hull members, double 

continuous fillet welding is to be carried out for a specified length of round-the-end weld in the 

following locations: 

(1) The length of the round-the-end weld at the ends of brackets is not to be less than the 

depth of the connecting members, nor less than 75 mm. 

(2) Where the ends of sections, particularly of short sections, are snipped off, the length of the 

round-the-end weld is to be not less than the height of such sections or the length of snipping. 

(3) Where fillet welding is used in way of brackets, lugs and scallops and at the orthogonal 

connections with other members, the length of the round-the-end weld is not to be less than 

75 mm for plate thickness > 12 mm, and not less than 50 mm for plate thickness Җ 12 mm. 

 

1.4.4.6 Where scallops are cut in the structural members for intermittent welding, both ends of the 

scallop are to be rounded and smooth. But no scallops are permitted in the following positions: 

(1) in way of the ends of brackets where stress concentration occurs; 

(2) in the main frames, longitudinals and stiffeners for a region of at least 230 mm on each side 

of the intersection with a primary supporting member. 

 

1.4.4.7 Where a structural member passes through a watertight or an oiltight bulkhead, in addition 

to the fitt ing of a welded collar on the bulkhead, a small semicircular notch is to be cut on one side 

of the passing member as shown in Figure 1.4.4.7(1). And double continuous fillet welding is to be 

carried out round the end of the semicircular notch to the bulkhead so as to ensure tightness of the 

bulkhead. 

 
Figure 1.4.4.7(1) 

 

For bulkheads adjacent to tanks, fillet welds in way of 150 mm fore and aft of oil/gastight or 

watertight bulkheads are to be properly beveled and full penetration is required in order to prevent 

the leakage of dangerous gases or liquids into adjacent compartments, see Figure 1.4.4.7(2). Other 

equivalent means may also be adopted. 
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Figure 1.4.4.7(2) 

 
1.4.4.8 The size of fillet welds in primary members is to comply with the following:  
(1) Weld factors may be obtained from Table 1.4.4.8. 

 
Table 1.4.4.8 - Weld Factors of Primary Members 

Cross-sectional area of 
face plate of T-type 

members (cm²) 
Position  

 In tanks  In dry spaces  

To face plate To plating To face plate To plating 

! Җ ол At ends 0.21 0.27 0.21 0.21 

  Remainder 0.1 0.16 0.1 0.13 

ол ғ ! Җ ср At ends 0.21 0.34 0.21 0.21 

  Remainder 0.13 0.27 0.13 0.16 

ср ғ ! Җ фр At ends 0.34 лΦпп 0.21 0.27 

  Remainder лΦнт 0.34 0.16 0.21 

фр ғ ! Җ мол At ends 0.34 лΦпп 0.27 0.34 

  Remainder лΦнт 0.34 0.21 0.27 

A > 130 At ends 0.44 лΦпп 0.34 лΦпп 

  Remainder 0.34 0.34 0.27 0.34 
Notes:  

  The weld factors άŀt endǎέ are to be applied for 0.2 × the length of the member from each end, but at least beyond the toes of the member 
end brackets. On vertical webs the increased welding may be omitted at the top, but is to extend at least 0.3 × length from the bottom. 
άLength of the memberέ means the overall length of the member (including the end brackets). 

  In cargo oil tanks, the weld factor is to be 0.34. The final throat thickness of the weld fillet is not to be less than 0.34 tp. For tp, see 

1.4.4.2(1) of this Section. 
  Where the web plate thickness is increased locally, the throat thickness is to be determined by 0.44 tp or 0.34 tc, whichever is the 

greater. For tp, see 1.4.4.2(1) of this Section, and tc is the increased thickness of plate. 
  In oil tankers over 120 m in length, the weld factors of the connection of bottom transverses to shell, and of side transverses to shell and 

vertical webs to longitudinal and transverse bulkheads, all in the lower half depth, are not to be less than 0.34. 

 

(2) Where the webs of primary members are cut for the passage of secondary members and the 
width of the notch exceeds 15% of the stiffener spacing, the weld factor W ̱or the leg length K 
of fillet weld is to be multiplied by coefficient C obtained from the following formula: 

 
 

(3) In calculation of the throat thickness, the overall length of the weld at the ends of the member 
may be taken into account. 
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1.4.4.9 The area of welding of end connections of primary members is not to be less than the cross-
sectional area of the member, and the weld factor is not to be less than 0.34 in tanks or 
0.27 elsewhere. 

 
1.4.4.10 Where a longitudinal strength member is cut at a primary support and the continuity of 
strength is provided by brackets, the area Aw of weld is not to be less than the cross-sectional area 
of the strength member. 
 
1.4.4.11 Where the secondary member passes through, and is supported by, the web of a primary 
member, the weld connection is to be in accordance with the following: 

(1) The area Aw of weld is to be not less than 0.5 W and the weld factor not less than 0.34 in tanks 

or 0.27 in dry spaces, where W is the section modulus of the secondary member, in cm3. 
(2) In cargo oil tanks, the size of weld is to be increased by 20% above that obtained from (1) above. 

 
1.4.4.12 The fillet welding of secondary member end connections is to be in accordance with Table 
1.4.4.12 and where two values are given, the greater is to be taken. 

Connection 2 Weld factor w  ̱

1. Stiffener welded direct to deck, shell, bulkhead plating, etc. 

0.25 As or 6.5 

0.34 

2. Stiffener to bracket or bracket lapped to stiffener  

 (1) in dry space 0.27 

 (2) in tank 0.34 

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

3. Bracket welded to face of stiffener and bracket connection to shell, deck, 
bulkhead plating, etc. 

ς 0.34 

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

Notes:  As ς cross-sectional area of the stiffener, in cm2; 

Aw ς area of the weld (in cm2), and is calculated as total length of weld (in cm) × throat thickness (in cm). 

 

1.4.4.13 Single-sided continuous fillet welding may be acceptable for dry spaces in deckhouse. 
Where this is adopted, the fillet leg length K is to be 2 times the value calculated in 1.4.4.2, where d 
/  l is to be taken as 1. 
 
SECTION 5 - DIRECT STRENGTH CALCULATIONS 
 
1.5.1 General requirements 
1.5.1.1 Where specifically required in this PART, or a novel structural configuration is adopted, or 
structural arrangements, shipΩǎ proportions and scantlings are not covered by the Rules, direct 
calculations are to be performed. 
 
1.5.1.2 Except as otherwise specified, this Section in general applies to finite element (FE) analysis 
of cargo holds and the whole ship. 
1.5.1.3 The loading conditions taken into account for direct strength calculations are to include 
most severe conditions for the design of ships. 
 
1.5.1.4 The as-built thicknesses are to be applied for FE model scantlings, no additional thickness 
given by the shipowner is to be taken into consideration. 
 
1.5.1.5 Except as otherwise specified, the structural scantlings required by this PART can not be 
reduced for the direct strength calculation. 
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1.5.1.6 Suitable general programs may be employed in direct calculations. Where a not generally 
used program is to be employed, supporting information is also to be submitted to substantiate the 
validity of the computer program. 
 
1.5.1.7 The service coefficient fr =1. 

 
1.5.1.8 The following documentation is to be submitted:  
(1) list of drawings used; 
(2) description of FE calculation programs used;  
(3) detailed description of structural FE model; 
(4) description of physical properties and material properties of structural model; 
(5) detailed description of boundary conditions; 
(6) detailed description of loading conditions; 
(7) details of applied loads; 
(8) figures of the overall and local deformations;  
(9) results of yield strength evaluation; 
(10) results of buckling strength evaluation; 
(11) output showing whether the structure meet design criteria or not. 

 
1.5.1.9 Definitions 
(1) A right-handed coordinate system is to be used, see Figure 1.5.1.9, with: 

 the X-axis measured in the longitudinal direction, positive forward; 

 the Y-axis measured in the transverse direction, positive to port from the centerline; 

 the Z-axis measured in the vertical direction, positive upwards. 

 

 
Figure 1.5.1.9 Coordinate system 

 
(2) ¢ƘŜ Ǿƻƴ aƛǎŜǎ ǎǘǊŜǎǎ ˋŜ ƛǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀΥ 

 
where: 

 ̀ x τ stress of element in direction x, in N/mm2; 

ỳ τ stress of element in direction y, in N/mm2; 

x̱y τ shear stress of element in plane xy, in N/mm2. 

 
(3) ¢ƘŜ ǎƘŜŀǊ ǎǘǊŜǎǎ ˍΣ ƛƴ bκƳƳ2; for the primary structural members along the depth direction, the 

average shear stress of plate element may be calculated as follows: 
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where: 
Ai τ the effective shear area of element i, in mm2; 

i̱ τ the shear stress of element i, in N/ mm2; 

Aw τ the total effective shear area of actual structure, in mm2. 

 
1.5.2 Motions and accelerations 
1.5.2.1 ShipΩǎ absolute motions and accelerations 

(1) The roll period TR of the ship is to be calculated as follows: 

 
where:  

kr τ roll radius of gyration, in m, to be assumed as follows if no specific values 

available: 

kr = 0.35 ballast condition for oil tankers; 

kr = 0.25 ore carriers; 

kr = 0.39 others; 

where: B τ breadth of ship, in m; 
GM τ initial metacentric height in the condition considered, to be assumed as 

follows if no specific 
values available: 
GM = 0.12B for tankers and bulk carriers; 

= 0.07B for others.  

(2) The maximum roll angle ű m is to be calculated as follows, but need not be greater than 

лΦрно ǊŀŘΦ 
 

 
where: 

TR τ calculated as (1); 
B τ breadth of ship, in m; 
f r τ service coefficient, see 1.5.1.7 of this Section; 
k τ coefficient, to be taken as follows: 

k = 1.2 for ships without bilge keel; 
k=1.0 for ships with bilge keel; 
k=0.8 for ships with activated stabilizers. 

 
(3) Pitch period Tp is to be calculated as follows: 

 
where: L τ length of ship, in m. 
 

(4) The maximum pitch angle ű m is to be calculated as follows, but need not be greater than 0.14 

rad: 

 
where: Cbτ block coefficient; 

a0 τ acceleration factor, to be calculated as follows: 
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1.5.2.2 ShipΩǎ relative motions and accelerations 
(1) Surging acceleration ax is to be calculated as follows: 

 
 
where: Cbτ block coefficient; 

a0 τ see 1.5.2.1(4) of this Section. 

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

a y =3a0 m/s2 

 
where: a0 τ see 1.5.2.1(4) of this Section. 

 
(3) Heave acceleration az is to be calculated as follows: 

 
where: Cbτ block coefficient; 

a0 τ see 1.5.2.1(4) of this Section. 

 
(4) Roll acceleration ar is to be calculated as follows: 

 
where: TR τ roll period, in sec., to be calculated according to 1.5.2.1(1) of this Section; 

 ű m τ maximum roll angle, in rad, to be calculated according to 1.5.2.1(2) of this 

Section. 
 

(5) Pitch acceleration ap is to be calculated as follows: 

 
where: TP τ pitch period, in sec., to be calculated according to 1.5.2.1(3) of this Section; 

m τ maximum pitch angle, in rad, to be calculated according to 1.5.2.1(4) of this 

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

 
where: ay τ sway acceleration, see 1.5.2.2(2); 
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ar τ roll acceleration, see 1.5.2.2(4); 

j m  τ maximum roll angle, see 1.5.2.1(2) of this Section; 

z  τ vertical distance from the point considered to baseline; 
zrp τ vertical distance from axis of gyration for roll and that for pitch to 

baseline, to be taken from the values obtained by the following two 
formulae, whichever is the lesser; 

 
where: 

D τ moulded depth, in m; 

d1τ draught the condition considered, in m. 

 
(7) Longitudinal combined acceleration al is to be obtained by the following formula: 

 
 

where:  zrp, z τ see 1.5.2.2 (6); 

 ax τ surge acceleration, see 1.5.2.2 (1); 

 ap τ pitch acceleration, see 1.5.2.2 (5); 

 ym 
τ maximum roll angle, in rad, calculated according to 1.5.2.1 (4) of this Section. 

(8) Vertical combined acceleration av is to be taken from the values obtained by the following two 
formulae, whichever is greater: 

 
 

where:  az τ heave acceleration, see 1.5.2.2 (3); 

ar τ roll acceleration, see 1.5.2.2(4); 

ap τ pitch acceleration, see 1.5.2.2(5); 

x τ longitudinal distance from the point considered to AP, in m; 
y τ transverse distance from the point considered to longitudinal centerline, in m; 
L τ length of ship, in m. 

 
1.5.3 External sea pressure 
1.5.3.1 The external sea pressure consists of hydrostatic pressure and hydrodynamic wave pressure. 
1.5.3.2 The hydrostatic pressure Phs is to be calculated as follows: 

 
where: rW τ density of sea water, taken as 1.025 t/ m3; 

d1 τ draught in the considered condition, in m; 

z τ vertical distance measured from the considered point to the baseline, in m. 
 

1.5.3.3 Hydrodynamic wave pressure 

(1) The hydrodynamic wave pressure following formula pWL at the side waterline of the ship is to 
be calculated by the following formula:  
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where:  
fr τ service coefficient, see 1.5.1.7 of this Section; 
B τ breadth of ship, in m; 
Cb τ block coefficient; 

d1 τ draught under the loading condition for calculation, in m; 

C τ coefficient, see 2.2.3.1 of Section 2, Chapter 2 of this PART. 
 

(2) The hydrodynamic wave pressure pBS at the bilge of the ship is to be calculated by the 

following formula: 

 
 

where: pWL, d1τ see 1.5.3.3(1). 

 

(3) The hydrodynamic wave pressure pBC at the bottom centerline is to be calculated by the 

following formula: 

 
 

where: pWL, d1τ see 1.5.3.3(1). 

 
 

(4) The hydrodynamic wave pressure phd (see Figure 1.5.3.3) at any point below the waterline 

is to be calculated by the following formula: 

 
where:  

pWL τ calculated according to 1.5.3.3 (1);  

pBS τ calculated according to 1.5.3.3 (2);  

pBC τ calculated according to 1.5.3.3 (3);  

B τ breadth of ship, in m; 
d1 τ draught in the considered condition, in m; 

y τ transverse distance measured from the considered point to the centreline, in m; 
z τ vertical distance measured from the considered point to the baseline, in m. 

 
(5) The hydrodynamic wave pressure phd (see Figure 1.5.3.3) at any point at side shell plating 

above the waterline is to be calculated by the following formulae: 

 
where:  

pWL τ calculated according to 1.5.3.3 (1); 
d1 τ draught under the considered condition, in m; 

 
z τ vertical distance measured from the considered point to the baseline, in m. 
 

(6) The green sea load pwdk (see Figure 1.5.3.3) on weather deck is to be calculated by the 
following formula, but not less than zero: 
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where: 

pWL τ calculated according to 1.5.3.3(1); 
d1 τ draught under the considered condition, in m; 

zdk τ vertical distance measured from the weather deck to the baseline, in m. 

 

 
 

Figure 1.5.3.3 External Hydrodynamic Wave Pressure 
 
1.5.4 Dry bulk cargo pressure 
1.5.4.1 The pressure caused by dry bulk cargo is to be calculated according to 1.5.4.2 and 1.5.4.3. 

 
1.5.4.2 The top surface of dry bulk cargo is to be determined according to the following 
requirements: 
(1) For a prismatic cargo hold where the dry bulk cargo is loaded to the top of the hatch coaming, 
the top surface of cargo is to be determined equivalently according to the same cargo volume within 

the cargo hold. The equivalent cargo horizontal surface at hC above the inner bottom, as shown in 

Figure 1.5.4.2(1), is to be calculated by the following formula: 
 

 
where: 
hHPU τ vertical distance from inner bottom to the lower point of intersection of topside tank with 

side shell plating or inner hull plating, in m, see Figure 1.5.4.2(1); 
h0 τ  vertical distance from the lower point of intersection of topside tank with side shell plating 

or inner hull to equivalent cargo horizontal surface,   

 where:  

  
 S0 τ  shadow area from the lower point of intersection of topside tank with side shell 

plating or inner hull plating to horizontal surface of upper deck, in m2, see Figure 1.5.4.2(1); 

 VHC τ volume enclosed by hatch coaming from deck to coaming top, in m3; 

 lH τ  length of cargo hold, in m; 

 BH τ  average breadth of cargo hold, in m. 
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Figure 1.5.4.2(1) Definitions of hc, h0, hHPU and S0 

 
(2) For a prismatic cargo hold where the dry bulk cargo is not loaded to upper deck, it is assumed 
that its top surface is parabolic across along the hull and the shape of each cross section along the 
length of the cargo hold is the same, as shown in Figure 1.5.4.2(2). Parameters of the top surface 
shape are to be determined according to cargo volume in the cargo hold (taken as Mκˊ/ ) and 
calculated as follows: 

 
 
where: 

h2 τ  distance, in m, see Figure 1.5.4.2(2), to be calculated by the following formula: 

  
 
hy τ distance, in m, see Figure 1.5.4.2(2), to be calculated by the following formula: 

  
B2 τ cargo surface breadth if h2 < 0, in m, see Figure 1.5.4.2(2), to be calculated by the following 
 formula: 

  
h22 τ distance if h2 < 0, in m, see Figure 1.5.4.2(2), to be calculated by the following formula: 

 
hHPLτ vertical distance from inner bottom to the upper point of intersection of hopper side tank 

with side shell plating or inner hull, in m, see Figure 1.5.4.2(2). If there is no hopper side 
tank, hHPL is taken as 0. 

h1 τ distance, in m, see Figure 1.5.4.2(2), to be calculated by the following formula: 
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M τ mass of dry bulk cargo in cargo hold, in t; 

VTS τ total volume of lower stool of transverse bulkhead within cargo hold length lH, in m3. This 

does not include the portion of hopper side tank that passes through transverse bulkhead; 
BH, LH τ see (1) of this paragraph; 

BIB τ average breadth of inner bottom, in m, see Figure 1.5.4.2 (2); 

Ć τ density of dry bulk cargo, in t/ m3; 

 ɻτ angle of repose of cargo, determined as follows: 
 ɻ= 35° for ore and coal; 
 ɻ= 30° for salt, yellow sand, stone, grain, etc.; 
 ɻ= 25° for bulk cement; 

y τ transverse distance from considered point to the longitudinal centerline section, in m. 
 
 

 
h2 җ л  h2 < 0 

Figure 1.5.4.2(2) Definitions of hy, h1, h2, h22 and hHPL 
 
 
(3) For a non-prismatic cargo hold, the top surface of dry bulk cargo may be taken at the horizontal 

surface of upper deck, and density taken as M/VH, where VH is cargo hold volume, not including its 

portion enclosed by hatch coaming. 

 

1.5.4.3 The total pressure pC caused by dry bulk cargo is to be calculated by the following formula 

and taken not less than zero: 

 
where: 

Ć φ density of dry bulk cargo, in t/ m3; 

av φ vertical acceleration in way of considered centroid of cargo hold, in m/s2, see 1.5.2.2 (8) of this Section; 
hC φ vertical distance from the inner bottom to the top surface of dry bulk cargo, in m, determined according 

to 1.5.4.2 of this Section; 
hDB φ height of double bottom, in m; 

z φ vertical height of the considered point, measured from baseline, in m; 
KC φ coefficient, to be calculated as follows: 

 , for inner bottom, hopper side tank, transverse bulkhead 
and longitudinal bulkhead, lower stool, vertical upper stool, inner hull and side plate; 

KC = 0, for top side tank, upper deck and inclined upper stool; 

ʰ φ included angle between considered plate and horizontal plane, in deg; 
ŭ φ angle of repose of cargo, in deg (°), see 1.5.4.2(2) of this Section. 
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1.5.5 Liquid pressure in tank 

1.5.5.1 The lateral pressure pl caused by liquid in tank is to be calculated by the following formula: 

 
where: 

 ́τ mass density of liquid, in t/ m3, to be taken not less than 1.025 t/ m3; 

h τ vertical distance from the considered point to top of tank, or half the vertical distance 

to the top of the overflow, whichever is the greater, in m; 

fr τ service coefficient, see 1.5.1.7 of this Section. 

 

1.5.6 Direct strength calculation for cargo holds 

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

(1) In general, the global load and local loads are to be taken into account, including vertical 

bending moment, external sea pressure, cargo loading, liquid pressure in tank, etc. 

(2) The wave bending moment Mw is to be calculated as in 2.2.3 of Section 2, Chapter 2 of this 

PART, and fr Mw is to be taken according to the service coefficient in 1.5.1.7 of this Section. 

1.5.6.2 The extent of model is to be in compliance with the following requirements: 

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

the cargo area amidships. 

(2) In general, when both primary members and design loads are symmetrical to the longitudinal 

centerline section, only half breadth, starboard or port side is to be modeled. When the hold 

structure or load is not symmetrical to the longitudinal centerline section, a full-breadth model 

is to be required. 

(3) The vertical extent is to be taken as all members within the main hull, including all the 

primary members on the main deck. 

 

1.5.6.3 The element is to be selected in compliance with the following principles: 

(1) In general, inner and external shell plates, deep webs of transverse rings, girders, floors, plane 

bulkhead web stiffeners, frames and other members as well as corrugated bulkheads and 

bulkhead stools are to be simulated by plate elements. In high stress areas and areas of 

significant stress gradient, such as lightening holes, manholes, connection of stool to bulkhead, 

positions adjacent to brackets or structural discontinuities, triangular elements are to be 

avoided as practicable as possible. 

(2) Stiffeners of plates, which are subject to external sea pressure or cargo pressure, are simulated 

by beam elements, taking eccentric effects into consideration. The face plates and stiffeners of 

primary members (e.g. girders, floor stiffeners, frames and brackets may be simulated by rod 

elements. 

 

1.5.6.4 The meshing of elements is to be in compliance with the following principles: 

(1) Meshes are divided for each spacing of longitudinals or similar spacing in transverse and 

vertical direction of hull and for each spacing of frames or similar spacing in longitudinal 

direction of hull, and so are side meshes divided. Meshes are to be shaped square as far as 

practicable. 
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(2) Not less than three plate elements are to be arranged in vertical direction for bottom girders 

and floors. Not less than two plate elements are to be arranged in vertical direction for ring 

structures of hopper tanks and top wing tanks. 

(3) In general, each flange plate or web plate of a corrugated bulkhead is to be taken at least as a 

plate element; for the plate elements at the lower end of the corrugated bulkhead in the 

vicinity of lower stool and for the elements adjacent to stool plate, the aspect ratio is to be 

close to 1. 

(4) Normally, the aspect ratio of plate elements is not to exceed 3, and the aspect ratio of plate 

elements for corrugated bulkhead is not to exceed 2. Triangular plate elements are to be 

minimized in modeling as far as possible; the aspect ratio of plate elements is to be close to 1 

as far as possible within the high stress area or area of high stress gradient and triangular plate 

elements are to be avoided. 

 
1.5.6.5 Strength evaluation is to be carried out for all primary members in the cargo holds 

amidships (including bulkheads) within the longitudinal extent. 

 

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

members, the following methods may be adopted: 

(1) For openings, e.g. lightening holes, manholes, of web plates of primary structural members, 

simulation is to be carried out according to Table 1.5.6.6 of this Section. 

 
 
Table 1.5.6.6-Simulation of Openings of Web Plates of Primary Structural Members  

h0/h < 0.35 and g0 < 1.2 Modeling not needed for openings 
лΦор Җ h0/h < 0.5 and g0 < 1.2 Equivalent plate thickness being  

 
h0/h ғ лΦр ŀƴŘ мΦн Җ g0 < 2 Equivalent plate thickness being  

 
h0/Ƙ җ 0.5 or gл җ н Modeling based on geometry of openings or by means of 

removing the appropriate elements in way of openings 
where: tw τ thickness of web plates; 
l0 τ opening length perpendicular to height of web plates, see Figure 1.5.6.6(1); where the space d0 of continuous 
openings is less than 0.25 h, l0 is to be taken as the length across the openings, see Figure 1.5.6.6(2); 
h0 τ opening height parallel to height of web plates, see Figure 1.5.6.6(1); 
h τ height of web plates in way of openings, see Figure 1.5.6.6(1); 
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Figure 1.5.6.6(1) Openings of Web Plates Figure 1.5.6.6(2) Length l0 for Space of 

Continuous Openings d0 < 0.25 h 
 
(2) For detailed stress analysis, the mesh size of the innermost two cycles of elements around the 

opening is not to be greater than 50 mm × 50 mm. The meshing is to be such that the transition 

from refined to coarse meshes is smooth. Stiffeners welded directly to the edges of the opening 

are to be simulated by plate elements; web stiffeners located more than 50 mm away from the 

edges of the opening can be simulated by rod or beam elements, as indicated in Figure 

1.5.6.6(3). The allowable stress is to be as follows: 

 
where: K τ material factor. 

 
Figure 1.5.6.6(3) Refined Opening of Web Plate 
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1.5.7 Direct calculation of global strength of the ship 
1.5.7.1 The flowchart of direct calculation of global strength of the ship is shown in Figure 1.5.7.1. 

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

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

compliance with the following requirements: 

(1) Ship motion and wave load are to be calculated based on the two-dimensional linear strip 

theory, the three-dimensional linear theory (considering non-linear corrections) or the non-

linear wave theory. 

(2) To calculate the ship motions and loads under design waves for each loading condition, the 

input data are considered as follows: 

 the number of wave frequency (or wave length) is not to be less than 20, range of wave 

frequency taken as 0.2 to 3 according to the ratio of wave length to shipΩǎ length ( l/ L ), 

and the increments taken as 0.1; 

 not less than 7 wave heading angles are to be taken, including 0º (head sea), 30º, 60º, 90º, 

120º, 150º, 180º (following sea); 

 ship speed is taken as 0. 

 

1.5.7.3 Statistical analysis is to be carried out according to the following requirements: 

(1) P-M wave spectrum is used for calculation of shipΩs motion on irregular waves, wave load 

response and its short- and long-term prediction: 
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(2) In the wave scatter diagram used in the calculations, the worst wave data of the ship 

navigating in service areas are used. 

 

1.5.7.4 The design waves are to be calculated as follows: 

(1) The design wave parameters are defined as shown in Figure 1.5.7.4(1): 

 
Figure 1.5.7.4(1) Design Wave Parameters 

where: 

l τ wave length, minimum distance between two adjacent wave crests, in m; 
H τ wave height, minimum distance from wave crest to wave trough, in m; 

h τ wave surface, as sine equation. 
 
(2) The probability level of long-term prediction values is to be selected according to the dominant 

load parameters. 

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

different heading angles of regular waves, as shown in Figure 1.5.7.4(2). 



PART B ς HULL SURVEYS 
 

 

48 

 
Figure 1.5.7.4(2) Frequency Response Functions 

(4) The wave frequencyw a a where dominant load parameters are at the maximum amplitude are 

determined according to frequency response functions. 

(5) Design wave length l is to be calculated as follows: 

 
where: 

g τ gravitational acceleration; 

w a τ wave frequency corresponding to dominant load parameters exceeding the  

maximum amplitude, to be determined by 1.5.7.4(4), in rad/s. 
 

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

 
where:  

aw τ amplitude of design waves; 

Aj τ maximum amplitude of dominant load parameters; 

Lj τ long-term extreme value of dominant load parameter at the probability level  

according to 1.5.7.4(2); 
J τ dominant load parameter number. 
 

(7) The time tj instant where the dominant load parameter reaches maximum is to be determined 
as follows: 

 
where: 

w a τ wave frequency corresponding to dominant load parameters exceeding the  

maximum amplitude, to be determined by 1.5.7.4(4), in rad/s; 

ej τ phase angle corresponding to dominant load parameters exceeding the  

 maximum amplitude, in rad; 

j τ as in 1.5.7.4(6); 
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n τ 0 or 1. 

(8) Wave pressure and other load components under design waves are to be calculated as follows: 

 
where:  

Pi τ wave pressure or other load components at arbitrarily considered position of hull; 

Ai τ amplitude of frequency response function of wave pressure or other load 

component Pi; 

e I τ phase corresponding to wave pressure or other load component Pi; 

tj τ time instant where dominant load parameter reaches maximum, determined 

according to 1.5.7.4(7). 

 

1.5.7.5 Load components and applying 

(1) The shipΩǎ light weight: the masses of steel materials, outfits and small equipment are to be 

simulated by regulating the material density of each component. Large equipment and 

ballast water are to be simulated by mass elements, which may be established on the 

corresponding structures, and also may be connected to the actual structures through the 

simulated structures. 

(2) The weight of cargo in hold and on deck is to be simulated by appropriate mass elements. 

(3) External hydrostatic pressure, which acts, according to draft under the considered condition, 

on external wet surface of hull. 

(4) Wave pressure is to be calculated according to the equivalent design wave method, acting on 

external wet surface of hull. 

(5) Inertial load is to be based on the initial acceleration obtained by the equivalent design wave 

method, acting on the whole model. 

 

1.5.7.6 The mass model of whole ship is to be matched with shipΩǎ hydrostatic buoyancy. The 

error between the total weight and total buoyancy is not to be more than 0.0001D , where D is 
the moulded displacement, in t, at the corresponding draught; the error of longitudinal coordinate 

for centers of mass and buoyancy is not to be more than 0.0025 L , where L is the length of ship, 

in m; the error of horizontal coordinate is not to be more than 0.001B, where B is the breadth of 

ship, in m. 

 

1.5.8 Yield strength evaluation 

1.5.8.1 The stress of members is not to exceed the relevant allowable stress criteria. 

 

1.5.8.2 Membrane stress, i.e. median stress at center of bending plate element is to be taken for 

plate element. 

 

1.5.8.3 For corrugated bulkheads, the stress in way of corrugation end may be obtained by 

extrapolation of average stresses of bulkhead plating. 

 

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

 

1.5.9 Buckling strength evaluation 

1.5.9.1 The buckling safety factor of plate panel is not to be less than the related minimum one. 

 

1.5.9.2 The buckling strength evaluation of plate panel is to be carried out for all primary 

members. During the evaluation, the appropriate standard thickness deduction is to be taken into 

consideration for the critical buckling compressive stresses. 

 
1.5.9.3 The biaxial compressive stress and shear stress are to be taken into account for the 
buckling strength evaluation and membrane stress of plate panel is to be used for the buckling 
strength evaluation. 
 
1.5.9.4 Critical buckling stress and plastic correction 

(1) The elastic critical buckling stress sxcr _ e of the plate panel, of which the shorter side is 

subjected to compression and bending, is defined as follows: 

 
where:  

kx τ buckling coefficient for shorter side subjected to compression and bending,  

to be calculated according to Table 1.5.9.4(1); 

C1 τ boundary constraint coefficient, see Table 1.5.9.4(2); 

T τ thickness of plate panel, in mm; 
S τ length of shorter side of plate panel, in mm, taken as spacing of stiffeners; 

E τ materialΩs elastic modulus, in N/mm2; 
v τ PoissonΩǎ ratio, v = 0.3 for steel; 
x τ axial direction of longer side of plate panel. 

 
Table 1.5.9.4(1)-Buckling Coefficient of Plate Panel  

 Buckling load condition Buckling coefficient 
Shorte
r side 
subject 
to 
stress 
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Longer 
side 
subject 
to 
stress 

 

 
 
 

 

  
Edges 
subject 
to 
shear 
stress 

 

 

 

 
Table 1.5.9.4(2)-Plate Panel Boundary Restraint Coefficients C1 and C2  

Boundary C1 C2 
In double bottom or between double sides Elsewhere 

Angles or T-stiffeners 1.1 1.3 1.2 
Flat bars or bulb flats 1.0 1.2 1.1 

 
 
(2) The elastic critical buckling stress sxcr _ e of the plate panel, of which the longer side is 

subjected to compression and bending, is defined as follows: 

 
where:  

ky τ buckling coefficient for longer side subjected to compression and bending, to  

be calculated according to Table 1.5.9.4(1); 
C2 τ boundary restraint coefficient, see Table 1.5.9.4(2); 

y τ  axial direction of shorter side of plate panel; other symbols are the same as in  
1.5.9.4(1). 

(3) The elastic critical buckling stress  of plate panel subject to shear force is defined as 
follows: 
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where:  
kt τ shear buckling coefficient, to be calculated according to Table 1.5.9.4(1); 
other symbols are the same as in 1.5.9.4(1) and (2). 
 
1.5.9.5 The elastic critical buckling stress of plate panel is to be corrected as follows: 

 
where: 
sxcr _ e ȁsycr _ e ȁtcr _ e ð respectively as elastic critical buckling compressive stress along axes x  

and y under uniaxial stress and critical buckling shear stress of  
plate panel, see 1.5.9.4 of this Section; 

ReHτ yield stress of material, in N/mm2; 

   
1.5.9.6 In the buckling strength evaluation, the buckling safety factor l  is to be the ratio of the 

critical buckling stress of plate panel to actual compressive stress, see Table 1.5.9.6. The 

sx ȁsy ȁtxy 
are considered in their absolute values in calculation. Where the working stress along 

axes x and y is of tension stress, such stress component is to be taken as zero. 
 

Table 1.5.9.6-Calculation of l  
Aspect ratio of plate panel 

Stress condition   
Biaxial compression 

  
Compression along x axis + edge shear 

 
Compression along y axis + edge shear 

 
Biaxial compression + edge shear 

 

 
Notes: 
 s

x1 and s
y1 

are greater values of working stress acting on sides of plate panel along axes x and y , sx2 and sy2 

are the lesser values of such stress, and and x are to be taken as the average values of y sx1
, sx2 and s

y1
, sy 

respectively; txy is the average shear stress, s
x1
, sx2, sy1

, sy2
, txy are as shown in Table 1.5.9.4(1) of this Section. 

 sxcr 
, sycr and s cr are the elastically corrected critical buckling compressive stresses under uniaxial stress and 

critical buckling shear stress of plate panel along axes x and y respectively. 
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SECTION 6 - CORROSION CONTROL FOR HULL STRUCTURES 
 
1.6.1 General requirements 

1.6.1.1 Effective means are to be taken for all ships to prevent excessive corrosion of hull members. 

 

1.6.1.2 All seawater ballast tanks having boundaries formed by the hull envelope plating are to 

have an efficient protective coating, epoxy or equivalent, applied in accordance with the coating 

manufacturerΩǎ Ǌecommendation. Dedicated seawater ballast tanks of all types of ships of not less 

than 500 gross tonnage and double-side skin spaces arranged in bulk carriers of 150 m and over in 

length, as specified in SOLAS regulation II-1/3-2, are to be coated in accordance with IMO 

resolution MSC.215(82) on Performance Standard for Protective Coatings for Dedicated Seawater 

Ballast Tanks in All Types of Ships and Double-Side Skin Spaces of Bulk Carriers (PSPC). 

 

1.6.1.3 For bulk carriers, all internal and external surfaces of hatch coamings and hatch covers, and 

all internal surfaces of cargo holds, excluding the flat tank top areas and the hopper tanks 

sloping plating approximately 300 mm below the side shell frame and brackets, are to use an 

efficient protective coating (epoxy coating or equivalent) recommended by the coating 

manufacturer. In the selection of coatings, due consideration is to be given by the Owner to the 

intended cargo conditions expected in service. 

 

1.6.1.4 Right before application of coatings to any structure, surface preparation is to be made 

in accordance with coating manufactureǊΩǎ ǿorkmanship requirements and the surfaces are to be 

thoroughly cleaned to a corresponding degree. The number of coatings and total dry film thickness 

are to comply with the design requirements. 

1.6.1.5 Where bimetallic connections are made, measures are to be incorporated to preclude 

galvanic corrosion. 

 

1.6.1.6 Impressed current systems are not permitted in oil cargo tanks. 

 

1.6.2 Primers or coatings 

1.6.2.1 Where a primer is used to coat steel during construction, the primer is to be applied right 

after surface preparation. The composition of the primer is to be such that it will have no significant 

deleterious effect on subsequent welding work and that it is compatible with the paints or other 

coatings subsequently applied in association with an approved system of corrosion control for 

structures. Primers are subject to approval in accordance with the relevant ISC requirements. 

 

1.6.3 Internal cathodic protection in tanks 

1.6.3.1 Where a cathodic protection system is to be fit ted in tanks or adjacent tanks carrying 

liquid cargoes having a flash point not exceeding 60ᴈ, a plan showing details of the locations and 

attachment of anodes is to be submitted for information. 

 

1.6.3.2 When cathodic protection requirements are assessed, the effects of uncoated surfaces (e.g. 

tank fittings) adjacent to those which require protection are to be taken into account. 



PART B ς HULL SURVEYS 
 

 

54 

 

1.6.3.3 Aluminum alloy sacrificial anodes, magnesium alloy sacrificial anodes, zinc and zinc alloy 

sacrificial anodes of oil tankers 

(1) Aluminum alloy sacrificial anodes are permitted in tanks used for the carriage of oil and adjacent 

tanks, but only at locations where the potential energy does not exceed 28 kgωƳ (200 lbωft). 

The weight of the anode is to be taken as the weight at the time of fit ting, including any inserts 

and fitt ing devices. 

(2) The height of the anode is, in general, to be measured from the bottom of the tank to the 

centre of the anode. Where the anode is located on horizontal surfaces (such as bulkhead 

girders and stringers) not less than 1 m wide, provided with an upstanding flange or face plate 

projecting not less than 75 mm above the horizontal surface, the height of the anode may be 

measured above that surface. 

(3) Aluminum anodes are not to be located under tank hatches or Butterworth openings (in order 

to avoid any metal parts falling on the fit ted anodes), unless protected by adjacent structure. 

(4) Magnesium alloy sacrificial anodes are not permitted in oil cargo tanks and tanks adjacent to cargo 

tanks. 

(5) Zinc and zinc alloy sacrificial anodes may be located in any position without restriction. 

 

1.6.3.4 Arrangement of sacrificial anodes 

(1) Anodes are to be reasonably located in relation to the structural features of the surfaces 

protected, and particular attention is to be given to the effects of adjacent structures and 

openings of the tank. 

(2) Anodes are to be fitt ed with steel cores which are to be so designed as to retain the anode even 

when the latter is wasted. Anodes are to be sufficiently rigid to avoid resonance in the anode 

support. 

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

would be acceptable: 

 steel core connected to the structure by continuous welding of adequate section; 

 steel core bolted to separate supports, provided that a minimum of two bolts with lock 

nuts is used at each support; 

 approved means of mechanical clamping. 

(4) Sacrificial anodes in tanks are not to be attached to the shell. The two ends are not to be 

attached to separate members which are capable of relative movement. 

(5) Sacrificial anodes are to be attached to stiffeners, or may be aligned in way of stiffeners on 

plane bulkhead plating. Where cores or supports are welded to the structure, they are to be 

arranged so that the welds are clear of stress raisers. Where they are welded to asymmetrical 

stiffeners, they are to be connected to the web with the welding kept at least 25 mm away from 

the edge of the web. In the case of stiffeners or girders with symmetrical face plates, the 

connection may be made to the web or to the centreline of the face plate but well clear of the 

free edges. However, it is recommended that anodes be not fit ted to face plates of higher 

tensile steel longitudinals in so far as practicable. 
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1.6.4 External hull protection 

1.6.4.1 Shell plating, particularly the portion between light and loaded load lines, weather decks 

and hatch covers are to be provided with suitable corrosion protection. 

 

1.6.4.2 Where an impressed current cathodic protection system is fit ted, plans or information 

showing the proposed layout of anodes, reference electrodes, wiring and methods of attaching 

to the rudder and propeller, are to be submitted. 

 

1.6.4.3 A small cofferdam is to be included in the arrangements for glands, where cables pass 

through the shell. Cables to anodes are not to be led through tanks intended for the carriage of 

low flash point oils. Where cables are led through cofferdams or clean ballast tanks of tankers, 

they are to be enclosed in a substantial steel tube of at least 10 mm thickness. 

 

1.6.4.4 For ships subject to in-water survey instead of drydocking survey, the underwater portion of the 

hull is to be coated with a high resistant paint. Details of the high resistant paint are to be submitted to ISC 

for information. 

 

1.6.5 Corrosion allowance 

1.6.5.1 Unless otherwise stated in this PART, the scantlings of hull structural members calculated 

in accordance with this PART are to include the values of corrosion allowance tc as specified here. 

 

1.6.5.2 Corrosion allowances tc of hull structural members, including plating and framing, are 

to be obtained as in Table 1.6.5.2. 

 

Table 1.6.5.2-Value of Corrosion Allowance tc  

Thickness, t (mm) Corrosion Allowance, tc (mm) 

Җ мл 1.5 

> 10 0.1 t + 0.5 (maximum 3.2) 

 
1.6.5.3 For boundaries of ballast spaces or cargo tanks, the corrosion allowance is not to be less 
than 2.5 mm. 
 
1.6.5.4 For dry spaces (cargo spaces in bulk carriers excluded), the corrosion allowances is to be 
0.5 tc (see Table 1.6.5.2), but not less than 1.0 mm. 
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SECTION 7 - FORE DECK FITTINGS 
 
1.7.1 Strength requirements for fore deck fittings and equipment 

1.7.1.1 This Section provides strength requirements for the following items located within the 

forward 0.25L: air pipes, ventilator pipes and their closing devices. However, these requirements do 

not apply to the cargo tank venting systems and the inert gas systems of oil tankers. 

 

1.7.1.2 All ships of 80 m or over in length, where the height of the exposed deck in way of the 

items as defined in 1.7.1.1 of this Section is less than 0.1L or 22 m above the summer load 

waterline, whichever is the lesser, are to comply with the relevant requirements of 1.7.1 of this 

Section. 

 

1.7.1.3 The pressures p, acting on air pipes, ventilator pipes and their closing devices may be calculated 

from: 

 
where:  

ˊ τ density of seawater, taken as 1.025 t/m3; 

V τ velocity of water over the fore deck, in m/s; 

= 13.5 m/s, for Ƙ Җ 0.5h1;  

 
h τ distance from summer load waterline to exposed deck, in m; 

h1τ 0.1L or 22 m, whichever is the lesser; 

Cd τ shape coefficient, taken as 0.5 for pipes, 1.3 for air pipe or ventilator heads  

in general, 0.8 for an air pipe or ventilator head of cylindrical form with its  

axis in the vertical direction; 

Cs τ slamming coefficient, taken as 3.2; 

Cp τ protection coefficient, taken as 0.7 for pipes and ventilator heads located  

immediately behind a breakwater or forecastle, 1.0 elsewhere and 

immediately behind a bulwark. 

 

1.7.1.4 Forces acting in the horizontal direction on the pipe and its closing device may be calculated 

from 1.7.1.3 of this Section using the largest projected area of each component. 

 

1.7.1.5 The requirements of 1.7.1.5 to 1.7.1.12 are additional to IACS UR P3 and UI LL36. This does 

not mean that closing devices of air pipes on all existing ships need to be upgraded to comply with 

UR P3. 

 

1.7.1.6 Bending moments and stresses in air and ventilator pipes are to be calculated at critical 

positions: at penetration pieces, at weld or flange connections, at toes of supporting brackets. 

Bending stresses in the net section are not to exceed 0.8 ReH, where ReH is the specified minimum 

yield stress or 0.2% proof stress of the steel at room temperature. Irrespective of corrosion 
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protection, a corrosion addition to the net section of 2.0 mm is then to be applied. 

 

1.7.1.7 For standard air pipes of 760 mm height closed by heads of not more than the tabulated 

projected area, pipe thicknesses and bracket heights are specified in Table 1.7.1.7. Where brackets 

are required, three or more radial brackets are to be fitt ed. Brackets are to be of gross thickness 8 

mm or more, of minimum length 100 mm, and height according to Table 1.7.1.7 but need not 

extend over the joint flange for the head. For air pipes of other heights, relevant requirements 

specified in 1.7.1.5 to 1.7.1.8 of this Section are to be met. Bracket toes at the deck are to be suitably 

supported. 

 
Table 1.7.1.7 - 760 mm Air Pipe Thickness and Bracket Standards  

Nominal pipe 
diameter (mm) 

Minimum fitted gross 
thickness (mm) 

Maximum projected area of 
head (cm²) 

IŜƛƎƘǘ  ƻŦ brackets 
(mm) 

пл  6 ς 520 

рл  6 ς 520 

65 6 ς 480 

80 6.3 ς 460 

100 7 ς 380 

125 7.8 ς 300 

150 8.5 ς 300 

175 8.5 ς 300 

200 уΦр 1,900 олл 

250 уΦр 2,500 олл 

300 уΦр 3,200 олл 

350 уΦр 3,800 олл 

400 уΦр 4,500 олл 

Notes:  
 Brackets (see 1.7.1.7) need not extend over the joint flange for the head. 
 Brackets are required where the as-fitt ed (gross) thickness is less than 10.5 mm, or where the tabulated 

projected head area is exceeded. 

 Not permitted for new ships. 

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

 
1.7.1.8 For other configurations, loads according to 1.7.1.3 and 1.7.1.4 of this Section are to be 

applied, and means of support determined in order to comply with the requirements of 1.7.1.6 of 

this Section. Brackets, where fit ted, are to be of suitable thickness and length according to their 

height. Pipe thickness is not to be taken less than as indicated in IACS UI LL36. 

 

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

tabulated projected area, pipe thicknesses and bracket heights are specified in Table 1.7.1.9. 

Brackets, where required, are to be as specified in 1.7.1.7 of this Section. 
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Table 1.7.1.9 - 900 mm Air Pipe Thickness and Bracket Standards  
Nominal Pipe 

Diameter (mm) 
Minimum Fitted Gross 

Thickness (mm) 
Maximum Projected Area of Head 

(cm²) 
Height of Brackets (mm) 

80 6.3 ς 460 

100 7 ς 380 

150 8.5 ς 300 

200 8.5 550 ς 

250 8.5 880 ς 

300 8.5 1200 ς 

350 8.5 2000 ς 

400 8.5 2700 ς 

450 8.5 3300 ς 

500 8.5 4000 ς 

Note: For ventilators of other heights, requirements specified in 1.7.1.5 to 1.7.1.12 of this Section are to be met. 
 

1.7.1.10 For ventilators of height greater than 900 mm, brackets or alternative means of support 

are to be fitted. Pipe thickness is not to be taken less than as indicated in IACS UI LL36. 

 

1.7.1.11 All component parts and connections of the air pipe or ventilator are to be capable of 

withstanding the loads defined in 1.7.1.3 and 1.7.1.4 of this Section. 

 

1.7.1.12 Rotating type mushroom ventilator heads are unsuitable for application in the areas 

defined in 1.7.1.1 and 1.7.1.2 of this Section. 

 

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

1.7.2.1 The provisions of this Section apply to the strength of, and securing devices for, small 

hatches fitted on the exposed deck over the forward 0.25 L ,where the height of the exposed 

deck in way of the hatch is less than 0.1 L or 22 m above the summer load waterline, whichever is 

the lesser, for all ships of 80 m or over in length. This regulation does not apply to small hatches on 

container ship giving access to a cargo hold which comply with UI LL64 except the requirement of 

clauses 4 & 5. Such hatch covers are considered non-weathertight regardless of whether it is 

actually weathertight or not. However, for scantlings of small hatches, the strength requirements 

in 1.7.2.4-1.7.2.7 of this Section could be applied instead of clause 6 of UI LL64. 

 

1.7.2.2 Small hatches are hatches designed for access to spaces below the deck and capable of 

being closed weather-tight or watertight, as applicable. Their opening is normally 2.5 m2 or less. 

 

1.7.2.3 Hatches designed for emergency escape need not comply with the requirements of 

1.7.2.8(1), 1.7.2.8(2), 1.7.2.9(3) and 1.7.2.10 of this Section. Securing devices of hatches designed 

for emergency escape are to be of a quick-acting type (e.g., one action wheel handles are provided 

as central locking devices for latching/unlatching of hatch cover) operable from both sides of the 

hatch cover. The maximum force needed to open the securing device is not to exceed 150 N, and 

the use of a spring equalizing, counterbalance or other suitable device on the hinge side to reduce 

the force needed for opening such hatch covers is acceptable. These requirements apply to new 

vessels, contracted for construction on or after 1 July 2007, by the time of delivery; to vessels 
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contracted for construction prior to 1 July 2007, by the compliance date specified in 5.3.5 of 

Chapter 5, PART ONE of the Rules, or by the due date of the first special survey after 1 July 2007, 

whichever is later. Completion prior to 1 July 2007 of a special survey with a due date after 1 July 

2007 cannot be used to postpone compliance. 

1.7.2.4 For small rectangular steel hatch covers, the plate thickness, stiffener arrangement and 

scantlings are to be in accordance with Table 1.7.2.4 and Figure 1.7.2.4. Stiffeners, where fitt ed, are 

to be aligned with the metal-to-metal contact points, as required in 1.7.2.9(1) of this Section, 

see Figure 1.7.2.4. Primary stiffeners are to be continuous. All stiffeners are to be welded to 

the inner edge stiffener, see Figure 1.7.2.9 . 

 
Table 1.7.2.4 - Scantlings for Small Steel Hatch Covers on Fore Deck  

Nominal Size (mm × mm) Cover Plate Thickness (mm) Primary Stiffeners Secondary Stiffeners 

630 × 630 8 ς ς 

630 × 830 8 100 × 8; 1 ς 

830 × 630 8 100 × 8; 1 ς 

830 × 830 8 100 × 10; 1 ς 

1030 × 1030 8 120 × 12; 1 80 × 8; 2 

1330 × 1330 8 150 × 12; 2 100 × 10; 2 
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Figure 1.7.2.4 (Unit: mm × mm) 

 

1.7.2.5 The upper edge of the hatchway coamings is to be suitably reinforced by a horizontal 

section, normally not more than 170 to 190 mm from the upper edge of the coamings. 

 

1.7.2.6 For small hatch covers of circular or similar shape, the cover plate thickness and 

reinforcement is to provide strength equivalent to that of the surrounding structure. 

 

1.7.2.7 For small hatch covers constructed of materials other than steel, the required scantlings 

are to provide equivalent strength. 

 

1.7.2.8 Small hatches located on exposed fore deck are to be fit ted with any one of the following 

primary securing devices: 

(1) butterfly nuts tightening onto forks (clamps); (2) quick acting cleats; or 

(2) central locking device. 

(3) Dogs (twist tightening handles) with wedges are not acceptable. 

 

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

(1) The hatch cover is to be fit ted with a gasket of elastic material. The metal-to-metal contacts 

are to be arranged close to each securing device in accordance with Figure 1.7.2.4, and of 

sufficient capacity to withstand the bearing force. This is to be designed to allow a metal to 

metal contact at a designed compression and to prevent over compression of the gasket by 

green sea forces that may cause the securing devices to be loosened or dislodged. 

(2) The primary securing devices are to be designed and manufactured such that the designed 

compression pressure is achieved by one person without the need of any tools. 

(3) For a primary securing device using butterfly nuts, the forks (clamps) are to be of robust design. 

They are to be designed by means of curving the forks upward, a raised surface on the free 

end, or a similar method. The plate thickness of forks is not to be less than 16 mm. An 

example arrangement is shown in Figure 1.7.2.9 . 

(4) For small hatch covers located on the exposed deck forward of the fore-most cargo hatch, the 



PART B ς HULL SURVEYS 
 

 

61 

hinges are to be fit ted such that the predominant direction of green sea will cause the cover to 

close, which means that the hinges are normally to be located on the fore edge. 

(5) On small hatches located between the main hatches, for example between No.1 and No. 2, 

the hinges are to be placed on the fore edge or outboard edge, whichever is practicable for 

protection from green water in beam sea and bow quartering conditions. 

 
 

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

 
1.7.2.10 Small hatches on the fore deck are to be fit ted with an independent secondary securing 

device e.g. by means of a sliding bolt, a hasp or a backing bar of slack fit, which is capable of keeping 

the hatch cover in place, even in the event that the primary securing device became loosened or 

dislodged. It is to be fitted on the side opposite to the hatch cover hinges. 

 

SECTION 8 - TANK SLOSHING 

 

1.8.1 General requirements 

1.8.1.1 For partially loaded tank, a strength assessment of tank structure under sloshing loads 

(hereinafter referred to as ΨSloshing AssessmentΩύ is to be carried out according to the requirements 

of this Section. 

 

1.8.1.2 For those not covered by this Section, the requirements of ISC Guidelines for Assessment 

of Sloshing Loads and Structural Scantling of Tanks are to be met. 

 

1.8.1.3 Unless otherwise specified, for tanks with internal members, partial filling generally means 

the liquid filling height is greater than 10% of the tank depth but less than 90% of the tank depth. 

For smooth tank, partial filling generally means the liquid filling height is greater than 5% of the 

tank depth but less than 95% of the tank depth. 

 

1.8.1.4 Unless specially specified, the sloshing assessment specified in this Section includes both 

transverse and longitudinal sloshing motions. 
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1.8.1.5 According to the judgment of the sloshing resonance of ship and tank, the sloshing motion 

and loads are divided into levels 1, 2 and 3. For tanks complying with sloshing motion level 1, 

sloshing loads at sloshing motion level 1 are to be calculated. For tanks complying with sloshing 

motion level 2, sloshing loads at sloshing motion levels 1 and 2 are to be calculated. For tanks 

complying with sloshing motion level 3, sloshing loads at sloshing motion levels 1, 2 and 3 are to be 

calculated. 

 

1.8.1.6 In order to reduce sloshing motion level, internal members may be added for swash or limit 

on the filling may be taken to avoid sloshing resonance. 

 

1.8.2 Application 

1.8.2.1 This Section is applicable to tankers such as oil tankers, chemical tankers, liquefied gas 

carriers, and bulk carriers, ore carriers and dry cargo carriers etc. 

 

1.8.2.2 This Section is applicable to all cargo tanks, ballast tanks and other tanks where free 

surface motion is allowed. 

 

1.8.2.3 For ships the length of which is less than 100 m, the level 3 longitudinal sloshing assessment 

is not to be considered if the tank effective sloshing length does not exceed 0.16 L during the 

sloshing assessment. If the tank effective sloshing breadth does not exceed 0.6B (B is the ship 

breadth), level 3 transverse sloshing assessment is not to be considered. 

 

1.8.2.4 Longitudinal sloshing assessment may not be required for tanks meeting one of the 

following conditions: 

(1) the length of ship is less than 65 m and the effective sloshing length does not exceed 0.13L; 

(2) the effective sloshing length is less than 0.03L. 

 

1.8.2.5 Transverse sloshing assessment may not be required for tanks meet one of the following 

conditions: 

(1) the length of ship is less than 65 m and the effective sloshing breadth does not exceed 0.56B; 

(2) the effective sloshing breadth is less than 0.32B. 

 

1.8.2.6 Sloshing assessment may not be required for tanks meet one of the following conditions:  

(1) tank capacity is not greater than 100 m3; 

(2) tanks fit ted in double bottom or double skin or other tanks of cellular construction; (3) dry cargo 

holds used for ballasting of bulk carriers. 

 

1.8.3 Plans and documents 

1.8.3.1 Plans approved by ISC including tank boundary structure plan, internal member structure 

plan of tank (if any) are to be submitted during the sloshing assessment carried out in accordance 

with the requirements of this Section. 
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1.8.3.2 Sloshing loads and hull structural strength assessment report are to be submitted to ISC 

for information. 

 

1.8.4 Sloshing loads calculation 

1.8.4.1 Unless otherwise specified, the sloshing motion and the calculation of the loads specified in 

this Section are to meet the requirements of ISC Guidelines for Assessment of Sloshing Loads and 

Structural Scantling of Tanks. 

 

1.8.4.2 The results of sloshing model test may be taken as the alternative for sloshing design loads 

when approved by ISC. 

 

1.8.5 Strength assessment 

1.8.5.1 Scantling assessment under sloshing loads are to be carried out to the following 

structural members: 

(1) plating forming tank boundaries, stiffeners; 

(2) plating and stiffeners on wash bulkheads in the tank; 

(3) web of primary support members, web stiffeners in the tank. 

 

1.8.5.2 Unless otherwise specified, scantling assessment under sloshing loads is to meet the 

requirements of ISC Guidelines for Assessment of Sloshing Loads and Structural Scantling of Tanks. 

 

SECTION 9- INTACT STABILITY 

 

1.9.1 General requirements 

1.9.1.1 Compliance with the requirements for intact stability is a condition for classification of ships. 

 

1.9.1.2 The intact stability of ships is to comply with the requirements of this Section, or it is to be 

demonstrated that their intact stability is in compliance with the requirements of the flag State 

Administration. 

 

1.9.1.3 All bulk carriers of less than 150 m in length are to be fitt ed with loading instruments 

capable of providing intact stability information and are to comply with the requirements of 

Appendixes 1 and 2 of Chapter 2 of this PART. 

 

1.9.1.4 Onboard computers for stability calculation, where fit ted, for all ships are to comply with 

the requirements of Appendixes 1 and 2 of Chapter 2 of this PART. 

 

1.9.1.5 If class notation SGISC(X) is applied for, the provisions of 1.9.6 in this Section are to 

be complied with, where X means one or more suffixes, the meanings of which are as follows: 

PRNττparametric rolling failure mode;  

PLNττpure loss of stability failure mode; 

EANττexcessive acceleration failure mode; 
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DSNττdead ship condition failure mode;  

SRBNττsurf-riding/broaching failure mode. 

Where: N=1, meaning all loading conditions in compliance with Level 1 vulnerability criteria; 

N=2, meaning all loading conditions in compliance with Level 2 vulnerability criteria; N=M, meaning 

that there are loading conditions which do not meet the vulnerability criteria, and information on 

the stability of ship in waves has been prepared for the master. 

 

1.9.2 Application 

1.9.2.1 Unless otherwise stated, this Section applies to ships of 24 m and over in length, the 

types of which are covered by 1.9.4 and 1.9.6 of this Section. 

 

1.9.2.2 For ships of less than 24 m in length, reference may be made to 1.9.2.1 of this Section. 

 

1.9.2.3 For other ship types not covered by 1.9.4 and 1.9.6 of this Section, the criteria acceptable 

to ISC may be used. 

 

1.9.3 Plans and documents 

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

(1) Stability calculations for loading conditions or loading manual; 

(2) Curves or table of allowable height of center of gravity or allowable initial metacentric height; 

(3) Coordinates of opening of flooding angles and curves or table of flooding angles; 

(4) Stability information for carriage of grain (capacity of fully and partially filled compartments, 

curves or table of assumed volumetric heeling moment, curves or table of maximum 

permissible heeling moment) and stability calculations for loading conditions or loading manual 

(if applicable); 

(5) Operational guidance for ships in high sea conditions (may be included in the loading 

manual) (if applicable). 

 

1.9.3.2 The following plans and documents are to be submitted for information:  

(1) General arrangement; 

(2) Lines and offsets; 

(3) Hydrostatic curves or table; 

(4) Stability cross curves or table;  

(5) Capacity curves or table; 

(6) Arrangement of bilge keels; 

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

(8) Auxiliary calculations for windage area and moment of area, crowding of all passengers 

towards one side, icing, etc.; 

(9) Cross-sectional area (if applicable); 

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

(11) Assessment calculations of operational guidance for ships in high sea conditions (if applicable). 

 

1.9.3.3 The above information may be reduced as appropriate for ships of which the intact stability 
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has been approved, except for those of which service has been changed. 

 

1.9.4 Requirements for intact stability 

1.9.4.1 The intact stability of ships is to comply with the relevant requirements of IMO resolution 

MSC.267(85) ς International Code on Intact Stability, 2008 (2008 IS Code) and its amendments. For 

ships with B/D җ 2.5, the requirements of 2.2.3 of Part A of the Code may be substituted by 

the following criteria: 

(1) The heeling angle ̒ max corresponding to the maximum righting lever GZ is not to be less than 

15°. 

(2) The area under the curve of righting levers (GZ curve) is not be less than 0.07 m·rad up to an 

angle of 15° when the maximum righting lever (GZ) occurs at 15º and 0.055 m·rad up to an 

angle of 30º when the maximum righting lever (GZ) occurs at 30º or above. Where the 

maximum righting lever (GZ) occurs at angles of between 15º and 30º, the corresponding area 

under the righting lever curve is to be: 0.055̅0.001 (30° ҍ ̒ max) m·rad 

 

1.9.4.2 The intact stability of oil tankers of 5,000 deadweight ton and above is also to comply with 

the relevant requirements of Regulation 27 of MARPOL Annex I. 

 

1.9.4.3 The intact stability of open-top container ships is to comply with the relevant 

requirements of MSC/Circ.608/Rev. 1 ς Interim Guidelines for Open-Top Container Ships. 

 

1.9.4.4 The intact stability of polar ships having class notation PC and ships intended for navigation 

in ice and having class notation B1* or B1 are also to comply with the relevant requirements 

of resolution MSC.385(94) ς International Code for Ships Operating in Polar Waters (Polar Code). 

 

1.9.5 Second generation intact stability criteria 

1.9.5.1 Ships are to comply with the relevant requirements of ISC Guidelines on Assessment of 

Ship Second Generation Intact Stability Criteria. 

 

1.9.5.2 Second generation intact stability calculations are to be submitted for information. 

 

1.9.6 Operational guidance for ships in high sea conditions 

1.9.6.1 Hydrodynamic-based methods are to be used to analyze the performance and 

characteristics of the ship, assess the sailing conditions that may affect safety, and prepare 

operational guidance for ships in potential high sea conditions for the master's reference. 

 

1.9.6.2 Due to the influences of environmental conditions, the ship's own state, human factors and 

other factors, operating the ship according to the ship's operational guidance in high sea conditions 

cannot ensure that the ship can completely avoid loss of stability, excessive movement and capsizing 

accidents when sailing in adverse sea conditions, nor can the master be released from the 

responsibility of the ship's navigation safety. 
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1.9.6.3 The likelihood of different modes of navigation safety failures under the combined or 

separate action of wind and waves is to be assessed, and operational guidance for ships in high sea 

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

assessed include: 

(1) excessive roll or excessive acceleration caused by parametric rolling; 

(2) excessive roll or excessive acceleration caused by synchronous rolling motion during navigation;  

(3) loss of stability caused by pure loss of stability; 

(4) excessive roll/ capsizing or insufficient stability caused by the combined action of wind and 

waves in the dead ship condition. 

 

1.9.6.4 Navigation safety assessments are to be carried out for typical loading conditions in sailing 

conditions as a minimum and operational guidance for ships in high sea conditions is to be 

developed. 

 

1.9.6.5 The level 2 criteria for parametric rolling in IMO MSC.1/Circ.1627 is to be used to calculate 

the amplitude of parametric rolling and the resultant lateral acceleration at the bridge when the 

ship is sailing at typical speed in head waves and following waves. Operational guidance for ships 

in high sea conditions is to include sailing and sea conditions where the calculated roll amplitude 

is greater than 25o or lateral acceleration is greater than 4.64 m/s2. 

 

1.9.6.6 The level 2 criteria for pure loss of stability in IMO MSC.1/Circ.1627 is to be used to 

calculate the vulnerability index of ship's pure loss of stability. Operational guidance for ships in 

high sea conditions is to include sea conditions with a calculated vulnerability index of 1.0. 

 

1.9.6.7 The potential flow theory is to be used to calculate the amplitude of parametric rolling 

and the resultant lateral acceleration at the bridge when the ship is sailing at typical speed in 

typical waves. Operational guidance for ships in high sea conditions is to include sailing and sea 

conditions where the calculated roll amplitude is greater than 25o or lateral acceleration is greater 

than 4.64 m/s2. 

 

1.9.6.8 The meteorological criteria of the International Code for Intact Stability, 2008, adopted by 

IMO resolution MSC.267(85), is to be used to calculate the steady wind speed value (beam wind) 

that meets the requirements of the meteorological criteria, assuming that the ship is in a dead ship 

condition and that the roll angle caused by wave action is 25o. Operational guidance for ships in 

high sea conditions is to include the steady wind speed value (beam wind). 

 

1.9.6.9 The potential flow theory is to be used to calculate the amplitude of parametric rolling 

and the resultant lateral acceleration at the bridge when the ship is in the dead ship conditions in 

typical waves. Operational guidance for ships in high sea conditions is to include sailing and sea 

conditions where the calculated roll amplitude is greater than 25o or lateral acceleration is greater 

than 4.64 m/s2. 
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1.9.6.10 Other numerical simulations or model tests may be used as alternatives to navigation 

safety assessment subject to ISC agreement. 

 

1.9.6.11 Operational guidance for ships in high sea conditions is to be provided in a loading manual 

or onboard computer-based system in a simple and clear form. 

 

SECTION 10 - DAMAGE STABILITY 

 

1.10.1 General requirements 

1.10.1.1 Compliance with the applicable requirements for damage stability is a condition for 

classification of ships. 

 

1.10.1.2 The damage stability of ships is to comply with the requirements of this Section, or it is 

to be demonstrated that their damage stability is in compliance with the requirements of the flag 

State Administration. 

 

1.10.2 Plans and documents 

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

(1) Calculations of damage stability; 

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

(3) Curves or table of allowable height of center of gravity or allowable initial metacentric height 

for damage stability (if applicable); 

(4) Arrangement of cross-flooding fit tings and calculations of cross-flooding duration (if applicable). 

 

1.10.2.2 The following plans and documents are to be submitted for information: 

(1) General arrangement of doors and windows; 

(2) General arrangement of scuttles, ventilators and air pipes; 

(3) Plans and documents stated in 1.9.3 of this Chapter. 

 

1.10.3 Requirements for damage stability 

1.10.3.1 The damage stability of ships is to comply with the relevant requirements of applicable 

regulations as shown in Table 1.10.3.1. 

 

1.10.3.2 The stability of ships carrying timber deck cargo is to comply with the relevant 

requirements of IACS UI SC 161. 
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Table 1.10.3.1-List of Applicable Regulations for Damage Stability 
Ship type Applicable regulation 

Passenger ship, type B freeboard dry cargo ship and 
combination carrier*, type B-60 and type B-100 freeboard cargo 
ships intended for carriage of deck cargo 

Part B-1, Chapter II-1 of the International Convention for the 
Safety of Life at Sea (SOLAS) 

Bulk carrier (additional requirements) 
Reg. XII/4 of the International Convention for the Safety of 
Life at Sea (SOLAS) 

Type B-60, type B-100 and type A freeboard ships 
Reg. 27 of the International Convention on Load Lines, 1966 
(ICLL), as revised by the 1988 Protocol 

Chemical tanker 
International Code for the Construction and Equipment of 
Ships Carrying Dangerous Chemicals in Bulk (IBC Code) 

Oil tanker (including combination carrier*) 
Reg. 28 of Annex I of the International Convention for the 
Prevention of Pollution from Ships, 1973, as modified by the 
1978 Protocols (MARPOL) 

Offshore supply vessel of not more than 100 m in length 
Guidelines for the Design and Construction of Offshore 
Supply Vessels, 2006 (2006 OSV Guidelines) 

Open-top container ship MSC/Circ.608/Rev.1 

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

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

Ships using gases or other low-flashpoint fuels 
International Code of Safety for Ships Using Gases or Other 
Low-flashpoint Fuels (IGF Code) 

*  Note: Combination carrier is a cargo ship designed to carry both oil and solid cargoes in bulk (see definition of SOLAS Reg.II-2/3.14). 

 
SECTION 11 - LOAD LINE MARKS AND MARKING 
 
1.11.1 Application 
1.11.1.1 The requirements of this Section apply to ships engaged on international voyages. 
 
1.11.2 Load line marks 
1.11.2.1 The load line mark for ships not carrying timber deck cargoes is shown in Figure 1.11.2.1. 
 
1.11.2.2 The load line mark for ships carrying timber deck cargoes is shown in Figure 1.11.2.2. 

 
Figure 1.11.2.1 Freeboard Mark for Ships not Carrying Timber Deck Cargoes (in mm) 
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Figure 1.11.2.2 Freeboard Mark for Ships Carrying Timber Deck Cargoes (in mm) 

 
1.11.2.3 Where a ship is assigned a greater than minimum freeboard so that the load line is marked 
at a position corresponding to, or lower than, the lowest seasonal load line assigned at minimum 
freeboard as specified in Annex B to the Protocol of 1988 Relating to the International Convention 
on Load Lines, 1966, only the Fresh Water Load Line need be marked. In such a case, the load line 
mark is as shown in Figure 1.11.2.3. 

 
Figure 1.11.2.3 Fresh Water Load Line Only (in mm) 
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1.11.2.4 The subdivision load line mark for passenger ships is shown in Figure 1.11.2.4. 

 
Figure 1.11.2.4 Subdivision Load Line Mark for Passenger Ships (in mm) 
 
The symbols in Figures 1.11.2.1 to 1.11.2.4 are defined as follows: 
I, S τ International Classification Society;  
TF τ Tropical Fresh Water Load Line;  
F τ Summer Fresh Water Load Line;  
T τ Tropical Load Line; 
S τ Summer Load Line;   
W τ Winter Load Line; 
WNA τ Winter North Atlantic Load Line;  
LTF τ Tropical Fresh Water Timber Load Line; 

LF τ Summer Fresh Water Timber Load Line; 

LT τ Tropical Timber Load Line; 

LS τ Summer Timber Load Line;  
LW τ Winter Timber Load Line; 

LWNA τ Winter North Atlantic Timber Load Line; 
P1 τ Passenger Ship Subdivision Load Line. 
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1.11.3 Marking 

1.11.3.1 The Load line mark is to consist of a ring 300 mm in outside diameter and 25 mm wide 

which is intersected by a horizontal line 450 mm in length and 25 mm in breadth, the upper edge 

of which passes through the center of the ring. The center of the ring is to be placed on each side of 

the ship at the middle of the length as defined in the Annex B to the Protocol of 1988 Relating to 

the International Convention on Load Lines, 1966, and at a distance equal to the assigned summer 

freeboard measured vertically below the upper edge of the deck line. The ring, lines and letters are 

to be painted in white or yellow on a dark ground or in black on a light ground. They are to be 

permanently marked on both sides of the ship and clearly visible. 

 

SECTION 12 - STRUCTURAL ARRANGEMENT 

 

1.12.1 General requirements 

1.12.1.1 This Section specifies the requirements for the structural arrangement of hull structures 

of ships engaged in unrestricted service. 

 

1.12.1.2 Unless stated otherwise, this Section applies to mechanically self-propelled ships 

engaged on international voyages. 

 

1.12.2 Arrangement of watertight bulkheads 

1.12.2.1 All ships are to be fit ted with at least the following watertight bulkheads:  

(1) one collision bulkhead; 

(2) one after peak bulkhead; 

(3) one bulkhead at both ends of the machinery space; 

(4) the number of watertight bulkheads and their distribution along the shipΩs length for both 

passenger and cargo ships are to comply with the requirements for subdivision and stability 

contained in Sections 9 and 10 of this Chapter, in addition to the requirements of (1) to (3) 

above; 

(5) the number of watertight bulkheads and their distribution along the shipΩǎ length for oil 

tankers of 600 deadweight tons and above are to comply with the requirements of Chapters 3 

and 4 of MARPOL Annex I, in addition to the requirements of (1) to (3) above. 

 

1.12.3 Arrangement of collision bulkhead 

1.12.3.1 A collision bulkhead is to be fitt ed which is to be watertight up to the bulkhead deck of 

passenger ships and the freeboard deck of cargo ships. This bulkhead is to be located at a distance 

from the forward perpendicular (the perpendicular at the intersection of the load waterline LL 

with the fore side of the stem) of not less than 0.05 LL or 10m, whichever is the less, and, except 

as may be permitted by the Administration, not more than 0.08 LL or 0.05 LL + 3 m, whichever is 

the greater. 

 

1.12.3.2 Where any part of the ship below the waterline extends forward of the forward 

perpendicular referred to in 1.12.3.1 of this Section, e.g., a bulbous bow, the distances specified in 
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1.12.3.1 of this Section are to be measured from a point either: 

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

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

(3) at a distance 3m forward of the forward perpendicular, whichever gives the smallest 

measurement. 

 

1.12.3.3 The collision bulkhead may have steps or recesses, provided that they are within the 

limits specified in 1.12.3.1 and 1.12.3.2 of this Section. 

1.12.3.4 Where a long forward superstructure is fitt ed, the collision bulkhead is to be extended 

weathertight to the deck next above the bulkhead deck of passenger ships and the freeboard deck 

of cargo ships. The extension need not be fitt ed directly above the bulkhead below provided it is 

located within the limits prescribed in 1.12.3.1 and 1.12.3.2 of this Section with the exception 

permitted by 1.12.3.5 of this Section and that the part of the deck which forms the step is made 

effectively weathertight. 

 

1.12.3.5 Where bow doors are fitt ed and a sloping loading ramp forms part of the extension of 

the collision bulkhead above the bulkhead deck of passenger ships and the freeboard deck of cargo 

ships, the ramp is to be weathertight over its complete length. In cargo ships the part of the ramp 

which is more than 2.3 m above the freeboard deck may extend forward of the limit specified in 

1.12.3.1 and 1.12.3.2 of this Section. Ramps not meeting the above requirements are to be 

disregarded as an extension of the collision bulkhead. 

 

1.12.3.6 The number of openings in the extension of the collision bulkhead above the freeboard 

deck is to be restricted to the minimum compatible with the design and normal operation of the 

ship. All such openings are to be capable of being closed weathertight. 

 

1.12.4 Arrangement of after peak and machinery space bulkheads and stern tube 

1.12.4.1 Bulkheads are to be fitt ed separating the machinery space from cargo and accommodation 

spaces forward and after and made watertight up to the bulkhead deck of passenger ships and the 

freeboard deck of cargo ships. An aft peak bulkhead is also to be fit ted and made watertight up to 

the bulkhead deck or the freeboard deck. The aft peak bulkhead may, however, be stepped below 

the bulkhead deck or the freeboard deck, provided the degree of safety of the ship as regards 

subdivision is not thereby diminished. 

 

1.12.4.2 In all cases, stern tubes are to be enclosed in watertight spaces of moderate volume. In 

passenger ships the stern gland is to 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 upon approval. 

 

 

 



PART B ς HULL SURVEYS 
 

 

73 

1.12.5 Arrangement and watertightness of openings and trunks in watertight bulkheads and 

internal decks 

1.12.5.1 The number of openings in watertight bulkheads is to be reduced to the minimum 

compatible with the design and proper working of the ship. 

 

1.12.5.2 Where pipes, scuppers, electric cables, etc., are carried through watertight bulkheads, 

arrangements are to be made to ensure the watertight integrity of the bulkheads. Valves not forming 

part of a piping system are not to be permitted in watertight bulkheads. Lead or other heat-sensitive 

materials are not to be used in systems which penetrate watertight bulkheads. 

 

1.12.5.3 For passenger ships, no doors, manholes or access openings are permitted in watertight 

transverse bulkheads dividing a cargo space from an adjoining cargo space, except those agreed. 

For cargo ships, ISC may permit relaxation of the watertightness requirements for openings above 

the freeboard deck, where it is demonstrated that any progressive flooding can be easily controlled 

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

1.12.5.4 No doors, manholes, ventilation ducts or any other openings are to be fitted in the collision 

bulkhead below the bulkhead deck for passenger ships (except the pipes, provided that the relevant 

requirements of the Administration are complied with). 

 

1.12.5.5 Watertight ventilators and trunks are to be carried at least up to the bulkhead deck in 

passenger ships and up to the freeboard deck in cargo ships. 

 

1.12.5.6 The arrangement and watertightness of accesses to spaces below the ro-ro deck (bulkhead 

deck) in ro-ro passenger ships are to comply with the following requirements: 

(1) Subject to (2) and (3) of this paragraph, all accesses that lead to spaces below the bulkhead 

deck are to have a lowest point which is not less than 2.5 m above the bulkhead deck. 

(2) Where vehicle ramps are installed to give access to spaces below the bulkhead deck, their 

openings are to be able to be closed weathertight to prevent ingress of water below, 

alarmed and indicated to the navigation bridge. 

(3) ISC may permit the fit ting of particular accesses to spaces below the bulkhead deck provided 

they are necessary for the essential working of the ship, e.g. the movement of machinery and 

stores, subject to such accesses being made watertight, alarmed and indicated to the navigation 

bridge. 

 

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

deck of cargo ships and their watertightness 

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

with the design and proper working of the ship. 

 

1.12.6.2 Freeing ports are to be capable of rapidly freeing the decks of water and draining them. 

The freeing port area in bulwarks is to be in accordance with Regulation 24 of the Amendments to 

Annex I of Annex B to the Protocol of 1988 Relating to the International Convention on Load Lines, 

1966. 
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1.12.6.3 Moving parts penetrating the shell plating below the deepest subdivision draught are to 

be fit ted with an acceptable watertight sealing arrangement. The inboard gland is to be located 

within a watertight space of such volume that, if flooded, the bulkhead deck of passenger ships and 

the freeboard deck of cargo ships will not be submerged. 

 

1.12.7 Other openings and their closing appliances 

1.12.7.1 All access openings in bulkheads at ends of enclosed superstructures are to comply with 

the following requirements: 

(1) Doors of steel or other equivalent material are to be fitt ed, permanently and strongly attached 

to the bulkhead, and framed, stiffened and fit ted so that the whole structure is of 

equivalent strength to the un-pierced bulkhead and weathertight when closed. 

(2) Unless otherwise permitted by the flag Administration, doors are to open outwards so as to be 

protected against wave impact. 

(3) The height of doorsills is to be at least 380 mm above the deck. 

 

1.12.7.2 Cargo and other hatchways, miscellaneous openings in freeboard and superstructure decks 

are to comply with the following requirements: 

(1) The height of coamings of hatchways above the deck is to be at least as follows: 

 600 mm if in Position 1; and 

 450 mm if in Position 2. 

(2) The structure of cargo and other hatchways in Positions 1 and 2 and the means for keeping 

them weathertight are to comply with the relevant requirements of Regulation 15 or 16 of the 

Amendments to Annex I of Annex B to the Protocol of 1988 Relating to the International 

Convention on Load Lines, 1966.  

(3) Openings in freeboard and superstructure decks are to comply with the relevant requirements 

of Regulation 18 of the Amendments to Annex I of Annex B to the Protocol of 1988 Relating to 

the International Convention on Load Lines, 1966. 

 

1.12.7.3 Machinery space openings are to comply with the following requirements: 

(1) Machinery space openings are to be efficiently enclosed by steel casings. Access openings in 

such casings are to be fit ted with weathertight doors, the sills of which are to be at least 600 

mm above the deck if in Position 1, and at least 380 mm above the deck if in Position 2. Other 

openings in such casings are to be fit ted with covers, permanently attached in their proper 

positions. 

(2) Where machinery casings are not protected by other structures, double doors are to be 

required for ships assigned freeboards less than those based on relevant requirements. An 

inner sill of 230 mm in conjunction with the outer sill of 600 mm is to be provided. 

(3) Coamings of any machinery space ventilator, the height of which complies with the 

requirements of 1.12.7.4(6) of this Section, need not be fitt ed with weathertight closing 

appliances. Ventilators necessary to continuously supply the emergency generator room, if this 

is considered buoyant in the stability calculation or protecting opening leading below, are to 

have coamings of sufficient height to comply with 1.12.7.4(6) of this Section, without having to 
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fit weathertight closing appliances. 

(4) Where the height of machinery space and emergency generator room ventilator coamings is 

less than that required by 1.12.7.4(6) of this Section, weathertight closing appliances are to be 

fit ted. 

(5) Engine/boiler openings are to be fitt ed with strong covers of steel or other equivalent material 

permanently attached in their proper positions and capable of being secured weathertight. 

(6) Machinery casings on type ά!έ ships are to comply with the relevant requirements of 

Regulations 26(1) and (2) of the Amendments to Annex I of Annex B to the Protocol of 1988 

Relating to the International Convention on Load Lines, 1966. 

 

1.12.7.4 Ventilators are to comply with the following requirements: 

(1) Ventilators in Position 1 or 2 to spaces below freeboard deck or decks of enclosed 

superstructures are to have coamings of steel or other equivalent material, substantially 

constructed and efficiently connected to the deck. Where the coaming of any ventilator 

exceeds 900 mm in height, it is to be specially supported. 

(2) Ventilators passing through superstructures other than enclosed superstructures are to have 

substantially constructed coamings of steel or other equivalent material at the freeboard deck. 

(3) Ventilators in Position 1 are to have coamings of a height of at least 900 mm above the deck. 

(4) Ventilators in Position 2 are to have coamings of a height of at least 760 mm above the deck. 

(5) The thickness of ventilator coamings may be taken from Table 1.12.7.4(5), but need not exceed 

that of the deck. 

Table 1.12.7.4(5) - Thickness of Ventilator Coamings  
Internal diameter 
of coaming (mm) 

Thickness of coaming 
(mm) 

Internal diameter of coaming 
(mm) 

Thickness of coaming 
(mm) 

Җ нлл 7.5 350 9 

250 8 400 9.5 

300 8.5 җ прл 10 

 
(6) Ventilators in Position 1 the coamings of which extend to more than 4.5 m above the deck, and 

in Position 2 the coamings of which extend to more than 2.3 m above the deck, need not be 

fit ted with closing arrangements. 

(7) Except as provided in (6) above, ventilator openings are to be provided with efficient 

weathertight closing appliances. In ships of not more than 100 m in load line length LL, the 

closing appliances are to be permanently attached; in ships of more than 100 m in load line 

length LL, they may be conveniently stowed near the ventilators to which they are to be fit ted. 

 

1.12.7.5 Air pipes are to comply with the following requirements: 

(1) Air pipes are to comply with the requirements of this Section and in addition, the relevant 

requirements of Chapter 3 of PART THREE of the Rules. 

(2) Where air pipes to ballast and other tanks extend above the freeboard or superstructure decks, 

the height from the deck to the point where water may have access below is to be at least 760 

mm on the freeboard deck and 450 mm on the superstructure deck. Where these heights may 

interfere with the working of the ship, a lower height may be approved, provided that ISC is 

satisfied that the closing arrangements and other circumstances justify a lower height. The 
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exposed parts of the pipes are to be of substantial construction 

(3) The minimum wall thickness of air pipes above weather deck is to be: 

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

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

Intermediate minimum thicknesses are to be determined by linear interpolation.  

(4) Air pipes are to be fitt ed with automatic closing devices. 

 

1.12.8 Arrangement of double bottoms (not of tankers) 

1.12.8.1 For all passenger ships regardless of size and cargo ships of 500 gross tonnage and over, 

a double bottom is to be fitt ed and is to extend 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. 

 

1.12.8.2 Where a double bottom is required to be fitt ed, the inner bottom is to be continued out 

to the shipΩs side in such a manner as to protect the bottom to the turn of the bilge. The vertical 

distance h measured from the keel line is in no case to be less than B/20, or less than 760 mm, 

whichever is the greater, and need not be greater than 2,000 mm. 

 

1.12.8.3 Small wells constructed in the double bottom in connection with drainage arrangements 

are not to extend downward more than necessary. The vertical distance from the bottom of such 

a well to a plane coinciding with the keel line is not to be less than h/2 or 500 mm, whichever is 

greater. Other wells (e.g. for lubricating oil under main engines) may be permitted if satisfied that 

the arrangements give protection equivalent to that afforded by a double bottom complying with 

this regulation. 

 

1.12.8.4 A double bottom need not be fit ted in way of watertight tanks (including dry tanks) of 

moderate size, provided the safety of the ship is not impaired in the event of bottom or side damage. 

 

1.12.8.5 Any part of a passenger ship regardless of size and a cargo ship of 500 gross tonnage and 

over that is not fitt ed with a double bottom in accordance with 1.12.8.1 or 1.12.8.4 of this Section 

is to satisfy the requirements for bottom damages, as specified in SOLAS II-1, in that part of the ship. 

 

1.12.8.6 In case of large lower holds in passenger ships, the double bottom height is to be increased 

to not more than B/10 or 3 m, whichever is less, measured from the keel line. Alternatively, bottom 

damages may be calculated for these areas, in accordance with 1.12.8.5 of this Section, but 

assuming an increased vertical extent. 

 

1.12.9 Arrangement of cofferdams 

1.12.9.1 A cofferdam means an empty space arranged so that compartments on each side have 

no common boundary; a cofferdam may be located vertically or horizontally. A cofferdam is to be 

properly ventilated and of sufficient size to allow for inspection, maintenance and safety evacuation. 

 

1.12.9.2 Cofferdams are to be provided between compartments intended for fuel oil or lubricating 

oil and those intended for fresh water (drinking water, water for propelling machinery and boilers). 
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Cofferdams are to be provided between compartments intended for fuel oil or lubricating oil 

and tanks intended for the carriage of liquid foam for fire extinguishing. 

Cofferdams are only required between fuel oil tanks in double bottom and tanks immediately above 

where the inner bottom plating is subjected to the head of fuel oil contained therein, as in the case 

of a double bottom with its top raised at the sides. Where a corner to corner situation occurs for 

such tanks, they are not considered to be adjacent. 

 

1.12.9.3 In addition to the requirements of 1.12.9.2 of this Section, the oil fuel tank protection by 

means of cofferdams in ships is to comply with Regulation 12A of MARPOL Annex I. 

 

1.12.9.4 The separation of cargo oil tanks in tankers is to be arranged in accordance with the 

requirements of SOLAS Reg. II-2/4.5 regarding cargo areas of tankers. 

 

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

THREE of the Rules. 

 

1.12.10 Arrangement of bow freeboard deck and compartments forward of collision bulkhead 

1.12.10.1 The arrangement of bow freeboard deck and enclosed superstructures (if fit ted) is to 

comply with the requirements for minimum bow height as specified in Regulation 39 of the 

Amendments to Annex I of Annex B to the Protocol of 1988 relating to the International Convention 

on Load Lines, 1966. 

 

1.12.10.2 The arrangement of bow freeboard deck and enclosed superstructures (if fitted) of all 

ships assigned a type B freeboard, other than oil tankers, chemical tankers and gas carrier is to 

comply with 1.12.9.2 of this Section and in addition, the requirements for bow reserve buoyancy as 

specified in Regulation 39 of the Amendments to Annex I of Annex B to the Protocol of 1988 relating 

to the International Convention on Load Lines, 1966. 

 

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

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

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

(1) Spurling pipes and cable lockers are to be watertight up to the deck exposed to weather. 

However, the bulkhead between separate chain lockers (Figure 1.12.10.4(1)) or the common 

bulkhead between adjacent lockers (Figure 1.12.10.4(2)) need not be watertight. 

 
Chain locker A  Chain locker B Chain locker A  Chain locker B 

Figure 1.12.10.4(1)   Figure 1.12.10.4(2) 

(2) Where means of access are provided, they are to be closed by a substantial cover and secured 

by closely spaced bolts. 

(3) Where a means of access to spurling pipes or cable lockers is located below the weather deck, 
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the manhole covers and securing appliances are to be in consistence with recognized 

standardǎ Σ or equivalent to the watertight manhole covers. The use of butterfly nuts and/or 

hinged bolts as the securing appliances of manhole covers is prohibited. 

(4) Spurling pipes through which anchor cables are led are to be provided with permanently 

attached closing appliances (e.g. steel plates in halves hooked over the spurling pipe tops, or 

canvas covers lashed) to minimize water ingress. 

 

1.12.11 Arrangement of passenger ships above the bulkhead deck 

1.12.11.1 Measures are to be taken to limit the entry and spread of water above the bulkhead 

deck. Such measures may include partial bulkheads or webs. When partial watertight bulkheads 

and webs are fit ted on the bulkhead deck, above or in the immediate vicinity of main subdivision 

bulkheads, they are to have watertight shell and bulkhead deck connections so as to restrict the 

flow of water along the deck when the ship is in a heeled damaged condition. Where the partial 

watertight bulkhead does not line up with the bulkhead below, the bulkhead deck between is to be 

made of effectively watertight. 

 

1.12.11.2 All openings in the exposed weather deck are to have coamings of ample height and 

strength and are to be provided with efficient means for expeditiously closing them weathertight. 

Freeing ports, open rails and scuppers are to be fit ted as necessary for rapidly clearing the weather 

deck of water under all weather conditions. 

 

1.12.11.3 Air pipes terminating within a superstructure which are not fitt ed with watertight means 

of closure are to be considered as unprotected openings in damage stability calculation. 

 

1.12.11.4 Side scuttles, gangway, cargo and coaling ports and other means for closing openings 

in the shell plating above the bulkhead deck are to be of efficient design and construction and 

of sufficient strength having regard to the spaces in which they are fit ted and their positions 

relative to the deepest subdivision draught. 

 

1.12.11.5 Efficient inside deadlights, so arranged that they can be easily and effectively closed 

and secured watertight, are to be provided for all side scuttles to spaces below the first deck above 

the bulkhead deck. 

 

1.12.12 Arrangement of compartments of double hull oil tankers 

1.12.12.1 ²ƛƴƎ ǘŀƴƪǎ ƻǊ ǎǇŀŎŜǎ ŀǊŜ ǘƻ ŜȄǘŜƴŘ ŜƛǘƘŜǊ ŦƻǊ ǘƘŜ Ŧǳƭƭ ŘŜǇǘƘ ƻŦ ǘƘŜ ǎƘƛǇΩǎ ǎƛŘŜ ƻǊ ŦǊƻƳ ǘƘŜ 

top of double bottom to the uppermost deck, disregrading a rounded gunwale where fitted. They 

are to be so arranged that all cargo tanks are located inboard of the moulded lines of the side shell 

plating in those tanks or spaces. The entire cargo tank (including slop tank) length of oil tankers of 

5,000 tons deadweight and above are to be protected by ballast tanks or spaces other than tanks 

that carry oil, and the wing tanks and double bottom for such protection within the cargo tank length 

are to comply with the following requirements: 

(1) The vertical distance W between wing tank inner hull and side shell is not to be less than as 

calculated below: 
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W = 0.5 + DW/20000 m or W = 2.0 m 

 

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

where: DW (Deadweight) means the difference in tons between the displacement of a ship in 

water of a relative density of 1.025 t/ m3 at the load line corresponding to the assigned summer 

freeboard and the lightweight of the ship. 

 

(2) The depth of double bottom is not to be less than as calculated below: 

h = B/15 m or h = 2.0 m 

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

 

1.12.12.2 The height of double bottom of oil tankers of less than 5,000 tons deadweight are to 

comply with the following requirements: 

h = B/15 m; the minimum value of h = 0.76 m 

 

1.12.12.3 Every crude oil tanker of 20,000 tons deadweight and above and every product carrier 

of 30,000 tons deadweight and above are to be provided with segregated ballast tanks. The capacity 

of the segregated ballast tanks is to be so determined that the ship may operate safely on ballast 

voyages without recourse to the use of cargo tanks for water ballast. The capacity of segregated 

ballast tanks is to be at least such that, in any ballast condition at any part of the voyage, 

including the conditions consisting of lightweight plus segregated ballast only, the shipΩǎ draughts 

and trim can meet the following requirements: 

(1) the moulded draught amidship (dm ), in m, (without taking into account any deformation of 

the ship) is not to be less than: 

dm = 2.0 + 0.02LL m 

(2) the draughts at the forward and after perpendiculars are to correspond to those determined by 

the draught amidships as specified in (1) above, in association with the trim by the stern of not 

greater than 

0.015LL ; and 

(3) the draught at the after perpendicular is not to be less than that which is necessary to obtain 

full immersion of the propeller(s). 

 

1.12.12.4 Cargo tanks are to be of such size and arrangement that the hypothetical oil outflow from 

side and bottom damage, anywhere in the length of the ship, is limited. For oil tankers of less than 

5,000 tons deadweight, the length of each cargo tank is not to exceed 10 m or one of the following 

values, whichever is the greater: 

(1) where no longitudinal bulkhead is provided inside the cargo tanks: (0.5bi/B + 0.1)LL. , but not 

to exceed0.2 LL; 

(2) where a centerline longitudinal bulkhead is provided inside the cargo tanks: (0.25bi/B + 0.15)LL; 

(3) where two or more longitudinal bulkheads are provided inside the cargo tanks: 

 for wing cargo tanks: 0.2 LL 

 for centre cargo tanks: 
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(a) if bi/B is equal to or greater than 1/5: 0.2 LL 

(b) if bi/B is less than 1/5: 

(i) where no centerline longitudinal bulkhead is provided: (0.5bi/B + 0.1)LL 

(ii) where a centerline longitudinal bulkhead is provided: (0.25bi/B + 0.15)LL 

bi is the minimum distance from the shipΩǎ side to the outer longitudinal bulkhead of the 

tank in question measured inboard at right angles to the centerline at the level corresponding 

to the assigned summer freeboard. 

For oil tankers of less than 5,000 tons deadweight, the capacity of each cargo tank is not to 

exceed 700 m3, unless wing tanks or spaces are arranged in accordance with 1.12.12.1(1), 

complying with the following: 

 

W = 0.4 + 2.4DW/20000 m; the minimum value of W = 0.76 m. 

 

1.12.12.5 For oil tankers carrying oil having a flash point not exceeding 60ᴈ, the separation of cargo 

tanks is to comply with the following requirements: Cargo pump-rooms, cargo tanks, slop tanks 

and cofferdams are to be positioned forward of machinery spaces. Main cargo control stations, 

control stations, accommodation and service spaces are to be positioned aft  of cargo tanks, slop 

tanks, and spaces which isolate cargo or slop tanks from machinery spaces, but not necessarily aft 

of fuel oil tanks and ballast tanks. 

 

1.12.12.6 Cofferdams are to be at least gastight. If applicable, means of access for internal 

inspection are to comply with 1.12.14 to 1.12.16 of this Section. 

 

1.12.12.7 For oil tankers of 5,000 tons deadweight and above, the pump-room is to be provided 

with a double bottom such that at any cross-section the depth of each double bottom tank or 

space is to be such that the distance between the bottom of the pump-room and the shipΩs baseline 

measured at right angles to the shipΩs baseline is not less than specified below: 

 

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

 

In case of pumo-rooms whose bottom plate is located above the baseline by at least the minimum 

height required above (e.g. gondola stern design), there will be no need for a double bottom 

construction in way of the pump-room. 

 

1.12.13 Arrangement of compartments of single hull oil tankers 

1.12.13.1 Oil tankers of 600 tons deadweight and above but less than 5,000 tons deadweight are 

to be fitted with double bottom tanks or spaces, the height of which is to comply with the 

requirement of 1.12.12.2 of this Section. 

 

1.12.13.2 Oil tankers of less than 600 tons deadweight are not necessarily to be fitt ed with double 

bottom and double hull 
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1.12.13.3 The length of cargo tanks is to comply with the requirements of 1.12.12.4 of this Section 

for oil tankers of less than 5,000 tons deadweight. 

1.12.13.4 The segregation of cargo tanks is to comply with the requirements of 1.12.12.5 of this 

Section. 

 

1.12.14 Access and its openings and other requirements 

1.12.14.1 Oil tankers as defined in Regulation II-1/2, chemical tankers as defined in Regulation 

VII/8.2 and gas carriers as defined in Regulation VII/11.2 of the International Convention for the 

Safety of Life at Sea, 1974, as amended are to be fitt ed with safe access to bow in accordance 

with Regulation II-1/3-3 of the Convention. 

 

1.12.14.2 Oil tankers of 500 gross tonnage and over and bulk carriers (as defined in Regulation 

IX/1 of the International Convention for the Safety of Life at Sea, 1974, as amended) of 20,000 

gross tonnage and over are to be fitt ed with access to and within spaces in, and forward of, the 

cargo area in accordance with Regulation II-1/3-6 of the Convention. 

1.12.14.3 When implementing the provisions of 1.12.14.1 and 1.12.14.2 of this Section, for oil 

tankers of less than 5,000 tons deadweight, openings of smaller dimensions may be provided 

subject to the agreement of the flag State Administration, provided that the ability to traverse such 

openings or to remove an injured person can be proved. However in any case, the size of openings 

is not to be less than 400 mm × 600 mm or 450 mm × 550 mm. 

 

1.12.14.4 In addition to the requirements of 1.12.14.1 to 1.12.14.3 of this Section, all ships are to 

be fit ted with safe passage of crew in accordance with Regulation 25-1 of the Amendments to 

Annex I of Annex B to the Protocol of 1988 relating to the International Convention on Load Lines, 

1966. Gangway and access fitted on type "!έ ships are to be in accordance with Regulations 26(3) 

and (4) of Annex I. In addition, all ships are to be fit ted with guard rails and bulwarks as means for 

protection of the crew in accordance with Regulations 25(2) and (3) of Annex I. 

 

1.12.15 Arrangement of fuel oil tanks 

1.12.15.1 Fuel oil tanks are to be arranged in accordance with the requirements of Regulation 

12A of MARPOL Annex I. 

 

SECTION 13 - MARKING OF OPERATING DRAFT OF WORKING SHIPS 

 

1.13.1 General provisions 

1.13.1.1 This Section applies to floating cranes, and to open hopper dredgers and barges fit ted with 

means of opening at their bottom (these three types of ships are hereinafter referred to as working 

ship). 

 

1.13.1.2 For working ships, the maximum operating draught may be assigned and such draught 

appropriately marked in accordance with this Section. 

 

1.13.1.3 In operational areas defined by the limited sea conditions in 1.13.3 of this Section, the 
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process of hoisting and handling operations of floating cranes, that of dredging operations of 

dredgers and that of loading, carrying and discharging operations of dredgers and barges are 

considered as their operating conditions. 

 

1.13.1.4 The intact stability of working ships in operating conditions is to comply with the 

requirements of 1.13.4 of this Section, or alternatively, their compliance with the requirements of 

the flag Administration for intact stability regarding assignment of operating draught is to be 

confirmed. 

 

1.13.2 Assignment of operating draught 

1.13.2.1 For working ships intended for assignment of operating draught, the maximum operating 

draught is to be assigned in accordance with this Chapter, based on the minimum summer 

freeboard corresponding to type B freeboard as specified in the amendments to the protocol of 

1988 relating to the International Convention on Load Lines, 1966 (IMO resolution MSC.143(77)). 

 

1.13.2.2 Where all requirements of this Section are complied with, the maximum draught of 

working ships in operation may correspond to a freeboard reduced by 2/3 of the minimum 

summer freeboard referred to in 1.13.2.1. 

 

1.13.3 Limitations on sea conditions for operations 

1.13.3.1 For working operations at the maximum operating draught assigned in accordance with 

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

follows: 

(1) For floating cranes, wind force is not to exceed Beaufort scale 5 and significant wave height is 

not to exceed 1 m. 

(2) For dredgers and barges, wind force is not to exceed Beaufort scale 6 and significant wave 

height is not to exceed 2 m. 

 

1.13.3.2 Where the environmental limitations as required by design regarding wind and wave for sea 

areas, in which working ships are to operate, are beyond those specified in 1.13.3.1, relevant 

technical proof and calculations or model test information for ensuring safe operation are to be 

submitted for approval or agreement by ISC. And this is to be indicated in the operating draught 

marking instruction in accordance with 1.13.6.3 of this Section. 

 

1.13.4 Intact stability in operating condition 

1.13.4.1 The intact stability of floating cranes in operating condition is to comply with the 

following requirements: 

(1) The stability of floating cranes is to be checked for the following loading conditions: 

 maximum lifting load, necessary ballast and all fuels and stores, the ship being at the 

maximum operating draught; 

 maximum lifting load, necessary ballast and 10% of fuels and stores. 

(2) Initial metacentric height GM of floating cranes in operating condition: 
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where: GM τ initial metacentric height, in m, taking into account the effects of free surface 

and suspended objects thereon; 

Mf τ heeling moment due to wind pressure on the floating crane, in kN·m, calculated 

according to 1.13.4.2; 

Mh τ heeling moment due to maximum lifting load and heeling moment due to 

asymmetrical loading, if any, in kN · m; 

ɸc τ permissible static limiting heeling angle, (°), taken as 4/5 immersion angle of 

freeboard deck edge, 4/5 emersion angle of bilge or heeling angle corresponding 

to 0.3 m of residual freeboard, whichever is the least; not exceeding 5° for floating 

cranes with slewing booms, and not exceeding 3° for floating cranes with 

unslewing booms; 

ɲ τ displacement in the loading condition under checking, in t.  

 

(3) Stability criterion numeral K of floating cranes in operating condition: 

 
where: lq τ minimum capsizing lever, in m, without taking into account the effect of rolling; 

ɲ, Mf, Mh τ the same as in (2). 

 

1.13.4.2 The heeling moment Mf due to wind pressure on the floating crane in operating condition 

is to be calculated as follows: 

 
where: P τ wind pressure calculated per unit, taken as 170 N/m2; 

Ci τ coefficient for correction of height, as given in Table 1.13.4.3; 

Afi τ windage area, in m2; 

Zi τ vertical distance, in m, from centre of windage area Afi to half draught d in the 

loading condition under checking; 

ɲ τ displacement in the loading condition under checking, in t. 

 
Table 1.13.4.3 - Coefficient Ci for Correction of Height  

Zi - d/2 (m) 0 ~ 15 15 ~ 30 30 ~ 45 45 ~ 60 60 ~ 75 75 ~ 90 90 ~ 105 105 ~ 120 

Ci 1 1.16 1.32 1.44 1.53 1.61 1.68 1.74 

 
1.13.4.3 The intact stability of dredgers and barges in operating condition is to comply with the 

following requirements: 

(1) The stability of dredgers and barges in operating condition is to be checked for the following 

loading conditions: 

 hopper fully loaded, with all fuels and stores; 

 hopper fully loaded, with 10% of fuels and stores; 

 hopper partially loaded, with 10% of fuels and stores; 
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 hopper unloaded, but being open to sea, with all fuels and stores; 

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

When the hopper is fully loaded, spoil is to be loaded to the lower edge of the opening of 

the means for overflow specified in 1.13.5.2, and the least of the values obtained is to be 

taken. 

When the hopper is partially loaded, an additional layer of seawater is to be assumed on 

the top of spoil to reach the lower edge of the opening of the means for overflow specified 

in 1.13.5.2, and the least of the values so obtained is to be taken. 

 

(2) The density of spoil in hopper is to be taken as follows: 

 the stability with the density of spoil ḿ1, ḿ2 at the maximum operating draught 

according to (1) ,  is to be checked; 

 the stability is to be checked according to (1) , density of spoil  ́= 1.4 ς 0.2 i, in t/ m3, (i 

= 0, 1, 2) whichever is the closest to and less than ́ m2; 

 the stability is to be checked according to (1) , density of spoil ́  = 2.2 ς 0.2 i, in t/ m3, (i = 

0, 1Χ6) whichever is the closest to and over ́ m2, 

where at the maximum operating draught, an additional layer of seawater on the top of 

spoil is to be regarded as overload. 

 

(3) Characteristic values of righting lever curves for dredgers and barges in operating condition: 

 the initial metacentric height is not to be less than 0.15 m; 

 the righting lever GZ is to be at least 0.2 m at heeling angles equal to or over 30°; 

 the heeling angle ̒ max corresponding to the maximum righting lever is to be not less than 

15°; 

 up to the heeling angle ̒ max corresponding to the maximum righting lever, the area under 

the righting lever curve (GZ curve) is to be not less than 0.055 + 0.001 (30° ς m̒ax) m · rad, 

and m̒ax is taken as 30° if greater than 30°; 

 the area under the righting lever curve (GZ curve) between the heeling angles of 30° and 

40°, or between 30° and immersion angle f̒ (if this angle is less than 40°) is not to be less 

than 0.03 m · rad. 

 

(4) Weather criterion for dredgers and barges in operating condition: The weather criterion in 2.3, 

Chapter 2, Part A of the International Code on Intact Stability, 2008 (2008 IS Code) is to be 

complied with, where the wind pressure is taken as 215 N/m2 and the angle of roll may be 

reduced by 20% but not less than 10°. 

 

(5) For stability calculation, where the density of spoil in the hopper is equal to or less than 1.4 

t/ m3, the effects of free surface of spoil on the initial metacentric height and righting lever 

curves are to be calculated and in this case, the outflow of liquid spoil and inflow of seawater 

over the upper edge of the hopper coaming by shiǇΩs heeling may be taken into account. Where 

the density of spoil in the hopper is greater than 1.4 t/ m3, the inflow and outflow of seawater 
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through the lower edge of the opening of the means for overflow specified in 1.13.5.2 (and the 

least of the values obtained is to be taken) by shipΩǎ heeling is to be taken into account. The 

righting lever curves are to be calculated according to the actual changes of displacement and 

of centre of gravity of spoil. 

 

(6) For dredgers and barges with bottom doors or similar opening means for the hopper, 

asymmetric discharging, which is possible due to failure of control mechanism of the door or 

other opening means, is to be taken into account. 20% of the total hopper load is to be assumed 

to be discharging only at one side of the longitudinal centre line of the hopper, horizontally 

and equally distributed at the discharging side, according to the loading condition and the 

density of spoil respectively specified in (1ύ  and (2ύ  above. 

In this situation, the stability is to comply with the following requirements: 

 the angle of equilibrium is not to exceed 25°; 

 the range of positive righting lever beyond the angle of equilibrium is not to be less than 30°; 

 the righting lever GZ within the range of positive righting lever beyond the angle of 

equilibrium is to be at least 0.1 m. 

 

(7) Working ships intended for operations in icing areas are to comply with the relevant 

requirements in Chapter 6, Part B of the International Code on Intact Stability, 2008 (2008 IS Code). 

 

1.13.5 Operating draught mark 

1.13.5.1 The permissible maximum operating draught line is to be permanently marked on both 

sides of the working ship, placed 540 mm aft of the centre of the load line mark. The maximum 

operating draught mark is to be a line of 25 mm in width and 450 mm in length. The upper edge of 

the line is to be flush with the maximum operating draught line. The operating draught is indicated 

by the letter W above the left  end and the letter D above the right end of that line, each measuring 

115 mm in height and 75 mm in width, as shown in Figure 1.13.5.1. 

 

 
Figure 1.13.5.1 Operating Draught Mark (Starboard) 
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1.13.5.2 Prior to marking the maximum operating draught of a working ship, compliance of the 

ship with the stability requirements and other special requirements for operation of working ships 

is to be confirmed and indicated in the instruction for marking operating draught. 

 

1.13.5.3 Limitations on sea conditions for operations of the working ship are to be clearly defined, 

compliance of the ship with the stability requirements and other special requirements for its 

operation summarized in the instruction for marking operating draught, and a marking sketch 

showing the maximum operating draught line is to be attached thereto. 
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CHAPTER 2 

HULL STRUCTURES 
 

SECTION 1 - GENERAL PROVISIONS 

 

2.1.1 Application 

2.1.1.1 This Chapter applies mainly to dry cargo ships. If not covered in this Chapter, the 

requirements of Chapter 1 of this PART are to be complied with. 

 

2.1.1.2 This Chapter applies to the basic structural configuration of a multi-deck or a single deck hull 

which includes a double bottom, or a single bottom arrangement, and with the hatch openings of normal 

dimensions. 

 

2.1.1.3 Longitudinal framing is in general to be adopted at the strength deck outside the line of 

openings and at the bottom. 

 

2.1.1.4 For ships with self-unloading system, such system is to meet the relevant requirements of 

ISC Rules for Lifting Appliances of Ships and Offshore Installations. 

 

2.1.2 Class notations 

2.1.2.1 General dry cargo ships complying with the requirements of this Chapter will be assigned 

the class notation General Dry Cargo Ship. 

 

2.1.2.2 Ships which have been strengthened for heavy cargoes and comply with the requirements 

of Section 22 of this Chapter will be assigned the class notation Strengthened for Heavy Cargoes. 

 

2.1.2.3 Ships which have been strengthened for grabs and comply with the requirements of 

Section 23 of this Chapter will be assigned the class notation Grab*(X). 

 

2.1.2.4 Ships which comply with the requirements of Section 14, Chapter 8 of this PART will be 

assigned the class notation Double Side Skin. 

 

2.1.2.5 General dry cargo ships intended to carry cargoes in bulk may be assigned the notation 

Maximum cargo density x.y t/ m3. When the maximum density of the bulk cargo designed under 

the bulk cargo loading condition is less than 3.0 t/ m3, this notation is assigned to indicate the 

limitation and the maximum density value of the bulk cargo allowed to be loaded, see Section 12, 

Chapter 8 of this PART for detailed requirements. 

 

2.1.2.6 General dry cargo ships intended to carry cargoes in bulk may be assigned the notation No 

MP. This notation is assigned to show the limitation when the bulk cargo loading condition of 

general dry cargo ships has not been designed for loading and unloading in multiple ports in 

accordance with the Rules, see Section 12, Chapter 8 of this PART for detailed requirements. 
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2.1.2.7 General dry cargo ships intended to carry cargoes in bulk may be assigned the notation 

Holds a, b, Χmay be empty. This notation is assigned to specify the empty hold No. when specified 

empty holds are allowed in the design of bulk cargo loading condition of general dry cargo ships, 

see Section 12, Chapter 8 of this PART for detailed requirements. 

 

2.1.3 Plans and documents 

2.1.3.1 Plans and documents covering the following items are to be submitted to ISC for approval. 

In the case of special constructions and arrangements, additional plans and documents may be 

required if considered necessary by ISC: 

(1) Principal transverse sections; 

(2) Construction profile, including longitudinal sections, decks, inner bottom, superstructures and 

deckhouses; 

(3) Stem; 

(4) Stern frame; 

(5) Shell expansion; 

(6) Oiltight and watertight bulkheads; 

(7) Main engine seating and thrust bearing seating;  

(8) Propeller shaft bracket; 

(9) Hatch coamings; 

(10) Cargo hatch covers; 

(11) Arrangement of anchoring equipment including equipment number calculations;  

(12) Rudder, rudder stock and tiller; 

(13) Masts, derrick posts and crane pedestals, together with their support structures;  

(14) Ice strengthening with calculations; 

(15) Welding, including type and size of welds;  

(16) Preliminary and finished loading manuals. 

 

2.1.3.2 The following plans and documents are to be submitted to ISC for information:  

(1) General arrangement; 

(2) Lines or offsets; 

(3) Body plan (frame lines);  

(4) Capacity plan; 

(5) Specifications for hull and equipment; 

(6) Longitudinal strength calculations (where applicable);  

(7) Direct strength calculation report (where applicable);  

(8) Fatigue strength assessment report (where applicable). 

 

2.1.4 Direct strength calculation and fatigue strength assessment for hull structure 

2.1.4.1 For general dry cargo ships of 150 m or over in length, FE direct strength calculation and 

verification are to be carried out for the strength of primary structural members within cargo area. 

When containers are carried, reference may be made to applicable requirements of Appendix 2, 

Chapter 7 of this PART. When bulk cargoes are carried, reference may be made to applicable 

requirements of Appendix 1, Chapter 8 of this PART. 
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2.1.4.2 For general dry cargo ships of 150 m or over in length, the fatigue strength check may be 

carried out for the following structural members in the cargo area. For check method, reference 

may be made to ISC Guidelines for Fatigue Strength of Ship Structure: 

(1) connections of longitudinals (bottom, side, deck and inner shell) to transverse web frames;  

(2) connections of longitudinals (bottom, side, deck and inner shell) to transverse bulkheads;  

(3) connections of hopper tank sloping plate or inner shell to inner bottoms (if any); 

(4) connections of transverse bulkheads to inner bottoms and girders. 

 

SECTION 2 - LONGITUDINAL STRENGTH 

 

2.2.1 General requirements 

2.2.1.1 For ships of 65 m and over in length, their longitudinal strength is to be checked in 

accordance with the requirements of this Section. For ships of unusual type or special loading and 

less than 65 m in length, their longitudinal strength may also be checked in accordance with the 

requirements of this Section.  

For container ships of 90 m and over in length or ships dedicated primarily to carry their load in 

containers, their longitudinal strength is to comply with the requirements of Section 2, Chapter 7 

of this PART and of 2.2.5.1 of this Section. 

 

2.2.1.2 For ships complying with the following conditions, special considerations are required for 

longitudinal strength: 

(1) For ships having one or more of the following characteristics, direct calculations are in general 

to be carried out, of which, direct calculation of wave loads is given in 2.2.9 of this Section: 

L/B Җ 5 

B/D җ 2.5 

L җ 500 m 

Cb < 0.6 

(2) For ships having large deck openings, the longitudinal strength at combined bending and 

torque is to be checked according to the requirements in Section 10, Chapter 7 of this PART. 

(3) For ships having large flare, additional bending moment caused by slamming may be 

considered. 

(4) For ships intended for the carriage of special cargoes (e.g. heated cargoes), ships of 

unconventional type or ships of unconventional design, direct calculations are to be carried 

out in accordance with properties of cargoes or shipΩǎ type; where direct calculations are 

impracticable, design loads are to be determined by means of model test. 

 

2.2.2 Design still water bending moment and shear force 

2.2.2.1 The still water bending moment and shear force at each transverse section along the shipΩǎ 

length are to be calculated from the following conditions: 

In loaded conditions: departure, arrival; 

In ballast conditions: departure, arrival. 

Various loading conditions included in the Loading Manual are also to be taken into account in the 

calculation. 



PART B ς HULL SURVEYS 
 

 

90 

2.2.2.2 In calculation of still water bending moments and shear forces, the downward loads are to 

be taken as positive values, the upward loads as negative values, and are to be integrated in the 

forward direction from the aft end of the length of the ship. The sign conventions of the still water 

bending moments Ms and shear forces Fs are as shown in Figure 2.2.2.2. 

 
Figure 2.2.2.2 

 

2.2.2.3 In general, the following design cargo and ballast loading conditions, based on amount of 

bunker, fresh water and stores at departure and arrival, are to be considered for the Ms and Fs 

calculations. 

 

Where the amount and disposition of consumables at any intermediate stage of the voyage are 

considered more severe, calculations for such intermediate conditions are to be submitted for 

information. Also, where any ballasting and/or deballasting is intended during voyage, calculations 

of the intermediate condition just before and just after ballasting and/or deballasting any ballast 

tank are to be submitted and where reviewed included in the loading manual for guidance. 

(1) General cargo ships, container ships, roll-on/roll-off and refrigerated cargo carriers, bulk 

carriers, ore carriers: 

 homogeneous loading conditions at maximum draught; 

 ballast conditions; 

 special loading conditions, e.g. container or light load conditions at less than the maximum 

draught, heavy cargo, empty holds or non-homogeneous cargo conditions, deck cargo 

conditions, etc., where applicable; 

 short voyage or harbor conditions, where applicable; 

 docking condition , afloat; 

 instantaneous conditions of loading and unloading, where applicable; 

 for bulk carriers to which the harmonized class notation BC-A, BC-B or BC-C is assigned in 

accordance with the requirements of Section 12, Chapter 8 of this PART, conditions 

specified in 8.12.4 of Section 12, Chapter 8 of this PART are also to be calculated. 

(2) Oil tankers: 

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

part-loaded conditions; 

 any specified non-uniform distribution of loading; 

 mid-voyage conditions relating to tank cleaning or other operations where these differ 

significantly from the ballast conditions; 

 docking condition, afloat; 

 instantaneous conditions of loading and unloading, where applicable.  
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(3) Chemical tankers: 

 conditions as specified for oil tankers; 

 conditions for high density or segregated cargo. 

(4) Combination carriers: 

 conditions as specified for oil tankers and cargo ships. 

 

2.2.2.4 Where the typical condition during ballast water exchange at sea is to be taken into account, 

reference may be made to the Guidelines for the Preparation of ShipΩǎ Ballast Water Management 

Plan. 

 

2.2.2.5 Partially filled ballast tanks in ballast loading conditions (relevant recommendations are 

given in Appendix 3 of this Chapter) 

 

Ballast loading conditions involving partially filled peak and/or other ballast tanks at departure, 

arrival or during intermediate conditions are not permitted to be used as design conditions unless: 

ω design stress limits are satisfied for all filling levels between empty and full, and 

ω for bulk carriers, the requirements in Section 8, Chapter 8 of this PART, as applicable, are 

complied with for all filling levels between empty and full. 

 

To demonstrate compliance with all filling levels between empty and full, it will be acceptable if, in 

each condition at departure, arrival and where required by 2.2.2.3 of this Section, any intermediate 

condition, the tanks intended to be partially filled are assumed to be: 

ω empty; 

ω full; 

ω partially filled at intended level. 

Where multiple tanks are intended to be partially filled, all combinations of empty, full or partially 

filled at intended level for those tanks are to be investigated. 

 

However, for conventional ore carriers with large wing water ballast tanks in cargo area, where 

empty or full ballast water filling levels of one or maximum two pairs of these tanks lead to the 

shipΩǎ trim exceeding one of the following conditions, it is sufficient to demonstrate compliance 

with maximum, minimum and intended partial filling levels of these one or maximum two pairs of 

ballast tanks such that the shipΩǎ condition does not exceed any of these trim limits. Filling levels of 

all other wing ballast tanks are to be considered between empty and full. The trim conditions 

mentioned above are: 

ω trim by stern of 3% of the shipΩǎ length, or 

ω trim by bow of 1.5% of shipΩǎ length, or 

ω any trim that cannot maintain propeller immersion (I/D) not less than 25%, where: 

I τ the distance from propeller centerline to the waterline; 

D τ propeller diameter (see Figure 2.2.2.5). 
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Figure 2.2.2.5 

The maximum and minimum filling levels of the above-mentioned pairs of side ballast tanks are to 

be indicated in the loading manual. 

 

2.2.2.6 Partially filled ballast tanks in cargo loading conditions 

In cargo loading conditions, the requirements in 2.2.2.5 of this Section apply to the peak tanks only. 

 

2.2.2.7 Sequential ballast water exchange 

Requirements of 2.2.2.5 and 2.2.2.6 of this Section are not applicable to ballast water exchange 

using the sequential method. However, bending moment and shear force calculations for each 

de-ballasting or ballasting stage in the ballast water exchange sequence are to be included in the 

loading manual or ballast water management plan of any ship that intends to employ the sequential 

ballast water exchange method. 

 

2.2.3 Wave bending moment and wave shear force 

2.2.3.1 The hogging and sagging wave bending moments MW(+) and MWόҍύ at each transverse 

section along the shipΩs length are to be obtained from the following formulae: 

 
where: M τ distribution factor of bending moment, see Figure 2.2.3.1; 

L τ length of ship, in m; 

B τ breadth of ship, in m; 

Cb τ block coefficient, taken not less than 0.60; 

C τ coefficient to be obtained from the following formulae: 
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Aft end of L  Forward end of L 

 

Figure 2.2.3.1 

 

2.2.3.2 The hogging and sagging wave shear forces Fw (+) and Fw (-) at each transverse section along 

ǘƘŜ ǎƘƛǇΩǎ ƭŜƴƎǘƘ ŀǊŜ ǘƻ ōŜ obtained from the following formulae: 

 
where: F1, F2 τ shear force distribution factor given in Figure 2.2.3.2(1) and Figure  

2.2.3.2(2); 

C τ coefficient to be obtained from 2.2.3.1 of this Section; 

Cb τ see 2.2.3.1 of this Section; 

L τ length of ship, in m; 

B τ breadth of ship, in m. 

 

 

 
Aft end of L  Forward end of L 

Figure 2.2.3.2(1) 

 

 
Aft end of L  Forward end of L 

Figure 2.2.3.2(2) 
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2.2.4 Calculation of hull girder section properties 

2.2.4.1 The moment of inertia of the hull girder section about its horizontal neutral axis divided by 

the vertical distance from the neutral axis to the top of strength deck at side gives the hull girder 

section modulus Wd at the strength deck; and that divided by the vertical distance from the neutral 

axis to the top of keel gives the hull girder section modulus Wb at bottom. 

 

2.2.4.2 The strength deck and all continuous longitudinal members below the strength deck within 

0.4L amidships may be included in the calculation of hull girder section modulus. The extension of 

the sheer strake above the strength deck and the continuous stringer angles may be included in 

the calculation. Where trunck decks or continuous hatch coamings (except inboard coamings of 

multi-hatch arrangements) above the strength deck are effectively supported by longitudinal 

bulkheads or deep girders, their sectional area may also be included in the calculation of the hull 

girder section modulus. 

 

2.2.4.3 For multi-hatch arrangements, the effective sectional area for the inboard continuous hatch 

coaming and supporting members below is to be determined by direct calculation in accordance 

with support conditions. The following provision is applicable to cases without detailed calculation: 

(1) Where a continuous longitudinal underdeck girder, or girders, are arranged to support the 

inboard hatch coamings, 50% of their sectional area are to be included in the calculation of 

the hull girder section modulus. If the girder is fitt ed in conjunction with a longitudinal 

bulkhead, 

(2) The percentage of the sectional area to be included for inboard continuous hatch coamings is 

to be the same percentage as that of the longitudinal girder under. 

 

2.2.4.4 For the cases in 2.2.4.2 and 2.2.4.3 of this Section, when calculating the hull girder section 

modulus, the lever Zt, vertical distance from the point considered to the neutral axis, is to be taken 

as follows, with Zt being greater than the vertical distance from the neutral axis to the moulded deck 

line at side:  

 
where: Zc τ vertical distance from the neutral axis to the top of the continuous strength  

member, in m; 

y τ horizontal distance from the top of the continuous strength member to the  

centerline of the ship, in m; 

B1 τ breadth of ship at section considered, in m. 

In calculation, Zc and y are to be measured to the point giving the maximum value of Zt. 

 

2.2.4.5  Where deck longitudinals or deck girders are arranged above the strength deck, the sectional 

area may be included in the calculation of the hull girder section modulus. The lever Zt is to be taken 

as the vertical distance from the neutral axis to the moulded deck line at side amidships plus the 

depth of the longitudinal member. 
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2.2.4.6 Deck openings having a length in the fore-and-aft direction exceeding 2.5 m or a breadth 

exceeding 1.2 m or 0.04B (whichever is the lesser) or scallops where scallop-welding is applied 

are to be deducted from the sectional areas used in the calculation of the hull girder section 

modulus. 

 

2.2.4.7 Smaller openings (including manholes, lightening holes, single scallops in way of seams, etc.) 

smaller than those stated in 2.2.4.6 above need not be deducted from the sectional areas used in 

the calculation of the hull girder section modulus, provided that the sum bc of their breadths or 

shadow area breadths (The shadow area will be obtained by drawing two tangent lines with an 

opening angle of 30°, as shown in Figure 2.2.4.7) in one transverse section complies with the 

following or that the section modulus at deck or bottom is not reduced by more than 3%: 

 
where: B1 τ breadth of ship at section considered, in m; 

ʅb τ sum of breadths of deductible openings at section considered in accordance  

with 2.2.4.6 of this Section, in m. 

 

 
 

Sum of breadths of small openings at y-y section is to be bc = b1 + b2 + b3 

Figure 2.2.4.7 

 

2.2.4.8 Openings in longitudinals or longitudinal girders (such as lightening holes, freeing ports, 

single scallops in way of welds) need not be deducted from the sectional areas used in the 

calculation of the hull girder section modulus, if their depth does not exceed 25% of the web depth 

(with a maximum depth of 75 mm for scallops). 
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2.2.5 Hull girder bending strength 

2.2.5.1 The minimum midship section modulus W0 at deck and keel is not to be less than that 

obtained from the following formula: 

 
where: C τ coefficient, to be taken in accordance with 2.2.3.1 of this Section; 

Cb τ the same as that in 2.2.3.1 of this Section; 

L τ length of ship, in m; 

B τ breadth of ship, in m; 

K τ material factor. 

 

Scantlings of all continuous longitudinal members of the hull girder based on the minimum midship 

section modulus Wo are to 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 amidships, bearing in mind the desire not to inhibit the 

vesselΩǎ loading flexibility. In ships where part of the longitudinal strength material in the deck or 

bottom area are forming boundaries of tanks for oil cargoes or ballast water and such tanks are 

provided with an effective corrosion protection system, certain reductions in the scantlings of these 

boundaries are allowed. These reductions, however, are in no case to reduce the minimum hull 

girder section modulus for a new ship by more than 5%. 

 

2.2.5.2 The moment of inertia of midship section about the horizontal neutral axis I is not to be less 

than that obtained from the following formula: 

 

 
where: W0 τ the minimum midship section modulus, in cm³, calculated in accordance  

with2.2.5.1 of this Section; 

L τ length of ship, in m; 

K τ material factor. 

 

2.2.5.3 The hull girder bending strength outside 0.4L amidships is to comply with the requirements 

of 2.2.5.4 of this Section and also the following requirements: 

(1) As a minimum, hull girder bending strength checks are to be carried out at the following 

locations: 

φ in way of the forward end of the engine room; 

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

φ at any locations where there are significant changes in hull cross-section; 

φ at any locations where there are changes in the framing system. 

(2) Buckling strength of members contributing to the longitudinal strength and subjected to 

compressive and shear stresses is to be checked, in particular in regions where changes in the 

framing system or significant changes in the hull cross-section occur. 

(3) Continuity of structure is to be maintained throughout the length of the ship. Where significant 

changes in structural arrangement occur, adequate transitional structure is to be provided. 



PART B ς HULL SURVEYS 
 

 

97 

(4) For ships with large deck openings such as container ships, sections at or near to the aft and 

 

2.2.5.4 The designer is to provide permissible hogging and sagging still water bending moments  

(+) and  όҍύ ƻŦ Ƙǳƭƭ ƎƛǊŘŜǊǎ ŀǘ ŜŀŎƘ ǘǊŀƴǎǾŜǊǎŜ ǎŜŎǘƛƻƴ ŀƭƻƴƎ ǘƘŜ ǎƘƛǇΩǎ ƭŜƴƎǘƘΣ ǇǊƻǾƛŘŜŘ ǘƘŀǘ the 

following conditions are satisfied: 

(1) The permissible hogging and sagging still water bending moments  of hull girders are to 

cover the most severe hogging and sagging design still water bending moments calculated for 

any navigation condition given in the loading manual, see 2.2.2 of this Section. 

 

(2) The permissible hogging and sagging still water bending moments  of hull girders are not to 

be greater than the values obtained from the following formulae: 

 
where: MW τ wave bending moment, see 2.2.3.1 of this Section; 

 τ combined permissible bending moment, in kN · m, to be taken as one of 

the values obtained from the following formulae, whichever is the lesser: 

 
where: Fd, Fb τ determined in accordance with 2.2.5.6(1); 

Wd τ section modulus at deck, in cm3; 

Wb τ section modulus at keel, in cm3; 

Permissible bending stress of hull girder [ ]̀ is determined in accordance with the 

following requirements: 

[ ]̀ = 175/K, in N/mm2, for 0.4 L amidships; 

[ ]̀ = 125/K, in N/mm2, for 0.1 L from the shipΩǎ ends; 

for other areas, to be obtained by linear interpolation, where K is material factor. 

 

2.2.5.5 Longitudinal bending stress is to be calculated in accordance with the following formula: 

 
where: τ permissible still water bending moment, in kN·m, see 2.2.5.4 of this Section; 

MW τ wave bending moment, in kN·m, calculated in accordance with 2.2.3.1 of this 

Section; 

Wc τ hull girder section modulus at the point considered, in cm3. 

 

2.2.5.6 The reduction factor of scantlings of local members is to comply with the following: 

(1) Where the maximum longitudinal bending stresses at deck and keel are less than the 

permissible bending stress ώˋϐΣ appropriate reduction factors Fd and Fb may be taken to reduce 
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the scantlings of local member provided the following conditions are met: 

 
 

where: ̀ d τ longitudinal bending stress at deck, in N/mm2 

b̀ τ longitudinal bending stress at keel, in N/mm2 

[ ]̀ τ permissible bending stress, see 2.2.5.4(2) of this Section. 

In calculation of the thickness of shell plating t1 and deck t1, reduction factor Fd may be 

calculated based on sagging bending moment and Fb may be calculated based on the 

hogging bending moment. 

For shell plating and deck, reduction factors Fd and Fb are not to be less than 0.67; for framing, 

reduction factors Fd and Fb are not to be less than 0.75. 

(2) For ships less than 65 m in length, 1 is to be taken for both Fd and Fb. 

(3) (For containerships of 90 m in length and over, see Section 2 of Chapter 7 for the longitudinal 

bending stress and permissible bending stress in calculation of Fd and Fb. 

 

2.2.5.7 Where higher tensile steel is used in some portions of hull, the vertical extent of application 

of the higher tensile steel is not to be less than: 

Where higher tensile steel is applied to the strength deck, the region y1 (1 ς K/Fd ) below the deck 

line is to be made of higher tensile steel; where applied to the bottom, the region y2 (1 ς K/Fb ) 

above the keel is to be made of higher tensile steel. y1 and y2 are the vertical distances from the 

neutral axis to the deck line at side and to the plate keel respectively, in m, as shown in Figure 

2.2.5.7. K is material factor, Fd and Fb are as defined in 2.2.5.6 above. 

 
Figure 2.2.5.7 

 
2.2.5.8 Where higher tensile steel is used amidships and low carbon steel at the ends of the ship, 
the region in which higher tensile steel is used is to be extended to the points where the thickness 
required for low carbon steel is equal to that of the higher tensile steel (see Figure 2.2.5.8). 
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Figure 2.2.5.8 

2.2.5.9 Where higher tensile steel is applied to strength deck structure, corresponding higher 
tensile steel is usually to be applied to the continuous members (e.g. stiffening members of hatch 
coamings and deck openings) welded to strength deck. 
 
2.2.6 Hull girder shearing strength 

2.2.6.1 Design still water shear force 

(1) Under different loading conditions, the design still water shear force at each transverse section 

along the shipΩǎ length is to meet the following conditions: 

 
where: Fs τ design still water shear force under the conditions considered, in kN; 

Fs τ permissible still water shear force, in kN, calculated in accordance with 2.2.6.2. 

(2) For type 1 and type 2 hull sections as shown in Table 2.2.6.2, the still water shear force Fs at 

transverse bulkhead is to be corrected in respect to alternate or significantly non-homogeneous 

hold loading conditions. The correction of shear force is as shown in Figure 2.2.6.1. The values 

Nk and Nm of shear force correction are to be calculated in accordance with the following 

formulae respectively: 

 
where: FsA, FsB, FsC τ shear force in kN, obtained by calculation based on hull girder at  

transverse bulkheads A, B and C respectively; 

F τ correction factor of still water shear force, calculated in accordance with 

the following formula: 

 
where: B0 τ average breadth of the flat part of inner bottom of the 

  hold considered, in m; 

B τ breadth of ship, in m; 

lH τ length of hold, in m. 
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Figure 2.2.6.1 

 

2.2.6.2 The designer is to provide permissible still water shear forces  (+) and  (ҍ) of hull 

girders at each transverse section along the shipΩǎ length, provided that the following conditions 

are satisfied: 

(1) The positive and negative permissible still water shear forces of hull girders are to cover the 

most severe positive and negative design still water shear forces calculated for any navigation 

condition given in the loading manual, see 2.2.2 of this Section. 

(2) The positive and negative permissible still water shear forces of hull girders are not to be 

greater than the values obtained from the following formulae: 

 
where: Fw  τ wave shear force, in kN, calculated in accordance with 2.2.3.2; 

I τ moment of inertia about the horizontal neutral axis at the transverse 
section under consideration, in cm4; 

S τ static moment, in cm3, about the horizontal neutral axis, of the area of the 
effective longitudinal members above the horizontal neutral axis, taken at 
the transverse section under consideration; 
Permissible shearing stress[ ]̱ = 110/K, in N/mm2, where K is material factor; 

 ɻ τ the lesser of 1ɻ and 2ɻ, calculated in accordance with the following 

formulae: 

 
t1 τ thickness (the total thickness of inner and outer plating for double hull-skin 

ship) of side shell at the horizontal neutral axis of the section under 
consideration, in mm; 

t2 τ thickness of longitudinal bulkhead plating at the horizontal neutral axis of 
the section under consideration, in mm; 

f1, f2, m1, and m2 τ factors, see Table 2.2.6.2. 

 
 
 
 



PART B ς HULL SURVEYS 
 

 

101 

Table 2.2.6.2 - Factors f1, f2, m1 and m2  

No. Hull configuration Factor fi Factor mi 
 
 

1 

 

 
 

f1 = 0.5 

 
 

m1 = 0 

 
 
 

2 
 

 
 

f1 = 0.5 

 
 

m1 = 0 

 
 
 

3 
 

f1 = 0.261 + 0.058 A1 /  A2 

f2 = 0.478 - 0.116 A1 /  A2 

m1 = 0.5 m2 

m2 = 0.5(0.1 + ɹ ) 

 
 

4 

 

f1 = 0.154 + 0.08 A1 /  A2 

f2 = 0.346 - 0.08 A1 /  A2 

 

 
Notes: A1, A2 φ shear areas of side shell and longitudinal bulkhead plating respectively, in cm2, at one side of the  

section under consideration. The area for the centreline bulkhead is actual area and not to be reduced 
for symmetry around the centreline; 

b φ horizontal distance from longitudinal bulkhead to side shell plating, in m; 
B φ breadth of ship, in m; 
 ɹφ for transversely non-homogeneous loading condition,  ɹ = 0.15; for transversely homogeneous 

loading condition, ɹ  = 0. 

 
2.2.6.3 For hull configurations not included in Table 2.2.6.2, e.g. ships with three or four longitudinal 
bulkheads, the shearing stresses at side shell and longitudinal bulkhead plating may be determined 
by direct calculation. 

 
2.2.6.4 Shearing stress  
(1) The shearing stress ̱  at side shell is to be calculated in accordance with the following formula: 

 
where: F τ permissible still water shear force, in kN, see 2.2.6.2 of this Section; 

S τ static moment, in cm3. Where the point considered is above the horizontal 
neutral axis, S is to be taken as the static moment, about the horizontal neutral 
axis, of the area of all longitudinal members passing through the point above the 
neutral axis. Where the point considered is below the horizontal neutral axis, S is 
to be taken as the static moment, about the horizontal neutral axis, of the area 
of all longitudinal members passing through the point below the neutral axis; 

Fw, I and ɻ 1 τ see 2.2.6.2 of this Section. 

 Direct shearing stress calculation may be used, subject to approval by ISC. 
 

(2) Shearing force  ̱ at longitudinal bulkhead plating is to be calculated in accordance with 
the following formula: 
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where:  τ see 2.2.6.4 (1) of this Section; 

Fw, I and ɻ 2 τ see 2.2.6.2 of this Section. 
 
2.2.7 Buckling strength 
2.2.7.1 For ships of 90 m and over in length, where the plate panels and longitudinals are subject to 
hull girder bending and shear stresses, the buckling strength is to be checked according to the 
following requirements. 

 
2.2.7.2 The working stress  ̀in compression of the plate panels and longitudinals as calculated in 
2.2.5.5 of this Section (taken not less than 30/K, in N/mm2, where K is material factor) is to 
comply with the following formula: 

 
where: ̡  = 1, for plating and for web plating of stiffeners (local buckling); 

 ̡= 1.1, for stiffeners; 

c̀ τ critical buckling stress in compression, calculated according to 2.2.7.6 of this 
Section. 

2.2.7.3 The working shear stress ̱  ƻf plate panels as calculated in 2.2.6.4 of this Section is to comply 
with the following formula: 

 ̱Җ ̱c 
where: ̱ c τ critical buckling stress in shear, calculated according to 2.2.7.7 of this Section. 

 
2.2.7.4 The ideal elastic buckling stresses of the plates are to be obtained from the following 
formulae: 
(1) The ideal elastic buckling stress È of the compression plate panel is to be obtained from the 

following formula: 

 
where: E τ modulus of elasticity of material, in N/mm2; 

s τ shorter side of plate panel, in m; 
tb τ net thickness, in mm, of plating, considering standard deductions equal  

to the values given in Table 2.2.7.4; 
Table 2.2.7.4-Standard Deduction of Thickness  

Structure Standard deduction (mm) 
Limit values min-max 

(mm) 

Compartments carrying dry bulk cargoes: 
One side exposure to ballast or liquid cargo, vertical 
surfaces and surfaces sloped at an angle greater than 25º to 
the horizontal line. 

0.05 t 0.5 ~ 1 

One side exposure to ballast or liquid cargo, horizontal 
surfaces and surfaces sloped at an angle less than 25º to 
the horizontal line; 

0.10 t 2 ~ 3 

Two side exposure to ballast or liquid cargo, vertical 
surfaces and surfaces sloped at an angle greater than 25º to 
the horizontal line. 

    

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

0.15 t 2 ~ 4 
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Note: t is the designed thickness of plating, in mm. 

 
 Kc ς coefficient, calculated according to the following: 

 
where: 

l τ longer side of plate panel, in m; 
C = 1.3 when plating stiffened by floors or deep girders; 
C = 1.21 when stiffeners are angles or T-sections; 
C = 1.10 when stiffeners are bulb flats; 
C = 1.05 when stiffeners are flat bars; 

 ̞τ ratio between smallest and largest compressive stress, 0 Җ  ̞Җ1 (see Figure 2.2.7.4). 

 
Figure 2.2.7.4 

 
(2) ¢ƘŜ ƛŘŜŀƭ ŜƭŀǎǘƛŎ ōǳŎƪƭƛƴƎ ǎǘǊŜǎǎ ˍ9 in shear of plate panels subjected to shearing forces is to 

be obtained from the following formula: 

 
 

2.2.7.5 The ideal elastic buckling stresses of longitudinals are to be obtained from the following 

formulae: 

(1) For the column buckling mode (perpendicular to plane of plating) without rotation of the cross 

section, the ideal elastic buckling stress È of longitudinals is to be obtained from the 

following formula: 

 

where: Ia τ moment of inertia, in cm4, of longitudinal, including plate flange and  

calculated with thickness as specified in Table 2.2.7.4 of this Section; 

A τ cross-sectional area, in cm², of longitudinal, including plate flange and 

calculated with thickness as specified in Table 2.2.7.4 of this Section; 

l τ span, in m, of longitudinal. 
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(2) The ideal elastic buckling stress È of longitudinals for the torsional buckling mode is to be 

obtained from the following formula: 

 
n τ  number of half waves, given by Table 2.2.7.5: 

 

Table 2.2.7.5 - Number of Half Waves  

 0 < KB Җ п 4 < KB Җ 36 36 < KB Җ 144 (n ς 1)² n² < KB Җ n² (n + 1)² 

n 1 2 3 n 

 

It τ St VenantΩs moment of inertia, in cm4, of profile (without plate flange), to be 

obtained by the following formula: 

  

Ip τ polar moment of inertia, in cm4, of profile about connection of stiffener to plate: 

  

Iw τ sectional moment of inertia, in cm6, of profile about connection of stiffener to plate: 

   
l τ span of longitudinal, in m; 

E τ modulus of elasticity of material, in N /  mm2; 

where: hw τ web height, in mm; 

tw τ web thickness, in mm, considering standard deductions as specified in Table 2.2.7.4 of 

this Section; 

bf τ flange width, in mm; 

t f τ flange thickness, in mm, considering standard deductions as specified in Table  

2.2.7.4 of this Section. For bulb profiles the mean thickness of the bulb may be used; 

C τ spring stiffness exerted by supporting plate panel, obtained by the following 

formula: 
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S τ spacing of profiles, in m; 

tp τ panel thickness, in mm, considering standard deductions as specified in Table 

2.2.7.4 of this Section; 

Kp = 1 ς Ṕ, not to be taken less than zero. For flanged profiles, Kp need not be taken less 

than 0.1; 

  
 ̀τ working pressure in compression, calculated in accordance with 2.2.5.5 of this 

Section, but not to be taken as less than 30/K, in N/mm², where K is material factor; 

ÈP τ elastic buckling stress of supporting plate as calculated in 2.2.7.4 of this Section.  

 
(3) Web and flange buckling of longitudinals 

 For web plate of longitudinals, the ideal elastic buckling stress È is to be obtained  

from the following formula: 

 
where: tw, hw, E τ see (2). 

 
 For flanges on angles and T-sections of longitudinals, buckling is taken care of by the 
following requirement:  

 
where:  
bf τ flange width, in mm, for angles, half the flange width for T-sections; 
tf τ flange thickness, in mm. 

 
2.2.7.6 ¢ƘŜ ŎǊƛǘƛŎŀƭ ōǳŎƪƭƛƴƎ ǎǘǊŜǎǎ ƛƴ ŎƻƳǇǊŜǎǎƛƻƴ ˋŎ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ  

 
where: ReH τ yield stress of material, in N/mm2; 

È τ ideal elastic buckling stress, in N/mm2, calculated according to 2.2.7.4(1) and 
2.2.7.5 of this Section. 

 
2.2.7.7 ¢ƘŜ ŎǊƛǘƛŎŀƭ ōǳŎƪƭƛƴƎ ǎǘǊŜǎǎ ƛƴ ǎƘŜŀǊ ˍŎ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 
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where:  
ReH τ yield stress of material, in N/mm2; 

E̱ τ ideal elastic buckling stress in shear, in N/mm2, calculated according to 2.2.7.4(2) 

of this Section. 

 

2.2.8 Loading manual and loading instrument 

2.2.8.1 On completion of construction of the ship, a Loading Manual is to be formulated in time and 

submitted by the designer to ISC for approval. ISC Guidelines for Preparation of Loading Manuals 

may be referred to for formulating the Loading Manual. 

 

2.2.8.2 The ship is to be loaded in accordance with the requirements specified in the Loading 

Manual to avoid the creation of unacceptable stresses in the hull structures. 

 

2.2.8.3 The Loading Manual is to contain the following: 

(1) The loading conditions on which the design of the ship has been based, including curves of 

permissible still water bending moment and shear force along the length of the ship. 

(2) The results of the calculations of still water bending moments and shear forces under various 

loading conditions and where necessary, limitations due to torsional and lateral loads. 

(3) The allowable local loading for local structures (such as hatch covers, decks and double bottom, 

etc.). 

 

2.2.8.4 Loading instruments are to comply with the following specifications: 

(1) A loading instrument is either an analog or a digital instrument, by means of which it can be 

easily and quickly ascertained that the still water bending moment, shear forces and where 

applicable, the still water torsional moments and lateral loads at specified read-out points will 

not exceed the specified permissible values in any loading or ballasting condition. 

(2) The loading instrument is generally to be provided with an operation manual. 

(3) Single-point loading instruments are not acceptable. 

(4) The detailed requirements for loading instruments are referred to Appendix 1 of this Chapter. 

 

2.2.8.5 Those ships complying with one of the following provisions are Category I ships: 

(1) Ships with large deck openings where combined stresses due to vertical and horizontal hull 

girder bending as well as torsional and lateral loads are to be considered. 

(2) Ships possibly with non-homogeneous loadings, where the cargo and/or ballast may be 

unevenly distributed. Ships less than 120 m in length, when uneven distribution of cargo 

and/or ballast is considered in design, belong to Category II. 

(3) Chemical tankers and gas carriers. 

 

2.2.8.6 Those ships complying with one of the following provisions are Category II ships: 

(1) ships with such arrangements that would allow only a small possibility for variation in the 

distribution of cargo and ballast, and ships operating on a regular and fixed tradeing pattern 
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where the loading manual gives sufficient guidance; 

(2) ships for which an exception is given under Category I. 

 

2.2.8.7 A loading manual approved by ISC is to be supplied to all ships except those of Category 

II with length less than 90 m of which the deadweight does not exceed 30% of the displacement at 

the summer load line draft. 

 

2.2.8.8 An approved loading manual is to be supplied to all ships of Category I with 100 m or over in 

length. 

 

2.2.8.9 Bulk carriers, ore carriers and combination carriers of 150 m or over in length are to be 

provided with a loading manual and a loading instrument in accordance with the requirements of 

Section 7, Chapter 8 of this PART. 

2.2.8.10 Conditions for approval of loading manuals: 

(1) The approval of the loading manual is to be based on the final data of the ship. The manual is 

to include the design loading and ballasting conditions upon which the approved scantlings of 

hull structures are approved. 

(2) In case of modifications resulting in changes to the main data of the ship, a new approved 

loading manual is to be issued. 

(3) The loading manual must be prepared in a language understood by the users. If this language is 

not English, a translation into English is to be included. 

 

2.2.8.11 Conditions for approval of loading instruments: 

(1) The following are to be included in loading instruments and approved: 

 Confirmation of type approval, if any; 

 Confirming that the final data of the ship have been used; 

 Confirmation of the number and positions of read-out points; 

 Confirmation of relevant limits for all read-out points; 

 Checking of proper installation and operation of the instrument on board, in accordance 

with the approved test report of loading calculation, and that a copy of the operation manual 

is available. 

(2) In case of modifications implying changes in the main data of the ship, the loading instrument 

is to be modified accordingly and reapproved. 

(3) The operation manual and the instrument output must be prepared in a language understood 

by the users. If this language is not English, a translation into English is to be included. 

(4) The operation of the loading instruments is to be verified upon installation. It is to be checked 

that the operation manual and the approved test loading conditions are available on board. 

 

2.2.9 Direct calculation of wave loads 

2.2.9.1 The direct calculation of wave loads is to be based on the following assumptions: 

(1) The calculation software is to be based on the three-dimensional linear or non-linear wave 

theory and approved by the classification society. 

(2) Wave statistics based on the marine environment of the North Atlantic, as given in IACS REC34, 



PART B ς HULL SURVEYS 
 

 

108 

are used in the prediction of wave loads. 

(3) The requirements for wave frequencies, wave heading angles and the considered ship speed 

are given in Section 5, Chapter 1 of this PART. 

(4) The wave spectrum and energy spread function under consideration are given in Section 5, 

Chapter 1 of this PART. 

(5) The long-term prediction results at the probability level of 10-8 are taken as calculation results. 

 

2.2.9.2 The hydrodynamic models used in calculation are to comply with the following 

requirements: 

(1) The mass model is to correctly reflect the mass and its distribution of the real ship, ensuring 

that the error between mass of the model and that of the real ship is not greater than 0.1% and 

that the error between position of center of gravity of the model and that of the real ship is 

not greater than 0.1%L. 

(2) The model of wetted surface is to be sufficiently refined for an accurate simulation of the 

shape of the real ship from the hydrodynamic perspective. The error between displacement of 

the model and that of the real ship is not to be greater than 0.1%, the error between position 

of center of buoyancy of the model and that of the real ship is not to be greater than 0.1% L, 

and the number of elements is generally not to be less than 2,000. 

 

2.2.9.3 The wave bending moments and shear forces obtained by the linear wave theory are to be 

subject to non-linear correction as follows: 

(1) The hogging wave bending moment MW (+) and the sagging wave bending moment MW(-) are 

to be calculated by the following formulas: 

MW (+)=Mfnl-h MW,cal kN·m 

MW (ҍ)=ҍMfnl-s MW,cal kN·m 

where: M W, cal φ maximum vertical wave bending moment between 0.4L and 0.6L,  

obtained by direct calculation based on linear wave theory; 

M φ distribution factor of bending moment along shipΩǎ ƭength, see Figure 2.2.3.1  

of this Chapter; 

f nlςh , f nlςs φ non-linear correction factor, determined by the following formulas: 

 
where: Cb φ block coefficient, taken not less than 0.6. 

(2) The hogging wave shear force FW (+) and the sagging wave shear force FW όҍύ ŀǊŜ ǘƻ ōŜ Ŏŀlculated 

by the following formulas: 

FW(+)=F nl,1 F WV̆ maxkN 

FW(ҍ)=ҍF nl,2 F WV̆ maxkN 

where: F nl,1, F nl,2 τ distribution factors taking non-linear correction into account, see  

Figures 2.2.9.3(1) and 2.2.9.3(2) respectively. For fnlςh, fnlςs in the 

Figures, see (1) above. 
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F WV, max is to be calculated by the following formula: 

 
where: F WV, CAL, A τ wave shear force, in kN, directly calculated for sections with x/L < 0.5; 

F WV, CAL, F τ wave shear force, in kN, directly calculated for sections with Ȅκ[ җ лΦрΦ 

 
Aft end of L  Forward end of L 

Figures 2.2.9.3(1) Distribution of Factor Fnl,1 along ShipΩs Length 

 
Aft end of L  Forward end of L 

Figures 2.2.9.3(2) Distribution of Factor Fnl,2 along ShipΩs Length 

 

2.2.9.4 For specific ships, e.g. engineering ships which need to carry out short-term operation, short-

term prediction of wave loads is to be used to determine wave loads in the operating condition 

based on the most severe short-term sea state provided by the designer. The period of short-term 

prediction is generally taken as 3 hours or the operating hours provided by the designer, whichever 

is greater. 

 

SECTION 3 - SHELL PLATING 

 

2.3.1 Bottom shell 

2.3.1.1 Bottom shell means the shell plating between the plate keel and the bilge strake. 

 

2.3.1.2 In a ship with transverse bottom framing, the thickness t of bottom shell plating within 

0.4L amidships is not to be less than the following: 

 
where: s τ spacing of frames, in m, to be taken as not less than the standard spacing of frames; 

d τ draught, in m; 

L τ length of ship, in m, to be taken as not greater than 200 m; 
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Fb τ reduction factor, see 2.2.5.6 of this Chapter; 

, where S is spacing of girders or keelsons, in m; 

h1 = 0.26 C, to be taken as not greater than 0.2 d; 

C τ coefficient, see 2.2.3.1 of this Chapter; 

K τ material factor. 
2.3.1.3 In a ship with longitudinal bottom framing, the thickness t of bottom shell plating within 0.4L 

amidships is not to be less than the values obtained from the following: 

 
where: s τ spacing of longitudinals, in m, to be taken as not less than the standard spacing  

of longitudinals; 

d τ draught, in m; 

L τ length of ship, in m, to be taken as not greater than 190 m; 

Fb, h1τ see 2.3.1.2 of this Section; 

K τ material factor. 

2.3.1.4 ¢ƘŜ ǘƘƛŎƪƴŜǎǎ ǘ ƻŦ ōƻǘǘƻƳ ǎƘŜƭƭ ǇƭŀǘƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǊŜƎƛƻƴǎ ƻŦ лΦлтр[ ŦǊƻƳ ǘƘŜ ǎƘƛǇΩǎ ŜƴŘǎ ƛǎ 

not to be less than that obtained from the following formula: 

 
where: L τ length of ship, in m, L need not be taken as greater than 300 m; 

s τ spacing of frames or longitudinals, in m, to be taken as not less than 0.7; 

K τ material factor. 

 

2.3.1.5 The thickness of bottom shell plating is not to be less than that obtained by the following 

formula: 

 
where: L τ length of ship, in m; 

K τ material factor. 

The thickness of bottom shell plating beyond 0.4L amidships is to be tapered 

gradually to the end thickness of bottom shell plating. 

 

2.3.1.6 The thickness of bottom shell plating at fore end is, in addition, to comply with the relevant 

requirements of Section 15 of this Chapter. 

 

2.3.2 Plate keel 

2.3.2.1 The width b of the plate keel is not to be less than that obtained from the following formula: 

b = 900 + 3.5L mm 

where: L τ length of ship, in m. 

The width of the plate keel need not be greater than 1,800 mm, and is to be maintained over the 

whole length of the ship. 
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2.3.2.2 The thickness of the plate keel is not to be less than that of the bottom shell plating 

calculated according to 2.3.1 of this Section in accordance with its structural configuration plus 2.0 

mm nor less than that of the adjacent bottom shell plating. 

 

 

2.3.3 Bilge strake 

2.3.3.1 Where the bilge is framed transversely, the thickness of the bilge plating is not to be less 

than the value obtained from 2.3.1.2 of this Section, and where the bilge is framed longitudinally, 

the thickness of the bilge plating is not to be less than the value obtained from 2.3.1.3 of this Section. 

 

2.3.3.2 Where both the bottom and side shells are framed longitudinally and the bilge longitudinals 

are omitted, and where transverse strength members or corresponding bilge brackets are fitted in 

accordance with the requirements of 2.6.15.5 of this Chapter, the thickness of the bilge strake is 

neither to be less than  (r being the radius of bilge, in mm, K being material factor and Fb being 

reduction factor of bottom), nor to be less than that of the adjacent bottom plating. 

 

2.3.4 Side shell plating 

2.3.4.1 Side shell plating means the shell plating between the bilge strake and the sheer strake. 

 

2.3.4.2 Where the side shell is framed transversely, the thickness t of side shell plating within 

0.4L amidships is to be as follows: 

(1) The thickness t of side shell plating above ¾ D from base is not to be less than the following: 

 
(2) The thickness t of side shell plating within ½ D, the centre point of which is 0.5D from base, is 

not to be less than the following: 

 
(3) The thickness t of side shell plating below ¼ D from base is not to be less than the following: 

 
where: s  τ spacing of frames, in m; to be taken as not less than the standard spacing of  

frames; 

L  τ length of ship, in m, L need not be taken as greater than 190 m; 

D τ draught, in m; 

Fd, Fbτ reduction factors, see 2.2.5.6 of this Chapter; 
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Fm τ reduction factors, to be taken as Fd or Fb, whichever is the greater; 

, where S is the spacing of side stringers, in m; 

h2= 0.5C, to be taken as not greater than 0.36d; 

h1, C τ see 2.3.1.2 of this Section; 

K τ material factor. 

(4) In calculation of t1, except the minimum range of high tensile steel stipulated in Section 2 of 

this Chapter, the material factor K may be taken as 1. 

 

2.3.4.3 Where the side shell is framed longitudinally, the thickness t of side shell plating within 0.4L 

amidships is to be as follows: 

(1) The thickness t of side shell plating above ½ D from base is not to be less than the following: 

 
 

(2) The thickness t of side shell plating below ¼ D from base is not to be less than the following: 

 
where: s τ spacing of longitudinals, in m, to be taken as not less than the standard spacing  

of longitudinals; 

L τ length of ship, in m, L need not be taken as greater than 190 m; 

d τ draught, in m; 

Fd, Fbτ reduction factors, see 2.2.5.6 of this Chapter; 

h1 τ see 2.3.1.2 of this Section; h2 τ see 2.3.4.2 of this Section; K τ material  

factor. 

(3) The thickness t of side shell plating between ¼ D and ½ D from base is to be obtained by 

interpolation between the values of t2 in (1), (2) above, but not less than t1 in (2) above. 

(4) For the calculation of t1, except the minimum range of high tensile steel stipulated in Section 2 

of this Chapter, the material factor K may be taken as 1. 

 

2.3.4.4 The thickness of side shell plating within 0.075L from the shipΩǎ ends is to comply with the 

requirements of 2.3.1.4 of this Section. 

 

2.3.4.5 The thickness of side shell plating is not to be less than that obtained by the following 

formula: 

 
where: L φ length of ship, in m; 

Kφ material factor. 
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The thickness of side shell plating beyond 0.4L amidships is to be tapered gradually to the end 

thickness of side shell plating. 

 

2.3.5 Sheer strake 

2.3.5.1 The width of the sheer strake is not to be less than: 

b = 800 + 5L mm, but need not be greater than 1,800 mm where:  

L τ length of ship, in m. 

2.3.5.2 Where the side shell is framed transversely, the thickness t of the sheer strake within 0.4L 

amidships is not to be less than the following: 

 
where: s τ spacing of frames, in m, to be taken as not less than the standard spacing  

of frames; 

L τ length of ship, in m; 

L1 = L, in m, need not be taken as greater than 200 m; 

Fd, E τ see 2.3.4.2 of this Section; 

K τ material factor. 

 

 

2.3.5.3 Where the side shell is framed longitudinally, the thickness t of the sheer strake within 0.4L 

amidships is not to be less than the following: 

 
where: s τ spacing of longitudinals, in m, to be taken as not less than the standard spacing  

of longitudinals; 

L τ length of ship, in m; 

L1 = L , in m, need not be taken as greater than 200 m in calculation; 

Fd τ reduction factors, see 2.2.5.6 of this Chapter; 

K τ material factor. 

 

2.3.5.4 The thickness of sheer strake within 0.4L amidships is in any case not to be less than 0.8 times 

that of the stringer plate of the strength deck, nor less than that of adjacent side shell plating, and 

may be gradually tapered to the end thickness of the side shell plating. 

 

2.3.5.5 Where the sheer strake is connected to the stringer plate by welding, the upper edge of the 

sheer strake is to be dressed smooth, and any fit tings welded to the top of the sheer strake within 

0.5L amidships are to be avoided. Scupper openings are not to be cut in the sheer strake which is 

protruded above the deck within 0.5L amidships or in way of breaks of superstructures. Where a 

rounded sheer strake is adopted, the radius is not to be less than 15 times the thickness of the plate. 
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The thickness of rounded sheer strake is to be at least equal to that of deck plating. Effective 

measures are to be taken to maintain the required properties of material after shaping. Deck fittings 

welded directly to the rounded sheer strake within 0.5L amidships are to be avoided, wherever 

possible. 

 

2.3.6 Local strengthening 

2.3.6.1 The thickness of shell plates connected to the stern frame or fit ted in way of the shaft bossing 

in single screw ships and in way of the palms of propeller struts in multi-screw ships, is neither to be 

less than 1.5 times the thickness of shell plating at ends, nor to be less than the thickness of the shell 

plating amidships. 

 

2.3.6.2 The shell plating in way of hawse pipe and one plate below are to be increased in thickness 

or to be fitted with doubler plates. The outlet of hawse pipe is to have adequate corner radius. It is 

recommended that the corner radius of chafing lips made of steel plate or cast steel be not less than 

12 times the diameter of anchor chain. 

 

2.3.7 Openings in shell plating 

2.3.7.1 Openings cut in the turn of the bilge strake within 0.5L amidships are to be avoided as far as 

possible, but if necessary, the openings are to be elliptical with the major axis arranged in the fore 

and aft direction. 

 

2.3.7.2 In general, compensation will not be required for circular openings in the sheer strake which 

are clear of the gunwale and the deck openings outside the line of hatchways and whose depth does 

not exceed 20% of that of the sheer strake or 380 mm, whichever is the lesser. Circular openings in 

sheer strake are to be kept well clear of the ends of superstructures. Openings cut in a rounded 

gunwale are not allowed. 

 

2.3.7.3 Sea inlets and other openings are to have well rounded corners. The thickness of sea inlet 

box plating and its steel grade are not to be lower than the adjacent shell. For ships of 90 m or over 

in length, this thickness is not to be less than 12 mm, but need not exceed 25 mm. 

 

2.3.7.4 Cargo door openings are to have well rounded corners, and are to be kept clear of the ends 

of superstructures and the deck openings outside the line of hatchways. Such openings within 0.5L 

amidships are to be fully compensated by insert plates or doubler plates with a sufficient length in 

the fore and aft direction. 

 

2.3.8 Bilge keels 

2.3.8.1 Where bilge keels are fit ted, they are to be attached to a continuous flat bar which may be 

welded to the shell. All butts of bilge keels, flat bars and shell plating are to be properly shifted from 

one another. Bilge keels and flat bars are not to be interrupted abruptly, but to be gradually 

tapered at their ends and terminated on a suitably stiffened panel. 
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SECTION 4 ς DECKS 

 

2.4.1 General requirements 

2.4.1.1 This Section applies to all decks with longitudinal or transverse framing. 

2.4.1.2 Where the platform decks terminate within 0.4L amidships, horizontal brackets are to be 

provided at their ends and are to extend over a suitable length. 

 

2.4.2 Strength deck 

2.4.2.1 The thickness t of strength deck plating outside the line of openings within 0.4L amidships 

is, in addition to complying with the requirements for midship section modulus, not to be less than 

the following: 

(1) For transverse framing: 

 
where: s τ spacing of frames, in m, to be taken as not less than the standard spacing of  

frames; 

L τ length of ship, in m; 

L1 = L, in m, need not be taken as greater than 200 m in calculation; 

Fd τ reduction factor, see 2.2.5.6 of this Chapter; 

, where S is spacing of deck longitudinals;

K τ material factor.  

 

(2) For longitudinal framing:  

 
where: s τ spacing of longitudinals, in m, to be taken as not less than the standard  

spacing of longitudinals; 

L τ length of ship, in m; 

L1 = L in m, need not be taken as greater than 200 m; 

Fd τ reduction factor, see 2.2.5.6 of this Chapter; 

K τ material factor. 

 

2.4.2.2 The thickness t of strength deck plating inside the line of openings and within 0.075L from 

ǘƘŜ ǎƘƛǇΩǎ ŜƴŘǎΣ ƛǊǊŜǎǇŜŎǘƛǾŜ ƻŦ ƭƻƴƎƛǘǳŘƛƴŀƭ ƻǊ ǘǊŀƴǎǾŜǊǎŜ ŦǊŀƳƛƴƎΣ ƛǎ ƴƻǘ ǘƻ ōŜ ƭŜǎǎ ǘƘŀƴ ǘƘŀǘ ƻōǘŀƛƴŜŘ 

from the following formula: 

 
where: s τ spacing of frames, in m, to be taken as not less than the standard spacing of frames; 
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L τ length of ship, in m; 

K τ material factor. 

 

2.4.2.3 The minimum thickness t of the strength deck plating (including deck plating at ends) is not 

to be less than 6 mm. 

 

2.4.2.4 Where the long bridge deck within 0.5L amidships is regarded as the strength deck, the 

midship section modulus and the minimum thickness are to comply with the requirements of 2.2.5 

and 2.4.2.1 of this Chapter. 

 

2.4.2.5 The thickness of strength deck plating is to be maintained for 0.4L amidships and is to be 

gradually tapered to the end thickness. 

2.4.2.6 Where the strength deck at the shipΩs fore end is not protected by a forecastle, the plate 

thickness of strength deck forward of 0.15L from the fore perpendicular is to meet the requirements 

for forecastle deck. 

 

2.4.3 Stringer plates 

2.4.3.1 The thickness of strength deck stringer plates is not to be less than the thickness of strength 

deck plating. The breadth of strength deck stringer plates within 0.4L amidships is to comply with 

the relevant requirements of Section 3, Chapter 1 of this PART. The breadth of strength deck 

stringer plates at ends of the ship is not to be less than 65% of that amidships. 

 

2.4.4 Deck openings 

2.4.4.1 Where the corners of engine/boiler room or hatch openings in the strength deck are 

parabolic or elliptical, insert plates are not required, but the requirements as shown by Figure 

2.4.4.1 are to be complied with. 

 
Figure 2.4.4.1 

 

2.4.4.2 Where the corners of engine/boiler room or hatch openings in the strength deck are 

rounded, insert plates are required, and the radius of the rounded corner is not to be less than 1/20 

of the breadth of the opening, but not less than 1/10 provided that deck girders are not fit ted in 
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way of the hatch coamings. Rounded corners are to have a minimum radius of 300 mm if the deck 

plating extends inside the coaming, or 150 mm if the coamings are welded to the inner edge of the 

deck plating in the form of a spigot. 

 

The extension of the insert plates is to be as shown in Figure 2.4.4.2 (R is the radius of hatch corners, 

e is not to be less than 760 mm and for longitudinal framing, not to be less than one longitudinal 

spacing). The butt  of the insert plate is to be kept well clear of the butt  in coaming and the fillet 

welds of deck framing. The thickness of the insert plate is to be 4 mm greater than the thickness 

of strength deck framing. If the thickness or extension of the insert plate can not meet above 

requirements, direct calculation covering yield, buckling and fatigue is to be adopted 

for verification. 

 
Figure 2.4.4.2 

 

2.4.4.3 Openings in the strength deck outside the line of hatchways are to be kept to a minimum 

and are to be arranged clear of hatch corners. The corners of all openings are to be well rounded 

and with the edges smoothed. Openings in the strength deck between midship bridge or deckhouse 

end bulkheads and hatches are to be avoided so far as possible. 

 

2.4.4.4 Compensation is not required for openings in the strength deck outside the line of 

hatchways and situated within 0.5L amidships provided that they comply with the provisions of 

2.2.4.7 of this Chapter. Edge reinforcement will not be required for: 

(1) elliptical openings having their major axis in the fore and aft direction and an aspect ratio not 

less than 2; 

(2) openings of other shapes provided that it has been shown by suitable tests that the stress 

concentration factor does not exceed 2 for low carbon steel and 1.5 for higher tensile steel. 

 

2.4.4.5 Where the openings in the strength deck within 0.5L amidships and outside the line of 

hatchways do not comply with the provisions of 2.2.4.7 of this Chapter, compensation is required. 
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Compensation is normally arranged by increasing the deck plate thickness. Where the openings do 

not comply with the provisions of 2.4.4.4(1) or (2) of this Section, the edge reinforcement in the 

form of a spigot as shown in Figure 2.4.4.5 is to be adopted, or alternative arrangements will be 

considered. Where a spigot is adopted, the sectional area A of the ring plate is not to be less than 

that obtained from the following formula: A = 0.5rt mm2 where: r τ radius of opening, in mm, and 

to be taken as the half breadth of the openings for elliptical openings; t τ thickness of deck plating, 

in mm. 

 
Figure 2.4.4.5 

 

2.4.4.6 Lower deck openings are to comply with the following requirements: 

(1) Inserts are required for machinery spaces and cargo hatch opening corners on second tier decks, 

and the thickness of inserts is to be 2.5 mm greater than the deck thickness. Insert plates will 

not generally be required for hatch corners on third tier decks and decks below (including 

platform decks). 

(2) Openings outside the line of hatchways are to be as far as practicable kept clear of hatch 

corners and other areas of high stress. The provisions of 2.4.4.4 and 2.4.4.5 of this Section are 

generally also applicable to openings in lower decks, but compensation will not be required 

unless the total breadth of openings (see shadow areas as shown in Figure 2.2.4.7 of this 

Chapter) in such decks exceeds 15% of the breadth of deck plating used in midship section 

modulus calculation. 

 

2.4.4.7 The above requirements for deck openings are, in general, also applicable to regions outside 

0.5L amidships. 

 

2.4.5 Lower decks and platform decks with loading not exceeding 40 kPa 

2.4.5.1 The thickness t of second tier deck plating outside the line of hatchways and within 0.4L 

amidships is not to be less than that obtained from the following formula: 

t = 12s K mm, and not less than 6 mm 

The thickness t of second tier deck plating inside the line of hatchways and within 0.075L from the 

shipΩǎ ends is not to be less than that obtained from the following formula: 

t = 10s K mm, and not less than 6 mm 

where: s τ spacing of frames, in m, to be taken as not less than the standard spacing of frames. 

 

2.4.5.2 The thickness t of third tier deck or platform deck plating is not to be less than that obtained 

from the following formula: 

t = 10s K mm, and not less than 6 mm 
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where: s τ spacing of frames, in m, to be taken as not less than the standard spacing of frames; 

K τ material factor. 

 

2.4.6 Raised quarter decks 

2.4.6.1 For the requirements for raised quarterdecks, see 2.17.8 of this Chapter. 

 

2.4.7 Superstructure ends 

2.4.7.1 The deck strengthening at ends of superstructures is to comply with the requirements of 

2.17.6 of this Chapter. 

 

2.4.8 Deck coverings 

2.4.8.1 The deck coverings are to be of materials which are not corrosive to steel, or they are to be 

effectively insulated from the steel by a noncorrosive protective coating. 

 

2.4.8.2 Wood sheathing on exposed steel deck is to have a thickness not less than 50 mm for 

pine and 45 mm for teak wood in ships less than 120 m in length, and 60 mm and 50 mm 

respectively in ships of 120 m or over in length. For enclosed spaces, the thickness of pine sheathing 

on the steel deck is not to be less than 40 mm. The thickness of steel deck plating sheathed with 

wood planks may be reduced by 1 mm, but each plank is to be well secured to the deck plating at 

every beam by studs. 

2.4.8.3 Where chemical covering is used as a substitute for wood sheathing, the thickness of the 

steel deck plating is not to be reduced. 

 

SECTION 5 - SINGLE BOTTOMS 

 

2.5.1 Application 

2.5.1.1 This Section applies to transversely framed single bottom ships of not greater than 90 m in 

length. 

 

2.5.2 Centre keelson 

2.5.2.1 The centre keelsons are to be provided in way of the central longitudinal section of the 

ship. The depth of the centre keelson is to be the same as that of floors, and the web thickness t 

and the sectional area A of the face plate of the centre keelson are not to be less than the following:

Within 0.4L amidships and not less than 6 mm 

A = 0.67LK cm2, and not less than 12.5 cm2

 

Within 0.075L from the shipΩǎ ends: and not less than 6 mm 

A= 0.52LK cm2, and not not less than 12.5 cm2 

where: L τ length of ship, in m; Kτ material factor. 

In the forepeak tank, the centreline keelson may have the same depth and thickness and the same 

sectional area of face plate as the floor. 
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2.5.2.2 The centre keelson is normally to extend as far forward and aft as practicable. Where the 

centre keelson is cut in way of a bulkhead, it is to be connected to the bulkhead by one of the 

following means: 

(1) The web plate of the centre keelson is to be gradually raised, within one frame spacing to 1.5 

times the original web depth at the bulkhead, and the face plate of the centre keelson is to extend 

and to be welded to the bulkhead, as shown in Figure 2.5.2.2(1). 

 
Figure 2.5.2.2(1) 

 

(2) The centre keelson is to be attached to the bulkhead by brackets having a face plate or flange, 

and the depth and length of the brackets are to be equal to the depth of the keelson. In this 

case, the face plate of the centre keelson may not be welded to the bulkhead. The thickness of 

the brackets is to be the same as that of the web of the centre keelson, as shown in Figure 

2.5.2.2(2). 

 
Figure 2.5.2.2(2) 

 
(3) The face plate of the centre keelson is, within one frame spacing, to be gradually widened to 

twice its original width at the bulkhead, and to be welded to the bulkhead, as shown in Figure 

2.5.2.2(3). 
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Figure 2.5.2.2(3) 

 

2.5.2.3 In the machinery space the thickness of the centre keelson web is to be equal to the value 

obtained from 2.5.2.1 of this Section plus 1 mm. Where a single main engine is fitted, the centre 

keelson may be omitted in the machinery space provided that the longitudinal girders under the 

engine seating extend over the whole length of the engine room and brackets are fitted at the 

outside of both end bulkheads of the engine room for transition. Within the engine room where the 

centre keelson is cut, however, gradually tapered brackets having a length not less than two frame 

spaces are to be fitted for transition, as shown in Figure 2.5.2.3. 
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Figure 2.5.2.3 

 

In machinery spaces situated at the aft end, such engine seating girders are to be carried as far aft 

as practicable and the ends effectively supported by web frames or transverses. Where it is 

impracticable to provide transition brackets abaft the aft peak bulkhead because the aft body of the 

ship is too fine, such brackets may be dispensed with. 

 

2.5.3 Side keelsons 

2.5.3.1 The depth of side keelsons is to be the same as that of floors, and the web thickness t and 

the face plate sectional area A of side keelsons are not to be less than the following: 

 
where: L τ length of ship, in m; Kτ material factor. 

In the machinery space, the web thickness of side keelsons is not to be less than that of the centre 

keelson as required in 2.5.2.1 of this Section. 

 

2.5.3.2 One side keelson at least is to be fit ted on each side of the centre keelson where the breadth 

of ship is equal to 9 m or less, and two at least where the breadth exceeds 9 m but does not exceed 

16 m. In addition, continuous or intercostal longitudinal stiffeners are to be fit ted where the panel 

aspect ratio exceeds 4. Side keelsons are to be uniformly fit ted and are to extend as far forward and 

aft as practicable. Outboard of the main engine seating girders, side keelsons as required in 2.5.3.1 

of this Section are to be fit ted, and attention is to be given to structural continuity. In the case of 
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ships having duplicate main engines situated at the aft end, where it is impracticable to fit  the side 

keelsons owing to the confined space in the engine room, such keelsons may be dispensed with. 

2.5.3.3 The attachment of side keelsons to the bulkheads is to be the same as required for the 

centre keelson (see 2.5.2.2 of this Section). 

 

2.5.4 Floors 

2.5.4.1 Plate floors are to be fit ted at every frame and are, at the centreline, to have a web depth 

h, a web thickness t and a sectional area A of face plate not less than: 

h = 42(B + d) ς 70 mm 

 but not less than 6 mm and need not be greater than 14 mm

A= (4.8d-3) K cm² 

where: B τ breadth of ship, in m; d τ moulded draught, in m; K τ material factor. 

 

2.5.4.2 The thickness of the face plate of the floor is not to be less than that of its web plate. The 

breadth of the face plate is not to be less than 10 times its thickness, but need not exceed 15 times. 

 

2.5.4.3 In ships having considerable rise of floor (or towards fore and aft ends), the depth of floor 

plates is to be increased. The floor plates forming part of a watertight, deep tank or tank bulkhead 

are not to be less than 900 mm in depth measured at the centreline, and have a thickness not less 

than that required for the bottom strake of a bulkhead. For small ships, the depth of the floor plates 

at the centreline may be suitably reduced. 

 

2.5.4.4 In machinery spaces the web thickness of floors is not to be less than that of the centre 

keelson as required in 2.5.2.1 of this Section. In way of machinery spaces situated amidships, the 

depth of the web plate and the face plate sectional area of floors are to be increased by 10% above 

those obtained from 2.5.4.1 of this Section. In way of machinery spaces situated astern, the face 

plate area of floors is to be increased by 10% above those obtained from 2.5.4.1 of this Section. 

The floors are not to be flanged instead of having face plates. 

In way of machinery spaces situated aft or where there is considerable rise of floor, the depth of 

floors is to be appropriately increased in accordance with the shipΩǎ lines and strength. 

 

2.5.5 Bilge brackets 

2.5.5.1 Floors are to be connected to the frames by bilge brackets. The depth of the bilge 

brackets measured from the base line is to be twice that of the floors in way of the centreline, and 

the length of the brackets, measured from the inner edge of frames, is to be equal to the floor 

depth on the centreline. The thickness of the brackets is to be equal to that of floors. The brackets 

are to have a flange or face plate. When flanged, the width of the flange is neither to exceed 10 

times the thickness of the bracket nor to be less than 50 mm. 

 

2.5.5.2 Where it is impracticable to arrange the bilge brackets due to the shipΩǎ lines or other 

reasons, the floors are to extend to the shipΩǎ side and to be raised to the required depth for bilge 

Brackets. 
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2.5.5.3 Where bilge brackets or floors are connected to the frames by means of a welded lap joint, 

the length of overlap is to be as follows: 

(1) when the depth of frames is 100 mm or less, the length of overlap is not to be less than twice 

the depth of frames; 

(2) when the depth of frames exceeds 100 mm, the length of overlap is neither to be less than 1.5 

times the depth of the frame nor less than 200 mm. 

 

2.5.6 Drain holes 

2.5.6.1 Drain holes are to be cut in the floors and side keelsons in way of the bottom. Provision is 

to be made for the free passage of water from all parts of the bottom to the suctions, taking into 

account the pumping rates required. 

 

SECTION 6 - DOUBLE BOTTOMS 

 

2.6.1 General requirements 

2.6.1.1 Double bottoms are to comply with the requirements of this Section and in addition, the 

relevant requirements of Section 12, Chapter 1 of this PART. 

 

2.6.1.2 Where the double bottom is interrupted, the continuity of bottom longitudinal members 

is to be maintained. The centre and side keelsons within the single bottom in way of the break are 

to be the continuation of the centre and side girders of the double bottom. The inner bottom 

plating is to extend beyond the break of the double bottom and to be gradually tapered for a length 

of not less than three frame spaces to form the face plate of the keelsons, and the breadth of the 

face plate at the break of the double bottom is not to be less than half the spacing of side keelsons. 

The margin plate is also to extend not less than three frame spaces beyond the break of the double 

bottom. Where the margin plate is inclined, the extension portion is to have a face plate or flange, 

and the width of the margin plate may be reduced gradually. Within the single bottom, side 

keelsons, which are not the direct continuation of the girders in the double bottom, are to be 

extended into the double bottom and to be gradually tapered off over a length of not less than three 

frame spaces with their free edges flanged. 

 

2.6.1.3 Sufficient girders are to be arranged in way of the main machinery and structural continuity 

is to be maintained. In midship machinery spaces, these girders are to extend for the full length of 

the space and are to be carried for at least three frame spaces beyond the fore and after bulkheads 

of the engine room. However, the extension beyond the after bulkhead is also to support the 

foremost shaft tunnel bearing; in machinery spaces situated at the aft end such girders are to be 

carried as far aft as practicable and the ends effectively supported by web frames or transverses. 

Outboard of the main engine seating girders, side girders are to be arranged and attention is to be 

given to the structural continuity. 

 

2.6.1.4 Manholes are to be cut in the floors and side girders. Except for lightened floors, the depth of 

manholes is not to exceed 50% of that of the double bottom, unless edge reinforcement is provided. 

Manholes cut in floors are to be arranged along a straight line in the fore and aft direction for easy 
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access. Manholes or lightening holes are not permitted within the range of floor ends (generally taken 

as 1 spacing of longitudinals in way of the longitudinal bulkhead or 600 mm, whichever is greater) 

and in the side girders for one frame space from transverse bulkheads, unless the edges of holes are 

strengthened. The edges of all holes are to be smoothed. 

 

2.6.1.5 Air and drain holes are to be cut in floors, side girders and bottom and inner bottom 

longitudinals to ensure the free passage of air and water from all parts of the tanks to the air pipes 

and suctions, account being taken of the pumping rates required. 

2.6.1.6 The minimum thickness of floors and girders of double bottoms is to be 6 mm. 

 

2.6.1.7 The strake connecting the inner bottom plating to the shell plating is the margin plate. 

 

2.6.2 Centre girders 

2.6.2.1 Centre girders are to be provided in way of the central longitudinal section of the ship. The 

depth h0 of centre girders is to comply with the requirements for the depth of double bottoms in 

Section 12, Chapter 1 of this PART and not to be less than that calculated by the following 

formula: 

h0 = 25B + 42d + 300 mm, nor less than 760 mm 

where: B τ breadth of ship, in m; d τ draught, in m. 

 

For double hull ships (with double bottom and double side skin), the distance from midpoint 

between outer and inner shells at one side to that at the other side may be taken as equivalent 

breadth in lieu of the breadth B of ship (see Figure 2.6.2.1). Be is generally not to be less than 0.9B, 

and if the double bottom strength is in compliance with the ISC criteria for direct strength 

calculations, not to be less than 0.8B. 

 
Figure 2.6.2.1 

 

2.6.2.2 The thickness t of centre girders is not to be less than:  

(1) For 0.4L amidships: 

 
where: h0 τ considered height of double bottom, in mm; 

K τ material factor. 

(2) For 0.075L from the shipΩǎ ends, the thickness t of centre girders may be decreased by 2 mm 

from that required in (1) above. 

(3) The thickness of centre girders in boiler spaces is to be increased by 2.5 mm above that 

required for centre girders within 0.4L amidships. 
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2.6.2.3 The centre girders within 0.75L amidships are to be continuous and to extend as far as 

practicable to the stem and stern frame. 

 

2.6.2.4 Manholes or lightening holes are not to be cut in the centre girders within 0.75L amidships, 

but if such holes are essential in exceptional cases, suitable compensation is to be provided. Outside 

0.75L amidships, holes may be cut in centre girders (excluding one frame space forward and aft of a 

transverse bulkhead) with a depth not exceeding 40% of that of the centre girders at that place. 

 

2.6.3 Duct keels 

2.6.3.1 Duct keels (pipe tunnels) may be substituted for centre girders. The thickness of side plates 

of the duct keel is not to be less than that of the watertight floors. The side plates are in general 

not to be spaced more than 2 m apart; for ships of 150 m or above in length, the side plates may be 

spaced not more than 3 m apart upon verification by direct calculation. 

The bottom shell and inner bottom within the region of duct keels are to be suitably increased in 

thickness. 

 

2.6.3.2 The framing members of the duct keel are to be as follows: 

(1) Bottom and inner bottom stiffening members are to be fit ted to the duct keel at every frame, 

and the section modulus W of these framing members is not to be less than that obtained from 

the following formula:

W = 22sdl²K cm³ 

where: s τ spacing of frames, in m; 

d τ draught, in m; 

l τ span, in m, to be taken as the distance between side plates; 

K τ material factor. 

 

(2) Bottom and inner bottom stiffening members are to be gradually increased in scantlings at both 

ends and are to be connected to the side plates of the duct keel. The enlarged portions are to 

have a length and depth not less than 1.5 times the depth of the members. In such a case, 

brackets having the same thickness as the plate floors are to be fit ted outside the side plates at 

each frame where no floor is fitted, and are to be attached to the longitudinals. 

(3) Bottom longitudinals are to be fitt ed within the duct keel on the centreline of the ship, which 

may be intercostal in way of transverse framing members. 

 

2.6.3.3 At the connection between the duct keel and the ordinary centre girder, they are to be 

overlapped over a length not less than 3 frame spaces for transition. 

 

2.6.4 Transverse framing φ side girders 

2.6.4.1 The thickness of side girders is not to be less than that obtained from the following formula: 

 
where: h0 τ considered height of double bottom, in mm. 

K τ material factor. 
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The thickness of watertight side girders is to be increased by 1 mm above that obtained from the 

above formula. Where the double bottom tanks are interconnected with side tanks or cofferdams, 

the thickness of side girders is to be as required for deep tanks. 

 

2.6.4.2 At least one side girder is to be fit ted on each side of the centreline when the breadth of the 

ship exceeds 10 m, and at least two side girders spaced apart generally not more than 4 m are to be 

fitted on each side of the centreline when the breadth of the ship exceeds 18 m. But forward of 0.2L 

from the F.P., the spacing of side girders is not to be greater than 3 frame spaces. Side girders are 

to be equally spaced as far as practicable. 

 

2.6.5 Transverse framing φ plate floors 

2.6.5.1 The thickness t of plate floors in cargo holds or machinery spaces is not to be less than that 

obtained from the following formula, but need not exceed 15 mm: 

 
where: h0 τ considered height of double bottom, in mm; 

K τ material factor. 

The thickness of plate floors in boiler rooms and in way of the bilge wells is to be 2.5 mm 

greater than that given by the above formula. 

 

2.6.5.2 Plate floors are to be fitt ed at least 4 frame spaces apart at a spacing not exceeding 3.2 m. 

Where the length of ships exceeds 90 m or the depth of floors exceeds 0.9 m, vertical stiffeners 

spaced not more than 1.5 m apart are to be fitt ed on the plate floors, generally having the same 

thickness as that of floors and the width of which is not to be less than 150 mm. For ships less than 

90 m in length, the width of such stiffeners is not to be less than 1.65L, with a minimum of 50 mm. 

 

2.6.5.3 Plate floors are to be fitted at every frame in the engine room and under the boiler bearers, 

thrust seatings, transverse bulkheads and heels of pillars. Plate floors are to be fitted at every frame 

forward of 0.2L from the F.P. 

 

2.6.6 Transverse framing φ watertight floors 

2.6.6.1 The thickness of watertight floors is to be as follows: 

(1) The thickness of watertight floors is to be 2 mm greater than that of the plate floors in cargo 

holds, but generally need not exceed 15 mm. Watertight floors are to be fit ted below transverse 

watertight bulkheads wherever practicable. 

(2) The thickness of oiltight floors in oil tanks is to be the same as required for the above 

watertight floors. 

 

2.6.6.2 Where the depth of watertight floors is greater than 0.9 m but does not exceed 2 m, they 

are to be fit ted with vertical stiffeners spaced not more than 0.9 m apart. Both ends of stiffeners are 

to be snipped, the thickness and depth are to comply with the requirements of 2.6.5.2 of this 

Section, and the section modulus W of which is not to be less than that obtained from the following 

formula: 

W = 5.5shl²K cm³ 
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where: s τ spacing of stiffeners, in m; 

h τ vertical distance, in m, from the inner bottom to the top of overflow; 

l τ span of stiffener, in m, i.e. the considered height of double bottom; 

K τ material factor. 

 

The section modulus of the stiffeners on the oiltight floors in oil tanks is to be the same as 

required in the above formula. 

 

2.6.6.3 Where the double bottom tanks are interconnected with side tanks or cofferdams, or the 

depth of the plate floor is greater than 2 m, the scantlings of the watertight floors are not to be less 

than those required for deep tanks, furthermore, vertical stiffeners are to be bracketed at both ends. 

 

2.6.7 Bracket floors 

2.6.7.1 Where transverse framing is adopted in the double bottom, bracket floors are to be fitt ed 

at every frame where no plate floor is fit ted. The breadth of the brackets attaching the frames and 

the reversed frames to the centre girder and margin plate is not to be less than 75% of the depth of 

the centre girder, and the thickness of the brackets is to be the same as that of plate floors in that 

region. Where the depth of the double bottom is equal to 800 mm or more, the brackets are to have 

a flange or face plate on the unsupported edge and the breadth of the flange or face plate is to be 

10 times the thickness but need not exceed 90 mm. Stiffeners having the same scantlings as the 

reversed frames are to be fit ted on one side of the side girders (see Figure 2.6.7.1). Where l as 

shown in the Figure is greater than 2.5 m, struts as required in 2.6.7.2 of this Section are to be 

fit ted. 

 
 

Figure 2.6.7.1 

 

 

2.6.7.2 The bottom frames of bracket floors are to have a section modulus W not less than that 

obtained from the following formula: 

W = (15 - 2.5l1)sdl²K cm³ 

where: s τ spacing of frames, in m; 

d τ draught, in m; 

l τ span of bottom frames, in m, measured from the edge of the bracket to the side 

girder (see Figure 2.6.7.1); 
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l1 τ the same as l, but l1 is to be taken as 2.5 m for l > 2.5 m; 

K τ material factor. 

 

Where struts are fitt ed at the mid-point of the span l, the section modulus W of the bottom frames 

is not to be less than half of that given by the above formula. The cross sectional area A of the 

struts is not to be less than the following: 

A = 23.8 + 0.04W cm² for W > 85 cm³ 

A = 0.32W cm² for W Җ 85 cm³ 

where: W τ section modulus of bottom frames, in cm³. 

The reversed frames are to have a section modulus not less than 85% of that given above for the 

bottom frames. 

In boiler rooms, the thickness of the bottom frames, reversed frames and struts is to be increased 

by 2 mm. 

 

2.6.7.3 The attachment of bottom frames and reversed frames to brackets is to be the same as 

required in 2.5.5.3 of this Chapter for the attachment of frames to bilge brackets. 

 

2.6.8 Lightened floors 

2.6.8.1 Where transverse framing is adopted in the double bottom, lightened floors may be fitt ed 

at every frame where no plate floor is fit ted, as substitutes for bracket floors. The thickness of the 

web plate of lightened floors is not to be less than that of the plate floor in the same region. The 

distance from the edge of the lightening hole to bottom and inner bottom is not to be less than 0.2 

times the depth of the centre girder; the distance from the edge of the lightening hole to the centre 

girder and margin plate is not to be less than 0.5 times the depth of the centre girder; the distance 

from the edge of the lightening hole to the side girder is not to be less than 0.25 times the depth of 

the centre girder; and the length of the the lightening hole is not to exceed 1.2 times the depth of 

the centre girder, as shown in Figure 2.6.8.1.The dimensions of the vertical stiffeners on the floors 

are to comply with the requirements of 2.6.5.2 of this Section, and the spacing of the stiffeners is 

not to be more than 2.2 m. 

 
Figure 2.6.8.1 
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2.6.9 Transverse framing φ inner bott om plating and margin plate 

2.6.9.1 The thickness t of the inner bottom plating is not to be less than the following: 

 
where: L τ length of ship, in m, to be taken as not greater than 400 m; 

s τ spacing of frames, in m; 

K τ material factor. 

For 0.075L from the shipΩǎ ends, the thickness is to be 0.9 times that required for 0.4L amidships. 

The thickness of the inner bottom plating in other regions is to be tapered gradually to the end 

thickness from the thickness within 0.4L amidships. 

 

2.6.9.2 Local strengthening of inner bottom plating: 

(1) Where the double bottom tanks are used to carry oil fuel, the thickness of the inner bottom 

plating is not to be less than 8 mm. 

(2) The thickness of the inner bottom plating under hatchways is to be increased at least by 2 

mm if no wood ceiling is fit ted. If cargo is regularly discharged by grabs or other similar 

means and where no wood ceiling as required in 3.3.1.5 of this PART is fit ted, the 

thickness of the inner bottom plating under hatchways is to be increased at least by 5 mm. 

 

2.6.9.3 Where the margin plate is inclined downwards, the breadth of the margin plate is not to be 

less than 80% of the depth of the centre girder. Where the margin plate is horizontal, the breadth is 

not to be less than that of bilge brackets plus 50 mm. 

Where the margin plate is inclined downwards, the thickness of the margin plate throughout the 

hold is to be 1.5 mm greater than that required for the inner bottom plating when the length of the 

ship is equal to 110 m or less, and 2 mm when the length of the ship is greater than 110 m. In engine 

rooms and boiler rooms, the thickness of the margin plate is not to be less than that required 

for the inner bottom plating within such spaces respectively. 

 

2.6.10 Longitudinal framing ̇ bott om girders 

2.6.10.1 The depth and thickness of the centre girder are to be the same as required in 2.6.2.1 

and 2.6.2.2 of this Section. Between plate floors, brackets having the same thickness as the plate 

floors are to be fit ted on each side of the centre girder, extending to the adjacent longitudinals. 

Such brackets are in general to be spaced not more than 1.20 m apart. Where the centre girder is 

watertight, vertical stiffeners spaced not more than 0.9 m apart are to be fit ted between the plate 

floors and brackets (when the distance between them is greater than one frame space). For these 

stiffeners, the section modulus is to comply with the requirements of 2.6.6.2, the thickness is to be 

the same as that of the center girder web and in general, the breadth is to comply with the 

requirements of 2.6.5.2. 

 

2.6.10.2 At least one side girder is to be fit ted on each side of the centreline when the breadth of 

the ship exceeds 12 m but not greater than 20 m, and at least two side girders spaced apart 

generally not more than 5 m are to be fitt ed on each side of the centreline when the breadth of 

the ships exceeds 20 m. Forward of 0.2L from the F.P. the spacing of side girders is not to be greater 
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than four longitudinal spaces. The side girders are to be equally spaced as far as practicable. 

The thickness of side girders and watertight side girders are to comply with the requirements of 

2.6.4.1 of this Section. Where the double bottom tanks are interconnected with side tanks or 

cofferdams, the thickness of side girders is to be as required for deep tanks. 

 

Side girders and watertight side girders are in general to be fit ted with vertical stiffeners. Vertical 

stiffeners of side girders are to be spaced not more than 1.5 m apart, having the same thickness as 

that of side girder webs and generally, a breadth is to comply with the requirements of 2.6.5.2. 

Vertical stiffeners of watertight side girders are to be spaced not more than 0.9 m apart, the 

thickness is to be the same as that of watertight side girder web and generally, the breadth is to 

comply with the requirements of 2.6.5.2 and the section modulus W is to comply with the 

requirements of 2.6.6.2. 

 

Where side girders and watertight side girders are fitt ed with horizontal stiffeners, the thickness of 

stiffeners is generally the same as that of side girder webs and the breadth is to comply with the 

requirements of 2.6.5.2. The section modulus W of horizontal stiffeners on watertight side girders 

is to comply with the requirements of 2.6.6.2. 

 

2.6.11 Longitudinal framing φ plate floors 

2.6.11.1 In machinery spaces, plate floors are to be fitt ed at least at alternate frames, and are to 

be fitt ed at every frame under the main engine seating, boiler bearers, thrust seatings, transverse 

bulkheads and heels of pillars. Plate floors are to be fit ted at alternate frames within the region 

forward of 0.2L from the F.P. Elsewhere, the spacing of the plate floors is not to exceed 3.6 m. 

 

2.6.11.2 The thickness of plate floors for longitudinally framing is to be 10% greater than that 

required in 2.6.5.1 of this Section, but need not exceed 15 mm, and the thickness of watertight and 

oiltight floors is to be the same as required in 2.6.6.1 of this Section. 

 

Vertical stiffeners are to be fit ted at each longitudinal. The thickness of vertical stiffeners for 

floors is to be the same as that of the floors and the width of which is to comply with the 

requirements of 2.6.5.2. In addition, the scantlings of vertical stiffeners for watertight floors are to 

comply with the requirements of 2.6.6.2 of this Section. Vertical stiffeners are to be attached to the 

inner bottom and shell longitudinals by welding. 

 

The ratio of thickness to depth of the floors is not to be less than 1/130. Where the double bottom 

tanks are interconnected with side tanks or cofferdams, the thickness of watertight floors and the 

stiffeners are to be as required for deep tanks. 

 

2.6.12 Longitudinal framing φ bott om longitudinals 

2.6.12.1 The spacing of bottom longitudinals is not to be greater than 1 m. 
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2.6.12.2 The section modulus W of bottom longitudinals is not to be less than that obtained from 

the following formula: 

 
where: s τ spacing of longitudinals, in m; 

l τ span of longitudinal, in m, but not less than 1.5 m; 

d τ draught, in m; 

f τ factor, taken as 0.52 when intermediate vertical struts are fit ted, or 1.0 when no 

intermediate vertical strut is fitt ed; 

Fb τ reduction factor, see 2.2.5.6 of this Chapter; 

h1 τ see 2.3.1.2 of this Chapter; 

K τ material factor. 

Where the spacing of plate floors is greater than 2.5 m, vertical struts connecting the bottom 

longitudinals and inner bottom longitudinals may be fitt ed at the midpoint of the spacing, and the 

cross sectional area A of the vertical struts is not to be less than the following: 

 

A = 23.8 + 0.04W cm² for W > 85 cm³ 

A = 0.32W cm² for W Җ 85 cm³ 

where: W τ section modulus of longitudinals, in cm³. 

 

2.6.12.3 The section modulus of inner bottom longitudinals is to be equal to 85% of that of the 

bottom longitudinals. In boiler rooms, the thickness of the longitudinals, struts and brackets is to 

be increased by 2 mm. 

 

2.6.12.4 Where longitudinals pass through non-watertight floors, they are to be welded to the 

floors and the vertical stiffeners on the floors in way. Where longitudinals are cut in way of 

watertight floors, they are to be bracketed to the watertight floors. The scantlings of the brackets 

are to comply with the requirements of 1.2.6 of this PART. Where the length of the ship exceeds 

200 m or higher tensile steel is used, the bottom longitudinals are to be continuous in way of 

watertight floors, or alternative arrangements may be considered. 

 

2.6.13 Longitudinal framing ̇ inner bott om plating and margin plate 

2.6.13.1 The thickness of the inner bottom plating is to comply with the requirements of 2.6.9 of 

this Section. But for the calculation of the thickness of the inner bottom plating within 0.4L 

amidships, the s in the formula is to be taken as the spacing of longitudinals, and the value 

considered may be reduced by 1 mm. 

 

2.6.13.2 The thickness of the margin plate is to comply with the requirements in 2.6.13.1 of this 

Section and in addition, is to be increased in accordance with the requirements of 2.6.9.3 of this 

Section. 

 

2.6.13.3 The margin plate is to be provided with brackets at every frame, extending to the adjacent 
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longitudinal, as shown in Figure 2.6.13.3. The edges of the brackets are to be strengthened, and 

the thickness of the brackets is to be the same as that of floors. 

 
Figure 2.6.13.3 

 

2.6.14 Reinforcement for using fork lift trucks in cargo holds 

2.6.14.1 Where fork lift trucks are used for handling cargo in holds, the inner bottom plating and 

framing are to comply with the relevant requirements of Section 21 of this Chapter for vehicle 

decks. 

 

2.6.15 Tank side brackets 

2.6.15.1 Tank side brackets are to be fitt ed at every frame and their thickness is to be the same as 

that of plate floors. Circular lightening holes may be cut in the tank side brackets and the distance 

from any point of hole edges to the side of brackets is not to be less than 1/3 breadth of the 

bracket. 

 

2.6.15.2 Tank side brackets are to be flanged or provided with a face plate on the free edge, and 

the breadth of the flange or face plate is generally to be 10 times the thickness of the bracket. 

 

2.6.15.3 The standard depth and breadth of tank side brackets are to be as follows: 

The depth of tank side brackets connecting secondary members is to be equal to 10% of the 

distance between the inner bottom and nearest deck or 2.2 times the depth of the web of frames, 

whichever is the greater. The depth of tank side brackets connecting primary members is to be 

equal to 1.65 times the depth of the web of web frames. The breadth of tank side brackets is to be 

equal to their depth. The breadth and depth of tank side brackets are to be measured in accordance 

with Figure 2.6.15.3. Where the inner bottom margin plate of the double bottom is horizontal, 

vertical stiffeners are to be fitt ed to the floors under the toes of the brackets (as shown in Figure 

2.6.15.3). The requirements for the stiffeners are to be the same as required in 2.6.5.2 of this 

Section. 
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Figure 2.6.15.3 

2.6.15.4 Where lap joint is adopted for the connection of tank side brackets to frames, the length of 

overlap is to comply with the requirements of 2.5.5.3 of this Chapter. 

 

2.6.15.5 Where bottom and sides of the ship are framed longitudinally and no bilge longitudinals 

are fitted, the transverse strength members or corresponding bilge brackets in way are to have a 

2.6.15.6 spacing S not exceeding: 

 
where: t τ thickness of bilge plating, in mm; 

D τ moulded depth, in m; 

r τ radius of the bilge, in mm. 

Furthermore, a suitable number of intermediate bilge brackets connected to the longitudinals 

situated at the upper and lower turns of the bilge are to be fit ted between the plate floors. 

 

SECTION 7-SIDE FRAMING 

 

2.7.1 General requirements 

2.7.1.1 The maximum spacing of frames or side longitudinals is not to be greater than 1.0 m. 

 

2.7.2 Frames 

2.7.2.1 The section modulus W of main frames (except those in fore and after peaks) is not to be 

less than that obtained from the following formula:

 
where: s τ spacing of frames, in m; 

d τ draught, in m; 

K cm3 

l τ span of frames, but in no case is it to be taken as less than D (D being moulded  

depth), in m. For frames between collision bulkhead and 0.2L from F.P., it is to be 

the greatest frame span of the similar structural arrangment in that region: 

 
c1 τ coefficient: c 1 = 1.05 for L < 90 m; c 1 = 1.00 for L җ 90 m; K τ material factor. 
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2.7.2.2 Corrections to the section modulus of main frames: 

(1) Where the depth of tank side brackets is less than that required in 2.5.5.1 or 2.6.15.3 of this 

Chapter, the section modulus of main frames is to be increased by 2.7% of the value required 

in 2.7.2.1 of this Section for each reduced 100 mm. 

(2) Where the arm length of the brackets connecting main frames to beams or deck longitudinals 

at side is greater than that required in 1.2.6.7 of this PART, the section modulus of main frames 

may be decreased by 1.3% of the value required in 2.7.2.1 of this Section for each increased 

100 mm of difference. 

 

2.7.2.3 Where side stringers are uniformly fitted in compliance with the requirements of 2.7.3.1 of 

this Section, the section modulus of main frames may be reduced in accordance with the following: 

(1) Where one stringer is fitt ed, the section modulus of main frames may be 1/2 of the value 

required in 2.7.2.1 or 2.7.2.2 of this Section. 

(2) Where two stringers are fit ted, the section modulus of main frames may be 2/7 of the value 

required in 2.7.2.1 or 2.7.2.2 of this Section. 

(3) Where three stringers are fit ted, the section modulus of main frames may be 1/5 of the value 

required in 2.7.2.1 or 2.7.2.2 of this Section. 

 

2.7.2.4 The section modulus of the main frames under hatch end beams is not to be less than 1.67 

times that of normal main frames as required in this Section. 

 

2.7.2.5 In midship machinery spaces where web frames are not fit ted in accordance with 2.7.4.2 of 

this Section, the section modulus of mains frames in the machinery spaces is to be 50% greater than 

that normally required. 

 

2.7.2.6 The scantlings of main frames are in no case to be less than those of Ωǘǿeen decks above, 

and the main frame section modulus is not to be less than 20 cm³. 

 

2.7.2.7 The moment of inertial I of main frames is not to be less than that obtained from the 

following formula: 

I = 3.2Wl/K cm4 

where: W τ section modulus of main frames as required in this Section, in cm³; 

l τ span of frames, in m, as required in 2.7.2.1 of this Section where fit ted with no side 

stringer, or being the vertical distance measured from the upper edge of floor or top 

of inner bottom to the side stringer or between side stringers or from the side 

stringer to the lowest deck at side where fitt ed with side stringers; 

K τ material factor. 

 

2.7.2.8 The frames in fore and after peaks are to comply with the following requirements: 

(1) The section modulus W and the moment of inertia I of frames below the lowest deck in fore 

and after peaks are to be respectively not less than the values obtained from the following 

formulae: 

W = 4.6sdDK cm3 
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I = 3.5Wl/K cm4 

where: s φ spacing of frames, in m; 

d φ draught, in m; 

D φ moulded depth, in m; 

L φ span of frames, in m, being the vertical distance measured from the upper edge of floor 

to the side stringer (perforated flat), or distance between side stringers (perforated 

flats) or from the side stringer (perforated flat) to the lowest deck; 

Kφ material factor. 

(2) Where the lowest deck in the fore peak is below 1.0 m above the full-load waterline, the Ωǘǿeen 

deck frames fitt ed from the lowest deck up to 1.0 m above the full-load waterline are also to 

comply with the requirements of (1) above. 

(3) Other Ωǘǿeen deck frames in the fore peak are also to comply with the requirements of 2.7.2.9 

of this Section. 

 

2.7.2.9 The section modulus W of the frames in Ωǘǿeen decks and superstructures is not to be less 

than that obtained from the following formula: 

 
where: 

s τ spacing of frames, in m; 

d τ draught, in m; 

l τ span of frame, in m.  

For frames in Ωǘǿeen deck space where the actual span is less than 2.6 m,  

l = 2.6 m is to be taken and for those in superstructures where the actual span is less 

than 2.3 m,  

l = 2.3 m is to be taken; 

D τ moulded depth, in m; 

C τ coefficient, to be taken as  

C1 τ coefficient, to be determined by the position of frame:  

C1 = 1.0 for those in the first Ωǘǿeen deck below the upper deck;  

C1 = 1.1 for those in the second Ωtween deck;  

C1 = 1.45 for those in the third and lower Ωǘǿeen decks;  

C1 = 0.90 for those in forecastle; C1 = 0.80 for those in bridge and poop; 

K τ material factor. 

 

2.7.2.10 ¢ƘŜ ǎŜŎǘƛƻƴ ƳƻŘǳƭǳǎ ƻŦ ǘƘŜ ŦǊŀƳŜǎ ǳƴŘŜǊ ƘŀǘŎƘ ŜƴŘ ōŜŀƳǎ ƛƴ ΩǘǿŜŜƴ ŘŜŎƪ ǎǇŀŎŜǎ ƛǎ ƴƻǘ 

ǘƻ ōŜ ƭŜǎǎ ǘƘŀƴ мΦст ǘƛƳŜǎ ǘƘŀǘ ƻŦ ƴƻǊƳŀƭ ΩǘǿŜŜƴ ŘŜŎƪ ŦǊŀƳŜǎΣ ŀǎ ǊŜǉǳƛǊŜŘ ƛƴ ǘƘƛǎ Section. 

 

2.7.2.11 In midship machinery spaces where web frames are not fitted in accordance with 2.7.4.2 

ƻŦ ǘƘƛǎ {ŜŎǘƛƻƴΣ ǘƘŜ ǎŜŎǘƛƻƴ ƳƻŘǳƭǳǎ ƻŦ ǘƘŜ ΩǘǿŜŜƴ ŘŜŎƪ ŦǊŀƳŜǎ ǳƴŘŜǊ ǘƘŜ ƭƻǿŜǎǘ ŘŜŎƪ ŀōƻǾŜ ǘƘŜ 

load waterline is to be 50% greater than that normally required. 
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2.7.2.12 Where the length of the forecastle or poop exceeds 0.25L, the scantlings of the two 

frames fitted at the after end of the forecastle or at the fore end of the poop are to be calculated by 

ǘƘŜ ŦƻǊƳǳƭŀ ǳǎŜŘ ŦƻǊ ΩǘǿŜŜƴ ŘŜŎƪ ŦǊŀƳŜǎ ƭƻŎŀǘŜŘ ōŜƭƻǿ ǘƘŜ upper deck in way of the forecastle or 

poop. 

 

2.7.2.13 The scantlings of four frames fitted at each end of the bridge are to be calculated by the 

ŦƻǊƳǳƭŀ ǳǎŜŘ ŦƻǊ ΩǘǿŜŜƴ ŘŜŎƪ ŦǊŀƳŜǎ ƭƻŎŀǘŜŘ ōŜƭƻǿ ǘƘŜ ǳǇǇŜǊ ŘŜŎƪ ƛƴ ǿŀȅ ƻŦ ǘƘŜ ōǊƛŘƎŜΦ 

 

2.7.2.14 The end connections of frames are to comply with the following: 

(1) The scantlings of brackets connecting beams to upper ends of frames are to comply with 1.2.6 

of this PART. Where decks are framed longitudinally, the brackets at the upper end of frames 

are to be extended to the nearest deck longitudinal and welded to it. 

(2) The tank side brackets at the lower ends of main frames are to comply with the relevant 

requirements in Sections 5 and 6 of this Chapter. 

(3) WheǊŜ Ωǘǿeen deck frames terminate at lower decks, their lower ends are to be bracketed. The 

scantlings of the brackets are to be the same as those at the upper end of Ωǘǿeen deck frames. 

Where the Ωǘǿeen deck frames and the frames thereunder are directly attached to the lower 

deck by welding, the lower end of the Ψǘǿeen deck frames may not be bracketed. 

 

2.7.3 Side stringers 

2.7.3.1 Where side stringers are fit ted to support the main frames and Ωǘǿeen deck frames, the 

section modulus W and the moment of inertia I of the side stringers are not to be less than those 

obtained from the following formulae respectively: 

W = 7.8hbl²K cm³ 

I = 2.5Wl/K cm4 

where: b τ width of areas supported by the side stringers, in m; 

h τ vertical distance, in m, measured from the mid-span of side stringer to upper deck at  

side; 

l τ span of side stringers, in m; 

K τ material factor. 

 

2.7.3.2 Brackets are to be fit ted at the connection between side stringers and transverse bulkheads, 

and the requirements of 1.2.7 of this PART are to be complied with. Side stringers and web frames 

are to be so connected that an adequate continuity of the face plate or flange of side stringers is 

kept. 

 

2.7.3.3 In transversely framed machinery spaces, side stringers are to be fit ted to support main 

frames where the main frame span exceeds 6 m and their section modulus and moment of inertia 

are to comply with 2.7.3.1 of this Section and their web depth is not to be less than 2.5 times that 

of main frames. 

 

2.7.3.4 In transversely framed machinery spaces, an arrangement of intercostal side stringers 

spaced generally 2.5 m apart may be accepted as an alternative to the side stringers specified in 
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2.7.3.3 of this Section and their web depth is to be the same as that of main frames, their web 

thickness t and sectional area A are to be respectively not less than those obtained from the 

following formulae: 

t = 0.023L + 6 mm 

A = (0.14L + 1)K cm² 

where: L τ length of ship, in m, to be taken as not greater than 215 m in calculation; 

K τ material factor. 

 

2.7.4 Transverse framing - web frames 

2.7.4.1 The scantlings of web frames supporting side stringers are to be determined by direct 

calculation based on the assumptions that their both ends are rigidly fixed and that they are subject 

to concentrated loadings transmitted by side stringers (the considered pressure head being the 

distance from the mid-span of side stringers to upper deck at side, in m), with the permissible 

bending stress being taken as 93.2/K, in N/mm² and the allowable shear stress as 83.4/K, in 

N/mm². 

 

2.7.4.2 Where machinery spaces are situated aft and the shipΩǎ sides are transversely framed, web 

frames are to be fit ted and spaced not more than five frame spaces apart in the machinery spaces, 

extending from the inner bottom to the upper deck. 

 

2.7.4.3 In the areas of transversely framed machinery spaces, the scantlings of web frames 

supporting side stringers are to be determined in accordance with 2.7.4.1 of this Section. 

 

2.7.4.4 In the areas of transversely framed machinery spaces, the section modulus W of web frames 

not supporting side stringers is not to be less than that obtained from the following 

formulas: 

 
 

where: S τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of web frame to upper deck at 

side; 

l τ span of web frame, in m; 

d τ draught, in m; 

D τ moulded depth, in m; 

K τ material factor. 

 

2.7.4.5 In the areas of transversely framed machinery spaces, the web depth of web frames is not 

to be less than 2.5 times the depth of adjacent frames. 

 

2.7.4.6 The end connections of web frames for transverse framing are to comply with the relevant 

provisions in 2.6.15 and 2.8.7.9 of this Chapter. 



PART B ς HULL SURVEYS 
 

 

139 

2.7.5 Side longitudinals 

2.7.5.1 The section modulus W of side longitudinals below the upper deck (including bilge 

longitudinals) is not to be less than that obtained from the following formula: 

 
where: s τ spacing of longitudinals, in m; 

l τ span of longitudinals, in m; 

f τ factor, to be taken in accordance with following two formulae, and to be taken as  

not greater than 1.077: 

h τ design pressure head, to be taken from the following formula: 

 

Zn τ the height of horizontal neutral axis, from base line, of hull cross section, in m; 

D τ moulded depth, in m; 

d τ draft, in m; 

C τ  coefficient, see 2.2.3.1 of this Chapter; 

Fb, Fd τ reduction factors, see 2.2.5.6 of this Chapter; Z τ height of longitudinals from base 

line, in m; K τ material factor. 

 

2.7.5.2 Within the region between 0.2L from the F.P. and the forepeak bulkhead, the section 

modulus of side longitudinals below the upper deck is to be in accordance with 2.7.5.1 of this 

Section and also in accordance with 2.7.5.4 of this Section. 

 

2.7.5.3 For machinery spaces situated aft, the section modulus of side longitudinals in the areas of 

the machinery spaces is to be in accordance with 2.7.5.1 of this Section and in addition, not less than 

0.8 times that obtained from the formula in 2.7.5.5. 

 

2.7.5.4 In the forepeak, the section modulus W of side longitudinals is to be taken as not less 

than that obtained from the following formula: 

W = 7.5shl²K cm³ 

where: s τ spacing of longitudinals, in m; 

h τvertical distance, in m, measured from the longitudinal to 3 m above the minimum bow 

height required by the load line, not less than the vertical distance from the 

longitudinal to upper deck at side; 

l τ span of longitudinals, in m, but taken as not less than 1.5 m; 

K τ material factor. 

 

2.7.5.5 In the aft peak, the section modulus W of side longitudinals is to be taken as not less than that 
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obtained from the following formula: 

W = 8.5sl²(h + 0.167D)K cm³ 

where: s τ spacing of longitudinals, in m; 

l τ span of longitudinals, in m, but taken as not less than 1.5 m; 

h τ vertical distance from the longitudinal to upper deck at side, in m, but not to be less  

than 3 m; 

D τ moulded depth, in m, but taken as not greater than 20 m; 

K τ material factor. 

 

2.7.5.6 The section modulus of side longitudinals (including bilge longitudinals) need not be greater 

than that of bottom longitudinals with the same spacing. 

 

2.7.5.7 The side longitudinals are to penetrate web frames and the intersections of longitudinal 

webs and frame webs are to be welded. Where a side longitudinal is cut in way of a transverse 

bulkhead, brackets are to be fit ted at the connection between the longitudinal and the bulkhead, 

and the brackets are to comply with the relevant provisions in 1.2.6 of this PART. 

 

2.7.6 Longitudinal framing φ web frames 

2.7.6.1 Where the side is framed longitudinally, web frames supporting side stringers are to be 

fit ted in line with plate floors. In general, the spacing of web frames is not to be greater than 3.6 m 

for ships of 100 m in length or less, and not greater than 0.006L + 3.0 m (L being length of ship) for 

ships more than 100 m in length. In the forepeak and aft peak, the spacing of web frames is not to 

be greater than 2.5 m for ships of 100 m in length or less, and not greater than 3.5 m for ships of 

300 m or over in length. The intermediate values are to be obtained by interpolation. 

 

2.7.6.2 Other than in machinery spaces and forepeak and aft peak, the section modulus W of web 

frames is not to be less than that obtained from the following formula: 

W = 10Shl²K cm³ 

where: S τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of the web frame to upper deck  

at side; 

l τ span of web frame, in m; 

K τ material factor. 

 

2.7.6.3 In longitudinally framed machinery spaces, the section modulus W of web frames is not to 

be less than that obtained from the following formula: 

 
where: S τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of the web frame to upper deck  

at side; 

l τ span of web frame, in m; 
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d τ draught, in m; 

D τ moulded depth, in m; 

K τ material factor. 

 

The web depth of web frames is not to be less than 2.5 times that of the side longitudinal 

supported by it. 

 

2.7.6.4 In the longitudinally framed forepeak, the section modulus W and the moment of inertia I of 

web frames are respectively not to be less than those obtained from the following formulae: 

W = 14Shl²K cm³ 

I = 2.5Wl/K cm4 

where: S τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of the web frame to tank top or  

half of the vertical distance from the mid-span of the web frame to the top of  

overflow, whichever is the greater; 

l τ span of web frame, in m; 

K τ material factor. 

 

Where struts are fitt ed, the web frames and struts are to comply with the relevant provisions of 

Section 5 of Chapter 6 of this PART. 

 

2.7.6.5 In the longitudinally framed aft peak, the section modulus W is not to be less than that 

obtained from the following formula: 

W = 10Shl²K cm³ 

where: S τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of the web frame to upper deck  

at side; 

l τ span of web frame, in m; 

K τ material factor. 

 

2.7.6.6 The end connections of web frames for longitudinal framing are to comply with the 

relevant provisions in Sections 6 and 8 of this Chapter and Chapter 5 of this PART. 

 

SECTION 8 - DECK FRAMING 

 

2.8.1 General requirements 

2.8.1.1 The design head h of decks is to be determined according to Table 2.8.1.1, and the 

corresponding design load p is to be calculated by the following formula:

 
where: h φ design head, in m, see Table 2.8.1.1 of this Section; 

 ɹφ stowage rate, in m³/t,  taken as the standard rate of 1.39 m³/ t. 
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For decks in deep tanks, the relevant requirements in Section 13 of this Chapter are also to be 

complied with, and the corresponding design load P is to be calculated by the following formula: 

p = 9.81 h́ kPa 

where: h φ design head, in m, see Section 13 of this Chapter; 

ˊ φ density of liquid, in t/ m3, to be taken not less than 1.025 t/ m3. 

 
Table 2.8.1.1-Design Heads of Decks    

Name and Location of Deck Design Head, h (m) 
Permissible Cargo 

Load (kPa) 

Weather Decks (minimum sizes of structural members):     

Forward of 0.075L from F.P. tǊƛƳŀǊȅ ƳŜƳōŜǊǎΥ Ƙє Ҍ оΤ {ŜŎƻƴŘŀǊȅ ƳŜƳōŜǊǎΥ мΦрƘє 8.5 

Between 0.075L and 0.15L from F.P. tǊƛƳŀǊȅ ƳŜƳōŜǊǎΥ Ƙє Ҍ нΤ {ŜŎƻƴŘŀǊȅ ƳŜƳōŜǊǎΥ мΦнрƘє 8.5 

Aft of 0.15L from F.P. Ƙє 8.5 

Weather Decks (specified cargo load):     

Forward of 0.075L from F.P. лΦпфǇ Ҍ Ƙє ҍ мΦн p (> 8.5) 

Between 0.075L and 0.15L from F.P. лΦотǇ Ҍ Ƙє ҍ мΦн p (> 8.6) 

Aft of 0.15L from F.P. лΦмпǇ Ҍ Ƙє ҍ мΦн p (> 8.7) 

Cargo Decks (not exposed to weather) 
0.14p, but not to be less than mean height H (in m) of 
ΩǘǿŜŜƴ ŘŜŎƪǎ 

Max (p, 7.06H) 

Accommodation Decks 1.2 τ 

Decks for Stores 2 τ 

Decks for Engine Room Platform, Workshop and Stores 2.6 τ 

Superstructure Decks:     

1st tier лΦфлΣ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ŜȄǇƻǎŜŘ ǇƻǊǘƛƻƴ όƘє ҍ мΦнύ   

2nd tier лΦслΣ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ŜȄǇƻǎŜŘ ǇƻǊǘƛƻƴ όƘє ҍ мΦнύ τ 

3rd tier and above лΦпрΣ ƛƴŎǊŜŀǎŜŘ ŦƻǊ ŜȄǇƻǎŜŘ ǇƻǊǘƛƻƴ όƘє ҍ мΦнύ τ 

Forecastle deck (forward of 0.2L from F.P.) Same as weather decks in corresponding locations τ 

Notes:  
  h0 in the Table is not to be less than that obtained from the following formula, but it is neither to be less than  

1.2 m, nor greater than 1.5 m: 

 
where: L τ length of ship, in m; D τ moulded depth, in m; d τ draught, in m. 

  For ships less than 90 m in length, the design head of primary members within the areas of fore and aft ends  

of ships may be appropriately reduced, but not less than that of secondary members at the same location. 
  The superstructure deck is defined in 2.17.1.6 of this Chapter. 

 
2.8.2 Deck beams 

2.8.2.1 The section modulus W of deck beams is not to be less than that obtained from the 

following formula: 

W = (C1C2Dd + C3shl²)K cm³ 

where: C1 τ coefficient, dependent on the number of decks (including bridge, poop decks and  

engine room platform) at the position of the beam under consideration: C1 = 

2.0 for 1st tier, C1 = 1.33 for 2nd tier, C1 = 1.05 for 3rd tier, C1 = 0.93 for 4th tier  

and above, C1 = 1.33 for forecastle deck; 

C2, C3 τ coefficients, see Table 2.8.2.1; 

D τ moulded depth, in m; 
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d τ draught, in m; 

s τ spacing of beams, in m; 

h τ design head, in m, see 2.8.1.1 of this Section; 
l τ span of beam, in m, to be taken not less than 2 m; 
K τ material factor. 
 

Table 2.8.2.1-Coefficients C2 and C3  
Location of deck C2 C3 

Weather/strength deck or exposed forecastle deck forward of 0.075L from F.P. 0.8 0.54B 

Weather/strength deck or exposed forecastle deck between 0.075L and 0.15L from F.P. 0.8 Beams connected 
to ship side: 
0.36B Beams 

elsewhere: 0.33B 

Weather/strength deck or exposed forecastle deck aft of 0.15L from F.P. 0.54 

Short bridge and poop deck where exposed to the weather 0.14 

Cargo decks and other decks (engine room, forepeak tank and aftpeak tank platforms) 0.4 4 

Accommodation strength decks or lower decks 0.52 4 

Note: B in the Table is the breadth of ship, in m. 

 
2.8.2.2 The section modulus W of weather deck beams need not be greater than that obtained from 

the following formula: 

W = Bshl²K cm³ 

where: B τ breadth of ship, in m, to be taken as not greater than 21.5 m; 

s, h, l τ see 2.8.2.1 of this Section; 

K τ material factor. 

 

2.8.2.3 The web depth of deck beams is not to be less than 60 mm. 

 

2.8.2.4 The connections between beams and frames are to comply with the requirements in 1.2.6 

of this PART. 

 

2.8.2.5 Beams are to pass through deck girders, and they are to be connected to the girder web by 

welding. Where beams are to be cut in way of the web of hatch side girders or deck girders, the 

beams are to be bracketed to the girders and the scantlings of brackets are to comply with the 

provisions in 1.2.6 of this PART. The brackets are to be extended to the face plate of deck girders. 

 

2.8.3 Transverse framing φ deck girders 

2.8.3.1 For weather strength deck forward of 0.075L from F.P., the spacing of deck girders 

supporting beams is not to be greater than 3.6 m. For the upper and lower decks after the aft peak 

bulkhead, the spacing of deck girders supporting beams is not to be greater than 3 m. 

 

2.8.3.2 The section modulus W of deck girders supporting beams is not to be less than that obtained 

from the following formula: 

W = 4.75bhl²K cm³ 

where: b τ mean width, in m, of deck area supported by deck girders; 

h τ design head of deck, in m, see 2.8.1.1 of this Section; 

l τ span of deck girder, in m; 
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K τ material factor. 

 

2.8.3.3 Where deck girders arranged to support beams are subject to a concentrated load, their 

section modulus W is to be not less than that obtained from the following formula: 

W = 0.102cPlK cm³ 

where: P τ concentrated load, in kN; 

l τ span of deck girder, in m; 

c τ coefficient, to be obtained from Table 2.8.3.3 where a is the distance, in m, between  

the application point of concentrated load P and the farther one of two supports of 

the girder; 

K τ material factor. 

 

Table 2.8.3.3-Coefficient c  

a/l  0.94 0.9 0.85 0.8 0.75 0.7 0.6 0.5 

c 1.44 3.36 5.68 7.36 8.64 9.2 9.6 10 

 
2.8.3.4 Where deck girders arranged to support beams are subject to two or three point loads, their 

section modulus W is to be determined by direct calculations assuming fixed ends and using an 

allowable bending stress of 124/K, in N/mm². 

 

2.8.3.5 The section moment of inertia I of deck girders is not to be less than that obtained from 

the following formula: 

I = 2Wl/K cm4 

where: W τ section modulus of deck girders required in this Section, in cm³; 

l τ span of deck girder, in m; 

K τ material factor. 

 

2.8.3.6 The web depth of deck girders is not to be less than 1.6 times the depth of cut-outs for the 

passage of beams. The cut-outs in deck girders are to be designed to minimize the creation of stress 

concentration on the web. The web thickness of deck girders is not to be less than 1% of the web 

depth plus 4 mm. 

 

2.8.3.7 Holes cut for the passage of pipes or cables in the web of deck girders are to have a depth not 

greater than 25% of that of the web and a width not exceeding 60% of the spacing of beams or the 

web depth, whichever is the greater, otherwise compensation is required. Normally the 

compensation is achieved by fitting doublers, spigots or insert plates for strengthening, and the cross-

sectional area of such strengthening pieces is to be not less than that lost from the web due to 

openings. The strength level of the material of strengthening pieces is not to be lower than that of 

the web material. The edges of holes are not to be less than 40% of the web depth from the face 

plate of girders. The edges of the holes are to be smooth and well rounded. The holes are not to be 

concentrated in the adjacent frame spaces. No holes are to be cut on the girder web within 200 mm 

from the toe of girder brackets. 
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2.8.3.8 The ends of deck girders are to be connected to transverse bulkheads in accordance with the 

relevant provisions in 1.2.7 of this PART. For deck girders contributing to the longitudinal strength, 

special attention is to be paid to the longitudinal structural continuity at transverse bulkheads. 

 

2.8.4 Transverse framing φ deck transverses 

2.8.4.1 For deck transverses supporting deck girders, the scantlings are to be determined by direct 

calculations assuming fixed ends and the function for sustaining concentrated loads transmitted by 

deck girders and using an allowable bending stress of 124/K, in N/mm². 

 

2.8.4.2 The section moment of inertia I of deck transverses supporting deck girders is not to be less 

than that obtained from the following formula: 

I = 2Wl/K cm4 

where: W τ section modulus of deck transverses, in cm³, obtained according to 2.8.4.1 of this 

Section; 

l τ span of deck transverse, in m; 

K τ material factor. 

 

2.8.4.3 The thickness and cutouts of the web of deck transverses supporting deck girders are to 

comply with the provisions in 2.8.7.7 and 2.8.7.8 of this Section. 

 

2.8.4.4 The connections between deck transverses supporting deck girders and frames or web frames 

or longitudinal bulkheads are to comply with the provisions of 2.8.7.9 of this Section. 

 

2.8.5 Deck longitudinals 

2.8.5.1 The section modulus W of weather/strength deck longitudinals is not to be less than the 

greater obtained from the following formulae: 

W = c1 shl2K  cm3 

W = ( c2 sh + c3 sl2L2 × 10-4)K cm3

where: 

s τ spacing of longitudinals, in m; 

h τ design head of deck, in m, to be determined according to 2.8.1.1 of this Section, but  

outside the line of deck openings within 0.4L amidships: 

 
l τ span of longitudinal, in m, to be taken as not less than 2 m; 

c1, c2, c3 τ coefficients, to be determined according to Table 2.8.5.1; 

L τ length of ship, in m, L need not be taken as greater than 200 m; 

K τ material factor. 

 
Table 2.8.5.1-Coefficients C1, C2, C3      

Item Location of Deck Longitudinal Region cѕ Ŏі Ŏї 
1 Forward of 0.075L from F.P.   12.5 63.5 7.8 
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2 Between 0.075L ~ 0.15L from F.P.   12.5 57 7.2 

3 
  

At 0.15L from F.P. 
  

Outside the line of openings 9 48.5 6.2 

Inside the line of openings 7.5 40 5.5 

4 
  

Between 0.15L ~ 0.3L from F.P. 
  

Outside the line of openings See note 

Inside the line of openings 7.5 40 5.5 

5 
  

0.4L amidships 
  

Outside the line of openings 10.5 τ τ 

Inside the line of openings 7.5 40 5.5 

6 
  

Between 0.075L ~ 0.3L from A.P. 
  

Outside the line of openings See note 

Inside the line of openings 7.5 40 5.5 

7 Aft of 0.07L from A.P.   7.5 40 5.5 

Note: The section modulus W of deck longitudinals in way of the region may be determined after tapering the 
section moduli of amidships and end deck longitudinals. 

 
2.8.5.2 The section modulus W of cargo deck longitudinals (including longitudinals of 

decks/platforms within the engine room, fore and aft  peaks) is not to be less than the following: 

W = (2.5shl² + 0.6sL)K cm³ for L җ 90 m 

W = 5shl²K  cm³ for L < 90 m 

where: s, h, l, L, K τ see those in 2.8.5.1 of this Section. 

2.8.5.3 The section modulus W of accommodation and superstructure deck longitudinals is not to 

be less than the following: 

W = (2.5shl² + 0.52sL)K cm³ for L җ 90 m 

W = 4.4shl²K  cm³ for L < 90 m  

where: s, h, l, L, K τ see those in 2.8.5.1 of this Section. 

 

2.8.5.4 The web depth of deck longitudinals is in no case to be less than 60 mm. 

 

2.8.5.5 The deck longitudinals outside the line of deck openings are to pass through deck transverses 

and to be connected to the deck transverse webs by welding. Where the deck longitudinals are cut 

in way of the web plates of hatch end beams or deck transverses (only for those inside the line of 

deck openings or at the shiǇΩs ends), brackets are to be fit ted at the connection between deck 

longitudinals and hatch end beams or deck transverses and the scantlings of the brackets are to 

comply with the relevant provisions in 1.2.6 of this PART. The brackets are to be extended to the 

face plate of hatch end beams or deck transverses along the web plates of hatch end beams or deck 

transverses. 

 

2.8.5.6 Where deck longitudinals are cut in way of transverse bulkheads, brackets are to be fitted at 

the connection between deck longitudinals and transverse bulkheads and the scantlings of the 

ōǊŀŎƪŜǘǎ ŀǊŜ ǘƻ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ ǊŜƭŜǾŀƴǘ ǇǊƻǾƛǎƛƻƴǎ ƛƴ мΦнΦс ƻŦ ǘƘƛǎ t!w¢Φ ²ƘŜǊŜ ǘƘŜ ǎƘƛǇΩǎ ƭength 

exceeds 200 m or higher tensile steel is adopted, the deck longitudinals outside the line of deck 

openings are to be continuous through the transverse bulkheads, but alternative arrangements 

maybe considered. 

 

2.8.5.7 The deck longitudinals outside the line of deck openings are not to be terminated at the 

same transverse section and their ends are to be suitably shifted from one another. These ends are 
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to extend to the adjacent transverse members. 

 

2.8.6 Longitudinal framing φ deck girders 

2.8.6.1 For deck girders supporting deck transverses, the scantlings are to be determined by direct 

calculations assuming fixed ends and the function for sustaining concentrated loads transmitted by 

deck transverses and using an allowable bending stress of 124/K, in N/mm². 

 

2.8.6.2 The section moment of inertia I of deck girders supporting deck transverses is not to be less 

than that obtained from the following formula: 

I = 2Wl/K cm4 

where: W τ section modulus of deck girders, in cm³, obtained according to 2.8.6.1 of this 

Section; 

l τ span of deck girder, in m; 

K τ material factor. 

 

2.8.6.3 The thickness and cutouts of the web of deck girders supporting deck transverses are to 

comply with the relevant provisions in 2.8.3.6 and 2.8.3.7 of this Section respectively. 

 

2.8.6.4 The connections between deck girders supporting deck transverses and transverse 

bulkheads are to comply with the relevant provisions of 2.8.3.8 of this Section. 

 

2.8.7 Longitudinal framing φ deck transverses 

2.8.7.1 Where the deck is framed longitudinally, deck transverses supporting the deck longitudinals 

are to be fit ted in line with plate floors. In general, the spacing of deck transverses is not to be 

greater than 3.6 m for ships of 100 m in length or less and not greater than 0.006L + 3.0 m (L being 

length of ship) for ships more than 100 m in length, In the forepeak and aft peak, the spacing of 

deck transverses is not to be greater than 2.5 m for ships of 100 m in length or less and not greater 

than 3.5 m for ships of 300 m or over in length. The intermediate values are to be obtained by 

interpolation. 

 

2.8.7.2 In the machinery spaces and aft peak tank, deck transverses supporting deck longitudinals 

are to be fitt ed in frames spaces of web frames. 

 

2.8.7.3 The section modulus W of deck transverses supporting deck longitudinals is not to be less 

than that obtained from the following formula: 

W = 5Shl²K cm³ 

where: S τ spacing of deck transverses, in m; 

h τ design head of deck, in m, to be determined according to 2.8.1.1 of this Section; 

l τ span of deck transverses, in m; 

K τ material factor. 

 

2.8.7.4 The section modulus of deck transverses in single deck ships is to be 15% greater than that 

obtained from the formula in 2.8.7.3 of this Section. 
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2.8.7.5 Where the deck transverses supporting deck longitudinals are subject to concentrated loads, 

their increased section modulus may be determined by calculations in accordance with the 

requirements for deck girders in 2.8.3.3 or 2.8.3.4 of this Section. 

 

2.8.7.6 The section moment of inertia I of deck transverses supporting deck longitudinals is not to 

be less than that obtained from the following formula: 

I = 2Wl/K cm4 

where: W τ section modulus of deck transverses, in m³, as required in this Section; 

l τ span of deck transverses, in m; 

K τ material factor. 

 

2.8.7.7 The web depth of deck transverses is not to be less than 1.6 times the depth of cut-outs 

for the passage of deck longitudinals. The cutouts in deck transverses are to be designed to 

minimize the creation of stress concentration on the web. The web thickness of deck transverses is 

not to be less than 1% of the web depth plus 4 mm. 

 

2.8.7.8 Holes cut for the passage of pipes or cables in the web of deck transverses are to have a 

depth not greater than 25% of that of the web and a width not exceeding 60% of the spacing of 

deck longitudinals or the web depth, whichever is the greater, otherwise compensation is required. 

Normally the compensation is achieved by fitt ing doublers, spigots or insert plates for 

strengthening, and the cross-sectional area of such strengthening pieces is to be not less than that 

lost from the web due to openings. The strength level of the material of strengthening pieces is not 

to be lower than that of the web material. The edges of holes are not to be less than 40% of the 

web depth from the face plate of deck transverses. The edges of the holes are to be smooth and 

well rounded. The holes are not to be concentrated in the spacings of adjacent longitudinals. No 

holes are to be cut on the web of deck transverses within 200 mm from the bracket toe of deck 

transverses. 

 

2.8.7.9 The ends of deck transverses are to be bracketed to frames or web frames or longitudinal 

bulkheads, and the scantlings of brackets are to comply with the relevant provisions in 1.2.7 of 

this PART. Where the connection between deck transverses and web frames or longitudinal 

bulkhead vertical webs is designed as an integral structure, a ring system is generally to be formed 

and connecting brackets are to have the form of an circular arc with a radius generally not less 

than the web depth of deck transverses or web frames or longitudinal bulkhead vertical webs, 

whichever is the smallest. The brackets are to be provided with a face plate to connect the face 

plate of deck transverses and that of web frames or longitudinal bulkhead vertical webs, and the 

scantlings of the face plate are to be the same as those of the face plate of deck transverses. 
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2.8.8 Deck hatch side girders 

2.8.8.1 Where weather deck hatch side girders (including weather deck hatch side coamings) act as 

deck girders and are supported at both ends of the hatchway, their section modulus W and section 

moment of inertia I are not to be less than those obtained from the following formulae respectively: 

W = 7hbl²K cm³ 

I = 2.6Wl/K cm4 

where: h τ design head of deck, in m, see 2.8.1.1 of this Section; 

b τ mean width, in m, of deck area supported by deck hatch side girders; 

l τ span of deck hatch side girder, in m; 

K τ material factor. 

 

2.8.8.2 The section modulus W and section moment of inertia I of Ωǘǿeen deck hatch side girders 

are not to be less than those obtained from the following formulae respectively: 

W = 5.2hbl²K cm³ 

I = 2Wl/K cm4 

where: h τ design head of deck, in m, see 2.8.1.1 of this Section; 

b τ mean widdth, in m, of deck area supported by Ωtween deck hatch side girders; 

l τ span of Ωǘǿeen deck hatch side girder, in m; 

K τ material factor. 

 

2.8.8.3 Where Ωǘǿeen deck hatch side girders are subject to concentrated loads, the section modulus 

is to be increased to 1.1 times that obtained according to 2.8.3.3 or 2.8.3.4 of this Section. 

 

2.8.8.4 The depth of the web of deck hatch side girders below deck is not to be less than that of the 

beam web to which it is connected. 

 

2.8.8.5 The thickness of the web of deck hatch side girders is not to be less than 1% of its depth plus 

4 mm. The thickness and structure of hatch coamings are to comply with the requirements of 

2.20.3.2 of this Chapter. 

 

2.8.8.6 In the calculation of the section modulus and section moment of inertia of deck hatch side 

girders (including hatch coamings), the upper edge of the horizontal face plate (excluding holes in 

the face plate) of hatch coamings may be included; or only the upper edge of the horizontal stiffener 

is to be included if no horizontal face plate is fitt ed. 

 

2.8.8.7 A gradual transition in depth is to be made for the extension of deck hatch side girders. 

 

2.8.8.8 Where the deck is framed longitudinally, deck hatch side girders are to be bracketed to deck 

transverses. Where the web depth of deck hatch side girders below deck is the same as that of deck 

transverses, the girders and transverses are to be directly connected. Where the spacing of deck 

transverses is greater than two frame spaces, an additional tripping bracket is to be fit ted between 

the transverses. This tripping bracket is to extend to the face plate of the deck hatch side girder and 

to the adjacent deck longitudinals. The thickness of the bracket is to be the same as that of the web 
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plate of adjacent deck transverses, and the flange or face plate of the bracket is to comply with the 

provisions in 1.2.6.6 of this PART. 

 

2.8.8.9 Where the deck is framed transversely, a bracket is to be fit ted at the connection between 

each beam and deck hatch side girders. These brackets are to extend to the face plate of deck hatch 

side girders, and the scantlings of the brackets are to comply with the provisions in 1.2.6 of this 

PART. 

 

2.8.9 Hatch end beams 

2.8.9.1 Hatch end beams are to be fit ted in accordance with the following requirements: 

(1) Where a pillar complying with the requirements of Section 10 of this Chapter is fit ted at each 

corner of the hatchway (i.e. hatch end beams do not support hatch side girders), the section 

modulus of hatch end beams is to meet the requirements of 2.8.2.1 of this Section, but in this 

case, s in the formula is to be the actual width of deck area supported by hatch end beams. 

(2) Where hatch end beams support the full load of hatch side girders, pillars are fitt ed below the 

beams at the longitudinal centerline of deck and deck longitudinal girders or longitudinal 

bulkheads are also fitt ed at the longitudinal centerline, hatch end beams are to be 

continuous within the breadth of ship and their section modulus W and section moment of 

inertia I are not to be less than those obtained from the following formulae respectively: 

W = 4.6chAlK cm³ 

I = 3Wl/K cm4 

where: l τ span of hatch end beams, in m; 

K τ material factor; 

A τ load area, in m2, to be determined according to the following conditions: 

 Where the deck is framed longitudinally and the extension of hatch side girders supports 

one or more deck transverses, see Figure 2.8.9.1(1): A = F1 + 2F3 + F4 + F5 

 Where the deck is framed longitudinally and the extension of hatch side girders does not 

support any deck transverse, see Figure 2.8.9.1(2): A = F1 + F2 + F3 

 ²ƘŜǊŜ ǘƘŜ ŘŜŎƪ ƛǎ ŦǊŀƳŜŘ ǘǊŀƴǎǾŜǊǎŜƭȅ ǿƛǘƘƻǳǘ ŀŘŘƛǘƛƻƴŀƭ ƎƛǊŘŜǊǎΣ ǎŜŜ CƛƎǳǊŜ 2.8.9.1(3): 

A = F1 + F4 

 ²ƘŜǊŜ ǘƘŜ ŘŜŎƪ ƛǎ ŦǊŀƳŜŘ ǘǊŀƴǎǾŜǊǎŜƭȅ ŀƴŘ ǿƛǘƘ ŦƛǘǘŜŘ ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ƎƛǊŘŜǊǎΣ ǎŜŜ Figure 

2.8.9.1(4): A = F1 + F4; 
h τ design head of deck, in m, see 2.8.1.1 of this Section; 

c τ coefficient, to be taken according to the distance a between the hatch side  

girder and the longitudinal centreline: c = 1.6 for a җ l/2 (l being span of hatch end beams), c = 1.5 for 

ŀ Җ l/3, and c is to be obtained by interpolation for l/3 < a < l/2. 
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Figure 2.8.9.1 

 

2.8.9.2 The connections between hatch end beams and frames or web frames or longitudinal 

bulkheads are to comply with the requirements of 2.8.7.9 of this Section. 
 

 

SECTION 9 ς CANTILEVERS 

 

2.9.1 General requirements 

2.9.1.1 Cantilevers covered by this Section are the deck transverses extending from ship side to the 

deck hatch side girders supported by them. The structural configuration of cantilevers and their 

supporting frames is as shown in Figure 2.9.1.1. 
 

 
Figure 2.9.1.1 

 

2.9.1.2 The considered sections of the cantilever and its supporting frame are to be the 
corresponding sections at the toe of the connecting bracket (i.e. at the tangential point of the arc of 
the bracket). 
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2.9.1.3 The requirements of this Section are applicable to ships having cantilevers approximately 

equally arranged, hatch side girders supported by cantilevers and uniform loading on decks and 

hatch covers. 
 

2.9.2 Cantilevers 

2.9.2.1 The section modulus Wi of the considered section of cantilevers is not to be less than the respective 

values given below: 

(1) Where cantilevers are not supported by hatch side girders: 

Wi = 30.6Sli(li h1 + b0 h2)K cm³ 

where: S τ load width of cantilever, in m; 

li τ span of cantilever, in m; 

b0 τ width of hatch, in m; 

h1 τ design head of deck outside the line of hatch openings, in m, see 2.8.1.1 of this 

Chapter; 

h2 τ design head of deck or hatch cover inside the line of hatch openings, in m, see 

2.8.1.1 or 2.20.2 of this Chapter; 

K τ material factor. 

(2) Where both ends of hatch side girders are fitted with the hatch end beams complying with the 

requirements of 2.8.9 of this Chapter and cantilevers are partially supported by hatch side 

girders: 

Wi = W0 ҍ G cm³ 

where: W0 = 30.6 S li(li h1 + b0 h2)K cm3
 

where: S, li, b0, h1, h2 τ see (1) above; 

 
where: Wh τ section modulus of the hatch side girder derived from 2.8.8.1 or 2.8.8.2 of this 

Chapter, in cm³, and the span of cantilevers taken as the spacing of cantilevers; 

Wp τ section modulus of deck girders on the extension line of hatch side girders, in cm³,  

derived from 2.8.3 of this Chapter, and Wp is to be taken not greater than Wh; 

n τ number of cantilevers between hatch end beams; 

lh τ length of hatch, in m; 

li τ span of cantilevers, in m. 

 

(3) Where both ends of hatch side girders are supported by transverse bulkheads and cantilevers 

are partially supported by hatch side girders: 

 

where: Wo, G, n τ see (2) above; 

  
where:  

lh, lb τ See Figure 2.9.2.1(1) of this Section; 

 

in cm³ for hatch end beams the midpoint of which is not supported 

by pillars, etc., or 

 

in cm³, for hatch end beams the midpoint of which is supported 

by pillars or bulkheads; 
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where:  

W1, W2 and W3 are section moduli of hatch end beams, in cm³, as shown in Figure 

2.9.2.1(2), W2 is to be taken as the lesser of the section moduli of hatch end beams at both 

sides of the line of hatch openings; li, b0 τ see Figure 2.9.2.1(1) of this Section. 

And in addition, the section modulus Wi of the cantilever is not to be less than that obtained 

from (2) above. 

 
 

Figure 2.9.2.1(1)   Figure 2.9.2.1(2) 
 

(4) Where loading is concentrated at hatch side girders and cantilevers are partially supported by 

hatch side girders: 

 

 

where: WΩ0 τ section modulus, in cm³, of the cantilever when subjected to concentrated  

loading and uniform loading, with no support from hatch side girders. In  

the calculation, the cantilever is to be assumed fixed at one end, and the  

allowable bending stress is to be taken as 115.2 N/mm²; 

li, S, Wh τ see (1) and (2) above. 

And in addition, the section modulus Wi of the cantilever is not to be less than those obtained from 

(2) and (3) above. 

 

2.9.2.2 The moment of inertia I of the cantilever at the section under consideration is not to be less 

than that obtained from the following formula: 

I = 9 Wili/Ki cm4 

where: Wi τ section modulus of cantilevers, in cm³, derived from the formula in 2.9.2.1 of this 

Section; 

li τ span of cantilevers, in m; 

Ki τ material factor. 

 

2.9.2.3 The net sectional area Ax of the cantilever web is not to be less than that obtained from the 

following formula: 
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where: S, b0, h1, h2 τ see 2.9.2.1(1) of this Section; 

X τ distance, in m, between the section of cantilever under consideration and the hatch 

side girder; 

Wo τ see 2.9.2.1(2) of this Section, in cm³; 

Wi τ section modulus of cantilevers, in cm³, as required in 2.9.2.1 of this Section; 

Pc τ concentrated loading, in kN, applied on the hatch side girder for calculation in  

accordance with 2.9.2.1(4) of this Section. Pc = 0, if no concentrated loading is  

applied. 
 

2.9.3 Supporting frames 

2.9.3.1 The section modulus Wfi at the considered section of supporting frames is not to be less than that 

obtained from the following formula: 

 
where: di, Hi, bi, li τ see Figure 2.9.1.1 of this Section; 

Wf(i ҍ 1) τ section modulus of supporting frames of the cantilevers on the i ҍ 1 tier deck, in cm³,  

and Wf(i ҍ 1) = 0 for the upper deck; 

Wi  τ section modulus of cantilevers, in cm³, as required in 2.9.2.1 of this Section; 

i τ tier sign of decks, i = 1 for upper deck, i = 2 for 2nd tier deck and so on. 

  

2.9.3.2 The scantlings of the supporting frames of the lower deck are, in general, not to be less than those 

ƻŦ ǘƘŜ ǎǳǇǇƻǊǘƛƴƎ ŦǊŀƳŜǎ ƻŦ ǘƘŜ ΩǘǿŜŜƴ ŘŜŎƪ ŀōƻǾŜΦ 
 

2.9.4 Structural requirements 

2.9.4.1 Cantilevers and supporting frames are to be connected by brackets. The radius of the arc of the 

bracket is not to be less than ui. The sectional area of the face plate and the web thickness of the bracket are 

not to be less than those of the larger one of connected members. Tripping brackets are to be fit ted at the 

toes of the brackets (i.e. in way of the considered section of the cantilever and supporting frame), and an 

adequate number of stiffeners is to be fitt ed to the web connecting the bracket. See Figure 2.9.1.1. 

 

2.9.4.2 Where the deck is framed longitudinally, cantilevers are to be provided with tripping brackets in 

accordance with the requirements of 1.2.5.4 of this PART; where the deck is framed transversely, the tripping 

brackets of cantilevers are to be generally spaced 3 m apart. 

 

2.9.4.3 The minimum thickness of the web plate of cantilevers and supporting frames is not to be less than 

1% of the web depth plus 4.5 mm. Where the web depth is greater than 700 mm, vertical stiffeners are to be 

fitted and spaced not greater than 1.5 times the web depth apart. 

 

2.9.4.4 The web depth and the sectional area of face plates of cantilevers and supporting frames may be 

gradually tapered from the considered section to the ends, but the minimum web depth at ends is not to be 

less than 50% of the web depth at the considered section, and the sectional area of face plates at ends is not 

to be less than 60% of that at the considered section. Longitudinals passing through cantilevers and 

supporting frames are, in addition, to comply with the relevant requirements of 2.8.7.7 of this Chapter. 
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2.9.4.5 The effective area of the attached plating of cantilevers and supporting frames is to be calculated 

according to the requirements of 1.2.2.1 of this PART. 

 

2.9.4.6 Where cantilevers and supporting frames consist of two or three combined members having a T-

shaped cross section, they are to be regarded as a single cantilever, and the section modulus of such 

combined cantilevers is to be determined according to 2.9.2.1 of this Section, and the individual modulus of 

each cantilever is then determined by dividing this modulus by the actual number of cantilevers. 

 

2.9.4.7 The supporting frames in holds are to be securely connected to the inner bottom by brackets. Plate 

floors or other stiffening arrangements are to be provided in the double bottom in line with cantilevers and 

supporting frames. 

 

2.9.4.8 The web depth of hatch side girders below the deck is in general not to be less than that of the web 

plate at the end of cantilevers. Cantilevers and hatch side girders are to be securely connected with each 

other. 
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SECTION 10-PILLARS 

 

2.10.1 Load supported by pillars 

2.10.1.1 The load P supported by the pillar is to be calculated according to the following formula: 

P =7.06abh + P0 kN 

where: a τ length of deck area supported by the pillar, in m, as shown in Figure 2.10.1.1; 

b τ mean width of deck area supported by the pillar, in m, as shown in Figure 2.10.1.1; 

h τ design head of the deck supported by the pillar, in m, see 2.8.1.1 of this Chapter; 

P0 τ load transmitted from the pillar above, in kN. 

 
 

 
Figure 2.10.1.1 

 

2.10.2 Cross-sectional area of pillars 
2.10.2.1 The cross-section area A of pillars is not to be less than that obtained from the following 
formula:

 
where: P τ see 2.10.1.1 of this Section;

l τ the effective length of pillars, in m, to be taken as 0.8 times the whole length of 
pillars; 

r τ minimum radius of gyration of the cross section of pillars, in cm; 
K τ material factor, but it is not to be taken less than 0.72. 

 

 

2.10.3 Minimum wall thickness of pillars 
2.10.3.1 The wall thickness t of tubular pillars is not to be less than the following: 

 
where: P τ see 2.10.1.1 of this Section; 

l τ see 2.10.2.1 of this Section; 
dp τ mean diameter of tubular pillars, in mm. 



PART B ς HULL SURVEYS 
 

 

157 

The minimum wall thickness of tubular pillars is to be 5 mm for shipΩǎ ƭength L < 60 m; 6 mm for 
60 m Җ L < 90 m and 7 mm for L җ 90 m. 
2.10.3.2 The built or rolled-section pillars are to comply with the following requirements: 

(1) The wall thickness t of hollow rectangular pillars or the web thickness t of I-shaped 
or channel-section pillars is not to be less than the lesser of the following: 

 
where: b τ length of hollow rectangular pillars or web depth of I-shaped or channel- 

section pillars, in mm; 
l, r τ see 2.10.2.1 of this Section. 

The minimum wall thickness of hollow rectangular pillars or the minimum web 
thickness of I-shaped or channel-section pillars is not to be less than 5 mm for shipΩs 
length L < 60 m, 6 mm for 60 m Җ L < 90 m and 7 mm for L җ 90 m. 

(2) The side thickness t of angular pillars and the face plate thickness t of channel-section pillars 
are not to be less than the lesser of the following: 

 
where: b τ side length of angular pillars or face plate breadth of channel-section pillars,  

in mm; 
l, r τ same as defined in 2.10.2.1 of this Section. 
 

(3) The thickness t of face plate of I-shaped pillars is not to be less than the lesser of the 
following: 

 
where: b τ breadth of face plate of I-shaped pillars, in mm; 

l, r τ same as defined in 2.10.2.1 of this Section. 
 
2.10.4 Strengthening of structures at heads and heels of pillars 
2.10.4.1 The structures at the heads and heels of pillars are to be so arranged that loads are 
reasonably supported and transmitted. Tubular and hollow rectangular pillars are to be attached at their 
heads to plates supported by efficient brackets. Longitudinal and transverse brackets are to be fitted at the 
heads and heels of the built or rolled-section pillars. Doubler or insert plates are to be fitted below pillars. 
 

2.10.4.2 Pillars are to be fit ted on plate floors or girders, and these plate floors or girders are to be fitted 
with vertical stiffeners. Widely spaced pillars are to be fitted at the intersection of plate floors and girders 
and if they are not fitt ed at the intersection, partial floors or girders are to be fitted below such pillars. 
Manholes are not to be cut in the floors and girders below pillars. 

 

2.10.4.3 Where pillars are fit ted on a shaft tunnel or any weak framing, structural strengthening is required 
in way of the pillars. 

 

2.10.4.4 For pillars fit ted inside ballast tanks or other tanks, attention is to be given to the effects of possible 

tensions. 
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2.10.4.5 Tubular or hollow rectangular pillars are not to be used inside oil tanks. 

 

SECTION 11 - NON-WATERTIGHT PILLAR BULKHEADS 

 

2.11.1 General requirements 

2.11.1.1 The minimum thickness of bulkhead plating is to be 7 mm in lower holds and 6 mm in 

ǘǿŜŜƴ ŘŜŎƪǎ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ǎƘƛǇΩǎ ƭŜƴƎǘƘ ƛǎ ƭŜǎǎ ǘƘŀƴ фл ƳΣ ǘƘŜ ƳƛƴƛƳǳƳ ǘƘƛŎƪƴŜǎǎ ƛǎ ǘƻ ōŜ р ƳƳΦ 

 

2.11.1.2 The maximum spacing of bulkhead stiffeners is to be 1,500 mm. 

 

2.11.1.3 The sectional area A of bulkhead stiffeners (including attached plating not exceeding 600 

mm in width), which support beams, longitudinals, girders, transverses, etc., is not to be less than 

the following:

 

 

where: P, r τ see 2.10.2.1 of this Chapter; 

l τ span of stiffeners, in m; 

s τ spacing of stiffeners, in mm; 

t τ thickness of bulkhead plating, in mm; 

K φ material factor, to be taken not less than 0.72. 

 

2.11.1.4  The minimum web depth of stiffeners is to be 150 mm in lower holds and 100 mm in 

ΩǘǿŜŜƴ ŘŜŎƪǎ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ǎƘƛǇΩǎ ƭŜƴƎǘƘ ƛǎ ƭŜǎǎ ǘƘŀƴ фл ƳΣ ǘƘŜ ƳƛƴƛƳǳƳ ŘŜǇǘƘ ƛǎ ǘƻ ōŜ млл ƳƳ 

and 75 mm respectively. 
 

 

SECTION 12 - WATERTIGHT BULKHEADS 

 

2.11.2 General requirements 

2.11.2.1 Watertight bulkheads are to comply with the requirements of this Section and in 

addition, the relevant requirements of Section 12, Chapter 1 of this PART. 

 

2.11.2.2 The total number of transverse watertight bulkheads is, in general, not to be less than 

that given in Table 2.12.1.2. For ships over 190 m in length, this number is to be determined by 

direct calculation. 
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Table 2.12.1.2-Total Number of Transverse Watertight Bulkheads  

{ƘƛǇΩǎ [ŜƴƎǘƘ ό[ύ Җ сл сл ғ [ Җ ур 
ур ғ [ Җ 

105 
млр ғ [ Җ 

125 
мнр ғ [ Җ 

145 
мпр ғ [ Җ 

165 
мср ғ [ Җ 

190 

Machinery amidships 4 4 5 6 7 8 9 

Machinery aft 3 4 5 6 6 7 8 

 

2.11.2.3 Transverse watertight bulkheads are to be fitted in accordance with the following 

requirements: 

(1) All transverse watertight bulkheads are to extend to the bulkhead deck, except collision 

bulkheads and after peak bulkheads. 

(2) The bulkheads in the holds are to be spaced at uniform intervals. Where the length of a hold is 

greater than 0.15L or 30 m, whichever is the greagter, transverse structures are to be 

strengthened and relevant supporting documents are to be submitted. 

(3) Where it is impracticable for the arrangement of transverse watertight bulkheads to comply 

with Table 2.12.1.2 due to the requirements of a special trade, one or more of these bulkheads 

may be dispensed with, subject to suitable structural compensation and demonstration by 

direct calculation that the transverse strength is adequate. 

 

2.11.2.4 Where the bulkheads form the boundaries of deep tanks, the bulkhead structures are also 

to satisfy the requirements of Section 13 of this Chapter for the deep tank bulkheads. 

 

2.11.2.5 The bulkheads may be of the plane, symmetrically corrugated or double-plated type. 
 

2.12.2 Collision bulkhead 

2.12.2.1 For the calculation of structural members of collision bulkheads, the value h is to be 1.25 

times the height required accordingly. 

 

2.12.3 Plane bulkhead plating 

2.12.3.1 The thickness t of the plane watertight bulkhead plating is not to be less than that obtained 

from the following formula, nor less than 5.5 mm: 

 
where: s τ spacing of stiffeners, in m; 

h τ vertical distance, in m, measured from the lower edge of the plate in a strake to the  

bulkhead deck at side, to be taken as not less than 2.5 m; 

K τ material factor. 

 

2.12.3.2 The thickness of bulkhead plating in way of bilges or bilge wells is to be increased by 2.5 mm, 

and the thickness of bulkhead plating in way of the passage of the stern tube is to be doubled. 

 

2.12.3.3 The lowest strake of bulkheads is not to be less than 900 mm in height measured from the 

inner bottom, or from the bottom in the case of single bottom. Where a double bottom is provided 

on one side and a single bottom on the other side of the bulkhead, the lowest strake is to extend at 

least 300 mm above the flat portion of the double bottom. 

 



PART B ς HULL SURVEYS 
 

 

160 

2.12.3.4 Where the difference in thickness between the bulkhead and the web of longitudinal 

girders attached to the bulkhead is too great, the thickness of bulkhead plating in way is to be 

increased. 

 

2.12.4 Plane bulkhead stiffeners 

2.12.4.1 The section modulus W of bulkhead stiffeners is not to be less than that obtained from 

the following formula: 

W = Cshl²K cm³ 

where: s τ spacing of stiffeners, in m; 

h τ vertical distance, in m, measured from the mid-span of stiffeners to the bulkhead  

deck at side, but not to be taken as less than 2 m; 

l τ span of stiffener, in m; 

C τ coefficients, to be taken as follows: 

C = 6, for stiffeners unattached at both ends, or directly attached to unstiffened plating; 

C = 3, for stiffeners bracketed at ends; stiffeners directly lapped to longitudinal members  

at ends; stiffeners directly connected to longitudinally framed deck plating (inner 

bottom) at ends, and the stiffeners are in line with the webs of longitudinals; 

stiffeners directly connected to deck plating or girder web at ends, provided that 

the other side of the deck plating or girder is connected to an adjacent member 

having at least the same cross section as and in line with the said stiffener; 

K τ material factor. 

 

2.12.4.2 Where a transverse bulkhead supports deck girders, bulkhead stiffeners are to be fit ted in 

way of the deck girders. The sectional area of these stiffeners together with attached plating is also 

to comply with the requirements of Section 11 of this Chapter for non-watertight pillar bulkheads. 

 

2.12.4.3 The scantlings of end brackets of bulkhead stiffeners are to comply with the provisions in 

1.2.6 of this PART. Stiffeners unattached at ends are applicable only in the upper Ωtween deck 

spaces. 

 

2.12.4.4 The brackets at the ends of stiffeners are to be extended and efficiently welded to the 

beams or floors adjacent to the bulkhead respectively. Where the deck or bottom is framed 

longitudinally and where the brackets at ends of stiffeners are not in line with longitudinals, 

stiffening bars are to be fitt ed between the ends of brackets and longitudinals. 

 

2.12.4.5 The minimum web depth of stiffeners is to meet the requirements of 2.11.1.4 of this 

Chapter, and the thickness t of the web is to meet the following requirements: 

For rolled or combined stiffeners with flange or face plate: 

 

For flat bar stiffeners  

where: dw φ depth of stiffener webs, in mm; 
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K φ material factor. 

 

2.12.5 Bulkheads with symmetrical corrugations 

2.12.5.1  Symbols for the dimensions of corrugations are as shown in Figure 1.2.4.3, Chapter 1 of 

this PART. 

 

2.12.5.2 Dimensions of corrugations are to comply with the following requirements: 

(1) The section modulus W of a corrugation over a spacing is not to be less than that obtained from 

the following formula:  

W = Cshl²K cm³ 

where: l τ span of corrugation, in m; 

h τ vertical distance, in m, measured from the mid-span of the corrugation  

to the bulkhead deck at side, but not to be taken as less than 2 m; 

s τ spacing of corrugations, in m; 

C τ coefficient, to be taken according to the end fixity as specified in Table 2.12.5.2; 

K τ material factor. 

(2) The angle h  ōŜtween web and flange of corrugations is not to be less than 40°. 

(3) Where the span of corrugation exceeds 15 m, a diaphragm plate is to be arranged near the mid-

span or equivalent measures for strengthening are to be taken. 

 

Table 2.12.5.2-Value of Coefficient C    
Upper end    

Lower end 
Directly connected to deck As shown in Figure 2.12.5.2(2) or (3) 

As shown in Figure 2.12.5.2(1) or (2) or (3) 5.04 3.84 

 
Figure 2.12.5.2 

 
2.12.5.3 The plating thickness t of bulkheads with symmetrical corrugations is to comply with 

the requirements of 2.12.3.1 of this Section, and the following formula is to be complied with:

 
where: a φ width of corrugation flange, in mm; 

K φ  material factor. In the case of higher tensile steel where the material factor for a  

lower strength level can still satisfy the requirements for plate buckling check (see  

also 1.5.9, Chapter 1 of this PART) in direct calculation, the value of K for a lower  
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strength level may be taken. 

 

2.12.5.4  The plating thickness at the mid-span of corrugated bulkheads is to be kept up to not 

less than 0.2l above the mid-span. 

 

2.12.6 Double plate bulkheads 

2.12.6.1 The section modulus W of webs of double plate bulkheads is not to be less than that 

obtained from the following formula: 

W = Cshl²K cm³ 

where: s φ spacing of webs, in m, see Figure 1.2.4.4 of Chapter 1 of this PART; 

h φ vertical distance, in m, measured from the mid-span to the bulkhead deck at side, 

 but to be taken as not less than 2 m; 

l τ span of webs, in m; 

C τ coefficient, to be taken according to the end fixity as specified in Table 2.12.6.1; 

K τ material factor. 

 
Table 2.12.6.1-Value of coefficient C  

Upper end    
Lower end 

Directly connected to deck As shown in Figure 2.12.5.2(2) or (3) 

As shown in Figure 2.12.5.2(1) or (2) or (3) 3.96 3.00 

   
2.12.6.2 The scantlings of double plate bulkheads are to comply with the requirements of 2.12.3.1 

and 2.12.6.1 of this Section and in addition, the following requirements: 

(1) The plating thickness tp of double plate bulkheads is to comply with the following requirements:

 
where: ǎ φ spacing of webs, in mm; 

K φ material factor. In the case of higher tensile steel where the material factor 

for a lower strength level can still satisfy the requirements for plate buckling 

check (see also 1.5.9, Chapter 1 of this PART) in direct calculation, the value 

of K for a lower strength level may be taken. 

 

(2) The plating thickness tw and the shear area Aw of the web of double plate bulkheads are to 

comply with the following requirements: 

where: b φ spacing of plates of double plate bulkheads, in mm; 

W τ section modulus required in 2.12.6.1 of this Section, in cm³; 
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l τ span of webs, in m; 

K φ material factor. In the case of higher tensile steel where the material factor 

for a lower strength level can still satisfy the requirements for plate buckling 

check (see also 1.5.9, Chapter 1 of this PART) in direct calculation, the value 

of K for a lower strength level may be taken. 

 

 

2.12.6.3 The plating thickness at the mid-span of double plate bulkheads is to be kept up to not 

less than 0.2l above the mid-span. Manholes or similar openings are not to be cut in the webs of 

double plate bulkheads within one-third of their length from either end. 

 

2.12.7 Girders 

2.12.7.1 The section modulus W of girders is not to be less than that obtained from the following 

formula: 

W = 6.6bhl²K cm³ 

where: bτ breadth of the area supported by the girder, in m; 

hτ vertical distance, in m, measured from the mid-span of girders to the bulkhead deck at  

side, but to be taken not less than 2 m; 

l τ span of girder, in m; 

Kτ material factor. 

2.12.7.2 The web depth of girders is not to be less than 2.5 times that of the supported bulkhead 

stiffeners, and the breadth of the face plate of girders is not to be more than the web depth or 35 

times the thickness of the face plate. 

 

2.12.7.3 The girder ends are to be connected by brackets. The brackets are to extend to the 

adjacent frames or bulkhead stiffeners. The scantlings of brackets are to comply with the relevant 

provisions in 1.2.7 of this PART. 

 

2.12.8 Watertight bulkhead steps 

2.12.8.1 The section modulus W of beams of decks or flats forming the steps in bulkheads is not 

to be less than that obtained from the following formula: 

W = 4.2shl²K cm³ 

where: s τ spacing of beams, in m; 

h τ vertical distance, in m, measured from the deck or flat forming bulkhead steps to the  

bulkhead deck at side, but to be taken not less than 2 m; 

l τ span of beams, in m, but to be taken not less than 2 m; 

K τ material factor. 

 

2.12.8.2 The thickness of plating of the deck or flat forming the steps in bulkheads is to be 1 mm 

thicker than that required in 2.12.3.1 of this Section, and in this case s in the formula is to be taken 

as the spacing of beams. 

 

2.12.8.3 The thickness of plating of the deck or flat forming the steps in bulkheads and the 
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scantlings of beams are in no case to be less than those required, as appropriate, in Sections 4 an 8 

of this Chapter for deck plating and beams. 

 

SECTION 13 - DEEP TANKS 

 

2.13.1 General requirements 

2.13.1.1 The deep tanks referred to in this Section are those loaded with liquids, such as water, 

oil fuel, vegetable oil, spoil, etc., which form a part of hull within tank or Ψtween deck. 

 
2.13.1.2 For ballast tanks with ballast water exchange by overflow method, the design pressure 
head h is, in addition to complying with the requirements of this Section, not to be less than the 
vertical distance from the calculation point to the overflow point. 
 
2.13.2 Plane bulkheads 
2.13.2.1 The thickness t of plane bulkhead plating is not to be less than that obtained from the 
following formula: 

 
where: s φ ǎǇŀŎƛƴƎ ƻŦ ǎǘƛŦŦŜƴŜǊǎΣ ƛƴ ƳΤ 
 h τ vertical distance, in m, measured from the lower edge of the plate in a strake to  

the top of the deep tank, or half the distance to the top of overflow, whichever is  
the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 
K φ material factor. 

The thickness of bulkhead plating is not to be less than 8 mm for L җ 90 m; not to be less than 7 
mm for 60 m Җ L < 90 m; and not to be less than 6 mm for L < 60 m. 
2.13.2.2 The thickness of bulkhead plating in way of bilges or bilge wells is to be increased by 
2.5 mm. 
 
2.13.2.3  The section modulus W of stiffeners of bulkheads is not to be less than that obtained 
from the following formula: 

W = 8ś Ƙl2K cm3 
where: s φ spacing of stiffeners, in m; 

l τ span of stiffener, in m; 
h τ vertical distance, in m, measured from the mid-span of the stiffener to the top of the  

deep tank, or half the distance to the top of overflow, whichever is the greater. The 
ends of stiffeners are to be connected by brackets, and the scantlings of these 
brackets are to be in accordance with the relevant requirements in 1.2.6 of this 
PART. The ends of the stiffeners may also be connected directly to the deck plating 
or girders provided that the other side of the deck plating or girder is connected to 
an adjacent member having at least the same cross section as and in line with the 
said stiffener; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 
K φ material factor. 

The section moment of inertia I of stiffeners is not to be less than that obtained from the following 
formula:

I = 2.3Wl/K cm4 
where: W, l τ same as defined above. 
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2.13.3 Bulkheads with symmetrical corrugations 

2.13.3.1 The scantlings of the bulkheads are to be in accordance with the following requirements: 

(1) The section modulus W of a corrugation over a spacing is not to be less than that obtained from 

the following formula:

W = Cś hl2K cm3 

 

where: l τ span of stiffener, in m; 

h τ vertical distance, in m, measured from the mid-span of the corrugation to  

the top of the deep tank or half the distance to the top of overflow, whichever  

is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

s τ spacing of corrugation, in m; 

C τ coefficient, to be taken according to the end fixity as specified in Table 

2.13.3.1; 

K φ material factor. 

 

Table 2.13.3.1 - Value of coefficient C  
Upper end    

Lower end 
Directly connected to deck As shown in Figure 2.12.5.2(2) or (3) 

As shown in Figure 2.12.5.2(1) or (2) or (3) 13.30 10.30 

 

(2) The angle h  between web and flange of corrugations is not to be less than 40°. 

(3) Where the span of corrugations exceeds 15 m, a horizontal girder is to be arranged near the 

mid-span. 

 

2.13.3.2 The plating thickness t of corrugated bulkheads is to comply with the requirements of of 

this Section, and the following formula is to be complied with: 

 
where: a τ width of corrugation flange, in mm; 

K φ material factor. In the case of higher tensile steel where the material factor for  

a lower strength level can still satisfy the requirements for plate buckling  

check (see also 1.5.9, Chapter 1 of this PART) in direct calculation, the value  

of K for a lower strength level may be taken. 

 

2.13.3.3 The plating thickness at the mid-span of corrugated bulkheads is to be kept up to not less 

than 0.2l above the mid-span. 

 

2.13.4 Double plate bulkheads 

2.13.4.1 The section modulus W of webs and the spacing b of plates of double plate bulkheads 

are not to be less than those obtained from the following formulae: 

W = Cś hl2K cm3 

b = 40l mm 
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where: s τ spacing of webs, in m; 

h τ vertical distance, in m, measured from the mid-span to the top of the deep tank or  

half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 
l τ span of web, in m; 
C τ coefficient, to be taken according to the end fixity as specified in Table 2.13.4.1; 
K τ material factor. 
 

Table 2.13.4.1 - Value of coefficient C    

Lower end   Upper end Directly connected to deck As shown in Figure 2.12.5.2(2) or (3) 

As shown in Figure 2.12.5.2(1) or (2) or (3) 10.20 8 

2.13.4.2 The plating thickness tp of double plate bulkheads is to comply with the requirements of 
2.13.2.1 of this Section and in addition, the following formulae are to be complied with: 

 
where: s τ spacing of webs, in mm; 

Kφ material factor. In the case of higher tensile steel where the material factor for a lower  

strength level can still satisfy the requirements for plate buckling check (see also 1.5.9, 

Chapter 1 of this PART) in direct calculation, the value of K for a lower strength level 

may be taken. 

 

2.13.4.3 The plating thickness tw and shear area Aw of webs of double plate bulkheads are to 

comply with the following requirements:

 
where: b τ spacing of plates of double plate bulkheads, in mm; 

W τ section modulus required in 2.13.4.1 of this Section, in cm³; 

l τ span of webs, in m; 

K φ material factor. In the case of higher tensile steel where the material factor for a  

lower strength level can still satisfy the requirements for plate buckling check (see 

also 1.5.9, Chapter 1 of this PART) in direct calculation, the value of K for a lower 

strength level may be taken. 

 

2.13.4.4 The plating thickness at the mid-span of double plate bulkheads is to be kept up to not 

less than 0.2l above the mid-span. 

Manholes or similar openings are not to be cut in the webs of double plate bulkheads within 

one-third of their length from either end. 
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2.13.5 Girders 

2.13.5.1 The section modulus W of girders is not to be less than that obtained from the following 

formula: 

W =11.7ōˊƘl2K cm3 

where: b τ breadth of the area supported by the girder, in m; 

h τ vertical distance, in m, measured from the mid-span of girder to the top of the  

deep tank, or half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

l τ span of girder, in m; 

K φ material factor. 

 

2.13.5.2 The section moment of inertia I of girders is not to be less than that obtained from the 

following formula: 

I = 2.5Wl/K cm4 

where: W, l, K τ same as defined in 2.13.5.1 of this Section. 

 

2.13.5.3 The web depth of girders is not to be less than 2.5 times that of the supported bulkhead 

stiffeners, and the breadth of the face plate of girders is not to be more than the web depth or 35 

times the thickness of the face plate. 

 

2.13.5.4 The girder ends are to be connected by brackets. The brackets are to extend to the adjacent 

frames or bulkhead stiffeners. The scantlings of the brackets are to comply with the relevant 

provisions in 1.2.7 of this PART. 

 

2.13.6 Transverse side framing 

2.13.6.1 Frames are to comply with the following requirements: 

(1) The section modulus of frames other than those of forepeak and aft peak tanks is to be 

increased by 15% above that required in Section 7 of this Chapter. 

(2) The section modulus W and section moment of inertia I of frames are to be not less than those 

obtained from the following formulae in addition to the requirement mentioned above: 

W = 6.8ś Ƙl2K cm3 

I = 3.5Wl/K cm4 

where: s τ spacing of frames, in m; 

l τ span of frame, in m, the vertical distance measured from the upper edge of floor or  

inner bottom to the side stringer, or between side stringers or from the side stringer 

to the Ωtween deck; 

h τ vertical distance, in m, measured from the mid-span of frame to the top of the deep  

tank or half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

K τ material factor. 

(3) The arm length of end brackets of frames is to be increased by 20% above that required in 1.2.6 

of this PART. 
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2.13.6.2 Side stringers supporting the frames are to comply with the requirements of 2.13.5.3 to 

2.13.5.4 of this Section and in addition, to have a section modulus W and a moment of inertia I not 

less than those obtained from the following formulae: 

W = 11.7bˊƘl2K cm3 

I = 2.5Wl/K cm4 

where: b τ breadth of the area supported by the stringer, in m; 

h τ vertical distance, in m, from the mid-span of stringer to the top of the deep tank, or  

half the distance to the top of overflow, whichever is the greater, but not less than 

the distance measured from the mid-span of stringer to the upper deck, or to a point 

1.4d (d being the draught, in m) above the plate keel, whichever is the lesser; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

l τ span of stringer, in m; 

K τ material factor. 

 

2.13.6.3 In deep tanks forward of 0.2L from F.P., side stringers are to be fitted and spaced not more 

than 5 m apart, or perforated flats having scantlings complying with the requirements of 2.15.1.11 of 

this Chapter are to be fitted. Where the length of the tank exceeds 14 m and perforated flats are 

fitted in lieu of the side stringers, web frames or transverse wash bulkheads are to be fitted. 

 

2.13.6.4 The scantlings of web frames supporting the side stringers are to be calculated according 

to 2.7.4.1 of this Chapter. But the design head h is to be taken as the vertical distance measured 

from the side stringer to the top of the deep tank, or half the distance to the top of overflow, 

whichever is the greater, in m; but not to be less than the distance measured from stringers to the 

upper deck or to a point 1.4d (d being the draught, in m) above the plate keel, whichever is the 

lesser. 

 

2.13.7 Longitudinal side framing 

2.13.7.1 In addition to complying with the requirements of Section 7 of this Chapter, the section 

modulus W of side longitudinals is not to be less than that obtained from the following formula: 

W=8.8ś Ƙl2K cm3 

where: s τ spacing of longitudinals, in m; 

h τ vertical distance, in m, measured from the longitudinal to the top of the deep tank or  

half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

l τ span of longitudinal, in m; 

K τ material factor. 

The end connections of side longitudinals are to comply with the relevant requirements of 2.7.5.7. 

The arm length of the end brackets is to be increased by 20% above that required in 1.2.6 of this 

PART. 

 

2.13.7.2 The section modulus W of the web frames supporting the side longitudinals is not to be less 
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than that obtained from the following formula: 

W =11.7ś Ƙl2K cm3 

where: s τ spacing of web frames, in m; 

h τ vertical distance, in m, measured from the mid-span of web frame to the top of the  

deep tank, or half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

l τ span of web frame, in m; 

K τ material factor. 

 

2.13.7.3 The section moment of inertia I of web frames is not to be less than that obtained from the 

following formula: 

I = 2.5Wl/K cm4 

where: W, l, K τ same as defined in 2.13.7.2 of this Section. 

2.13.7.4 In deep tanks forward of 0.2L from F.P., the section modulus of web frames supporting the 

side longitudinals is to be increased by 20% above that obtained from 2.13.7.2 of this Section. 

In general, the spacing of web frames is not to be greater than 3.0 m for ships of 100 m in length 

or less and not greater than 4.2 m for ships of 300 m or over in length, and the intermediate values 

are to be obtained by interpolation. Where the depth of the tank exceeds 16 m, perforated flats 

are to be fit ted, and transverses are to be fitt ed in way of the web frames. 

 

2.13.8 Deck plating and framing 

2.13.8.1 In addition to complying with the requirements of Section 4 of this Chapter, the plating 

thickness t of the deck (or flat) of deep tanks is not to be less than that obtained from the following 

formula: 

 
where: s τ spacing of frames, in m; 

h τ vertical distance, in m, measured from deck (or flat) to the top of the deep tank, or  

half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

K τ material factor. 

The plating thickness t of the deck (or flat) is not to be less than 8 mm for shipΩs length L җ 

90 m; 

7 mm for 60 m Җ L < 90 m; 6 mm for L < 60 m. 

 

2.13.8.2 In addition to complying with the requirements of Section 8 of this Chapter, the section 

modulus W of longitudinals or beams of the decks (or flats) in deep tanks is not to be less than that 

obtained from the following formula: 

W = 8.8ś Ƙl2K cm3 

where: s τ spacing of longitudinals or beams, in m; 

h τ vertical distance, in m, measured from deck (or flat) to the top of the deep tank, or  

half the distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 
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l τ span of longitudinal or beam, in m; 

K τ material factor. 

The section moment of inertia I is not to be less than that obtained from the following  

formula: 

I = 2.3Wl/K cm4 

where: W, l, K τ same as defined above. 

 

2.13.8.3 In addition to complying with the requirements of Section 8 of this Chapter, the section 

modulus W of girders or transverses of decks (or flats) in deep tanks is not to be less than that 

obtained from the following formula: 

W = 11.7Ś Ƙl2K cm3 

where: S τ spacing of girders or transverses, in m; 

h τ vertical distance, in m, measured from deck (or flat) to the top of the deep tank, or  

half the distance to the top of the overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

l τ span of girder or transverse, in m; 

K τ material factor. 

The section moment of inertia I is not to be less than that obtained from the following  

formula: 

I = 2.5Wl/K cm4 

where: W, l, K τ same as defined above. 

 

2.13.8.4 The web depth of deck girders or transverses is to comply with the relevant requirements 

of Section 8 of this Chapter. 

 

2.13.8.5 In deep tanks forward of 0.2L from F.P., the spacing of deck transverses supporting the deck 

longitudinals is to be the same as that of web frames as provided in 2.13.7.4 of this Section. 

 

2.13.9 Bott om framing 

2.13.9.1 The transversely framed single bottom in deep tanks forward of 0.2L from F.P. is to comply 

with the following requirements: 

(1) Plate floors are to be fitted at every frame space, and the scantlings of floors are not to be less than 

those required in 2.15.1.1 of this Chapter. In way of web frames, the depth of floors and scantlings of 

face plates are not to be less than those of web frames. 

(2) The section modulus W of the centerline girder is not to be less than the greater of those obtained 

from the following formulae: 

W = 9 sh1l2K cm3 

W = 9.8 s ́ h2l2K cm3 

where: s τ mean spacing supported by centerline girder, in m; 

l τ span of centerline girder, in m; 

h1 τ vertical distance, in m, measured from the mid-span to upper deck at side; for the  

region forward of 0.15L from F.P., to 3 m above the deck for measuring minimum 
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bow height (see Regulation 39 of the International Convention on Load Lines, 1966); 

h2 τ vertical distance, in m, measured from the mid-span to the top of the deep tank,  

or half the vertical distance to the top of overflow, whichever is the greater; 

 ́τ density of liquid, in t/ m3, to be taken not less than 1.025; 

K τ material factor. 

The section moment of inertia I is not to be less than that obtained by the following formula: 

I = 2.5Wl/K cm4 

where: W, l, K τ same as defined above. 

 

(3) Intercostal side girders are to be fitted and spaced not more than three frame spaces apart. The 

scantlings of intercostal side girders are to be the same as those of floors. 

 

2.13.9.2 For longitudinally framed single bottom in deep tanks forward of 0.2L from F.P., the spacing 

of plate floors supporting longitudinals is to be the same as that of the web frames as provided in 

2.13.7.4 of this Section. The plate floors are to be supported by a continuous centreline girder or a 

longitudinal bulkhead. The scantlings of plate floors and centreline girders are to comply with the 

relevant requirements of Section 3, Chapter 6 of this PART. 

 

2.13.10 Wash bulkheads 

2.13.10.1 Where a deep tank extends from side to side of the ship, a wash bulkhead is to be 

fit ted on the centreline. Where the widest breadth of the tank exceeds 0.5B within the region 

forward of 0.3L from F.P., a wash bulkhead is to be fit ted on the centreline of the tank. Where the 

widest breadth of the tank exceeds 0.7B, it is recommended that a longitudinal bulkhead be fitt ed 

on the centreline of the tank. 

 

2.13.10.2  The thickness of the wash bulkhead is to be the same as that required for the bulkheads 

mentioned in this Section. The section modulus of the stiffeners of the wash bulkhead is to be equal 

to 50% of that of those bulkheads, but h is to be measured to the top of the deep tank. The stiffeners 

are to be connected by brackets at both ends. The area of perforations is not to be less than 5% nor 

more than 10% of the total area of the bulkhead. 

 

SECTION 14 - STEMS, STERN FRAMES, BULBOUS BOWS AND PROPELLER SHAFT BRACKETS 

 

2.14.1 Stems 

2.14.1.1 The cross-sectional area A of bar stems up to 0.5 m above the summer load waterline is 

not to be less than the following:

A = 1.2L cm²  for L < 90 m 

A = 1.63L ҍ 38 cm²  for L җ 90 m 

where: L τ length of ship, in m. 

From a position above 0.5 m from the summer load waterline, the cross-sectional area may be 

gradually tapered to the stem head where the area may be reduced by 25%. 

 

2.14.1.2 The thickness t of plate stems up to 0.5 m above the summer load waterline is not to be 
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less than that obtained from the following formula: 

 
where: L τ length of ship, in m, but not to be taken greater than 230 m; 

K τ material factor. 

From a position above 0.5 m from the summer load waterline, the plate thickness may be 

gradually tapered to the stem head where the thickness may be the same as that of the shell at 

ends. 

Plate stems are to be supported by horizontal webs spaced not more than 1 m apart, and the web 

thickness is not to be less than the thickness of the adjacent shell plating. The webs are to be 

extended aft to be connected to frames or side stringers, but at least beyond the butts of stem 

plates and shell plating. 

Where the radius of curvature of the stem is large, a centreline vertical web is to be fit ted, having 

the same thickness as the horizontal webs. 

 

2.14.1.3  Cast steel stems are to be easy for manufacture, and all fillets are to have adequate radii. 

The sectional area of cast steel stems is not to be less than that of bar stems required in 2.14.1.1 of 

this Section. Cast steel stems are to be provided with rib reinforcement. 

 

2.14.2 Stern frames without rudder post 

2.14.2.1 The stern frame without rudder post is composed of sole piece, propeller post and 

propeller boss. 

 

2.14.2.2 The scantlings of fabricated propeller posts (as shown in Figure 2.14.2.2) are not to be less 

than those obtained from the following formulae: 

 
where: L τ length of ship, in m. 

 

2.14.2.3 The scantlings of cast propeller posts (as shown in Figure 2.14.2.3) are not to be less than 

those obtained from the following formulae: 

 
where: L τ length of ship, in m. 

 
Figure 2.14.2.2(1)  Figure 2.14.2.2(2)  Figure 2.14.2.2(3) 
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Figure 2.14.2.3 

 

2.14.2.4 Fabricated or cast propeller posts are to be strengthened by horizontal brackets at positions 

depending upon the hull framing and the structural arrangements of propeller posts, but the spacing 

of the webs is not to exceed 650 mm. Cast steel stern frames are to be easy for manufacture, and 

all fillets are to have adequate radius; where the radius of curvature is large, a vertical web is to be 

fit ted. 

 

2.14.2.5 The section modulus Wz of sole pieces (see Figure 2.14.2.5) about the vertical neutral axis 

(z-axis) at any considered section, is not to be less than that obtained from the following formula:

 
where: P τ  supporting force exerting by the sole piece on rudder blade, in N, to be calculated  

according to the relevant provisions of Section 1, Chapter 3 of this PART; 

K τ material factor according to 1.3.1.7 of this PART for fabricated sole pieces; material  

factor according to 3.1.1.3 of this PART for cast sole pieces; 

x τ distance between the axis of rudder stock and the section under consideration, in m,  

to be taken not less than 0.5ls, ls being the maximum distance, in m, (see Figure 

2.14.2.5). 

 
Figure 2.14.2.5 

 
2.14.2.6 The section modulus Wy of sole pieces about the horizontal neutral axis (y-axis) at any 
considered section is not to be less than that obtained from the following formula: 

Wy = 0.5Wz cm³ 

where: Wz τ section modulus, in cm³, to be calculated according to 2.14.2.5 of this Section. 
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2.14.2.7 The sectional area As at any section of the sole piece is not to be less than that obtained 

from the following formula: 

 
where: P, K τ see 2.14.2.5 of this Section. 

 

2.14.2.8  Within the length ls, the equivalent stress se of any section of sole pieces is to be 

determined from following formula: 

 
where:  

 
, in N/mm², where: P, x τ see 2.14.2.5 of this Section, Wz being the section 

modulus of the considered section about z-axis, in cm3; 

 
, in N/mm², where: P τ see 2.14.2.5 of this Section, As being the sectional 

area of the section under consideration, in mm2; 

K τ see 2.14.2.5 of this Section. 

 

2.14.2.9 In fabricated sole pieces, transverse webs are to be fitt ed and spaced not more than 760 

mm apart. Where the breadth of the fabricated sole pieces exceeds 900 mm, a centreline vertical 

web is to be fit ted. 

 

2.14.2.10 The sole piece is to extend forward from the fore end of the propeller boss for at least 3 

frame spaces and to be efficiently connected to the plate keel. The sectional area of the extended 

portion may be reduced gradually to the area required for effective connection with the plate keel. 

 

2.14.2.11 The stern tube shaft is to be efficiently connected to the floor or bulkhead, and the 

thickness of the floor is to be increased by 3 mm. 

 

 

2.14.2.12 The finished thickness t of the propeller boss in way of the passage of the stern tube shaft 

or propeller shaft is not to be less than that obtained from the following formula: 

t = 0.1ds + 60 mm, but not greater than 0.3ds 

where: ds τ diameter of stern tube shaft or propeller shaft, in mm. 

 

2.14.3 Propeller posts of twin screw ships 

2.14.3.1 The dimensions of propeller posts which are built integral with the hull of twin screw ships 

(see Figures 2.14.3.1(1), (2)) are not to be less than as given below: 

Breadth of section:  

Thickness of section:  

 

 

Radius of fillet:    

 where: L τ length of ship, in m. 
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Figure 2.14.3.1(1)  Figure 2.14.3.1(2) 

 
2.14.4 Propeller clearances 

2.14.4.1 It is recommended that the minimum clearances (see Figure 2.14.4.1) between the 

propeller and the stern frame or between the propeller and the rudder be not less than the 

following:

a = 0.12D m 

b = 0.20D m 

c = 0.14D m 

d = 0.04D m 

where: D τ diameter of propeller, in m. 

 

 
Figure 2.14.4.1 

2.14.5 Bulbous bows 

2.14.5.1 Where a bulbous bow is fit ted, the structural arrangements are to be such that the bulb 

is adequately supported and integrated into the fore peak structure. The bulb is in general to be 

strengthened as follows: 

(1) At the fore end of the bulb, the structure is to be supported by horizontal diaphragm plates 

spaced about 1 m apart in conjunction with the center girder; 

(2) Vertical transverse diaphragm plates are to be arranged in way of the transition from the peak 

framing to the bulb framing; 

(3) In way of a long bulb, additional strengthening in the form of transverse wash bulkheads or 

web frames spaced about 5 frame spaces apart are generally to be fit ted; 

(4) In way of a wide bulb, additional strengthening in the form of a centreline wash bulkhead is 
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generally to be fitt ed; 

(5) The shell plating is to be increased in thickness at the fore end of the bulb and in other areas 

likely to be damaged by the anchors and chain cables. The increased plate thickness may be 

the same as that required for plate stems. 

 

2.14.6 Propeller shaft brackets 

2.14.6.1 Propeller shaft brackets may be made of steel castings or fabricated from plates, or 

made of cast or forged pieces connected by welding. The connection of the arms to the bearing 

boss is to be made by full penetration welding. 

 

2.14.6.2 The scantlings of each arm and shaft bossing of herringbone propeller shaft bracket are 

not to be less than as given below: 

Thickness of arm: 
 

Cross sectional area of arm: 
 

Thickness of shaft bossing:  
Length of shaft bossing:  

 

where: ds τ diameter of stern tube shaft or propeller shaft at the location of shaft bracket, in mm. 

 

2.14.6.3 The hull framing in way of the bracket palm is to be strengthened and the shell plating in 

way is to be increased in thickness as required in 2.3.6.1 of this Chapter. Bracket arms are to be 

carried through the shell plating and efficiently attached to floors, girders and shell plating. 

 

SECTION 15 - STRENGTHENING AT ENDS OF SHIP 

 

2.15.1 Fore peak strengthening 

2.15.1.1 Solid floors are to be fit ted at every frame. The web depth h and thickness t and the face 

plate sectional area A of the floors are not to be less than those obtained from the following 

formulae: 

h = 85D + 140 mm, but need not be greater than 1500 mm 

 
A = 0.85BK cm² 

where: B τ breadth of ship, in m; 

D τ moulded depth of ship, in m; 

L τ length of ship, in m, to be taken as not greater than 200 m; 

K τ material factor. 

 

 

2.15.1.2 Centreline keelson is to be fit ted at the longitudinal centreline section. The web depth 

and thickness and the face plate sectional area are to be as those required in 2.15.1.1 of this 

Section for solid floors. 
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2.15.1.3 For the extremely narrow bottom, the centreline keelson not extended to the bottom 

may be accepted, but the depth of the keelson is to be approximately equal to 1/3 of the floor 

depth. Or alternatively, the centreline keelson may be entirely omitted provided that the web of 

floors is fitt ed with horizontal stiffeners and that a perforated flat, instead of a face plate, is fitt ed 

at the top edge of the web. 

 

2.15.1.4 In the case as mentioned in 2.15.1.3 of this Section, a centreline keelson gradually 

tapered off over several frame spaces is to be fitt ed forward of the collision bulkhead as the 

continuation of the centreline girder or centreline keelson abaft the collision bulkhead. 

 

2.15.1.5 Where the side shell is framed transversely, panting beams spaced not more than 2 m 

apart vertically are to be fitt ed at alternate frames, from the top of floors up to the lowest deck, and 

at least to 1 m above the full-load waterline. The cross-sectional area A and minimum section 

moment of inertia I of the panting beams are not to be less than: 

A = (0.27L + 8)K cm² 

I = cehil²  cm4 

 

where: L τ length of ship, in m, to be taken as not greater than 250 m; 

c τ horizontal spacing of panting beams, in m; 

e τ vertical spacing of panting beams, in m; 

hi τ vertical distance, in m, measured from the beam to 3 m above the minimum bow  

height required by load line, and not to be less than that to upper deck; 

l τ span of panting beam, in m; 

K τ material factor. 

 

2.15.1.6 Where a fore peak space is used as a tank and the breadth of the tank at its widest point 

exceeds 0.5B (B being the breadth of ship), efficient supporting members or wash bulkheads are to 

be fit ted to support the panting beams. The wash bulkheads are to comply with the requirements 

of 2.13.10.2 of this Chapter. 

 

2.15.1.7 Where the length of the fore peak space exceeds 10 m, additional transverse 

strengthening in the form of transverse wash bulkheads or web frames is to be provided. Transverse 

wash bulkheads are to comply with the provisions in 2.13.10.2 of this Chapter while web frames 

are to comply with the provisions in 2.7.2.8 of this Chapter. 

 

2.15.1.8 Where the side shell is framed transversely, side stringers with flange or face plate are 

to be fit ted at each panting beam, and are to have a web depth h and thickness t not less than: 

h = 5.6L + 166 mm for L < 90m  

h = 3.0L + 400 mm for L җ 90m  

t = 0.023L + 6 mm 

where: L τ length of ship, in m, to be taken as not greater than 250 m. 
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2.15.1.9 Brackets are to be fit ted at the lower edge of connections between side stringers and 

frames, the thickness of brackets is not to be less than that of the side stringer web and the 

brackets are to be extended to the flange or face plate of side stringers. Where panting beams are 

fit ted, the arm length of brackets along the frames is not to be less than 75% the web depth of side 

stringers, and where no panting beams are fitt ed, the arm length is not to be less than 50% the web 

depth of side stringers. The webs of side stringers are to be welded to the frames. 

 

2.15.1.10 Where the side shell is framed transversely and if perforated flats are fitt ed in lieu of the 

panting beams in association with stringers, the flats are to be spaced not more than 2.5 m apart 

and are to be fit ted vertically from the top of floors to the lowest deck above the full-load waterline, 

but not below 1.0 m above the full-load waterline. 

 

2.15.1.11 Where the side shell is framed transversely, the perforated flats are to comply with the 

following requirements: 

(1) The area of perforations in each flat is not to be less than 10% of the total area of the flat. 

(2) The plate thickness t of the perforated flat is not to be less than that obtained from the 

following formula: 

t = 0.023L + 5 mm 

where: L τ length of ship, in m. 

(3) Where the perforated flat is framed transversely, one beam is at least to be fitted at alternate 

frames below the perforated flat, and their sectional area A without attached plating is not to 

be less than that obtained from the following formula: 

where: L τ length of ship, in m. 

C τ coefficient, C =1 when beams are fit ted at alternate frames; C =0.5 when beams  

are fitted at every frame; 

K τ material factor. 

Where the perforated flat is framed longitudinally, an appropriate number of transverses are 

to be fitted below the perforated flat, and the size of transverses and longitudinals is to be 

specially considered. 

(4) Scantlings of the brackets connecting the beams of the perforated flat to the frames are to 

comply with the requirements in 1.2.6 of this PART. 

 

2.15.1.12 Where the side shell is framed longitudinally and the depth of the forepeak exceeds 10 

m, one or more perforated flats are to be provided at suitable positions, or one or more panting 

beams as required in 2.15.1.5 of this Section are to be provided in way of each web frame. 

 

2.15.1.13 Where the side shell is framed longitudinally, an adequate number of transverses are to 

be arranged at the top of the forepeak and at perforated flats (if fitt ed). The brackets connecting 

transverses to web frames are to be in accordance with the requirements of 1.2.7 of this PART. 

 

2.15.1.14 Where the side shell is framed longitudinally, the perforated flats are to comply with the 
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requirements of 2.15.1.11(1) to (3) and brackets are to be fit ted at the connection between the 

beams of perforated flats and the side plating and extended to the adjacent side longitudinals. 

 

2.15.1.15 Brackets are to be fit ted in way of fore edge of the connection between web frames and 

side longitudinals. The thickness of brackets is not to be less than the web thickness of web frames 

and the brackets are to be extended to the face plate of web frames. Where panting beams are 

fitt ed, the arm length of brackets along the side longitudinals is not to be less than 75% of the web 

depth of web frames and where no panting beams are fitt ed, the arm length of brackets along the 

side longitudinals is not to be less than 50% of the web depth of web frames. 

 

2.15.1.16 Longitudinally framed bottom structure is to be specially considered. 

 

2.15.2 Strengthening at sides abaft  the fore peak tank 

2.15.2.1 Where the side shell is framed transversely, side framing within the region from 0.15L 

from F.P. to the collision bulkhead is to be strengthened as follows: 

(1) Where the span of main frames does not exceed 9 m, intercostal side stringers are to be fit ted 

in line with the side stringers or perforated flats in the fore peak tank. 

(2) Where the span of main frames does not exceed 9 m and if intercostal side stringers are 

omitted, the side shell plating in the region concerned is to be increased in thickness by the 

percentages given below: 

where L Җ 150 m, by 15% of the thickness as required in this Chapter; 

where L җ 200 m, by 5% of the thickness as required in this Chapter. 

For intermediate values of L, the percentage increase is to be obtained by interpolation. 

(3) Where the span of main frames exceeds 9 m, intercostal side stringers are to be fitted and to 

extend abaft to 0.2L from the F.P. in line with the side stringers or perforated flats in the fore 

peak tank. 

(4) ²ƘŜǊŜ ǘƘŜ ǎǇŀƴ ƻŦ ŦǊŀƳŜǎ ŜȄŎŜŜŘǎ нΦс Ƴ ƛƴ ǘƘŜ ƭƻǿŜǊ ΩǘǿŜŜƴ ŘŜŎƪ ƻǊ о Ƴ ƛƴ ǘƘŜ ǳǇǇŜǊ ΩǘǿŜŜƴ 

deck, intercostal side stringers are to be fitted. Where the shell plating is increased according 

to the requirements in (2) above, the side stringers may be omitted. 

 

2.15.2.2 The web depth of intercostal side stringers as required in 2.15.2.1 of this Section may be 

the same as that of frames. However, the web plate of such stringers is to be gradually increased in 

depth for at least two frame spaces to the collision bulkhead so that the depth at the bulkhead is 

the same as that of the side stringers in the fore peak tank. Where perforated flats are fitted in the 

fore peak tank, the depth of the web of side stringers is to be calculated according to 2.15.1.8 of this 

Section. The web thickness t and the face plate sectional area A of the intercostal side stringers are 

not to be less than those obtained from the following formulae: 

t = 0.023L + 6 mm, but need not be greater than 12 mm 

A = 0.14L + 1 cm², but not to be less than 7 cm² 

where: L τ length of ship, in m. 

 

2.15.3 Strengthening of bott om forward 

2.15.3.1 Where the length L of the ship is equal to 65 m or over and the draught forward in 
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navigation is less than 0.04L, the flat portion of bottom from F.P. is to be strengthened. The 

transverse extent of strengthening is not to be less than 0.014B (B being the breadth of the ship) 

above the base line, but need not be greater than 0.28 m, and the length X from the end line of the 

longitudinal extent of strengthening to F.P. is not to be less than that obtained from the following 

formula: 

 
where: L τ length of ship, in m; 

Cb τ block coefficient, to be taken as 0.7 for Cb < 0.7, and 0.8 for Cb > 0.8. 

For every oil tanker subject to Regulation 18 of MARPOL Annex I, the minimum forward draught is 

to be determined according to the conditions in which only segregated ballast tanks are used. 

 

2.15.3.2 Where strengthening is required, double bottom framed transversely is to be 

strengthened as follows: 

(1) Plate floors are to be fitt ed at every frame space. 

(2) Side girders are in general to be fit ted not more than three frame spaces apart, and half-depth 

flanged side girders are to be fitt ed midway between the side girders. The side girders 

and half-depth side girders are to be extended as far forward as practicable. 

 

2.15.3.3 Where strengthening is required, double bottom framed longitudinally is to be 

strengthened as follows: 

(1) Plate floors are to be fitt ed at alternate frames, and spaced not more than 2.5 m apart. 

(2) The section modulus of bottom longitudinals is to be increased by 10% above that obtained 

from the formula in 2.6.12.2 of this Chapter, and in this case, l in the formula is not to be less 

than 1.85 m. 

(3) Side girders are in general to be fit ted not more than three times the spacing of longitudinals 

apart and are to be extended as far forward as practicable. 

 

2.15.3.4 Where strengthening is required, single bottom framed transversely is to be strengthened 

as follows: 

(1) In addition to complying with the requirements of 2.15.1.1 of this Section, floors are to be 

increased gradually in depth towards the fore end as far as practicable, and the floor web is to 

be adequately increased in thickness so as to ensure its stability. The sectional area of the face 

plate of floors is to be increased by 50% over the value required in 2.15.1.1 of this Section and 

flanges are not to be substituted for face plates of floors. 

(2) Side keelsons are to be fit ted not more than three frame spaces apart, and half-depth side 

keelsons or other equivalent bottom longitudinal stiffening members are to be fit ted midway 

between the side keelsons and extended as far forward as practicable. 

 

2.15.3.5 In the Where strengthening is required, the forward bottom plating is to be strengthened 

as follows: 

(1) The thickness t of the forward bottom plating is not to be less than that obtained from the 
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following formula: 

 
where: L τ length of ship, in m; 

d1 τ minimum draught forward in navigation, in m; 

s τ spacing of frames, in m; 

sb τ standard spacing of frames, in m; 

e τ correction coefficient of longitudinal position, see Table 2.15.3.5; 

C τ coefficient:  C =7.3 + 0.081L for 65 m Җ L Җ 145 m;  

C = 19.0  for 145 < L Җ 200 m;  

C = 23.6 ҍ 0.023L for 200 < L Җ 300 m; 

C = 16.7  for L > 300 m;

 

, where l is the spacing of primary members, C1 is to be taken as 1 

for C1 > 1 

K τ material factor. 

 
Table 2.15.3.5 - Correction Coefficient e   

Position e 

Between X ҍ 0.125L to X from F.P. 
 

Between F.P. and X ҍ 0.2L from F.P. 
 

Others 1 
where: Cb τ see 2.15.3.1 of this Section; 

f τ the ratio of the distance of x, in m, from F.P. and length of ship L, in m, i.e. f = X/L; 
X τ see 2.15.3.1 of this Section. 

(2) The strengthened forward bottom plating is to be gradually tapered to adjacent shell plating. 

 

2.15.3.6 he forward bottom strengthening is to be verified by direct calculation assessment as 

specified in Appendix 4 of this Chapter if any of the following conditions applies: 

(1) where the minimum forward draught of a ship is less than 0.01L; 

(2) where the arrangements of primary members do not comply with the relevant requirements 

of 2.15.3 of this Section. 

 

2.15.3.7 In the strengthening region for single bottom framed longitudinally: 

(1) Plate floors complying with the provisions of 2.15.3.4 (1) are to be fit ted at alternate frames. 

(2) The section modulus of bottom longitudinals is to be increased by 10% above that obtained 

from the formula in 2.6.12.2 of this Chapter, and in this case, l in the formula is not to be less 

than 1.85 m; side keelsons are to be fitt ed not more than three times the spacing of 

longitudinals apart and extended as far forward as practicable. 

 

2.15.4 Aft peak strengthening 

2.15.4.1 Plate floors are to be fitted at every frame space, the thickness of which is to be 1.5 mm 

thicker than that in the fore peak as required in this Section. In single screw ships, floors are to be 

carried well above the stern tube. In way of propeller posts, propeller shaft brackets and rudder 
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horns, the floors are generally to be carried to the top of the space and are to be increased in 

thickness. 

 

2.15.4.2 Where the side shell is framed transversely, panting beams and side stringers spaced 

vertically not more than 2.5 m apart are to be fitted above the floors, or alternatively, perforated 

flats complying with the requirements of 2.15.1.11 of this Section are to be provided. The panting 

beams and side stringers as well as the connection of these members to frames are to comply with 

the requirements for the fore peak. 

 

2.15.4.3 Where the side shell is framed longitudinally, suitable transverses are to be arranged at 

the top of the tank and the brackets connecting the transverses to web frames are to comply with 

the requirements of 1.2.7 of this PART. 

 

2.15.4.4 A centreline wash bulkhead is in general to be arranged in tanks, the upper part of the after 

peak space and counter or cruiser stern. Where the overhang is very large, additional longitudinal 

wash bulkheads may be required port and starboard. The wash bulkheads are to comply with the 

requirements of 2.13.10.2 of this Chapter, and stiffeners are to be fitted at every frame space. 

 

2.15.5 Side strengthening above the aft  peak 

2.15.5.1 Where the side shell of Ωǘǿeen deck spaces above the after peak tank is transversely 

framed and the height of such spaces is more than 3 m, intercostal panting stringers are to be 

provided, of which the web depth is to be the same as that of frames. The web thickness and the 

sectional area of face plates of these intercostal stringers are to comply with the requirements of 

2.15.2.2 of this Section. Where no intercostal side stringer is fit ted, the thickness of shell plating 

within the region is to be increased in accordance with the requirements of 2.15.2.1(2) of this 

Section. 2.15.5.2  

 

2.15.5.2 Where the side shell of Ωǘǿeen deck spaces above the after peak tank is transversely 

framed, web frames are to be fit ted not more than 4 frame spaces apart. The section modulus W of 

web frames is not to be less than that obtained from the following formula: 

 
where: S τ spacing of web frames, in m; 

d τ draught of ship, in m; 

h τ height of Ωtween deck spaces, in m; 

D τ moulded depth, in m; 

K τ material factor. 

 

2.15.5.3 Where the side shell of Ωǘǿeen deck spaces above the after peak tank is framed 

longitudinally, web frames supporting longitudinals are to be fit ted. The spacing of web frames is 

not to be greater than 2.5 m for ships of 100 m in length or less; and not greater than 3.5 m for ships 

of 300 m or over in length; the intermediate values are to be obtained by interpolation. The section 

modulus W of the frames is not to be less than that obtained from the following formula: 
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where: S, d, h, D and K τ the same as those in 2.15.5.2 of this section. 

 

2.15.6 Structural strengthening for bow flare 

2.15.6.1 For container ships, ro-ro ships, passenger ships, car carriers and the ships with the 

similar bow flare, the side structural strengthening at bow is to meet the requirements of Section 8, 

Chapter 7 of this PART. 

 

SECTION 16 - ENGINE SEATINGS AND SHAFT TUNNELS 

 

2.16.1 Main engine seatings 

2.16.1.1 The main engine seating is to be of ample strength and rigidity. It is generally to consist 

of two longitudinal girders with transverse diaphragms and transverse brackets fit ted at every 

frame space. Transverse diaphragms are to be fitt ed between longitudinal girders and are to extend 

to the face plate of girders as far as practicable. Transverse brackets, the width of which is generally 

not to be less than their depth, are to be fitt ed at the outside of the longitudinal girders and welded 

to the face plate of the girders. 

 

2.16.1.2 The longitudinal girders of the seating are to be in line with the bottom side girders. If it 

is impracticable to do so, partial girders of the same thickness as the bottom side girders are to be 

fit ted under the longitudinal girders. In particular cases, the partial girder may be in the form of a 

half-depth girder welded to the inner bottom plating and floors only. 

 

2.16.1.3 Scantlings of structural members of main engine seatings 

(1) For large low-speed diesel engines having a power of more than 1,470 kW, the horizontal face 

plate thickness t and the web thickness t1 of longitudinal girders, and the thickness t2 of 

transverse diaphragms and transverse brackets are not to be less than the values given below: 

 
 

where: P τ main engine power, in kW; 

s τ spacing of frames, in m; 

h τ web depth of longitudinal girders, in m. 

(2) For main engines having a power of 1,470 kW or less, the web thickness of longitudinal girders 

is to be increased by 60% above that of the bottom side girders (for double bottom) or side 

keelsons (for single bottom) in way of the engine room in the case of diesel engines, and by 30% 

in the case of turbines or propulsion motors. In both cases, the longitudinal girders are to be 

provided with a continuous horizontal face plate having a thickness 40% greater than their web 
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thickness. The longitudinal girders are to be gradually tapered off at their ends. The thickness of 

the transverse diaphragms and transverse brackets is to be increased by 40% above that of the 

floors in the case of diesel engines, and by 30% in the case of turbines or propulsion motors. The 

transverse diaphragms and transverse brackets are to be provided with a face plate or flange. 

 

(3) The scantlings of main engine seatings may be suitably reduced in the case of high-powered 

turbines, propulsion motors or medium/high speed diesel engines. 

 

2.16.1.4 The horizontal face plates of longitudinal girders are to be stiffened in way of holding-down 

bolts by a suitable number of vertical brackets, and the depth of the brackets is to be twice their 

breadth. 

 

2.16.1.5 Where the main engine seating or the thrust seating is directly bolted to the inner bottom, 

the thickness t3 of the inner bottom plating in way is not to be less than that required as follows: 

(1) for large low-speed diesel engines having a power of more than 1,470 kW, t3 = t, t as defined 

in 2.16.1.3(1) of this Section; 

(2) for main engines having a power of 1,470 kW or less, t3 is to be equal to twice the thickness of 

the inner bottom plating in the region, but is not to be less than 20 mm;  

(3) for high-powered turbines, t3 will be specially considered. The double bottom tanks within the 

above regions are not to be used for carrying oil fuel or water. Partial or half-depth girders are 

to be fitt ed close to holding-down bolts. The longitudinal division bulkheads and side girders in 

the adjacent oil or water tanks may be regarded as the partial girders at holding-down bolts. 

 

2.16.2 Shaft tunnels 

2.16.2.1 Shaft tunnels are to be of watertight construction. 

 

2.16.2.2 The thickness of tunnel plating is to comply with the requirements of 2.12.3.1 of this 

Chapter for watertight bulkheads. If the top plating is curved, the thickness may be reduced by 10% 

in dry cargo holds. If the top plating is flat, it is not to be less than 1.1 times the thickness required 

for the watertight bulkheads. The thickness of top plating of the tunnel under hatchways is to be 

increased by at least 2 mm, unless covered with wood ceiling as required in 3.3.1.5 of this PART. 

 

2.16.2.3 Stiffeners of shaft tunnels are to be in line with the frames wherever possible, and their 

section modulus W is not to be less than that obtained from the following formula: 

W = 6shl²K cm³ 

where: s τ spacing of stiffeners, in m; 

h τ the vertical distance, in m, measured from the mid-point of the vertical part  

of the stiffener to bulkhead deck; 

l τ the length of the vertical part of the stiffener, in m; 

K τ material factor. 

Where the tunnel top is flat, the scantlings of the top beams are not to be less than those required 

for the beams in way of the steps in watertight bulkheads (see 2.12.8 of this Chapter). 
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The lower end of the vertical part of stiffeners is to be welded to the inner bottom. 

 

2.16.2.4 Where shaft tunnels pass through or are adjacent to deep tanks, the adjacent bulkheads 

and their stiffeners are to comply with the requirements of Section 13 of this Chapter for deep 

tanks. 

 

2.16.2.5 The structure of the thrust and tunnel recesses is to comply with the requirements for 

the steps in watertight bulkheads. Where these recesses are enclosed by deep tanks, the 

requirements for bulkheads and stiffeners of deep tanks are to be complied with. 

 

2.16.2.6 The shaft tunnel is to be provided with an emergency exit leading to the weather deck, 

and the construction of the trunk of the exit is to comply with the requirements for watertight 

bulkheads. The closing appliance for the exit is to be capable of being operated from both sides. 

 

SECTION 17 SUPERSTRUCTURES AND DECKHOUSES 

2.17.1 General requirements 

2.17.1.1 All ships are to be provided with forecastles or increased sheer to such a minimum bow 

height as to meet the requirements of their respective flag Administrations. The forecastles of bulk 

carriers, ore carriers and combination carriers are to be also in compliance with Section 13, 

Chapter 8 of this PART. 

 

2.17.1.2 Where superstructures and deckhouses are subject to loading in excess of that as 

specified in this Section, the scantlings of their structural members are to be appropriately 

increased in addition to complying with the requirements of this Section. 

 

2.17.1.3 Where long superstructures are provided within 0.5L midships, the deck structure of the 

1st tier is to comply with the requirements for strength decks and side shell is to comply with the 

requirements for shell plating. 

 

2.17.1.4 Where long deckhouses are provided within 0.5L midships, the thickness of plating and 

the size of framing of the 1st tier is to be increased according to the contribution of these 

deckhouses to the longitudinal bending of hull girders. 

 

2.17.1.5 The deckhouses on forecastle deck of offshore supply ships are to comply with the 

requirements of Section 5, Chapter 11 of this PART. 

 

2.17.1.6 Definitions of tiers of superstructures/deckhouses: The lowest, or first tier, is normally 

that tier which is directly situated on the uppermost continuous deck to which the Rule moulded 

depth D is to be measured. The second tier is the next tier above the lowest tier and so on. 

2.17.1.7 The deck plating of No.N tier of superstructure/deckhouse is the top plating of this tier 

of superstructure/deckhouse. 

 

2.17.1.8 Where a freeboard corresponding to or exceeding the uncorrected tabular values of the 
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International Convention on Load Lines, 1966 can be obtained for a ship with excessive freeboard, 

i.e. by considering the ship to have a virtual moulded depth D  at least one standard superstructure 

height less than the Rule moulded depth D (see Figure 2.17.1.8), the 1st tier erection may be 

treated as the 2nd tier, and the 2nd tier as the 3rd tier when applying the requirements of this 

Section. The standard superstructure height hs is to be obtained as follows: 

 

hs = 1.05 + 0.01LL m, and 1.8 Җ hs Җ 2.3  

where: LL τ load line length of ship, in m. 

However, this does not apply to type ΨBΩ ships with reduced freeboard. 

 
Figure 2.17.1.8 

 
2.17.2 Design pressure head 

2.17.2.1 The design pressure head h for end bulkheads of exposed superstructures and boundary 

bulkheads (end and side bulkheads) of deckhouses is to be obtained as follows and not less than 

the minimum value in Table 2.17.2.1: 

h = h (ɻʲ˂ ҍ ɹ ) m 

where: h , ,̡  ˂and  ɻτ coefficients, to be determined respectively according to 2.17.2.2, 2.17.2.3, 

2.17.2.4 and 2.17.2.5 of this Section; 

 ɹτ vertical distance, in m, measured from summer load waterline to mid-span  

of stiffener or mid-point of panel. 

Table 2.17.2.1 

 
Length of ship L (m) 

Design pressure head hmin (m) 

Lowest tier of unprotected fronts Elsewhere 

L Җ 50 
50 < L < 250 

L җ 250 

3.0 
0.01L + 2.5 

5.0 

1.5 
0.005 L + 1.25 

2.5 

 
2.17.2.2 /ƻŜŦŦƛŎƛŜƴǘ ʰ ƛǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

 h= 0.0083L1 + 2.0, lowest tier of unprotected fronts 
 h= 0.0083L1 + 1.0, second tier of unprotected fronts 
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 h= 0.0067L1 + 0.5, third tier of unprotected fronts and above, protected fronts and 

sides of all tiers 

 h= 0.001L1 ҍ 0.8 (X/L) + 0.7, aft ends of all tiers where aft of amidships 

 h= 0.001L1 ҍ 0.4 (X/L) + 0.5, aft ends of all tiers where forward of amidships  

where: L, L1  τ length of ship, in m; L1 need not be taken greater than 300 m; 

X  τ distance, in m, between bulkhead considered and A.P. When determining sides  

of a deckhouse, the deckhouse is to be subdivided into parts of approximately  

equal length, not exceeding 0.15L each and X is to be taken as the distance 

between A.P. and the centre of each part considered. 

 

 

2.17.2.3 /ƻŜŦŦƛŎƛŜƴǘ ʲ ƛǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ

 
where: L τ length of ship, in m; 

X τ see 2.17.2.2; 

Cb τ block coefficient, where Cb < 0.6, to be taken as 0.6; where Cb > 0.8, to be taken as  

0.8; where the aft end bulkhead of the superstructure is forward of amidships, Cb  

used in determining the value  ̡for the aft end bulkhead is not to be taken as less  

than 0.8. 

 

2.17.2.4 /ƻŜŦŦƛŎƛŜƴǘ ˂ ƛǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

 

for 150 m Ů L < 300 m 

 

where: L τ length of ship, in m. 

 for L ů 300 m 

 

2.17.2.5 Coefficient ɻ  is to be determined as follows: 

 

and not less than 0.475 

where: b τ breadth of deckhouse at the position considered, in m; 

B1τ actual maximum breadth of ship on the exposed weather deck at the position  

considered, in m. 

For exposed parts of superstructures, machinery casings and deckhouses protecting pump room 

openings, ɻ  is to be taken as 1. 

 

2.17.3 End bulkheads of superstructures and boundary bulkheads of deckhouses 

2.17.3.1 The thickness t of end bulkhead plating of superstructures and boundary bulkhead 
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plating of deckhouses is not to be less than: 

 
The minimum thickness of the plate, tmin, is to comply with the following requirements: 

If L1 <65 m: 

 
mm, for lowest tier 

 
mm, for upper tiers, and not less than 5 mm 

If L1 <65 m: tmin =5.0 mm, for the lowest unprotected front 

tmin =4.0 mm ,for all other cases  

where: s τ spacing of stiffeners, in m; 

h τ design pressure head, in m, to be calculated according to 2.17.2 of this Section; 

L1 τ length of ship, in m, L1 need not be taken greater than 300 m; 

K τ material factor. 

 

2.17.3.2 The section modulus W of end bulkhead stiffeners of superstructures and boundary 

bulkhead stiffeners of deckhouses is not to be less than: 

W=3.5shl2K cm3 

where: s τ spacing of stiffeners, in m; 

l τ span of stiffener, in m; to be taken as height of deckhouse,  

but not less than 2.0 m in anycase; 

h τ calculated pressure head, in m, to be obtained according to 2.17.2 of this Section; 

K τ material factor. 

Except as required in 2.17.3.3 and 2.17.3.4 of this Section, the end of stiffeners of enclosures of 

the deckhouse may not be fitt ed with brackets, provided that the webs of stiffeners are welded to 

the deck effectively. The section modulus of house side stiffeners need not be greater than that of 

side frames on the deck situated directly below, taking account of spacing and span. 

 

2.17.3.3 The ends of following stiffeners are to be bracketed or connected by equivalent 

arrangements. The scantlings of brackets are to be determined according to the relevant provisions 

of 1.2.6 of this PART: 

(1) Front stiffeners of the lowest tier; 

(2) Front stiffeners of upper tiers in ships over 150 m in length;  

(3) Side stiffeners of single tier deckhouse; 

(4) Aft stiffeners of the lowest aft deckhouse; 

(5) Side stiffeners of upper deckhouses when the length of ship is greater than 150 m, side 

stiffeners of the lowest deckhouse if two or more tiers of deckhouses are fit ted; where such 

stiffeners are not bracketed but directly welded to the deck, their section modulus is to 

be increased by 20%. 

 

2.17.3.4 For exposed machinery and pump-room casings, the front stiffeners on amidships casing 

and all stiffeners on aft end casings which are situated on the deck to which the moulded depth D is 

measured are to be bracketed at top and bottom. Where such stiffeners are not bracketed but 
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directly welded to the deck, their section modulus is to be increased by 20% above that required for 

the stiffeners of deckhouses in the corresponding positions. All other stiffeners on exposed 

machinery and pump-room casings are to be welded to the decks at top and bottom. 

 

2.17.4 Sides of superstructures 

2.17.4.1 The side framing of superstructures is to comply with the following requirements: 

(1) Where the side shell is framed transversely, the relevant requirements of Section 7 of this 

Chapter are to be complied with. 

 

(2) Where the sides of superstructures are framed longitudinally and located within the range of 

0.3L from A.P. forward the bow, the section modulus of longitudinals is not to be less than: 

 
where: sτ spacing of longitudinals, in m; 

l τ span of longitudinal, in m, not less than 1.5 m; 

D1 = d + Hb , in m, not greater than 20 m, 

 

where: Hb τ the minimum bow height as required by load line assignment, in m; 

d τ draught, in m; 

Kτ material factor. 

 

The section modulus of web frames supporting the side longitudinals is not to be less than: 

 
where: D1, K τ the same as those in the above formula; 

S τ spacing of web frames, in m; 

l τ span of web frames, in m. 

 

(3) Where the sides of superstructures are framed longitudinally and located beyond the range of 

0.3L from A.P forward the bow, the section modulus of longitudinals is not to be less than: 

 
where: sτ spacing of longitudinals, in m; 

lτ span of longitudinal, in m, not less than 1.5 m; 

D2 = d + Hb , in m; 

where: Hbτ the minimum bow height as required by load line assignment, in m; 

d τ draught, in m; 

Kτ material factor. 

The section modulus of web frames supporting the side longitudinals is not to be less than: 

 
where: D2, K τ the same as those in the above formula; 

S τ spacing of web frames, in m; 

l τ span of web frames, in m. 
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Where the superstructure is located within the range of 0.4L amidships and contributes to the 

longitudinal strength, the relevant requirements of 2.2.7, Section 2 of this Chapter are also to be 

complied with. 

 

2.17.4.2 The side plating of superstructures is to comply with the following requirements: 

(1) The thickness t of side plating of forecastles is not to be less than: 

 
where: L τ length of ship, in m; 

s τ spacing of frames or longitudinals, in m, to be taken as not less than sb; 

sb τ standard spacing of frames or longitudinals, in m; 

K τ material factor. 

 

(2) The thickness t of side plating of bridge and poop is not to be less than: 

 
where: L τ length of ship, in m; 

s τ spacing of frames or longitudinals, in m, to be taken as not less than sb; 

sb τ standard spacing of frames or longitudinals, in m; 

K τ material factor. 

 

2.17.5 Decks 

2.17.5.1 The deck framing of superstructures is to comply with the relevant requirements of 

Section 8 of this Chapter. The deck framing of the forecastle is also to comply with the following 

requirements: 

(1) Within the region forward of 0.075L from F.P., the spacing of deck girders supporting the 

beams is generally not to be more than 3.5 m, and that of the transverses supporting the deck 

longitudinals is generally not to be more than 2.5 m; 

(2) The web depth of deck girders and transverses is not to be less than twice the depth of cutouts 

for the passage of beams or longitudinals being supported. 

 

2.17.5.2 The section modulus W of the deck longitudinals or beams of deckhouses is not to be less 

than: 

W = 5shl2K cm3, and not less than 25s 

where: s τ spacing of deck longitudinals or beams, in m; 

l τ span of deck longitudinals or beams, in m; 

h τ design pressure head, in m, to be determined as follows: 

0.9 m, for those on first tier deck; 

0.6 m, for those on second tier deck; 

0.45 m, for those on third tier deck and above; 

K τ material factor. 
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2.17.5.3 The scantlings of deck girders and transverses of deckhouses are to be calculated in 

accordance with the relevant requirements of Section 8 of this Chapter, but the design pressure 

head is to be as specified in 2.17.5.2 of this Section. The web thickness of girders of deckhouses is 

not to be less than 1% of their depth plus 2 mm, but not to be less than 4 mm. 

 

2.17.5.4 The thickness t of deck plating of superstructures (except the forecastle) and deckhouses 

is not to be less than: 

 

mm, and not less than 5 mm 

 

where: L τ length of ship, in m; not to be taken as greater than 100 m; 

s τ spacing of deck longitudinals or beams, in m, to be taken as not less than sb; 

sb τ standard spacing of deck longitudinals or beams, in m; 

C τ coefficient, to be taken as follows: 

5.5, for the first tier deck; 

5.0, for the second tier deck; 

4.5, for the third tier deck and above; 

tc τ tc = 1 for decks of dry spaces within superstructures or deckhouses;  

tc = 0 in other cases; 

K τ material factor. 

 

 

2.17.5.5 The thickness t of forecastle deck plating is not to be less than: 

 
where: L τ length of ship, in m; 

s τ spacing of deck longitudinals or beams, in m, to be taken as not less than sb; 

sb τ standard spacing of deck longitudinals or beams, in m; 

K τ material factor. 

 

2.17.6 Local strengthening of superstructures 

2.17.6.1 Web frames or partial bulkheads spaced about 9 m apart are to be fitt ed within the poop 

or bridge that have large deckhouses or other erections above, to support side and end bulkheads 

of the deckhouses. Appropriate strength members are also to be fitt ed in other areas under high 

loading. 

 

2.17.6.2 The web frames or partial bulkheads within superstructures are to be arranged, where 

practicable, in line with the watertight bulkheads or other strength members below. 

 

2.17.6.3 Pillars, diaphragms, bulkheads or other strength members are to be arranged under the 

ends of superstructures for support. 

 

2.17.6.4 To reduce stress concentration in main hull structure in way of ends of superstructures 
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which are flush with shipΩǎ side, the side plating of the superstructures is to extend beyond their 

ends and the height of the side plating is to be gradually reduced to that of the sheer strake in a 

smooth transition (free edges of extension plating generally in an oval shape with horizontal axis, 

see Figure 2.17.6.4). This plating is to be supported by stiffened brackets and to be efficiently 

stiffened at the upper edge by a face plate having the same thickness as the extension plating and 

a breadth not less than 10 times its thickness. The extension plating is to comply with the following 

requirements: 

(1) For end bulkheads of superstructures situated within 0.5L amidships, the length of the 

extension plating is not to be less than 1.5 times that of the superstructure and its thickness is 

to be increased by 25%; 

(2) For end bulkheads of superstructures situated within 0.2L from the shipΩǎ ends, the length of 

the extension plating is not to be less than the height of the superstructure and its thickness 

need not be increased; 

(3) For end bulkheads of superstructures situated between 0.2L and 0.25L from the shipΩǎ ends, the 

increased length and thickness of the extension plating is to be obtained by interpolation. 

 
Figure 2.17.6.4 

 

2.17.6.5 The thickness of the upper deck stringer plate and the sheer strake is to be increased at 

the ends of the superstructure from at least two frame spaces inside the superstructure to two 

frame spaces beyond the extension of side plating (see Figure 2.17.6.5) in accordance with the 

following requirements: 

(1) Where the end bulkheads of the superstructure are situated within 0.5L amidships, the 

thickness of stringer plates and sheer strakes is to be increased by 20%; 

(2) Where the end bulkheads of the superstructure are situated within 0.2L from the shipΩǎ ends, 

the thickness of stringer plates and sheer strakes need not be increased; 

(3) Where the end bulkheads of the superstructure are situated between 0.2L and 0.25L from the 

shipΩǎ ends, the increased thickness of stringer plates and sheer strakes is to be obtained by 

interpolation. 
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Figure 2.17.6.5 

 

2.17.7 Local strengthening of deckhouses 

2.17.7.1 Adequate support under the ends of deckhouses is to be provided in the form of pillars, 

diaphragms, bulkheads or other strength members. At the corners of houses and in way of 

supporting structures, attention is to be given to the connection to the deck, and inserts or 

equivalent arrangements are generally to be fitted. 

 

2.17.7.2 All openings cut in the sides of long deckhouses are to be adequately strengthened and 

have well rounded corners. Continuous coamings with adequate height are to be fitted below and 

above doors or similar openings. House tops are to be strengthened in way of boats and davits. 

Special care is to be taken to minimize the size and number of openings in the side bulkheads in the 

region of the ends of deckhouses within 0.5L amidships. 

 

2.17.7.3 The sides and ends of the long deckhouses on the lowest tier deck are generally to be 

strengthened by partial bulkheads or vertical webs spaced about 9 m apart, and these stiffening 

members are, as far as practicable, to be arranged in line with the strengthening members within 

ǘƘŜ ΩǘǿŜŜƴ ŘŜŎƪ ǎǇŀŎŜ ōŜƭƻǿ ǘƘŜ ŘŜŎƪƘƻǳǎŜΦ 

 

2.17.8 Raised quarterdecks 

2.17.8.1 The scantlings of the main frames in way of the raised quarter deck are to be determined 

according to the requirements of Section 7 of this Chapter. In this case the span of the frame is to 

be measured to the raised quarter deck. 

The scantlings of the deck frames in way of the raised quarter deck are to be determined in 

accordance with the relevant requirements for the strength deck as specified in Section 8 of this 

Chapter. 

The thickness of the raised quarter deck sheer strake is to be determined according to the 

requirements of Section 3 of this Chapter, and the thickness of deck plating is to be determined in 

accordance with the relevant requirements for strength deck as specified in Section 4 of this 

Chapter. In such cases the moulded depth is to be taken as that at the raised quarter deck. 

The thickness of break bulkheads and the scantlings of stiffeners are to be determined in 

accordance with the requirements for end bulkheads of corresponding superstructures. 
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2.17.8.2 Strengthening at the break within 0.5L amidships 

(1) For L < 65 m, the strength deck stringer plate and the raised quarter deck stringer plate are to 

extend respectively for 3 or 4 frame spaces on either side of the break bulkhead and are to be 

gradually tapered off; 

(2) For L җ 65 m, the upper and raised deck plating at the break is to overlap for 2 or 3 frame 

spaces, and in this case the stringer plates of both decks are to extend forward for 2 or 3 frame 

spaces beyond the end of overlapped plating. Vertical diaphragm plates spaced not more than 

1.5 m apart in parallel with the longitudinal centreline are to be fit ted between the overlapped 

deck plating. The thickness of the diaphragm plates is to be the same as that of the break 

bulkhead plating, and the diaphragms are to be efficiently stiffened and their free edges are to 

be flanged or provided with a face plate. 

 

2.17.8.3 Where the break is located outside of 0.5L amidships, the strength deck stringer plate is 

to extend for 3 frame spaces beyond the break and is to be gradually tapered off. 

 

2.17.8.4 The sheer strake is to be increased in thickness by 30% for a distance of 3 to 5 frame 

spaces on either side of the break bulkhead. Where a raised quarter deck is connected to a long 

bridge, the sheer strake of side plating within the raised quarter deck area is to be increased in 

thickness by 25% for a distance of at least 2 frame spaces on either side of the break, and the side 

plating of the bridge is to be gradually tapered in a curve line from the end of the bridge deck stringer 

plate into the sheer strake of side plating within raised quarter deck area over a length more than 

1.5 times the height of the bridge above the raised quarter deck. 

 

2.17.9 Machinery casings 

2.17.9.1 Machinery space openings in the exposed deck are to be protected by strong steel 

casings. Machinery casings situated on the freeboard or raised quarter deck are to be enclosed in 

the superstructures or deckhouses so far as practicable. 

 

2.17.9.2 Doors in machinery casings are to be of steel and rigid construction, and are to be 

capable of being operated from both sides. 

 

2.17.9.3 The scantlings of boundary bulkheads of exposed casings are to be determined in 

accordance with the requirements for those of the deckhouses in the corresponding positions. 

 

2.17.9.4 The scantlings of boundary bulkheads of non-exposed casings are to comply with the 

following requirements: 

(1) The minimum thickness of boundary bulkheads of the casings is not to be less than 6.5 mm in 

way of cargo spaces and not to be less than 5 mm in way of accommodation spaces; 

(2) The section modulus W of the stiffeners of boundary bulkheads of the casings is not to be less 

than that obtained from the following formula: 

W = 8slK cm³ 

where: s τ spacing of stiffeners, in m; 

l τ span of stiffener, in m; 
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Kτ material factor. 

For ships of 65 m or over in length, the depth of stiffeners is not to be less than 60 mm. 

 

2.17.9.5 Where casing stiffeners support the deck transverses or girders or where they are in line 

with pillars below, they are to be suitably strengthened. 

 

2.17.9.6 Where the casing sides act as girders supporting decks above, the openings for doors, 

windows, etc., in the sides are to be effectively strengthened. Particular attention is to be paid to 

stiffening where the casing supports the funnel or exhaust uptakes. 

 

2.17.10 Breakwater 

2.17.10.1 The load under consideration is to be determined with the requirements for fronts of 

superstructures in 2.17.2 of this Section as reference. 

 

2.17.10.2 The thickness of breakwater plating and the scantlings of breakwater stiffeners are to be 

determined according to 2.17.3 of this Section. 

 

2.17.10.3 The scantlings of main members (horizontal girders and vertical webs) supporting 

breakwaters are to be determined by direct calculations, and the permissible stress is as follows: 

 
where: K τ material factor. 

 

SECTION 18 - HELICOPTER DECKS 

 

2.18.1 General requirements 

2.18.1.1 This Section applies to all ships fit ted with areas and facilit ies for normal takeoff and 

landing of helicopters. 

 

2.18.1.2 Helicopter decks covered by this Section mean helicopter deck structure only. 

 

2.18.1.3 For helicopter deck connected by bolts and splice other than welding, special consideration 

is to be given to the requirements for structural strength. 

 

2.18.2 Plans and documents 

2.18.2.1 The following plans and documents are to be submitted for approval: 

(1) Detailed arrangement of helicopter deck, including overall dimensions, landing area/securing 

area, if any; 

(2) Structural plan for helicopter deck (appropriate strength calculations are submitted for 

information). 

 

2.18.2.2 Loading manual is to include information on models and parameters of helicopters to be 

used, including maximum takeoff weight, overall length of helicopter (including rotation of rotor), 
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size of wheel print and tracking width. 

 

2.18.3 Arrangement of helicopter deck 

2.18.3.1 The arrangement and construction of helicopter deck is to meet the applicable standards 

accepted by the flag Administration, such as the annex to IMO MSC/Circ.895 and 

MSC.1/Circ.1524φRecommendation on Helicopter Landing Areas on Ro-Ro Passenger Ships, 

International Chamber of Shipping (ICS)- Guide to Helicopter/Ship Operations, International 

Aeronautical and Maritime Search and Rescue Manual (IAMSAR) and Offshore Helicopter Landing 

Areas-Guidance on Standards (CAP437). 

 

2.18.4 Design conditions 

2.18.4.1 The supporting structure of the helicopter platform is to be designed to the following 

three conditions: overall distributed loading, helicopter landing impact loading and stowed 

helicopter loading (if provisions are made to accommodate the helicopter secured to the deck in a 

predetermined position): 

(1) Overall distributed loading: 

 a minimum distributed loading of 2 kN/m2 is to be taken over the entire helicopter deck. 

(2) Helicopter landing impact loading: Combination of the following loads is to be taken into 

account: 

 for normal landing, vertical impact loading PH = 1.5P (P being the maximum takeoff 

weight), uniformly distributed on both wheel prints when landing (landing of both wheels 

at the same time is generally assumed). Where no data on actual size of wheel prints are 

available, the size of each print may be taken as a square area of 0.30 m × 0.30 m. The 

structural members are to be designed according to the worst landing position with regard 

to forces acting on them. Where the upper deck of a superstructure or deckhouse is used 

as a helicopter platform deck and the spaces below are normally manned (control room, 

quarters, etc.), the above vertical impact loading PH = 1.75P; 

 the structural weight of the helicopter deck; 

 where necessary, a uniformly distributed loading of 0.5 kN/m2, representing wet snow, ice 

or other environmental loading, is to be considered. 

(3) Stowed helicopter loading: Combination of the following loads is to be taken into account: 

 wheel loading at maximum takeoff weight, with landing area being assumed as that for 

helicopter landing impact loading; 

 the structural weight of the helicopter deck; 

 where necessary, a uniformly distributed loading of 0.5 kN/m2, representing wet snow, ice 

or other environmental loading, is to be considered; 

 in addition, where stowage of helicopters is possible, the inertial forces of helicopter and 

helicopter platform due to shipΩǎ motion under corresponding environmental conditions are 

to be considered. If no proper data are available, both the horizontal and vertical inertial 

forces may be taken as 0.5 times the loading corresponding to the weight of helicopter and 

helicopter platform structure. 
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2.18.4.2 For helicopters fitted with landing gear other than wheels, the landing area is to be 

determined according to the data provided by manufacturers. 

 

2.18.5 Helicopter deck plating 

2.18.5.1 The initial plate thickness of the helicopter deck may be calculated in accordance with 

2.21.2.1(1) of this Chapter, with loading being the wheel impact loading required for the above 

design conditions. 

 

2.18.5.2 Where the helicopter deck is the strength deck within 0.4L amidships, the wheel impact 

loading obtained according to 2.18.5.1 of this Section is to be multiplied by a factor of 1.18. This 

factor is linearly reduced to 1.00 within 0.4L amidships aft or forward along shipΩǎ length. 

 

 

2.18.5.3 The helicopter deck plate thickness is to be based on the initial thickness calculated 

according to 2.18.4.1 or 2.18.4.2, and is to comply with the strength verification of the entire 

helicopter deck structure by direct calculation. 

 

2.18.5.4 Hatch covers used as helicopter deck are to comply with this Section and in addition, 

Section 20 of this Chapter. 

 

2.18.5.5 Where the helicopter deck forms part of a weather deck or other decks, the scantlings are 

not to be less than those required for decks in the same position. 

 

2.18.6 Strength verification by direct calculation 

2.18.6.1 Direct calculation of helicopter deck structure is to be preformed by 3-dimensional 

finite element structural analysis, and recognized programs and structural idealization methods are 

to be used. 

 

2.18.6.2 The permissible bending stress [ ]̀, shear stress [ ]̱ of helicopter deck plating, deck 

framing and their supporting structure and the permissible stress [ c̀b] of compressed components 

are as follows: 

(1) The permissible bending stress [ ]̀ is to be determined according to Table 2.18.6.2. 

 
Table 2.18.6.2 - Permissible Bending Stress [ ]̀    

Structural member 
  
Design Condition   

Deck 
Plating 

Longitudinals, 
transverses 

and other secondary 
deck members 

Girders, web beams and other main 
deck members 

Stanchions, supports and other truss 
supports of platform 

Overall Distributed Loading 0.6 ReH  0.6 ReH 0.6 ReH  

Helicopter Landing Impact 
Loading 

ReH  ReH 0.9 ReH  

Stowed Helicopter Loading ReH 0.9 ReH 0.9 ReH  

Notes: ReH τ yield stress of material, in N/mm2; for aluminium alloy, taken as Rp0.2, see Section 3, Chapter 1 of this 
PART. 

 Components under axial compression are to be checked to the lesser of permissible bending stress and permissible 
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critical buckling stress. 

 For helicopter landing impact loading, where the stress of helicopter deck plating is obtained according to a four-

sides supported plate subjected to vertically distributed loading, the permissible stress may be taken as 1.1 ReH. 
 For overall distributed loading, the helicopter deck plating thickness is not to be less than the minimum thickness 
required by 2.18.5 and the Rules. 

 

(2) Permissible shear stress [ ]̱: ώˍ] = [ ]̀ /  3 . 

(3) tŜǊƳƛǎǎƛōƭŜ ŎƻƳǇǊŜǎǎƛǾŜ ǎǘǊŜǎǎ ώˋŎō] is to be calculated according to 2.2.7.5(1) and 2.2.7.6 of 

this Chapter. 

 

2.18.6.3 The value of the permissible bending stress for framing and girders of strength deck used 

as helicopter deck is to be multiplied by a reduction factor in Table 2.18.6.3. 

 
Table 2.18.6.3 - Reduction Factor  

Location of helicopter deck Reduction factor Location of helicopter 
deck 

Reduction factor 

Area 0.4L amidships 0.7 A.P./F.P. area 1.0 
Area between A.P. and F.P. Linear interpolation   

    
SECTION 19 - BULWARKS AND GUARDRAILS 

 

2.19.1 General requirements 

2.19.1.1 Guardrails or bulwarks are to be fit ted around all exposed decks. The height of the 

bulwarks or guardrails is to be at least 1 m from the deck, provided that where this height would 

interfere with the normal operation of the ship, a lesser height may be approved, if the 

Administration is satisfied that adequate protection is provided. 

 

2.19.1.2 The ship designed for the carriage of timber deck cargoes is to be fit ted either with 

permanent bulwarks at least 1 m in height, specially stiffened on the upper edge and supported by 

strong bulwark stays attached to the deck and provided with necessary freeing ports, or with 

efficient rails of the same height and of specially strong construction. 

 

2.19.2 Bulwarks 

2.19.2.1 The plating thickness of bulwarks on freeboard decks is not to be less than 5 mm for ships 

having a length less than 65 m and not to be less than 6 mm for ships having a length equal to 65 

m or over. The plating thickness of bulwarks elsewhere may be suitably reduced. 

 

2.19.2.2 The top edge of bulwarks is to be stiffened by a flat bar or profile steel. 

 

2.19.2.3 Bulwarks are to be supported by stays with flange or face plate from the deck in line with 

the beams or beam webs. Where the frame spacing does not exceed 620 mm, the spacing of stays 

is not to exceed 3 frame spaces. Where the frame spacing exceeds 620 mm or where the ship is 

intended for the carriage of timber deck cargoes, the spacing of stays is not to be greater than 2 

frame spaces. Where the bulwarks on the forecastle deck have a great flare, stays are to be fit ted at 

every frame. 
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2.19.2.4 The section modulus W at the bottom of bulwark stays is not to be less than that 

obtained from the following formula:

cm³ 

where: Sτ spacing of stays, in m; 

Lτ length of ship, in m, not to be taken as greater than 100 m; 

Hτ height of bulwark, in m; 

Kτ material factor. 

Where the flange of the stay is not welded to the deck, such a flange is not to be considered for the 

section modulus. 

 

2.19.2.5 Bulwarks are to be adequately strengthened in way of mast shrouds or eyeplates for 

cargo gear and in way of fairleaders. 

 

2.19.2.6 Where bulwarks are cut to form a gangway or other openings, stays of increased 

strength are to be fit ted at the ends of the openings. Bulwarks are not to be cut for gangway or 

other openings near the breaks of superstructures. 

 

2.19.2.7 Bulwarks are as far as practicable not to be welded to the sheer strake amidships so as 

to ensure their freedom from the longitudinal bending of the hull. 

 

2.19.3 Guardrails 

2.19.3.1 Guardrails fit ted on superstructure and freeboard decks are to have at least three courses. 

The opening below the lowest course of the guardrails is not to exceed 230 mm. The other courses 

are to be not more than 380 mm apart. In the case of ships with rounded gunwales the guardrail 

supports are to be placed on the flat of the deck. In other locations, guardrails with at least two 

courses are to be fit ted. 

 

2.19.3.2 Where external glass balustrades are fitt ed, reference may be made to relevant 

requirements of Section 8, Chapter 9 of this PART. 

 

 

SECTION 20 - HATCHWAYS AND HATCH COVERS 

 

2.20.1 General requirements 

2.20.1.1 In addition to the requirements of this Section, exposed hatchways and hatch covers are 

to comply with the relevant requirements of the Amendments to Annex I to Annex B of the Protocol 

of 1988 Relating to the International Convention on Load Lines, 1966. 

 

2.20.1.2 The structural scantlings of non-exposed hatch covers may be determined according to the 

relevant requirements of this Section, depending on their structural configuration and with only 

permissible cargo loads being taken into account. 
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2.20.1.3 The scantlings of steel hatch covers for deep tanks may be determined according to the 

relevant requirements of this Section and depending on the position of hatch covers, but in no case 

are to be less than those required in Section 13 of this Chapter for deep tank deck and its framing. 

 

2.20.1.4 Where wheeled vehicles are to be stowed on hatch covers or used for cargo handling, the 

scantlings of hatch covers are also to comply with the requirements for vehicle deck in Section 21 

of this Chapter. 

 

2.20.1.5 The scantlings of hatch covers used as helicopter deck are also to comply with the 

requirements for helicopter decks in Section 18 of this Chapter. 

 

2.20.1.6 Except as otherwise provided, the width of the attached plating of hatch cover stiffeners 

and girders is to be determined according to 1.2.2 of Section 2, Chapter 1 of this PART. However, 

the areas of stiffeners are not to be included in the area of the attached plating of girders. 

 

2.20.1.7 For the hatch covers on the lower deck within cargo holds, the strength is to be checked 

according to the requirements of 2.20.3. 

 

2.20.1.8 Height of hatch coamings 

(1) at Position 1, the height is not to be less than 600 mm;  

(2) at Position 2, the height is not to be less than 450 mm; 

(3) for ships provided with steel weathertight hatch covers, with the consent of the flag State 

Administration, the height of hatch coamings may be suitably reduced provided that 

efficient measures have been taken and that the safety of the ship is not impaired; 

(4) for hatchways on unexposed freeboard decks or exposed superstructure decks, hatchway 

coamings with a suitable height may be provided depending upon the position of the 

hatchways and the protection necessitated by such hatchways. 

 

2.20.1.9 Hatch cover types 

(1) Single skin cover 

A hatch cover made of steel or equivalent material that is designed to comply with ICLL 

Regulation 16. The cover has continuous top and side plating, but is open underneath with the 

stiffening structure exposed. The cover is to be weathertight and fit ted with gaskets and 

clamping devices unless specifically exempted from such fit tings. 

(2) Double skin cover 

A hatch cover as above but with continuous bottom plating such that all the stiffening 

structure and internals are protected from the environment. 

(3) Pontoon type cover 

A special type of portable cover, secured weathertight by tarpaulins and battening devices. 

Such covers are to be designed in accordance with ICLL Regulation 15. 

Note: Modern designs of lift-away hatch covers are in many cases called pontoon covers. This 

definition does not fit to the (3) above. Modern lift-away hatch covers are to fall into one of 

the two categories of single skin covers and double skin covers. 
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2.20.2 Weathertight steel hatch covers 

2.20.2.1 General requirements 

(1) These requirements apply to all ships except CSR bulk carriers, and are for all cargo hatch 

covers and coamings on exposed decks. As specified in this Section, parts of the requirements 

are for some specific ship types as categorized below: 

 Type-1 ships, including all ships except bulk carriers, self-unloading bulk carriers, ore 

carriers and combination carriers. 

 Type-2 ships, including all bulk carriers, self-unloading bulk carriers, ore carriers and 

combination carriers. 

(2) The strength requirements are applicable to hatch covers and hatch coamings of stiffened plate 

construction and their closing arrangements. 

(3) These requirements are applicable to hatch covers and coamings made of steel. The materials 

of hatch covers and hatch coamings are to meet the relevant requirements of Section 3, Chapter 

1 of this PART. The material class I is to be applied for top plate, bottom plate and primary 

supporting members of hatch covers. Equivalent materials and novel designs subject to 

approval by ISC. 

 

(4) Primary supporting members and secondary stiffeners of hatch covers are to be continuous 

over the breadth and length of hatch covers, as far as practical. When this is impractical, sniped 

end connections are not to be used and appropriate arrangements are to be adopted to provide 

sufficient load carrying capacity. 

 

The spacing of primary supporting members parallel to the direction of secondary stiffeners is 

not to exceed 1/3 of the span of primary supporting member. When strength calculation is 

carried out by FE analysis using plane strain or shell elements, this requirement may be relaxed 

appropriately. Secondary stiffeners of hatch coamings are to be continuous over the breadth 

and length of hatch coamings. 

 

(5) Unless stipulated otherwise, the thickness t in these requirements is net thickness. 

The net thicknesses are the member thicknesses necessary to obtain the minimum net 

scantlings required by 2.20.2.3 to 2.20.2.6 and 2.20.2.8 of this Section. 

The required gross thickness is obtained by adding the corrosion addition ts, given in 2.20.2.10 

of this Section, to the net thickness ts. 

Strength calculations using FEM are to be performed with net scantlings. 

 

 

2.20.2.2 Hatch cover and coaming load model 

The structural strength evaluation of hatch covers and hatch coamings is to be carried out using 

the design loads defined as follows: 

Definitions: 

L = length of ship, in m; 

LL = load line length, in m; 
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x = longitudinal distance measured from midpoint of structural member to the aft end of L 

or LL, in m; 

Dmin = the least moulded depth, in m, as defined in Regulation 3 of ICLL Annex I; 

hN = standard superstructure height, in m, to be calculated as follows: 

hN = 1.05 + 0.01LL , and1.8 ¢ hN ¢ 2.3 .  

 

(1) Vertical weather design load 

The pressure pH, in kN/m², on the hatch cover panel is given by ICLL. This may be taken from 

Table 2.20.2.2(1). The vertical weather design load is not to be combined with cargo loads in 

2.20.2.2(3) and (4). 

For Position 1 and Position 2, see Figure 2.20.2.2(1). 

Where an increased freeboard is assigned, the design load for hatch covers on the actual freeboard 

deck may be as required for a superstructure deck, provided that the summer freeboard is such that 

the resulting draught will not be greater than that corresponding to the minimum freeboard 

calculated from an assumed freeboard deck situated at a distance at least equal to the standard 

superstructure height hN below the actual freeboard deck, see Figure 2.20.2.2(2). 

 
Table 2.20.2.2(1) - Vertical Design Load pH of Weather Deck Hatches  

Position Vertical design load PH , kN/m2 

 
 
 
 
 
 
 
 
1 

  
For 24m Җ LL Җ 100m 

 

 

 

 
For LL Җ 100m 

 
 
 
 

9.81 x 3.5 

 

 
Upon exposed superstructure decks located at least one 
superstructure standard height above the freeboard deck: 9.81 x 
3.5 

 
 

2 

For 24m Җ LL Җ 100m 

 
For LL >100 m 

9.81 x 2.6 

Upon exposed superstructure decks located at least one superstructure standard 
height above the lowest Position 2 deck: 9.81x2.1 
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*  τ reduced load upon exposed superstructure decks located at least one superstructure standard 
height above the freeboard deck; 
**  τ reduced load upon exposed superstructure decks of vessels with LL > 100 m located at least 

one superstructure standard height above the lowest Position 2 deck. 
Figure 2.20.2.2(1) Positions 1 and 2 

 

 
 
*τ reduced load upon exposed superstructure decks located at least one superstructure standard 
height above the freeboard deck; 
**  τ reduced load upon exposed superstructure decks of vessels with LL > 100 m located at least 

one superstructure standard height above the lowest Position 2 deck. 
Figure 2.20.2.2(2) Positions 1 and 2 for an Increased Freeboard 

 
(2) Horizontal weather design load 

 General horizontal weather design load 
The horizontal weather design load p A , in kN/m2, for determining the scantlings of outer 

edge girders (skirt plates) of weather deck hatch covers and of hatch coamings is to be calculated 
by the following formula: 

 
where: 

 

, for L < 90 m; 
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, for 90m Җ L < 300m ; 

 
, for 300m Җ L < 350m ; 

 

, for 350m Җ L Җ 500m ; 

 
, for L < 90 m; 

CL = 1, for L җ 90m ; 

 

, for unprotected front coamings and hatch cover skirt plates; 

 

, for unprotected front coamings and hatch cover skirt plates, where the distance 

from the actual freeboard deck to the summer load line exceeds the minimum 

non-corrected tabular freeboard according to ICLL by at least one standard 

superstructure height; 

 

, for side and protected front coamings and hatch cover skirt plates; 

 

, for aft ends of coamings and aft hatch cover skirt plates abaft amidships; 

 

, for aft ends of coamings and aft hatch cover skirt plates forward of 

amidships; 

L1 = L, but need not be taken as greater than 300 m; 

 
Cb τ block coefficient, 0.6 Җ Cb Җ 0.8 , when determining scantlings of aft ends of coamings and 

aft  

hatch cover skirt plates forward of amidships, Cb taken less than 0.8; 

Ȅ Ψτ distance in m, between the transverse coaming or hatch cover skirt plate considered and 

aft  

end of the length L . For side coamings or side hatch cover skirt plates, the side is to be 

subdivided into parts of approximately equal length, not exceeding 0.15 L each, and άȄέ is 

to be taken as the distance between aft end of the length L and the centre of each part 

considered; 

z τ  vertical distance, in m, from the summer load line to the midpoint of stiffener span, or to 

the middle of the plate field; 
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is not to be less than 0.25; 

bΩ τ breadth of coaming, in m, at the position considered; 

BΩτactual maximum breadth of ship, in m, on the exposed weather deck at the position 

considered. 

The horizontal design load is not to be taken less than the minimum values given in Table 

2.20.2.2(2). 

Table 2.20.2.2(2) - Minimum Horizontal Design Load PAmin    

L Unprotected Fronts Elsewhere 

Җ рл Ƴ 30 15 

> 50 m and < 250 m 25 + L/10 12.5 + L/20 

җ нрл Ƴ 50 25 

 IƻǊƛȊƻƴǘŀƭ ǿŜŀǘƘŜǊ ŘŜǎƛƎƴ ƭƻŀŘ applicable to coamings of Type-2 ships 

The pressure Pcoam , in kN/m2, on the No. 1 forward transverse hatch coaming is given by: 

Pcoam =220 kN/m2̆when a forecastle is fitted in accordance with Section 13, Chapter 8 of this 

PART; 

Pcoam = 290 kN/m2 in the other cases; 

The pressure Pcoam , in kN/m2 , on the other coamings is given by: 

Pcoam = 220 kN/m2 

Note: The horizontal weather design loads pA and Pcoam need not be included in the direct 

strength calculation of the hatch cover, unless it is utilized for the design of substructures of 

horizontal support according to 2.20.2.9(2) ŷ. 

(3) Cargo loads 

   Distributed loads 

 The uniform cargo load on hatch covers due to cargo loads pL, resulting from heave and 

pitch (i.e. ship in upright condition) is to be determined according to the following formula:

 
where: pC τ uniform cargo load, in kN/m2; 

a
V τ vertical acceleration addition as follows: 
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 Point loads 

The load P, in kN, due to a concentrated force PS, in kN, except for container load, resulting from 

heave and pitch (i.e. ship in upright condition) is to be determined as follows:

 
(4) Container loads 

  The loads defined in  to  are to be applied where containers are stowed on the hatch 

cover. 

  Corner loads for ship in upright condition 

The load P, in kN, applied at each corner of a container stack, and resulting from heave and 

pitch (i.e. ship in upright condition) is to be determined as follows: 

 where:  
aV φ vertical acceleration addition according to (3) ŵ; 

M φ maximum designed mass of container stack, in t. 
 

 Corner loads for ship in heel condition 
²ƘŜǊŜ ŎƻƴǘŀƛƴŜǊǎ ŀǊŜ ǎǘƻǿŜŘ ƻƴ ƘŀǘŎƘ ŎƻǾŜǊǎΣ ǘƘŜ ƭƻŀŘǎ ŘǳŜ ǘƻ ƘŜŀǾŜΣ ǇƛǘŎƘ ŀƴŘ ǘƘŜ ǎƘƛǇΩǎ ǊƻƭƭƛƴƎ 
motion are to be determined as follows (see Figure 2.20.2.2(4)): 

 
where: 

aV τ vertical acceleration addition according to 2.20.2.2(3); 

M τ maximum designed mass of container stack, in t; 

hm τ designed height of centre of gravity of stack above hatch cover top, in m, may be 

calculated as weighted mean value of the stack, where the centre of gravity of each 

tier is assumed to be located at the centre of each container, = zi  

Zi τ distance from hatch cover top to the centre of ith container, in m;  

Wi τ mass of ith container, in t; 

b τ distance between foot points, in m; 

Az, Bz τ support forces in z-direction at the forward and aft stack corners; 

By τ support forces in y-direction at the forward and aft stack corners. 

 

Values of Az and Bz applied for the hatch cover strength evaluation are to be shown in the 

drawings of the hatch covers. 

Note: It is recommended that container loads as calculated above are considered as limit for foot 

point loads of container stacks in the calculations of cargo securing (container lashing). 
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Figure 2.20.2.2(4) 

 Load cases with partial loading 

The load cases in  ŀƴŘ  ŀōƻǾŜ ŀǊŜ ŀƭǎƻ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǇŀǊǘƛŀƭ ƴƻƴ-homogeneous 

loading which may occur in practice, e.g. where specified container stack places are empty. For 

each hatch cover, the heel directions, as shown in Table 2.20.2.2(4), are to be considered. The 

load case of partial loading of container hatch covers may be evaluated using a simplified 

approach, where the hatch cover is loaded without the outermost stacks that are located 

completely on the hatch cover. If there are additional stacks that are supported partially by the 

hatch cover and partially by container stanchions then the loads from these stacks may be 

neglected, refer to Table 2.20.2.2(4) Partial loading of container hatch covers. In addition, the 

case where only the stack places supported partially by the hatch cover and partially by 

container stanchions are left empty is to be assessed in order to consider the maximum loads 

in the vertical hatch cover supports. 

It may be necessary to also consider partial load cases where more or different container stack 

places are left empty. Therefore, ISC may require that additional partial load cases other than 

those in Table 2.20.2.2(4) be considered. 

 
Table 2.20.2.2(4)-Partial loading of container hatch covers   

Heel direction   

Hatch covers supported by 
the longitudinal hatch 
coaming with all container 
stacks located completely on 
the hatch cover 

  
Hatch covers supported by 
the longitudinal hatch 
coaming with the outermost 
container stack supported 
partially by the hatch cover 
and partially by container 
stanchions   
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Hatch covers not supported 
by the longitudinal hatch 
coaming (center hatch 
covers) 

  
 

 aƛȄŜŘ ǎǘƻǿŀƎŜ ƻŦ нлΩ ŀƴŘ плΩ ŎƻƴǘŀƛƴŜǊǎ ƻƴ ƘŀǘŎƘ ŎƻǾŜǊ 

In the case of mixed stowage (20'+40' container combined stack), the foot point forces at the fore 

and aft end of the hatch cover are not to be higher than resulting from the design stack weight 

for 4лΩ ŎƻƴǘŀƛƴŜǊǎΣ ŀƴŘ ǘƘŜ Ŧƻƻǘ Ǉƻƛƴǘ ŦƻǊŎŜǎ ŀǘ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ŎƻǾŜǊ ŀǊŜ ƴƻǘ ǘƻ ōŜ ƘƛƎƘŜǊ ǘƘŀƴ 

ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ ŘŜǎƛƎƴ ǎǘŀŎƪ ǿŜƛƎƘǘ ŦƻǊ нлΩ ŎƻƴǘŀƛƴŜǊǎΦ 

 

(5) Hatch covers, which in addition to the loads according to (1) to (4) above are loaded in the shipΩǎ 

transverse direction by forces due to elastic deformations of the shipΩǎ hull, are to be designed 

such that the sum of stresses does not exceed the allowable value given in 2.20.2.5. 

 

2.20.2.3 The net structural scantling of weathertight steel hatch covers is to be in compliance with 

the following requirements: 

(1) Local net plate thickness 

The local net plate thickness of the hatch cover top plating is not to be less than that obtained 

from the following formulae, and not less than 6 mm: 

where: 

Fp τ factor for combined membrane and bending response, calculated as follows: 

 Fp = 1.5 in general; 

 

 

for the attached plate flange of primary 

supporting members; 

s τ stiffener spacing, in mm;  

p τ pressure 

pH and pL , calculated according to 2.20.2.2 of this Section, in kN/m2; 

ˋ τ maximum normal stress of hatch cover top plating, in N/mm2, determined 

according to Figure 2.20.2.3; 

àττpermissible stress, see Table 2.20.2.5,, in N/mm2; 

ReH τ yield stress of materials, in N/mm2. 

 

For flange plates under compression, the buckling strength requirements of 2.20.2.6 of this 

Section are to be complied with. 
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Figure 2.20.2.3 

 

  The local net plate thickness of hatch covers for wheel loading is also to meet the relevant 

requirements of Section 21 of this Chapter. 

  The local net plate thickness of lower plating of double skin hatch covers and box girders 

are to comply with the following requirements: 

The thickness to fulfill the strength requirements is to be obtained from the calculation 

according to 2.20.2.4 under consideration of allowable stresses according to 2.20.2.5 of 

this Section. When the lower plating is taken into account as a strength member of the 

hatch cover, the net thickness, in mm, of lower plating is to be taken not less than 5 mm. 

When project cargo is intended to be carried on a hatch cover, the net thickness is not to 

be less than: 

 
where: sτ stiffener spacing, in mm. 

When the lower plating is not considered as a strength member of the hatch cover, the 

thickness of the lower plating is not to be less than 5 mm. 

Note: Project cargo means especially large or bulky cargo lashed to the hatch cover. Examples are parts of 

cranes or wind power stations, turbines, etc. Cargoes that may be considered as uniformly distributed 

over the hatch cover, e.g. timber, pipes or steel coils need not to be considered as project cargo. 

 

(2) The stiffeners of hatch covers are to comply with the following requirements: 

The net section modulus Z and net shear area Ashr of uniformly loaded hatch cover 

stiffeners constrained at both ends are not to be less than: 

 
where: l τ secondary stiffener span, in m, to be taken as the spacing of primary supporting 

members or the distance between a primary supporting member and the edge 

support, as applicable. When brackets are fit ted at both ends of all stiffener spans, 
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the secondary stiffener span may be reduced by an amount equal to 2/3 of the 

minimum brackets arm length, but not greater than 10% of the unsupported span, 

for each bracket; 

s τ spacing of stiffeners, in mm; 

p τ pH and pL, to be calculated according to 2.20.2.2 of this Section, in kN/m2; 

fbc τ boundary coefficient of stiffener, taken equal to: 

fbc = 8, in the case of stiffener simply supported at both ends or simply supported  

at one end and clamped at the other end; 

fbc = 12, in the case of stiffener clamped at both ends. 

s a τ allowable stress as defined in Tab.2.20.2.5, in N/mm2. 

 

For secondary stiffeners of lower plating of double skin hatch covers, requirements mentioned 

above are not applied due to the absence of lateral loads. For double skin hatch covers of holds 

designed for ballast or liquid cargo, the stiffeners on lower plating are to be strengthened 

according to ISC requirements. 

The net thickness, in mm, of the stiffener (except U-beams/ trapeze stiffeners) web is not to be 

less than 4 mm. 

The net section modulus of secondary stiffeners is to be determined based on an attached 

plate width assumed equal to the stiffener spacing. 

Stiffeners parallel to primary supporting members are to be continuous at crossing primary 

supporting members, and may be considered for calculations regarding cross-sectional 

properties of primary members. It is to be verified that the combined stress of those stiffeners 

induced by the bending of primary supporting members and lateral pressures does not exceed 

the allowable stresses according to 2.20.2.5 of this Section. When the lower plating is not taken 

into account as a strength member of the hatch cover, the requirements of this paragraph are 

not necessary for the stiffeners of lower plating. 

For hatch cover stiffeners under compression, sufficient safety against lateral and torsional 

buckling according to 2.20.2.6 of this Section is to be verified. 

For hatch covers subject to wheel loading, the relevant requirements of Section 21 of this 

Chapter are to be complied with. For hatch covers subject to point loads, stiffener scantlings 

are to be determined by direct calculations under consideration of the allowable stresses 

as required in 2.20.2.5 of this Section. 

(3) The net scantlings of primary supporting members are to comply with the following 

requirements: 

  Scantlings of primary supporting members are to be obtained from direct calculations 

according to 2.20.2.4 under consideration of allowable stresses according to 2.20.2.5 

of this Section. 

For all components of primary supporting members sufficient safety against buckling is 

to be verified according to 2.20.2.6 of this Section. For biaxially compressed flange 

plates, the buckling strength is to be verified within the effective width according to 

2.20.2.6(3)  of this Section. 

The net thickness, in mm, of webs of primary supporting members is not to be less than: 
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where: sτ spacing of stiffeners, in mm. 

 

  The net scantlings of edge girders are to comply with the following requirements: 

Scantlings of edge girders are to be verified according to 2.20.2.4 under consideration of 

allowable stresses according to 2.20.2.5 of this Section. 

The net thickness of the outer edge girders exposed to wash of seawater is not to be less 

than the largest of the following values:

 
where: s τ spacing of stiffeners, in mm; 

PA τ horizontal weather design pressure, calculated according to 2.20.2.2 of  

this Section, in kN/m2; 

For the required moment of inertia of edge girders, refer to 2.20.2.9(1) Ÿ. 

 

2.20.2.4 Strength calculation 

The stresses in hatch covers are to be determined by FE analysis. 

The stress calculation model in this section is to be used for both yielding and buckling strength 

assessments in accordance with 2.20.2.5 and 2.20.2.6, respectively. 

The net scantlings as defined in 2.20.2.1(5) are to be used.  

(1) General requirements for FEM calculations 

For strength calculations of hatch covers by means of finite elements, the cover geometry is to be 

idealized as realistically as possible. In no case element width is to be larger than stiffener spacing. 

In way of force transfer points and cutouts the mesh has to be refined where applicable. The ratio 

of element length to width is not to exceed 3. 

The element height of webs of primary supporting members is not to exceed one-third of the web 

height. Stiffeners, which support plates subjected to lateral pressure loads, are to be included in the 

FE model idealization. Stiffeners may be modelled by using beam elements, or shell/ plate elements. 

Buckling stiffeners may be disregarded for the stress calculation. 

Hatch covers fitt ed with U-type stiffeners as shown in Figure 2.20.2.4(1) are to be assessed by 

means of FE analysis. The geometry of the U-type stiffeners is to be accurately modelled using 

shell/ plate elements. Nodal points are to be properly placed on the intersections between the webs 

of a U-type stiffener and the hatch cover plate, and between the webs and flange of the U-type 

stiffener. 
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Figure. 2.20.2.4(1) Example of hatch cover fitt ed with U-type stiffeners 

 

 A right-handed coordinate system is to be used with: 

the x-axis measured in the longitudinal direction, positive forward; 

the y-axis measured in the transverse direction, positive to port from the centerline; 

the z-axis measured in the vertical direction, position upward. 

 The FEM is to be performed with net scantlings. 

 The finite element model is to be limited as follows: 

(a) for symmetry of the hatch cover girders, loads and supporting boundary conditions 

about only the x-axis or y-axis, it may be limited to a half of the hatch cover for check; 

(b) for non-symmetry of hatch cover girders, loads or supporting boundary conditions about any 

of the axes, the whole hatch cover may be taken for strength evaluation, see Figure 

2.20.2.4(2). 

 
Figure 2.20.2.4(2) Finite Element Hatch Cover Model 

 

 ¢ƘŜ model element is to comply with the following requirements: 

(a) all plating, including girders and stiffeners, is to be represented by the finite element 

model; 

(b) all plating, such as top plates, bottom plates, brackets, and girder webs, face plates of 

primary supporting members is to modeled using plate elements, triangular elements are to 

be avoided where possible; 

(c) all stiffeners are to be modeled using beam, rod or plate elements. 

 



PART B ς HULL SURVEYS 
 

 

213 

 The element mesh size is to be controlled as follows: 

(a) the mesh size is not to be greater than the spacing of stiffeners; 

(b) the girders are to be represented by at least 3 elements in the depth; 

(c) triangular and distorted quadrilateral elements with corner angles less than 60 degrees and 

greater than 120 degrees are to be avoided. 

 

 Boundary conditions are to be determined as follows: 

(a) for symmetry of the hatch cover girders and loads about the xz-plane, the longitudinal  

displacement of nodes in the symmetric plane and the rotations about the y and z axes

are to be taken as 0 respectively, i.e. d x =q y =q z = 0 , as shown in Figure 2.20.2.4(3); 

(b) for symmetry of the hatch cover girders and loads about the yz-plane, the transverse 

displacement of nodes in the symmetric plane and rotation about the x and z axes are to 

be taken as 0 respectively i.e. d y = q x = q z = 0 , as shown in Figure 2.20.2.4(3); 

(c) boundary nodes in way of bearing pads on the hatch coamings are generally to be fixed 

against displacement in the z direction, i.e.d z = 0 ; 

(d) lift ing stoppers are to be fixed against displacements in the direction determined by the 

stoppers; 

(e) hinges in folding type hatch covers are to be represented as rigid links which tie together 

displacements in the z direction. 

 

 
Figure 2.20.2.4(3) Boundary Conditions of Hatch Cover Model 

 

2.20.2.5 Yield strength and deflection criteria of hatch cover structures 

(1) Allowable stresses 

All hatch cover structures are to comply with the following formulae: 

s vm ¢  s a , for shell element; 
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s axial ¢ s a , for rod or beam elements. 

where:  s a τallowable stress in Table 2.20.2.5; 

ReH τyield stress of the material; 

s vm τ the equivalent stress may be taken as follows: 

  

where:  sx τ normal stress, in N/mm2, in x-direction; 

sy τ normal stress, in N/mm2, in y-direction; 

t τ shear stress, in N/mm2, in the x-y plane; 

s axial τaxial stress in rod or beam elements, in N/mm2. 

 

In case of FEM calculations using shell elements, the stresses are to be read from the centre of the 

individual element. It is to be observed that, in particular, at flanges of unsymmetrical girders, the 

evaluation of stress from element centre may lead to non-conservative results. Thus, a sufficiently 

fine mesh is to be applied in these cases or, the stress at the element edges is not to exceed the 

allowable stress. Where shell elements are used, the stresses are to be evaluated at the mid plane 

of the element. 

For steels with a yield stress of 390 N/mm2, it is taken as 368 N/mm2 for calculation. 

Stress concentrations are to be evaluated according to the actual conditions. 

 

Table 2.20.2.5 - Allowable stress    

Members of Subject to s a , in N/mm2 

 
 
 

Hatch cover structure 

External pressure, as defined 
in 2.20.2.2(1) 

0.80ReH 

 
 

Other loads, as defined in 
2.20.2.2(2)~(5) 

0.90ReH for static+dynamic 

load case 
 

0.72ReH for static load case 

 

 
(2) Deflection 

The vertical deflection of primary supporting members due to the load stipulated in 2.20.2.2 

of this Section is to be not more than 0.0056 lg, where lg is the greatest span of primary 

supporting 

member. 

Note: Where containers are arranged on hatch covers and mixed stowage is allowed, i.e., a 40Ω-container stowed 

on top of two 20Ω-containers, particular attention is to be paid to the deflections of hatch covers. Further the 

possible contact of deflected hatch covers with cargo in hold has to be considered. 

 

2.20.2.6 Buckling strength of hatch cover structures 

(1) General 

Buckling strength of all hatch cover structures is to be checked. Buckling assessments are to be 
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performed in compliance with the requirements in Appendix 5. 

The net scantlings as defined in 2.20.2.1(5) are to be used for buckling check.  

 

(2) Slenderness requirements 

The slenderness requirements are to be in accordance with those specified in Sec 2 of Appendix 

5. The slenderness requirements need not be applied to the lower boundary of double skin 

hatch covers unless the cargo hold is designed for carriage of ballast or liquid cargo. 

The breadth of the primary supporting member flange is to be not less than 40% of their depth 

for laterally unsupported spans greater than 3.0 m. Tripping brackets attached to the flange 

may be considered as a lateral support for primary supporting members. 

(3) Buckling requirements 

 These requirements apply to the buckling assessment of hatch cover structures subjected to 

compressive and shear stresses and lateral pressures. The buckling assessment is to be 

performed for the following structural elements: 

¶ Stiffened and unstiffened panels, including curved panels and panels stiffened with U-

type stiffeners. 

¶ Web panels of primary supporting members in way of opening. 

The buckling strength assessment of coaming parts is to be done according to this paragraph. 

For rule application, the panel types and assessment methods, the applied lateral pressure and 

stresses, safety factors and buckling check criteria are defined in 2.20.2.6(3)  -2.20.2.6(3) 

 , respectively. The procedure and detailed requirements for buckling assessment are 

given in Section 4 of Appendix 5, including idealization of irregular plate panels, definition of 

reference stresses and buckling criteria. 

Unless otherwise specified, the symbols used in 2.20.2.6(3) are defined in Appendix 5. 

 Panel types and assessment methods 

The plate panel of a hatch cover structure is to be modelled as stiffened panel (SP) or 

unstiffened panel (UP) as defined in 4.2, Section 4 of Appendix 5. Assessment Method A (-A) 

and Method B (-B) as defined in 1.3, Section 1 of Appendix 5 are to be used in accordance with 

Table 2.20.2.6(3) , Figure 2.20.2.6(3)  and Figure 2.20.2.6(3) . For a web panel with 

opening, the procedure for opening should be used for its buckling assessment. 

For a hatch cover fit ted with U-type stiffeners, the additional buckling assessment 

requirements specific for panels with U-type stiffeners in 5.2.5, Section 5 of Appendix 5 are also 

to be followed. 

 
Table 2.20.2.6(3) ŵ - Structural members and assessment methods   

Structural Elements 
Assessment 
Method (1)(2) 

Normal Panel Definition 

Hatch cover top/bottom plating structures όǎŜŜ CƛƎǳǊŜ нΦнлΦнΦсόоύ ύ 

Hatch cover top/bottom plating SP-A 
Length: between transverse 
girdersWidth: between longitudinal 
girders 

Irregularly stiffened panels UP-B Plate between local stiffeners / PSM 

Hatch cover web panels of primary supporting members όǎŜŜ CƛƎǳǊŜ нΦнлΦнΦсόоύ ύ 

Web of transverse/longitudinal girder (single skin type) UP-B 
Plate between local stiffeners / face 
plate / PSM 
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Web of transverse/longitudinal girder (double skin 
type) 

SP-B(3) 
Length: between PSMWidth: full web 
depth 

Web panel with opening 
Procedure for 

opening 
Plate between local stiffeners / face 
plate / PSM 

Irregularly stiffened panels UP-B 
Plate between local stiffeners / face 
plate / PSM 

Notes: 
1. SP and UP stand for stiffened panel and unstiffened panel respectively. 
2. A and B denote Method A and Method B respectively. 
3. In cases where buckling carlings or brackets are irregularly arranged in the web of a transverse or longitudinal 

girder, the UP-B method may be used. 
 

 
 
 

 
Figure 2.20.2.6(3ύ  
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Figure 2.20.2.6(3) Ŷ 

 
 Applied lateral pressure and stresses 

The buckling assessment of hatch covers is based on the lateral pressure as defined in 2.1 and 2.2, 

and stresses obtained from FE analysis, refer to 2.20.2.4. 

 Safety factors 

For all hatch cover structural members, safety factor S=1.0 is to be applied to both of the plating 

and stiffener buckling capacity formulas as defined in 5.2.2, Section 5 of Appendix 5 and 5.2.3, 

Section 5 of Appendix 5, respectively. 

 Buckling acceptance criteria 

A structural member is considered to have an acceptable buckling strength if it satisfies the 

following criterion: 

h ac t ¢ h all 

where: hact τ Buckling utilisation factor based on the applied stress, as defined in 1.3.2.2, 

Section 1 of Appendix 5 and Section 4 of Appendix 5, and calculated per 

Section 5 of Appendix 5. 

h al lτAllowable buckling utilisation factor, taken as given in Tab.2.20.2.6(3) Ź. 

 

Table 2.20.2.6(3) Ź - Allowable buckling uti lisation factors    

Structural 
component 

Subject to hall, allowable buckling 
utilisation factor 

 
Plates and stiffeners 
Web of PSM 

External pressure, as defined in 
2.20.2.2(1) 

0.80 

Other loads, as defined in 
2.20.2.2(2)~(5) 

0.90 for static+dynamic load 
case 0.72 for static load case 

 
2.20.2.7 Details of hatch covers 

(1) Container foundation on hatch covers 

Container foundations on hatch covers are to be in compliance with the relevant requirements 

of Appendix 1 of Chapter 7 of this PART. The calculated stresses of substructures of 

container foundations under cargo and container loads according to 2.20.2.2 of this Section 

are to comply with the requirements of 2.20.2.5 of this Section. 
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(2) Weathertightness 

In addition to the following requirements, the hatch covers are also to meet the relevant 

requirements of IACS REC14. 

 Packing material (general) 

The packing material is to be suitable for all expected service conditions of the ship and is 

to be compatible with the cargoes to be transported. The packing material is to be selected 

with regard to dimensions and elasticity in such a way that expected deformations may be 

carried. Forces are to be carried by the steel structure only. 

The packings are to be compressed so as to give the necessary tightness effect for all 

expected operating conditions. Special consideration is to be given to the packing 

arrangement in ships with large relative movements between hatch covers and coamings or 

between hatch cover sections. 

 Dispensation of weathertight gaskets 

For hatch covers of cargo holds intended solely for the transport of containers, upon 

request by the Owner and subject to compliance with the following conditions, the fitt ing 

of weathertight gaskets according to 2.20.2.7(2) may be dispensed with: 

¶ The hatchway coamings are to be not less than 600 mm in height

¶ For weather deck hatch covers located above a depth H (x) , H ( x) is to comply with the 

following criterion: 

H ( x) ² T fb + fb + h m 

where: Tfb τ draught, in m, corresponding to the assigned summer load line; 

fb τ minimum required freeboard, in m, determined in accordance with ICLL  

 

 
Regulation 28 as modified by further regulations as applicable; 

¶ Labyrinths, gutter bars or equivalents are to be fitted proximate to the edges of each panel in 

way of the coamings. The clear profile of these openings is to be kept as small as possible. 

¶ Where a hatch is covered by several hatch cover panels, the clear opening of the gap in between 

the panels is to be not wider than 50 mm. 

¶ The labyrinths and gaps between hatch cover panels are to be considered as unprotected 

openings with respect to the requirements of intact and damage stability calculations. 

¶ With regard to drainage of cargo holds and the necessary fire-fighting system, refer to the 

relevant requirements of Chapter 6, PART EIGHT of the Rules. 

¶ Bilge alarms are to be provided in each hold fitted with non-weathertight covers. 

¶ Furthermore, Chapter 3 of IMO MSC/Circ.1087 is to be complied with for the storage and 

segregation of containers carrying dangerous goods. 

 Cross-joint of multi-panel covers are to be provided with efficient drainage arrangements. 

 

2.20.2.8 Hatch coamings are to comply with the following requirements: 
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(1) The net thickness of weather deck hatch coamings is not to be less than the larger of the 

following values: 

¶ For Type-1 ships:  

 
¶ For Type-2 ships:  

 
 

where: s τ stiffener spacing, in mm; 

PA τ horizontal weather design load, in kN/m2, to be calculated according to  

2.20.2.2(2) 

 of this Section; 

p τhorizontal weather design load, in kN/m2, to be calculated according to  

2.20.2.2(2) 

 of this Section; 

L1 = L, but need not be taken as greater than 300 m. 

 

The continuous longitudinal hatch coamings within 0.4L amidships are also to comply with 

the relevant requirements of Section 2 of this Chapter. 

 

(2) The stiffeners of hatch coaming are to meet the following requirements: The stiffeners are 

to be continuous at the coaming stays. For stiffeners with both ends constrained, the net 

section modulus Z and net shear area Ashr, , calculated on the basis of net thickness, are 

not to be less than: 

¶ For Type-1 ships:  

 
 

where: f =12 in general 

= 8 for the end spans of stiffeners sniped at the coaming corners; 

l τ stiffener span, in m, to be taken as the spacing of coaming stays; 

s τ stiffener spacing, in mm; 

PA τ horizontal weather design load, in kN/m2, to be calculated according to 
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2.20.2.2(2)  of this Section. 

 

For sniped stiffeners of coaming at hatch corners, section modulus and shear area at the 

fixed support have to be increased by 35%. The gross thickness of the coaming plate at the 

sniped stiffener end is not to be less than: 

 
¶ For Type-2 ships: 

 

 

where: fbc τ16 in general, 12 for the end spans of stiffeners sniped at the coaming corners; 

l τstiffener span, in m, to be taken as the spacing of coaming stays; 

s τ stiffener spacing, in mm; 

PA τ horizontal weather design load, in kN/m2, to be calculated according to 

нΦнлΦнΦнόнύ  ƻŦ ǘƘƛǎ {ŜŎǘƛƻƴΤ 

Pcoam τ horizontal weather design load, in kN/m , to be calculated according  

to 2.20.2.2(2) Ŷ of this Section; 

Cp τ  ratio of the plastic section modulus to the elastic section modulus of the 

stiffeners with an attached plate breadth, in mm, equal to 40t, where t is the 

plate net thickness 

Cp τ 1.16 in the absence of more precise evaluation 

 

 

The horizontal stiffeners of continuous longitudinal hatch coamings within 0.4L 

amidships are also to comply with the relevant requirements of Section 2 of this 

Chapter. 

 

(3) Coaming stays are to be designed for the loads transmitted through them and are to comply 

with the following requirements, in addition to the allowable stresses stipulated in 2.20.2.5 

of this Section. 

 Coaming stay section modulus and web thickness 

At the connection with deck, the net section modulus Z, in cm3, and the gross 

thickness tw, in mm, of the coaming stays designed as beams with flange 

(examples 1 and 2 are shown in Figure 2.20.2.8(3)) are to be taken not less than: 
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where: HC τ stay height, in m; 

 sc τ  stay spacing, in mm; 

h τ  stay depth, in mm, at the connection with the deck; 

p τ  pressure on coaming, in kN/m2 , taken as pA defined in 2.20.2.2(2)  

 in general and as Pcoam defined in 2.20.2.2(2)  for Type-2 ships. 

For other designs of coaming stays, such as those shown in Figure 2.20.2.8(3), examples 3 

and 4, the stresses are to be determined through a grillage analysis or FEM. The calculated 

stresses are to comply with the permissible stresses according to 2.20.2.5 of this Section. 

Coaming stays are to be supported by appropriate substructures. Face plates may only be 

included in the calculation of section modulus of coaming stays if an appropriate 

substructure is provided and welding provides an adequate joint. 

Webs are to be connected to the deck by fillet welds on both sides with a throat thickness 

of not less than 0.44tw. For Type-2 ships, toes of stay webs are to be connected to the deck 

plating with full or partial penetration double bevel welds extending over a distance not 

less than 15% of the stay width. For other ship types the size of welding for toes of webs at 

the lower end of coaming stays is to comply with the relevant requirements of Chapter 1 of 

this PART. 

  
Example 1 Example 2 

  
Example 3 Example 4 

Figure 2.20.2.8(3) Examples of coaming stays 
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 For coaming stays, which transfer friction forces at hatch cover supports, fatigue strength is 

to be considered. 

 

(4) (The hatch coaming is also to comply with the following requirements: 

 Hatch coamings which are part of the longitudinal hull structure are to be designed 

according to the relevant requirements of Section 2 of this Chapter. 

 For structural members welded to coamings and for cutouts in the top of coamings, 

sufficient fatigue strength is to be verified. 

  Longitudinal hatch coamings with a length exceeding 0.1L are to be provided with tapered 

brackets or equivalent transitions and a corresponding substructure at both ends. At the 

end of the brackets, they are to be connected to the deck by full penetration welds of 

minimum 300 mm in length. 

  The local details are to be designed to transfer the loads on the hatch covers to the hatch 

coamings, and, through them, to the deck structures below. Hatch coamings and supporting 

structures are to be adequately stiffened to accommodate the loading from hatch covers, 

in longitudinal, transverse and vertical directions. Structures under deck are to be checked 

against the load transmitted by the stays. Unless otherwise stated, welding and material 

are to comply with the relevant requirements of ISC. 

  On ships carrying cargo on deck, such as timber, coal or coke, the stays are to be spaced not 

more than 1.5 m apart. 

  Coaming plates are to extend to the lower edge of the deck beams or hatch side girders 

are to be fit ted that extend to the lower edge of the deck beams. Extended coaming plates 

and hatch side girders are to be flanged or fitt ed with face bars or half-round bars. See 

Figure 2.20.2.8(4). 

 
 

Figure 2.20.2.8(4) Example for the Extension of Coaming Plates 

 

 Drainage arrangement at the coaming is to comply with the following requirements: 

If drain channels are provided inside the line of gasket by means of a gutter bar or vertical 

extension of the hatch side and end coaming, drain openings are to be provided at 

appropriate positions of the drain channels. 

Drain openings in hatch coamings are to be arranged with sufficient distance to areas of 

stress concentration (e.g. hatch covers, transitions to crane posts). 

Drain openings are to be arranged at the ends of drain channels and are to be provided with 

non-return valves to prevent ingress of water from outside. It is unacceptable to connect 
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fire hoses to the drain openings for this purpose. 

If a continuous outer steel contact between cover and ship structure is arranged, drainage 

from the space between the steel contact and the gasket is also to be provided. 

 

2.20.2.9 Closing arrangements of weathertight steel hatch covers 

(1) Securing arrangements 

  General requirements 

Securing devices between cover and coaming and at cross-joints are to be installed to provide 

weathertightness. Sufficient packing line pressure is to be maintained. Securing devices are 

to be appropriate to bridge displacements between cover and coaming due to hull 

deformations. 

Securing devices are to be of reliable construction and effectively attached to the hatchway 

coamings, decks or covers. Individual securing devices on each cover are to have 

approximately the same stiffness characteristics. According to the requirements of 

2.20.2.3(3)  of this Section, a sufficient number of securing devices is to be provided at 

each side of the hatch cover, including that consisting of several parts. 

The materials of stoppers, securing devices and their welding are to comply with the relevant 

requirements of ISC Rules for Materials and Welding. Specifications of the materials are to be 

shown in the drawings of the hatch covers. 

  Rod cleats 

Where rod cleats are fit ted, resilient washers or cushions are to be incorporated. 

  Hydraulic cleats 

Where hydraulic cleating is adopted, a positive means is to be provided so that it remains 

mechanically locked in the closed position in the event of failure of the hydraulic system. 

  Cross-sectional area of the securing devices 

The gross cross-sectional area of the securing devices is not to be less than: 

 

 

 

where: q τpacking line pressure, in N/mm, minimum 5 N/mm; 

SSD τ spacing between securing devices, in m, not to be taken less than 2 m; 

       
 

ReH τ the minimum yield stress of material, in N/mm2, but not to be taken  

greater than 0.7 Rm ; 

 

Rm τ tensile strength of material, in N/mm2; 

e =0.75 for ReH > 235 N/mm2; 

e =1.00 for ReH ¢ 235 N/mm
2
. 

 

Rods or bolts are to have a gross diameter not less than 19 mm for hatchways 



PART B ς HULL SURVEYS 
 

 

224 

exceeding 5m2 in area. Securing devices of special design in which significant bending 

or shear stresses occur may be designed as anti-lifting devices according to 

2.20.2.9(1) . The design load is taken as the packing line pressure q multiplied by the 

spacing SSD between securing devices. 

  Anti-lift ing devices 

The securing devices of hatch covers, on which cargo is to be lashed, are to be designed 

for the lifting forces resulting from loads according to 2.20.2.2(4) of this Section, refer 

to Figure 2.20.2.9(1).  Unsymmetrical loadings, which may occur in practice, are to be 

considered. Under these loadings the equivalent stress in the securing devices is not 

to exceed:  

where: kl τ as in 2.20.2.9(1) . 

Note: The partial load cases given in Table 2.20.2.2(4) may not cover all unsymmetrical loadings, 

critical for hatch cover lifting. 

 

 

Figure 2.20.2.9(1) Lifting Forces at a Hatch Cover 

 

The anti-lifting devices may be dispensed with according to the following 

requirements: 

In the absence of hatch cover lift ing under loads arising from the shipΩs rolling motion, 

securing devices for hatch covers may be omitted. In such cases, it is to be proven by 

means of grillage or finite element analysis that an equilibrium condition is achieved 

using compression only boundary elements for the vertical hatch cover supports. 

If securing devices are omitted, transverse cover guides are to be effective up to a 

height hE , as shown in Figure 2.20.2.9(2), where hE is not to be less than: 

 

where: e τ  largest distance from the inner edge of the transverse cover guide to 

the end of the cover edge plate, in mm; 

s τ  total clearance within the transverse cover guide, with 10 Җ s Җ 40, in mm; 

d τ distance between upper edge of transverse stopper and hatch cover 

support, in 
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Figure 2.20.2.9(2) Height of Transverse Cover Guide 

 

The transverse cover guides and their substructure are to be dimensioned in 

accordance with the transverse loads acting at a height hE . 

 

(2) Hatch cover supports, stoppers and supporting structures 

 Horizontal mass forces 

For the design of hatch cover supports, the horizontal mass force is to be taken as follows: 

 

Fh = ma 

 

where: Fhτ horizontal mass force, in kN;

aX = 0.2g in longitudinal direction; 

aY = 0.5 g in transverse direction; 

mτ sum of mass of cargo lashed on the hatch cover and mass of hatch cover. 

The accelerations in longitudinal direction and in transverse direction need not be 

considered as acting simultaneously. 

 Hatch cover supports 

For the transmission of the support forces resulting from the load cases specified in 

2.20.2.2 of this Section and of the horizontal mass forces specified in (2) , supports are to be 

provided which are to be designed such that the nominal surface pressures in general do not 

exceed the values obtained from the following formula:

 

 

where:  d = 3.75-0.015L; 

  dmax = 3.0; 

 d min = 1.0, in general; 

 d min =2.0, for partial loading conditions, see 2.20.2.2(5); 

 Pn τ Allowable nominal surface pressure, see Table 2.20.2.9(2). 

 
 
 
 



PART B ς HULL SURVEYS 
 

 

226 

Table 2.20.2.9(2) - Allowable Nominal Surface Pressure Pn 

Support Material 
Pn (N/mm²) when loaded by 

Vertical Force Horizontal Force (on stoppers) 

Hull structural steel 25 40 

Hardened steel 35 50 

Lower friction materials 50 τ 

For metallic supporting surfaces not subjected to relative displacements, the following 
nominal surface pressure applies: 

pn max = 3 pn N/mm2 

 
Note: When the maker of vertical hatch cover support material can provide proof that the material is sufficient for the 

increased surface pressure, not only statically but under dynamic conditions including relative motion for 

adequate number of cycles, permissible nominal surface pressure may be relaxed at the discretion of ISC. 

However, realistic long term distribution of spectra for vertical loads and relative horizontal motion is to be 

assumed and agreed with ISC. 

 

Drawings of the supports are to be submitted for approval. In the drawings of supports, the 

permitted maximum pressure given by the material manufacturer is to be indicated. Where large 

relative displacements of the supporting surfaces are to be expected, the use of material having low 

friction properties is recommended. The substructures of the supports are to be of such a 

design that a uniform pressure distribution is achieved. Irrespective of the arrangement of 

stoppers, the supports are to be able to transmit the following force Ph in the longitudinal and 

transverse direction: 

 

 

 

where: Pv τ vertical supporting force; 

mτ frictional coefficient; 

m= 0.5 steel to steel. 

For non-metallic, low-friction support materials on steel, the friction coefficient may be reduced 

but not to be less than 0.35 and it is to be submitted to ISC for approval. Supports as well as the 

adjacent structures and substructures are to be designed such that the allowable stresses in 

2.20.2.5 of this Section are not exceeded. For substructures and adjacent structures of supports 

subjected to horizontal forces Ph, a fatigue strength is to be considered. 

 

 Hatch cover stoppers 

Hatch covers are to be sufficiently secured against horizontal shifting. Stoppers are to be provided 

for hatch covers on which cargo is carried. 

The greater of the loads resulting from 2.20.2.2(2) of this Section and 2.20.2.9(2)  is to be 

applied for the dimensioning of the stoppers and their substructures. 

The allowable stress in stoppers and their substructures, in the cover, and of the coamings is to 

be determined according to 2.20.2.5 of this Section and in addition, the requirements in 
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2.20.2.9(2)  are to be taken into consideration. 

Specifically for Type-2 ships, the following additional requirements are to be complied with: 

Hatch covers are to be effectively secured, by means of stoppers, against the transverse forces 

arising from a pressure of 175 kN/m2. 

With the exclusion of No.1 hatch cover, hatch covers are to be effectively secured, by means of 

stoppers, against the longitudinal forces acting on the forward end arising from a pressure of 175 

kN/m2. 

No. 1 hatch cover is to be effectively secured, by means of stoppers, against the longitudinal forces 

acting on the forward end arising from a pressure of 230 kN/m2. 

This pressure may be reduced to 175 kN/m2 when a forecastle is fitt ed in accordance with Section 

13, Chapter 8 of this PART. 

The equivalent stress in stoppers and their supporting structures, and calculated in the throat 

of the stopper welds is not to exceed the allowable value of 0.8ReH. 

 

2.20.2.10 Corrosion addition and steel renewal 

(1) Corrosion addition for hatch covers and hatch coamings 

For scantlings of hatch cover components, the general corrosion additions tS, as shown in Table 

2.20.2.10, is required. 

 

Table 2.20.2.10 - Corrosion Addition tS for Hatch Covers and Hatch Coamings   
Application Structure tS [mm] 

Weather deck hatches of 
container ships, car carriers, 
paper carriers and passenger 
vessels 
  

Hatch covers 1 

Hatch coamings 

1.5 for t Җ мл  

 

Weather deck cargo hatches of 
Type-2 ships 
  
  
  

Hatch covers in general 2 

Top and bottom plating of double skin hatch 
covers 

2 

Internal structure of double skin hatch covers 1.5 

Hatch coamings and coaming stays 1.5 

Weather deck hatches of all 
other ships 
  
  
  
  
  

Hatch covers in general 2 

Weather-exposed plating and bottom plating of 
double skin hatch covers 

1.5 

Internal structure of double skin hatch covers 
and closed box girders 

1 

Hatch coamings not part of the longitudinal 
hull structure 

1.5 

Hatch coamings part of the longitudinal hull 
structure 

1.5 for t Җ мл 

 
Coaming stays and stiffeners 1.5 

 

Notes:  t:  net thickness of hatch coaming required by the Rules. 
K: material factor. 

(2) Steel renewal 
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Steel renewal is required where the gauged thickness is less than tnet + 0.5 mm for 

ω single skin hatch covers, 

ω the plating of double skin hatch covers, and 

ω coaming structures the corrosion additions tS of which are given in Table 2.20.2.10. 

Coating is to be maintained in GOOD condition, as defined in 5.1.5.1(15), Chapter 5 of PART 
ONE of the Rules. 
For internal structure of double skin hatch covers, thickness gauging is required when hatch cover 
top or bottom plating renewal is to be carried out or when it is deemed necessary by ISC surveyor, 
on the basis of the plating corrosion or deformation. In these cases, steel renewal for the internal 
structures is to be required where the gauged thickness is less than tnet. 
For corrosion addition tS = 1.0 mm, the thickness for steel renewal is tnet and coating or annual 

gauging may be used for substitution of renewal when gauged thickness is between tnet and tnet 
+ 0.5 mm. 

For coaming structures, the corrosion additions tS of which are not given in Table 2.20.2.10, steel 

renewal and coating or annual gauging are to be in accordance with the relevant requirements 
of ISC. 
 
2.20.3 Steel pontoon covers 
2.20.3.1 The design load of steel pontoon covers is to comply with the following requirements:  
(1) The design load of vertical exposed hatch covers is to be calculated according to 

Table 2.20.2.2(1) of this Section. 
(2) The permissible cargo load p on hatch covers is to be specified by the Owner or designer and 

included in the loading manual, complying with the following requirements: 
The permissible cargo load p for Ωǘǿeen deck hatch covers is not to be less than:

p = 7.06h kN/m2 

where: h τ the vertical distance, in m, measured from the hatch cover to the underside 
of hatch cover stiffeners on deck above. 

This requirement does not apply to multi-purpose ships of which the Ωǘǿeen deck hatch 

covers are used as Ωǘǿeen deck, see Figure 2.20.3.1(2) of this Section. 

 

 
Figure 2.20.3.1(2) 

 

 The permissible cargo load p for hatch covers in the accommodation spaces is not to be 

less than 12.7 kN/m2. 
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2.20.3.2 The local scantlings of hatch covers are to comply with the following requirements: 
(1) The thickness t of the top plating of steel hatch covers is not to be less than that obtained 

from the following formula: 

 mm, but in no case to be less than 6 mm. 

where: sτ spacing of stiffeners, in mm. 
(2) The scantlings of stiffeners and girders of steel pontoon covers are to comply with the 

following requirements: 

 Where the uniformly distributed design load of vertical exposed hatch covers is applied, 
the section modulus W and the section moment of inertia I of stiffeners are not to be less 
than: 

 
where: pτ vertical weather design load, in kN/m2; sτ spacing of stiffeners, in mm;  

lτ span of stiffener, in m; Kτmaterial factor. 
 Where the uniformly distributed cargo load is applied, the section modulus W and 
the section moment of inertia I of stiffeners are not to be less than: 

 
where: pτpermissible cargo load, in kN/m2; sτspacing of stiffeners, in mm;  

lτspan of stiffener, in m; Kτmaterial factor. 
 

 Where the ends of stiffeners are effectively bracketed or continuous, the values of section 
modulus and moment of inertia may be reduced respectively by 33% and 80% than those 
obtained from  or . 
 The scantlings of girders of steel pontoon covers are to be determined by direct 
calculations. Where steel pontoon covers are subject to uniformly distributed loading and 
girders are fitt ed in one direction only, however, the scantlings of girders may also be 
determined according to  and . 

 

2.20.3.3 The direct strength calculation of steel pontoon covers is to be in compliance with the 
requirements of 2.20.2.4 of this Section. 
 
2.20.3.4 Yield strength and deformation criteria of steel hatch covers of steel pontoon covers. The 
yield strength and deflection of steel pontoon covers are to meet the requirements of Table 
2.20.3.4. 

 
Table 2.20.3.4 - Steel Pontoon Covers   

Load 
Allowable Positive 
{ǘǊŜǎǎ ώˋϐ (N/mm²) 

Allowable 
Deflection (m) 

Vertical weather design load 0.70 ReH 0.0049 l 

Loads other than vertical weather design load 0.65 ReH 0.0044 l 
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2.20.3.5 The buckling strength of steel pontoon covers is to meet the requirements of Table 
2.20.3.5(1). 
 
Table 2.20.3.5(1) - Buckling Strength Criteria of Steel Pontoon Covers   

Structural Member Criteria 

Top panels of 
hatch covers 

Girders fitted in 
uni-axial 
direction: 

The normal stress of top panels in compression of girders is not to exceed 0.8 
ǘƛƳŜǎ ǘƘŜ ŎǊƛǘƛŎŀƭ ōǳŎƪƭƛƴƎ ǎǘǊŜǎǎΣ ˋŎΦ ˋŎ Ƴŀȅ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 
2.20.3.5(1). 

Girders fitted in 
bi-axial 
directions: 

 The biaxial compressive stress of top panels, when calculated by means of a 
finite plate element model, is to comply with the relevant requirements in 
2.20.2.6(1) of this Section. 

Girder webs 
The shear stress of girder web panels is not to exceed 0.8 times the critical 
ǎƘŜŀǊ ōǳŎƪƭƛƴƎ ǎǘǊŜǎǎΣ ˍŎΦ ˍŎ Ƴŀȅ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ нΦнлΦоΦрόоύΦ 

Stiffeners parallel to girders 
The normal stress of the attached plating of stiffeners, in compression of 
girders parallel to stiffeners, is not to exceed 0.8 times the critical buckling 
ǎǘǊŜǎǎΣ ˋŎΦ ˋŎ Ƴŀȅ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ нΦнлΦоΦрόнύΦ 

 

(1) Hatch cover plating critical stress 

The compressive stress  ̀ in the hatch cover plate panels, induced by the bending of primary 

supporting members parallel to the direction of secondary stiffeners, is not to exceed 0.8 times 

the critical buckling stress ̀ c1, to be evaluated as defined below: 

 

 

The biaxial compressive stress in the hatch cover panels, when calculated by means of FEM shell 

element model, is to be in accordance with the requirements of 2.20.2.6, Chapter 2 of this PART. 

 

(2) Hatch cover secondary stiffeners critical stress 

The compressive stress  ̀ in the top flange of secondary stiffeners, induced by the bending of 

primary supporting members parallel to the direction of secondary stiffeners, is not to exceed 0.8 

times the critical buckling stress ̀ cs, to be evaluated as defined below: 
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Table 2.20.3.5(2) - Number of Half Waves (m value)     

 
K 

 
0 < K Җ 4 

 
4 < K Җо6 

 
36 < K Җ 144 

(m ҍ 1)2m < K Җ m2(m + 1)2 

m 1 2 3 m 
 

(3) Web panels of hatch cover primary supporting members critical stress 

This check is to be carried out for the web panels of primary supporting members, formed by web 

stiffeners or by the crossing with other primary supporting members, the face plate (or the 

bottom cover plate) or the attached top cover plate. 

The shear stress ̱  in the hatch cover primary supporting member web panels is not to exceed 0.8 

times the critical buckling stress ̱ c, to be evaluated as defined below: 

 
where:   

òF  τ yield stress of the material, in N/mm2; 

òE  τ spacing of stiffeners, in m; 

E τ span of stiffener, in m; 

t pr, n  τ material factor. 
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kt = 

 

a τ greater dimension of web panel of primary supporting member, in m; 

d τ smaller dimension of web panel of primary supporting member, in m. 

For primary supporting members parallel to the direction of secondary stiffeners, the actual 

dimensions of the panels are to be considered. 

For primary supporting members perpendicular to the direction of secondary stiffeners or for 

hatch covers built without secondary stiffeners, a presumed square panel of dimension d is to be 

taken for the determination of the stress c̱. In such a case, the average shear stress  ̱between 

the values calculated at the ends of this panel is to be considered. 

 

2.20.3.6 Steel pontoon covers are to be provided with tarpaulins and securing devices in 

accordance with the following requirements: 

(1) At least two layers of tarpaulin in good condition are to be provided for each hatchway in 

exposed freeboard and superstructure decks. 

(2) Tarpaulins are to be free from jute, and the minimum weight in unit area of the material before 

treatment is to be: 

0.65 kg/mm2, if the material is tarred; 

0.65 kg/mm2, if the material is chemically dressed; 

0.55 kg/mm2, if the material is dressed with black oil. 

(3) Cleats are to be welded to the hatch coamings or the horizontal stiffeners, and the cleats are 

to be so set as to fit  the taper of the wedges. The width of cleats is not to be less than 65 mm, 

and the cleats are to be spaced not more than 600 mm from centre to centre. The first and last 

cleats along each side or end are to be arranged not more than 150 mm from the hatch covers. 

(4) Wedges are to be of tough wood. They are to have a taper of not more than 1 in 6 and are not 

to be less than 13 mm in thickness at the point. 

(5) For all hatchways situated in exposed freeboard and superstructure decks, steel bars or other 

equivalent means are to be provided in order to efficiently secure each section of hatch covers 

after the tarpaulins are battened down. Hatch covers of more than 1.5 m in length are to be 

secured by at least two such securing appliances. 

(6) For all hatchways situated in other exposed positions, ring bolts or other fitt ings for lashings 

are to be provided. 

 

2.20.3.7 The hatch coamings of steel pontoon covers are to comply with the following 

requirements: 

(1) Construction of exposed hatch coamings 

  The thickness t of hatch coamings is not to be less than that obtained from the following 

formula: 

t = 0.05L+ 6.5 mm 

where: Lτ length of ship, in m, need not be greater than 90 m. 
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  Coamings of 600 mm or more in height are to be stiffened on their upper edges or at about 

250 mm below the upper edge by a horizontal bulb flat or equivalent strength member. The 

web depth of the horizontal bulb flat is not to be less than 180 mm, and an additional support 

is to be afforded by fit ting vertical stays or brackets from the bulb flat to the deck at intervals 

of not more than 3 m. The web depth of the stiffeners or brackets is to be not less than that 

of the horizontal bulb flat and they are to be flanged or fit ted with a face plate. Where the 

coamings are more than 900 mm in height, the spacing of the above-mentioned stays or 

brackets is to be suitably reduced. Where the coamings are equal to or more than 1,200 mm 

in height, an additional horizontal bulb flat or equivalent strength member is to be fitted in 

way of half height of the coaming. Where the coamings are subject to loaded containers, the 

hatch coamings and their supporting members are to be strengthened correspondingly. 

  Where no face plate is fitted, the upper edges of coamings are to be stiffened by half round 

bars or other rolled bars to ensure the rigidity of coamings and the smoothness of their upper 

edges. 

  Where the deck plating does not extend inside the coamings, the coamings at the corners of 

hatchways are to be rounded. For openings within 0.5L amidships, the radius of the rounded 

corner is to comply with the requirements of 2.4.4 of this Chapter. 

If the deck plating extends inside the coamings, the coamings at the corners of hatchways 

may be square provided that the corners of deck openings are in compliance with the 

requirements of 2.4.4 of this Chapter and that the longitudinal coamings at hatch corners are 

extended in the form of a tapered bracket. 

 Extension brackets or rails arranged approximately in line with the cargo hatch side 

coamings and intended for the stowage of steel covers are not to be welded to a deckhouse or 

masthouse, unless upon calculation it shows that the hatch coamings may be used as 

longitudinal strength members of the hull. 

 Where the exposed hatch coamings act as deck girders, they are also to comply with the 

relevant requirements of 2.8.8 of this Chapter. 

(2) Where the Ωtween deck hatch coamings act as deck girders, they are also to comply with the 

relevant requirements of 2.8.8 of this Chapter. 

 

2.20.4 Hatch covers with portable beams 

2.20.4.1 The design load of hatch covers with portable beams is to comply with the following 

requirements: 

(1) The vertical weather design load of exposed hatch covers is to comply with Table 2.20.2.2(1) 

of this Section. 

(2) The permissible cargo load on hatch covers is to comply with the requirements of 2.20.3.1(2) 

of this Section. 

 

2.20.4.2 Hatch covers with portable beams are to be in compliance with the following 

requirements: 

(1) Hatch covers with portable beams, where the cover is made of steel, are to meet the 

requirements of 2.20.3.2(1) of this Section; where the cover is made of wood, the thickness t is not 
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to be less than that obtained from the following formula: 

t = 40S mm, but in no case to be less than 60 mm 

where: Sτ spacing of portable hatch beams, in m. 

Where the design load exceeds 18.4 kN/m2, the thickness of wood covers is to be increased 

in direct proportion to the load. 

Both ends of wood hatch covers are to be protected by encircling galvanized steel bands, about 

65 mm wide and 3 mm thick, efficiently secured. 

 

(2) Where the vertical design load is applied, the exposed hatch covers with portable beams are 

to comply with the following requirements: 

  The section modulus W and the section moment of inertia I of the portable beams are not to 

be less than: 

W = 0.782KSpl 2 cm3 

I = 1.44Spl 3 cm4 

where:   

p  τ vertical weather design load, in kN/m2, to be calculated according to 

2.20.4.1 of this Section; 

S  τ spacing of stiffeners, in m; 

l  τ span of stiffener, in m; 

K  τ material factor. 

  The ends of web plates are to be doubled, or inserts fitted for at least 180 mm along length of 

web. 

  The portable beams are to be stiffened at their upper and lower edges by continuous face 

plates. The width of the upper face plate is to be sufficient to provide a bearing surface of not 

less than 65 mm for hatch covers, and a vertical flat bar with a height of 50 mm is to be arranged 

on the upper face plate. 

  Carriers or sockets are to provide means for the efficient fitting and securing of portable hatch 

beams. The width of bearing surface is at least to be 75 mm. 

  The section modulus W and the section moment of inertia I of stiffeners of steel covers are 

not to be less than: 

W = 0.664KSpl 2  cm3 

I = 1.13Spl 3 cm4 

where:   

p  τ vertical weather design load, in kN/m2, to be calculated according to 2.20.4.1 of 

this Section; 

l  τ span of stiffener, in m; 

s  τ spacing of stiffeners, in m; 

K  τ material factor. 

 



PART B ς HULL SURVEYS 
 

 

236 

(3) Where the uniformly distributed cargo load is applied, the hatch covers with portable beams 

are to comply with the following requirements: 

  The section modulus W and the section moment of inertia I of portable beams are not to be 

less than: 

W = 1.064KSpl 2   cm3 

I = 1.8Spl 3   cm4 

where:   

p  τ permissible cargo load, in kN/m2; 

S τ spacing of portable beams, in m; 

l τ span of portable beam, in m; 

K  τ material factor. 

  tƻǊǘŀōƭŜ ōŜŀƳǎ ŀǊŜ ŀƭǎƻ ǘƻ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ нΦнлΦпΦнόнύ  ǘƻ Φ 

  The section modulus W and the section moment of inertia I of portable beams are not to be 

less than: 

W = 1.064KSpl 2   cm3 

I = 1.8Spl 3   cm4 

where:   

p  τ permissible cargo load, in kN/m2; 

l  τ span of portable beam, in m; 

s  τ spacing of portable beams, in m; 

K  τ material factor. 

(4) The scantling of stiffeners and girders with a variable cross-section for hatch covers with 

portable beams are to comply with the requirements of 2.20.3.2(3) of this Section. 

2.20.4.3 The direct strength calculation of hatch covers with portable beams is to comply with the 

requirements of 2.20.2.4 of this Section. 

2.20.4.4 The yield strength and deformation of hatch covers with portable beams is to comply with 

the requirements of 2.20.3.4 of this Section. 

2.20.4.5 The buckling strength of hatch covers with portable beams is to comply with the 

requirements of 2.20.3.5 of this Section. 

2.20.4.6 The closing appliances of hatch covers with portable beams are to comply with the 

requirements of 2.20.3.6 of this Section. 

2.20.4.7 The hatch coamings of hatch covers with portable beams are to comply with the 

requirements of 2.20.3.7 of this Section. 

 

 

2.20.5 Miscellaneous openings 

2.20.5.1 Miscellaneous openings are to comply with the requirements of 1.12.7 of Chapter 1 of this 

PART. 
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2.20.5.2 Small hatchways on exposed decks are also to comply with the following requirements:  

(1) The height of coamings of small hatchways is to comply with the requirements of 2.20.1.8 of 

this Section. The thickness of the coamings is not to be less than the minimum thickness as 

required in this Chapter for the deck inside the line of openings for that position, or 11 mm, 

whichever is the lesser; 

(2) Small hatchways are to be provided with steel weathertight hatch covers and reliable securing 

devices. The means of securing are to be such that weathertightness can be maintained in 

any condition. The thickness of the hatch covers is not to be less than the minimum thickness 

required by this Chapter for the deck inside the line of openings for that position, or 8 mm, 

whichever is the lesser; 

(3) Strength and securing of small hatches on the exposed fore deck are also to comply with the 

relevant requirements of Section 7, Chapter 1 of this PART. 

 

SECTION 21 - VEHICLE DECKS 

 

2.21.1 General requirements 

2.21.1.1 Where wheeled vehicles are to be stowed on the deck or used for cargo handling, the 

scantlings of the deck or hatch covers are to comply with the relevant requirements in this PART 

and in addition, are to be checked for strength in accordance with the requirements of this Section. 

 

2.21.1.2 Where wheeled vehicles are to be stowed on the inner bottom or used for cargo handling, 

the strength of inner bottom plating in way may also be checked by reference to the requirements 

of this Section. 

 

2.21.2 Deck plating 

2.21.2.1 The thickness of deck plating is to comply with the following requirements: 

(1) The thickness t of deck plating is not to be less than that obtained from the following formula: 

 
where:   

p  τ load, in t, on the tyre print. Two closely spaced wheels may be regarded as a 

combined wheel print and the sum of loads on both tyre prints is to be 

taken; 

K τ material factor. 

C, J  τ coefficients, to be calculated as follows: 

 

 

 

 

 

 



PART B ς HULL SURVEYS 
 

 

238 

 

 

 

 

 

 

 

 

 

 

 

 

where:  

 

τ  

l  τ span of frames, in m; 

s τ spacing of frames, in m; when l/s > 2.5, to be taken as 2.5. 

 

 

 

 

Figure 2.21.2.1(1) Figure 2.21.2.1(2) 

 

 
(2) Where forklift trucks are to be used for cargo handling on decks and no data for tyre print and 

deadweight, etc., are available, the thickness of deck plating may be obtained in accordance 
with the following formula: 

 
where:   
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t  τ thickness of deck plating, in mm; 

s τ spacing of deck longitudinals or beams, in mm; 

P  τ cargo weight lifted by the forklift  truck, in t. 

 
 
(3) Where wheeled vehicles are to be stowed or used on insulated decks, attention is to be paid to 

the effect on the insulation coating due to deck deformation when the permissible loading of 
decks is determined based on the thickness of deck plating. 
 

2.21.2.2 The section modulus of deck beams and longitudinals are to comply with the following 
requirements: 
(1) Where forklift  trucks are to be used for cargo handling on cargo deck, the section modulus W 

of deck beams or longitudinals is not to be less than that obtained from the following formula: 

W = (0.375J1Pl + 1.25J2hsl2)K cm3 
where:   

P  τ total weight of forklift  truck, in t; 

h τ design head on the deck, in m, see 2.8.1.1 of this Chapter; 

s  τ spacing of frames, in m; 

l τ span of frames, in m; 

K τ material factor; 

J1, J2  τ coefficients, to be taken according to Table 2.21.2.2. 
 

Table 2.21.2.2 - Coefficients J1 and J2                 

J 0.1 0.2 0.3 0.4 0.5 and over 

J1 15.4 14.6 13.35 11.8 10.1 

J2 1.89 1.85 1.73 1.55 1.30 
Note: J = wheel spacing/span of frame, where wheel spacing is to be taken as the spacing between the two outermost 
wheels on the same axle. 

 
 

(2) Where decks are permanently intended for the carriage of vehicles, the section modulus W 
of deck beams or longitudinals is not to be less than that obtained from the following formula: 

W = (0.536J1Pl + 1.25J2shl2)K cm³ 

where:   

P  τ load on one axle, in t, i.e. total weight of the vehicle divided by the 
number of axles. Where the distribution of weight is not uniform, P is to 
be taken as the maximum axle load. 

h τ design head on deck, in m, in accordance with 2.8.1.1 of this Chapter, 
but h need not be more than 2.5 m; 

s  τ spacing of frames, in m; 

l τ span of frames, in m; 

K τ material factor; 

J1, J2  τ coefficients, to be taken according to Table 2.21.2.2. 
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(3) In addition to the above-mentioned requirements, the strength of deck beams or lonitudinals 

is to be checked according to the following requirements: the allowable bending stress is not 

to exceed 104/K, in N/mm² if it is assumed that both ends of beams or longitudinals are fixed 

rigidly and that the beam is only subjected to the concentrated load of wheels. 

 

2.21.2.3 The section modulus of deck transverses or girders is to comply with the following 

requirements: 

(1) Where the deck transverses or girders are subject to uniformly distributed loading, the section 

modulus W is not to be less than that obtained from the following formula: 

 

W = 4.75bhl²K cm³ 

where:   

P  τ spacing of transverses or girders, in m; 

h τ span of transverse or girder, in m; 

s  τ design head on deck, in m, in accordance with 2.8.1.1 of this Chapter; 

K τ material factor; 

(2) Where the deck girders or transverses are subject to concentrated loads, with or without the 

addition of uniformly distributed load, the section modulus is to be determined by 

calculations. During the calculation, 100% end fixity is to be assumed, and the permissible 

bending stress is to be taken as 118/K, in N/mm². 

 

2.21.3 Hatch covers 

2.21.3.1 Where wheeled vehicles are to be stowed or used for cargo handling on hatch covers, the 

thickness of hatch cover plating is to comply with the provisions in 2.21.2.1 of this Section. 

 

2.21.3.2 Where wheeled vehicles are to be stowed or used for cargo handling on hatch covers, the 

section modulus W of hatch cover stiffeners is not to be less than that obtained from the following 

formula: 

W = (J3Pl + 1.67J4shl2)K cm³ 

where:   

P  τ load on one axle, in t, see 2.21.2.2 of this Section; 

h τ design head on the hatch cover, in m; h = 0.14 p, where p is the 

vertical weather design load on the hatch cover given in 2.20.2.2(1) of this 

Chapter; 

s  τ spacing of stiffeners, in m; 

K τ material factor; 

J3, J4  τ coefficients, to be taken according to Table 2.21.3.2. 
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Table 2.21.3.2 - Coefficients J3 and J4 

J 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

J3 11.96 10.69 9.58 8.46 7.46 6.51 5.55 4.23 2.38 

J4 2.32 1.89 1.55 1.28 1.07 0.91 0.73 0.36 0.11 

 
Note: J = wheel spacing/span of stiffeners, where wheel spacing is to be taken as the spacing between the two 
outermost wheels on the same axle. 

 
SECTION 22 - STRENGTHENED FOR HEAVY CARGOES 

 

2.22.1 General requirements 

2.22.1.1 Ships complying with the requirements of this Section will be assigned the class notation: 

Strengthened for Heavy Cargoes. 

 

2.22.1.2 {ƘƛǇǎ ƻŦ ƭƻŀŘƛƴƎ ǊŀǘŜ ʴ ƴƻǘ ƎǊŜŀǘŜǊ ǘƘŀƴ лΦуооƳоκǘ όǎŜŜ 1.1.2.15 of Chapter 1) are to 

comply with the requirements of this Section, except when loaded by steel coils on a wooden 

support. 

 

2.22.1.3 Special considerations are to be given to the strengthening requirements where the inner 

bottom plating of the cargo hold is loaded by bulky cargo or bearing concentrated load. 

 

2.22.2 Requirements for hull structures 

2.22.2.1 The strength deck and bottom in way of cargo holds are to be framed longitudinally, and 

the ship is to be provided with a double bottom within the region of cargo spaces. 

 

2.22.3 Strengthening of bottom framing 

2.22.3.1 The plate floors are generally to be spaced not more than 2.5 m apart, and the thickness 

of the floors is not to be less than that required in 2.6.11.2 of this Chapter. 

 

2.22.3.2 The bottom girders are generally to be spaced not more than 3.6 m apart, and the 

thickness of side girders is not to be less than that required in 2.6.10.2 of this Chapter. 

2.22.3.3 The thickness of watertight or oiltight floors is to comply with the requirements of 2.6.11.2 

of this Chapter. 

 

2.22.3.4 The thickness t of inner bottom plating is not to be less than that obtained from the 

following formulae: 

 
where:   

L  τ length of ship, in m, L need not be taken greater than 400 m; 

s τ spacing of inner bottom longitudinals, in m; 
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ʴ  τ stowage rate, in m³/t,  but not to be greater than 0.833; 

H τ vertical distance, in m, measured from the inner bottom plating to 

deck at side amidships; 

K τ material factor. 

 

2.22.3.5 The section modulus W of inner bottom longitudinals is not to be less than 85% of that of 

bottom longitudinals as required in 2.6.12.2 of this Chapter, nor to be less than that obtained from 

the following formula: 

 

 

 

where: ɹ , H and s τ same as defined in 2.22.3.4 of this Section;  

l τ span of inner bottom longitudinal, in m;  

Kτ material factor. 

 

2.22.3.6 Where vertical stays are fit ted in way of the mid-span of inner bottom longitudinals and 

the inner bottom longitudinals are subject to uniformly distributed loading, the scantlings of 

bottom longitudinals and stays may be determined by direct calculations. 

 

2.22.3.7 The construction of the duct keel is to comply with the requirements of 2.6.3 of this 

Chapter. But the section modulus W of the inner bottom stiffening members is not to be less than 

the values derived from 2.22.3.5 of this Section, and in this case s is the spacing of the stiffening 

members, in m, and l is the span of stiffening members, in m. 

 

SECTION 23 - STRENGTHENING FOR GRABS 

 

2.23.1 General requirements 

2.23.1.1 This Section applies to ships intended to carry dry cargo in bulk, and include such types as 

bulk carriers, ore carriers and combination carriers. 

 

2.23.2 Class notation 

2.23.2.1 The class notation Grab*(X) is assigned to ships with holds designed for loading/unloading 

by grabs having a maximum specific weight up to X tons, in compliance with the requirements of 

this Section. 

 

2.23.3 Structural strengthening 

2.23.3.1 The thickness tGR, in mm, of the inner bottom plating is not to be less than that obtained 

from the following formula: 

 

 

where: MGR  τ mass of unladen grab, in tons; 
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s   τ spacing, in m, of ordinary stiffeners, measured at mid-span; 

K  τ material factor. 

 

2.23.3.2  The thickness tGR, in mm, of hopper tank sloping plate, transverse lower stool, transverse 

bulkhead plating and inner hull up to a height of 1.5 m above the lowest point of the inner bottom, 

excluding bilge wells, is to be not less than the value obtained from the following 

formula: 

 

 

where: MGR  τ mass of unladen grab, in tons; 

s   τ spacing, in m, of ordinary stiffeners, measured at mid-span; 

K  τ material factor. 

 

SECTION 24 - ANALYSIS OF TEMPERATURE FIELD AND THERMAL STRESS OF CARGO TANK 

STRUCTURE 

 

2.24.1 General requirements 

2.24.1.1 This Section applies to ships carrying liquefied gases in bulk, ships carrying dangerous 

liquid chemicals having a temperature higher than 80ᴈ at atmospheric pressure in bulk, oil tankers 

and asphalt carriers, and contains specific requirements for cargo tank thermal stress calculation 

as required in Chapter 10, PART EIGHT of the Rules, Chapter A4 of ISC Rules for Construction and 

Equipment of Ships Carrying Dangerous Liquid Chemicals in Bulk, Chapter A4, PART TWO of ISC 

Rules for Construction and Equipment of Ships Carrying Liquefied Gases in Bulk, and other relevant 

rules of ISC. 

 

2.24.1.2 Unless approved by ISC, the following two loading modes are not to be used: 

(1) cargoes of different temperatures and natures are carried simultaneously in adjacent tanks or 

in the cargo tank area; 

(2) liquid cargo and ballast water of high (low) temperature are carried simultaneously in cargo 

tanks and adjacent ballast tanks. 

 

2.24.1.3 In this Section, the thermal stress calculation for cargo tanks include two steps which are 

to be performed in sequence. At step 1, the distribution of temperature field of cargo tanks and 

associated structures is to be obtained through heat transferring analysis with the given 

temperatures of hot/ cold sources of liquid cargo and the given ambient temperatures. Step 2 is to 

use the distribution of temperature field so obtained as input condition for thermal analysis, so as 

to obtain the thermal-expansion-induced thermal stress of any structure in the temperature field 

due to temperature difference. 

 

2.24.1.4 The heat transferring calculation in this Section is based on an assumed steady state heat 

transferring in three-dimensional space, no change of material parameters and boundary 

conditions is made in conjunction with any temperature change in the analysis of linear heat 
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transferring, and only the effects of transferring through structures and insulation are considered. 

 

2.24.1.5 The thermal calculation in this Section is based on the assumption of a άsequentially 

coupled heat-structure (sequentially coupled problŜƳύέ, i.e., the effects of changes in the 

temperature field on the machinery field are considered without taking account of the effects of 

the latter on the former. Moreover, the high temperature creeping effects of structures are not 

considered. 

 

2.24.1.6 In calculation, it is assumed that heat is transferred between hull structural members by 

conduction, and that heat exchange between air and hull structural members exposed to it is 

natural convection only. 

2.24.1.7 In heat transferring calculation and thermal stress analysis, recognized finite element 

thermal analysis programs and finite element structural analysis programs are to be used. 

 

2.24.1.8 Where methods or assumptions other than those specified in the Rules are to be used in 

calculation, they are to be approved by ISC. 

 

2.24.2 Plans and documents 

2.24.2.1 In addition to calculations as generally required by relevant ISC documents for direct finite 

element structural calculation, the following heat transferring calculation and thermal stress 

analysis documents together with associated drawings and documents are to be submitted: 

(1) Arrangement of insulation layers and details of their connection; 

(2) Thermal parameters of insulation layers (coefficient of thermal conductivity, etc.);  

(3) Heat balance calculation and analysis report, including the following: 

a. maximum design temperature of liquid cargo to be carried (the temperature indicated 

in class notation); 

b. design target values of external surface temperature of steel plating of inner side, 

inner bottom and deck, if any; 

c. lowest/highest ambient temperature (atmosphere and seawater) for intended 

operating route; 

d. distribution of temperature field under consideration. 

(4) Thermal stress calculation report: thermal stress calculation based on the 

distribution of temperature field as obtained according to (3) and performed 

according to this Section, including check of resultant stresses for combinations of 

thermal stress with corresponding sea conditions and loading conditions. 

 

2.24.3 Model for analysis 

2.24.3.1 Scope of model: For integral tanks, it is to be in accordance with the requirements of 

Appendix 1, Chapter 5 of this PART. If necessary (temperature gradient is large), modeling of the 

fore end area of the foremost cargo tank and that of the aft end area of the aftermost cargo tank 

are to be considered. For independent tanks, at least the entire tank structure is to be taken. For 

the effects of temperature on the supporting structure of cargo tanks and on the hull, see the 

relevant requirements of Appendix 1, PART TWO of ISC Rules for Construction and Equipment of 
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Ships Carrying Liquefied Gases in Bulk. For heat transferring analysis, the model is to cover all 

contributing heat insulation materials and structures, except that stainless liner may be neglected; 

for thermal stress analysis, the model is merely a structural one. 

 

2.24.3.2 Structural elements: The principled requirements for modeling in respect to types of 

elements and meshing, etc., are as given in Appendix 1, Chapter 5 of this PART. 

 

2.24.3.3 Insulation elements: For rock wool thermal insulation, the elements are generally of solid-

element type, thickness is taken as that of the insulation layer (excluding stainless liner), and other 

principles for modeling, e.g. element type selection and meshing, are similar to those for 

structures. However, simplification is allowed, as appropriate, in way of complex intersection of 

certain structures (insulation), e.g. connection of a longitudinal or transverse corrugated bulkhead 

with upper stool. 

 

2.24.3.4 Boundary conditions for heat transferring analysis: 

(1) The thermal transferring analysis for the determination of steel grades required for structural 

materials used at low temperatures is to be in accordance with the following requirements: 

a. For ships carrying dangerous chemicals in bulk, to which ISC Rules for Construction and 

Equipment of Ships Carrying Dangerous Liquid Chemicals in Bulk apply and for which 

thermal stress calculation is to be performed, the boundary conditions regarding external 

atmospheric temperature and seawater temperature are to be taken in accordance with 

Chapter A4 of ISC Rules for Construction and Equipment of Ships Carrying Dangerous 

Liquid Chemicals in Bulk. For ships carrying liquefied gases in bulk, to which ISC Rules for 

Construction and Equipment of Ships Carrying Liquefied Gases in Bulk apply and for which 

thermal stress calculation is to be performed, the boundary conditions regarding external 

atmospheric temperature and seawater temperature are to be taken in accordance with 

Chapter A4, PART TWO of ISC Rules for Construction and Equipment of Ships Carrying 

Liquefied Gases in Bulk. 

b. For ships not covered by a. above, the boundary conditions regarding external 

atmospheric temperature and seawater temperature are as follows: 

portions of hull below draught line ς the defined surface temperature is the lowest temperature 

in water and if icing is possible for the intended operating route, this temperature is to be taken as 

0ᴈ; portions of hull above draught line ς the defined surface temperature is the possibly 

lowest atmospheric temperature for the intended operating route, e.g. -20ᴈ. 

(2) In respect to the determination of maximum thermal stress, the temperature load condition 

applied as input for the thermal analysis is to be the maximum difference between the liquid 

cargo temperature and the ambient temperature for the intended operating route. 

(3) For the side of cargo tank insulation or bare structural shell which is in direct contact with liquid 

cargo, the defined surface temperature is the highest stable temperature of liquid cargo being 

carried. 

(4) For the space within double bottom and double side skin, the ambient temperature may be 

directly taken a little higher than the external temperature, and the assumed convective heat 

transfer between air and steel plating as mentioned above (heat transferring by air is assumed 
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to be little) is defined in respect to external surfaces of inner side shell and inner bottom (the 

surfaces not exposed to liquid cargo). Alternatively, this space may be taken as a three-

dimensional finite element model of air elements and incorporated into the finite element heat 

transferring model. The heat transferring calculation is performed according to the assumption 

of 2.24.1.6, without taking account of the heat transferring by air. Where there are special 

requirements for the highest temperature criterion regarding periphery of cargo tanks, the 

surface temperature is to be defined as so required. 

(5) The external surface temperature of the independent tank structure is to be defined according 

to the above requirements, as applicable. 

(6) The gas temperature in cargo tanks in the half-loaded condition may be assumed as the liquid 

cargo temperature, and the boundary conditions for heat convection of gas are to be used to 

simulate the effects of gas on structure. 

 

2.24.3.5 In thermal analysis, the structural boundary conditions for the integral tank model are to 

be in accordance with the requirements of Appendix 1, Chapter 5 of this PART. For independent 

tanks, the model structural boundary conditions are to be taken as those for the loading conditions 

corresponding to temperature loads. In addition, restraint of linear displacement  x in the 

direction of shiǇΩs length is to be released at a certain end (e.g. end B) of section model for the 

structural boundary condition of above model. 

 

2.24.4 Thermal calculation and loading conditions 

2.24.4.1 The distribution values of the three-dimensional temperature field obtained from heat 

transferring analysis are to be used as temperature loads in structural strength calculation. For 

tankers as stipulated in the Rules, where independent tanks are fit ted, temperature loads in the 

full load condition are to be calculated; where integral tanks are fit ted, the load conditions are to 

be as shown in Figure 2.24.4.1, and the following are to be complied with: 

(a) τ only sagging mode is considered; 

(b), (c) τ sagging and hogging modes are considered respectively. 

 

And for (a), (b) and (c), both full and half load conditions in the above modes are to be considered. 

The half load condition means the loading height of liquid cargo is half the height of tank. 

 

Where any loading condition specified in the loading manual or occurring in service is worse than 

the above conditions under consideration, the temperature load calculated to such loading 

condition is to be included. For cargo tanks of other ship types, temperature loads in relevant 

loading conditions are to be calculated in accordance with the requirements of the applicable rules. 

 

Horizontal section Longitudinal section 
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Figure 2.24.4.1 

 

2.24.4.2 The temperature loads as calculated above are to be applied to the model of each 

corresponding loading condition. The calculation and application of routine loading conditions are 

to follow the applicable requirements in Appendix 1, Chapter 5 of this PART, Appendix 1 and 

Appendix 2 of PART TWO of ISC Rules for Construction and Equipment of Ships Carrying Liquefied 

Gases in Bulk and other relevant documents or routine practice. 

 

2.24.4.3 Where only longitudinal tension and compression stresses less than 42/K N/mm2 (K 

being material factor) are applied in regard to thermal stresses induced by temperature loads, the 

longitudinal bending moment of hull girder may not to be applied to both ends of the model under 

consideration, subject to agreement of ISC. 

 

2.24.4.4 The heat conduction coefficient and linear expansion coefficient of steel as well as the 

convective heat exchange coefficient of air are to be provided by designer. For asphalt carriers 

during preliminary design, reference may be made as follows: 

Heat conduction coefficient of carbon steel: 60.6 W/(m·K) ς for heat transferring calculation 

(thermal analysis);  

Linear expansion coefficient of carbon steel: 11×10-6(1/K) ς for heat stress calculation (structural 
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analysis); 

Convective heat exchange coefficient of air: 11.6 W/(m2·K) ς for heat transferring calculation 

(thermal analysis). Where the length of the finite element model is measured in mm, the value 

taken is to be multiplied by 10-6. 

The heat conduction coefficient for insulation material is to be taken according to the actual 

design. 

 

2.24.5 Strength criteria 

2.24.5.1 For an integral tank model, the criteria are as given in Appendix 1, Chapter 5 of this 

PART; for hull portion of an independent tank model, the criteria are as given in Appendix 1 and 

Appendix 2 of PART TWO of ISC Rules for Construction and Equipment of Ships Carrying Liquefied 

Gases in Bulk; for construction materials of independent tanks of petroleum asphalt carriers, the 

criteria are as given in Section 2 of Chapter 10, PART EIGHT of the Rules. 

 

2.24.5.2 Where wave loads are obtained by direct calculation on the basis of dynamic loading, 

the permissible stress taken according to 2.24.5.1 may be multiplied by 1.1 and the minimum 

buckling safety factor may be multiplied by 0.9. 

 

2.24.5.3 For a finite element model, for which the longitudinal hull girder bending moment is 

not taken into account, the permissible stress is to be adjusted as follows on the basis of Appendix 

1, Chapter 5 of this PART, without any change to other requirements: 

For all plating         [ è] = 175/K 

For longitudinal plating       [ l̀] = 110/K 

For longitudinal girders       [ ]̱ = 83/K 

For transverse members (including floors, transverse bulkheads)  [ ]̱ = 93/K 

where: K φ material factor. 

 

SECTION 25 - STRUCTURAL STRENGTHENING LOADED BY STEEL COILS ON A WOODEN SUPPORT 

 

2.25.1 General requirements 

2.25.1.1 The thickness of inner bottom plating, bilge hopper sloping plate and inner hull plating 

up to a height not less than the one corresponding to the top of upper tier in touch with hopper 

or inner hull plating as well as section modulus and shear area of stiffeners for ships intended 

to carry steel coils are to comply with the requirements of this Section. 

 

2.25.1.2 The provision is determined based on the assumption of Figure 2.25.1.2 as the standard 

means of securing steel coils on the dunnage. 

 

2.25.1.3 All steel coils are presumed to be of the same characters. 
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Figure 2.25.1.2 Inner Bott om Loaded by Steel Coils 
 
2.25.2 Accelerations 
2.25.2.1 In order to calculate the accelerations, the following coordinates are to be used for the 
transverse and vertical positions of calculated point: 
 

 
where:   

Bh  τ breadth in m, at the mid of the hold, of the cargo hold at the level of 
connection of bilge hopper plate with side shell or inner hull; 

dsc τ diameter of steel coils, in m; 

hDB  τ depth of double bottom, in m. 
 

Vertical acceleration av, in m/s2, are to be calculated by the formulae defined in 1.5.2 of Section 5, 

Chapter 1 of this PART and tangential acceleration aR due to roll, in m/s2, is to be calculated by 
the following formula:
 
 
 
 
 

where: j , maximum angle of roll, TR, roll period τ see the formulae defined in 1.5.2 of Section 

5, Chapter 1 of this PART; 

 
where: d τ draught, in m. 

 
 
2.25.3 Inner bottom plating 
2.25.3.1 The thickness of plating of longitudinally framed inner bottom is not to be less than the 
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value obtained, in mm, from the following formula: 

 
where: K1 τ coefficient taken equal to: 

 

tc τ corrosion addition, in mm, generally taken 2.5 mm, to be taken 5 mm where 
the cargo holds are designed for loading/unloading by grabs; 

av τ vertical acceleration, in m/s2, calculated according to the formula defined in 
1.5.2, Section 5, Chapter 1 of this PART 

g τ acceleration due to gravity, g = 9.81 m/s2; 

FSC 

 

τ equivalent mass of steel coils, in kg, taken equal to: 

 

p˂ 

 

τ permissible bending stress coefficient of plating, generally taken 0.8, to be 
taken 0.9 as the calculated structural member is not contributing to the hull 
girder longitudinal strength; 

l τ length of long edge of elementary plate panel taken along the side length, in m; 

s 

 

τ length of short edge of elementary plate panel taken along the side length in 
way of middle of span l, in m; 

Ks 

 

τ coefficient, taken equal to: 

Ks =1.4 when steel coils are lined up in one tier with a key coil; 

Ks =1.0 in other cases; 

WSC τ mass of one steel coil, in kg; 

ReH τ minimum yield stress of material, in N/mm2; 

n1 τ number of tiers of steel coils; 

n2 τ number of load points per elementary plate panel of inner bottom (see Figure 
2.25.3.1). For steel coil loading related to floor plates of inner bottom (see Figure 
2.25.3.1(2)), n2=n3 ; for steel coil loading irrelevant to floor plates of inner bottom 
(see Figure 2.25.3.1(1)), 2 n is to be consistent with Table 2.25.3.1(1). For cases not 
included in Table 2.25.3.1(1), 2 n is to be determined in accordance with the 
following formula: 

 

where: INT ( ) is the integral function, taking the integral parts of values. 
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(1) 

 

(2) 

Figure 2.25.3.1 Loading Condit ion of Steel Coils 

n3 τ number of dunnages supporting one steel coil; 

ls τ length of a steel coil, in m; 

K2 τ coefficient taken equal to: 

l' 

 

τ distance, in m, between outermost load points per elementary plate panel 
in shipΩs length (see Figure 2.25.3.1). For steel coil loading related to floor 
plates of inner bottom (see Figure 2.25.3.1(2)), l ' is to be the distance 
between the dunnages of the external ends supporting the steel coils; for 

steel coil loading irrelevant to floor plates of inner bottom (see Figure 

2.25.3.1(1)), l ' is to be consistent with Table 2.25.3.1(2). For cases not 
included in Table 2.25.3.1(2), l ' is to be determined in accordance with the 
following formula: 

  

 
where: INT ( ) is the integral function, taking the integral parts of values. 
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Table 2.25.3.1(1) - Number n2 of Load Points per Elementary Plate Panel  

    

Table 2.25.3.1(2) - Distance between Load Points in Ship Length Direction per Elementary Plate 

Panel of Inner Bott om 
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2.25.4 Bilge hopper sloping plate and inner hull plate 
2.25.4.1 The thickness of plating of longitudinally framed bilge hopper sloping plate and inner 
hull is not to be less than the value obtained, in mm, from the following formula: 
 

 
where: K1 τ coefficient, defined in 2.25.3; 

tc τ corrosion addition, in mm, generally taken 2.5 mm, to be taken 3.5 mm for 
bilge hopper sloping plate and inner hull plate within 1.5 m height from the 
lowest point of inner bottom where the cargo holds are designed for 
loading/unloading by grabs; 

ReH τ minimum yield stress of material, in N/mm2; 

ahopper τ factor taken equal to: 

ahopper = 

 
Ơh τ angle, in degree, between inner bottom plate and bilge hopper sloping plate or 

inner hull plate, see Figure 2.25.1.2; 

jm τ in degree, see formula specified in 1.5.2 of Section 5, Chapter 1 of this PART; 

aR τ tangential acceleration defined in 2.25.2; 

g τ acceleration due to gravity, g = 9.81 m/s2; 

y G-SC τ centre of gravity in transverse direction, in m, defined in 2.25.2; 

R τ factor, defined in 2.25.2; 

FΩSC τ equivalent mass of steel coils, in kg, taken equal to: 

 

p˂ τ permissible bending stress coefficient of plating, defined in 2.25.3; 

Ck τ coefficient, taken equal to: 

Ck =3.2, when steel coils are lined up two or more tier, or when steel coils are 

lined up one tier and key coil is located second or third from bilge hopper 
sloping plate or inner hull plate; 
Ck =2.0, in other cases. 

 
2.25.5 Stiffeners of inner bottom 
2.25.5.1 The section modulus W and the shear area A of single span stiffeners located on inner 
bottom plating are not to be less than the values obtained from the following formulae: 

 

 
where: K3 τ coefficient, defined in Table 2.25.5.1, to be taken as 2le /3for n2 > 10; 
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le τ effective span of stiffeners, in m, see 1.2.3, Section 2, Chapter 1 of this PART; 

av τ vertical acceleration, in m/s2, calucated according to the formula defined in 
1.5.2, Section 5, Chapter 1 of this PART; 

g τ acceleration due to gravity, g = 9.81 m/s2; 

FSC τ equivalent mass of steel coils, in kg, defined in 2.25.3; 

ReH τ minimum yield stress of material, in N/mm2; 

s˂ τ permissible bending stress coefficient of stiffeners, see 2.25.5.1; 

teH 
τ shear yield stress of material, in N/mm2, see 2.25.5.1; 

 

 τ angle between stiffener web and shell plating, in degree, to be taken at the 
middle of span of stiffener. 

 
Table 2.25.5.1 - Coefficient K3   
 

 
2.25.6 Stiffeners located on bilge hopper sloping plate or inner hull plate 
2.25.6.1 The section modulus W and the net shear area A of single span stiffeners located on bilge 
hopper sloping plate and inner hull plate are not to be less than the values obtained from the 
following formulae: 

 
where: K3 τ coefficient, defined in Table 2.25.5.1, to be taken as 2l/3 for n2 > 10; 

le τ effective span of stiffeners, in m, see 1.2.3, Section 2, Chapter 1 of this PART; 

ReH τ minimum yield stress of material, in N/mm2; 

ahopper τ coefficient, defined in 2.25.4.1; 

teH 
τ shear yield stress of material, in N/mm2, see 2.25.5.1; 

s˂ τ permissible bending stress coefficient of stiffeners, see 2.25.5.1; 

FΩSC τ equivalent mass of steel coils, in kg, defined in 2.25.4; 

 τ angle, in degree, defined in 2.25.5. 
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APPENDIX 1 

LOADING INSTRUMENTS 

 

1. General Requirements 

1.1 Application 

1.1.1 This Appendix applies to loading instruments consisting of the onboard computer system as 

required by 2.2.8 of this Chapter. 

 

1.1.2 This Appendix applies to onboard computers which are, as required by 1.9.1.3 of Chapter 1 of 

this PART, capable of providing intact stability information, and to onboard computers having 

stability software, as stated in 1.9.1.4 of that Chapter. 

 

1.1.3 The loading instruments covered by this Appendix are passive systems with manual data entry 

and active systems in the off-line operation mode only, excluding any active system with sensors 

reading and entering the contents of tanks, etc., and any integrated system which controls or 

initiates actions based on the sensor-supplied inputs. 

 

The definitions of passive, active and integrated systems are given in paragraph 2 of Appendix 2. 

 

1.2 Class notations 

1.2.1 The class notation for a loading instrument consists of any combination of Loading Computer 

and the letters S, I, G and D, with each of these four letters indicating that the loading instrument is 

capable of calculating and checking one of the following items: 

S: Hull strength in various loading conditions.  

I: Intact stability. 

G: Stability for the carriage of grain in bulk.  

D: Damage stability. 

For example, the class notation of Loading Computer S, I, D shows that the ship is provided with a 

loading instrument capable of calculating and checking the hull strength, intact stability and 

damage stability in various loading conditions. 

 

1.3 Inspections of loading instruments 

1.3.1 Inspections of loading instruments include hardware inspection, software approval, actual 

installation inspection and inspection after construction. Steps of implementation for inspections of 

loading instruments are shown in Figure 1.3.1. 
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Figure 1.3.1  Steps of Implementation for Surveys of Loading Instruments 

 
1.3.2 Software approval may be carried out by either one of the following two methods: 

(1) On completion of general approval of software, software approval is carried out for a specific 

ship; 

(2) Software approval is carried out directly to a specific ship. 

 

1.3.3 Provision of loading instruments on board the ship may be made by either one of the following 

two methods: 

(1) a single loading instrument to be provided on board the ship; 

(2) two same loading instruments to be provided on board the ship, one for main use and the other 

as standby. 

 

2. Hardware Inspections 

2.1 General requirements 

2.1.1 Loading instrument hardware inspections are to be carried out in accordance with the 

requirements for inspections of products in Chapter 3 of PART ONE of the Rules and this Section 

and, in general, consist of examination of plans and documents, type tests. 

 

2.1.2 Hardware of loading instruments consists, in general, of computers and peripheral apparatus, 

where the printer is supplied as a separate unit from the computer, the type test of such a printer 

is not necessary. 

 

2.1.3 Where two available loading instruments are installed onboard a ship, type approval 

certifi cate may be exempted, however, installation test is to be carried out. 
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2.2 Plans and documents 

2.2.1 Where an application for hardware inspections is made, the following plans and documents 

should be submitted to ISC for approval: 

(1) Technical specifications of hardware and peripheral apparatus; 

(2) Fixing and installation of loading instruments;  

(3) Type test program. 

 

2.3 Type tests 

2.3.1 Type tests are to be carried out by a verification and test organization authorized by ISC 

and, in general, with the presence of the ISC Surveyor. 

 

2.3.2 Type test items  

(1) Visual inspection;  

(2) Performance; 

(3) Electric power supply variations;  

(4) Dry heat; 

(5) Damp heat;  

(6) Vibration; 

(7) Inclination and rolling;  

(8) Protection by enclosure;  

(9) Low temperatures; 

(10) Electromagnetic compatibility. 

 

2.3.3 Where the loading instruments, of which hardware is installed in an air-conditioned room, are 

used only for the purpose of calculation, and no input of external signals or output of control signals 

is made, the items of type tests may be suitably reduced. 

 

2.3.4 Where one main computer together with a standby one are provided onboard the ship, the 

hardware may not be subject to the type tests. 

2.3.5 For the methods used in type tests, reference may be made to ISC Guidelines for Type 

Approval Test of Electric and Electronic Products or the relevant requirements of standards 

acceptable to ISC. 

 

3. Functional Requirements for Software 

3.1 General requirements 

3.1.1 The functions of loading instruments are to cover at least calculating and indicating still water 

bending moment and shear force at the specified hull positions in any loading condition or light 

ship condition quickly and easily. Where applicable, the maximum permissible value of a still 

water torsional moment resulted from the non-uniform loading of cargoes is to be indicated. 

 

3.1.2 Single point loading instruments (i.e. with only one check point on board the ship) are not 

acceptable to ISC. 
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3.1.3 Loading instruments are not to be substituted for the approved or confirmed final loading 

manual or stability information (hereinafter referred to as the final loading manual), and the results 

of the calculations are only applicable to the ship for which it has been approved. 

 

3.1.4 For a specific ship, the requirements for overall strength are mandatory. Where the installed 

loading instruments have the function of stability calculations and are assigned an appropriate class 

notation, however, the stability calculation software is to be capable of calculations for all stability 

requirements (including intact stability, grain-carrying stability and damage stability), either as 

mandatory or non-mandatory ones, applicable to the ship and is to contain relevant stability 

information, subject to the approval by ISC. 

 

3.1.5 It is recommended that software be provided with an online help function, i.e. the software 

system may provide online help for input, output, calculation and printing. 

 

3.1.6 The software is to be such that a common user can not alter the inputted data of the actual 

ship such as the geometrical characteristics, light ship weight, centre of gravity, capacity table, curve 

of allowable values. 

 

3.1.7 The software is to be such that any user can not alter the inputted application programs. 

 

3.1.8 The software is to, as far as possible, reduce significant or illogical input errors and alert the 

user to any input value exceeding the actual maximum capacity of a compartment or any negative 

value of the capacity. 

 

3.1.9 The software is to be capable of clearly judging whether a loading condition complies with the 

relevant requirements, i.e. calculating for a certain loading condition. Where the calculation results 

exceed the permissible values, the user is to be alerted by distinct means such as prominent display, 

special markings or visible and audible alarms, screen display or printout. 

3.1.10 The software is to be provided with passwords so that the computer will refuse to work and 

alert the user where any illegal password is input. 

 

3.1.11 The software is to be at least capable of calculating the displacement and centre of gravity 

in any loading conditions and completing calculation and criteria of overall strength (and stability, if 

applicable) of the ship, displaying and printing out date and time of performing calculation and 

saving calculation results. All input data and calculation results displayed on the screen and printed 

out, including the fore and after draughts, are to be in definite and uniform measurement units and 

easily comparable with the approved final loading manual to avoid possible confusion and 

misunderstanding, with the identification marking and version number of the software being clearly 

indicated on each printed page. 

 

3.1.12 The software interface is to be fully user-friendly and to alert the user to any operational 

error. Data loss or dead stop of the computer caused by the useǊΩǎ error is to be minimized. 
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3.2 Overall strength 

3.2.1 The functional requirements for software in respect to overall strength are given in 2.2.8 of 

this Chapter. 

 

3.3 Intact stability  

3.3.1 The software is to use direct calculation to check intact stability and the following 

requirements are to be met: 

(1) The software is to be capable of calculating and displaying the height of the centre of gravity 

and initial metacentric height of the ship and correcting free surface effects and comparing 

such values with the permissible values, where applicable. If any permissible value is exceeded, 

an alarm is to be automatically initiated. 

(2) The software is to be at least capable of calculating and displaying GZ curves and correcting 

free surface effects. 

(3) The software is to be capable of calculating the intact stability in any loading conditions and 

achieving the criteria for intact stability according to the relevant requirements. The method 

for achieving the criteria is to be in conformity with the final loading manual and any other 

method used for this purpose is to be indicated in submissions and subject to agreement of 

ISC plan approval unit. The software is to be capable of automatically initiating an alarm in case 

of any permissible criterion being exceeded. 

 

3.3.2 If damage stability is checked by the software according to the provisions of 3.5.2 of this 

Section, intact stability can be checked based on the same method. 

 

3.4 Stability for carriage of grain in bulk 

3.4.1 The software is to be in compliance with the relevant requirements in 3.3 of this Appendix. 

 

3.4.2 The software is to be capable of inputting the permissible inclining moment curves. 

3.4.3 The software is to be capable of calculating the stability for the carriage of grain in bulk and 

achieving the criteria for the stability according to the relevant requirements. The method for 

achieving the criteria is to be in conformity with the final loading manual. The software is at least 

to be able to calculate the inclining moment of actual shift  of grain and the permissible inclining 

moment to which comparison is made. The software is to be capable of automatically initiating an 

alarm in case of any permissible value being exceeded. 

 

3.5 Damage stability  

3.5.1 If the software uses direct calculation to check damage stability, the following requirements 

are to be met: 

(1) The software is to indicate whether the calculation is performed by means of loss of buoyancy 

or increase of weight, and the former is recommended. 

(2) The software is to be capable of making corrections of free surface effects for GZ curves. 

(3) The software is to be capable of allowing for corrections for liquid loss of damaged tanks. 

(4) The software is to define the damaged compartment(s) and associated damage conditions in 
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advance for selection by the crew in calculation, and be capable of calculating and displaying 

the GZ curves after damage. 

(5) The software is to be capable of calculating the equilibrium position and stability in any damage 

condition, covering fore, after and mean draughts, trimming values, heeling angles, distance 

from equilibrium waterline to flooding openings, residual initial metacentric height, residual 

stability etc., and achieving the criteria for damage stability according to the relevant 

requirements. The method for achieving the criteria is to be in conformity with the final loading 

manual. The software is to be capable of automatically initiating an alarm in case of any 

permissible criterion being exceeded. 

 

3.5.2 If damage stability is checked by the software on the basis of approved limit curves (the curve 

of permissible vertical position of the centre of gravity or the curve of permissible initial metacentric 

heights) or loading conditions, the following requirements are to be met: 

(1) The software is to be capable of calculating and displaying displacement, the position of the 

centre of gravity, buoyancy and initial metacentric height of the ship in any loading condition 

and correcting free surface effects as required and comparing such values with the approved 

data. 

(2) The software is to be capable of automatically initiating an alarm in case of any permissible 

criterion being exceeded (if limit curves are used) or any acceptable and safe tolerance being 

exceeded (compared with loading condition). 

 

3.6 Additional requirements for bulk carriers, ore carriers and combination carriers 

3.6.1 In addition to the above requirements, the loading instruments on board bulk carriers, ore 

carriers and combination carriers are to comply with the requirements of Section 7, Chapter 8 of 

this PART. 

 

4. Software Approval 

4.1 General requirements 

4.1.1 Software approval consists of general approval and specific approval, covering:  

(1) verification that the data used are consistent with the current condition of the ship;  

(2) verification and approval of the test conditions; 

(3) verification that the software is appropriate for the required type of ship and corresponding 

calculations. 

 

4.2 Requirements for general approval of software 

4.2.1 The general approval of software of loading instruments means approval of design and 

calculation programs of the software, i.e. approval of the design methods, calculation functions and 

principles and relevant documents for programing and usage of the said software through actual tests 

on representative ships selected according to the submitted scope of application. 

 

4.2.2 The general approval of software of loading instruments may specifically include the following: 

(1) Design methods, calculation functions and principles of the software are to be in conformity 



PART B ς HULL SURVEYS 
 

 

352 
 

with the classification/statutory requirements and comply with the relevant requirements in 

section 3 of this Appendix. 

(2) For ships of different types selected for tests, the calculation results for the typical loading 

conditions selected according 4.6 of this Appendix are, by comparison with those of the loading 

manual approved by ISC or ISC plan approval software, to comply with the accuracy 

requirements in 4.7 of this Appendix. 

(3) UseǊΩǎ operation manual of loading instruments is to comply with the relevant requirements in 

4.8 of this Appendix. 

 

4.2.3  ISC will issue a Certificate of General Approval of Software of Loading Instruments to the 

software upon general approval by ISC. 

 

4.2.4 The application and restrictions, e.g. applicable ship types and functional restrictions, are to be 

noted on the Certificate of General Approval of Software of Loading Instruments. 

 

4.2.5 A Certificate of General Approval of Software of Loading Instruments remains valid for a period 

not exceeding 5 years. When the certificate expires and if the applicant confirms that no change has 

been made to the version of the said software, ISC will renew the Certificate of General Approval 

of Software of Loading Instruments. However, the plan approval unit responsible for the software 

approval is to carry out nonscheduled assessments of the software as necessary, e.g. in response 

to complaints from users. 

 

4.2.6 Where the applicant has made any change to the software without re-approval by ISC, the 

Certificate of General Approval of Software of Loading Instruments issued by ISC is no longer valid. 

 

4.2.7 Where the version of the loading instrument software, of which general approval is granted by 

ISC, is upgraded or changed, resubmission for approval is required. Submission of plans and 

documents which are the same as those for the approved version is unnecessary, but the applicant 

should indicate this in the application. 

 

4.3 Steps of implementation for general approval of software 

4.3.1 The general approval of software of loading instruments is to be carried out in accordance 

with the relevant ISC requirements for plan approval. 

 

4.3.2 The applicant is to fill in an application for software approval of loading instruments. For the 

relevant contents of the application, refer to the relevant requirements of section 3 of this 

Appendix. 

 

4.3.3 The test ships are to be so selected that all ship types and their functions as required in the 

application are covered. And the following are to be complied with: 

(1) for the strength calculation software, the applicant is to select the calculation results for at least 

one test ship, which may be either the sample ship provided by ISC or the one determined by 
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the applicant. Where the latter is selected, the prior agreement of the plan approval unit is 

necessary;  

(2) for the stability calculation software, test ships are to be selected in accordance with 6.1 of 

Appendix 2 of this Chapter. 

 

4.3.4 The applicant is to submit the following plans and documents to ISC plan approval unit. After 

examination and approval, one set of their copies is to be returned to the applicant, one set sent to 

the Headquarters of ISC and one set filed by the plan approval unit (where application for specific 

ŀǇǇǊƻǾŀƭ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜ ƛǎ ƳŀŘŜ ŦƻǊ ǘƘŜ ǘŜǎǘ ǎƘƛǇ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŎƻǇȅ ƻŦ ǘƘŜ ǳǎŜǊΩǎ 

operation manual and that of the calculation and test report are required for ISC survey unit): 

(1) Specification of the software system (for information), covering design method, calculation 

functions and principles, data structure as well as flowchart of the software, and explaining 

functional items as determined in the application and computational accuracy of the software 

such as methods used for numerical integration, interpolation, etc. 

(2) UseǊΩǎ operation manual of loading instruments (for information). 

(3) Data of test ship(s) inputted in the software (for information), such as main dimensions, 

lightweight distribution and centre of gravity, Bonjean curves, hydrostatic data, tank capacity, 

permissible still water shear forces, permissible still water bending moments and, where 

applicable, correction factors of bulkhead shear forces and permissible still water torsional 

moments. Where the software has computation functions for intact stability, stability for the 

carriage of grain in bulk, damage stability, etc., corresponding data are also to be submitted 

for approval. 

(4) Test report (for approval) of loading calculations for conditions to be selected according to the 

requirements in 4.6 of this Appendix with the agreement of the plan approval unit, covering 

the input data and all output results. 

(5) General arrangement, lines, final loading manual of the test ship(s) and other additional plans 

or data required by ISC for information or use in check calculations. 

(6) A set of installation discs, including the executing software and internal testing data. 

 

4.3.5 On satisfactory completion of examination of the above-mentioned plans and documents, the 

Certificate of Software Approval of Loading Instruments may be issued. 

 

4.4 Requirements for specific approval of softw are 

4.4.1 The specific approval of software means, for the purpose of a specific ship, the approval of 

loading instrumenǘΩǎ ǎoftware installed on board, i.e. the approval of the design method, 

calculation functions and principles, input data, userΩs operation manual, full-scale test report and 

other documents. 

 

4.4.2 The specific approval of software may specifically include the following: 

(1) Design methods, calculation functions and principles of the software are to be in conformity 

with the classification requirements and comply with the relevant requirements in section 3 of 

this Appendix. 
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(2) All input data of the software are to be consistent with those of the actual ship, i.e. being taken 

from the finished documents approved or confirmed by ISC, and in particular the lightweight 

and centre of gravity are to be taken from the inclining test report. Where the software is 

capable of stability calculation, the input data are to comply with paragraph 6.2 of Appendix 2. 

(3) The computation points along the shipΩǎ length and their number are to comply with ISC 

rules. 

(4) The permissible still water bending moments, permissible still water shear forces, and where 

applicable, permissible still water torsional moments and correction factors of bulkhead shear 

forces at the computation points along the shipΩs length are to be consistent with those in the 

final loading manual. 

(5) The calculation results for the typical loading conditions selected according to 4.6 of this 

Appendix are, by comparison with those of the final loading manual or ISC plan approval 

software, to comply with the accuracy requirements in 4.7 of this Appendix. 

(6) UseǊΩǎ operation manual of the loading instrument is to comply with the requirements in 4.8 of 

this Appendix. 

 

4.4.3 For software with a Certif icate of General Approval of Software of Loading Instruments and 

in respect to the applicable ship types and functions stated in the Certificate, where application is 

made for specific approval of the software, submission of design methods, calculation functions and 

principles of the software is unnecessary. 

 

4.4.4 For software without a Certificate of General Approval of Software of Loading Instruments, 

the applicant may directly apply to ISC for specific approval of loading instrument software. 

 

4.5 Steps of implementation for specific approval of softw are 

4.5.1 The specific approval of software is to be carried out in accordance with the relevant ISC 

requirements. 

 

4.5.2 For the relevant contents of the application, refer to the relevant requirements of section 3 

of this Appendix. 

 

4.5.3 The applicant is to submit the following plans and documents to ISC: 

(1) For software without general approval by ISC, the applicable contents for the specific ship as 

required in (1), (2), (3), (4), (5) and (6) of 4.3.4 of this Appendix are to be submitted. 

(2) For software with general approval by ISC, the applicable contents for the specific ship as 

required in (2), (3), (4), (5) and (6) of 4.3.4 of this Appendix and a copy of the Certifi cate of 

General Approval of Software of Loading Instruments are to be submitted. 

 

4.6 Test conditions 

4.6.1 Test conditions are to be selected from the final loading manual. 

4.6.2 Test conditions are at least to contain loading conditions for the following: 

(1) for minimum displacement, such as lightship condition or arrival condition with light ballast;  
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(2) for maximum still water bending moment, such as ballast or partially loaded conditions; 

(3) for maximum displacement, such as fully loaded conditions; 

(4) any condition resulting in extremely large still water shear force, such as ore loaded in 

alternate holds, etc.; 

(5) where the software is capable of the stability calculation for carriage of grain in bulk, the test 

conditions are to include the one of a fully loaded hold with even filling at its ends, the one of 

a fully loaded hold with uneven filing at its ends and the one of a partly loaded hold; 

(6) where the software is capable of both intact stability calculation and damage stability 

calculation, the necessary typical conditions are to comply with paragraph 6.2 of Appendix 2. 

 

4.6.3 The test conditions are to contain the arrival and departure conditions and cover all loaded 

holds and all functions of the software as far as possible. 

 

4.6.4 The approved test conditions are to be stored as input data in such a way that no user can 

alter them. A copy of the approved test conditions is to be available on board. 

 

4.7 Permissible values and error control 

4.7.1 All selected permissible values and the calculation points along the shipΩǎ length are to be 

taken from the finished documents approved by ISC. 

 

4.7.2 The curves of still water shear forces and still water bending moments are to be consistent 

with the corresponding curve tendency in the final loading manual. The peak value of still water 

bending moment is normally to occur at the position where the still water shear force is zero. 

 

4.7.3 The maximum values of still water shear force, still water bending moment and still water 

torsional moment and their calculated ǾŀƭǳŜǎ ŀǘ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ Ǉƻƛƴǘǎ ŀƭƻƴƎ ǘƘŜ ǎƘƛǇΩǎ ƭŜƴƎǘƘ ŀǊŜΣ ŀǎ 

compared with the calculation results of the final loading manual, to have their errors controlled 

within the ranges given in Table 4.7.3. 

 

Table 4.7.3 - Error Control                         

Item Error (in comparison to approved value, %) 

Still water shear force Җ Ҍр҈ 

Still water bending moment Җ Ҍр҈ 

Still water torsional moment Җ Ҍр҈ 

 

4.7.4 The errors of the software in stability calculation are to comply with paragraph 5 of 

Appendix 2. 

 

4.7.5 During examination, where the errors of the calculated values for individual calculation 

points of the loading instrument are significant as compared with the values of the final loading 

manual and no adequate evidence is available for wrong calculation of the loading instrument, 

check is to be made by using ISC plan approval software and the calculation results by this software 
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are to be accepted as standard ones. Where any principled error is found in the final loading 

manual, the unit which has approved the manual is to be informed of this matter together with the 

recommendation that the existing loading manual be revised. 

 

4.8 Operation manual 

4.8.1 At least one copy of operation manual of loading instrument of the ship is to be kept on 

board. 

 

4.8.2 The operation manual of loading instrument is to be written in a language used by the users 

on board, and the language is to be the same as that used for screen display, printout and the 

approved final loading manual kept on board. Where the language is not English, an English 

translation is to be available. 

 

4.8.3 The operation manual is to be written in a clear and unambiguous manner. The use of 

flowcharts is recommended for illustrating operational processes. 

 

4.8.4 The operation manual is to contain the following:  

(1) particulars and version number of the software; 

(2) a copy of the Certificate of General Approval of Software of Loading Instruments (where 

applicable); 

(3) specification of hardware needed to run the software and guidance for software installation; 

(4) software running steps shown in menus and dialogues, description of error messages and 

warnings likely to be encountered and unambiguous instructions for subsequent actions to 

be taken by the user in each case; 

(5) lightweight and coordinates of centre of gravity; 

(6) full deadweight description of each test condition for loading calculation; 

(7) diagrams of the permissible still water shear forces and still water bending moments and where 

applicable, the permissible cargo torque; 

(8) where applicable, shear force correction factors;  

(9) operation procedure shown by calculation cases; 

(10) input and output data, calculation results shown by screen display, with necessary explanatory 

text; 

(11) explanation for function keys. 

 

5. Actual Installation Inspections 

5.1 General requirements 

5.1.1 The Owner or the entrusting party is to submit application to ISC survey unit situated at the 

port of call of the ship. 

 

5.1.2 The crew may master the operation and calculation of the loading instrument on board 

through learning or training. The installation inspection is to be carried out by the crew. 

 



PART B ς HULL SURVEYS 
 

 

357 
 

5.1.3 Actual installation inspection is to be carried out soon after the loading instrument has 

been installed on board the ship for verification of satisfactory operation and calculation and for 

check of strength and stability. Where by that time the final loading manual has not been approved, 

the installation inspection may be postponed until the manual is approved. 

 

5.2 Inspections and tests 

5.2.1 Where the loading instruments are provided as a main computer and a standby one on board 

a ship, installation inspections are to be carried out respectively and both computers are to be 

found satisfactory. 

 

5.2.2 The installation inspections are to be carried out in the presence of ISC Surveyor. The 

following items are to be included in the installation inspections:  

(1) checking the certifi cate of hardware; 

(2) checking that the useǊΩǎ operation manual and test report of loading calculation are kept on 

board the ship; 

(3) examining the environment and position for installing the system: confirming that the position 

and method for installing the system are as required in the specification; 

(4) system stability testing: the computer system is to be capable of working normally after a 

continuous running period of one hour; 

(5) self-checking capability tests of hardware and peripheral apparatus: self-check tests to be 

carried out according to the specification for hardware and peripheral apparatus with self-

check capability; 

(6) transient power failure test: re-starting the system after a period of 30 s of transient power 

failure, and confirming that: 

 it is still capable of working normally; and 

 its programs and data are not lost; 

(7) software security tests: where an illegal password is inputted (or in case of human 

maloperation), the system should refuse to work; 

(8) software safety tests: a common user is not to be capable of changing the application program 

and the input shipΩs data such as geometrical characteristics, tank capacity table, curve of 

permissible values; 

(9) system performance tests: the calculation results from the system operated by the crew of the 

ship based upon the loading conditions as stated in the approved test report of loading 

calculations are to be the same as those in the approved test report. Where the software is 

capable of stability calculation, tests are also to comply with paragraph 8 of Appendix 2. 

 

5.2.3 The test report of loading calculations printed out by the loading instrument during installation 

inspection is to be confirmed and signed by the attending Surveyor. After satisfactory installation 

inspection, the sttending Surveyor will issue a report and ISC will assign an appropriate class notation 

to the loading instrument. 
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5.3 Inspections of existing loading instruments on board ships 

5.3.1 For ships provided with loading instruments approved by other member Societies of IACS, the 

operation manual, test report of loading calculations approved and related certificates of loading 

instrument hardware and software issued by these Societies may be reviewed, and installation 

inspections are to be carried out in accordance with 5.2.2 of this Appendix. 

 

5.3.2 For ships provided with loading instruments not complying with the relevant requirements of 

ISC or approved by a party which is not member of IACS, installation inspections are to be carried 

out once again. 

 

5.3.3 CƻǊ ǎƘƛǇǎ ŀǎǎƛƎƴŜŘ ǿƛǘƘ Ŏƭŀǎǎ ƴƻǘŀǘƛƻƴ ά[ƻŀŘƛƴƎ /ƻƳǇǳǘŜǊέΣ ǘƘŜ ǎǳǊǾŜȅ ŀŦǘŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛǎ ǘƻ 

be carried out in accordance with relevant requirements of 6.3.5 of Chapter 6, PART A of the Rules. 
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APPENDIX 2 
IACS UR L5 COMPUTER SOFTWARE FOR ONBOARD STABILITY CALCULATIONS 

(Rev.4, June 2020) 

 
Application 

This Unified Requirement is applicable to software which calculates the stability of actual loading 

conditions and which is installed on ships and on units subject to compliance with the 1966 Load 

Line Convention or the 1988 Protocol to the Load Line Convention, as amended, the IMO MODU 

Code and/or the 2008 IS Code. 

The use of onboard computers for stability calculations is not a requirement of class. 

Stability software installed onboard shall cover all mandatory class and statutory intact and 

damage stability requirements applicable to the ship. This UR, requires approval of software 

installed on onboard computers which is capable of performing stability calculations. 

Active and passive systems are defined in paragraph 2. This UR covers passive systems and the off-

line operation mode of active systems only. 

The requirements in this UR apply to stability software on ships contracted for construction  on 

or after 1 July 2005 . 

 

1 General 

ҍ The scope of a stability calculation software shall be in accordance with the stability information 

as approved by the Administration and shall at least include all information and perform all 

calculations or checks as necessary to ensure compliance with the applicable stability 

requirements. 

ҍ Approved stability software is not a substitute for the approved stability information, and is used 

as a supplement to the approved stability information to facilitate stability calculations. 

ҍ The input/ output information shall be easily comparable with approved stability information 

so as to avoid confusion and possible misinterpretation by the operator relative to the approved 

stability information. 

ҍ An operation manual is to be provided for the onboard computer stability software. 

ҍ The language in which the stability information is displayed and printed out as well as the 

operation manual written shall be the same as used in the shipΩǎ approved stability information. 

The Society may require a translation into a language considered appropriate. 

ҍ The onboard computer software for stability calculations is to be ship specific and the results 

 
 ¢ƘŜ άŎƻƴǘǊŀŎǘŜŘ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴέ ŘŀǘŜ ƳŜŀƴǎ ǘƘŜ ŘŀǘŜ ƻƴ ǿƘƛŎƘ ǘƘŜ ŎƻƴǘǊŀŎǘ ǘƻ ōǳƛƭŘ ǘƘŜ ǾŜǎǎŜƭ ƛǎ ǎƛƎƴŜŘ between the prospective owner and 

the shipbuilder. For ŦǳǊǘƘŜǊ ŘŜǘŀƛƭǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŘŀǘŜ ƻŦ άŎƻƴǘǊŀŎǘŜŘ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƻƴέΣ ǊŜŦŜǊ ǘƻ L!/{ tǊƻŎŜŘǳǊŀƭ wŜǉǳƛǊŜƳŜƴǘ όtwύ bƻΦнфΦ 

 Changes introduced in Rev.2 of this UR are to be uniformly applied by IACS Societies on ships contracted for construction on or after 1 January 

2007. 

 Changes introduced in Rev.3 of this UR are to be uniformly applied by IACS Societies on ships contracted for construction on or after 1 July 2018. 

 Changes introduced in Rev.4 of this UR are to be uniformly applied by IACS Societies on ships contracted for construction on or after 1 July 2021. 

of the calculations are to be only applicable to the ship for which it has been approved. 

ҍ  In case of modifications implying changes in the main data or internal arrangement of the ship, the specific approval of any original stability 

calculation software is no longer valid. The software is to be modified accordingly and reapproved. 
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2 Calculation Systems 

A passive system requires manual data entry; 

an active system replaces the manual entry with sensors reading and entering the contents of tanks, 

etc.; and a third system, an integrated system, controls or initiates actions based on the sensor-

supplied inputs and is not within the scope of this UR. 

 

3 Types of Stability Software 

Four types of calculations performed by stability software are acceptable depending upon a vesselΩǎ 

stability requirements: 

Type 1: Software calculating intact stability only (for vessels not required to meet a damage stability 

criterion). 

Type 2: Software calculating intact stability and checking damage stability on basis of a limit curve 

(e.g. for vessels applicable to SOLAS Part B-1 damage stability calculations, etc.) or checking all the 

stability requirements (intact and damage stability) on the basis of a limit curve. 

Type 3: Software calculating intact stability and damage stability by direct application of 

preprogrammed damage cases based on the relevant Conventions or Codes for each loading 

condition (for some tankers, etc.). 

Type 4: Software calculating damage stability associated with an actual loading condition and actual 

flooding case, using direct application of user defined damage, for the purpose of providing 

operational information for safe return to port . 

Damage stability of both Type 3 and Type 4 stability software shall be based on a hull form model, 

that is, directly calculated from a full three-dimensional geometric model. 

 

4 Functional Requirements 

4.1 General requirements for any type of stability software 

4.1.1 The calculation program shall present relevant parameters of each loading condition in 

order to assist the Master in his judgement on whether the ship is loaded within the approval limits. 

The following parameters shall be presented for a given loading condition: 

ҍ deadweight data; 

ҍ lightship data; 

ҍ trim; 

ҍ draft at the draft marks and perpendiculars; 

ҍ summary of loading condition displacement, VCG, LCG and, if applicable, TCG; 

ҍ downflooding angle and corresponding downflooding opening (not applicable for Type 2 

software which uses limit curve for checking all the stability requirements. However, if intact 

stability criteria are given in addition to the limit curve, downflooding angle and the 

corresponding downflooding opening shall be indicated); 

ҍ compliance with stability criteria: Listing of all calculated stability criteria, the limit values, the 

obtained values and the conclusions (criteria fulfilled or not fulfilled) (not applicable for Type 2 

software which uses limit curve for checking all the stability requirements. However, if intact 

stability criteria are given in addition to the limit curve, the limit values, the obtained values and 
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the conclusion shall be indicated). 

 

4.1.2 A clear warning shall be given on screen and in hard copy printout if any of the loading 

limitations are not complied with. 

Loading limitations shall include, but may not be limited to: 

ҍ Trim, draught, liquid densities, tank filling levels, initial heel; 

ҍ Use of limit KG/GM curves in conjunction with above for Type 2; 

ҍ Restrictions to the stowage height for timber where timber load lines are assigned. 

 

4.1.3 Type 3 software is to include pre-defined relevant damage cases for both sides of the ship 

according to the applicable rules for automatic check of a given loading condition. 

 

4.1.4 The date and time of a saved calculation shall be part of the screen display and hard copy 

printout. 

 

4.1.5 Each hard copy printout shall contain identification of the calculation program including 

version number. 

 

4.1.6 Units of measurement are to be clearly identified and used consistently within a loading 

calculation. 

 

4.1.7 For Type 3 and Type 4 software, the system shall be pre-loaded with a detailed computer 

model of the complete hull, including appendages, all compartments, tanks and the relevant parts 

of the superstructure considered in the damage stability calculation, wind profile, down-flooding 

and up-flooding openings, cross-flooding arrangements, internal compartment connections and 

escape routes, as applicable and according to the type of stability software. 

 

4.1.8 For Type 1 and Type 2 software, in case a full three-dimensional model is used for stability 

calculations, the requirements of the computer model are to be as per paragraph 4.1.7 above to the 

extent as applicable and according to the type of stability software. 

 

4.2 Further requirements for Type 4 stability softw are 

4.2.1 The normal (Type 1, 2 and 3) and (Type 4) software need not be άtotally separatedέ. Where 

the normal and software are not totally separated: 

ҍ the function of switching between normal software and Type 4 software shall be provided. 

ҍ the actual intact loading condition is to be the same for both functions (normal operation and 

ҍ the module needs only to be activated in case of an incident. Approval of Type 4 software is 

for stability only. 

 

4.2.2 In passenger ships which are subject to Type 4 software and have an onboard stability 

computer and shore-based support, such software need not be identical. 
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4.2.3 Each internal space shall be assigned its permeability as shown below, unless a more 

accurate permeability has been reflected in the approved stability information. 

 
Space  Permeability 

Space Type Default Full Partially Filled Empty 

Container Spaces 0.95 0.7 0.8 0.95 

Dry Cargo Spaces 0.95 0.7 0.8 0.95 

Ro-Ro Spaces 0.95 0.9 0.9 0.95 

Cargo Liquids 0.95 0.7 0.8 0.95 

Intended for Consumable Liquids 0.95 0.95 0.95 0.95 

Stores 0.95 0.6 0.6 0.95 

Occupied by Machinery 0.85 

Void Spaces 0.95 

Occupied by Accommodation 0.95 

 
4.2.4 The system shall be capable of accounting for applied moments such as wind, lifeboat 

launching, cargo shifts and passenger relocation. 

 

4.2.5 The system shall account for the effect of wind by using the method in SOLAS regulation II-

1/7-2.4.1.2 as the default, but allow for manual input of the wind speed/pressure if the on-scene 

pressure is significantly different (P = 120 N/m2 equates to Beaufort 6; approximately 13.8 m/s or 

27 knots). 

 

4.2.6 The system shall be capable of assessing the impact of open main watertight doors on 

stability (e.g. for each damage case provided for verification, additional damage stability calculation 

shall be done and presented, taking into account any watertight door located within the damaged 

compartment(s)). 

 

4.2.7 The system shall utilize the latest approved lightship weight and centre of gravity information. 

 

4.2.8 The output of the software is to be such that it provides the master with sufficient clear 

unambiguous information to enable quick and accurate assessment of the stability of the vessel for 

any actual damage, the impact of flooding on the means of escape and the controls of devices 

necessary for managing and/or controlling the stability of the ship. When the actual loading 

condition is input in the Type 4 software, the following output (intact stability) shall be available: 

ҍ deadweight data; 

ҍ lightship data; 

ҍ trim; 

ҍ heel; 

ҍ draft at the draft marks and perpendiculars; 

ҍ summary of loading condition displacement, VCG, LCG and, if applicable, TCG; 

ҍ downflooding angle and corresponding downflooding opening; 

ҍ free surfaces; 
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ҍ GM value; 

ҍ GZ values relevant to an adequate range of heeling (not less than 60°) available indicatively at 

the following intervals: 0 5 10 15 20 25 30 40 50 60 deg; 

ҍ compliance with relevant intact stability criteria (i.e. 2008 IS Code): listing of all calculated 

intact stability criteria, the limiting values, the obtained values and the evaluation (criteria 

fulfilled or not fulfilled); 

ҍ GM/KG limiting curve according to SOLAS, Ch II-1, Regulation 5-1. 

When the actual loading condition is associated to the actual damage case(s) due to the casualty, 

the following output (damage stability) shall be available: 

ҍ trim; 

ҍ heel; 

ҍ draft at the draft marks and perpendiculars; 

ҍ progressive flooding angle and corresponding progressive flooding openings; 

ҍ GM value; 

ҍ GZ values relevant to an adequate range of heeling (not less than 60°) available indicatively at 

the following intervals: 0 5 10 15 20 25 30 40 50 60 deg; 

ҍ compliance with stability criteria: listing of all calculated stability criteria, the limit values, the 

obtained values and the conclusions (criteria fulfilled or not fulfilled); 

ҍ the survivability criteria for Type 4 software are left  to the discretion of the Administration; 

ҍ relevant flooding points (unprotected or weathertight) with the distance from the damage 

waterline to each point; 

ҍ list of all flooded compartments with the permeability considered; 

ҍ amount of water in each flooded compartment; 

ҍ escape route immersion angles; 

ҍ a profile view, deck views and cross-sections of the ship indicating the flooded waterplane and 

the damaged compartments. 

 

4.2.9 For ro-ro passenger ships there shall be algorithms in the software for estimating the effect 

of water accumulation on deck (WOD) (e.g. 1. In addition to the predefined significant wave height 

taken from the approved stability document, there shall be possibility for the crew to input manually 

the significant wave height of the ship navigation area in the system, 2. In addition to the predefined 

significant wave height taken from the approved stability document, calculations with two 

additional significant wave heights shall be submitted for checking the correctness of the algorithms 

in the software for estimating the effect of WOD). **  This paragraph applies to Ro-Ro Passenger 

ships subject to the Stockholm Agreement (IMO Circular Letter No. 1891) 

 

5 Acceptable Tolerances 

Depending on the type and scope of programs, the acceptable tolerances are to be determined 

differently, according to 5.1 or 5.2. Deviation from these tolerances shall not be accepted unless 

the Society considers that there is a satisfactory explanation for the difference and that there will 

be no adverse effect on the safety of the ship. 

Examples of pre-programmed input data include the following: 
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Hydrostatic data: Displacement, LCB, LCF, VCB, KMt and MCT versus draught. 

Stability data: KN or MS values at appropriate heel/trim  angles versus displacement, stability 

limits. 

Compartment data: Volume, LCG, VCG, TCG and FSM/Grain heeling moments vs level of the 

compartmenǘΩǎ contents. 

 

Examples of output data include the following: 

Hydrostatic data: Displacement, LCB, LCF, VCB, KMt and MCT versus draught as well as actual 

draughts, trim. 

Stability data: FSC ( free surface correction), GZ-values, KG, GM, KG/GM limits, allowable grain 

heeling moments, derived stability criteria, e.g. areas under the GZ curve, weather criteria. 

Compartment data:   Calculated Volume, LCG, VCG, TCG and FSM/Grain heeling moments vs level 

of the compartmentΩs contents. 

The computational accuracy of the calculation program results shall be within the acceptable 

tolerances, specified in 5.1 or 5.2, of the results using an independent program or the approved 

stability information with identical input. 

 
5.1 Programs which use only pre-programmed data from the approved stability information as the 

basis for stability calculations, shall have zero tolerances for the printouts of input data. Output data 

tolerances are to be close to zero, however, small differences associated with calculation rounding 

or abridged input data are acceptable. Additionally differences associated with the use of 

hydrostatic and stability data for trims that differ from those in the approved stability information 

are acceptable, subject to review by the individual Society. 

 

5.2 Programs which use hull form models as their basis for stability calculations, shall have 

tolerances for the printouts of basic calculated data established against either data from the 

ŀǇǇǊƻǾŜŘ ǎǘŀōƛƭƛǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ƻǊ Řŀǘŀ ƻōǘŀƛƴŜŘ ǳǎƛƴƎ ǘƘŜ ŀǇǇǊƻǾŀƭ ŀǳǘƘƻǊƛǘȅΩǎ ƳƻŘŜƭΦ !ŎŎŜǇǘŀōƭŜ 

tolerances shall be in accordance with Table 1. 

 

Table 1 

Hull Form Dependent Tolerance 

Displacement ± 2% 

Longitudinal centre of buoyancy, from AP ± 1% / 50 cm 

Vertical centre of buoyancy ± 1% / 5 cm 

Transverse centre of buoyancy ± 0.5% of B / 5 cm 

Longitudinal centre of flotation, from AP ± 1% / 50 cm 

Moment to trim 1 cm ± 2% 

Transverse metacentric height (GMt) ± 1% / 5 cm 

Longitudinal metacentric height (GMl) ± 1% / 50 cm 

Cross curves of stability ± 5 cm 

Compartment dependent   

Volume or deadweight ± 2% 
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Longitudinal centre of gravity, from AP ± 1% / 50 cm 

Vertical centre of gravity ± 1% / 5 cm 

Transverse centre of gravity ± 0.5% of B / 5 cm 

Free surface moment ± 2% 

Shifting moment ± 5% 

Level of contents ± 2% 

Trim and stability   

Draughts (forward, aft, mean) ± 1% / 5 cm 

GMt (solid and corrected for free surfaces) ± 1% / 5 cm 

GZ values ± 5% / 5 cm 

Downflooding angle ± 2° 

Equilibrium angles ± 1° 

Distance from WL to unprotected or weathertight openings, or other 
relevant point (if applicable) 

± 5% / 5 cm 

Areas under righting arm curve 
± 5% / 0.0012 
m·rad 

 

Notes: 

1. Deviation in % = [(base value ҍ applicantΩs value)/base value]  100 where the άbase valueέ may be from the 
approved stability information or the societyΩǎ computer model. 

2. When applying the tolerances in Table 1 having two values, the allowable tolerance is the greater of the two 
values. 

3. Where differences in calculation methodology exist between the programs used in the comparison, this may be a 
basis for accepting deviations greater than that specified in Table 1 provided a software examination is carried out 
in sufficient detail to clearly document that such differences are technically justifiable. 

4. Deviation from these tolerances shall not be accepted unless the Society considers that there is a satisfactory 
ŜȄǇƭŀƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ŀƴŘ ǘƘŀǘ ƛǘ ƛǎ ŎƭŜŀǊƭȅ ŜǾƛŘŜƴǘ ŦǊƻƳ ǘƘŜ {ƻŎƛŜǘȅΩǎ ǎǘŀōƛƭƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴǎ ǘƘŀǘ ǘƘŜ 
deviation does not impact compliance with the required stability criteria for the ship under consideration. 

 
6 Approval Procedure 

Condit ions of approval of the onboard software for stability calculations 

The onboard software used for stability calculations is subject to approval, which is to include: 

ҍ verification of type approval, if any; 

ҍ verification that the data used are consistent with the current condition of the ship (refer to 

paragraph 6.2); 

ҍ verification and approval of the test conditions; 

ҍ verification that the software is appropriate for the type of ship and stability calculations 

required; 

ҍ verification of functional requirements under paragraph 4.1.2. 

The satisfactory operation of the software with the onboard computer(s) for stability calculations 

is to be verified by testing upon installation (refer to paragraph 8). A copy of the approved test 

conditions and the operation manual for the computer/software are to be available on board. 

 

 




