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Chapter 1 

General 

1.1 General 

1.1.1 The Rules are framed for ships not less than 90 m in length intended for ocean service and of normal ratio of 
breadth to depth. Special consideration is to be given to ships of novel design or for special purpose. For ships less than 
90 m in length, are to comply with Part XV of the Rules for Steel Ships. 

1.1.2 The design which is not in direct compliance with the requirements of this Part may be accepted by the Society 
provided that such design is considered satisfactory and equivalent to the Rules. 

1.1.3 The Rules are set forth for all welded constructions. Riveted construction, where used, is to comply with the 
applicable parts dealing with riveting in the 1972 edition of the Rules. 

1.1.4 The section modulus of frames, beams, stiffeners, etc. required by the formula in the Rules is based on sections 
in conjunction with an effective width of plating as specified in 1.6.3. 

1.1.5 Where the flanging of the plates may be considered as a substitute for face plates fitted to web plates, the 
rounding over of the flanges is to be of the smallest practicable radius and normally the width of the flanges excluding 
1.5 times the thickness of the plates is to be considered as effective to obtain the effective area of the flanges. 

1.1.6 The midship scantlings as specified in the Rules are to apply throughout the midship 0.4L; the end scantlings 
are not to extend for more than 0.1L from each end of the ship. The tapering from the midship to the end scantlings is 
to be effected in as a gradual manner as practicable. 

1.1.7 Ships are to be built in accordance with controlled and transparent quality production standards with due regard 
to intellectual property rights. The ship construction quality procedures are to include, but not be limited to, 
specifications for material, manufacturing, alignment, assembling, joining and welding procedures, surface preparation 
and coating. All of the industrial standards employed may be recognized, for example, CNS, ISO, JIS, JSQS, DIN, 
AWS, IACS Rec.47, etc. 

1.1.8 Notes for coast guard ships (CGS): 

(a) The following terms in the Rules: 

(i) "cargo hold" or "cargo space" means hold or space which loaded with heavy stowage such as hangar, 
stores, spare parts, ammunition, etc. 

(ii ) "ballast condition" means "light load condition". The light load condition consists of all components 
of the ship (structure, machinery, piping equipment, outfitting, wiring, interiors, paint, etc.) plus 10% 
of tank and cargo capacity. 

1.2 Definitions 

1.2.1 Length of ship (L) is the distance, in meters, on the summer load waterline from the fore side of the stem to the 
after side of the rudder post, or to the center 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 summer load waterline. The summer load waterline is 
the designed maximum load line corresponding to the full load condition. In ships without rudder post and stock, L is 
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to be taken equal to 97% of the extreme length on the summer load waterline. In ships with unusual stem or stern 
arrangements, L is considered on a case by case basis. 

1.2.2 Breadth of ship (B) is the horizontal distance, in meters, measured at the broadest part of the hull to the moulded 
line of the frame in the ship. 

1.2.3 Depth of ship (D) is the vertical distance, in meters, at the middle of the length, L, from the top of keel to the 
top of the uppermost continuous deck beam at side. The depth, DS, for the determination of the requirements for the 
shell plating and the strength deck area is measured to the strength deck as defined in 1.2.5 of this Part. When a round 
gunwale is arranged, the depth, D, is to be measured to the continuation of the molded deck line. 

1.2.4 Draught (d) is the vertical distance, in meters, at the middle of the length, L, from the top of keel to the summer 
load waterline. 

1.2.5 Strength deck is the deck that forms the top of the effective hull girder at any part of its length. 

1.2.6 Bulkhead deck is the highest deck to which watertight transverse bulkheads except both peak bulkheads extend 
and are made effective. 

1.2.7 Speed of ship (V) is the designed speed, in knots at the maximum continuous rating of the propelling machinery 
when the ship with clean bottom runs ahead on calm sea at the designed summer load draught. 

1.2.8 Block coefficient (Cb) is the coefficient given by dividing the volume of moulded displacement by LBd. 

1.2.9 Superstructure is the deck structure on the freeboard deck, extending from side to side of the ship or with the 
side plating not being inboard of the shell plating more than 4% of the breadth of the ship for freeboard, Bf as specified 
in 1.2.11 below. 

1.2.10 Length of ship for freeboard (Lf) means 96 % of the total length on a waterline at 85 % of the least moulded 
depth measured from the top of the keel, or the length from the fore-side of the stem to the axis of the rudder stock on 
that waterline, if that be greater. Where the stem contour is concave above the waterline at 85 % of the least moulded 
depth, both the forward terminal of the total length and the fore-side of the stem respectively shall be taken at the vertical 
projection to that waterline of the after most point of the stem contour (above that waterline). In ships designed with a 
rake of keel the waterline on which this length is measured shall be parallel to the designed waterline. 

1.2.11 Breadth of ship for freeboard (Bf) is the maximum horizontal distance in meters, measured at the middle of the 
length of the ship for freeboard, Lf, to the moulded line of the frame in the ship. 

1.2.12 Freeboard deck 

(a) Freeboard deck is normally the uppermost continuous deck exposed to weather and sea, which has permanent 
means of closing all openings in the weather part thereof, and below which all openings in the sides of the 
ship are fitted with permanent means of watertight closing. 

(b) In a ship having a discontinuous freeboard deck, the lowest line of the exposed deck and the continuation of 
that line parallel to the upper part of the deck is taken as the freeboard deck. 
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(c) Where the designed load draught is less than derived from the provision of the International Convention on 
Load Lines, 1966 assuming the existing deck below the freeboard deck as the freeboard deck, the existing 
lower deck may be designated as the freeboard deck in the application of the Rules, provided it is to be 
continuous in a fore and aft direction at least between the machinery space and peak bulkheads and 
continuous athwartships. Where this lower deck is stepped, the lowest line of the deck and the continuation 
of that line parallel to the upper part of the deck is taken as the freeboard deck. 

1.2.13 The midship part of ship is the part 0.4L amidships unless otherwise specified. 

1.2.14 The end parts of ship are the parts 0.1L from each end of the ship. 

1.2.15 Keel line is a line parallel to the slope of the keel passing amidships through the top of the keel at the centerline 
or at the line of intersection of the inside of a shell plating with the keel if a bar keel extends below that line, on a ship 
with a metal shell. 

1.2.16 Refer to IACS Rec. 82: Surveyor's Glossary �± Hull terms & hull survey terms. 

1.3 Submission of Plans 

1.3.1 Plans should generally be submitted electronically to the Society via CR Plan Approval System (CRPA). 
However, hard copies in triplicate will also be accepted. In general, plans covering the following items are to be 
submitted and approved before the work of construction commences: 

(a) Construction plans, as detailed in the respective Chapters of the Rules, such as Midship Section, Longitudinal 
Section, Decks, Shell Plating, Bottom Construction, Framing, Inner Bottom Plating, Watertight Bulkheads, 
Structural Non-tight Bulkheads, Deep Tanks, Pillars and Girders, Shaft Tunnels, Bow Construction, Stern 
Construction, Machinery Casing, Main Engine, Boiler and Main Auxiliary Foundations, Stem, Sternframe, 
Rudder, Shaft Struts, Spectacle Frames and Bossing, Superstructures and Deck Houses, etc. The proposed 
scantlings with the necessary particulars for determining the scantlings according to the Rules, the grade of 
steel to be used, and the arrangement of all parts relevant to the Rules are to be shown on the Plans. 

(b) Longitudinal strength calculations including Still Water Bending Moment and Shear Force Calculations and 
Section Modulus Calculations as required by 3.2 of this Part. 

(c) Equipment Calculations as required by 25.2 of this Part. 

(d) Plans and Particulars relevant to the Freeboard Assignment, such as Freeboard Calculations, Safety Against 
Flooding, if any; Doors, Position of Hatchways, Doorways and Ventilators, Cargo and Other Hatchways, 
Miscellaneous Openings in Freeboard and Superstructure Decks, Ventilators, Air Pipes, Hold Ports and other 
Similar Openings, Scuppers, Inlets and Discharges, Side Scuttles, Freeing Ports, Protection of the Crew, 
Gangway and Access etc. 

1.3.2 Any alterations made to the approved plans are subject to approval by the Society before the work with respect 
to such alterations commences. 

1.4 Testing Procedures for Tanks and Boundaries 

1.4.1 Reference is made to IACS UR S14 (Rev. 6) for definition of applicable ships. The requirements of testing 
procedures are divided into two parts, PART A and PART B as follows: 
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(a) PART A - SOLAS ships (including CSR BC & OT) 

(b) PART B - Non-SOLAS ships and SOLAS Exempt/Equivalent ships 

1.4.2 Testing procedures of watertight compartments for SOLAS ships (including CSR BC & OT) are to be carried 
out in accordance with PART A, unless: 

(a) the shipyard provides documentary evidence of the shipowner's agreement to a request to the Flag 
Administration for an exemption from the application of SOLAS Ch. II-1, Reg. 11, or for an equivalency 
agreeing that the content of PART B is equivalent to SOLAS Ch. II-1, Reg. 11; and  

(b) the above-mentioned exemption or equivalency has been granted by the responsible Flag Administration. 

1.4.3 Testing procedures of watertight compartments are to be carried out in accordance with PART B for non-
SOLAS ships and those SOLAS Exempt/Equivalent ships for which: 

(a) the shipyard provides documentary evidence of the shipowner's agreement to a request to the Flag 
Administration for an exemption from the application of SOLAS Ch. II-1, Reg. 11, or for an equivalency 
agreeing that the content of PART B is equivalent to SOLAS Ch. II-1, Reg. 11; and 

(b) the above-mentioned exemption or equivalency has been granted by the responsible Flag Administration. 

1.4.4 Part A �± SOLAS ships 

(a) General 

(i) These test procedures are to confirm the watertightness of tanks and watertight boundaries, and the 
structural adequacy of tanks which consist of the watertight subdivisions of ships. These procedures 
may also be applied to verify the weathertightness of structures and shipboard outfitting. The 
tightness of all tanks and water tight boundaries of ships during new construction and those relevant 
to major conversions or major repairs is to be confirmed by these test procedures prior to the delivery 
of the ship. 

(ii)  Watertight subdivision means the main transverse and longitudinal subdivisions of the ship required 
to satisfy the subdivision requirements of SOLAS Chapter II-1. 

(iii ) Major repair means a repair affecting structural integrity. 

(iv) Gravity tank means a tank that is subject to vapor pressure not greater than 70 kPa. 

(b) Application 

(i) All gravity tanks and other boundaries required to be watertight or weathertight are to be tested in 
accordance with 1.4.4 and proven tight and structurally adequate as follows: 

(1) Gravity Tanks for their tightness and structural adequacy, 

(2) Watertight Boundaries other than Tank Boundaries for their watertightness, and 

(3) Weathertight Boundaries for their weathertightness. 

(ii ) The testing of structures not listed in Table II 1-1 of this Chapter, is to be specially considered. 

(c) Test Types Definitions 

(i) The following two types of test are specified in this requirement: 

(1) Structural Test 
A test to verify the structural adequacy of tank construction. This may be a hydrostatic test or, 
where the situation warrants, a hydropneumatic test. 
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(2) Leak Test 
A test to verify the tightness of a boundary. Unless a specific test is indicated, this may be a 
hydrostatic / hydropneumatic test or an air test. A hose test may be considered an acceptable 
form of leak for certain boundaries, as indicated by Note (3) of Table II 1-1 of this Chapter. 

(ii ) The definition of each test type is as follows: 

(1) Hydrostatic Test (Leak and Structural) 
A test wherein a space is filled with a liquid to a specified head. 

(2) Hydropneumatic Test (Leak and Structural) 
A test combining a hydrostatic test and an air test. wherein a space is partially filled with a liquid 
and pressurized with air. 

(3) Hose Test (Leak) 
A test to verify the tightness of a joint by a jet of water with the joint visible from the opposite 
side. 

(4) Air Test (Leak) 
A test to verify tightness by means of air pressure differential and leak indicating solution. It 
includes tank air tests and joint air tests, such as compressed air fillet weld tests and vacuum box 
tests. 

(5) Compressed Air Fillet Weld Test (Leak) 
An air test of fillet welded tee joint wherein leak indicating solution is applied on fillet welds. 

(6) Vacuum Box Test (Leak) 
A box over a joint with leak indicating solution applied on the welds. A vacuum is created inside 
the box to detect any leaks. 

(7) Ultrasonic Test (Leak) 
A test to verify the tightness of the sealing of closing devices such as hatch covers by means of 
ultrasonic detection techniques. 

(8) Penetration Test (Leak) 
A test to verify that no visual dye penetrant indications of potential continuous leakages exist in 
the boundaries of a compartment by means of low surface tension liquids (i.e. dye penetrant test). 

(9) Other test 
Other methods of testing may be considered by the Society upon submission of full particulars 
prior to the commencement of testing. 

(d) Test Procedures 

(i) General 

Tests are to be carried out in the presence of the Surveyor at a stage sufficiently close to the completion 
of the work with all hatches, doors, windows, etc., installed and all penetrations including pipe 
connections fitted, and before any ceiling and cement work is applied over the joints. Specific test 
requirements are given in 1.4.4(d)(iv) and Table II 1-1 of this Chapter. For the timing of the application 
of coating and the provision of safe access to joints, see 1.4.4(d)(v), 1.4.4(d)(vi) and Table II 1-2 of this 
Chapter. 

(ii ) Structural test procedures 

(1) Type and time of test 
Where a structural test is specified in Table II 1-1 of this Chapter, a hydrostatic test in accordance 
with 1.4.4(d)(iv)(1) of this Chpater will be acceptable. Where practical limitations (strength of 
building berth, density of liquid, etc.) prevent the performance of a hydrostatic test, a 
hydropneumatic test in accordance with 1.4.4(d)(iv)(2) of this Chapter may be accepted instead. 
A hydrostatic test or hydropneumatic test for the confirmation of structural adequacy may be 
carried out while the ship is afloat, provided the results of a leak test are confirmed to be 
satisfactory before the ship is afloat. 

(2) Testing Schedule for New Construction or Major Structural Conversion 

a) Tanks which are intended to hold liquids, and which form part of the watertight subdivision 
of the ship* , shall be tested for tightness and structural strength as indicated in Table II 1-
1 of this Chapter. 
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*  Watertight subdivision means the main transverse and longitudinal subdivisions of the ship 
required to satisfy the subdivision requirements of SOLAS Ch. II-1. 

b) The tank boundaries are to be tested from at least one side. The tanks for structural test are 
to be selected so that all representative structural members are tested for the expected 
tension and compression. 

c) The watertight boundaries of spaces other than tanks for structural testing may be exempted, 
provided that the water-tightness of boundaries of exempted spaces is verified by leak tests 
and inspections. Structural testing may not be exempted and the requirements for structural 
testing of tanks in 1.4.4(d)(ii)(2)a) to 1.4.4(d)(ii)(2)b) of this Chapter shall apply, for ballast 
holds, chain lockers and a representative cargo hold if intended for in-port ballasting. 

d) Tanks which do not form part of the watertight subdivision of the ship, may be exempted 
from structural testing provided that the water-tightness of boundaries of exempted spaces 
is verified by leak tests and inspections. 

(iii ) Leak test procedures 

(1) For the leak test specified in Table II 1-1, tank air tests, compressed air fillet weld tests, vacuum 
box tests in accordance with 1.4.4(d)(iv)(4) through 1.4.4(d)(iv)(6) of this Chapter, or their 
combination, will be acceptable. Hydrostatic or hydropneumatic test may also be accepted as 
leak tests provided that 1.4.4(d)(v), 1.4.4(d)(vi) and 1.4.4(d)(vii)  of this Chapter are complied 
with. Hose tests will also be acceptable for such locations as specified in Note (3) of Table II 1-
1 of this Chapter, in accordance with 1.4.4(d)(iv)(3) of this Chapter. 

(2) The application of the leak test for each type of welded joint is specified in Table II 1-2. 

(3) Air tests of joints may be carried out in the block stage provided that all work on the block that 
may affect the tightness of a joint is completed before the test. See also 1.4.4(d)(v)(1) of this 
Chapter for the application of final coatings and 1.4.4(d)(vi) of this Chapter for the safe access 
to joints and the summary in Table II 1-2 of this Chapter. 

(iv) Test Methods 

(1) Hydrostatic Test 
Unless other liquid is approved, the hydrostatic tests are to consist of filling the space by fresh 
water or sea water, whichever is appropriate for testing, to the level specified in Table II 1-1 of 
this Chapter. 
In case a tank is designed for cargo densities greater than sea water and testing is with fresh 
water or sea water, the testing pressure height is to simulate the actual loading for those greater 
cargo densities as far as practicable. 
All  external surfaces of the tested space are to be examined for structural distortion, bulging and 
buckling, other related damage and leaks. 

(2) Hydropneumatic test 
Hydropneumatic tests where approved, are to be such that the test condition in conjunction with 
the approved liquid level and supplemental air pressure will simulate the actual loading as far as 
practicable. The requirements and recommendations for tank air tests in 1.4.4(d)(iv)(4) of this 
Chapter will also apply to the hydropneumatic test. See also 1.4.4(d)(vii) of this Chapter. 
All external surfaces of the tested space are to be examined for structural distortion, bulging and 
buckling, other related damage and leaks. 

(3) Hose test 
Hose tests are to be carried out with the pressure in the hose nozzle maintained at least at 2×105 
Pa during the test. The nozzle is to have a minimum inside diameter of 12 mm and be at a 
perpendicular distance from the joint not exceeding 1.5 m. The water jet is to impinge directly 
upon the weld.  
Where a hose test is not practical because of possible damage to machinery, electrical equipment 
insulation or outfitting items, it may be replaced by a careful visual examination of welded 
connections, supported where necessary by means such as a dye penetrant test or ultrasonic leak 
test or the equivalent. 

(4) Tank air test 
All boundary welds, erection joints and penetrations, including pipe connections are to be 
examined in accordance with approved procedure and under a stabilized pressure differential 
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above atmospheric pressure not less than 0.15×105 Pa, with a leak indicating solution such as 
soapy water/detergent or a proprietary brand applied.  
A U-tube with a height sufficient to hold a head of water corresponding to the required test 
pressure is to be arranged. The cross sectional area of the U-tube is not to be less than that of the 
pipe supplying air to the tank. Arrangements involving the use of two calibrated pressure gauges 
to verify the required test pressure may be accepted taking into account the provisions in F5.1 
and F7.4 of IACS Rec. 140, "Recommendation for Safe Precautions during Survey and Testing 
of Pressurized Systems". 
A double inspection is to be made of tested welds. The first is to be immediately upon applying 
the leak indication solution; the second is to be after approximately four or five minutes in order 
to detect those smaller leaks which may take time to appear. 

(5) Compressed air fillet weld test 
In this air test, compressed air is injected from one end of a fillet welded joint and the pressure 
verified at the other end of the joint by a pressure gauge on the opposite side. Pressure gauges 
are to be arranged so that an air pressure of at least 0.15×105 Pa can be verified at each end of 
all passages within the portion being tested. 
Note: Where a leak test is required for fabrication involving partial penetration welds, a 
compressed air test is also to be applied in the same manner as to fillet weld where the root face 
is large, i.e., 6-8 mm. 

(6) Vacuum box test 
A box (vacuum testing box) with air connections, gauges and an inspection window is placed 
over the joint with leak indicating solution applied to the weld cap vicinity. The air within the 
box is removed by an ejector to create a vacuum of 0.20×105 ~ 0.26×105 Pa inside the box. 

(7) Ultrasonic test 
An ultrasonic echo transmitter is to be arranged inside of a compartment and a receiver is to be 
arranged on the outside. The watertight/weathertight boundaries of the compartment are scanned 
with the receiver in order to detect an ultrasonic leak indication. A location where the sound is 
detectable by the receiver indicates a leakage in the sealing of the compartment. 

(8) Penetration test 
A test of butt welds or other weld joints uses the application of a low surface tension liquid at 
one side of a compartment boundary or structural arrangement. If no liquid is detected on the 
opposite side of the boundaries after the expiration of a defined period of time, this indicates 
tightness of the boundaries. In certain cases, a developer solution may be painted or sprayed on 
the other side of the weld to aid leak detection. 

(9) Other test 
Other methods of testing may be considered by the Society upon submission of full particulars 
prior to commencement of the testing. 

(v) Application of coating 

(1) Final coating 
For butt joints welded by an automatic process, the final coating may be applied any time before 
the completion of a leak test of spaces bounded by the joints, provided that the welds have been 
carefully inspected visually to the satisfaction of the Surveyor. The Surveyor reserves the right 
to require a leak test prior to the application of the final coating over automatic erection butt 
welds. 
For all other joints, the final coating is to be applied after the completion of the leak test of the 
joint. See also Table II 1-2 of this Chapter. 

(2) Temporary coating 
Any temporary coating which may conceal defects or leaks is to be applied at the time as 
specified for the final coating. This requirement does not apply to shop primer. 

(vi) Safe access to joints 

For leak tests, a safe access to all joints under examination is to be provided. See also Table II 1-2 of 
this Chapter. 

(vii)  Hydrostatic or hydropneumatic tightness test 

In cases where the hydrostatic or hydropneumatic tests are applied instead of a specific leak test, 
examined boundaries must be dew-free, otherwise small leaks are not visible. 
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1.4.5 PART B �± Non-SOLAS Ships and SOLAS Exemption/Equivalent Ships 

(a) General 

These test procedures are to confirm the watertightness of tanks and watertight boundaries, and the structural 
adequacy of tanks which consist of the watertight subdivisions of ships. These procedures may also be 
applied to verify the weathertightness of structures and shipboard outfitting. The tightness of all tanks and 
water tight boundaries of ships during new construction and those relevant to major conversions or major 
repairs is to be confirmed by these test procedures prior to the delivery of the ship. 

(b) Application 

(i) Testing procedures are to be carried out in accordance with the requirements of 1.4.4(d)(ii) to 
1.4.4(d)(vii) of this Chapter in association with the following alternative procedures for 1.4.4(d)(ii)(2) 
"Testing Schedule for New Construction or Major Structural Conversion" and alternative test 
requirements for Table II 1-1 of this Chapter. 

(ii)  The tank boundaries are to be tested from at least one side. The tanks for structural test are to be 
selected so that all representative structural members are tested for the expected tension and 
compression. 

(iii)  Structural tests are to be carried out for at least one tank of a group of tanks having structural similarity 
(i.e. same design conditions, alike structural configurations with only minor localised differences 
determined to be acceptable by the attending Surveyor) on each ship provided all other tanks are 
tested for leaks by an air test.  

(iv) Additional tanks may require structural testing if found necessary after the structural testing of the 
first tank. 

(v) Where the structural adequacy of the tanks of a ship were verified by the structural testing required 
in Table II 1-1 of this Chapter, subsequent ships in the series (i.e. sister ships built from the same 
plans at the same shipyard) may be exempted from structural testing of tanks, provided that: 

(1) Water-tightness of boundaries of all tanks is verified by leak tests and thorough inspections are 
carried out. 

(2) Structural testing is carried out for at least one tank of each type among all tanks of each sister 
ship. 

(3) Additional tanks may require structural testing if found necessary after the structural testing of 
the first tank or if deemed necessary by the attending Surveyor. 

(vi) Sister ships built (i.e. keel laid) two years or more after the delivery of the last ship of the series, may 
be tested in accordance with 1.4.5(b)(v) of this Chapter at the discretion of the Society, provided that: 

(1) general workmanship has been maintained (i.e. there has been no discontinuity of shipbuilding 
or significant changes in the construction methodology or technology at the yard, shipyard 
personnel are appropriately qualified and demonstrate an adequate level of workmanship as 
determined by the Society); and 

(2) an NDT plan is implemented and evaluated by the Society for the tanks not subject to structural 
tests. Shipbuilding quality standards for the hull structure during new construction are to be 
reviewed and agreed during the kick-off meeting. Structural fabrication is to be carried out in 
accordance with IACS Rec. 47, "Shipbuilding and Repair Quality Standard", or a recognised 
fabrication standard which has been accepted by the Society prior to the commencement of 
fabrication/construction. The work is to be carried out in accordance with the Rules and under 
survey of the Society. 

1.4.6 General requirements for testing are given in Table II 1-1 of this Chapter. 

1.5 Materials 

1.5.1 The requirements for hull scantling given in this Part are based on the use of mild steel as specified in Part XI 
of the Rules for Steel Ships. 
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1.5.2 High strength steel 

(a) The material factor K for section modulus for 0.4 L amidship of hull and for other strength calculation is to 
be as follows: 
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Material factor for extra high strength steels are to be specially considered. 

(b) For longitudinal strength applicable of higher strength material are to be continuous over the length of the 
ship to locations where the stresses levels will be suitable for the adjacent mild steel structure. Higher strength 
steel is to be extended to suitable locations below the strength deck and above the bottom, so that the stress 
levels will be satisfactory for the remaining mild steel structure. Longitudinal framing members are to be 
continuous throughout the required extent of higher strength steel. 

(c) For rudder stocks, pintles, flanges, coupling bolts, keys and cast parts of rudders, required scantlings may be 
reduced with consideration of the following material factor when higher strength steels are used: 
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(d) The scantling of local structure such as section modulus, moment of inertia, thickness, sectional area, etc. 
are to be specially considered by the Society. 

1.5.3 Where materials other than those specified in 1.5.1 and 1.5.2 above are used, the use of such materials and the 
corresponding scantlings are to be specially approved by the Society. 

1.5.4 Use of steel grades for ships 

(a) 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 II 1-3 to Table II 1-6. General requirements are given in Table 
II 1-3, while additional minimum requirements for ships with length exceeding 150 m and 250 m are given 
in Table II 1-4 and Table II 1-5,. The material grade requirements for hull members of each class depending 
on the thickness are defined in Table II 1-6. 

(b) For strength members not mentioned in Table II 1-3 to Table II 1-5, Grade A/AH may generally be used. 
The steel grade is to correspond to the as-built plate thickness when this is greater than the rule requirement. 
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(c) Plating materials for stern frames, rudders, rudder horns and shaft brackets are in general not to be of lower 
grades than corresponding to Class II. For rudder and rudder body plates subjected to stress concentrations 
(e.g. in way of lower support of semi-spade rudders or at upper part of spade rudders) Class III is to be 
applied. 

1.5.5 Structures exposed to low air temperatures 

(a) For ships intended to operate in areas with low air temperatures (below and including -20ºC), 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, to be taken as defined in 1.5.6. 

(b) Materials in the various strength members above the lowest ballast water line (BWL) exposed to air are not 
to be of lower grades than those corresponding to Classes I, II and III, as given in Table II 1-7 of this Chapter, 
depending on the categories of structural members (SECONDARY, PRIMARY and SPECIAL). For non-
exposed structures (except as indicated in Note (5) of Table II 1-7 of this Chapter) and structures below the 
lowest ballast water line, see 1.5.4 of this Chapter. 

(c) The material grade requirements for hull members of each class depending on thickness and design 
temperature are defined in Table II 1-8 to Table II 1-10. For design temperatures tD < -55ºC, materials are to 
be specially considered by the Society. 

(d) 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, maximum 1800 mm. 

(e) Plating materials for stern frames, rudder horns, rudders and shaft brackets are not to be of lower grades than 
those corresponding to the material classes given in 1.5.4. 

1.5.6 The design temperature tD is to be taken as the lowest mean daily average air temperature in the area of 
operation. For seasonally restricted service, the lowest value within the period of operation applies. Fig. II 1-1 illustrates 
the temperature definition. 

1.5.7 For the purpose of issuing a Polar Ship Certificate in accordance with the Polar Code, the design temperature 
tD shall be no more than 13ºC 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. 
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Fig. II 1-1 

Commonly Used Definitions of Temperatures 

1.6 Scantlings 

1.6.1 The midship part and end parts of the ship used when describing the location of structural members and their 
scantlings are defined in 1.2.13 and 1.2.14 respectively. 

1.6.2 Unless specified otherwise, scantlings of structural members of the midship part can be reduced gradually over 
the length of 0.1L afore and abaft. 

1.6.3 Section moduli specified by the Rules include the steel plates with an effective breadth of 0.1l on either side of 
the members, unless specified otherwise. However, the 0.1l steel plates are not to exceed one-half of the distance to the 
next member. l is the length of the member specified in the relevant Chapters. 

1.6.4 When calculating the section module of longitudinals or longitudinal stiffeners, these values may be properly 
reduced where these members are effectively supported inside the span defined in the formula. 

1.6.5 Where flat bars, angles or flanged plates are welded to form beams, frames or stiffeners for which section 
moduli are specified, they are to be of suitable depth and thickness in proportion to the section modulus specified in the 
Rules. 

1.6.6 For members such as girders and floors, to which sectional area of face plate is specified, the breadth of the 
flange is not to be less than that obtained from the following formula, where the inner edge of the web plate is flanged 
in lieu of a face plate. 
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1.6.7 Group of stiffeners 
Scantlings of stiffeners based on requirements in this Part may be decided based on the concept of grouping designated 
sequentially placed stiffeners of equal scantlings on a single stiffened panel. The scantling of the group is to be taken as 
the greater of the following: 

�@ The average of the required scantling of all stiffeners within a group. 

�@ 90% of the maximum scantling required for any one stiffener within the group. 

1.7 Connection of Ends of Stiffeners, Girders and Frames 

1.7.1 Where the ends of girders are connected to locations such as bulkheads and tank tops, the end connections of 
all girders are to be balanced by effective supporting members on the opposite side of these locations. 

1.7.2 The length of the frame-side arm of brackets connected to the frames or stiffeners of locations such as bulkheads 
or deep tanks is not to be less than one-eighth of l specified in the relevant Chapter, unless otherwise specified. 

1.7.3 Where stiffeners support the longitudinals penetrating floors or transverse girders in tanks, the connection of 
the stiffeners to the longitudinals is to have enough fatigue strength for the dynamic pressure that occurs in such tanks. 
These stiffeners are to be of a thickness not less than the minimum thickness required for floors or transverse girders 
and the depth of which is not to be less than 0.08 times the depth of girders or transverse floors, d0 (in mm), minus the 
height of the longitudinals. However, stiffeners of an equivalent or greater strength are deemed acceptable. 

1.8 Brackets 

1.8.1 The size of brackets is to be determined by Table II 1-11 of this Chapter according to the length of the longer 
arm. 

1.8.2 The thickness of brackets is to be suitably increased where the depth of the brackets at the throat is less than 
two-thirds of the longer arm of the bracket. 

1.8.3 Where lightening holes are cut into the brackets, the distance from the circumference of the hole to the free 
flange of the bracket is not to be less than the diameter of the lightening hole. 

1.8.4 Where the length of the longer arm exceeds 800 mm, the free edges of the brackets are to be stiffened by 
flanging or by other means, except where tripping brackets or the like are provided. 

1.9 Modification of Span (l) for Thicker Brackets 

1.9.1 Span (l) for thicker brackets 
Where brackets are not thinner than the girder plates, the value of l specified in this Part may be modified in accordance 
with the following: 

(a) Where the sectional area of the face plate of the bracket is not less than one-half that of the girder and the 
face plate of the girder which is carried on to the bulkhead, deck, tank top, etc., l may be measured to a point 
0.15m inside the toe of the bracket. 
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(b) Where the sectional area of the face plate of the bracket is less than one-half that of the girder and the face 
plate of the girder which is carried on to the bulkhead, deck, tank top, etc., l may be measured to a point 
where the sum of sectional areas of the bracket and its face plate outside the line of the girder is equal to the 
sectional area of the face plate of girder, or to a point 0.15m inside the toe of the bracket, whichever is greater. 

(c) Where brackets are provided and the face plates of girders extend along the free edge of brackets to the 
bulkhead, deck, tank top, etc., even if the free edge of brackets is curved, l is to be measured to the toe of the 
bracket. 

(d) Brackets are not to be considered effective beyond the point where the arm along the girder is 1.5 times the 
length of the arm on the bulkhead, deck, tank top, etc. 

(e) In no case is the allowance in l at either end to exceed one-quarter of the overall length of the girder including 
the part of end connection. 

1.9.2 Effective bending span (le) of stiffeners 
The effective bending span (le) of stiffeners is to be measured as shown in Fig. II 1-2 for single skin structures and Fig. 
II 1-3 for double skin structures. 
If the web stiffener is sniped at the end or not attached to the stiffener under consideration, the effective bending span is 
to be taken as the full length between primary supporting members unless a backing bracket is fitted, see Fig. II 1-2. 
The effective bending span may be reduced where brackets are fitted to the flange or free edge of the stiffener. Brackets 
fitted on the side opposite to that of the stiffener with respect to attached plating are not to be considered as effective in 
reducing the effective bending span. 
In single skin structures, the effective bending span of a stiffener supported by a bracket or by a web stiffener on one 
side only of the primary supporting member web, is to be taken as the total span between primary supporting members 
as shown in item (a) of Fig. II 1-2. If brackets are fitted on both sides of the primary supporting member, the effective 
bending span is to be taken as in items (b), (c) and (d) of Fig. II 1-2. 
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Fig. II 1-2 

Effective Bending Span of Stiffeners Supported by Web Stiffeners (Single Skin Construction) 
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Note: Where the face plate of the stiffener is continuous along the edge of the bracket, the effective bending span is 

to be taken to the position where the depth of the bracket is equal to one quarter of the depth of the stiffener, 
see Fig. II 1-4. 

Fig. II 1-3 
Effective Bending Span of Stiffeners Supported by Web Stiffeners (Double Skin Construction) 

 

���D�� 

�O�H 

�O 

���E�� 

�K�V�W�I���� �K�V�W�I���� 

�O�H 
�O 

���F�� 

�K�V�W�I���� �K�V�W�I���� 

�K�V�W�I 

�O�H 
�O 

���G�� 

�K�V�W�I���� 

�K�V�W�I 

�O�H 
�O 

�K�V�W�I 



PART II CHAPTER 1 
1.10 Workmanship 

����16���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

 
Fig. II 1-4 

Effective Bending Span for Local Support Members  
with Continuous Face Plate along Bracket Edge 

1.10 Workmanship 

1.10.1 The workmanship is to be of the best quality. During construction, the builder is to supervise and inspect every 
job in detail performed in the shed and yard. 

1.10.2 The connection of structural parts of the hull is to be fair and sound. 

1.10.3 The edges of steel plates are to be accurate and fair. 

1.10.4 The flanging inner radius is not to be less than two times but not greater than 3 times the thickness of plate. 

1.10.5 Where frames or beams pass through watertight decks or bulkheads, the deck or bulkhead is to be constructed 
watertight without using wooden materials or cement. 

1.10.6 The details of welded joints and their workmanship are to be as specified in Part XII of the Rules for the Steel 
Ships. 

1.11 Equipment 

1.11.1 Masts and riggings, cargo handling, mooring and anchoring arrangements and other fittings for which there are 
no particular requirements in this Part are to be of appropriate construction and arrangement suitable for their respective 
purposes. Where deemed necessary, tests are to be carried out to the satisfaction of the Surveyor. 

1.12 Direct Calculations 

1.12.1 Where approved by the Society, direct calculations may be used to determine the scantlings of primary 
members. Where direct calculations are used, the data necessary for the calculations are to be submitted to the Society 
including but not limited to as follows: 

(a) The direct calculation procedures are to be agreed by the Society. 

(b) The technical program(s) used. 

(c) A description of the structural modelling. 
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(d) A summary of analysis parameters including properties and boundary conditions. 

(e) Details of the loading conditions and the means of applying loads. 

(f) A comprehensive summary of calculation results. Sample calculations should be submitted where 
appropriate. 

In general, submission of large volumes of input and output data associated with such programs as finite element analysis 
will not be necessary. 

1.12.2 Where deemed necessary by the Society based on factors such as the type and size of the ship, the scantlings 
of primary members are to be determined by the direct strength analysis. 

1.13 Structural Details 

1.13.1 Continuity and alignment 

(a) The arrangement of material is to be such as will ensure structural continuity. Abrupt changes of shape or 
section, sharp corners and points of stress concentration are to be avoided. 

(b) Where members abut on both sides of a bulkhead or similar structure, care is to be taken to ensure good 
alignment. 

(c) Pillars and pillar bulkheads are to be fitted in the same vertical line wherever possible, and elsewhere 
arrangements are to be made to transmit the out of line forces satisfactorily. The load at head and heel of 
pillars is to be effectively distributed and arrangements are to be made to ensure the adequacy and lateral 
stability of the supporting members. 

(d) Continuity is to be maintained where primary members intersect and where the members are of the same 
depth, a suitable gusset plate is to be fitted. 

(e) End connections of structural members are to provide adequate end fixity and effective distribution of the 
load into the supporting structure. 

(f) The toes of brackets, etc. should not land on unstiffened panels of plating. Special care should be taken to 
avoid notch effects at the toes of brackets, by making the toe concave or otherwise tapering it off. 

(g) Where primary and/or secondary members are constructed of higher tensile steel, particular attention is to be 
paid to the design of the end bracket toes in order to minimise stress concentrations. Sniped face plates which 
are welded onto the edge of primary member brackets are to be carried well around the radiused bracket toe 
and are to incorporate a taper not greater than 30º. Where sniped face plates are welded adjacent to the edge 
of primary member brackets, adequate cross sectional area is to be provided through the bracket toe at the 
end of the snipe. In general, this area measured perpendicular to the face plate, is to be not less than 60 per 
cent of the full cross-sectional area of the face plate, see Fig. II 1-5 as below. 
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Fig. II 1-5 
Bracket Toe Construction 

1.13.2 Arrangements at intersections of continuous secondary and primary members 

(a) Cut-outs for the passage of secondary members through the web of primary members, and the related 
collaring arrangements, are to be designed to minimise stress concentrations around the perimeter of the 
opening and in the attached hull envelope or bulkhead plating. The critical shear buckling stress of the panel 
in which the cut-out is made is to be investigated. Cut-outs for longitudinals are to be fitted with full collar 
plates in areas of high stress, e.g. in way of cross tie ends and floors under bulkhead stools in ore and ballast 
holds. 

(b) Cut-outs are to have smooth edges, and the corner radii are to be as large as practicable, with a minimum of 
20% of the breadth of the cut-out or 25 mm, whichever is the greater. It is recommended that the web plate 
connection to the hull envelope or bulkhead should end in a smooth tapered "soft toe". Recommended shapes 
of cut-out are shown in Fig. II 1-6 of this Chapter, but consideration will be given to other shapes on the 
basis of maintaining equivalent strength and minimizing stress concentration. Consideration is to be given 
to the provision of adequate drainage and unimpeded flow of air and water when designing the cut-outs and 
connection details. 

(c) Asymmetrical secondary members are to be connected on the heel side to the primary member web plate. 
Additional connection by collars on the opposite side may be required. 

(d) Symmetrical secondary members are to be connected by collars on one or both sides, as necessary. 

(e) The cross-sectional areas of the connections are to be determined from the proportion of load transmitted 
through each component in association with its appropriate permissible stress. 
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Fig. II 1 -6 
Cut-Outs and Connections 
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1.13.3 Openings 

(a) Manholes, lightening holes and other cut-outs are to be avoided in way of concentrated loads and areas of 
high shear. In particular, manholes and similar openings are not to be cut in vertical or horizontal diaphragm 
plates in narrow cofferdams or double plate bulkheads within one-third of their length from either end, nor 
in floors or double bottom girders close to their span ends, or below the heels of pillars, unless the stresses 
in the plating and the panel buckling characteristics have been calculated and found satisfactory. 

(b) Manholes, lightening holes and other openings are to be suitably framed and stiffened where necessary. 

(c) Air and drain holes, notches and scallops are to be kept at least 200 mm clear of the toes of end brackets and 
other areas of high stress, see Fig. II 1-7 as below. Openings are to be well rounded with smooth edges. 
Details of scalloped construction are shown in Fig. II 1-7 as below. Closely spaced scallops are not permitted 
in higher tensile steel members. Widely spaced air or drain holes may be accepted, provided that they are of 
elliptical shape, or equivalent, to minimise stress concentration and are, in general, cut clear of the weld 
connection. 

 

Fig. II 1-7 
Air Hole,  Drain Holes and Scallop 

1.13.4 Sheerstrake and bulwarks 

(a) Where an angled gunwale is fitted, the top edge of the sheerstrake is to be kept free of all notches and isolated 
welded fittings. Bulwarks are not to be welded to the top of the sheerstrake within the 0.5L amidships. 

(b) Where a rounded gunwale is adopted, the welding of fairlead stools and other fittings to this plate is to be 
kept to the minimum, and the design of the fittings is to be such as to minimise stress concentration. 
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(c) Arrangements are to ensure a smooth transition from rounded gunwale to angled gunwale towards the ends 
of the ship. 

(d) At the ends of superstructures where the side plating is extended and tapered to align with the bulwark 
plating, the transition plating is to be suitably stiffened and supported. Where freeing ports or other openings 
are essential in this plate, they are to be suitably framed and kept well clear of the free edge. 

1.13.5 Fittings and attachments, general 
The quality of welding and general workmanship of fittings and attachments are to be equivalent to that of the main hull 
structure. Visual examination of all welds is to be supplemented by non-destructive testing as considered necessary by 
the Surveyor. 

1.13.6 Bilge keels and ground bars 

(a) It is recommended that bilge keels should not be fitted in the forward 0.3L region on ships intended to 
navigate in severe ice conditions. 

(b) Bilge keels are to be attached to a continuous ground bar as shown in Fig. II 1-8 of this Chapter. Butt welds 
in shell plating, ground bar and bilge keels are to be staggered. 

(c) The minimum thickness of the ground bar is to be equal to the thickness of the bilge strake or 14 mm, 
whichever is the lesser. 

(d) The material of the bilge keel and ground bar is to be of the same yield stress as the material to which they 
are attached. In addition, when the bilge keel extends over a length more than 0.15 L, the material of the 
bilge keel and ground bar is to be of the same grade as the material to which they are attached. 

(e) The ground bar is to be connected to the shell with a continuous fillet weld and the bilge keel to the ground 
bar with a light continuous fillet weld. 

(f) Direct connection between ground bar butt welds and shell plating, and between bilge keel butt welds and 
ground bar is to be avoided. 

(g) The design of single web bilge keels is to ensure that failure to the web occurs before failure of the ground 
bar. In general, this may be achieved by ensuring the web thickness of bilge keels does not exceed that of 
the ground bar. 

(h) The end details of bilge keels and intermittent bilge keels, where adopted, are to be as shown in Fig. II 1-9 
of this Chapter. 

(i) The ground bar and bilge keel ends are to be tapered or rounded. Where the ends are tapered, the tapers are 
to be gradual with ratios of at least 3:1, see Fig. II 1-9 of this Chapter. Where the ends are rounded, details 
are to be as shown in Fig. II 1-9 of this Chapter. Cut-outs on the bilge keel web within zone 'A' (see Fig. II 
1-9 of this Chapter) are not permitted. 

(j) The end of the bilge keel web is to be between 50 mm and 100 mm from the end of the ground bar, see Fig. 
II 1-9 of this Chapter. 

(k) An internal transverse support is to be positioned as close as possible to halfway between the end of the bilge 
keel web and the end of the ground bar, see Fig. II 1-9 of this Chapter. 
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(l) Where an internal longitudinal stiffener is fitted in line with the bilge keel web, the longitudinal stiffener is 
to extend to at least the nearest transverse member outside zone 'A', see Fig. II 1-9 of this Chapter. In this 
case, the requirement of (j) above does not apply. 

(m) Holes are to be drilled in the bilge keel butt welds. The size and position of these holes are to be as illustrated 
in Fig. II 1-8 of this Chapter. Where the butt weld has been subject to non-destructive examination the stop 
hole may be omitted. 

(n) Bilge keels of a different design from that shown in Fig. II 1-8 and Fig. II 1-9 of this Chapter will be specially 
considered. 

(o) A plan of the bilge keels is to be submitted for approval of material grades, welded connections and detail 
design. 

 

 

Fig. II 1-8 
Bilge Keel Construction 

1.13.7 Other fittings and attachments 

(a) Gutterway bars at the upper deck are to be so arranged that the effect of main hull stresses on them is 
minimised. 
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(b) Minor attachments, such as pipe clips, staging lugs and supports, are generally to be kept clear of toes of end 
brackets, corners of openings and similar areas of high stress. Where connected to asymmetrical stiffeners, 
the attachments may be in line with the web providing the fillet weld leg length is clear of the offset face 
plate or flange edge. Where this cannot be achieved the attachments are to be connected to the web, and in 
the case of flanged stiffeners they are to be kept at least 25 mm clear of the flange edge. On symmetrical 
stiffeners, they may be connected to the web or to the centreline of the face plate in line with the web. 

(c) Where necessary in the construction of the ship, lifting lugs may be welded to the hull plating but they are 
not to be slotted through. Where they are subsequently removed, this is to be done by flame or mechanical 
cutting close to the plate surface, and the remaining material and welding ground off. After removal the area 
is to be carefully examined to ensure freedom from cracks or other defects in the plate surface. 

 

Fig. II 1-9 
Bilge Keel End Design 
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Table II 1-1 
Test Requirements for Tanks and Boundaries 

Item 
No. 

Tank or boundary 
to be tested 

Test type Test head or pressure Remarks 

1 Double bottom tanks(4) Leak and structural (1) 

The greater of 
- top of the overflow, 
- to 2.4 m above top of tank(2), or 
- to bulkhead deck 

 

2 Double bottom voids(5) Leak 

See 1.4.4(d)(iv)(4) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

including pump 
room double 
bottom and bunker 
tank protection 
double hull 
required by 
MARPOL Annex I 

3 Double side tanks Leak and structural(1) 

The greater of 
- top of the overflow, 
- to 2.4m above top of tank(2), or 
- to bulkhead deck 

 

4 Double side voids Leak 
See 1.4.4(d)(iv)(4) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

5 
Deep tanks other than those 
listed elsewhere in this table 

Leak and structural(1) 
The greater of 
- top of the overflow, or 
- to 2.4 m above top of tank(2) 

 

6 Peak tanks �/�H�D�N���D�Q�G���V�W�U�X�F�W�X�U�D�O������ 

The greater of 
- top of the overflow, or 
- to 2.4m above top of tank(2) 

After peak to be 
tested after 
installation of 
stern tube 

7 

Fore peak spaces with 
equipment 

Leak 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable. 

 

Fore peak voids Leak 
�6�H�H���������������G�����L�Y�����������W�K�U�R�X�J�K��
�������������G�����L�Y�����������R�I���W�K�L�V���3�D�U�W�����D�V��
�D�S�S�O�L�F�D�E�O�H 

 

Aft peak spaces with equipment Leak 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

Aft peak voids Leak 

See 1.4.4(d)(iv)(4) through 
1.4.4(d)(iv)(6)���R�I���W�K�L�V���3�D�U�W, as 
applicable 

After peak to be 
tested after 
installation of 
stern tube 

8 Cofferdams Leak 
See 1.4.4(d)(iv)(4) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

9 

Watertight bulkheads Leak (8) 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable(7) 

 

Superstructure end bulkhead Leak 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

10 
Watertight doors below 
freeboard or bulkhead deck 

Leak(6), (7) 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

11 
Double plate rudder 
blade 

Leak 
See 1.4.4(d)(iv)(4) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 
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12 
Shaft tunnel clear of 
deep tanks 

Leak(3) 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

13 Shell doors Leak(3) 
See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

 

14 
Weathertight hatch 
covers and closing 
appliances 

Leak(3), (7) 

See 1.4.4(d)(iv)(3) through 
1.4.4(d)(iv)(6) of this Part, as 
applicable 

Hatch covers 
closed by 
tarpaulins and 
battens excluded 

     
15 Chain locker Leak and structural(1) Top of chain pipe  

16 
L.O. sump. tanks and other 
similar tanks/spaces under main 
engines 

Leak(9) 
�6�H�H���������������G�����L�Y�����������W�K�U�R�X�J�K��
�������������G�����L�Y�����������R�I���W�K�L�V���3�D�U�W�����D�V��
�D�S�S�O�L�F�D�E�O�H 

 

17 Ballast ducts Leak and structural(1) 

The greater of 
- ballast pump maximum pressure, 
or 
- setting of any pressure relief 
valve 

 

18 Fuel Oil Tanks 
Leak and 
structural(1) 

The greater of  
- top of the overflow,  
- to 2.4m above top of tank(2), or  
- to top of tank(2) plus setting of any 
pressure relief valves, or  
- to bulkhead deck 

 

�1�R�W�H�V�� 

(1) Refer to 1.4.4(d)(ii) (2) of this Part. 

(2) The top of a tank is the deck forming the top of the tank excluding any hatchways. 

(3) Hose Test may also be considered as a medium of the test. See 1.4.4(c)(ii) of this Part. 

(4) Including tanks arranged in accordance with the provisions of SOLAS regulation II-1/9.4. 

(5) Including duct keels and dry compartments arranged in accordance with the provisions of SOLAS II -1/11.2 and II -
1/9.4 respectively, and/or oil fuel tank protection and pump room bottom protection arranged in accordance with the 
provisions of MARPOL Annex I, Chapter 3, Part A regulation 12A and Chapter 4, Part A, regulation 22 respectively. 

(6) Where water tightness of watertight door has not been confirmed by prototype test, testing by filling watertight spaces 
with water is to be carried out. See SOLAS regulation II-1/16.2 and MSC/Circ.1176. 

(7) As an alternative to the hose testing, other testing methods listed in 1.4.4(d)(iv)(7) through 1.4.4(d)(iv)(9) of this Part 
may be applicable subject to adequacy of such testing methods being verified. See SOLAS regulation II-1/11.1. For 
watertight bulkheads (item 9.1) alternatives to the hose testing may only be used where a hose test is not practicable. 

(8) �$���³�/�H�D�N���D�Q�G���V�W�U�X�F�W�X�U�D�O���W�H�V�W�´�����V�H�H��1.4.4(d)(ii) (2) of this Part is to be carried out for a representative hold if intended for 
in-port ballasting. The filling level requirement for testing holds intended for in-port ballasting is to be the maximum 
loading that will occur in-port as indicated in the loading manual. 

(9) Where L.O. sump tanks and other similar spaces under main engines intended to hold liquid form part of the watertight 
subdivision of the ship, they are to be tested as per the requirements of Item 5, Deep tanks other than those listed 
elsewhere in this table. 

  



PART II CHAPTER 1 
1.13 Structural Details 

����26���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

Table II 1-2 
Application of Leak Test, Coating and Provision of Safe Access for Type of Welded Joints 

Type of welded 
joints 

Leak test 
Coating(1) Safe Access(2) 

Before 
leak test 

After leak test but before 
structural test 

Leak test Structural test 

Butt 

Automatic 
Not 

required 
Allowed(3) N/A Not required Not required 

Manual or 
Semi-

automatic(4) 
Required 

Not 
allowed 

Allowed Required Not required 

Fillet 
Boundary 
including 

penetrations 
Required 

Not 
allowed 

Allowed Required Not required 

Notes: 
(1) Coating refers to internal (tank/hold coating), where applied, and external (shell/deck) painting. It does not 

refer to shop primer. 
(2) Temporary means of access for verification of the leak test. 
(3) The condition applies provided that the welds have been carefully inspected visually to the satisfaction of 

the Surveyor. 
(4) Flux Core Arc Welding (FCAW) semiautomatic butt welds need not be tested provided that careful visual 

inspections show continuous uniform weld profile shape, free from repairs, and the results of NDE testing 
show no significant defects. 
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Table II 1-3 
Material Classes and Grades for Ships in General 

�6�W�U�X�F�W�X�U�D�O���P�H�P�E�H�U���F�D�W�H�J�R�U�\ �0�D�W�H�U�L�D�O���F�O�D�V�V���J�U�D�G�H 
�6�(�&�2�1�'�$�5�<�� 
�$���� �/�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G���V�W�U�D�N�H�V�����R�W�K�H�U���W�K�D�Q���W�K�D�W���E�H�O�R�Q�J�L�Q�J���W�R���W�K�H���3�U�L�P�D�U�\��

�F�D�W�H�J�R�U�\ 
�$���� �'�H�F�N���S�O�D�W�L�Q�J���H�[�S�R�V�H�G���W�R���Z�H�D�W�K�H�U�����R�W�K�H�U���W�K�D�Q���W�K�D�W���E�H�O�R�Q�J�L�Q�J���W�R���W�K�H���3�U�L�P�D�U�\��

�R�U���6�S�H�F�L�D�O���F�D�W�H�J�R�U�\ 
�$���� �6�L�G�H���S�O�D�W�L�Q�J 

�����&�O�D�V�V���,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����*�U�D�G�H���$���$�+���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 

�3�5�,�0�$�5�<�� 
�%���� �%�R�W�W�R�P���S�O�D�W�L�Q�J�����L�Q�F�O�X�G�L�Q�J���N�H�H�O���S�O�D�W�H 
�%���� �6�W�U�H�Q�J�W�K���G�H�F�N���S�O�D�W�L�Q�J�����H�[�F�O�X�G�L�Q�J���W�K�D�W���E�H�O�R�Q�J�L�Q�J���W�R���W�K�H���6�S�H�F�L�D�O���F�D�W�H�J�R�U�\ 
�%���� �&�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O���P�H�P�E�H�U�V���D�E�R�Y�H���V�W�U�H�Q�J�W�K���G�H�F�N�����H�[�F�O�X�G�L�Q�J���K�D�W�F�K��

�F�R�D�P�L�Q�J�V 
�%���� �8�S�S�H�U�P�R�V�W���V�W�U�D�N�H���L�Q���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G 
�%���� �9�H�U�W�L�F�D�O���V�W�U�D�N�H�����K�D�W�F�K���V�L�G�H���J�L�U�G�H�U�����D�Q�G���X�S�S�H�U�P�R�V�W���V�O�R�S�H�G���V�W�U�D�N�H���L�Q���W�R�S���Z�L�Q�J��

�W�D�Q�N 

�����&�O�D�V�V���,�,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����*�U�D�G�H���$���$�+���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 

�6�3�(�&�,�$�/�� 
�&���� �6�K�H�H�U���V�W�U�D�N�H���D�W���V�W�U�H�Q�J�W�K���G�H�F�N������ 
�&���� �6�W�U�L�Q�J�H�U���S�O�D�W�H���L�Q���V�W�U�H�Q�J�W�K���G�H�F�N������ 
�&���� �'�H�F�N���V�W�U�D�N�H���D�W���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G�����H�[�F�O�X�G�L�Q�J���G�H�F�N���S�O�D�W�L�Q�J���L�Q���Z�D�\���R�I��

�L�Q�Q�H�U���V�N�L�Q���E�X�O�N�K�H�D�G���R�I���G�R�X�E�O�H���K�X�O�O���V�K�L�S�V������ 

�����&�O�D�V�V���,�,�,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,�,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 

  
  
�&���� �%�L�O�J�H���V�W�U�D�N�H���L�Q���V�K�L�S�V���Z�L�W�K���G�R�X�E�O�H���E�R�W�W�R�P���R�Y�H�U���W�K�H���I�X�O�O���E�U�H�D�G�W�K���D�Q�G���O�H�Q�J�W�K��

�O�H�V�V���W�K�D�Q�����������P������ 
�����&�O�D�V�V���,�,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 

�&���� �%�L�O�J�H���V�W�U�D�N�H���L�Q���R�W�K�H�U���V�K�L�S�V������ �����&�O�D�V�V���,�,�,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,�,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 

�&���� �/�R�Q�J�L�W�X�G�L�Q�D�O���K�D�W�F�K���F�R�D�P�L�Q�J�V���R�I���O�H�Q�J�W�K���J�U�H�D�W�H�U���W�K�D�Q�����������/ 
�&���� �(�Q�G���E�U�D�F�N�H�W�V���D�Q�G���G�H�F�N���K�R�X�V�H���W�U�D�Q�V�L�W�L�R�Q���R�I���O�R�Q�J�L�W�X�G�L�Q�D�O���F�D�U�J�R���K�D�W�F�K��

�F�R�D�P�L�Q�J�V 

�����&�O�D�V�V���,�,�,���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,�,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 
�����&�O�D�V�V���,���R�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 
�����1�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���*�U�D�G�H���'���'�+ 

(1) Single strakes required to be of Class III within 0.4L amidships are to have breadths not less than 800+5L (mm), 
need not be greater than 1800 (mm), unless limited by the geometry of the ship's design. 

Table II 1-4 
Minimum Material Grades for Ships with Length Exceeding 150 m 

and Single Strength Deck 
�6�W�U�X�F�W�X�U�D�O���P�H�P�E�H�U���F�D�W�H�J�R�U�\ �0�D�W�H�U�L�D�O���J�U�D�G�H 
�/�R�Q�J�L�W�X�G�L�Q�D�O���V�W�U�H�Q�J�W�K���P�H�P�E�H�U�V���R�I���V�W�U�H�Q�J�W�K���G�H�F�N���S�O�D�W�L�Q�J �*�U�D�G�H���%���$�+���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�&�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O���V�W�U�H�Q�J�W�K���P�H�P�E�H�U�V���D�E�R�Y�H���V�W�U�H�Q�J�W�K���G�H�F�N �*�U�D�G�H���%���$�+���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�6�L�Q�J�O�H���V�L�G�H���V�W�U�D�N�H�V���I�R�U���V�K�L�S�V���Z�L�W�K�R�X�W���L�Q�Q�H�U���F�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O��
�E�X�O�N�K�H�D�G���V�����E�H�W�Z�H�H�Q���E�R�W�W�R�P���D�Q�G���W�K�H���V�W�U�H�Q�J�W�K���G�H�F�N 

�*�U�D�G�H���%���$�+���Z�L�W�K�L�Q���F�D�U�J�R���U�H�J�L�R�Q 

Table II 1-5 
Minimum Material Grades for Ships with Length Exceeding 250 m 

�6�W�U�X�F�W�X�U�D�O���P�H�P�E�H�U���F�D�W�H�J�R�U�\ �0�D�W�H�U�L�D�O���J�U�D�G�H 
�6�K�H�D�U���V�W�U�D�N�H���D�W���V�W�U�H�Q�J�W�K���G�H�F�N������ �*�U�D�G�H���(���(�+���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�6�W�U�L�Q�J�H�U���S�O�D�W�H���L�Q���V�W�U�H�Q�J�W�K���G�H�F�N������ �*�U�D�G�H���(���(�+���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 
�%�L�O�J�H���V�W�U�D�N�H������ �*�U�D�G�H���'���'�+���Z�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V 

(1) Single strakes required to be of Grade E/EH and within 0.4L amidships are to have breadths not less than 
800+5L (mm), need not be greater than 1800 (mm), unless limited by the geometry of the ship's design. 
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Table II 1-6 
Material Grade Requirements for Classes I, II and III 

Class I II  III  
As-built thickness, in mm NSS HSS NSS HSS NSS HSS 

t �” 15 A AH A AH A AH 
15 < t �” 20 A AH A AH B AH 
20 < t �” 25 A AH B AH D DH 
25 < t �” 30 A AH D DH D DH 
30 < t �” 35 B AH D DH E EH 
35 < t �” 40 B AH D DH E EH 
40 < t �” 50 D DH E EH E EH 

Note : 
NSS : Normal strength steel 
HSS : Higher strength steel 

Table II 1-7 
Application of Material Classes and Grades �± Structures Exposed at Low Temperature 

�6�W�U�X�F�W�X�U�D�O���P�H�P�E�H�U���F�D�W�H�J�R�U�\ 
�0�D�W�H�U�L�D�O���F�O�D�V�V 

�:�L�W�K�L�Q���������/���D�P�L�G�V�K�L�S�V �2�X�W�V�L�G�H���������/���D�P�L�G�V�K�L�S�V 
�6�(�&�2�1�'�$�5�<�� 
�'�H�F�N���S�O�D�W�L�Q�J���H�[�S�R�V�H�G���W�R���Z�H�D�W�K�H�U�����L�Q���J�H�Q�H�U�D�O 
�6�L�G�H���S�O�D�W�L�Q�J���D�E�R�Y�H���%�:�/ 
�7�U�D�Q�V�Y�H�U�V�H���E�X�O�N�K�H�D�G�V���D�E�R�Y�H���%�:�/(5) 

�, �, 

�3�5�,�0�$�5�<�� 
�6�W�U�H�Q�J�W�K���G�H�F�N���S�O�D�W�L�Q�J������ 
�&�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O���P�H�P�E�H�U�V���D�E�R�Y�H���V�W�U�H�Q�J�W�K���G�H�F�N����
�H�[�F�O�X�G�L�Q�J���O�R�Q�J�L�W�X�G�L�Q�D�O���K�D�W�F�K���F�R�D�P�L�Q�J�V 
�/�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G���D�E�R�Y�H���%�:�/(5) 
�7�R�S���Z�L�Q�J���W�D�Q�N���E�X�O�N�K�H�D�G���D�E�R�Y�H���%�:�/(5) 

�,�, �, 

�6�3�(�&�,�$�/�� 
�6�K�H�H�U���V�W�U�D�N�H���D�W���V�W�U�H�Q�J�W�K���G�H�F�N������ 
�6�W�U�L�Q�J�H�U���S�O�D�W�H���L�Q���V�W�U�H�Q�J�W�K���G�H�F�N������ 
�'�H�F�N���V�W�U�D�N�H���D�W���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G������ 
�&�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O���K�D�W�F�K���F�R�D�P�L�Q�J�V������ 

�,�,�, �,�, 

Note: 
(1) 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. 
(2) Not to be less than Grade E/EH within 0.4L amidships in ships with length exceeding 250 m. 
(3) In ships with breadth exceeding 70 m at least three deck strakes to be Class III. 
(4) Not to be less than Grade D/DH. 
(5) 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. 
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Table II 1-8 
Material Grade Requirements for Classes I at Low Temperature 

Temperature -20 / -25 ºC -26 / -35 ºC -36 / -45 ºC -45 / -55 ºC 
As-built thickness, 

in mm 
NSS HSS NSS HSS NSS HSS NSS HSS 

t �” 10 A AH B AH D DH D DH 
10 < t �” 15 B AH D DH D DH D DH 
15 < t �” 20 B AH D DH D DH E EH 
20 < t �” 25 D DH D DH D DH E EH 
25 < t �” 30 D DH D DH E EH E EH 
30 < t �” 35 D DH D DH E EH E EH 
35 < t �” 45 D DH E EH E EH - FH 
45 < t �” 50 E EH E EH - FH - FH 

Note : 
NSS : Normal strength steel 
HSS : Higher strength steel 

Table II 1-9 
Material Grade Requirements for Classes II at Low Temperature 

Temperature -20 / -25 ºC -26 / -35 ºC -36 / -45 ºC -45 / -55 ºC 
As-built thickness, 

in mm 
NSS HSS NSS HSS NSS HSS NSS HSS 

t �” 10 B AH D DH D DH E EH 
10 < t �” 20 D DH D DH E EH E EH 
20 < t �” 30 D DH E EH E EH - FH 
30 < t �” 40 E EH E EH - FH - FH 
40 < t �” 45 E EH - FH - FH - - 
45 < t �” 50 E EH - FH - FH - - 

Note : 
NSS : Normal strength steel 
HSS : Higher strength steel 

Table II 1-10 
Material Grade Requirements for Classes III at Low Temperature 

Temperature -20 / -25 ºC -26 / -35 ºC -36 / -45 ºC -45 / -55 ºC 
As-built thickness, 

in mm 
NSS HSS NSS HSS NSS HSS NSS HSS 

t �” 10 D DH D DH E EH E EH 
10 < t �” 20 D DH E EH E EH - FH 
20 < t �” 25 E EH E EH E FH - FH 
25 < t �” 30 E EH E EH - FH - FH 
30 < t �” 35 E EH - FH - FH - - 
35 < t �” 40 E EH - FH - FH - - 
40 < t �” 50 - FH - FH - - - - 

Note : 
NSS : Normal strength steel 
HSS : Higher strength steel 

Table II 1-11 
Brackets (Unit: mm) 

Length of 
longer arm 

Thickness Breadth of 
flange 

Length of 
longer arm 

Thickness Breadth of 
flange Plane Flanged Plane Flanged 
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150 6.5 - - 700 14.0 9.5 70 
200 7.0 6.5 30 750 14.5 10.0 70 
250 8.0 6.5 30 800 - 10.5 80 
300 8.5 7.0 40 850 - 11.0 85 
350 9.0 7.0 40 900 - 11.0 90 
400 10.0 8.0 50 950 - 11.5 90 
450 10.5 8.0 50 1000 - 11.5 95 
500 11.0 8.5 55 1050 - 12.0 100 
550 12.0 8.5 55 1100 - 12.5 105 
600 12.5 9.0 65 1150 - 12.5 110 
650 13.0 9.0 65     
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Chapter 2 

Stems and Stern Frames 

2.1 Stems 

2.1.1 Plate stems 

(a) The thickness of steel plate stems at the designed maximum load line is not to be less than that obtained from 
the following formula: 

�–
L �s�ä�w�¾�� 
F �w�r
E�u�ä�w���������������������������������������������������•�• ���ˆ�‘�”���� 
R�{�r���•  

where: 
�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 
�W �  �7�K�L�F�N�Q�H�V�V���R�I���S�O�D�W�H���V�W�H�P�����L�Q���P�P�� 

(b) Above and below the designed maximum load line, the thickness may be gradually tapered toward the stem 
head and the keel. At the upper end of stem it may be equal to the thickness of the side shell plating (at the 
fore end part) of the ship, and at the lower end of stem, it is to be equal to the thickness of the plate keel. 

(c) Horizontal webs are to be fitted at intervals not exceeding 1 m. Where the stem radius is large, a center line 
stiffener may be required. 

2.2 Stern Frames 

2.2.1 Propeller Posts 

(a) Propeller posts of cast steel stern frames and those of plate stern frames are to be of shape suitable for the 
stream line at the after part of hull, and the scantlings are to be equivalent to the standards given by the 
formulae and figures in Fig. II 2-1. Below the propeller boss, if shoe pieces are fitted, the breadth and 
thickness of propeller post are to be gradually increased in order to provide with strength and stiffness in 
proportion to those of the shoe pieces. 

(b) The thickness of boss of propeller post is not to be less than that obtained from the following formula: 

0.9L+10     mm 

(c) The propeller posts of cast steel stern frames and those of plate stern frames are to be provided with ribs at 
a suitable interval. Where the radius of curvature is large, a center line stiffener is to be provided. 

(d) In ships with relatively high speed for their length and in ships exclusively engaged in towing purposes, the 
scantlings of various parts of propeller posts are to be suitably increased. 
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Fig. II 2-1 

Standards of Propeller Posts 

2.2.2 Shoe piece 

(a) The section modulus about the vertical z-axis as shown in Fig. II 2-2 is not to be less than that obtained from 
the following formula: 

���x 
L
�� �`��

�z�r
���������������������������������������������…�•�7 

(b) The section modulus about the transverse y-axis is not to be less than that obtained from the following 
formula: 

Zy = 0.5 Zz     cm³ 

(c) The sectional area is not to be less than that obtained from the following formula: 

�� �q 
L
�	�5��

�v�z
���������������������������������������������������• �• �6 

(d) At no section within the length l, the equivalent stress is to exceed 115/K (N/mm2). The equivalent stress is 
to be determined by the following formula: 

�P�c 
L 
§�P�`
�6 
E�u�R�6���������������������������������� ���• �• �6 

(e) The depth of the shoe piece is not to be less than half the breadth. 

Where: 

 
�0 �E �  �%�H�Q�G�L�Q�J���P�R�P�H�Q�W���D�W���W�K�H���V�H�F�W�L�R�Q���F�R�Q�V�L�G�H�U�H�G�����L�Q���1���P�� 
 �  �)���[     �1���P 
 �d �)���O     �1���P 
�[ �  �'�L�V�W�D�Q�F�H�����P�����I�U�R�P���W�K�H���P�L�G���S�R�L�Q�W���R�I���W�K�H���S�L�Q�W�O�H���E�H�D�U�L�Q�J���W�R���W�K�H���V�H�F�W�L�R�Q���F�R�Q�V�L�G�H�U�H�G�����D�V���V�K�R�Z�Q���L�Q��

�)�L�J�����,�,�����������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�O �  �'�L�V�W�D�Q�F�H�����P�����I�U�R�P���W�K�H���P�L�G���S�R�L�Q�W���R�I���W�K�H���S�L�Q�W�O�H���E�H�D�U�L�Q�J���W�R���W�K�H���I�L�[�H�G���S�R�L�Q�W���R�I���W�K�H���V�K�R�H���S�L�H�F�H�����D�V��

�V�K�R�Z�Q���L�Q���)�L�J�����,�,�����������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�)�� �  �6�X�S�S�R�U�W�L�Q�J���I�R�U�F�H���L�Q���W�K�H���S�L�Q�W�O�H���E�H�D�U�L�Q�J�����L�Q���1�����Q�R�U�P�D�O�O�\���)����� �)������ 
�) �  �5�X�G�G�H�U���I�R�U�F�H�����L�Q���1�������6�H�H�������������R�I���W�K�L�V���3�D�U�W���� 
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�1�E �  
�� �`

��� �̂:�š�;
�������������������������� ���• �• �6 

�=�]���[�� �  �6�H�F�W�L�R�Q���P�R�G�X�O�X�V���D�E�R�X�W���]���D�[�L�V���D�W���W�K�H���S�D�U�W�L�F�X�O�D�U���V�H�F�W�L�R�Q���X�Q�G�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q�����L�Q���F�P�ñ�� 

�W �  
�	�5
�� �W

�������������������������������������� ���• �• �6 

�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������D�����R�U�����������������F�����R�I���W�K�L�V���3�D�U�W���U�H�V�S�H�F�W�L�Y�H�O�\�� 

2.2.3 Heel pieces in general are to extend forward by a distance not less than 3 frame spacings from the fore edge of 
the boss. 

2.2.4 Rudder gudgeon 

(a) The rudder gudgeon is to be an integral part of the stern frame; where special circumstances render it 
necessary to separate the gudgeon from the stern frame, the proposed design is to be specially submitted for 
approval. 

(b) The bearing length, Lp, of the pintle is to be such that: 

Dp �d Lp �d 1.2 Dp 

The length of the pintle housing in the gudgeon is not to be less than the pintle diameter, Dp. The thickness 
of the pintle housing is not to be less than 0.25 Dp. 

(c) For ships specified in 24.3.3 of this Part, the thickness of the gudgeon is to be appropriately increased. 

2.2.5 Rudder horn 

(a) The rudder horn is to be designed as a curved transition into the hull plating, and special consideration is to 
be given to the effectiveness of the rudder horn plate in bending and to the stresses in the transverse web 
plates. 

(b) The loads on the rudder horn as shown in Fig. II 2-3 are to be obtained from the following formula: 
 
�0 �E �  �)�����]     �1���P 
 �d �)�����G     �1���P 
�4 �  �)��      �1 
�0�W �  �)�����H���]��    �1���P 

 
where: 
�0 �E �  �%�H�Q�G�L�Q�J���P�R�P�H�Q�W�� �1���P 
�4 �  �6�K�H�D�U���I�R�U�F�H�� �1 
�0 �W �  �7�R�U�V�L�R�Q�D�O���P�R�P�H�Q�W�� �1���P 
�)�� �  �6�X�S�S�R�U�W�L�Q�J���I�R�U�F�H���L�Q���W�K�H���S�L�Q�W�O�H���E�H�D�U�L�Q�J���D�V���J�L�Y�H�Q���L�Q�������������� �1 
�H���]�������]���D�Q�G���G �  �$�V���V�K�R�Z�Q���L�Q���)�L�J�����,�,���������� �P 
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Fig. II 2-2 
Shoe Piece 

 
Fig. II 2-3 

Loads on Rudder Horn 

(c) The section modulus about the horizontal x-axis is not to be less than the value obtained from the following 
formula: 

���v 
L
�� �`��

�x�y
���������������������������������������…�• �7 

(d) The shear stress for the total section area Ah of the members in the y-direction is not to be larger than the 
value obtained from the following formula: 

�R
L
�v�z

��
���������������������������������������� ���• �• �6 

(e) At no section within the length d, the equivalent stress is to exceed 120/K (N/mm²). The equivalent stress is 
to be calculated by the following formula: 

�P�c 
L 
§�P�`
�6 
E�u�:�R�6 
E�R�r

�6�;������������������������ ���• �• �6 

where: 

�P�` 
L
�� �`

���\
���������������������������� ���• �• �6 

�R
L
�	�5
�� �f

������������������������������������ ���• �• �6 

�R�r 
L
�� �r�s�r�7

�t�� �r�–�f
�������������������� ���• �• �6 

�$�K �  �(�I�I�H�F�W�L�Y�H���V�K�H�D�U���D�U�H�D���R�I���U�X�G�G�H�U���K�R�U�Q���L�Q���\���G�L�U�H�F�W�L�R�Q�� �P�P�ð 
�$�W �  �$�U�H�D���L�Q���W�K�H���K�R�U�L�]�R�Q�W�D�O���V�H�F�W�L�R�Q���H�Q�F�O�R�V�H�G���E�\���W�K�H���U�X�G�G�H�U���K�R�U�Q�� �P�P�ð 
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�W�K �  �3�O�D�W�H���W�K�L�F�N�Q�H�V�V���R�I���U�X�G�G�H�U���K�R�U�Q�� �P�P 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������D�����R�U�����������������F�����R�I���W�K�L�V���3�D�U�W���U�H�V�S�H�F�W�L�Y�H�O�\��  
�=�[ �  �$�F�W�X�D�O���V�H�F�W�L�R�Q���P�R�G�X�O�X�V�� �F�P�� 

2.2.6 The stern frame is to be extended upward at the part of the propeller post and connected securely to the transom 
floor of thickness not less than the value obtained from the following formula: 

0.035L + 8.5     mm 
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Chapter 3 

Longitudinal Strength 

3.1 General 

3.1.1 Ships of L �t 90 m intended to be classed for unrestricted service are to have longitudinal strength in accordance 
with the requirements in 3.1 to 3.4 of this Chapter except that ships having one or more of the following characteristics 
are to be subject to special consideration: 

(a) Unusual proportions: L/B �d 5, B/D �t 2.5. 

(b) Ship length of 500 m or more. 

(c) Large deck opening. 

(d) Small block coefficient: Cb < 0.6. 

(e) Large flare and high speed. 

(f) Carriage of heated cargoes. 

(g) Unusual type of design. 

3.1.2 Ship of L �t 90 m, the requirements of loading manual and loading instrument in 3.5 of this Chapter are to be 
considered as applicable. 

3.2 Bending Strength 

3.2.1 The sign convention of bending moment is as shown in Fig. II 3-1. 

 
Fig. II 3-1 

Sign Convention of Bending Moment 

3.2.2 The required section modulus for 0.4 L amidship is to be obtained from the following equations, whichever 
gives greater value: 
 

�= �  
�� �r

�P

H�s�r�7���������������������������…�• �7�á�‘�” 

�=�P�L�Q �  �&���/ ���%���&�E���������������.   �F�P�� 
 
where: 
�= �  �5�H�T�X�L�U�H�G���P�L�G�V�K�L�S���V�H�F�W�L�R�Q���P�R�G�X�O�X�V�����L�Q���F�P���� 
�=�P�L�Q �  �0�L�Q�L�P�X�P���V�H�F�W�L�R�Q���P�R�G�X�O�X�V�����L�Q���F�P���� 
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�0 �Z������ �  �����������&���&���/ ���%���&�E������������ �6�D�J�J�L�Q�J���P�R�P�H�Q�W 
�&�� �  �&�R�H�I�I�L�F�L�H�Q�W���R�I���V�K�L�S���O�H�Q�J�W�K�� 
 

�  �s�r�ä�y�w
F 
l
�u�r�r
F ��

�s�r�r

p

�5�ä�9

 �������P���d���/���d�����������P 

 �  ���������� ���������P�������/���������������P 
 

�  �s�r�ä�y�w
F 
l
�� 
F �u�w�r

�s�w�r

p

�5�ä�9

 ���������P���d���/���d�����������P 

�&�� �  �&�R�H�I�I�L�F�L�H�Q�W���D�O�R�Q�J���V�K�L�S���O�H�Q�J�W�K���D�V���J�L�Y�H�Q���L�Q���)�L�J�����,�,���������� 
�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 
�% �  �%�U�H�D�G�W�K���R�I���V�K�L�S�����L�Q���P�� 
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Fig. II 3-2 

Coefficient C2 

3.2.3 Moment of inertia of the midship section I, is not to be less than the value obtained from the following formula: 

I = 3LZ     cm4 

where: 
�, �  �0�R�P�H�Q�W���R�I���L�Q�H�U�W�L�D���R�I���W�K�H���P�L�G�V�K�L�S���V�H�F�W�L�R�Q�����L�Q���F�P���� 
�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 
�= �  �5�H�T�X�L�U�H�G���P�L�G�V�K�L�S���V�H�F�W�L�R�Q���P�R�G�X�O�X�V���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������D�E�R�Y�H�����L�Q���F�P���� 

3.2.4  Bending strength at section other than amidship 

(a) Bending strength at sections other than 0.4L amidships is to be determined according to the requirements of 
11.2 of this Part. As a minimum, hull girder bending strength checks are to be carried out at the following 
locations: 

(i) In way of the forward end of the engine room. 

(ii)  In way of the forward end of the foremost cargo hold. 

(iii)  At any locations where there are significant changes in hull cross-section. 

(iv) At any locations where there are changes in the framing system. 
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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. The buckling evaluation criteria used for this check 
is determined by this Society. Continuity of structure is be maintained throughout the length of the ship. 
Where significant changes in structural arrangement occur adequate transitional structure is to be 
provided. For ships with large deck openings such as containerships, sections at or near to the aft and 
forward quarter length positions are to be checked. For such ships with cargo holds aft of the 
superstructure, deckhouse or engine room, strength checks of sections in way of the aft end of the aft-
most holds, and the aft end of the deckhouse or engine room are to be performed. 

(b) Where the Society considers that the application of requirements of (a) above is inappropriate, the bending 
strength at sections other than 0.4L amidships is to be determined according to the formula of �� 
L �� �r���P 
given in 3.2.2 with necessary modifications. 

3.2.5 Section modulus calculation 

(a) In general, all of the following longitudinal members may be included in the calculation of the section 
modulus, provided that they are continuous or effectively developed within 0.4L amidships: 

(i) Deck plating of strength deck and other effective decks. 

(ii)  Shell and inner bottom plating. 

(iii)  Deck and bottom girders. 

(iv) Plating and longitudinal stiffeners of longitudinal bulkheads. 

(v) All longitudinals of deck, sides, bottom and inner bottom. 

(vi) Continuous trunks and longitudinal hatch coamings (if they are effectively supported by longitudinal 
bulkheads or deep girders). 

(b) Deck openings on the strength deck are to be deducted from in the calculation of the section modulus. 
However, small openings not exceeding 2.5 m in length or 1.2 m in breadth need not be deducted provided 
that the sum of their breadths in any single transverse section is not more than 0.06(B - �Ãb), where �Ãb is 
the sum of breadth of openings exceeding 1.2 m in breadth or 2.5 m in length, in m. 

(c) Notwithstanding the requirements in (b), small deck openings on the strength deck need not be deducted, 
provided that the sum of their breadths or shadow area breadths in a single transverse section does not reduce 
the section modulus at deck or bottom by more than 3%, and provided that the height of lightening holes, 
draining holes and single scallops in longitudinals or longitudinal girders does not exceed 25% of the web 
depth, for scallops maximum 75 mm. 

(d) Deck openings specified in (b) and (c) included the breadth in shadow area which is obtained by drawing 
two tangential lines with an opening angle of 30 degrees having the focus on the longitudinal lines of the 
ship. 

(e) The section modulus at the strength deck is to be calculated by dividing the moment of inertia of the 
athwartship section about its horizontal neutral axis by the following distance (i) or (ii), whichever is greater: 

(i) Vertical distance from the neutral axis to the top of the strength deck at side. 

(ii)  Distance obtained from the following formula: 

�› �@�r�ä�{ 
E�r�ä�t
�š

��
�A�������������������������������������•  

 

where: 
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In this case, x and y are to be measured to the point giving the largest value of the above formula. 

(f) The section modulus at the bottom is to be calculated by dividing the moment of inertia of the athwartship 
section about its horizontal neutral axis by the vertical distance from the neutral axis to the top of keel. 

(g) Longitudinal girders between multi-hatchways will be considered by special calculations. 

3.3 Shearing Strength 

3.3.1 Thickness of Shell Plating of Ships without Longitudinal Bulkheads 

(a) The thickness of side shell plating is not to be less than the values of ts obtained from the following two 
formulae at any transverse section under consideration along the length of the hull for all conceivable loading 
and ballast conditions. 
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Fig. II 3-3 

Sign Convention of Shear Force 
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Fig. II 3-4 

Distribution Factor, C3 

 
Fig. II 3-5 

Distribution Factor, C4 

(b) In the case of ships which have bilge hopper tanks or top side tanks, or ships of which other longitudinal 
members below the strength deck are considered to share a part of the shearing force effectively, the thickness 
of side shell plating required by (a) may be reduced at the discretion of the Society. 

3.3.2 Thickness of Side Shell Plating and Longitudinal Bulkhead Plating of Ships Having One to Four Rows of 
Longitudinal Bulkheads 

(a) The thickness of side shell plating and longitudinal bulkhead plating of ships of types specified in Fig. II 3-
6 is not to be less than the value of ts obtained from the following formula at the transverse section under 
consideration along the length of hull for all conceivable loading and ballasting conditions. However, ships 
with double side hull construction provided with bilge hoppers in the double side hull structure are to be as 
deemed appropriate by the Society. 
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where: 
�, �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�������������� 
�P �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�������������� 
�) �  �6�K�H�D�U���I�R�U�F�H���D�F�W�L�Q�J���X�S�R�Q���W�K�H���V�L�G�H���V�K�H�O�O���S�O�D�W�L�Q�J���R�U���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G���S�O�D�W�L�Q�J�����W�K�H��

�Y�D�O�X�H���R�I���Z�K�L�F�K���L�V���W�R���E�H���)���������R�U���)���í�������Z�K�L�F�K�H�Y�H�U���L�V���J�U�H�D�W�H�U�� 
�)������ �  �+�=
k�	�q
E�	�u �:
E�;
o
E�¿�	�+�������������������������������������•��  
�)���í�� �  �+�=
k�	�q
E�	�u �:
F�;
o
E�¿�	�+�������������������������������������•��  
�)�V�����)���������D�Q�G���)���í�� �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�������������� 
�.���D�Q�G���û�)���P�D�\���E�H���E�D�V�H�G���R�Q���W�K�R�V�H���V�S�H�F�L�I�L�H�G���L�Q���7�D�E�O�H���,�,�������� 
�N�� �  �9�D�O�X�H���L�V���W�R���E�H���D�V���V�S�H�F�L�I�L�H�G���L�Q�����L�����W�R�����L�L�L�����E�H�O�R�Z���I�R�U���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G���R�W�K�H�U���W�K�D�Q��

�W�K�R�V�H���S�U�R�Y�L�G�H�G���L�Q���W�K�H���G�R�X�E�O�H���V�L�G�H���K�X�O�O�� 
�N�� �  �9�D�O�X�H���L�V���W�R���E�H���D�V���V�S�H�F�L�I�L�H�G���L�Q�����L�����W�R�����L�L�L�����E�H�O�R�Z���I�R�U���O�R�Q�J�L�W�X�G�L�Q�D�O���E�X�O�N�K�H�D�G���S�U�R�Y�L�G�H�G���L�Q��

�W�K�H�� �G�R�X�E�O�H�� �V�L�G�H�� �K�X�O�O���� �+�R�Z�H�Y�H�U���� �Y�D�O�X�H�V�� �N�����D�Q�G�� �N�����P�D�\�� �E�H�� �V�X�L�W�D�E�O�\�� �P�R�G�L�I�L�H�G�� �Z�K�H�Q��
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Fig. II 3-6 

Types of Ships with Longitudinal Bulkheads 
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Table II 3-1 
Values of 
¹ and �¿�ô 

Type Application 
�=
L �=�5 �®�=�6 �¿�	 
L �•�g�:�� 
F �=��̂; 

�=�5 �=�6 R f 

A 
Side shell �r�ä�w
F �r�ä�w�y�w

�•�5�� �P

�t�� �q
E�� �P
 1 �v�ä�{�� �`�„�� 

�s�{�ä�x�� �`�„�� 
Longitudinal 

bulkhead �r�ä�w�y�w
�•�5�� �P

�t�� �q
E�� �P
 2 �{�ä�z�� �`�„�� 

B 
Side shell �r�ä�w
F �r�ä�w�w

�•�5�� �P

�� �q
E�� �P
 

1 

�v�ä�{�� �`�„��  
�s�{�ä�x�:�� �_�ƒ
E�� �`�„�;�� 

Longitudinal 
bulkhead 

�r�ä�w�w
�•�5�� �P

�� �q
E�� �P
 �{�ä�z�:�>�� �_�ƒ
E�r�ä�w�� �`�„�;�� 

C 
Side shell 

0.5 

�s
F
�s�ä�r�x�•�6�� �H�P

�� �q
E�� �H�P
 

�v�ä�{�:�>�� �_�ƒ
E�� �a�…�;�� �s�{�ä�x�:�� �_�ƒ
E�� �a�…�;�� 
Longitudinal 

bulkhead 
�s�ä�r�x�•�6�� �H�P

�� �q
E�� �H�P
 

D 

Side shell 
�r�ä�w
F

�r�ä�x�y�w�•�5�� �P

�t�:�� �q
E�� �H�P�; 
E�� �P
 

�s
F
�s�ä�r�w�•�6�� �H�P

�� �q
E�� �H�P
 

�v�ä�{�:�r�ä�w�� �`�„ 
E�� �a�…�;�� 

�s�{�ä�x�:�� �`�„ 
E�� �a�…�;�� 
Outer longitudinal 

bulkhead 
�s�ä�r�w�•�6�� �H�P

�� �q
E�� �H�P
 

Center longitudinal 
bulkhead 

�r�ä�x�y�w�•�5�� �P

�t�:�� �q
E�� �H�P�; 
E�� �P
 2 �{�ä�z�� �`�„�� 

E 

Side shell 
�r�ä�w
F

�r�ä�x�s�w�•�5�� �P

�� �q
E�� �H�P
E�� �P
 

�s
F
�s�ä�r�v�•�6�� �H�P

�� �q
E�� �H�P
 

�v�ä�{�:�r�ä�w�� �`�„ 
E�� �a�…�;�� 

�s�{�ä�x�:�� �_�ƒ
E�� �`�„ 
E�� �a�…�;�� 
Outer longitudinal 

bulkhead 
�s�ä�r�v�•�6�� �H�P

�� �q
E�� �H�P
 

Inner longitudinal 
bulkhead 

�r�ä�x�s�w�•�5�� �P

�� �q
E�� �H�P
E�� �P
 1 �{�ä�z�:�>�� �_�ƒ
E�r�ä�w�� �`�„�;�� 

3.3.3 Where opening are provided in the shell plating, adequate consideration is to be given to the shearing strength 
and suitable compensation is to be made as necessary. 

3.4 Buckling Strength 

3.4.1 Application 
These requirements apply to plate panels and longitudinals subject to hull girder bending and shear stresses, including 
the following members: 

(a) For the compressive, bending and torsional buckling strength: longitudinal frames, beams and stiffeners; 
longitudinal bulkhead plating; and strength deck, bottom, and side shell plating of a longitudinal system in 
the midship part. 

(b) For the shear buckling strength: side shell plating and longitudinal bulkhead plating within a reasonable 
distance forward and aft of each transverse bulkhead between bottom and deck plating. 

(c) Members other than those in (a) and (b) above, of which the buckling strength is deemed necessary by the 
Society. 
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3.4.2 Elastic buckling stresses 

(a) Elastic buckling of plates 

(i) Compression 

The ideal elastic buckling stress is given by: 

�P�I 
L �r�ä�{�•�� 
l
�–�`

�s�r�r�r�•

p

�6

������������������������������ ���• �• �6 

For plating with longitudinal stiffeners (parallel to compressive stress): 

�• 
L
�z�ä�v

�2 
E�s�ä�s
�������������ˆ�‘�”���r 
Q�2 
Q�s 

For plating with transverse stiffeners (perpendicular to compressive stress): 

�• 
L �…
d�s
E�@
�•

�H
�A

�6


h
�6 �t�ä�s

�2 
E�s�ä�s
�������������ˆ�‘�”���r 
Q�2 
Q�s 

where: 
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Table II 3-2 
Net Thickness of Plating, tb 

Structure 
Standard deduction 

(mm) 
Limit values min-max 

(mm) 

- Compartments carrying dry bulk cargoes 
- One side exposure to ballast and/or liquid cargo 

Vertical surfaces and surfaces sloped at an angle greater than 25° to 
the horizontal line 

0.05t 0.5 - 1 

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

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

0.10t 2 - 3 
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- Two side exposure to ballast and/or liquid cargo 
Horizontal surfaces and surfaces sloped at an angle less than 25° to 
the horizontal line 

0.15t 2 - 4 

(ii)  Shear 

The ideal elastic buckling stress is given by: 
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E, tb, s and l are given in (i). 

(b) Elastic buckling of longitudinals 

(i) Column buckling without rotation of the cross section 

For the column buckling mode (perpendicular to plane of plating) the ideal elastic buckling stress is 
given by: 
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A plate flange equal to the frame spacing may be included. 

(ii)  Torsional buckling mode 

The ideal elastic buckling stress for the torsional mode is given by: 
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where: 
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For flanged profiles, kp need not be taken less than 0.1. 

(iii)  Web and flange buckling 

For web plate of longitudinals the ideal elastic buckling stress is given by: 
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For flanges on angles and T-sections of longitudinals, buckling is taken care of by the following 
requirement: 
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3.4.3 Critical buckling stresses 

(a) Compression 

The critical buckling stress in compressiong �1C is determined as follows: 
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(b) Shear 

The critical buckling stress in shear �2c is determined as follows: 
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3.4.4 Working stress 

(a) For examination of buckling strength according to the requirements in this section, the working compressive 
stress of the member considered is to be obtained from the following formula, but is not to be less than 30/K. 
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For members located above the neutral axis in the transverse section, the maximum values of Ms and Mw are 
to be taken in sagging condition, and for members located below the neutral axis, the maximum values of Ms 
and Mw are to be taken in hogging condition. 

(b) For examination of buckling strength according to the requirements in this section, the working shearing 
stress of the member considered is to be obtained from the following (i) or (ii). 

(i) Ships without longitudinal bulkhead 
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(ii)  Ships with longitudinal bulkhead 
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3.4.5 Scantling criteria 

(a) Buckling Stress 

The design buckling stress �1c of plate panels and longitudinals is not to be less than: 
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�E �  �� �I�R�U���S�O�D�W�L�Q�J���D�Q�G���I�R�U���Z�H�E���S�O�D�W�L�Q�J���R�I���V�W�L�I�I�H�Q�H�U�V�����O�R�F�D�O���E�X�F�N�O�L�Q�J���� 

�E �  ������ �I�R�U���V�W�L�I�I�H�Q�H�U�V�� 

The critical buckling stress �2c of plate panels is not to be less than: 

�2c �t �2a 

3.5 Loading Manual and Loading Instrument 

3.5.1 Where a loading manual and loading instrument are provided onboard, they are to be complied with the 
requirements of Part II, Chapter 3, 3.5 of the Rules for Steel Ships. 
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Chapter 4 

Single Bottoms 

4.1 Floors 

4.1.1 Scantling of floors. 

(a) Floors are to be fitted at every frame and to have the scantling necessary to obtain section modulus as 
obtained from the following formula: 

SM = 4.3 s d l2 cm3 

where: 

s = The spacing of floor, in m. 

d = Draught or 0.66 the depth, whichever is greater, in m. 

l = Unsupported span of floor in m, generally measured on upper edge of floor from side to side and 
normally the value of l is to be taken not less than 0.7B. 

(b) The depth of floor plates at centerline is not to be less than 0.0625l, in m. 

(c) The thickness of floor plates is to be maintained throughout the midship one-half ship length, and is not to 
be less than: 

t = 0.01 h + 3 mm 

where: 

h = Depth of floor plates at centerline, in mm. 

(d) The thickness of floor plates may be reduced by 10% at 0.1L from the ends, however, in the flat part of 
bottom forward, this reduction is not to be made. 

4.1.2 Face plates and flanges 

(a) The floors are to be stiffened at their upper edge with face plates to make section modulus not less than 
required by 4.1.1(a) of this Part. 

(b) In the case of flanged plate floors, the effective width of flanges is to have the same sectional area as that 
required for face plates. 

(c) If face plates are cut at the center keelson, care must be taken that strength is transferred efficiently by the 
face plates. 

4.1.3 For floors in engine room and under the boiler bearer: 

(a) The depth of the floors under the engine seating is to be increased to provide an efficient support and the 
thickness is to be increased by 1 mm to that given in 4.1.1(c) of this chapter and not to be less than the center 
keelson plate. 
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(b) The thickness of floor plates in the engine room is to be increased under boilers by at least 2 mm to that 
given in 4.1.1(c) of this chapter. 

(c) The face plate area is to be doubled to that given in 4.1.2(a) of this Part. 

4.1.4 Flanging instead of face plates is not permitted in the engine room, under the boiler bearer and in way of the 
strengthening of the bottom forward. 

4.1.5 The upper edge of floors at any part is not to be below the level of the upper edge of floors at the center line. 

4.1.6 Side frames are to be efficiently attached to floor plates. Where the rise of floors is small, the side frames are 
to be provided with brackets at their lower end. 

4.1.7 Lighting holes may be provided in floor plates. Where the holes are provided, appropriate strength 
compensation is to be made by increasing the floor depth or by some other suitable means if deemed necessary. 

4.1.8 Connection between side frame and floor 
The size of side frame bracket, which is the connection between side frame and floor, as shown in Fig. II 4-1, is to be in 
accordance with the following requirements, and the free edge of bracket is to be stiffened also. 

(a) The brackets are to extend to the height above the top of keel higher than twice the required depth of floors 
at the centre line. 

(b) The arm length of brackets measured from the outer edge of frames to the bracket toe along the upper edge 
of floors, is not to be less than the required depth of floors at the centre line. 

(c) The thickness of brackets is not to be less than that of the floors required in 4.1.1. 

 

 
Fig. II 4-1 

Side Frame Bracket 

4.2 Center Keelsons 

4.2.1 Center keelsons are to extend as far forward and aft as practicable. The depth is not to be less than the floor. 

4.2.2 The scantling of center keelsons is to be obtained from the following formula: 

(a) Minimum thickness of vertical plates and horizontal top plates amidships: 

t = 0.064 L + 5.5 mm 



PART II CHAPTER 4 
4.3 Side Keelsons 

����50���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

(b) Minimum thickness of vertical plates and horizontal top plates at ends: 

t = 0.05 L + 5.0 mm 

(c) Sectional area of horizontal top plates amidships: 

A = 0.7 L + 10 cm2 

(d) Horizontal top plate sectional area may be reduced by 10% at ends. 

where: 

L = Length of ship, in m. 

4.2.3 For ships with length less than 50 m, where a horizontal plate is used as the center keelson on the top of the 
floor, it is to be stiffened between floors. 

4.2.4 Where the center keelson is cut at bulkheads, the longitudinal strength is to be efficiently maintained. 

4.3 Side Keelsons 

4.3.1 Side Keelsons are to extend as far forward and aft as practicable. 

4.3.2 The minimum thickness of vertical plates and face plates of side keelsons amidships is to be obtained from the 
following formula: 

t = 0.05 L + 5.0 mm 

where: 
L = Length of ship, in m. 
The thickness may be reduced by 10% at ends. 

4.3.3 Face plate area of side keelsons 

(a) The face plate area of side keelsons is to be obtained from the following formula: 

A = 0.2 L + 6 cm2 

where: 

L = Length of ship, in m. 

(b) The face plate area is to be maintained continuously amidships, but may be reduced by 10% at ends. 

4.3.4 Spacing of side keelsons 

(a) Side keelsons are to be so arranged that the spacing is not more than 2.15 m between the center keelson and 
the first side keelson, between keelsons, or between the outboard side keelson and the lower turn of the bilge. 
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(b) Additional side keelsons are to be fitted in the machinery space. 

4.3.5 In ships having a partial double bottom, side keelsons are to extend at least 3 frame spacings into the double 
bottom. 

4.4 Strengthening of Bottom Forward 

4.4.1 The strengthening of the bottom structure forward is to be in accordance with the requirements in Chapter 8 of 
this Part. 

4.5 Pumping and Drainage 

4.5.1 Efficient provision is to be made to permit water from every part of the bottom to reach pump suctions. 
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Chapter 5 

Double Bottoms 

5.1 General 

5.1.1 Double bottoms are to be made as wide as possible, and not lower at any part than a plane parallel to the keel 
line and which is located not less than an upward vertical distance h measured from the keel line. 

h = B/20 

Where B is the ship moulded breadth 
However, in no case is the value of h to be less than 0.76 m, and need not be taken greater than 2.0 m. 

5.1.2 The double bottom is to be fitted extending from the collision bulkhead to the after peak bulkhead. 

5.1.3 When deemed appropriate by the Society, the double bottom may be omitted wholly or partially. In this case, 
the arrangement and construction are to be specially considered. 

5.1.4 The requirements of this Chapter may be suitably modified for the partial double bottom. 

5.1.5 If double bottoms of different depths are arranged, efficient transmission of strength within 0.6L amidships is 
to be provided. 

5.1.6 The strengthening of the bottom structure forward is to be in accordance with the requirements in Chapter 8 of 
this Part. 

5.1.7 Efficient provision is to be made for the free passage of air and water from every part of the tank to air pipes 
and the suctions. 

5.1.8 The scantling of members in double bottom tanks intended to be deep tanks are to be in accordance with the 
requirements in Chapter 16. However, the thickness of the inner bottom plating need not be increased by 1.0 mm as 
given for top plating of deep tanks in 16.2.7 of this Part. 

5.2 Center Girders 

5.2.1 The scantling of center girders is to be obtained from the following formula: 

(a) The depth of center girder plate is not to be less than B/16 unless specially approved by the Society. 

(b) Thickness of center girder plate: 

The thickness of the center girder plates is not to be less than that provided by the following requirements (i) 
and (ii) whichever is greater: 
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Where: 

K = Material factor as specified in 1.5.2(a) of this Part 

S = Distance (m) between the centres of two adjacent spaces from the girder under 
consideration to the adjacent longitudinal girders or the line of toes of tank side brackets 

d0 = Depth (m) of the girder under consideration 

d1 = Depth (m) of the opening at the point under consideration 

lH = Length (m) of the hold 

x = Longitudinal distance (m) between the centre of lH of each hold and the point under 
consideration, but not taken less than 0.2 lH and more than 0.45lH 

y = Transverse distance (m) from the centre line of the ship to the longitudinal girder 

C1 = Coefficient given by the following formulae: 

  - Longitudinal framing: 
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 , but not to be taken less than 1/40 and more than 1/64. 

- Transverse framing: 
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Where: 

C1' = Coefficient obtained from Table II 5-1 as below depending on S1/d0 

S1 = Spacing of the brackets or stiffeners provided on the considered girder 

K = Material factor as specified in 1.5.2(a) of this Part 

d0 = Depth (m) of the girder under consideration 

Table II 5-1 
Values of �&��
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(c) Where the boiler is mounted on the tank top, the thickness of center girder plate in way of the boiler is to be 
suitably increased. 

5.2.2 Center girders are to extend as far forward and aft as practicable and to be attached to stern frames as far as 
possible. 

5.2.3 Center girder plates are to be continuous within the midship 0.75L. 

5.2.4 For the double bottom of longitudinal system, the center girders are to be suitably stiffened between floors and 
docking brackets of scantling not less than the following requirements are to be provided: 
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���D�� �7�K�H���E�U�D�F�N�H�W�V���D�U�H���W�R���E�H��of a depth not less than 0.08 times the centre girder depth, and of a thickness not less 
than that obtained from the following formula. 
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(b) The brackets are to extend from the center girder to the adjacent longitudinal. 

(c) The brackets are to be spaced not more than 1.75 m. Where the spacing of these brackets exceeds 1.25 m, 
additional stiffeners are to be provided on the center girder plates. 

5.3 Side Girders and Brackets Inside Tank 

5.3.1 The thickness of the side girders is not to be less than that required in 5.2.1 (b) of this Chapter. Where the boiler 
is mounted on the tank top, the thickness of side girders is to be suitably increased. 

5.3.2 Side girders may be fitted intercostally between floors 

5.3.3 Side girders in 0.5L amidships and aft are to be so arranged that the spacing between the center girder and the 
first side girder, between the girders, or between the outboard side girder and the center of the margin plate is not to be 
more than 4.6 m. 

5.3.4 Additional side girders of full or half depth are to be fitted under the machinery space, the thrust seating and 
the widely spaced pillar. 

5.3.5 The thickness of brackets inside tanks is to be as given in 5.2.4(a) of this Chapter. 

5.4 Solid Floors 

5.4.1 Scantling of solid floors 

���D�� The thickness of the solid floor plates inside tanks, in holds and engine room is not to be less than that 
obtained from the following requirements (i) and (ii) whichever is greater. 
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Where: 

C2 = Coefficient obtained from Table II 5-2 of this Chapter depending on B/lH 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Spacing (m) of solid floors 

B' = Distance (m) between the lines of toes of tank side brackets at the top of inner bottom 
plating at the midship part 

B" = Distance (m) between the lines of toes of tank side brackets at the top of inner bottom 
plating at the position of the solid floor 

y = Transverse distance (m) from the centreline to the point under consideration, but not to be 
taken less than B"/4 and more than B"/2. 

d0 = Depth (m) of the solid floor at the point under consideration 

d1 = Depth (m) of the opening at the point under consideration 
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Where 

t1 = Thickness obtained from 5.4.1(a)(i) above 

�&��
�
 = Coefficient given in Table II 5-3 depending on the ratio of the spacing of stiffener S1 (m) 

to d0 

K = Material factor as specified in 1.5.2(a) of this Part. 

H = Value obtained in accordance the cases as below: 
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(b) Where the boiler is mounted on the tank top, the thickness of the floor in way of the boiler is to be suitably 
increased. 

5.4.2 Solid floors are to be fitted: 

(a) On every frame under the machinery and the transverse boiler seatings. 

(b) On every frame or alternate frame in way of strengthening of the bottom structure forward as specified in 
Chapter 8 of this Part. 

(c) Under the transverse bulkhead. 
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(d) Except in cases of (a), (b) and (c), at intervals not exceeding 3.60 m in association with the intermediate open 
floor or the longitudinal framing of the double bottom. 

5.4.3 Tank end floors 

(a) Tank end floors are to be so arranged that the subdivision of the bottom generally corresponds to that of the 
ship. 

(b) Tank end floors are to be of the thickness required for deep tank boundaries accordingly to Chapter 16 of 
this Part. 

5.4.4 Oil tight cofferdams are to be provided in double bottoms between compartments for carrying oil and fresh 
water. 

5.4.5 Solid floors under the thrust seating and under the pillar are to be specially strengthened. 

5.4.6 Where the depth of the double bottom exceeds 900 mm, tank end floors are to be fitted with stiffeners whose 
scantling complies with the requirements in Chapter 16 of this Part. 

5.5 Open Floors 

5.5.1 Open floors are to be fitted at each frame where solid floors are not fitted. 

5.5.2 Bottom frames and reverse frames 

(a) The section modulus of bottom and reverse frames on the open floor are not to be less than that obtained 
from the following formula: 

8 s h l2 cm3 

where: 

l = Span, in m, specified as follows: 

 = The distance between the connecting bracket on the center girder and the margin plate, where the 
side girder is not fitted. 

 = The greatest distance between the support given by the side girder and the bracket, where the side 
girder is fitted. 

s = Frame spacing, in m. 

h = The vertical distance, in m. 

 = The vertical distance, in m, measured from the top of keel to the load line, or to the line 
corresponding to 0.66 the depth to the free-board or bulkhead deck, whichever is the greater, where 
the bottom frames and the reverse frames are fitted with the strut. 

 = The vertical distance, in m, measured from the top of keel to the load line, or to the line 
corresponding to 0.66 the depth to the freeboard or bulkhead deck, or to the top of the deep tank, 
whichever is the greatest, where the bottom frames and the reverse frames are fitted with the strut 
in way of the deep tank. 

 = The vertical distance, in m, measured from the top of the double bottom, where the bottom frames 
and the reverse frames are not fitted with the struts. 
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(b) Where struts are fitted between brackets and side girders and spaced not more than 1.5 m apart, the section 
modulus of the bottom and reverse frame may be reduced to half that given in 5.5.2(a) of this Chapter. 

5.5.3 Strengthening of bottom frames and reverse frames 

(a) The thickness of bottom frames is to be increased by 1 mm in the boiler space. 

(b) The thickness of reverse frames is to be increased by 2 mm in the boiler space. 

5.5.4 Struts 

(a) Struts, if fitted to reduce the unsupported span of frames is to be of a vertical angle with a sectional area not 
less than that obtained from the following formula: 

2.82 s h b     cm2 

where: 

b = The breadth of the area supported by the vertical strut, in m. 

s and h = As defined in 5.5.2 of this Chapter. 

(b) Struts are to be increased 1.5 mm in thickness in way of the boilers. 

5.5.5 Center and side brackets 

(a) The frames and reverse frames are to be connected to the center girder and the margin plate by the center 
and the side bracket of a thickness required for the adjoining solid floor. 

(b) Center and side brackets are to have a breadth not less than 0.05B. 

(c) The free edge of bracket is to be properly stiffened. 

5.5.6 At side girders, bottom and reverse frames are to be supported by welded flat bars having the same depth as the 
reverse frames and the same thickness as the side girder plates. 

5.6 Longitudinal Framing in Double Bottom 

5.6.1 For requirements not specified in this Section, pertinent provisions in other Sections are to apply. 

5.6.2 The standard spacing of longitudinal frames is obtained from the following formula: 

s = 2L + 550     mm, but in no case over 1000 mm. 

where: 
L = Length of ship, in m. 
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5.6.3 The section modulus of bottom longitudinal frames is not to be less than that obtained from the following 
formula: 

�s�r�r����

�t�v
F �s�w�ä�w� �̂F��
�:�†
E�r�ä�r�t�x���ñ�;���H�6�����������������������…�• �7 

Where: 
fB = Ratio of the required hull girder section modulus as calculated in Chapter 3 of this Part when mild steel is used 

to the actual hull girder section modulus at bottom. 
L' = Length (m) of the ship, not to be taken larger than 230 m. 
l = Spacing (m) of the solid floors 
S = Spacing (m) of the longitudinals 
C = Coefficient given below: 

Case 1: 1.0, when no strut provided midway between floors; 
Case 2: When a strut provided midway between floors as specified in 5.5.4 of this Chapter: 
  0.625, for Lower part of deep tank, or 
  0.5, for elsewhere. 

K = Material factor as specified in 1.5.2(a) of this Part. 

5.6.4 The section modulus of inner bottom longitudinal frames may be 75% of that of bottom longitudinal frames 
but not less than the value obtained from the following formula: 

�s�r�r�� �ñ�����Š�H�6

�t�v
F�s�t� �̂F��
�����������������������…�• �7 

Where: 
fB, l, and S = As specified in 5.6.3 of this Chapter. 
h = Vertical distance (m) from the top of the inner bottom plating to the lowest deck at centreline. 

However, when the cargo is carrier exceeding the lowest deck, h is to be taken from the top of the 
inner bottom plating to the deck just above the top of the cargo at centreline. 

C' = Case 1: 0.9, when no strut provided midway between floors; 
Case 2: 0.54, when a strut provided midway between floors as specified in 5.5.4 of this Chapter. 

K = Material factor as specified in 1.5.2(a) of this Part. 

5.6.5 Bottom and inner bottom longitudinals are to be continuous or attached at their ends in such a manner as to 
develop effectively the sectional area and the resistance to bending. 

5.6.6 Where vertical struts are fitted between bottom and inner bottom longitudinal frames midway between the floor 
plates, the sectional area of the struts is not to be less than that obtained in 5.5.4(a) of this Chapter. 

5.6.7 Vertical stiffeners are to be fitted on floor plates at each longitudinal for which the thickness is to be at least 
that of the solid floors and the depth greater than 0.08 d0 where d0 is the depth of the floor at the point under consideration. 

5.6.8 Vertical or horizontal stiffeners are to be arranged on side girders between floors which are fitted two or more 
frame spaces apart. The stiffeners are to have a depth not less than 100 mm and a thickness equal to the side girder 
thickness. 

5.6.9 Flanged transverse brackets of the following scantling are to be fitted from margin brackets at every frame 
between solid floors. 
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(a) The thickness is not to be less than that required for side girder plates in engine room. 

(b) The breadth is to be extended to the adjacent longitudinal. 

5.6.10 Where some portion of the double bottom of the ship is built according to the transverse framing system, 
arrangement is to be made to insure the continuity of longitudinal strength at the point of the connection of both systems. 

5.6.11 Where the double bottom is framed longitudinally, transverse brackets are to be provided at every hold frame 
extending from the margin plate to the adjacent bottom and inner bottom longitudinals and to be connected with margin 
plates, shell plating and longitudinals. The thickness of the bracket is no to be less than that required in 5.2.4(a) of this 
Chapter. 

5.7 Inner Bottoms, Margin and Bottom Plates 

5.7.1 Thickness of inner bottom plating 

(a) The inner bottom plating in holds is to be of the thickness obtained from the following formula (i) and (ii) 
whichever is greater. 

(i) �–
L
�G�D�O

�5�4�4�4

H

�F�. �b

�b�,

E�t�ä�w���������•�•  

Where: 

d0 = Depth (m) of the center girder 

K = Material factor as specified in 1.5.2(a) of this Part. 

CH = Coefficient set to: 

 

b0 for B/lH < 0.8 

b0 �R�U���.���E1 �Z�K�L�F�K�H�Y�H�U���L�V���J�U�H�D�W�H�U���I�R�U�����������”���%��lH < 1.2 

�.���E1 for B/lH �•������ 

with: 

�=��
L��
�s�u�ä�z

�t�v��
F ���s�s� �̂F��
 

where: 
K: Material factor as specified in 1.5.2(a) of this Part. 

fB = Ratio of the required hull girder section modulus as calculated in Chapter 3 of this Part 
when mild steel is used to the actual hull girder section modulus at bottom. 

b0 & b1 = Coefficients specified in Table II 5-4 of this Chapter depending on B/lH. However for 
transverse framing b1 is to be 1.1 times the value in this table. 

Table II 5-4 
Values of b0 and b1 

�%���O�+ 
�R�Y�H�U  ������ ������ ������ ������ ������ ������ ������ 

�O�H�V�V���W�K�D�Q ������ ������ ������ ������ ������ ������ ������  
�E�� ������ ������ ������ ������ ������ �� �� �� 
�E�� �� �� �� ������ ������ ������ ������ ������ 
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(ii)  �–��
L���� �ñ���¾���Š��
E���t�ä�w�����������������•�•  

Where: 

C' = Coefficient obtained by the following formula: 
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l = Distance (m) between floors for longitudinal framing or between girders for transverse 
framing 

S = Spacing (m) of inner bottom longitudinals for bottom longitudinal framing or frame spacing 
for transverse framing 

K = Material factor as specified in 1.5.2(a) of this Part. 

h = Height (m) as specified in 5.6.4 

(b) The thickness of the inner bottom plating in the engine and the boiler spaces is not to be less than that 
obtained from 5.7.1(a) above plus 2.0 mm or than that obtained from the requirements of 16.2.2 of this Part 
plus 2.0 mm in the case where the inner bottom in engine and the boiler spaces is also a tank top, whichever 
is greater. 

5.7.2 Under the boiler there is to be a clear space of at least 460 mm above the inner bottom. If the clear space is 
necessarily smaller, the thickness of the plating is to be suitably further increased. 

5.7.3 Where the double bottom is used for carrying fuel oil for ship's used and no ceiling is fitted, the thickness of 
the inner bottom plating is not to be less than 10 mm in association with 760 mm frame spacing. Where the frame 
spacing differs from 760 mm, the thickness of the inner bottom plating is to be modified in direct proportion. 

5.7.4 Where engine foundation plates or the thrust seat rest directly on the inner bottom plating, the thickness of the 
plating is to be increased in proportion to the kind, size and power of the engine and to be at least twice the thickness as 
given in 5.7.1(b) of this Chapter. 

5.7.5 Where margin plates are approximately vertical, these plates fitted amidships are to extend for the full depth of 
the double bottom with a thickness as obtained from 5.7.1(a)(i) of this Chapter plus 1.5 mm. Where approximately 
horizontal, they may be of the thickness of the adjacent tank top plating. 

5.7.6 The thickness of the margin plate is to be in no case less than that of the remainder of the plating in the 
corresponding location. 

5.7.7 Where the inner bottom or the double bottom structure forms part of a sea chest, the thickness of the plating is 
not to be less than that of the shell plating in the same location, but need not exceed 25 mm. 

5.7.8 The thickness of the bottom shell plating of cargo hold in way of double bottom is not to be less than that 
obtained from Chapter 7 of this Part, or than that from 5.7.1(a)(i) �R�I���W�K�L�V���&�K�D�S�W�H�U with CH �R�E�W�D�L�Q�H�G���X�V�L�Q�J���.�� �I�U�R�P���W�K�H��
following formula: 
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where: 
�=, fB, K = See5.7.1(a)(i) above. 
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5.8 Manholes, Lightening Holes, Air and Drainage Holes 

5.8.1 Manholes 

(a) A sufficient number of manholes are to be cut in the inner bottom plating, floors and side girders to provide 
the access to all parts of the double bottom. 

(b) Care is to be taken in locating manholes to avoid the possibility of interconnection of the main subdivision 
compartment through the double bottom in so far as practicable. 

(c) Manholes in the inner bottom plating are to have a good shift with each other in the longitudinal direction 
and to be minimum in number. 

(d) Manholes in the inner bottom plating are to be fitted with doubling plates or rims to take fastenings of covers. 

(e) Manholes in the inner bottom plating are to be fitted with steel or wrought iron covers. 

(f) Where no ceiling is fitted in the cargo hold, manhole covers are to be effectively protected against damage 
by the cargo. 

(g) Manholes are to be cut clean and without jagged edge and to a well rounded design. 

(h) The position and the size of manholes cut in the center girder is to be submitted for approval by the Society. 

5.8.2 Lightening holes 

(a) Lightening holes are to be cut in nontight floors, side girders and brackets. 

(b) The diameter of lightening holes in brackets normally is not to be greater than 1/3 of the breadth of the 
bracket. 

5.8.3 Neither manholes nor lightening holes are to be cut in the floor or the girder under the widely spaced pillar. 

5.8.4 Air and drainage holes 

(a) Air and drainage holes are to be cut in non-tight floor or girders to ensure the free escape of air and drain 
water. 

(b) The air and the drainage holes are to be cut as closely to the inner and outer bottom plating as practicable. 
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Chapter 6 

Frames 

6.1 General 

6.1.1 The requirement in this Chapter apply to ships having transverse strength and transverse stiffness provided by 
bulkheads that are not less effective than those specified in Chapter 14. Where the transverse strength and stiffness 
provided by bulkheads are less effective, additional stiffening is to be made by means of increasing scantling of frames, 
additional provision of web frames, etc. 

6.1.2 The scantlings of frames in way of deep tanks are to comply with the provisions in Chapter 16 as well as those 
in this Chapter. 

6.1.3 Frames are not to extend through the tops of water or oil tanks, unless the effective watertight or oiltight 
arrangements are specially submitted and approved. 

6.1.4 Where large holes are cut in the web of frames, the scantlings of the frames are to be appropriately increased. 

6.1.5 Thorough consideration is to be given to the concentration of stress and other forces acting on the lower end 
construction of frames. 

6.1.6 Frames in boiler spaces and in way of bossing 

(a) In boiler spaces, the scantlings of members such as frames, web frames, and side stringers are to be 
appropriately increased. 

(b) The construction and scantlings of frames in way of bossing are to be at the discretion of the Society. 

6.1.7 Where the angle between the web of frames or stringers and shell plating is extremely small, the scantlings of 
frames or stringers are to be suitably increased above the normal requirements and where necessary, appropriate supports 
are to be provided to prevent tripping. 

6.1.8 The transverse frames, side longitudinals and web frames supporting side longitudinals that are fitted at the 
place where the bow flare is considered to endure large wave impact pressure are to be properly strengthened and 
particular attention is to be paid to the effectiveness of their end connections. 

6.2 Frame Spacing 

6.2.1 Transverse frame spacing 

(a) The standard spacing of transverse frames is obtained from the following formula: 

s = 2 L + 450 mm 

(b) Transverse frame spacing in peaks or cruiser sterns is not to exceed 610 mm. 



PART II CHAPTER 6 
6.3 Transverse Hold Frames 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����63���� 
�5�8�/�(�6���)�2�5���7�+�(���&�2�1�6�7�5�8�&�7�,�2�1���$�1�'���&�/�$�6�6�,�)�,�&�$�7�,�2�1���2�)���&�2�$�6�7���*�8�$�5�'���6�+�,�3�6���������� 

(c) Transverse frame spacing between 0.2L from the fore end and the collision bulkhead is not to exceed 700 
mm or the standard spacing specified in (a), whichever is smaller. 

(d) The requirements in (b) and (c) may be modified, where structural arrangements or scantlings are suitably 
considered. 

6.2.2 The standard spacing of longitudinal frames is obtained from the following formula: 

s = 2 L + 550  mm 

6.2.3 Where the spacing of frames exceeds the standard spacing stipulated in 6.2.1 and 6.2.2 by at least 250 mm, the 
scantlings and structural arrangement of double bottoms and other relevant structures are to be specially considered. 

6.2.4 Maximum frame spacing is recommended not to exceed one metre. 

6.3 Transverse Hold Frames 

6.3.1 Application 

(a) The transverse hold frame is the frame below the lowest deck from the collision bulkhead to the after peak 
bulkhead including the machinery space. 

(b) The provisions in 6.3.2 to 6.3.4 apply to the transverse hold frames of ships of ordinary construction. 

(c) The application of these provisions to transverse hold frames of ships which have bilge hopper tanks, or 
which have a special construction such as a double side shell, are to be at the discretion of the Society. 

(d) Special considerations are to be given to the scantlings of transverse hold frames, where the specific gravity 
of cargoes in the loaded hold exceeds 0.9. 

6.3.2 Scantlings of transverse hold frames 

(a) The section modulus of transverse hold frames between 0.15L from the fore end and the after peak bulkhead 
is not to be less than that obtained from the following formula: 

KC0CShl2 cm3 

where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Frame spacing, in m. 

l = Vertical distance, in m, from the top of the inner bottom plating at side to the top of the deck beams 
above the frames. 
For frames abaft 0.25L from the fore end, l is to be measured at amidships. For frames between 
0.25L and 0.15L from the fore end, l is to be measured at 0.25L from the fore end. For frames that 
are attached to the shell that has a remarkable flare, l is to be the length of the frame between 
supports. 
Where the length of frames is markedly different from that measured above on account of 
discontinuity in the lowest deck or change in the height of the double bottom, lines extended from 
the lowest deck or the top of the double bottom parallel to the upper deck or keel respectively are to 
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be taken as the lowest deck or double bottom top and l is to be measured at the corresponding places 
of measurement. See Fig. II 6-1 and Fig. II 6-2 (a) and (b). 

 

h = Vertical distance, in m, from the lower end of l at the place of measurement to a point  
d+0.038L' above the top of the keel. See Fig. II 6-2 (a) and (b). 

L' = Length of ship, in m. However, where L exceeds 230 m, L' is to be taken as 230 m. 

C0 = Coefficient obtained from the following formula, but not to be less than 0.85. 

�s�ä�t�w
F �t
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e = Height, in m, of the tank side bracket measured from the lower end of l. 

C = C1+C2 

(i) For ordinary framing systems without top side tanks, 
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�D = Coefficient given in Table II 6-1. For intermediate values of B/lH, �D is to be obtained by 
linear interpolation. 

lH = Length of hold, in m. 

k = Coefficient given below according to the number of layers of deck: 

 = 13, for single deck systems 

 = 21, for double deck systems 

 = 50, for triple deck systems 

Where B / l exceeds the following value according to the deck systems, the value of k is to be suitably 
increased: 

 = 2.8, for single deck systems 

 = 4.2, for double deck systems 

 = 5.0, for triple deck systems 

(ii)  For framing systems with top side tanks, 
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Where B/l exceeds 4.0, the value of C2 is to be suitably increased. 

Table II 6-1 
Coefficient �D 

�%�������O�+ �”�������� ������ ������ ������ ������ �•�������� 
�D ���������� ���������� ���������� ���������� ������������ ���������� 

(b) The section modulus of transverse hold frames between 0.15L from the fore end and the collision bulkhead 
is not to be less than that obtained from the following formula: 

KC0CShl2 cm³ 
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where: 

K = Material factor as specified in (a) above 

l = Vertical distance as specified in (a) above, except that it is to be measured at 0.15 L 
from the fore end. 

S, h and C0 = As specified in (a) above. 

C = Coefficient, 1.3 times the value specified in (a) above. 

(c) For the frames under transverse web beams supporting deck longitudinals, the section modulus is to be 
obtained as in (a) and (b), but not to be taken as less than that obtained from the following formula: 
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��
�O��
�O

��
��

����������
�O

�K
�I�.�6�K�O�� 

where:�� 

n = Ratio of transverse web beam spacing to frame spacing. 

h1 = Deck load, in kN/m2, stipulated in 9.2 for the deck beam at the top of frame. 

l1 = Total length, in m, of the transverse web beam. See Fig. II 6-2 (a) of this Chapter. 

K, S, l and h = As specified in (a) and (b) above. 

(d) Where the ratio of the depth of the frame to the length measured from the deck at the top of the frame to the 
toe of the lower bracket is less than 1/24 for the frame prescribed in (a) and 1/22 for (b), the scantlings of 
such frames are to be suitably increased. 

(e) Where the depth of the double bottom center girder is less than B/16, the scantlings of frames are to be 
suitably increased. 

(f) Where long hatchways or multi-row hatchways are provided on the deck at the top of frames, special 
consideration is to be given to the scantlings of transverse hold frames and their upper end construction. 

6.3.3 Transverse hold frames supported by web frames and side stringers 

(a) Where transverse hold frames are supported by web frames and side stringers specified in Chapter 6A, the 
section modulus of frames is not to be less than that obtained from the following formula: 

(i) For frames between 0.15L from the fore end and the after peak bulkhead: 

2.1KCShl2 cm3 

(ii)  For frames between 0.15L from the fore end and the collision bulkhead: 

3.2KCShl2 cm3 

where: 
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K = Material factor as specified in 1.5.2(a) of this Part. 

h = Vertical distance as specified in 6.3.2(a) of this Chapter. 

l = Vertical distance as specified in 6.3.2(a) or (b) of this Chapter, as applicable. 
Where this distance is less than 2 metres, l is to be one half of the distance plus 1.0 m. See Fig. 
II 6-1 and Fig II 6-2 (c) of this Chapter. 

C = As obtained from the following formula, but to be taken as 1.0, where C is less than 1.0: 

�� 
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l2 = Vertical distance, in m, at side from the lowest side stringer to the one immediately above or to 
the deck. See Fig. II 6-2 (c) of this Chapter. 

e = Height, in m, of the lower bracket measured from the lower end of l. However, where this height, 
in m, exceeds 0.25l, e is to be taken as 0.25l. See Fig. II 6-2 (c) of this Chapter. 

�D��,���D�� ��= As specified in Table II 6-2 of this Chapter. 

C4�� =�� As obtained from the following formula, but to be taken as 1.0 where C4 is less than 1.0, and as 
2.2 where C4 exceeds 2.2: 

�t
��

�� �4

F �s�ä�w 

H0�� =�� Vertical distance, in m, from the top of the inner bottom plate at side to the lowest deck. See Fig. 
II 6-2 (c) of this Chapter. 

H�� =�� Vertical distance, in m, from the lower end of H0 to the freeboard deck at side. See Fig. II 6-2 
(c) of this Chapter. 

(b) The scantlings of frames specified in (a) are to be as deemed appropriate by the Society if the difference 
between any two adjacent unsupported spans of the frames (the vertical distance between adjacent stringers 
or from a stringer to the end of the frame) is not less than 25% or the difference between the largest and 
smallest unsupported spans is not less than 50%. 

(c) Where the height of lower brackets of frames is less than 0.05 times l specified in (a), special considerations 
are to be given to the scantlings of transverse hold frames and their lower end constructions. 

Table II 6-2 
Values of �D�� and���D�� 

�1�X�P�E�H�U�V���R�I���V�L�G�H���V�W�U�L�Q�J�H�U�V��
�L�Q�V�W�D�O�O�H�G���E�H�O�R�Z���W�K�H���O�R�Z�H�V�W���G�H�F�N 

�D�� �D�� 

�� �������� ������ 
�� �������� ������ 

�•���� �������� ������ 

6.3.4 Connection of transverse hold frames 

(a) Transverse hold frames are to be overlapped with tank side brackets by at least 1.5 times the depth of frame 
sections and are to be effectively connected thereto. 

(b) The upper ends of transverse hold frames are to be effectively connected by brackets with the deck and deck 
beams, and where the deck at the top of frames is longitudinally framed, the upper end brackets are to be 
extended and connected to the deck longitudinals adjacent to the frames. 
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Fig. II 6-1 

Measuring Point of l for Hold Frames 
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Fig. II 6-2 

Measurement of l, h, H, etc for Transverse Hold Frames 

6.4 Side Longitudinals and Other Structural Members 

6.4.1 Side longitudinals 
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(a) The section modulus of side longitudinals in the midship part below the freeboard deck is not to be less than 
that obtained from the following formula, whichever is greater: 

100KCShl2  cm3 

�������.�¾�/�
�6���O
��  cm3 

where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Spacing, in m, of longitudinals. 

l = Distance, in m, between the web frames or between the transverse bulkhead and the web frame 
including the length of connection. 

h = Vertical distance, in m, from the side longitudinal concerned to a point d+0.038L' above the top 
of keel. 

L' = Length of ship, in m. However, where L exceeds 230 m, L' is to be taken as 230 m. 
C = Coefficient given by the following formula: 

�s

�t�v
F �•��
 

k = (i) or (ii) whichever is greater: 

 (i) �����������I�%����������������
�\

�' �V
�� 

 (ii)  ��
�D
 for �/���”�����������P 

  
��������

�D  for L �•�����������P 

Liner interpolation for intermediate L. 
a = �¾�.  if at least 80% of side shell is of high tensilte steel in the transverse section at amidships. 

1.0 for otherwise. 

y = Vertical distance, in m, from the top of keel to the longitudinal under consideration. 

fB = Ratio of the section modulus of the transverse section of hull required in 3.2.2 of this Part to the 
actual section modulus of the transverse section of hull at bottom. However, where fB is less than 
0.85/K, it is to be taken as 0.85/K. 

(b) Beyond the midship part, the section modulus of side longitudinals may be gradually reduced towards the 
ends of the ship, and may be 0.85 times that obtained from the formula in (a) at the ends. However, the 
section modulus of side longitudinals between 0.15L from the fore end and the collision bulkhead is not to 
be less than that obtained from the formula in (a). 

(c) The depth of flat bars used for longitudinals is not to exceed 15 times the thickness of flat bars. 

(d) Side longitudinals on sheer strakes in the midship part are to be of a slenderness ratio not greater than 60, as 
far as is possible. 

(e) The section modulus of bilge longitudinals need not exceed that of bottom longitudinals. 

(f) Side longitudinals are to be continuous through transverse bulkheads or to be connected thereto by brackets, 
so as to provide adequate fixity and continuity of longitudinal strength. 
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6.4.2 The web frames supporting side longitudinals are to comply with the requirements in (a) to (c). 

(a) Web frames are to be arranged at sections where solid floors are provided. 

(b) The scantlings of web frames are not to be less than that obtained from the following formulae: 

Depth: 0.1l, in m, or 2.5 times the depth of the slot for longitudinals, whichever is greater. 

Section modulus: KC1Shl2  cm3 

Thickness of web: t1 or t2, whichever is greater: 
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where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Web frame spacing, in m. 

l = Unsupported length, in m, of web frame. 

d0 = Depth (m) of web frame. However, in the calculation of t1, the depth of slots for side 
longitudinals, if any, is to be deducted from the web depth. Where the depth of webs is 
divided by vertical stiffeners, the divided depth may be taken as d0 in the calculation of t2. 

h = Vertical distance, in m, from the lower end of l to a point d+0.038L' above the top of keel. 
However, where the distance is less than 1.43l ,in m, h is to be taken as 1.43l. 

L' = As specified in 6.4.1(a) of this Chapter. 

C1, C2 = As specified in Table II 6-3 of this Chapter. 

k = Coefficient given in Table II 6-4 of this Chapter according to the ratio of S1 to d0, where S1 
is the spacing (m) of stiffeners or tripping brackets provided on web plates. For the 
intermediate values of S1/d0, k is to be obtained by linear interpolation. 

(c) Web frames are to be provided with tripping brackets at an interval of about 3 metres. Where the breadth of 
the face plates of web frames exceeds 180 mm on either side of the web, the tripping brackets are to support 
the face plates as well. Moreover, a stiffener is to be provided on the web at every longitudinal except for 
the middle part of the span of web frames where stiffeners may be provided at alternate longitudinals. Webs 
of longitudinals and web frames are to be connected to each other. 

Table II 6-3 
Coefficients C1 and C2 
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Table II 6-4 
Coefficients k 
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6.5 Cantilever Beam Systems 

6.5.1 Cantilever beams 

(a) The depth of cantilever beams measured at the toe of end brackets is not to be less than one-fifth of the 
horizontal distance from the inboard end of the cantilever beam to the toe of the end bracket. 

(b) The depth of cantilever beams may be gradually tapered from the toe of end brackets towards the inboard 
end where it may be reduced to about a half of the depth at the toe of the end bracket. 

(c) The section modulus of cantilever beams at the toe of end brackets is not to be less than that obtained from 
the following formula: (see Fig. II 6-3) 
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where: 

S = Cantilever beam spacing, in m. 

l0 = Horizontal distance, in m, from the inboard end of cantilever beams to the toe of end brackets. 

b1 = Horizontal distance, in m, from the inboard end of cantilever beams to the toe of end brackets of 
beam or transverse deck girder at side. However, where the deck is framed longitudinally and no 
deck transverse is provided between the cantilever beams, b1 is to be taken as l0. 

b2 = A half of the breadth, in m, of the hatch opening in the deck supported by the cantilever beams. 

h1 = 9.81h  

Deck load, in kN/m2, stipulated in 9.2 for the deck transverses supported by the cantilever beams. 

h2 = Load, in kN/m2, on hatch covers of the deck supported by the cantilever beams which is not to be 
less than obtained from the following (i) to (iii ), depending on the type of deck. 

(i) For weather decks, h2=9.81h, which is the deck load stipulated in 9.2.1 for the deck transverses or the 
maximum design cargo weight on hatches per unit area (kN/m2), whichever is greater. h2 is not to be 
less than 17.5 kN/m2 for hatches at Position 1 and 12.8 kN/m2 for those at Position 2 specified in 
17.1.2, respectively. 

(ii)  For decks other than the weather deck where ordinary cargoes or stores are intended to be carried, h2 
is the design deck load. 

(iii)  For decks other than those specified in (i) or (ii ) above, h2 is the value equal to h1. 

(d) The sectional area of face plates of cantilever beams may be gradually tapered from the inner edge of end 
brackets towards the inboard end of cantilever beams, where it may be reduced to 0.60 times that at the inner 
edge of the end brackets. 

(e) The web thickness of cantilever beams at any point is not to be less than the greater of the values obtained 
from the following formula: 
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where: 
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S, b1, b2, h1 and h2 = As specified in (c). 
However, where the deck is framed longitudinally and no deck transverse is 
provided between the cantilever beams, b1/2 is to be substituted by the horizontal 
distance in metres from the inboard end of cantilever beams to the section under 
consideration in the formula for t1. 

dc = Depth, in m, of the cantilever beam at the section under consideration. 
However, in the calculation of t1, the depth of slots for deck longitudinals, if any, 
is to be deducted from the depth of cantilever beams. Where the webs are 
provided with horizontal stiffeners, the divided web depth may be used for dc in 
the formula for t2. 

(f) Cantilever beams are to be provided with tripping brackets at an interval of about three metres. Where the 
breadth of the face plates of cantilever beams exceeds 180 mm on either side of the web, the tripping brackets 
are to support the face plates as well. Moreover, a stiffener is to be provided on the web at every longitudinal 
except for the middle part of the span of cantilever beams where stiffeners may be provided at alternate 
longitudinals. 

(g) Web plates adjacent to the inner edge of end brackets are to be specially reinforced. 

(h) Cantilever beams supporting hatch covers on lower decks are to comply with the requirements in (i) and (ii): 

(i) The leg length of the fillet welds between webs and hatch side girders is to be Type 1 specified in 
Table XII 5-3, Part XII of the Rules. 

(ii)  Where the stiffeners are provided to prevent web plates from buckling, consideration is to be given 
to the arrangement of the ends of such stiffeners to ensure that there are no stress concentrations at 
the connections betweeen web plates and the members supporting hatch covers on lower decks. 

6.5.2 Web frames 

(a) The depth of web frames is not to be less than one-eighth of the length including the length of connections 
at both ends. 

(b) The section modulus of web frames is not to be less than that obtained from the following formula. However, 
where a tween deck web frame in association with a cantilever beam supporting the deck above is provided 
at the top of the web frame, the value of the formula may be reduced to 60%. 

�y�ä�s���H�5
l
�s

�t
�„�5�Š�5 
E�„�6�Š�6
p�����������������������…�•

�7 

where: 

S = Web frame spacing, in m. 

l1 = Horizontal distance, in m, from the end of supported cantilever beams to the inside of 
web frames 

b1, b2, h1 and h2   = As specified in 6.5.1(c) for the supported cantilever beams. However, where the deck 
is framed longitudinally and no deck transverse is provided between the cantilever 
beams, l1 is to be substituted for b1. 

(c) The section modulus of tween deck web frames is to be in accordance with the requirements in (b), and is 
not to be less than that obtained from the following formula: 
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where: 
S, l1,b1, b2, h1 and h2 = As specified in (b). 
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b1
', b2

', h1
'and h2' = b1, b2, h1 and h2 respectively stipulated in (b) in respect to the cantilever beams 

provided below the web frames concerned. 

(d) The web thickness is not to be less than that obtained from the following formula, whichever is greater: 
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where: 

S, b1, b2, h1, h2, and l1 = As specified in (b). 

dw = The smallest depth, in m, of web frame.  
However, in the calculation of t1, the depth of slots for side longitudinals, if 
any, is to be deducted from the web depth. Where the depth of webs is divided 
by vertical stiffeners, the divided depth may be used for dw in the calculation 
of t2. 

l = Length, in m, of web frame including the length of connections at both ends. 

C2 = Coefficient given below:  

For hold web frames:  

Where a web frame in association with a cantilever beam supporting the 
deck above is provided directly above: 0.9 

Elsewhere: 1.5  

For tween deck web frames: C1+0.6  

C1= Coefficient given by (c) 

(e) Where web frames supporting cantilever beams also support side longitudinals or side stringers, the 
scantlings are to comply with the following requirements in addition to those in 6.4.2. 

(i) The section modulus is not to be less than that obtained from the formula in (b), multiplied by the 
following coefficient: 

Where tween deck web frame together with cantilever beam is provided above: 
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Elsewhere: 1.0 
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where: 

l = Length, in m, of hold web frame including the length of connections at 
both ends. 

lu = Length, in m, of tween deck web frame provided directly above, including 
the length of connections at both ends. 

h = Vertical distance, in m, from the middle of l to a point d+0.038L' above 
the top of keel. 

L' = Length of ship, in m. However, where L exceeds 230 m, L' is to be taken 
as 230 m. 

hu = Vertical distance, in m, from the middle of lu to a point to which h is 
measured. However, where the point is below the middle of lu , hu is to be 
taken as zero. 

b1, b2, h1, h2, and l1 = As specified in (b). 

(ii)  The web thickness is not to be less than that given by (d), in which the value of t1 is to be increased 
by the amount obtained from the following formula: 
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S = Web frame spacing, in m. 

h, l = As specified in (i). 

dw = As specified in (d) 

(f) Web frames are to be provided with tripping brackets at an interval of about three metres. Where the breadth 
of the face plates of web frames exceeds 180 mm on either side of the web, the tripping brackets are to 
support the face plates as well. Moreover, a stiffener is to be provided on the webs at every side longitudinal 
except for the middle part of the span of web frames where stiffeners may be provided at alternate 
longitudinals. Webs of longitudinals and web frames are to be connected to each other. 

(g) Web frames are to be effectively connected with other web frames located beneath or solid floors so as to 
maintain strength continuity. 

6.5.3 Cantilever beams and web frames supporting them are to be effectively connected by brackets required in (a) 
to (d): 

(a) The radius of curvature of the free edges of brackets is not to be less than the depth of cantilever beams at 
the toes of brackets. 

(b) The thickness of brackets is not to be less than that of the webs of cantilever beams or web frames, whichever 
is greater. 

(c) The brackets are to be properly strengthened by stiffeners. 

(d) The free edges of brackets are to have face plates of a sectional area not less than that of cantilever beams or 
web frames, whichever is greater, and the face plates are to be connected with those of cantilever beams and 
web frames. 
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Fig. II 6-3 

Measurement of l0, b1, b2 and H2 

6.6 Tween Deck Frames 

6.6.1 General 

(a) The scantlings of tween deck frames are to be determined in relation to the strength of hold frames, the 
arrangement and transverse stiffness of bulkheads, etc. 

(b) Tween deck frames are, in association with the hold frames, to be determined in consideration of maintaining 
the continuity of strength of framing from the bottom to the uppermost deck. 

(c) The scantlings of tween deck beams specified in 6.6 are based on the standard structural arrangement so as 
to maintain transverse stiffness of ships by means of efficient tween deck bulkheads provided above the hold 
bulkheads or by web frames extended to the top of superstructures at proper intervals. 

6.6.2 Scantlings of tween deck frames 

(a) The section modulus of tween deck frames below the freeboard deck is not to be less than that obtained from 
the following formula: 
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where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Frame spacing, in m. 

l = Tween deck height, in m. 

h = Vertical distance, in m, from the middle of l to the point d+0.038L' above the top of keel.  
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  However, where h is less than 0.03L, h is to be taken as 0.03L. 

L' = Length of ship, in m. However, where L exceeds 230 m, L' is to be taken as 230 m. 

(b) The section modulus of tween deck frames except those specified in (a) is not to be less than that obtained 
from the following formula: 

KCSlL cm3 

where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S and l = As specified in (a). 

C = Coefficient given in Table II 6-5 of this Chapter. 
L  = Length of ship, in m, as specified in 1.2.1 of this part. 

(c) The scantlings of tween deck frames below the freeboard deck within 0.15L from the fore end and within 
0.125L from the after end are to be appropriately increased above those given by (a) and (b). 

(d) Where decks are supported by longitudinal beams and web beams, the section modulus of tween deck frames 
supporting web beams is not to be less than that obtained from the following formula, in addition to those in 
(a) and (c). 
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where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S, h and l  = As specified in (a). 

n = Ratio of spacing of web beams to tween deck frame spacing. 

h1 = Deck load, in kN/m2, stipulated in 9.2 of this Part for the deck beam at the top of frame. 

Table II 6-5 
Coefficients C 
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6.6.3 Special precautions regarding tween deck frames 

(a) Care is to be taken so that the strength and stiffness of framing at the ends of the ship may be increased in 
proportion to the actual unsupported length of frame as well as the vertical height of tween decks. 

(b) In ships having an especially large freeboard, the scantlings of tween deck frames may be properly reduced. 
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6.6.4 Superstructure frames 

(a) Superstructure frames are to be provided at every frame located below. 

(b) Notwithstanding the requirements in 6.6.2(b), superstructure frames for four frame spaces at the ends of 
bridges and of detached superstructures within 0.5L amidships are to be of the section modulus obtained 
from the formula in 6.6.2 using 0.74 as the coefficient C. 

(c) Web frames or partial bulkheads are to be provided above the bulkheads required by Chapter 15 or at other 
positions such as may be considered necessary to give effective transverse rigidity to the superstructures. 

6.6.5 The section modulus of frames of cruiser sterns is not to be less than 0.86 times that required by 6.8.1. 

6.7 Frames Below Freeboard Deck Forward of Collision Bulkhead 

6.7.1 The section modulus of transverse frames below the freeboard deck is not to be less than that obtained from the 
following formula: 

���.�6�K�O��  cm3 

where: 
K = Material factor as specified in 1.5.2(a) of this Part. 
S = Frame spacing, in m. 
l = Unsupported length of frame, in m, but not to be less than 2.15 metres. 
h = Vertical distance, in m, from the middle of l to a point 0.12L above the top of keel. 

However, where h is less than 0.06L, h is to be taken as 0.06L. 

6.7.2 Longitudinals below the freeboard deck are to comply with the requirements in (a) and (b): 

(a) The section modulus of longitudinals is not to be less than that obtained from the following formula. 
However, the modulus obtained from the formula is to be increased by 25% (between 0.05D and 0.15D from 
the top of the keel), and 50% (below 0.05D from the top of the keel). 

���.�6�K�O��  cm3 

where: 
K = Material factor as specified in 1.5.2(a) of this Part. 

S = Longitudinal frame spacing, in m. 

l = Distance, in m, between the side transverse or between the side transverse and the transverse 
bulkhead. However, where l is less than 2.15 metres, l is to be taken as 2.15 metres. 

h = Vertical distance, in m, from the longitudinals to a point 0.12L above the top of keel.  

However, where h is less than 0.06L, h is to be taken as 0.06L. 

(b) Longitudinals are to be connected at each end to breast hooks and transverse bulkheads by efficient brackets. 
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6.8 Frames Below Freeboard Deck Abaft of After Peak Bulkhead 

6.8.1 Transverse frames below freeboard deck 

(a) The section modulus of transverse frames below the freeboard deck is not to be less than that obtained from 
the following formula: 
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where: 

S = Frame spacing, in m. 

l = Unsupported length of frame, in m.  

However, where the length is less than 2.15 metres, l is to be taken as 2.15 metres. 

h = Vertical distance, in m, from the middle of l to a point d+0.038L' above the top of keel.  

However, where the distance is less than that 0.04L, h is to be taken as 0.04L. 

L' = Length of ship, in m. However, where L exceeds 230 m, L' is to be taken as 230 m. 

(b) Where the ship speed exceeds 14 knots, the section modulus of side frames is to be increased over the value 
required by (a) by 2% per knot excess to a maximum of 12%. 
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Chapter 6A 

Web Frames and Side Stringer 

6A.1 General 

6A.1.1 The requirements in this Chapter apply to side stringers supporting the transverse hold frames specified in 6.3.3 
and the web frames supporting these side stringers. 

6A.1.2 Web frames and side stringers are to be arranged to provide effective stiffness to the ship side structures. 

6A.1.3 The strength of web frames and side stringers in way of deep tanks is not to be less than that required for vertical 
or horizontal girders on deep tank bulkheads. 

6A.1.4 The side stringers supporting transverse hold frames that are fitted where the bow flare is considered to endure 
large wave impact pressure, and the web frames supporting these side stringers are to be properly strengthened and 
particular attention is to be paid to the effectiveness of their end connections. 

6A.2 Web Frames 

6A.2.1 Scantlings of web frames 

(a) The scantlings of web frames supporting side stringers are not to be less than that obtained from the following 
formula: 

Depth = 0.125l, in m 

Section modulus = KC1Shl2, in cm3 

Thickness of web = t1 or t2, in mm, whichever is greater: 
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where: 

K = Material factor as specified in 1.5.2(a) of this Part. 

S = Web frame spacing, in m. 

l = Unsupported length, in m, of web frame. 

d0 = Depth, in m, of web frame. Where the webs are provided with vertical stiffeners, the 
divided web depth may be used for d0 in the formula of t2. 

h = Vertical distance, in m, from the lower end of l to a point d+0.038L' above the top of 
keel.  

L' = Length of ship, in m. Where, however, L exceeds 230m, L' is to be taken as 230m. 

C1 and C2 = As specified in Table II 6A-1 of this Chapter. 

k = Coefficient given in Table II 6A-2 according to the ratio of S1 to d0, where S1 is the 
spacing (m) of stiffeners or tripping brackets provided on web plates of web frames. For 
the intermediate values of S1/d0, k is to be obtained by linear interpolation. 

(b) Where the web frames are in close proximity to boilers, the thickness of webs and face plates is to be suitably 
increased. 
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Table II 6A-1 
Coefficients C1 and C2 
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Table II 6A-2 
Coefficients k 

S1/d0 �” 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 �• 2.0 

k 60.0 40.0 26.8 20.0 16.4 14.4 13.0 12.3 11.1 10.2 

6A.2.2 Stiffening of webs 

(a) Stiffeners or tripping brackets are to be provided on webs of web frames as may be required. 

(b) Tripping brackets are to be arranged at intervals of about 3 metres. 

(c) Where the breadth of face plates on either side of the web exceeds 180 mm, tripping brackets are to be 
arranged to support the face plates. 

6A.2.3 Below the bulkhead deck, tween deck web frames are to be provided over the hold web frames as may be 
required, to provide continuity of transverse strength of the web frames in holds and machinery spaces. 

6A.2.4 Beams at the top of web frames are to be suitably increased in both strength and stiffness. 

6A.3 Hold Side Stringers 

6A.3.1 Scantlings of hold side stringers 

(a) The scantlings of side stringers are not to be less than that obtained from the following formula: 

Depth = 0.125l 

plus one quarter of the depth (m) of slot for ordinary frames. 

m 

Section modulus = KC1Shl2 cm3 

Thickness of web = t1 or t2, whichever is greater: 
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mm 

where: 
K = Material factor as specified in 1.5.2(a) of this Part. 

S = Distance, in m, between the mid-points of the spaces from the side stringer concerned to 
the adjacent side stringers or to the top of the inner bottom plating at side or to the top of 
deck beams at side. 

l = Web frame spacing, in m. 
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d0 = Depth of side stringer, in m. However, where the depth of the web is divided by providing 
a stiffener in parallel to the face plate, the divided depth may be taken as d0 in the 
calculation of t1. 

h = Vertical distance, in m, from the middle of S to a point d+0.038L' above the top of keel. 
However, where h is less than that 0.05L (m), h is to be taken as 0.05L. 

L' = Length of ship, in m. Where, however, L exceeds 230m, L' is to be taken as 230m. 

C1 and C2 = As specified in Table II 6A-3 of this Chapter. 

k = Coefficient given in Table II 6A-2 of this Chapter according to the ratio of S1 to d0, where 
S1 is the spacing (m) of stiffeners or tripping brackets provided on web plates of side 
stringers. For the intermediate values of S1/d0, k is to be obtained by linear interpolation. 

Table II 6A-3 
Coefficients C1 and C2 

 
For side stringers abaft 0.15L 

from the fore end 

For side stringers between 0.15L from the 

fore end and the collision bulkhead 

C1 5.1 6.4 

C2 42 52 

(b) In boiler spaces, the thickness of various parts of the stringer plate such as web plates and face plates are to 
be suitably increased. 

6A.3.2 Stiffeners on webs 
Stiffeners that cover the entire width of the web are to be provided on the webs of side stringers at alternate frames. 

6A.3.3 Tripping brackets 

(a) Tripping brackets are to be provided on side stringers at intervals of about 3 metres. 

(b) Where the breadth of face plates on either side of the side stringer exceeds 180 mm, tripping brackets are to 
be arranged to support the face plates. 

6A.3.4 Connection of side stringers to web frames 

(a) Connection of side stringers to web frames is to extend for the full depth of the web frame. 

(b) Where stringers are of the same depth as web frames, efficient gussets are to be used to connect the face 
plates of the side stringers with the face plates of the web frames. 

6A.3.5 Connection of side stringers to transverse bulkhead 
Brackets of a proper size are to be used to effectively connect side stringers to the transverse bulkheads. 
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Chapter 7 

Shell Plating 

7.1 General 

7.1.1 Throughout this Chapter, the terms "Garboard Strake", "Sheer Strake", "Bottom Plating", "Side Plating", 
"Bottom Plating Forward", "End Plating" and "Superstructure Side Plating", are of the meanings as follows: 

(a) The garboard strake is the first strake of plating next to a bar keel. 

(b) The sheer strake is the strake of plating running alongside the strength deck. 

(c) The bottom plating is the plating extending across the bottom of the ship from the keel to the upper turn of 
the bilge for 0.4L amidships, excluding the keel and the garboard strake. 

(d) The side plating is the plating extending from the upper turn of the bilge up to the sheer strake for 0.4L 
amidships. 

(e) The bottom plating forward is the plating on the flat of the bottom forward for 0.2L from the fore end (0.25L 
with machinery aft). 

(f) The end plating is the shell plating for 0.1L from both ends. 

(g) The superstructure side plating is the vertical plating extending from the freeboard deck to the superstructure 
deck. 

7.1.2 The thickness of the shell plating is neither to be less than that required for purpose of longitudinal strength in 
accordance with Chapter 3 of this Part, nor that required by this Chapter. 

7.1.3 The thickness of shell plating at such parts that the corrosion is considered excessive due to the location and/or 
the service condition of the ship is to be properly increased over that required in this Chapter. 

7.1.4 With regard to the prevention of buckling of the shell, adequate consideration is to be given to the prevention 
of buckling due to compression in addition to complying with the requirements in 3.4 of this Chapter. 

7.1.5 Sufficient consideration is to be made regarding the continuity in the thickness of shell plating and to the 
avoidance of remarkable differences between the thickness of the shell plating under consideration and that of the 
adjacent shell plating. 

7.1.6 Where the shell plating is prone to denting due to contact with the wharf, special consideration is to be given 
to the thickness of the shell plating. 

7.1.7 The requirements in this Chapter for side plating may be appropriately modified when the distance from the 
designed maximum load line to the strength deck is very large. 

7.1.8 Moving parts penetrating the shell plating below the summer load draught, are to be fitted with a watertight 
sealing arrangement acceptable to the Society. The inboard gland is to be located within a watertight space of such 
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volume that, if flooded, the bulkhead deck is not to be submerged. The Society may require that if such a compartment 
is flooded, essential or emergency power and lighting, internal communication, signals or other emergency devices 
remain available in other parts of the ship. 

7.2 Plate Keels 

7.2.1 The breadth of the plate keel over the whole length of the ship is not to be less than that obtained from the 
following formula: 

2L + 1000   mm 

7.2.2 The thickness of the plate keel over the whole length of the ship is not to be less than the thickness of the bottom 
shell for the midship part obtained from the requirements in 7.3.4 of this Chapter plus 2.0 mm. However, this thickness 
is not to be less than that of the adjacent bottom shell plating. 

7.3 Shell Plating below the Strength Deck 

7.3.1 The minimum thickness of shell plating below the strength deck is not to be less than that obtained from the 
following formula: 

�¾���� �������������������������������������������������•�•  

Where: 

�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������D�����R�I���W�K�L�V���3�D�U�W��  

�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�����D�V���V�S�H�F�L�I�L�H�G���L�Q���������������R�I���W�K�L�V���3�D�U�W��  

7.3.2 The thickness of side shell plating other than the sheer strake of the strength deck of the midship part is to be 
as required in the following (a) and (b) in addition to the requirements in 3.3.1 and 3.3.2 of this Part. 

(a) In ships with transverse framing, the thickness of side shell plating is not to be less than that obtained from 
the following formula: 

�� �s�� �t��
¥�†�æ�r�ä�s�t�w��
E�r�ä�r�w���5
E���Š�s��
E���t�ä�w�������������������•�• 

Where: 
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�:�K�H�U�H���/���L�V�����������P�H�W�U�H�V���D�Q�G���R�Y�H�U�� �������� 
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(b) In ships with longitudinal framing, the thickness of side shell plating is not to be less than that obtained from 
the following formula: 

�&���&���6
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Where: 
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�K�� �  �$�V���J�L�Y�H�Q���L�Q�����D����  
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7.3.3 The thickness of sheer strakes alongside the strength deck for the midship part is not to be less than 0.75 times 
that of the stringer plate of the strength deck. However, the thickness is not to be less than that of the adjacent side shell 
plating. For a rounded sheer strake the radius is not to be less than 15 times the thickness. 

7.3.4 The thickness of bottom shell plating is to be as required in (a) and (b): 

(a) In ships with transverse framing, the thickness is not to be less than that obtained from the following formula: 
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(b) In ships with longitudinal framing, the thickness is not to be less than that obtained from the following formula:  
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7.3.5 The thickness of bilge strakes for the midship part is not to be less than that obtained from the following formula. 
However, it is not to be less than the thickness of adjacent bottom plating. 
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Fig. II 7-1 
Measurement of a and b 

Where some of the longitudinal frames at the bilge part in a longitudinal framing system are omitted, longitudinal frames 
are to be provided as near to the turns of the bilge as practicable and suitably constructed to maintain the continuity of 
strength.  
Where longitudinal frames are provided at the bilge part at nearly the same spacing as that of bottom longitudinals, the 
bilge strakes may be in accordance with the requirements in 7.3.4 of this Chapter irrespective of the requirements in 
7.3.5 of this Chapter. 
Where bilge keels are fitted, special consideration is to be given to both the material and the arrangement. 

7.4 Special Requirements for Shell Plating 

7.4.1 Bow impact pressure 
For shell plating where the bow impact pressure is assumed to be large, sufficient consideration is to be made regarding 
reinforcement against forces acting on the bow such as wave impact pressure. 

7.4.2 Distance between frames 
Where the distance between frames measured along the shell plating is remarkably different from the frame spacing, the 
shell plating is to be reinforced by such measures as increasing its thickness in accordance with the spacing of the frames. 
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7.4.3 Powerful engines 
For shell plating at the aft part of ships that have especially powerful engines compared with the ship length, sufficient 
consideration is to be made regarding reinforcement against vibration.  

7.4.4 Thickness of shell plating at the strengthened bottom forward 
The thickness of shell plating at the strengthened bottom forward specified in Chapter 8 is to be as required in the 
following (a), (b) and (c). Where the ship has an unusually small draught at the ballast condition and has especially high 
speed for the ship's length, special consideration is to be given to the thickness of the shell plating. 

(a) In ships having a bow draught of not more than 0.025���ñ at the ballast condition, the thickness of shell plating 
at the strengthened bottom forward is not to be less than that obtained from the following formula, where ���ñ 
is as defined in 7.3.2 of this Chapter. 

�����¾���� 
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Table II 7-1 
Value of C 
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(b) In ships having a bow draught of not less than 0.037���ñ at the ballast condition, the thickness of shell plating 
at the strengthened bottom forward is not to be less than that specified in 7.3.4 of this Chapter or obtained 
from the following formula, whichever is greater. Where ���ñ is as defined in 7.3.2 of this Chapter. 

�s�ä�u�v���¾���� ��
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Where: 
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(c) In ships having an intermediate value of the bow draught specified in (a) and (b) above, the thickness is to 
be obtained by linear interpolation from the requirements in (a) and (b)��above. 

7.4.5 The thickness of shell plating adjacent to the stern frame or in way of spectacle bossing is not to be less than 
that obtained from the following formula. However, where the spacing of transverse frames in the after peak exceeds 
610 mm or the length of ship exceeds 200 m, the thickness of the shell plating concerned is to be in accordance with the 
satisfaction of the Society. 

4.5 + 0.09L     mm 
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7.5 Side Plating in way of Superstructure 

Where the superstructure deck is not designed as a strength deck, the thickness of the superstructure side plating is not 
to be less than that obtained from the following formula, but it is not to be less than 5.5 mm. Side plating of 
superstructures exceeding 0.15L in length, except for those at the end parts, is to be suitably increased in thickness. From 
the fore end to 0.25L abaft the fore end: 

�s�ä�s�w���¾�� ��
E���t�ä�r�����������������������������•�•  

Elsewhere: �r�ä�{�w���¾�� ��
E���t�ä�r  mm 
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7.6 Compensation at Ends of Superstructure 

7.6.1 Breaks of superstructures are to be strengthened according to the following requirements in (a) to (c): 

(a) Sheer strakes of the strength deck are to extend well into the superstructure and are to be increased in 
thickness by not less than 20% above the normal thickness for sheerstrakes at that location for an appropriate 
span on both sides of the superstructure end. 

(b) Side plating of the superstructure is to extend to an appropriate length beyond the end of the superstructure 
and taper off into the upper deck sheerstrakes to avoid an abrupt change of form at the break. The thickness 
of side plating at the ends of the superstructure is to be 20% greater than the normal thickness of 
superstructure side plating and this is to be taken as the standard. 

(c) For superstructures located at the bow and stern, the requirements in (a) and (b) above may be suitably 
modified. 

7.6.2 Openings in shell 
Gangway ports, large freeing ports and other openings in the shell or bulwarks are to be kept well clear of the end of 
superstructures. Where holes are unavoidably required in the plating, they are to be made as small as possible and to be 
circular or oval in form. 

7.7 Local Compensation of Shell Plating 

7.7.1 Openings in shell 
All openings in the shell plating are to have their corners well rounded and to be compensated as necessary. 

7.7.2 Sea chest 
Where a sea chest is provided in the shell plating for suction or discharge, the thickness of the sea chest is not to be less 
than that obtained from the following formula and to be suitably stiffened so as to provide sufficient rigidity as necessary. 
Also, the thickness is not to be less than the required thickness of the shell plating at that location. 

�¾�� 
E�t�ä�r�����������������•�•  
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7.7.3 Openings such as hold ports and gangway ports are to be kept well clear of discontinuous parts in the hull 
construction, and the places where they are provided are to be locally compensated for so as to maintain the longitudinal 
and transverse strengths of the hull. 

7.7.4 The shell plating fitted with hawse pipes and the plating below them is to be increased in thickness or to be 
doubled, and to be constructed so that their longitudinal seams are not damaged by anchors and anchor cables. 

7.7.5 Hold ports and other similar openings 

(a) Hold ports and other similar openings in the sides of ships below the freeboard deck are to be fitted with 
doors so designed as to ensure watertightness and structural integrity as the surrounding shell plating. Unless 
otherwise granted by the Society, these opening are to open outwards. The number of such openings is to be 
the minimum compatible with the design and proper working of the ship. 

(b) Unless otherwise permitted by the Society, the lower edge of openings referred to in paragraph (a) is not to 
be below a line drawn parallel to the freeboard deck at side, which is at its lowest point at least 230 mm 
above the upper edge of the uppermost load line. 

(c) Where it is permitted to arrange hold ports and other similar openings with their lower edge below the line 
specified in paragraph (b), additional features are to be fitted to maintain the watertight integrity. 

(d) The fitting of a second door of equivalent strength and watertightness is none acceptable arrangement. A 
leakage detection device is to be provided in the compartment between the two doors. Drainage of this 
compartment to the bilges, controlled by a readily accessible screw down valve, is to be arranged. The outer 
door is to open outwards. 

(e) Arrangements for bow doors and their inner doors, side doors and stern doors and their securings are to be 
in compliance with the requirements of a recognized organization, or with the applicable national standards 
of the society which provide an equivalent level of safety. 

7.7.6 Where side scuttles are fitted in the shell plating, the location and the size are to be clearly indicated in the plan 
for approval. 
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Chapter 8 

Strengthening of Bottom Structure Forward 

8.1 General  

8.1.1 In ships having a bow draught under 0.037L' in the ballast condition, the construction of the strengthened 
bottom forward is to be in accordance with the requirements in this Chapter, where L' is as defined in 7.3.2. 

8.1.2 In ships having an unusually small draught in the ballast condition and that have especially high speed for the 
ship's length, special attention is to be paid to the construction of the strengthened bottom forward. 

8.1.3 In ships having a bow draught of not less than 0.037L' in the ballast condition, the construction of the 
strengthened bottom forward may be as specified in 5.2 to 5.6 of this Part. 

8.1.4 The part of flat bottom forward from the position specified in Table II 8-1 of this Chapter as below is defined 
as the strengthened bottom forward. 

Table II 8-1 
After End of Range of Strengthened Bottom Forward 
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8.1.5 Notwithstanding the requirement in 8.1.1 above, ships that have an especially small draught in ballast condition 
or where Cb is especially small are to have the strengthened bottom forward extended to the satisfaction of the Society. 

8.2 Double Bottom Structure 

8.2.1 Strengthening on the double bottom structure forward of transverse framing system is to be provided with one 
of the methods prescribed in the following 8.2.3 and 8.2.4 in association with the solid floor fitted on every frame. 

8.2.2 Strengthening on double bottom structure forward of longitudinal framing system is to be provided in 
accordance with 8.2.5 hereunder in association with the solid floor fitted on the alternate frame. 

8.2.3 Half height intercostal girder and intermediate frame 

(a) The additional half-height intercostal girder is to be fitted with a spacing not more than 1.5 m apart and not 
more than 760 mm on each side of the center girder and is to be carried as far forward as practicable. The 
half height girder plate is to be of the thickness not less than that required for the floor in the machinery 
space and to be flanged on its upper edge. 

(b) The intermediate frame is to be fitted between solid floors and is to extend from the center girder to the 
margin plate or to the first side girder outside the flat part of the bottom. The scantling of the intermediate 
frame is to be as required for the frame in the peak. 
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8.2.4 Spacing of girders 

(a) Between the collision bulkhead and 0.05L abaft the after end of the strengthened bottom forward, full 
intercostal side girders in the bottom forward are to be so arranged that the spacing of the girders is not more 
than 2.3 m. 

(b) Additional half-height girders or longitudinal shell stiffeners are to be fitted in the midway of the full side 
girder, between the collision bulkhead and 0.025L abaft the after end of strengthened bottom forward. 

8.2.5 Solid floors 

(a) Between the collision bulkhead and the after end of the strengthened bottom forward, solid floors are to be 
provided at every frame in the transverse framing system, or at least at alternate frames in the longitudinal 
framing system. 

(b) The solid floors are to be strengthened by providing vertical stiffeners in way of half-height girders or 
longitudinal shell stiffeners, except where the longitudinal shell stiffeners are spaced especially close and 
the solid floors are adequately reinforced, the vertical stiffeners for the solid floors may be provided on 
alternate shell stiffeners. 

8.2.6 The spacing of longitudinal frames on double bottom structure forward of longitudinal framing system is not 
to exceed 700 mm. 

8.2.7 In ships having a bow draught of more than 0.025���ñ but less than 0.037���ñ in the ballast condition, where the 
construction and arrangement of the strengthened bottom forward are impracticable to comply with the above-mentioned 
requirements, suitable compensation is to be provided for the floors and side girders. 

8.3 Scantlings of Longitudinal Shell Stiffeners or Bottom Longitudinals 

8.3.1 In ships having a bow draught of not more than 0.025L' in the ballast condition, the section modulus of 
longitudinal shell stiffeners or bottom longitudinals in way of the strengthened bottom forward is not to be less than that 
obtained from the following formula: 

�r�ä�w�u�2�ã�H�6�����������������…�• �7 

Where: 
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Fig. II 8-1 

Measurement of b 

8.3.2 In ships having a bow draught of more than 0.025���ñ but less than 0.037���ñ in ballast condition, the section 
modulus of longitudinal shell stiffeners or bottom longitudinals in way of the strengthened bottom forward is to be 
obtained by linear interpolation from the values given by the requirements in 8.3.1 above and 5.6 of this Part. 
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Chapter 9 

Beams and Deck Longitudinals 

9.1 General 

9.1.1 Beam spacing 

(a) Transverse beams are to be fitted on every frame in the following cases: 

(i) At the freeboard deck in ships exceeding 4.6 m in depth and having no deck below the freeboard 
deck. 

(ii)  At the freeboard deck under bridge for 8 frame spacings from each end of the bridge. 

(iii)  At the strength deck in ships more than 105 m in length. 

(iv) At the unsheathed strength deck. 

(v)  At the unsheathed deck where the frame spacing exceeds 760 mm. 

(vi) At the tank top, tunnel top and bulkhead recess. 

(vii) At the forecastle deck for 0.125L from the fore end. 

(b) Besides the cases mentioned above, transverse beams are to be fitted not more than 2 frame spacings apart. 

9.1.2 Transverse beams in different tiers if fitted on alternate frames are to be fitted on the same frames. 

9.2 Beams 

9.2.1 The section modulus of the beam is not to be less than that derived from the following formula: 

4.8K shl 2    cm3 

where: 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������D�����R�I���W�K�L�V���3�D�U�W�� 
�V �  �7�K�H���V�S�D�F�L�Q�J���R�I���W�K�H���E�H�D�P�����L�Q���P�� 
�O �  �7�K�H���K�R�U�L�]�R�Q�W�D�O���V�S�D�Q�����L�Q���P�� 
 �  �7�K�H���V�S�D�Q���E�H�W�Z�H�H�Q���D�G�M�D�F�H�Q�W���O�L�Q�H�V���R�I���J�L�U�G�H�U���V�X�S�S�R�U�W�V�����R�U���I�U�R�P���W�K�H���L�Q�Q�H�U���H�G�J�H���R�I���W�K�H���E�H�D�P���N�Q�H�H���W�R���W�K�H���Q�H�D�U�H�V�W��

�O�L�Q�H���R�I���V�X�S�S�R�U�W�����Z�K�L�F�K�H�Y�H�U���L�V���J�U�H�D�W�H�U�� 
 �t ���������%�����Q�R�U�P�D�O�O�\�� 
 �d ���������P�����X�Q�G�H�U���W�K�H���W�R�S���R�I���G�H�H�S���W�D�Q�N���D�Q�G���L�Q���Z�D�\���R�I���W�K�H���E�X�O�N�K�H�D�G���U�H�F�H�V�V�� 
�
���)�R�U���G�H�F�N�V���L�Q�W�H�Q�G�H�G���W�R���F�D�U�U�\���R�U�G�L�Q�D�U�\���F�D�U�J�R�H�V���R�U���V�W�R�U�H�V�����W�K�H���Y�D�O�X�H���R�I���K���I�R�U���K�H�D�G�����P�����L�V���W�R���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H��
�I�R�O�O�R�Z�L�Q�J 
�K �  �7�K�H���D�F�W�X�D�O���K�H�L�J�K�W�����L�Q���P�����D�V���I�R�O�O�R�Z�V 
 �  �7�K�H���D�F�W�X�D�O���K�H�L�J�K�W���I�U�R�P���W�K�H���G�H�F�N���W�R���W�K�H���G�H�F�N���D�E�R�Y�H�����P�H�D�V�X�U�H�G���D�W���W�K�H���V�L�G�H���R�I���W�K�H���V�K�L�S�����I�R�U���W�K�H���E�H�D�P���D�W���W�K�H���G�H�F�N��

�R�Q���Z�K�L�F�K���F�D�U�J�R���R�U���V�W�R�U�H���P�D�\���E�H���F�D�U�U�L�H�G�� 
�:�K�H�U�H���W�K�H���F�D�U�J�R���O�R�D�G���G�L�I�I�H�U�V���I�U�R�P�������������N�1���P�����P�X�O�W�L�S�O�L�H�G���E�\���W�K�H���W�Z�H�H�Q���G�H�F�N���K�H�L�J�K�W�����L�Q���P���� 
�W�K�H���K�H�L�J�K�W���L�V���W�R���E�H���S�U�R�S�R�U�W�L�R�Q�D�W�H�O�\���D�G�M�X�V�W�H�G�� 

 �  �)�R�U���E�X�O�N�K�H�D�G���U�H�F�H�V�V�H�V���D�Q�G���W�X�Q�Q�H�O���I�O�D�W�V���L�V���W�K�H���K�H�L�J�K�W�����L�Q���P�����W�R���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N���D�W���W�K�H���F�H�Q�W�H�U�O�L�Q�H�����Z�K�H�U�H���W�K�D�W��
�K�H�L�J�K�W���L�V���O�H�V�V���W�K�D�Q�������������P�����W�K�H���Y�D�O�X�H���R�I���K���L�V���W�R���E�H���W�D�N�H�Q���D�V�����������W�L�P�H�V���W�K�H���D�F�W�X�D�O���K�H�L�J�K�W���S�O�X�V�������������P�� 

 �  �)�R�U���G�H�H�S���W�D�Q�N���W�R�S�V���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�Z�R���W�K�L�U�G�V���R�I���W�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���W�R�S���R�I���W�K�H���W�D�Q�N���W�R���W�K�H���W�R�S���R�I���W�K�H��
�R�Y�H�U�I�O�R�Z�����L�W���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���J�L�Y�H�Q���L�Q���7�D�E�O�H���,�,�������������H���W�\�S�H���R�I���G�H�F�N�����D�S�S�U�R�S�U�L�D�W�H���W�R���W�K�H���O�H�Q�J�W�K���R�I���W�K�H���V�K�L�S����
�W�K�H�� �K�H�L�J�K�W�� �W�R�� �W�K�H�� �O�R�D�G�� �O�L�Q�H�� �R�U�� �W�Z�R���W�K�L�U�G�V�� �R�I�� �W�K�H�� �K�H�L�J�K�W�� �W�R�� �W�K�H�� �E�X�O�N�K�H�D�G�� �R�U�� �I�U�H�H�E�R�D�U�G���G�H�F�N���� �Z�K�L�F�K�H�Y�H�U�� �L�V��
�J�U�H�D�W�H�V�W�����7�K�H���V�H�F�W�L�R�Q���P�R�G�X�O�X�V���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�D�W���E�H���U�H�T�X�L�U�H�G���I�R�U���F�D�U�J�R���E�H�D�P�V�� 

�
�(�O�V�H�Z�K�H�U�H���I�R�U���W�K�H���Z�H�D�W�K�H�U���G�H�F�N�����W�K�H���Y�D�O�X�H���R�I���K���I�R�U���K�H�D�G�����P�����P�D�\���E�H���W�D�N�H�Q���I�U�R�P���W�K�H���D�S�S�U�R�S�U�L�D�W�H���W�\�S�H���R�I���G�H�F�N�V 
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�K = �7�K�H���Y�D�O�X�H���J�L�Y�H�Q���L�Q���7�D�E�O�H���,�,�����������R�I���W�K�L�V���&�K�D�S�W�H�U���D�Q�G���W�K�H���D�V�V�R�F�L�D�W�H�G���Q�R�W�H�����I�R�U���E�H�D�P�V���D�W���R�W�K�H�U���G�H�F�N�V���W�K�D�Q���W�K�R�V�H��
�P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H�� 

*Note: The value of h1 for load (kN/m2) is to be obtained by multiplying the head mentioned above by 7. 

9.2.2 The size of the beam is to be suitably increased where heavy concentrated load such as at end of the deck house, 
in way of the mast, king post, winch, auxiliary machinery, etc. is to be carried by the beam. 

9.2.3 Where no hold pillar is fitted at the hatch corner, the hatch end beam is to be in accordance with 10.5 of this 
Part. 

9.2.4 Beams on bulkhead recesses and others 
The section modulus of beams at deck forming the top of bulkhead recesses, tunnels and tunnel recesses is not to be less 
than that obtained from the formula in 14.2.8 of this Part. 

9.2.5 Beams on top of deep tanks 
The section modulus of beams at deck forming the top of deep tanks is to be in accordance with this Chapter, and not to 
be less than that obtained from the formula in 16.2.3 of this Part, taking the top of deck beams as the lower end of h and 
beams as stiffeners. 

9.3 Deck Longitudinals 

9.3.1 The standard spacing of deck longitudinals is to be as given in 5.6.2 of this Part. 

9.3.2 Deck longitudinals are to be supported by transverse web beams of a spacing not more than 3.6 m apart. 

9.3.3 The section modulus of the deck longitudinal is to be determined by the following formula: 

CKshl 2  cm3 

where: 
C = Constant as given in Table II 9-2 of this Chapter. 
K = Material factor as specified in 1.5.2(a) of this Part. 
s = Spacing of the deck longitudinal, in m. 
h = The height as defined in 9.2.1 of this Chapter, in m. 
l = The span between the web beams or between the web beam and the midpoint of end bracket, in m. 

9.3.4 Continuity of deck longitudinals 

(a) Deck longitudinals are to be fitted continuously through transverse web beams. 

(b) Where the deck longitudinal is cut at the bulkhead, sufficient end connections are to be provided so as to 
effectively develop the sectional area and its resistance to bending. 

9.3.5 In the part where the longitudinal system is transformed to the transverse system, care is to be taken to avoid 
any abrupt discontinuity. 
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9.4 End Attachment of Beams and Deck Longitudinals 

9.4.1 Beam Knees 

(a) Deck beams are to be connected to frames or stiffeners of the longitudinal bulkhead by beam knees. The 
scantlings of the beam knee brackets are to be obtained from the following formulae: 
 
�W�� �  �s�ä�t�x
H�¾��

�/ 
E�s �P�P���I�R�U���S�O�D�L�Q���E�U�D�F�N�H�W 
�W�� �  �–�5 
F �t �P�P���I�R�U���I�O�D�Q�J�H�G���E�U�D�F�N�H�W 
�W�P�L�Q � �� ������ �P�P 
�O �  �w�r
¥�< �P�5�¤  �P�P 
�O�P�L�Q �  ������ �P�P 

�E �  �v�r
E
��

�u�r
 �P�P 

 
where: 

t = Thickness of bracket, in mm. 

Z = Section modulus of the smaller section to be connected, in cm3. 

l = Arm length, i.e. the length of the welded connection, in mm. 

b = Width of flange, in mm, but is to be at least 50 mm and needed not be greater than 90 mm. 

(b) For single deck ships within 0.6L amidships the arm length of the beam bracket is to be increased by 20%. 

9.4.2 Longitudinally framed decks 

(a) The bracket connecting the side frame to the deck clear of the transverse is to be in accordance with 9.4.1(a) 
above based on the modulus of the frame, but the horizontal arm of the bracket is to be extended to a 
longitudinal. 

(b) Where the deck longitudinal is cut at the transverse bulkhead, the minimum sectional area of the bracket at 
the end of the longitudinal, and also the area of weld connection, are to be equal to the sectional area of the 
longitudinal. The area of weld connection is defined as the product of throat thickness and length of weld. 
The depth of the bracket below the longitudinal is to be at least equal to the depth of the longitudinal. 
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Table II 9-1 
Height h 

�7�\�S�H���R�I���G�H�F�N�V �/�����P�� �K�����P�� 

���D�� 

�� �(�[�S�R�V�H�G���I�U�H�H�E�R�D�U�G���G�H�F�N���K�D�Y�L�Q�J���Q�R���G�H�F�N���E�H�O�R�Z 

�������d���/���d�������� �����������/�������������� 

�������������/ �������� 

���E�� 

�� �(�[�S�R�V�H�G���I�U�H�H�E�R�D�U�G���G�H�F�N���K�D�Y�L�Q�J���G�H�F�N���E�H�O�R�Z 
�� �(�[�S�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N���I�R�U�����������/���I�U�R�P���I�R�U�H���H�Q�G 

�������d���/���d�������� ���������������/���������� 

�������������/ �������� 

���F�� 

�� �)�R�U�H�F�D�V�W�O�H���G�H�F�N���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N 
�� �%�U�L�G�J�H���G�H�F�N���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N 
�� �(�[�S�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N�����R�Y�H�U���������/���L�Q���O�H�Q�J�W�K���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N��

�E�H�W�Z�H�H�Q�����������/���I�U�R�P���I�R�U�H���H�Q�G���D�Q�G���������/���I�U�R�P���D�I�W���H�Q�G 
�� �7�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N���Z�L�W�K�L�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H 
�� �7�K�H���G�H�F�N���E�H�O�R�Z���I�U�H�H�E�R�D�U�G���G�H�F�N 

�������d���/���d�������� ���������������/ 

�������������/���d�������� �������������/���������� 

�������������/���d�������� �������������/���������� 

�������������/ �������� 

���G�� 

�� �(�[�S�R�V�H�G���E�U�L�G�J�H���G�H�F�N�����Q�R�W���R�Y�H�U���������/���L�Q���O�H�Q�J�W�K���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N 
�� �3�R�R�S���G�H�F�N���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N 
�� �(�[�S�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N���I�L�U�V�W���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N���I�R�U���������/���I�U�R�P���W�K�H���D�I�W���H�Q�G 
�� �(�[�S�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N���V�H�F�R�Q�G���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N������ 
�� �)�L�U�V�W���W�L�H�U���R�I���G�H�F�N���K�R�X�V�H���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N 

�������d���/���d�������� �����������/���������� 

�������������/���d�������� �������������/�������� 

�������������/ �����������/���������� 

���H�� 

�� �6�H�F�R�Q�G���W�L�H�U���R�I���G�H�F�N���K�R�X�V�H���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N������ 

�������d���/���d�������� �����������/���������� 

�������������/���d�������� �������� 

�������������/ �������������/���������� 

���I�� 

�� �7�K�H���W�K�L�U�G���D�Q�G���K�L�J�K�H�U���W�L�H�U�V���R�I���G�H�F�N���K�R�X�V�H���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N������ 
�� �6�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N�V�����W�K�L�U�G���D�Q�G���K�L�J�K�H�U���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N�����Z�K�L�F�K���F�R�Q�W�D�L�Q���R�Q�O�\��

�D�F�F�R�P�P�R�G�D�W�L�R�Q���V�S�D�F�H�V 

�������d���/ �������� 

�1�R�W�H�V�� 
(1) Where the superstructure above the first superstructure extends forward of 0.5L amidhsips the value of h is to 

be suitably increased. 
(2) Where the deck to which the side shell plating does not extend is generally used only as weather covering, the 

value of h may be reduced, but in no case is to be less than the minimum value 0.46 m. 

 

Table II 9-2 
Constant C 

�7�\�S�H���R�I���G�H�F�N�V �& 
�������6�W�U�H�Q�J�W�K���G�H�F�N ������ 
�������:�L�W�K�L�Q���W�K�H���O�L�Q�H���R�I���R�S�H�Q�L�Q�J�V���D�W���D�O�O���G�H�F�N�V ������ 
�������(�I�I�H�F�W�L�Y�H���V�H�F�R�Q�G���D�Q�G���W�K�L�U�G���G�H�F�N�V ������ 
�������3�O�D�W�I�R�U�P���G�H�F�N ������ 
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Chapter 10 

Deck Girders and Pillars 

10.1 General 

10.1.1 Deck beams are to be supported by longitudinal deck girders in association with pillars or strong hatch end 
beams. 

10.1.2 Deck girders spacing 

(a) In way of the bulkhead recess and the top of tank, deck girders are to be spaced not more than 4.6 m apart. 

(b) Additional girders are to be fitted under masts, derrick posts, deck machinery or other heavy concentrated 
load areas. 

10.1.3 The deck plating in way of the girder is to be increased in thickness or effectively stiffened where necessary to 
provide an effective flange of the girder. 

10.1.4 Pillars in the tween deck and holds are to be in the same vertical line as far as possible. 

10.1.5 Wide spaced pillars are to be fitted in line with keelsons or double bottom girders, and if infeasible, to be as 
close as practicable. 

10.1.6 The seating under wide spaced pillars is to be of ample strength and of a character which provides effective 
distribution of the load. 

10.1.7 Where the pillar is not directly above the intersection of the solid floor and the intercostal girder, the partial 
floor and intercostal girder are to be fitted to support the pillar. 

10.1.8 Manholes and lightening holes are not to be cut in the floor and girder below the heel of pillars. 

10.1.9 Where the heel of pillars is carried on a tunnel, suitable arrangement is to be made to support the load. 

10.1.10 Additional supports are to be arranged at the end and corner of the deck house, in the machinery space, at the 
end of partial superstructure and under the heavy concentrated load areas. 

10.2 Deck Girders Clear of Tanks 

10.2.1 Scantling 

(a) The section modulus is not to be less than that obtained from the following formula: 

4.8Kb h l2 cm3 

 

where: 
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K = Material factor as specified in 1.5.2(a) of this Part. 
b = The mean breadth of the area of the deck supported, in m. 
h = The height as defined in 9.2.1 of this Part, in m. 
l = The span between centers of supporting pillars, or between the pillar and the center of end bracket 

at the bulkhead, in m. 

(b) The depth of the web of the girder is not to be less than 5% of the span l. 

(c) The thickness of web plates is not to be less than 1% of the depth plus 4 mm but is not to be less than 8.5 mm, 
10 mm, 12.5 mm or 15 mm where the sectional area of face plates is 38 cm2, 65 cm2, 130 cm2 or 195 cm2 
respectively. The thickness for intermediate area may be obtained by interpolation. 

10.2.2 Where the girder is subjected to concentrated load such as the pillar out of line, the hanging load, etc., the 
section modulus is to be specially calculated. 

10.2.3 Tripping brackets are to be fitted at intervals of about 3 m and near the change of section. Where the breadth of 
the flanges on either side of the web exceeds 200 mm, tripping brackets are to be arranged to support the flange. 
Additional supports are to be provided for the flanges where their breadth exceeds 400 mm. 

10.2.4 The girder is to be attached to the bulkhead by flanged bracket. At the bulkhead, the stiffener is to be suitably 
strengthened to provide ample support to the girder. 

10.3 Deck Transverses 

The deck transverse supporting deck longitudinal is to be of the size obtained from the formula given in 10.2 of this 
Chapter, where l is the span, in m, between supporting girders, or between the girder and the ship's side deducting 

�5

�6
 the 

distance between the toe of the bracket and the ship's side; b is the spacing of transverse, in m; and h is the height, in m, 
as defined in 9.2.1 of this Part. The requirement for minimum depth and thickness of web plates and arrangement of 
tripping brackets are to be the same as given in 10.2 of this Part. 

10.4 Hatch Side Girders 

10.4.1 Scantling for hatch side girder supporting the transverse shifting beam or hatch cover is to be obtained in the 
same manner as the deck girder. 

10.4.2 The hatch side girder along the lower deck hatch under the trunk in which no cover is fitted is to be increased 
in proportion to the extra load to be carried due to the loading up into the trunk. 

10.4.3 Where the deep coaming is fitted above such as at weather deck, the girder below deck may be modified so as 
to obtain a section modulus when taken in conjunction with the coaming up to and including the horizontal coaming 
stiffener, of not less than that given by the following formula: 

6.5 Kb h l2  cm3 

where K, l, b and h are as specified in 10.2.1 of this Chapter. 

10.4.4 Where the hatch side girder is not continuous under the deck beyond the hatchway to the bulkhead, the bracket 
extending for at least 2 frame spaces beyond the end of the hatchway is to be fitted. 
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10.4.5 The gusset plate is to be fitted at the hatchway corner and arranged so as to effectively connect the flange of 
the hatch side girder and the hatch end beam. 

10.5 Hatch End Beams 

10.5.1 The hatch end beam supported only by a center line pillar without a pillar at the corner of the hatchway is 
classified into 2 cases as follows: 
Case 1: Where the deck girder is not fitted on the line of the hatch side beyond the hatchway. 
Case 2: Where the deck girder is fitted fore and aft beyond the hatchway. 

10.5.2 The section modulus is not to be less than that derived from the following formula: 

For Case 1: K A B h l   cm3 
For Case 2: K (A B + C D) h l cm3 

where: 
�O �  �7�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���F�H�Q�W�H�U���R�I���E�H�D�P���E�U�D�F�N�H�W���W�R���W�K�H���F�H�Q�W�H�U���O�L�Q�H�����L�Q���P�� 
�$ �  �7�K�H���O�H�Q�J�W�K���R�I���W�K�H���K�D�W�F�K�Z�D�\�����L�Q���P�� 
�% �  �7�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���F�H�Q�W�H�U���O�L�Q�H���W�R���W�K�H���P�L�G�S�R�L�Q�W���E�H�W�Z�H�H�Q���W�K�H���K�D�W�F�K���V�L�G�H���D�Q�G���W�K�H���O�L�Q�H���R�I���W�K�H���W�R�H���R�I���W�K�H���E�H�D�P��

�N�Q�H�H�����L�Q���P�� 
�& �  �7�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���D���S�R�L�Q�W���P�L�G�Z�D�\���E�H�W�Z�H�H�Q���W�K�H���F�H�Q�W�H�U���O�L�Q�H���D�Q�G���W�K�H���O�L�Q�H���R�I���K�D�W�F�K���V�L�G�H���W�R���W�K�H���P�L�G�S�R�L�Q�W���E�H�W�Z�H�H�Q��

�W�K�H���K�D�W�F�K���V�L�G�H���D�Q�G���W�K�H���O�L�Q�H���R�I���W�K�H���W�R�H���R�I���E�H�D�P���N�Q�H�H�����Z�K�H�U�H���Q�R���J�L�U�G�H�U���L�V���I�L�W�W�H�G���R�Q���W�K�H���F�H�Q�W�H�U���O�L�Q�H���E�H�\�R�Q�G���W�K�H��
�K�D�W�F�K�Z�D�\�����&���L�V���H�T�X�D�O���W�R���%�����L�Q���P�� 

�'  �  �7�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���K�D�W�F�K���H�Q�G���E�H�D�P���W�R���W�K�H���D�G�M�D�F�H�Q�W���K�R�O�G���E�X�O�N�K�H�D�G�����L�Q���P�� 
�K �  �7�K�H���K�H�L�J�K�W���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������R�I���W�K�L�V���&�K�D�S�W�H�U�����L�Q���P�� 
�.  �  ���������������������������)���1�����Z�K�H�Q���)���1���”�������� 
 �  �����������±���������������)���1�����Z�K�H�Q���)���1���!�������� 
�1 �  �2�Q�H���K�D�O�I���W�K�H���E�U�H�D�G�W�K���R�I���W�K�H���V�K�L�S���L�Q���Z�D�\���R�I���W�K�H���K�D�W�F�K���H�Q�G���E�H�D�P�����L�Q���P�� 
�) �  �' �L�V�W�D�Q�F�H���I�U�R�P���W�K�H���V�L�G�H���R�I���W�K�H���V�K�L�S���W�R���W�K�H���K�D�W�F�K���V�L�G�H���J�L�U�G�H�U�����L�Q���P�� 

10.5.3 The depth and thickness of the hatch end beam are to be in accordance with the requirement specified in 10.2.1 
of this Chapter. 

10.5.4 The weather deck hatch end beam having a deep coaming above the deck for the full width of the hatchway 
may have the face plate area reduced from a point well within the line of the hatch side girder to approximately 50% of 
the required area at the center line. 

10.5.5 Tripping brackets are to be fitted to hatch end beams in accordance with 10.2.3. 

10.5.6 The frame in way of the hatch end beam is to be strengthened if considered necessary. 

10.6 Pillars 

10.6.1 The sectional area of pillars is to be determined from the following formula: 
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where: 
�O �  �7�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���W�R�S���R�I���W�K�H���L�Q�Q�H�U���E�R�W�W�R�P�����G�H�F�N���R�U���R�W�K�H�U���V�W�U�X�F�W�X�U�H���R�Q���Z�K�L�F�K���W�K�H���S�L�O�O�D�U���L�V���E�D�V�H�G���W�R���W�K�H��

�X�Q�G�H�U���V�L�G�H���R�I���W�K�H���E�H�D�P���R�U���J�L�U�G�H�U���V�X�S�S�R�U�W�H�G�����L�Q���P�� 
�U �  �7�K�H���O�H�D�V�W���U�D�G�L�X�V���R�I���J�\�U�D�W�L�R�Q�����L�Q���F�P�� 
�:  �  �'�H�F�N���O�R�D�G���V�X�S�S�R�U�W�H�G���E�\���W�K�H���S�L�O�O�D�U�����L�Q���N�1�� 
 �  ���������6���E���K�������:�R 
�6 �  �7�K�H���P�H�D�Q���O�H�Q�J�W�K���R�I���W�K�H���D�U�H�D���V�X�S�S�R�U�W�H�G���E�\���W�K�H���S�L�O�O�D�U�����L�Q���P�� 
�E �  �7�K�H���P�H�D�Q���Z�L�G�W�K���R�I���W�K�H���D�U�H�D���V�X�S�S�R�U�W�H�G���E�\���W�K�H���S�L�O�O�D�U�����1�R�U�P�D�O�O�\���W�K�H���P�L�Q�L�P�X�P���Y�D�O�X�H���R�I���E���L�V���W�R���E�H���W�D�N�H�Q���D�V����������

�%�����L�Q���P�� 
�K �  �'�H�F�N���K�H�L�J�K�W���I�R�U���W�K�H���D�U�H�D���V�X�S�S�R�U�W�H�G���D�V���G�H�I�L�Q�H�G���L�Q���W�K�H���������������R�I���W�K�L�V���3�D�U�W�����L�Q���P�� 
�: �R �  �'�H�F�N���O�R�D�G���R�I���W�K�H�� �X�S�S�H�U���W�Z�H�H�Q���G�H�F�N���S�L�O�O�D�U���D�E�R�Y�H���W�K�H�� �O�R�Z�H�U���S�L�O�O�D�U���L�Q���T�X�H�V�W�L�R�Q�����D�V���G�H�I�L�Q�H�G���L�Q�����������������R�I���W�K�L�V��

�&�K�D�S�W�H�U�����L�Q���N�1�� 
�N �  �������������I�R�U���P�L�O�G���V�W�H�H�O 
 �  �������������I�R�U���+�7���� 
 �  �������������I�R�U���+�7���� 
�Q �  �����������I�R�U���P�L�O�G���V�W�H�H�O 
 �  �����������I�R�U���+�7���� 
 �  �����������I�R�U���+�7���� 

10.6.2 Load of upper pillar 

(a) Where no pillar is fitted in the tween deck space directly above the deck supported by the pillar in question, 
Wo is equal to zero. 

(b) Where the pillar is fitted in the tween deck space directly above the deck supported by the pillar in question, 
Wo is to be taken equal to W for the tween deck pillar. 

(c) Where the pillar is not directly in line with those above or not on the line of the girder but which supports 
the load from above or the deck girder through a system of supplementary fore and aft or transverse girder, 
Wo is to be the actual load transmitted to the pillar in question through the system of the girder. 

10.6.3 The pillar under the top of the deep tank is to be of solid section and of a size not less than that required by 
10.6.1 or the sectional area required by the following formula, whichever is the greater: 

1.09 kS b h cm2 

where: 
S and b are as specified in 10.6.1 of this Part. 
�N �  �����������I�R�U���P�L�O�G���V�W�H�H�O 
 �  �����������I�R�U���+�7���� 
 �  �����������I�R�U���+�7���� 
�K �  �7�K�H���Y�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H�����L�Q���P�����I�U�R�P���W�K�H���W�R�S���R�I���W�K�H���W�D�Q�N���W�R���W�K�H���O�R�D�G���O�L�Q�H�����R�U���W�R�����������R�I���W�K�H���G�H�S�W�K���W�R���W�K�H���I�U�H�H�E�R�D�U�G���R�U��

�E�X�O�N�K�H�D�G���G�H�F�N�����R�U���W�R���������R�I���W�K�H���K�H�L�J�K�W���I�U�R�P���W�K�H���W�D�Q�N���W�R�S���W�R���W�K�H���R�Y�H�U�I�O�R�Z���S�L�S�H�����Z�K�L�F�K�H�Y�H�U���L�V���W�K�H���J�U�H�D�W�H�V�W�� 

10.7 End Attachment of Pillars 

10.7.1 Effective arrangement is to be made to distribute the load at the head and heel of the pillar. 

10.7.2 Wide-spaced pillars are to bear solidly at head and heel and are to be attached by welding properly proportioned 
on the size of the pillar. 
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10.7.3 The end attachment of the pillar under bulkhead recess, tunnel top or deep tank top which may be subjected to 
tension load is to be efficiently welded to withstand the tension load. 
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�I�R�U�P�X�O�D�� 

�–
L �r�ä�r�t�w��
E�v�ä�y�����������������������������������������•�•  

�Z�K�H�U�H�� 
�/��� ���/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 
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�������� �3�O�D�W�H�G���'�H�F�N�V 

����104���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

������������ �7�K�H���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���S�O�D�W�L�Q�J���R�I���W�K�H���O�R�Z�H�U���G�H�F�N���Z�K�L�F�K���L�V���G�H�V�L�J�Q�D�W�H�G���D�V���S�O�D�W�I�R�U�P���G�H�F�N���D�Q�G���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���Q�R�Q��
�H�I�I�H�F�W�L�Y�H���G�H�F�N���I�R�U���O�R�Q�J�L�W�X�G�L�Q�D�O���V�W�U�H�Q�J�W�K�����L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�� 

���D�� �3�O�D�W�I�R�U�P���G�H�F�N�V���L�Q���H�Q�F�O�R�V�H�G���F�D�U�J�R���V�S�D�F�H�V 

�–
L ���•�¾�Š
E�ƒ���P�P�������E�X�W���Q�R�W���O�H�V�V���W�K�D�Q�����������P�P�� 
�. ��� ���������������� 
�D��� �����������P�P 
�K��� ���W�Z�H�H�Q���G�H�F�N���K�H�L�J�K�W���L�Q���P�� 

�:�K�H�Q���D���G�H�V�L�J�Q���O�R�D�G���L�V���V�S�H�F�L�I�L�H�G�����K���L�V���W�R���E�H���W�D�N�H�Q���D�V���S���Q���Z�K�H�U�H���S���L�V���W�K�H���V�S�H�F�L�I�L�H�G���G�H�V�L�J�Q���O�R�D�G�����L�Q���N�1���P�������D�Q�G���Q��
�L�V���G�H�I�L�Q�H�G���D�V������������ 

(b) Platform decks in enclosed accommodation spaces 

�–
L �r�ä�r�r�w�z�•
E�s�ä�r���•�• �����E�X�W���Q�R�W���O�H�V�V���W�K�D�Q�����������P�P 

�:�K�H�U�H�� �W�K�H�� �S�O�D�W�I�R�U�P�� �G�H�F�N�V�� �D�U�H�� �V�X�E�M�H�F�W�H�G�� �W�R�� �K�X�O�O�� �J�L�U�G�H�U�� �E�H�Q�G�L�Q�J���� �V�S�H�F�L�D�O�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �L�V�� �W�R�� �E�H�� �J�L�Y�H�Q�� �W�R�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O��
�V�W�D�E�L�O�L�W�\���R�I���G�H�F�N���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V�� 

������������ �7�K�H���P�L�Q�L�P�X�P���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���H�I�I�H�F�W�L�Y�H���O�R�Z�H�U���G�H�F�N���S�O�D�W�L�Q�J���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�H���I�R�O�O�R�Z�L�Q�J�� 

���D�� �6�H�F�R�Q�G���G�H�F�N�� 
 

 D �! 15.2 m :  Same as 11.3.2 (a)(i) 
�����������P���• D > 12.8 m :  Same as 11.3.2 (a)(ii) 
 D �� 12.8 m :  Same as 11.3.3 

�Z�K�H�U�H�� 

�' �� �  �'�H�S�W�K���R�I���V�K�L�S�����L�Q���P�� 

���E�� �7�K�L�U�G���G�H�F�N�� 
 

 D �! 17.7 m :  Same as 11.3.2 (a)(i) 
�����������P���• D �! 13.4 m :  Same as 11.3.2(a)(ii) 
�����������P���• D �! 9.8 m :  Same as 11.3.3 
 D �� 9.8 m :  Same as 11.3.5 

�Z�K�H�U�H�� 

�' �� �  �'�H�S�W�K���R�I���V�K�L�S�����L�Q���P�� 

������������ �:�K�H�U�H���W�K�H���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N���L�V���Q�R�W���G�H�V�L�J�Q�H�G���D�V���W�K�H���V�W�U�H�Q�J�W�K���G�H�F�N�����W�K�H���P�L�Q�L�P�X�P���W�K�L�F�N�Q�H�V�V���R�I���V�X�S�H�U�V�W�U�X�F�W�X�U�H��
�G�H�F�N���S�O�D�W�L�Q�J���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�H�� 

���D�� �)�R�U�H�F�D�V�W�O�H���D�Q�G���E�U�L�G�J�H���G�H�F�N���S�O�D�W�L�Q�J�� 

�–
L �r�ä�r�r�{�•
E�t�ä�v���•�• ���������������• 
Q�y�x�r�•�•�á�� 
P�s�t�t���•  
�–
L �r�ä�r�r�x�•
E�v�ä�y���•�• ���������������• 
P �y�x�r���•�• �á�� 
P �s�t�t���•  
�–
L �r�ä�r�s�•
E�r�ä�{���•�• ���������������������• 
Q�y�x�r���•�• �á�� 
Q�s�t�t���•  
�–
L �r�ä�r�r�x�y�•
E�u�ä�v���•�• �����������• 
P�y�x�r���•�• �á�� 
Q�s�t�t���•  

�Z�K�H�U�H�� 

�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 

�V �  �%�H�D�P���V�S�D�F�L�Q�J�����L�Q���P�P�� 

���E�� �3�R�R�S���G�H�F�N���S�O�D�W�L�Q�J�� 

�–
L �r�ä�r�s�•
E�r�ä�{���•�• ���������������������������• 
Q�y�x�r�•�•�á�� 
P�s�r�r���•  
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�������� �&�R�P�S�H�Q�V�D�W�L�R�Q���D�W���2�S�H�Q�L�Q�J 

 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����105���� 
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�–
L �r�ä�r�r�x�y�•
E�u�ä�v���•�• �����������������• 
P�y�x�r���•�• �á�� 
P�s�r�r���•  
�–
L �r�ä�r�r�{�•
E�r�ä�z���•�• ���������������������• 
Q�y�x�r���•�• �á�� 
Q�s�r�r���•  
�–
L �r�ä�r�r�u�{�•
E�v�ä�u���•�• �����������������• 
P�y�x�r���•�• �á�� 
Q�s�r�r���•  

���F�� �(�[�S�R�V�H�G���E�U�L�G�J�H���G�H�F�N���S�O�D�W�L�Q�J�� 

�–
L �r�ä�r�s�•
E�r�ä�t�w���•�• �������������������• 
Q�y�x�r���•�•  
�–
L �r�ä�r�r�v�u�•
E�v�ä�x���•�• ���������������• 
P �y�x�r���•�•  

�Z�K�H�U�H 

�/  �  �/�H�Q�J�W�K���R�I���V�K�L�S�����L�Q���P�� 

�V �  �%�H�D�P���V�S�D�F�L�Q�J�����L�Q���P�P�� 

���G�� �:�K�H�U�H���W�K�H���E�H�D�P���L�V���I�L�W�W�H�G���R�Q���H�Y�H�U�\���D�O�W�H�U�Q�D�W�L�Y�H���I�U�D�P�H�����W�K�H���W�K�L�F�N�Q�H�V�V���J�L�Y�H�Q���L�Q�����������������D�����D�Q�G�����E�����D�E�R�Y�H���L�V���W�R���E�H��
�L�Q�F�U�H�D�V�H�G���E�\���������� 

������������ �:�K�H�U�H���W�K�H���S�O�D�W�H�G���G�H�F�N���R�I���W�K�H���V�W�U�H�Q�J�W�K���G�H�F�N���L�V���F�R�Y�H�U�H�G���E�\���W�K�H���V�X�S�H�U�V�W�U�X�F�W�X�U�H���R�U���W�K�H���G�H�F�N���K�R�X�V�H���W�K�H���P�L�Q�L�P�X�P��
�W�K�L�F�N�Q�H�V�V���P�D�\���E�H���U�H�G�X�F�H�G���E�\�������P�P�� 

������������ �7�K�L�F�N�Q�H�V�V���R�I���H�I�I�H�F�W�L�Y�H���G�H�F�N���S�O�D�W�L�Q�J���X�Q�G�H�U���E�R�L�O�H�U�����L�Q���E�X�Q�N�H�U���V�S�D�F�H���R�U���U�H�I�U�L�J�H�U�D�W�H�G���V�S�D�F�H 

���D�� �7�K�H�� �W�K�L�F�N�Q�H�V�V�� �R�I�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�� �G�H�F�N�� �S�O�D�W�L�Q�J�� �X�Q�G�H�U�� �W�K�H�� �E�R�L�O�H�U�� �L�V�� �W�R�� �E�H�� �L�Q�F�U�H�D�V�H�G�� �E�\�� ���� �P�P�� �W�R�� �W�K�H�� �U�H�T�X�L�U�H�G��
�W�K�L�F�N�Q�H�V�V���V�S�H�F�L�I�L�H�G���D�E�R�Y�H�� 

���E�� �7�K�H���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���G�H�F�N���S�O�D�W�L�Q�J���L�Q���W�K�H���U�H�I�U�L�J�H�U�D�W�L�Q�J���V�S�D�F�H���Z�K�H�U�H���Q�R���V�S�H�F�L�D�O���P�H�D�Q�V���I�R�U���W�K�H���S�U�R�W�H�F�W�L�R�Q���D�J�D�L�Q�V�W��
�F�R�U�U�R�V�L�R�Q���R�I���W�K�H���G�H�F�N���L�V���S�U�R�Y�L�G�H�G�����L�V���W�R���E�H���L�Q�F�U�H�D�V�H�G���E�\�������P�P���W�R���W�K�H���U�H�T�X�L�U�H�G���W�K�L�F�N�Q�H�V�V���V�S�H�F�L�I�L�H�G���D�E�R�Y�H�� 

�������������� �'�H�F�N���S�O�D�W�L�Q�J���R�Y�H�U���G�H�H�S���W�D�Q�N�����W�X�Q�Q�H�O�����R�U���I�R�U�P�L�Q�J���U�H�F�H�V�V���R�U���V�W�H�S���L�Q���E�X�O�N�K�H�D�G 

���D�� �7�K�H���G�H�F�N���S�O�D�W�L�Q�J���R�Y�H�U���W�K�H���W�X�Q�Q�H�O���R�U���I�R�U�P�L�Q�J���W�K�H���U�H�F�H�V�V���R�U���W�K�H���V�W�H�S���L�Q���W�K�H���E�X�O�N�K�H�D�G���L�V���W�R���E�H���R�I���D���W�K�L�F�N�Q�H�V�V���Q�R�W��
�O�H�V�V���W�K�D�Q���W�K�D�W���U�H�T�X�L�U�H�G���I�R�U���W�K�H���S�O�D�W�L�Q�J���R�I���W�K�H���R�U�G�L�Q�D�U�\���E�X�O�N�K�H�D�G���D�W���W�K�H���V�D�P�H���O�H�Y�H�O���S�O�X�V�������P�P�� 

���E�� �7�K�H���G�H�F�N���S�O�D�W�L�Q�J���R�Y�H�U���W�K�H���G�H�H�S���W�D�Q�N���L�V���W�R���E�H���R�I���D���W�K�L�F�N�Q�H�V�V���Q�R�W���O�H�V�V���W�K�D�Q���W�K�D�W���U�H�T�X�L�U�H�G���I�R�U���W�K�H���S�O�D�W�L�Q�J���R�I���W�K�H��
�G�H�H�S���W�D�Q�N���E�X�O�N�K�H�D�G���D�W���W�K�H���V�D�P�H���O�H�Y�H�O���S�O�X�V�������P�P�� 

�������� �&�R�P�S�H�Q�V�D�W�L�R�Q���D�W���2�S�H�Q�L�Q�J 

������������ �7�R�� �D�Y�R�L�G�� �H�[�F�H�V�V�L�Y�H�� �O�R�F�D�O�� �V�W�U�H�V�V�� �D�W�� �W�K�H�� �F�R�U�Q�H�U�� �R�I�� �W�K�H�� �K�D�W�F�K�Z�D�\���R�U�� �R�W�K�H�U�� �R�S�H�Q�L�Q�J�V�� �L�Q�� �W�K�H�� �V�W�U�H�Q�J�W�K�� �G�H�F�N�� �R�U�� �W�K�H��
�H�I�I�H�F�W�L�Y�H���G�H�F�N�����W�K�H���S�O�D�W�L�Q�J���D�W���W�K�H���F�R�U�Q�H�U���L�V���W�R���E�H���Z�H�O�O���U�R�X�Q�G�H�G���Z�L�W�K���L�Q�V�H�U�W���S�O�D�W�H�V���R�I���L�Q�F�U�H�D�V�H�G���W�K�L�F�N�Q�H�V�V���R�U���R�W�K�H�U���D�S�S�U�R�Y�H�G��
�H�T�X�L�Y�D�O�H�Q�W�����(�O�O�L�S�W�L�F�D�O���R�U���S�D�U�D�E�R�O�L�F���K�D�W�F�K���F�R�U�Q�H�U�V���Z�L�W�K�R�X�W���L�Q�V�H�U�W���S�O�D�W�H�V���R�I���D�Q���D�S�S�U�R�Y�H�G���G�H�V�L�J�Q���P�D�\���E�H���D�F�F�H�S�W�H�G�� 

������������ �,�Q���Z�D�\���R�I���W�K�H���P�D�F�K�L�Q�H�U�\���V�S�D�F�H�����D�G�G�L�W�L�R�Q�D�O���W�U�D�Q�V�Y�H�U�V�H���V�W�U�H�Q�J�W�K�H�Q�L�Q�J���L�V���W�R���E�H���S�U�R�Y�L�G�H�G���E�\���P�H�D�Q�V���R�I���Z�H�E���I�U�D�P�H�V��
�D�Q�G���V�W�U�R�Q�J���E�H�D�P�V�����Z�L�W�K���S�U�R�S�H�U���S�L�O�O�D�U�L�Q�J���R�U���R�W�K�H�U���H�T�X�L�Y�D�O�H�Q�W���D�U�U�D�Q�J�H�P�H�Q�W�V�� 

�������� �7�K�L�F�N�Q�H�V�V���R�I���'�H�F�N���3�O�D�W�L�Q�J���/�R�D�G�H�G���E�\���:�K�H�H�O�H�G���9�H�K�L�F�O�H�V 

������������ �7�K�H���W�K�L�F�N�Q�H�V�V���R�I���G�H�F�N���S�O�D�W�L�Q�J���O�R�D�G�H�G���E�\���Z�K�H�H�O�H�G���Y�H�K�L�F�O�H�V���L�V���W�R���E�H���G�H�W�H�U�P�L�Q�H�G���E�\���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���F�R�Q�F�H�Q�W�U�D�W�H�G��
�O�R�D�G�V���I�U�R�P���W�K�H���Z�K�H�H�O�H�G���Y�H�K�L�F�O�H�V�� 

�������� �+�L�J�K�H�U���V�W�U�H�Q�J�W�K���0�D�W�H�U�L�D�O 

������������ �,�Q���J�H�Q�H�U�D�O�����S�U�R�S�R�V�H�G���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���K�L�J�K�H�U���V�W�U�H�Q�J�W�K���P�D�W�H�U�L�D�O���I�R�U���G�H�F�N�V���D�U�H���W�R���E�H���D�F�F�R�P�S�D�Q�L�H�G���E�\���V�X�E�P�L�V�V�L�R�Q���R�I��
�F�D�O�F�X�O�D�W�L�R�Q�V���L�Q���V�X�S�S�R�U�W���R�I���D�G�H�T�X�D�W�H���V�W�U�H�Q�J�W�K���D�J�D�L�Q�V�W���E�X�F�N�O�L�Q�J�����&�D�U�H���L�V���W�R���E�H���H�[�H�U�F�L�V�H�G���W�R���D�Y�R�L�G���W�K�H���D�G�R�S�W�L�R�Q���R�I���U�H�G�X�F�H�G��
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Chapter 13 

Bulwarks, Freeing Ports, Side Scuttles, Shell Doors and Gangways 
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13.1.4 A bracket type is recommended for the lower connections of bulwark stays (See Fig. II 13-1 as below). In cases 
where a gusset type is applied for the lower connections of bulwark stays (See Fig. II 13-1 as below), special 
consideration is to be given. 
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Fig. II 13-1 
Example of Bracket Type (Left) and Example of Gusset Type (Right) 
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������������ �:�K�H�U�H���D���V�K�L�S���I�L�W�W�H�G���Z�L�W�K���D���W�U�X�Q�N�����R�S�H�Q���U�D�L�O�V���D�U�H���Q�R�W���I�L�W�W�H�G���R�Q���W�K�H���Z�H�D�W�K�H�U���S�D�U�W���R�I���W�K�H���I�U�H�H���E�R�D�U�G���G�H�F�N���L�Q���Z�D�\���R�I��
�W�K�H���W�U�X�Q�N���D�W���O�H�D�V�W���K�D�O�I���W�K�H�L�U���O�H�Q�J�W�K���R�U���Z�K�H�U�H���F�R�Q�W�L�Q�X�R�X�V���R�U���V�X�E�V�W�D�Q�W�L�D�O�O�\���F�R�Q�W�L�Q�X�R�X�V���K�D�W�F�K�Z�D�\���V�L�G�H���F�R�D�P�L�Q�J�V���D�U�H���I�L�W�W�H�G��
�E�H�W�Z�H�H�Q���G�H�W�D�F�K�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V�����W�K�H���P�L�Q�L�P�X�P���D�U�H�D���R�I���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���R�S�H�Q�L�Q�J�V���L�V���W�R���E�H���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���I�R�O�O�R�Z�L�Q�J��
�W�D�E�O�H�� 

�%�U�H�D�G�W�K���R�I���K�D�W�F�K�Z�D�\���R�U���W�U�X�Q�N���L�Q���U�H�O�D�W�L�R�Q��
�W�R���W�K�H���E�U�H�D�G�W�K���R�I���V�K�L�S 

�$�U�H�D���R�I���I�U�H�H�L�Q�J���S�R�U�W�V���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H��
�W�R�W�D�O���D�U�H�D���R�I���W�K�H���E�X�O�Z�D�U�N�V 

���������R�U���O�H�V�V 
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�7�K�H���D�U�H�D���R�I���I�U�H�H�L�Q�J���S�R�U�W�V���D�W���L�Q�W�H�U�P�H�G�L�D�W�H���E�U�H�D�G�W�K�V���L�V���W�R���E�H���R�E�W�D�L�Q�H�G���E�\���O�L�Q�H�D�U���L�Q�W�H�U�S�R�O�D�W�L�R�Q�� 

������������ �7�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���W�K�H���I�U�H�H�L�Q�J���D�U�H�D���L�Q���E�X�O�Z�D�U�N�V���U�H�T�X�L�U�H�G���E�\���S�D�U�D�J�U�D�S�K�����������������D�E�R�Y�H���G�H�S�H�Q�G�V���R�Q���W�K�H���I�U�H�H���I�O�R�Z��
�D�U�H�D�� �D�F�U�R�V�V�� �W�K�H�� �G�H�F�N�� �R�I�� �D�� �V�K�L�S����Where there is no free flow due to the presence of a continuous trunk or hatchway 
coaming, the freeing area in bulwarks is calculated in accordance with 13.2.2 above. �7�K�H���I�U�H�H���I�O�R�Z���D�U�H�D���R�Q���G�H�F�N���L�V���W�K�H��
�Q�H�W���D�U�H�D���R�I���J�D�S�V���E�H�W�Z�H�H�Q���K�D�W�F�K�Z�D�\�V�����D�Q�G���E�H�W�Z�H�H�Q���K�D�W�F�K�Z�D�\�V���D�Q�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V���D�Q�G���G�H�F�N�K�R�X�V�H�V���X�S���W�R���W�K�H���D�F�W�X�D�O���K�H�L�J�K�W��
�R�I���W�K�H���E�X�O�Z�D�U�N�� 
�7�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���L�Q���E�X�O�Z�D�U�N�V���L�V���W�R���E�H���D�V�V�H�V�V�H�G���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H���Q�H�W���I�U�H�H���I�O�R�Z���D�U�H�D���D�V���I�R�O�O�R�Z�V�� 

���D�� �,�I���W�K�H���I�U�H�H���I�O�R�Z���D�U�H�D���L�V���Q�R�W���O�H�V�V���W�K�D�Q���W�K�H���I�U�H�H�L�Q�J���D�U�H�D���F�D�O�F�X�O�D�W�H�G���I�U�R�P�����������������D�V���L�I���W�K�H���K�D�W�F�K�Z�D�\���F�R�D�P�L�Q�J�V���Z�H�U�H��
�F�R�Q�W�L�Q�X�R�X�V�����W�K�H�Q���W�K�H���P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���F�D�O�F�X�O�D�W�H�G���I�U�R�P�����������������L�V���W�R���E�H���G�H�H�P�H�G���V�X�I�I�L�F�L�H�Q�W�� 

���E�� �,�I���W�K�H���I�U�H�H���I�O�R�Z���D�U�H�D���L�V���H�T�X�D�O���W�R�����R�U���O�H�V�V���W�K�D�Q���W�K�H���D�U�H�D���F�D�O�F�X�O�D�W�H�G���I�U�R�P�������������������W�K�H���P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���D�U�H�D���L�Q���W�K�H��
�E�X�O�Z�D�U�N�V���L�V���W�R���E�H���G�H�W�H�U�P�L�Q�H�G���I�U�R�P���������������� 

���F�� �,�I�� �W�K�H�� �I�U�H�H�� �I�O�R�Z�� �D�U�H�D�� �L�V�� �V�P�D�O�O�H�U�� �W�K�D�Q�� �F�D�O�F�X�O�D�W�H�G�� �I�U�R�P�� ���������������E�X�W�� �J�U�H�D�W�H�U�� �W�K�D�Q�� �F�D�O�F�X�O�D�W�H�G�� �I�U�R�P�� ���������������� �W�K�H��
�P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���D�U�H�D���L�Q���W�K�H���E�X�O�Z�D�U�N���L�V���W�R���E�H���G�H�W�H�U�P�L�Q�H�G���I�U�R�P���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�� 
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�Z�K�H�U�H�� 
�)�� �  �7�K�H���P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���D�U�H�D���F�D�O�F�X�O�D�W�H�G���I�U�R�P���������������� 
�)�� �  �7�K�H���P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���D�U�H�D���F�D�O�F�X�O�D�W�H�G���I�U�R�P�������������������D�Q�G 
�)�3 �  �7�K�H���W�R�W�D�O���Q�H�W���D�U�H�D���R�I���S�D�V�V�D�J�H�V���D�Q�G���J�D�S�V���E�H�W�Z�H�H�Q���K�D�W�F�K���H�Q�G�V���D�Q�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V���R�U���G�H�F�N�K�R�X�V�H���X�S���W�R��

�W�K�H���D�F�W�X�D�O���K�H�L�J�K�W���R�I���E�X�O�Z�D�U�N�� 

������������ �,�Q���V�K�L�S�V���K�D�Y�L�Q�J���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V���R�Q���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N���R�U���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N�V�����Z�K�L�F�K���D�U�H���R�S�H�Q���D�W���H�L�W�K�H�U���R�U���E�R�W�K��
�H�Q�G�V�� �W�R�� �Z�H�O�O�V�� �I�R�U�P�H�G�� �E�\�� �E�X�O�Z�D�U�N�V�� �R�Q�� �W�K�H�� �R�S�H�Q�� �G�H�F�N�V���� �D�G�H�T�X�D�W�H�� �S�U�R�Y�L�V�L�R�Q�� �I�R�U�� �I�U�H�H�L�Q�J�� �W�K�H�� �R�S�H�Q�� �V�S�D�F�H�V�� �Z�L�W�K�L�Q�� �W�K�H��
�V�X�S�H�U�V�W�U�X�F�W�X�U�H�V���L�V���W�R���E�H���S�U�R�Y�L�G�H�G�����7�K�H���P�L�Q�L�P�X�P���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���R�Q���H�D�F�K���V�L�G�H���R�I���W�K�H���V�K�L�S���I�R�U���W�K�H���R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H��
���$�V�����D�Q�G���I�R�U���W�K�H���R�S�H�Q���Z�H�O�O�����$�Z�������L�V���W�R���E�H���F�D�O�F�X�O�D�W�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���S�U�R�F�H�G�X�U�H�� 

���D�� �'�H�W�H�U�P�L�Q�H���W�K�H���W�R�W�D�O���Z�H�O�O���O�H�Q�J�W�K�����O�W�����H�T�X�D�O���W�R���W�K�H���V�X�P���R�I���W�K�H���O�H�Q�J�W�K���R�I���W�K�H���R�S�H�Q���G�H�F�N���H�Q�F�O�R�V�H�G���E�\���E�X�O�Z�D�U�N�V�����O�Z����
�D�Q�G���W�K�H���O�H�Q�J�W�K���R�I���W�K�H���F�R�P�P�R�Q���V�S�D�F�H���Z�L�W�K�L�Q���W�K�H���R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H�����O�V���� 

���E�� �7�R���G�H�W�H�U�P�L�Q�H���$�V�� 

���L�� �&�D�O�F�X�O�D�W�H���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D�����$�����U�H�T�X�L�U�H�G���I�R�U���D�Q���R�S�H�Q���Z�H�O�O���R�I���O�H�Q�J�W�K���O�W���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K����������������
�Z�L�W�K���V�W�D�Q�G�D�U�G���K�H�L�J�K�W���E�X�O�Z�D�U�N���D�V�V�X�P�H�G�� 
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���L�L�� �0�X�O�W�L�S�O�\���E�\���D���I�D�F�W�R�U���R�I�����������W�R���F�R�U�U�H�F�W���I�R�U���W�K�H���D�E�V�H�Q�F�H���R�I���V�K�H�H�U�����L�I���D�S�S�O�L�F�D�E�O�H�����L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���������������� 

���L�L�L�� �0�X�O�W�L�S�O�\���E�\���W�K�H���I�D�F�W�R�U�����E�R���O�W�����W�R���D�G�M�X�V�W���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���I�R�U���W�K�H���E�U�H�D�G�W�K�����E�R�����R�I���W�K�H���R�S�H�Q�L�Q�J�V���L�Q���W�K�H��
�H�Q�G���E�X�O�N�K�H�D�G���R�I���W�K�H���H�Q�F�O�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�� 

���L�Y�� �7�R���D�G�M�X�V�W���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���I�R�U���W�K�D�W���S�D�U�W���R�I���W�K�H���H�Q�W�L�U�H���O�H�Q�J�W�K���R�I���W�K�H���Z�H�O�O���Z�K�L�F�K���L�V���H�Q�F�O�R�V�H�G���E�\���W�K�H��
�R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H�����P�X�O�W�L�S�O�\���E�\���W�K�H���I�D�F�W�R�U�� 
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�Z�K�H�U�H�� 
�O�Z���D�Q�G���O�W �  �D�V���G�H�I�L�Q�H�G���L�Q�����������������D���� 

���Y�� �7�R���D�G�M�X�V�W���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���I�R�U���W�K�H���G�L�V�W�D�Q�F�H���R�I���W�K�H���Z�H�O�O���G�H�F�N���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N�����I�R�U���G�H�F�N�V��
�O�R�F�D�W�H�G���P�R�U�H���W�K�D�Q���������K�V���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N�����P�X�O�W�L�S�O�\���E�\���W�K�H���I�D�F�W�R�U�� 
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�Z�K�H�U�H�� 
�K�Z �  �7�K�H���G�L�V�W�D�Q�F�H���R�I���W�K�H���Z�H�O�O���G�H�F�N���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N�� 
�K�V �  �2�Q�H���V�W�D�Q�G�D�U�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���K�H�L�J�K�W�� 

���F�� �7�R���G�H�W�H�U�P�L�Q�H���$�Z�� 

���L�� �7�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���I�R�U���W�K�H���R�S�H�Q���Z�H�O�O�����$�Z�����L�V���W�R���E�H���F�D�O�F�X�O�D�W�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K�����������������E�����L�������X�V�L�Q�J��
�O�Z���W�R���F�D�O�F�X�O�D�W�H���D���Q�R�P�L�Q�D�O���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D�����$�
�������D�Q�G���W�K�H�Q���D�G�M�X�V�W�H�G���I�R�U���W�K�H���D�F�W�X�D�O���K�H�L�J�K�W���R�I���W�K�H���E�X�O�Z�D�U�N��
���K�E�����E�\���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���R�Q�H���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���D�U�H�D���F�R�U�U�H�F�W�L�R�Q�V�����Z�K�L�F�K�H�Y�H�U���L�V���D�S�S�O�L�F�D�E�O�H�� 

�I�R�U���E�X�O�Z�D�U�N�V���J�U�H�D�W�H�U���W�K�D�Q�����������P���L�Q���K�H�L�J�K�W�� 
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�I�R�U���E�X�O�Z�D�U�N�V���E�H�W�Z�H�H�Q�����������P���D�Q�G�����������P���L�Q���K�H�L�J�K�W���W�K�H�U�H���L�V���Q�R���F�R�U�U�H�F�W�L�R�Q�����L���H�����$�F� ������ 

���L�L�� �7�K�H���F�R�U�U�H�F�W�H�G���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D�����$�Z� �$�
���$�F�����L�V���W�R���W�K�H�Q���E�H���D�G�M�X�V�W�H�G���I�R�U���D�E�V�H�Q�F�H���R�I���V�K�H�H�U�����L�I���D�S�S�O�L�F�D�E�O�H����
�D�Q�G���K�H�L�J�K�W���D�E�R�Y�H���I�U�H�H�E�R�D�U�G���G�H�F�N���D�V���L�Q�����������������E�����L�L�����D�Q�G�����E�����Y�������X�V�L�Q�J���K�V���D�Q�G���K�Z�� 

���G�� �7�K�H���U�H�V�X�O�W�L�Q�J���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D�V���I�R�U���W�K�H���R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H�����$�V�����D�Q�G���I�R�U���R�S�H�Q���Z�H�O�O�����$�Z�����D�U�H���W�R���S�U�R�Y�L�G�H�G���D�O�R�Q�J��
�H�D�F�K���V�L�G�H���R�I���W�K�H���R�S�H�Q���V�S�D�F�H���F�R�Y�H�U�H�G���E�\���W�K�H���R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H���D�Q�G���H�D�F�K���V�L�G�H���R�I���W�K�H���R�S�H�Q���Z�H�O�O�����U�H�V�S�H�F�W�L�Y�H�O�\�� 

���H�� �7�K�H�� �D�E�R�Y�H�� �U�H�O�D�W�L�R�Q�V�K�L�S�V�� �D�U�H�� �V�X�P�P�D�U�L�]�H�G�� �E�\�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �H�T�X�D�W�L�R�Q�V���� �D�V�V�X�P�L�Q�J���O�W���� �W�K�H�� �V�X�P�� �R�I���O�Z���D�Q�G���O�V���L�V��
�J�U�H�D�W�H�U���W�K�D�Q���������P�� 

�I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���$�Z���I�R�U���W�K�H���R�S�H�Q���Z�H�O�O�� 

�� �u 
L �:�r�ä�r�y�H�ê 
E�#�Ö�;�:�•�Š�‡�‡�”���…�‘�”�”�‡�…�–�‹�‘�•�;
l
�r�ä�w�D�æ
�D�ê


p�â 

�I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���$�V���I�R�U���W�K�H���R�S�H�Q���V�X�S�H�U�V�W�U�X�F�W�X�U�H�� 

�� �q 
L �:�r�ä�r�y�H�ç�;�:�•�Š�‡�‡�”���…�‘�”�”�‡�…�–�‹�‘�•�;

�Õ
�Ö
�Ô

�Ö
�Ó

�>�â

�H�ç�H�s
F �@
�H�ê
�H�ç

�A
�6

�I
�Ù
�Ö
�Ø

�Ö
�×


l
�r�ä�w�D�æ
�D�ê


p�â 

�:�K�H�U�H���O�W���L�V���������P���R�U���O�H�V�V�����W�K�H���E�D�V�L�F���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���L�V���$� �������������������O�W���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���������������� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �6�L�G�H���6�F�X�W�W�O�H�V�����:�L�Q�G�R�Z�V���D�Q�G���6�N�\�O�L�J�K�W�V 

����124���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

������������ �2�Q���V�K�L�S�V���Z�L�W�K���F�R�Q�W�L�Q�X�R�X�V���O�R�Q�J�L�W�X�G�L�Q�D�O���K�D�W�F�K���F�R�D�P�L�Q�J�V�����Z�K�H�U�H���Z�D�W�H�U���P�D�\���D�F�F�X�P�X�O�D�W�H���E�H�W�Z�H�H�Q���W�K�H���W�U�D�Q�V�Y�H�U�V�H��
�F�R�D�P�L�Q�J�V�����I�U�H�H�L�Q�J���S�R�U�W�V���V�K�D�O�O���E�H���S�U�R�Y�L�G�H�G���D�W���E�R�W�K���V�L�G�H�V�����Z�L�W�K���D���P�L�Q�L�P�X�P���V�H�F�W�L�R�Q���D�U�H�D���L�Q���P���� 

�� �o 
L �r�ä�r�y�>�Ê 

�Z�K�H�U�H�� 
�>�Ê��� ���E�U�H�D�G�W�K���R�I���W�U�D�Q�V�Y�H�U�V�H���E�R�[���J�L�U�G�H�U���L�Q���P�� 

 
�,�Q���F�D�V�H���R�I���D���S�D�U�W�L�D�O���F�O�R�V�H�G���V�W�U�X�F�W�X�U�H�V���W�K�H���D�U�H�D���$�T���P�D�\���E�H���U�H�G�X�F�H�G���E�\���W�K�H���U�D�W�L�R���R�I���F�O�H�D�U���R�S�H�Q�L�Q�J���R�I���W�K�H���W�U�D�Q�V�Y�H�U�V�H���K�D�W�F�K��
�F�R�D�P�L�Q�J���D�Q�G���W�K�H���W�R�W�D�O���D�U�H�D���R�I���H�Q�F�O�R�V�H�G���V�S�D�F�H�� 

������������ �7�K�H���O�R�Z�H�U���H�G�J�H�V���R�I���I�U�H�H�L�Q�J���S�R�U�W�V���D�U�H���W�R���E�H���D�V���Q�H�D�U���W�K�H���G�H�F�N���D�V���S�U�D�F�W�L�F�D�E�O�H�����7�Z�R���W�K�L�U�G�V���R�I���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D��
�U�H�T�X�L�U�H�G���L�V���W�R���E�H���S�U�R�Y�L�G�H�G���L�Q���W�K�H���K�D�O�I���R�I���W�K�H���Z�H�O�O���Q�H�D�U�H�V�W���W�K�H���O�R�Z�H�V�W���S�R�L�Q�W���R�I���W�K�H���V�K�H�H�U���F�X�U�Y�H�����2�Q�H���W�K�L�U�G���R�I���W�K�H���I�U�H�H�L�Q�J���S�R�U�W��
�D�U�H�D���U�H�T�X�L�U�H�G���L�V�� �W�R���E�H�� �H�Y�H�Q�O�\�� �V�S�U�H�D�G���D�O�R�Q�J�� �W�K�H�� �U�H�P�D�L�Q�L�Q�J�� �O�H�Q�J�W�K���R�I�� �W�K�H�� �Z�H�O�O�����:�L�W�K���]�H�U�R���R�U���O�L�W�W�O�H���V�K�H�H�U���R�Q���W�K�H�� �H�[�S�R�V�H�G��
�I�U�H�H�E�R�D�U�G���G�H�F�N���R�U���D�Q���H�[�S�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H���G�H�F�N���W�K�H���I�U�H�H�L�Q�J���S�R�U�W���D�U�H�D���L�V���W�R���E�H���H�Y�H�Q�O�\���V�S�U�H�D�G���D�O�R�Q�J���W�K�H���O�H�Q�J�W�K���R�I���W�K�H��
�Z�H�O�O�� 

������������ �$�O�O���I�U�H�H�L�Q�J���S�R�U�W���R�S�H�Q�L�Q�J�V���L�Q���W�K�H���E�X�O�Z�D�U�N�V���D�U�H���W�R���E�H���S�U�R�W�H�F�W�H�G���E�\���U�D�L�O�V���R�U���E�D�U�V���V�S�D�F�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�����������P�P��
�D�S�D�U�W�����,�I���V�K�X�W�W�H�U�V���D�U�H���I�L�W�W�H�G���W�R���I�U�H�H�L�Q�J���S�R�U�W�V�����D�P�S�O�H���F�O�H�D�U�D�Q�F�H���L�V���W�R���E�H���S�U�R�Y�L�G�H�G���W�R���S�U�H�Y�H�Q�W���M�D�P�P�L�Q�J�����+�L�Q�J�H�V���D�U�H���W�R���K�D�Y�H��
�S�L�Q�V���R�U���E�H�D�U�L�Q�J�V���R�I���Q�R�Q���F�R�U�U�R�G�L�E�O�H���P�D�W�H�U�L�D�O�����6�K�X�W�W�H�U�V���D�U�H���Q�R�W���W�R���E�H���I�L�W�W�H�G���Z�L�W�K���V�H�F�X�U�L�Q�J���D�S�S�O�L�D�Q�F�H�V�� 

�������� �6�L�G�H���6�F�X�W�W�O�H�V�����:�L�Q�G�R�Z�V���D�Q�G���6�N�\�O�L�J�K�W�V 

������������ �6�L�G�H�� �V�F�X�W�W�O�H�V���D�Q�G�� �Z�L�Q�G�R�Z�V���� �W�R�J�H�W�K�H�U�� �Z�L�W�K���W�K�H�L�U���J�O�D�V�V�H�V���� �G�H�D�G�O�L�J�K�W�V���D�Q�G���V�W�R�U�P�� �F�R�Y�H�V���� �L�I�� �I�L�W�W�H�G���� �D�U�H�� �W�R���E�H�� �R�I�� �D�Q��
�D�S�S�U�R�Y�H�G���G�H�V�L�J�Q���D�Q�G���V�X�E�V�W�D�Q�W�L�D�O���F�R�Q�V�W�U�X�F�W�L�R�Q�����1�R�Q���P�H�W�D�O�O�L�F���I�U�D�P�H�V���D�U�H���Q�R�W���D�F�F�H�S�W�D�E�O�H�����6�H�H���D�O�V�R���3�D�U�W���;�,�����&�K�D�S�W�H�U�V���������D�Q�G��
�&�K�D�S�W�H�U���������R�I���W�K�H���5�X�O�H�V���I�R�U���6�W�H�H�O���6�K�L�S�V�� 

������������ �6�L�G�H���V�F�X�W�W�O�H�V���D�U�H���G�H�I�L�Q�H�G���D�V���E�H�L�Q�J���U�R�X�Q�G���R�U���R�Y�D�O���R�S�H�Q�L�Q�J�V���Z�L�W�K���D�Q���D�U�H�D���Q�R�W���H�[�F�H�H�G�L�Q�J�������������P�������5�R�X�Q�G���R�U���R�Y�D�O��
�R�S�H�Q�L�Q�J�V���K�D�Y�L�Q�J���D�U�H�D�V���H�[�F�H�H�G�L�Q�J�������������P�����D�U�H���W�R���E�H���W�U�H�D�W�H�G���D�V���Z�L�Q�G�R�Z�V�� 

������������ �:�L�Q�G�R�Z�V�� �D�U�H�� �G�H�I�L�Q�H�G���D�V���E�H�L�Q�J�� �U�H�F�W�D�Q�J�X�O�D�U���R�S�H�Q�L�Q�J�V�� �J�H�Q�H�U�D�O�O�\���� �K�D�Y�L�Q�J�� �D�� �U�D�G�L�X�V�� �D�W���H�D�F�K�� �F�R�U�Q�H�U���U�H�O�D�W�L�Y�H�� �W�R���W�K�H��
�Z�L�Q�G�R�Z���V�L�]�H���D�Q�G���U�R�X�Q�G���R�U���R�Y�D�O���R�S�H�Q�L�Q�J�V���Z�L�W�K���D�Q���D�U�H�D���H�[�F�H�H�G�L�Q�J�������������P���� 

������������ �6�L�G�H���V�F�X�W�W�O�H�V���W�R���W�K�H���I�R�O�O�R�Z�L�Q�J���V�S�D�F�H�V���D�U�H���W�R���E�H���I�L�W�W�H�G���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���K�L�Q�J�H�G���L�Q�V�L�G�H���G�H�D�G�O�L�J�K�W�V���Z�K�L�F�K���D�U�H���W�R��
�E�H���F�D�S�D�E�O�H���R�I���E�H�L�Q�J���F�O�R�V�H�G���D�Q�G���V�H�F�X�U�H�G���Z�D�W�H�U�W�L�J�K�W���L�I���I�L�W�W�H�G���E�H�O�R�Z���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N���D�Q�G���Z�H�D�W�K�H�U�W�L�J�K�W���L�I���I�L�W�W�H�G���D�E�R�Y�H�� 

���D�� �V�S�D�F�H�V���E�H�O�R�Z���I�U�H�H�E�R�D�U�G���G�H�F�N�� 

���E�� �V�S�D�F�H�V���Z�L�W�K�L�Q���W�K�H���I�L�U�V�W���W�L�H�U���R�I���H�Q�F�O�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V�����D�Q�G 

���F�� �I�L�U�V�W�� �W�L�H�U�� �G�H�F�N�K�R�X�V�H�V�� �R�Q�� �W�K�H�� �I�U�H�H�E�R�D�U�G�� �G�H�F�N�� �S�U�R�W�H�F�W�L�Q�J�� �R�S�H�Q�L�Q�J�V�� �O�H�D�G�L�Q�J�� �E�H�O�R�Z�� �R�U�� �F�R�Q�V�L�G�H�U�H�G�� �E�X�R�\�D�Q�W�� �L�Q��
�V�W�D�E�L�O�L�W�\���F�D�O�F�X�O�D�W�L�R�Q�V 

������������ �6�L�G�H���V�F�X�W�W�O�H�V���D�U�H���Q�R�W���W�R���E�H���I�L�W�W�H�G���L�Q���V�X�F�K���D���S�R�V�L�W�L�R�Q���W�K�D�W���W�K�H�L�U���V�L�O�O�V���D�U�H���E�H�O�R�Z���D���O�L�Q�H���G�U�D�Z�Q���S�D�U�D�O�O�H�O���W�R���W�K�H���I�U�H�H�E�R�D�U�G��
�G�H�F�N���D�W���V�L�G�H���D�Q�G���K�D�Y�L�Q�J���L�W�V���O�R�Z�H�V�W���S�R�L�Q�W�������������R�I���W�K�H���E�U�H�D�G�W�K�����%�I�������R�U�����������P�P�����Z�K�L�F�K�H�Y�H�U���L�V���W�K�H���J�U�H�D�W�H�V�W���G�L�V�W�D�Q�F�H�����D�E�R�Y�H��
�W�K�H���6�X�P�P�H�U���/�R�D�G���/�L�Q�H�����R�U���7�L�P�E�H�U���6�X�P�P�H�U���/�R�D�G���/�L�Q�H���L�I���D�V�V�L�J�Q�H�G���� 

������������ �,�I���W�K�H�� �U�H�T�X�L�U�H�G�� �G�D�P�D�J�H�� �V�W�D�E�L�O�L�W�\�� �F�D�O�F�X�O�D�W�L�R�Q�V�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �W�K�H�� �V�L�G�H�� �V�F�X�W�W�O�H�V�� �Z�R�X�O�G�� �E�H�F�R�P�H�� �L�P�P�H�U�V�H�G�� �D�W�� �D�Q�\��
�L�Q�W�H�U�P�H�G�L�D�W�H���V�W�D�J�H���R�I���I�O�R�R�G�L�Q�J���R�U���W�K�H���I�L�Q�D�O���H�T�X�L�O�L�E�U�L�X�P���Z�D�W�H�U�O�L�Q�H�����W�K�H�\���D�U�H���W�R���E�H���R�I���W�K�H���Q�R�Q���R�S�H�Q�L�Q�J���W�\�S�H�� 

������������ �:�L�Q�G�R�Z�V���D�U�H���Q�R�W���W�R���E�H���I�L�W�W�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���O�R�F�D�W�L�R�Q�V�� 

���D�� �E�H�O�R�Z���W�K�H���I�U�H�H�E�R�D�U�G���G�H�F�N�� 

���E�� �L�Q���W�K�H���I�L�U�V�W���W�L�H�U���H�Q�G���E�X�O�N�K�H�D�G�V���R�U���V�L�G�H�V���R�I���H�Q�F�O�R�V�H�G���V�X�S�H�U�V�W�U�X�F�W�X�U�H�V�����R�U 

���F�� �L�Q���I�L�U�V�W���W�L�H�U���G�H�F�N�K�R�X�V�H�V���W�K�D�W���D�U�H���F�R�Q�V�L�G�H�U�H�G���E�X�R�\�D�Q�W���L�Q���W�K�H���V�W�D�E�L�O�L�W�\���F�D�O�F�X�O�D�W�L�R�Q�V�� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �0�H�D�Q�V���R�I���(�P�E�D�U�N�D�W�L�R�Q���D�Q�G���'�L�V�H�P�E�D�U�N�D�W�L�R�Q 

 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����125���� 
�5�8�/�(�6���)�2�5���7�+�(���&�2�1�6�7�5�8�&�7�,�2�1���$�1�'���&�/�$�6�6�,�)�,�&�$�7�,�2�1���2�)���&�2�$�6�7���*�8�$�5�'���6�+�,�3�6���������� 

������������ �6�L�G�H���V�F�X�W�W�O�H�V���D�Q�G���Z�L�Q�G�R�Z�V���D�W���W�K�H���V�L�G�H���V�K�H�O�O���L�Q���W�K�H���V�H�F�R�Q�G���W�L�H�U���D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���K�L�Q�J�H�G���L�Q�V�L�G�H���G�H�D�G�O�L�J�K�W�V��
�F�D�S�D�E�O�H���R�I���E�H�L�Q�J���F�O�R�V�H�G���D�Q�G���V�H�F�X�U�H�G���Z�H�D�W�K�H�U�W�L�J�K�W���L�I���Z�L�W�K���K�L�Q�J�H�G���L�Q�V�L�G�H���G�H�D�G�O�L�J�K�W�V���F�D�S�D�E�O�H���R�I���E�H�L�Q�J���F�O�R�V�H�G���D�Q�G���V�H�F�X�U�H�G��
�Z�H�D�W�K�H�U�W�L�J�K�W���L�I�� �W�K�H�� �V�X�S�H�U�V�W�U�X�F�W�X�U�H�� �S�U�R�W�H�F�W�V���G�L�U�H�F�W���D�F�F�H�V�V�� �W�R���D�Q���R�S�H�Q�L�Q�J�� �O�H�D�G�L�Q�J�� �E�H�O�R�Z�� �R�U���L�V�� �F�R�Q�V�L�G�H�U�H�G���E�X�R�\�D�Q�W�� �L�Q���W�K�H��
�V�W�D�E�L�O�L�W�\���F�D�O�F�X�O�D�W�L�R�Q�V�� 

������������ �6�L�G�H���V�F�X�W�W�O�H�V���D�Q�G���Z�L�Q�G�R�Z�V���L�Q���V�L�G�H���E�X�O�N�K�H�D�G�V���V�H�W���L�Q�E�R�D�U�G���I�U�R�P���W�K�H���V�L�G�H���V�K�H�O�O���L�Q���W�K�H���V�H�F�R�Q�G���W�L�H�U���Z�K�L�F�K���S�U�R�W�H�F�W��
�G�L�U�H�F�W���D�F�F�H�V�V���E�H�O�R�Z���W�R���V�S�D�F�H�V���O�L�V�W�H�G���L�Q�����������������D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���H�L�W�K�H�U���K�L�Q�J�H�G���L�Q�V�L�G�H���G�H�D�G�O�L�J�K�W�V���R�U�����Z�K�H�U�H���W�K�H�\���D�U�H��
�D�F�F�H�V�V�L�E�O�H�����S�H�U�P�D�Q�H�Q�W�O�\���D�W�W�D�F�K�H�G���H�[�W�H�U�Q�D�O���V�W�R�U�P���F�R�Y�H�U�V���Z�K�L�F�K���D�U�H���F�D�S�D�E�O�H���R�I���E�H�L�Q�J���F�O�R�V�H�G���D�Q�G���V�H�F�X�U�H�G���Z�H�D�W�K�H�U�W�L�J�K�W�� 

�������������� �&�D�E�L�Q���E�X�O�N�K�H�D�G�V���D�Q�G���G�R�R�U�V�� �L�Q���W�K�H�� �V�H�F�R�Q�G���W�L�H�U���D�Q�G���D�E�R�Y�H�� �V�H�S�D�U�D�W�L�Q�J�� �V�L�G�H�� �V�F�X�W�W�O�H�V�� �D�Q�G�� �Z�L�Q�G�R�Z�V�� �I�U�R�P�� �D�� �G�L�U�H�F�W��
�D�F�F�H�V�V�� �O�H�D�G�L�Q�J�� �E�H�O�R�Z�� �R�U���W�K�H�� �V�H�F�R�Q�G���W�L�H�U���F�R�Q�V�L�G�H�U�H�G���E�X�R�\�D�Q�W���L�Q���W�K�H�� �V�W�D�E�L�O�L�W�\�� �F�D�O�F�X�O�D�W�L�R�Q�V�� �P�D�\�� �E�H�� �D�F�F�H�S�W�H�G���L�Q���S�O�D�F�H���R�I��
�G�H�D�G�O�L�J�K�W�V���R�U���V�W�R�U�P���F�R�Y�H�U�V���I�L�W�W�H�G���W�R���W�K�H���V�L�G�H���V�F�X�W�W�O�H�V���D�Q�G���Z�L�Q�G�R�Z�V�� 

�������������� �'�H�F�N�K�R�X�V�H�V���V�L�W�X�D�W�H�G���R�Q���D���U�D�L�V�H�G���T�X�D�U�W�H�U���G�H�F�N���R�U���R�Q���W�K�H���G�H�F�N���R�I���D���V�X�S�H�U�V�W�U�X�F�W�X�U�H���R�I���O�H�V�V���W�K�D�Q���V�W�D�Q�G�D�U�G���K�H�L�J�K�W���P�D�\��
�E�H���U�H�J�D�U�G�H�G���D�V���E�H�L�Q�J���L�Q���W�K�H���V�H�F�R�Q�G���W�L�H�U���D�V���I�D�U���D�V���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���G�H�D�G�O�L�J�K�W�V���D�U�H���F�R�Q�F�H�U�Q�H�G�����S�U�R�Y�L�G�H�G���W�K�D�W���W�K�H���K�H�L�J�K�W��
�R�I���W�K�H���U�D�L�V�H�G���T�X�D�U�W�H�U���G�H�F�N���R�U���V�X�S�H�U�V�W�U�X�F�W�X�U�H���L�V���H�T�X�D�O���W�R���R�U���J�U�H�D�W�H�U���W�K�D�Q���W�K�H���V�W�D�Q�G�D�U�G���T�X�D�U�W�H�U���G�H�F�N���K�H�L�J�K�W�� 

�������������� �)�L�[�H�G���R�U���R�S�H�Q�L�Q�J���V�N�\�O�L�J�K�W�V���D�U�H���W�R���K�D�Y�H���D���J�O�D�V�V���W�K�L�F�N�Q�H�V�V���D�S�S�U�R�S�U�L�D�W�H���W�R���W�K�H�L�U���V�L�]�H���D�Q�G���S�R�V�L�W�L�R�Q���D�V���U�H�T�X�L�U�H�G���I�R�U��
�V�L�G�H�� �V�F�X�W�W�O�H�V�� �D�Q�G�� �Z�L�Q�G�R�Z�V���� �6�N�\�O�L�J�K�W���J�O�D�V�V�H�V�� �L�Q���D�Q�\�� �S�R�V�L�W�L�R�Q���D�U�H�� �W�R���E�H�� �S�U�R�W�H�F�W�H�G���I�U�R�P�� �P�H�F�K�D�Q�L�F�D�O���G�D�P�D�J�H�� �D�Q�G���� �Z�K�H�U�H��
�I�L�W�W�H�G���L�Q���S�R�V�L�W�L�R�Q�������R�U���������D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���S�H�U�P�D�Q�H�Q�W�O�\���D�W�W�D�F�K�H�G���G�H�D�G�O�L�J�K�W�V���R�U���V�W�R�U�P���F�R�Y�H�U�V�� 

�������� �0�H�D�Q�V���R�I���(�P�E�D�U�N�D�W�L�R�Q���D�Q�G���'�L�V�H�P�E�D�U�N�D�W�L�R�Q 

������������ �6�K�L�S�V���D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���P�H�D�Q�V���R�I���H�P�E�D�U�N�D�W�L�R�Q���R�Q���D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q���I�U�R�P���V�K�L�S�V���I�R�U���X�V�H���L�Q��
�S�R�U�W���D�Q�G���L�Q���S�R�U�W���U�H�O�D�W�H�G���R�S�H�U�D�W�L�R�Q�V�����V�X�F�K���D�V���J�D�Q�J�Z�D�\�V���D�Q�G���D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U�V�� 

������������ �:�K�H�U�H�� �D�� �V�K�L�S�� �L�V�� �H�Q�J�D�J�H�G�� �L�Q�� �Y�R�\�D�J�H�V�� �E�H�W�Z�H�H�Q�� �G�H�V�L�J�Q�D�W�H�G�� �S�R�U�W�V�� �Z�K�H�U�H�� �D�S�S�U�R�S�U�L�D�W�H�� �V�K�R�U�H�� �D�F�F�R�P�P�R�G�D�W�L�R�Q�� ����
�H�P�E�D�U�N�D�W�L�R�Q���O�D�G�G�H�U�V�����S�O�D�W�I�R�U�P�V�����D�U�H���S�U�R�Y�L�G�H�G�����V�S�H�F�L�D�O���D�S�S�U�R�Y�D�O���P�D�\���E�H���P�D�G�H���E�\���W�K�H���6�R�F�L�H�W�\�� 

������������ �W�K�H���P�H�D�Q�V���R�I���H�P�E�D�U�N�D�W�L�R�Q���D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q���D�U�H���W�R���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J�� 

���D�� �$�F�F�R�P�P�R�G�D�W�L�R�Q�� �O�D�G�G�H�U�V�� �D�Q�G�� �J�D�Q�J�Z�D�\�V�� �D�U�H�� �W�R�� �E�H�� �F�R�Q�V�W�U�X�F�W�H�G�� �E�D�V�H�G�� �R�Q�� �,�6�2�� �������������������� ���6�K�L�S�E�X�L�O�G�L�Q�J������
�D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U�V�������,�6�2�������������������������6�K�L�S�E�X�L�O�G�L�Q�J�������D�O�X�P�L�Q�L�X�P���V�K�R�U�H���J�D�Q�J�Z�D�\�V���I�R�U���V�H�D�J�R�L�Q�J���V�K�L�S�V�����R�U��
�V�W�D�Q�G�D�U�G�V���Z�K�H�U�H���G�H�H�P�H�G���D�S�S�U�R�S�U�L�D�W�H���E�\���W�K�H���6�R�F�L�H�W�\�����$�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U���Z�L�Q�F�K�H�V���D�U�H���W�R���E�H���F�R�Q�V�W�U�X�F�W�H�G��
�E�D�V�H�G�� �R�Q�� �,�6�2�� �������������������� ���6�K�L�S�E�X�L�O�G�L�Q�J�� �D�Q�G�� �P�D�U�L�Q�H���V�W�U�X�F�W�X�U�H�V���±���G�H�F�N�� �P�D�F�K�L�Q�H�U�\���±���D�F�F�R�P�P�R�G�D�W�L�R�Q�� �O�D�G�G�H�U��
�Z�L�Q�F�K�H�V���� �R�U�� �V�W�D�Q�G�D�U�G�V�� �Z�K�H�U�H�� �G�H�H�P�H�G�� �D�S�S�U�R�S�U�L�D�W�H�� �E�\�� �W�K�H�� �6�R�F�L�H�W�\�� �R�U�� �D�U�H�� �W�R�� �E�H�� �W�K�H�� �R�Q�H�� �S�X�U�V�X�D�Q�W�� �W�R��
�D�I�R�U�H�P�H�Q�W�L�R�Q�H�G���V�W�D�Q�G�D�U�G�V�� 

���E�� �7�K�H���V�W�U�X�F�W�X�U�H���R�I���W�K�H���D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U�V���D�Q�G���J�D�Q�J�Z�D�\�V���D�Q�G���W�K�H�L�U���I�L�W�W�L�Q�J�V���D�Q�G���D�W�W�D�F�K�P�H�Q�W�V���D�U�H���W�R���E�H���V�X�F�K��
�D�V���W�R���D�O�O�R�Z���U�H�J�X�O�D�U���L�Q�V�S�H�F�W�L�R�Q�����P�D�L�Q�W�H�Q�D�Q�F�H���R�I���D�O�O���S�D�U�W�V���D�Q�G�����L�I���Q�H�F�H�V�V�D�U�\�����O�X�E�U�L�F�D�W�L�R�Q���R�I���W�K�H�L�U���S�L�Y�R�W���S�L�Q�����6�S�H�F�L�D�O��
�F�D�U�H���L�V���W�R���E�H���S�D�L�G���W�R���Z�H�O�G�L�Q�J���F�R�Q�Q�H�F�W�L�R�Q�� 

���F�� �$�V���I�D�U���D�V���S�U�D�F�W�L�F�D�E�O�H�����W�K�H���P�H�D�Q�V���R�I���H�P�E�D�U�N�D�W�L�R�Q���D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q���D�U�H���W�R���E�H���V�L�W�H�G���F�O�H�D�U���R�I���W�K�H���Z�R�U�N�L�Q�J���D�U�H�D��
�D�Q�G���D�U�H���Q�R�W���W�R���E�H���S�O�D�F�H�G���Z�K�H�U�H���F�D�U�J�R���R�U���R�W�K�H�U���V�X�V�S�H�Q�G�H�G���O�R�D�G�V���P�D�\���S�D�V�V���R�Y�H�U�K�H�D�G�����+�R�Z�H�Y�H�U�����L�Q���F�D�V�H�V���Z�K�H�U�H��
�W�K�H�� �6�R�F�L�H�W�\�� �U�H�F�R�J�Q�L�]�H�V�� �X�Q�D�Y�R�L�G�D�E�O�H�� �F�L�U�F�X�P�V�W�D�Q�F�H�V���� �W�K�H�� �P�H�D�Q�V�� �R�I�� �H�P�E�D�U�N�D�W�L�R�Q�� �D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q�� �P�D�\�� �E�H��
�L�Q�V�W�D�O�O�H�G���Z�L�W�K�L�Q�� �W�K�H�� �D�E�R�Y�H�� �P�H�Q�W�L�R�Q�H�G�� �D�U�H�D�V�� �R�U�� �S�O�D�F�H�V���� �S�U�R�Y�L�G�H�G�� �W�K�D�W�� �V�D�I�H�� �S�D�V�V�D�J�H�� �L�V�� �H�Q�V�X�U�H�G�� �W�K�U�R�X�J�K��
�G�H�V�F�U�L�S�W�L�R�Q���L�Q���R�S�H�U�D�W�L�R�Q���P�D�Q�X�D�O�V�����W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���Z�D�U�Q�L�Q�J���S�O�D�W�H�V�����D�Q�G���V�R���R�Q�� 

���G�� �(�D�F�K���D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U���L�V���W�R���E�H���R�I���V�X�F�K���D���O�H�Q�J�W�K���W�R���H�Q�V�X�U�H���W�K�D�W�����D�W���D���P�D�[�L�P�X�P���G�H�V�L�J�Q���R�S�H�U�D�W�L�Q�J���D�Q�J�O�H���R�I��
�L�Q�F�O�L�Q�D�W�L�R�Q�����W�K�H���O�R�Z�H�V�W���S�O�D�W�I�R�U�P���Z�L�O�O���E�H���Q�R�W���P�R�U�H���W�K�D�Q�����������P�P���D�E�R�Y�H���W�K�H���Z�D�W�H�U�O�L�Q�H���L�Q���W�K�H���O�L�J�K�W�H�V�W���V�H�D�J�R�L�Q�J��
�F�R�Q�G�L�W�L�R�Q�� ���L�Q�� �W�K�L�V�� �U�H�J�D�U�G���� �W�U�L�P�� �L�V�� �W�R�� �E�H�� �W�K�H�� �F�R�Q�G�L�W�L�R�Q�� �U�H�V�X�O�W�L�Q�J�� �I�U�R�P�� �W�K�H�� �O�R�D�G�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�� �R�I�� �W�K�H�� �O�L�J�K�W�H�V�W��
�V�H�D�J�R�L�Q�J�� �F�R�Q�G�L�W�L�R�Q������ �D�V���G�H�I�L�Q�H�G���L�Q���6�2�/�$�6�� �5�H�J�X�O�D�W�L�R�Q���,�,�,�������������� �+�R�Z�H�Y�H�U���� �L�Q���F�D�V�H�V�� �Z�K�H�U�H���W�K�H���K�H�L�J�K�W���R�I�� �W�K�H��
�H�P�E�D�U�N�D�W�L�R�Q�� ���� �G�L�V�H�P�E�D�U�N�D�W�L�R�Q�� �G�H�F�N�� �H�[�F�H�H�G�V�� �������P�� �D�E�R�Y�H�� �W�K�H�� �Z�D�W�H�U�O�L�Q�H�� �R�U�� �L�V�� �G�H�H�P�H�G�� �D�S�S�U�R�S�U�L�D�W�H�� �E�\�� �W�K�H��
�6�R�F�L�H�W�\�����D�Q���D�O�W�H�U�Q�D�W�L�Y�H���P�H�D�Q�V���R�I���S�U�R�Y�L�G�L�Q�J���V�D�I�H���D�F�F�H�V�V���W�R���W�K�H���V�K�L�S���R�U���V�X�S�S�O�H�P�H�Q�W�D�U�\���P�H�D�Q�V���R�I���D�F�F�H�V�V���W�R���W�K�H��
�E�R�W�W�R�P���S�O�D�W�I�R�U�P���R�I���W�K�H���D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U���P�D�\���E�H���D�F�F�H�S�W�H�G�� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �0�H�D�Q�V���R�I���(�P�E�D�U�N�D�W�L�R�Q���D�Q�G���'�L�V�H�P�E�D�U�N�D�W�L�R�Q 

����126���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

���H�� �7�K�H���D�U�U�D�Q�J�H�P�H�Q�W���D�W���W�K�H���K�H�D�G���R�I���W�K�H���D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U���L�V���W�R���S�U�R�Y�L�G�H���G�L�U�H�F�W���D�F�F�H�V�V���E�H�W�Z�H�H�Q���W�K�H���O�D�G�G�H�U���D�Q�G��
�W�K�H�� �V�K�L�S�
�V�� �G�H�F�N�� �E�\�� �D�� �S�O�D�W�I�R�U�P�� �V�H�F�X�U�H�O�\�� �J�X�D�U�G�H�G�� �E�\�� �K�D�Q�G�U�D�L�O�V�� �D�Q�G�� �K�D�Q�G�K�R�O�G�V���� �7�K�H�� �O�D�G�G�H�U�� �L�V�� �W�R�� �E�H�� �V�H�F�X�U�H�O�\��
�D�W�W�D�F�K�H�G���W�R���W�K�H���V�K�L�S���W�R���S�U�H�Y�H�Q�W���R�Y�H�U�W�X�U�Q�L�Q�J�� 

���I�� �(�D�F�K�� �D�F�F�R�P�P�R�G�D�W�L�R�Q�� �O�D�G�G�H�U�� �R�U�� �J�D�Q�J�Z�D�\�� �L�V�� �W�R�� �E�H�� �F�O�H�D�U�O�\�� �P�D�U�N�H�G�� �D�W�� �H�D�F�K�� �H�Q�G�� �Z�L�W�K�� �D�� �S�O�D�W�H�� �V�K�R�Z�L�Q�J�� �W�K�H��
�U�H�V�W�U�L�F�W�L�R�Q�V���R�Q���W�K�H���V�D�I�H���R�S�H�U�D�W�L�R�Q���D�Q�G���O�R�D�G�L�Q�J�����L�Q�F�O�X�G�L�Q�J���W�K�H���P�D�[�L�P�X�P���D�Q�G���P�L�Q�L�P�X�P���S�H�U�P�L�W�W�H�G���G�H�V�L�J�Q���D�Q�J�O�H�V��
�R�I���L�Q�F�O�L�Q�D�W�L�R�Q�����G�H�V�L�J�Q���O�R�D�G�����P�D�[�L�P�X�P���O�R�D�G���R�Q���E�R�W�W�R�P���H�Q�G���S�O�D�W�H�����H�W�F�����:�K�H�U�H���W�K�H���P�D�[�L�P�X�P���R�S�H�U�D�W�L�R�Q�D�O���O�R�D�G���L�V��
�O�H�V�V���W�K�D�Q���W�K�H���G�H�V�L�J�Q���O�R�D�G�����L�W���L�V���D�O�V�R���W�R���E�H���V�K�R�Z�Q���R�Q���W�K�H���P�D�U�N�L�Q�J���S�O�D�W�H�� 

���J�� �*�D�Q�J�Z�D�\�V�� �D�U�H�� �Q�R�W���W�R�� �E�H�� �X�V�H�G�� �D�W�� �D�Q�� �D�Q�J�O�H�� �R�I�� �L�Q�F�O�L�Q�D�W�L�R�Q�� �J�U�H�D�W�H�U�� �W�K�D�Q�� ������ �G�H�J�U�H�H�V�� �I�U�R�P�� �W�K�H�� �K�R�U�L�]�R�Q�W�D�O�� �D�Q�G��
�D�F�F�R�P�P�R�G�D�W�L�R�Q���O�D�G�G�H�U�V���D�U�H�� �Q�R�W���W�R���E�H�� �X�V�H�G���D�W���D�Q���D�Q�J�O�H���J�U�H�D�W�H�U���W�K�D�Q�������� �G�H�J�U�H�H�V�� �I�U�R�P�� �W�K�H���K�R�U�L�]�R�Q�W�D�O���� �X�Q�O�H�V�V��
�G�H�V�L�J�Q�H�G���D�Q�G���F�R�Q�V�W�U�X�F�W�H�G���I�R�U���X�V�H���D�W���D�Q�J�O�H�V���J�U�H�D�W�H�U���W�K�D�Q���W�K�H�V�H���D�Q�G���P�D�U�N�H�G���D�V���V�X�F�K�� 

���K�� �*�D�Q�J�Z�D�\�V�� �D�U�H���Q�R�W���W�R���E�H�� �V�H�F�X�U�H�G���W�R���D�� �V�K�L�S�
�V�� �J�X�D�U�G�U�D�L�O�V�� �X�Q�O�H�V�V�� �W�K�H�\�� �K�D�Y�H���E�H�H�Q���G�H�V�L�J�Q�H�G���I�R�U���W�K�D�W���S�X�U�S�R�V�H���� �,�I��
�S�R�V�L�W�L�R�Q�H�G���W�K�U�R�X�J�K���D�Q���R�S�H�Q���V�H�F�W�L�R�Q���R�I���E�X�O�Z�D�U�N���R�U���U�D�L�O�L�Q�J�V�����D�Q�\���U�H�P�D�L�Q�L�Q�J���J�D�S�V���D�U�H���W�R���E�H���D�G�H�T�X�D�W�H�O�\���I�H�Q�F�H�G�� 

���L�� �$�G�H�T�X�D�W�H���O�L�J�K�W�L�Q�J���L�V���W�R���E�H���S�U�R�Y�L�G�H�G���W�R���L�O�O�X�P�L�Q�D�W�H���W�K�H���P�H�D�Q�V���R�I���H�P�E�D�U�N�D�W�L�R�Q���D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q�����W�K�H���S�R�V�L�W�L�R�Q��
�R�Q���G�H�F�N���Z�K�H�U�H���S�H�U�V�R�Q�V���H�P�E�D�U�N���R�U���G�L�V�H�P�E�D�U�N���D�Q�G���W�K�H���F�R�Q�W�U�R�O�V���R�I���W�K�H���D�U�U�D�Q�J�H�P�H�Q�W�� 

���M�� �$���O�L�I�H�E�X�R�\���H�T�X�L�S�S�H�G���Z�L�W�K���D���V�H�O�I���L�J�Q�L�W�L�Q�J���O�L�J�K�W���D�Q�G���D���E�X�R�\�D�Q�W���O�L�I�H�O�L�Q�H���L�V���W�R���E�H���D�Y�D�L�O�D�E�O�H���I�R�U���L�P�P�H�G�L�D�W�H���X�V�H���L�Q��
�W�K�H���Y�L�F�L�Q�L�W�\���R�I���W�K�H���H�P�E�D�U�N�D�W�L�R�Q���D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q���D�U�U�D�Q�J�H�P�H�Q�W���Z�K�H�Q���L�Q���X�V�H�� 

���N�� �$���V�D�I�H�W�\���Q�H�W���L�V���W�R���E�H���P�R�X�Q�W�H�G���D�Q�G���D�U�U�D�Q�J�H�P�H�Q�W�V���W�K�D�W���H�Q�D�E�O�H���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���V�X�F�K���Q�H�W���D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G���W�R��
�S�U�H�Y�H�Q�W���I�D�O�O�L�Q�J���D�F�F�L�G�H�Q�W���L�Q���F�D�V�H�V���Z�K�H�U�H���L�W���L�V���S�R�V�V�L�E�O�H���W�K�D�W���D���S�H�U�V�R�Q���P�D�\���I�D�O�O���I�U�R�P���W�K�H���P�H�D�Q�V���R�I���H�P�E�D�U�N�D�W�L�R�Q��
�D�Q�G���G�L�V�H�P�E�D�U�N�D�W�L�R�Q���R�U���E�H�W�Z�H�H�Q���W�K�H���V�K�L�S���D�Q�G���T�X�D�\�V�L�G�H�� 

������������ �6�K�L�S�V���W�K�D�W���K�D�Y�H���V�P�D�O�O���I�U�H�H�E�R�D�U�G�V���D�Q�G���D�U�H���S�U�R�Y�L�G�H�G���Z�L�W�K���E�R�D�U�G�L�Q�J���U�D�P�S�V���Q�H�H�G�V���Q�R�W���W�R���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H��
�U�H�T�X�L�U�H�P�H�Q�W�V���R�I���������������� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �*�H�Q�H�U�D�O 

 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����127���� 
�5�8�/�(�6���)�2�5���7�+�(���&�2�1�6�7�5�8�&�7�,�2�1���$�1�'���&�/�$�6�6�,�)�,�&�$�7�,�2�1���2�)���&�2�$�6�7���*�8�$�5�'���6�+�,�3�6���������� 

Chapter 14 

Watertight Bulkheads 

�������� �*�H�Q�H�U�D�O 

������������ �&�R�O�O�L�V�L�R�Q���%�X�O�N�K�H�D�G 

���D�� �$���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G���L�V���W�R���E�H���I�L�W�W�H�G���Z�K�L�F�K���L�V���W�R���E�H���Z�D�W�H�U�W�L�J�K�W���X�S���W�R���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N�����7�K�L�V���E�X�O�N�K�H�D�G���L�V���W�R���E�H��
�O�R�F�D�W�H�G���D�W���D���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���I�R�U�Z�D�U�G���S�H�U�S�H�Q�G�L�F�X�O�D�U���R�I���Q�R�W���O�H�V�V���W�K�D�Q�����������/�I�����/�I���L�V���G�H�I�L�Q�H�G���L�Q�����������������R�I���W�K�L�V��
�3�D�U�W�����R�U���������P�����Z�K�L�F�K�H�Y�H�U���L�V���W�K�H���O�H�V�V�����D�Q�G�����H�[�F�H�S�W���D�V���P�D�\���E�H���S�H�U�P�L�W�W�H�G���E�\���W�K�H���6�R�F�L�H�W�\�����Q�R�W���P�R�U�H���W�K�D�Q�����������/�I���R�U��
���������/�I�����������P�����Z�K�L�F�K�H�Y�H�U���L�V���W�K�H���J�U�H�D�W�H�U�����:�K�H�U�H���D�Q�\���S�D�U�W���R�I���W�K�H���V�K�L�S���E�H�O�R�Z���W�K�H���Z�D�W�H�U�O�L�Q�H���D�W�����������R�I���W�K�H���O�H�D�V�W��
�P�R�X�O�G�H�G���G�H�S�W�K���H�[�W�H�Q�G�V���I�R�U�Z�D�U�G���R�I���W�K�H���I�R�U�Z�D�U�G���S�H�U�S�H�Q�G�L�F�X�O�D�U���R�I���W�K�H���O�H�Q�J�W�K���I�R�U���I�U�H�H�E�R�D�U�G�����H���J�������D���E�X�O�E�R�X�V���E�R�Z����
�W�K�H���D�E�R�Y�H���P�H�Q�W�L�R�Q�H�G���G�L�V�W�D�Q�F�H���L�V���W�R���E�H���P�H�D�V�X�U�H�G���I�U�R�P���W�K�H���S�R�L�Q�W���H�L�W�K�H�U�� 

���L�� �D�W���W�K�H���P�L�G���O�H�Q�J�W�K���R�I���V�X�F�K���H�[�W�H�Q�V�L�R�Q�� 

���L�L�� �D�W���D���G�L�V�W�D�Q�F�H�������������/�I���I�R�U�Z�D�U�G���R�I���W�K�H���I�R�U�Z�D�U�G���S�H�U�S�H�Q�G�L�F�X�O�D�U�����R�U 

���L�L�L�� �D�W���D���G�L�V�W�D�Q�F�H�����������P���I�R�U�Z�D�U�G���R�I���W�K�H���I�R�U�Z�D�U�G���S�H�U�S�H�Q�G�L�F�X�O�D�U�� 

�Z�K�L�F�K�H�Y�H�U���J�L�Y�H�V���W�K�H���V�P�D�O�O�H�V�W���P�H�D�V�X�U�H�P�H�Q�W�� 

���E�� �7�K�H���E�X�O�N�K�H�D�G���P�D�\���K�D�Y�H���V�W�H�S�V���R�U���U�H�F�H�V�V�H�V���S�U�R�Y�L�G�H�G���W�K�H�\���D�U�H���Z�L�W�K�L�Q���W�K�H���O�L�P�L�W�V���S�U�H�V�F�U�L�E�H�G���L�Q�����D���� 

���F�� �1�R���G�R�R�U�V�����P�D�Q�K�R�O�H�V�����D�F�F�H�V�V���R�S�H�Q�L�Q�J�V�����Y�H�Q�W�L�O�D�W�L�R�Q���G�X�F�W�V���R�U���D�Q�\���R�W�K�H�U���R�S�H�Q�L�Q�J�V���D�U�H���W�R���E�H���I�L�W�W�H�G���L�Q���W�K�H���F�R�O�O�L�V�L�R�Q��
�E�X�O�N�K�H�D�G���E�H�O�R�Z�� �W�K�H���E�X�O�N�K�H�D�G���G�H�F�N�����:�K�H�U�H�� �D�� �F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G���H�[�W�H�Q�G�V���X�S�� �W�R���D�� �G�H�F�N���D�E�R�Y�H���W�K�H���I�U�H�H�E�R�D�U�G��
�G�H�F�N�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� ���������������E������ �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �R�S�H�Q�L�Q�J�V�� �L�Q�� �W�K�H�� �H�[�W�H�Q�V�L�R�Q�� �R�I�� �W�K�H��
�F�R�O�O�L�V�L�R�Q�� �E�X�O�N�K�H�D�G�� �L�V�� �W�R�� �E�H�� �N�H�S�W�� �W�R�� �D�� �Q�H�F�H�V�V�D�U�\�� �P�L�Q�L�P�X�P�� �D�Q�G�� �D�O�O�� �V�X�F�K�� �R�S�H�Q�L�Q�J�V�� �D�U�H�� �W�R�� �E�H�� �S�U�R�Y�L�G�H�G�� �Z�L�W�K��
�Z�H�D�W�K�H�U�W�L�J�K�W���P�H�D�Q�V���R�I���F�O�R�V�L�Q�J�� 

���G�� �7�K�H���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G���D�U�U�D�Q�J�H�P�H�Q�W���L�Q���D���V�K�L�S���S�U�R�Y�L�G�H�G���Z�L�W�K���E�R�Z���G�R�R�U�V���L�V���W�R���E�H���D�W���W�K�H���G�L�V�F�U�H�W�L�R�Q���R�I���W�K�H���6�R�F�L�H�W�\����
�:�K�H�U�H���D���V�O�R�S�L�Q�J���U�D�P�S���I�R�U�P�V���D���S�D�U�W���R�I���W�K�H���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G���D�E�R�Y�H���W�K�H���E�X�O�N�K�H�D�G�����W�K�H���S�D�U�W���R�I���W�K�H���U�D�P�S���Z�K�L�F�K��
�L�V���P�R�U�H���W�K�D�Q�����������P���D�E�R�Y�H���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N���P�D�\���H�[�W�H�Q�G���I�R�U�Z�D�U�G���R�I���W�K�H���O�L�P�L�W���V�S�H�F�L�I�L�H�G���L�Q�����D�����D�E�R�Y�H�����,�Q���W�K�L�V��
�F�D�V�H�����W�K�H���U�D�P�S���L�V���W�R���E�H���Z�H�D�W�K�H�U�W�L�J�K�W���R�Y�H�U���L�W�V���F�R�P�S�O�H�W�H���O�H�Q�J�W�K�����+�R�Z�H�Y�H�U�����U�D�P�S�V���Q�R�W���P�H�H�W���W�K�H���D�E�R�Y�H���U�H�T�X�L�U�H�P�H�Q�W��
�D�U�H���W�R���E�H���G�L�V�U�H�J�D�U�G�H�G���D�V���D�Q���H�[�W�H�Q�V�L�R�Q���R�I���W�K�H���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G�� 

���H�� �1�R�W�Z�L�W�K�V�W�D�Q�G�L�Q�J���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���L�Q�����F�������W�K�H���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G���P�D�\���E�H���S�L�H�U�F�H�G���E�H�O�R�Z���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N���E�\��
�Q�R�W�� �P�R�U�H�� �W�K�D�Q�� �R�Q�H���S�L�S�H�� �I�R�U�� �G�H�D�O�L�Q�J�� �Z�L�W�K�� �I�O�X�L�G�� �L�Q�� �W�K�H�� �I�R�U�H�S�H�D�N�� �W�D�Q�N���� �S�U�R�Y�L�G�H�G�� �W�K�D�W�� �W�K�H�� �S�L�S�H�� �L�V�� �I�L�W�W�H�G�� �Z�L�W�K�� �D��
�V�F�U�H�Z���G�R�Z�Q���Y�D�O�Y�H���F�D�S�D�E�O�H���R�I���E�H�L�Q�J���R�S�H�U�D�W�H�G���I�U�R�P���D�E�R�Y�H���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N�����W�K�H���Y�D�O�Y�H���F�K�H�V�W���E�H�L�Q�J���V�H�F�X�U�H�G��
�L�Q�V�L�G�H���W�K�H���I�R�U�H�S�H�D�N���W�R���W�K�H���F�R�O�O�L�V�L�R�Q���E�X�O�N�K�H�D�G�����7�K�H���6�R�F�L�H�W�\���P�D�\�����K�R�Z�H�Y�H�U�����D�J�U�H�H���W�K�H���I�L�W�W�L�Q�J���R�I���W�K�L�V���Y�D�O�Y�H���R�Q���W�K�H��
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Fig II 14-2 

Measurement of S 

 
Fig II 14-3 

Measurement of l 
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Fig. II 14-1 

Types of End Connections 
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Fig. II 17-1 

Determination of the Normal Stress of Hatch Cover Plating 
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(vii)  For secondary stiffeners of the lower plating of double skin hatch covers, the requirements in (i) and 
(ii) above do not need to be applied due to the absence of lateral loads. 

(viii)  The net thickness (mm) of a stiffener (except for U-type stiffeners) web is not to be taken as less than 
4 mm. 

(ix) Single-side welding is not permitted for secondary stiffeners, except for U-type stiffeners. 

(x) The requirements in this (c) do not need to be applied to stiffeners of the lower plating of double skin 
hatch covers in cases where the lower plating is not considered to be a strength member. 
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Fig. II 17-2 
Distance between Securing Devices, Measured Along Hatch Cover Periphery 
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hatch covers or hatch covers with box girders are to be assessed using FEM, as specified in 17.2.5 
(e)(iii) as below. 

���L�L�� �(�I�I�H�F�W�L�Y�H�� �F�U�R�V�V���V�H�F�W�L�R�Q�D�O�� �S�U�R�S�H�U�W�L�H�V�� �I�R�U���F�D�O�F�X�O�D�W�L�R�Q�� �E�\�� �E�H�D�P�� �W�K�H�R�U�\�� �R�U�� �J�U�L�O�O�D�J�H�� �D�Q�D�O�\�V�L�V�� �D�U�H�� �W�R�� �E�H��
�G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���I�R�O�O�R�Z�L�Q�J�����������W�R���������� 

������ �7�K�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���R�I���W�K�H���D�W�W�D�F�K�H�G���S�O�D�W�L�Q�J���H�P���R�I���W�K�H���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V���V�S�H�F�L�I�L�H�G���L�Q��
�7�D�E�O�H���,�,�������������D�F�F�R�U�G�L�Q�J���W�R���W�K�H���U�D�W�L�R���R�I���O���D�Q�G���H���L�V���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���I�R�U���W�K�H���F�D�O�F�X�O�D�W�L�R�Q���R�I���H�I�I�H�F�W�L�Y�H��
�F�U�R�V�V���V�H�F�W�L�R�Q�D�O�� �S�U�R�S�H�U�W�L�H�V���� �)�R�U�� �L�Q�W�H�U�P�H�G�L�D�W�H�� �Y�D�O�X�H�V�� �R�I���O���H���� �H�P���L�V�� �W�R�� �E�H�� �R�E�W�D�L�Q�H�G�� �E�\�� �O�L�Q�H�D�U��
�L�Q�W�H�U�S�R�O�D�W�L�R�Q�� 

������ �6�H�S�D�U�D�W�H���F�D�O�F�X�O�D�W�L�R�Q�V���P�D�\���E�H���U�H�T�X�L�U�H�G���I�R�U���G�H�W�H�U�P�L�Q�L�Q�J���W�K�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���R�I���R�Q�H���V�L�G�H�G���R�U���Q�R�Q��
�V�\�P�P�H�W�U�L�F�D�O���I�O�D�Q�J�H�V�� 

������ �7�K�H���H�I�I�H�F�W�L�Y�H���F�U�R�V�V���V�H�F�W�L�R�Q�D�O���D�U�H�D�V���R�I���S�O�D�W�H�V���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�H���F�U�R�V�V���V�H�F�W�L�R�Q�D�O���D�U�H�D���R�I���W�K�H��
�I�D�F�H���S�O�D�W�H�� 

������ �7�K�H���F�U�R�V�V���V�H�F�W�L�R�Q�D�O���D�U�H�D���R�I���V�H�F�R�Q�G�D�U�\���V�W�L�I�I�H�Q�H�U�V���S�D�U�D�O�O�H�O���W�R���W�K�H���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U���X�Q�G�H�U��
�F�R�Q�V�L�G�H�U�D�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���P�D�\���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���F�D�O�F�X�O�D�W�L�R�Q�V�����V�H�H���)�L�J�����,�,�������������� 

������ �)�R�U���I�O�D�Q�J�H���S�O�D�W�H�V���X�Q�G�H�U���F�R�P�S�U�H�V�V�L�R�Q���Z�L�W�K���V�H�F�R�Q�G�D�U�\���V�W�L�I�I�H�Q�H�U�V���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���Z�H�E���R�I���W�K�H��
�S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�����W�K�H���H�I�I�H�F�W�L�Y�H���Z�L�G�W�K���L�V���W�R���E�H���G�H�W�H�U�P�L�Q�H�G���D�F�F�R�U�G�L�Q�J���W�R�����������������I�����L�L�L���� 

  



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �+�D�W�F�K�Z�D�\�V 

 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����153���� 
�5�8�/�(�6���)�2�5���7�+�(���&�2�1�6�7�5�8�&�7�,�2�1���$�1�'���&�/�$�6�6�,�)�,�&�$�7�,�2�1���2�)���&�2�$�6�7���*�8�$�5�'���6�+�,�3�6���������� 

���L�L�L�� �*�H�Q�H�U�D�O���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���)�(�0���D�U�H���D�V���I�R�O�O�R�Z�V�� 

������ �7�K�H�� �V�W�U�X�F�W�X�U�D�O�� �P�R�G�H�O�� �L�V�� �W�R���E�H�� �D�E�O�H�� �W�R�� �U�H�S�U�R�G�X�F�H�� �W�K�H�� �E�H�K�D�Y�L�R�U���R�I�� �W�K�H�� �V�W�U�X�F�W�X�U�H�� �Z�L�W�K�� �W�K�H�� �K�L�J�K�H�V�W��
�S�R�V�V�L�E�O�H���I�L�G�H�O�L�W�\�����6�W�L�I�I�H�Q�H�U�V���D�Q�G���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V���V�X�E�M�H�F�W���W�R���S�U�H�V�V�X�U�H���O�R�D�G�V���D�U�H���W�R���E�H��
�L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �P�R�G�H�O�O�L�Q�J���� �+�R�Z�H�Y�H�U���� �E�X�F�N�O�L�Q�J�� �V�W�L�I�I�H�Q�H�U�V�� �P�D�\�� �E�H�� �G�L�V�U�H�J�D�U�G�H�G�� �I�R�U�� �V�W�U�H�V�V��
�F�D�O�F�X�O�D�W�L�R�Q�� 

������ �1�H�W���V�F�D�Q�W�O�L�Q�J�V���Z�K�L�F�K���H�[�F�O�X�G�H���F�R�U�U�R�V�L�R�Q���D�G�G�L�W�L�R�Q�V���D�U�H���W�R���E�H���X�V�H�G���I�R�U���P�R�G�H�O�L�Q�J�� 

������ �(�O�H�P�H�Q�W���V�L�]�H���L�V���W�R���E�H���V�X�L�W�D�E�O�H���W�R���W�D�N�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���L�Q�W�R���D�F�F�R�X�Q�W�� 

������ �,�Q�� �Q�R���F�D�V�H���L�V�� �H�O�H�P�H�Q�W�� �Z�L�G�W�K���W�R���E�H�� �O�D�U�J�H�U���W�K�D�Q���V�W�L�I�I�H�Q�H�U���V�S�D�F�L�Q�J�����7�K�H���U�D�W�L�R���R�I�� �H�O�H�P�H�Q�W���O�H�Q�J�W�K���W�R��
�Z�L�G�W�K���L�V���Q�R�W���W�R���H�[�F�H�H�G���������� 

������ �7�K�H���H�O�H�P�H�Q�W���K�H�L�J�K�W���R�I���W�K�H���Z�H�E�V���R�I���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V���L�V���Q�R�W���W�R���H�[�F�H�H�G���R�Q�H���W�K�L�U�G���R�I���W�K�H��
�Z�H�E���K�H�L�J�K�W�� 

������ �6�W�L�I�I�H�Q�H�U�V���P�D�\���E�H���P�R�G�H�O�O�H�G���X�V�L�Q�J���V�K�H�O�O���H�O�H�P�H�Q�W�V�����S�O�D�Q�H���V�W�U�H�V�V���H�O�H�P�H�Q�W�V���R�U���E�H�D�P���H�O�H�P�H�Q�W�V�� 

���I�� �%�X�F�N�O�L�Q�J���V�W�U�H�Q�J�W�K���R�I���V�W�H�H�O���K�D�W�F�K���F�R�Y�H�U�V 

�7�K�H�� �E�X�F�N�O�L�Q�J�� �V�W�U�H�Q�J�W�K�� �R�I�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �P�H�P�E�H�U�V�� �R�I�� �V�W�H�H�O�� �K�D�W�F�K�� �F�R�Y�H�U�V�� �L�V�� �W�R�� �E�H�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H��
�I�R�O�O�R�Z�L�Q�J�����L�����W�R�����L�L�L���� 

���L�� �7�K�H�� �E�X�F�N�O�L�Q�J�� �V�W�U�H�Q�J�W�K�� �R�I�� �D�� �V�L�Q�J�O�H�� �S�O�D�W�H�� �S�D�Q�H�O�� �R�I�� �W�K�H�� �W�R�S�� �D�Q�G�� �O�R�Z�H�U�� �V�W�H�H�O�� �K�D�W�F�K�� �F�R�Y�H�U�� �S�O�D�W�L�Q�J�� �L�V�� �W�R��
�F�R�P�S�O�\���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�H�� 

�F
���P�v���� �q�d

�H�v�P�J
�G

�c�-


E�F
�+�P�w�+�� �q�d

�H�w�P�J
�G

�c�.


F �� �F
�P�v�P�w�� �q�d

�6

�P�J
�6 �G
E�F

���R���� �q�d�¾�u

�H�¤�P�J
�G

�c�/


Q�s�ä�r 

�F
���P�v���� �q�d

�H�v�P�J
�G

�c�-


Q�s�ä�r 

�F
�+�P�w�+�� �q�d

�H�w�P�J
�G

�c�.


Q�s�ä�r 

�F
���R���� �q�d�¾�u

�H�¤�P�J
�G

�c�/


Q�s�ä�r 

�Z�K�H�U�H�� 
�P�v�á�P�w �  �0�H�P�E�U�D�Q�H�� �V�W�U�H�V�V���L�Q���W�K�H���[���G�L�U�H�F�W�L�R�Q���D�Q�G���W�K�H�� �\���G�L�U�H�F�W�L�R�Q�����L�Q���1���P�P�������,�Q���F�D�V�H�V�� �Z�K�H�U�H���W�K�H��

�V�W�U�H�V�V�H�V�� �D�U�H�� �R�E�W�D�L�Q�H�G���I�U�R�P�� �)�(�0�� �D�Q�G���D�O�U�H�D�G�\�� �F�R�Q�W�D�L�Q���W�K�H�� �3�R�L�V�V�R�Q���H�I�I�H�F�W���� �W�K�H�� �I�R�O�O�R�Z�L�Q�J��
�P�R�G�L�I�L�H�G�� �V�W�U�H�V�V�� �Y�D�O�X�H�V�� �P�D�\�� �E�H�� �X�V�H�G���� �%�R�W�K�� �V�W�U�H�V�V�H�V���P�v

�Û���D�Q�G���P�w
�Û���D�U�H�� �W�R�� �E�H�� �F�R�P�S�U�H�V�V�L�Y�H��

�V�W�U�H�V�V���L�Q���R�U�G�H�U���W�R���D�S�S�O�\���V�W�U�H�V�V���U�H�G�X�F�W�L�R�Q���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�H�� 

�P�v 
L �:�P�v
�Û
F �r�ä�u�P�w

�Û�;���r�ä�{�s 
�P�w
L �:�P�w

�Û
F �r�ä�u�P�v
�Û�;���r�ä�{�s 

�Z�K�H�U�H�� 
�P�v

�Û�á�P�w
�Û �  �6�W�U�H�V�V�H�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �W�K�H�� �3�R�L�V�V�R�Q���H�I�I�H�F�W�����7�K�H�V�H���Y�D�O�X�H�V���D�U�H�� �W�R���F�R�P�S�O�\�� �Z�L�W�K���W�K�H�� �I�R�O�O�R�Z�L�Q�J��

�I�R�U�P�X�O�D�H�� 

�P�w
L �r���ƒ�•�†���P�v 
L �P�v
�Û���������ˆ�‘�”�����P�w

�Û
O�r�ä�u�P�v
�Û 

�P�v 
L �r���ƒ�•�†���P�w
L �P�w
�Û���������ˆ�‘�”�����P�v

�Û
O�r�ä�u�P�w
�Û 

�Z�K�H�U�H�� 
�2 �  �6�K�H�D�U���V�W�U�H�V�V���L�Q���[���\���S�O�D�Q�H�����L�Q���1���P�P�� 
�P�J �  �0�L�Q�L�P�X�P���\�L�H�O�G���V�W�U�H�V�V���R�I���W�K�H���P�D�W�H�U�L�D�O�����L�Q���1���P�P�� 

  
�&�R�P�S�U�H�V�V�L�Y�H���D�Q�G���V�K�H�D�U���V�W�U�H�V�V�H�V���D�U�H���W�R���E�H���W�D�N�H�Q���D�V���S�R�V�L�W�L�Y�H���Y�D�O�X�H�V���D�Q�G���W�H�Q�V�L�R�Q���V�W�U�H�V�V�H�V��
�D�U�H���W�R���E�H���W�D�N�H�Q���D�V���Q�H�J�D�W�L�Y�H���Y�D�O�X�H�V�� 

�� �q�d �  �6�D�I�H�W�\���I�D�F�W�R�U���W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 

 �  
���������� �I�R�U�� �K�D�W�F�K�� �F�R�Y�H�U�V�� �Z�K�H�Q�� �V�X�E�M�H�F�W�H�G�� �W�R�� �G�H�V�L�J�Q�� �Y�H�U�W�L�F�D�O�� �Z�D�Y�H�� �O�R�D�G�V�� �D�F�F�R�U�G�L�Q�J�� �W�R��
���������������D�� 

 �  �����������I�R�U���K�D�W�F�K���F�R�Y�H�U�V���Z�K�H�Q���V�X�E�M�H�F�W�H�G���W�R���O�R�D�G�V���D�F�F�R�U�G�L�Q�J���W�R�����������������E�����W�R�����H�� 
�)�� �  �&�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�� �I�R�U�� �W�K�H�� �E�R�X�Q�G�D�U�\�� �F�R�Q�G�L�W�L�R�Q�� �R�I�� �V�W�L�I�I�H�Q�H�U�V�� �R�Q�� �W�K�H�� �O�R�Q�J�H�U�� �V�L�G�H�� �R�I��

�H�O�H�P�H�Q�W�D�U�\���S�O�D�W�H���S�D�Q�H�O�V���D�F�F�R�U�G�L�Q�J���W�R���7�D�E�O�H���,�,���������� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �+�D�W�F�K�Z�D�\�V 

����154���� �&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< 
�5�8�/�(�6�� �)�2�5�� �7�+�(�� �&�2�1�6�7�5�8�&�7�,�2�1�� �$�1�'�� �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �2�)���&�2�$�6�7�� �*�8�$�5�'���6�+�,�3�6�� �������� 

�H�������H�������H�����D�Q�G���% �  �&�R�H�I�I�L�F�L�H�Q�W���R�E�W�D�L�Q�H�G���I�U�R�P���7�D�E�O�H���,�,���������� 
�H�v�á�H�w���ƒ�•�†���H�¤ �  �5�H�G�X�F�W�L�R�Q���I�D�F�W�R�U���R�E�W�D�L�Q�H�G���I�U�R�P���7�D�E�O�H���,�,���������������+�R�Z�H�Y�H�U�����W�K�H�V�H���Y�D�O�X�H�V���D�U�H���W�R��

�F�R�P�S�O�\���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�H�� 
  �H�v �  ���������I�R�U���P�v 
Q�r�����W�H�Q�V�L�O�H���V�W�U�H�V�V�� 
  �H�w �  ���������I�R�U���P�w
Q�r�����W�H�Q�V�L�O�H���V�W�U�H�V�V�� 
�D �  �/�H�Q�J�W�K�����L�Q���P�P�����R�I���W�K�H���O�R�Q�J�H�U���V�L�G�H���R�I���W�K�H���S�D�U�W�L�D�O���S�O�D�W�H���I�L�H�O�G�����[���G�L�U�H�F�W�L�R�Q�� 
�E �  �/�H�Q�J�W�K�����L�Q���P�P�����R�I���W�K�H���V�K�R�U�W�H�U���V�L�G�H���R�I���W�K�H���S�D�U�W�L�D�O���S�O�D�W�H���I�L�H�O�G�����\���G�L�U�H�F�W�L�R�Q�� 
�Q �  �1�X�P�E�H�U���R�I���W�K�H���H�O�H�P�H�Q�W�D�U�\���S�O�D�W�H���S�D�Q�H�O���E�U�H�D�G�W�K�V���Z�L�W�K�L�Q���W�K�H���S�D�U�W�L�D�O���R�U���W�R�W�D�O���S�O�D�W�H���S�D�Q�H�O�����V�H�H��

�)�L�J�����,�,������������ 
�. �  �$�V�S�H�F�W���U�D�W�L�R���R�I���D���V�L�Q�J�O�H���S�O�D�W�H���I�L�H�O�G���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D�� 
  �=
L

�ƒ

�„
 

�� �  �5�H�I�H�U�H�Q�F�H���G�H�J�U�H�H���R�I���V�O�H�Q�G�H�U�Q�H�V�V�����W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 
  

�I 
L 
¨
�P�J

�� �P�c
 

�.  �  �%�X�F�N�O�L�Q�J���I�D�F�W�R�U���D�F�F�R�U�G�L�Q�J���W�R���7�D�E�O�H���,�,���������� 
�P�c �  �5�H�I�H�U�H�Q�F�H���V�W�U�H�V�V�����L�Q���1���P�P�������W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 
  

�P�c 
L �r�ä�{�� 
l
�–

�„

p

�6

 

�( �  �0�R�G�X�O�X�V���R�I���H�O�D�V�W�L�F�L�W�\�����L�Q���1���P�P�����R�I���W�K�H���P�D�W�H�U�L�D�O�����W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 
 �  �t�ä�r�x
H�s�r�9 
�W �  �1�H�W���W�K�L�F�N�Q�H�V�V�����L�Q���P�P�����R�I���S�O�D�W�H���X�Q�G�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q 
�2 �  �(�G�J�H���V�W�U�H�V�V���U�D�W�L�R���W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 
  �2 
L

�P�6

�P�5
 

�P�5 �  �0�D�[�L�P�X�P���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�V�V�����L�Q���1���P�P�� 
�P�6 �  �0�L�Q�L�P�X�P���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�V�V���R�U���W�H�Q�V�L�R�Q���V�W�U�H�V�V�����L�Q���1���P�P�� 

 

 
Fig. II 17-3 

General Arrangement of Panels 

���L�L�� �7�K�H���E�X�F�N�O�L�Q�J���V�W�U�H�Q�J�W�K���R�I���Q�R�Q���V�W�L�I�I�H�Q�H�G���Z�H�E�V���D�Q�G���W�K�H���I�O�D�Q�J�H�V���R�I���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V���D�U�H���W�R��
�E�H���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���U�H�T�X�L�U�H�P�H�Q�W���R�I�����L�����D�E�R�Y�H�� 

���L�L�L�� �7�K�H�� �E�X�F�N�O�L�Q�J�� �V�W�U�H�Q�J�W�K�� �R�I�� �S�D�U�W�L�D�O�� �D�Q�G�� �W�R�W�D�O�� �I�L�H�O�G�V�� �L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �P�H�P�E�H�U�V�� �R�I�� �V�W�H�H�O�� �K�D�W�F�K��
�F�R�Y�H�U�V���L�V���W�R���F�R�P�S�O�\���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J�����������W�R���������� 

������ �7�K�H�� �E�X�F�N�O�L�Q�J�� �V�W�U�H�Q�J�W�K�� �R�I�� �O�R�Q�J�L�W�X�G�L�Q�D�O�� �D�Q�G�� �W�U�D�Q�V�Y�H�U�V�H�� �V�H�F�R�Q�G�D�U�\�� �V�W�L�I�I�H�Q�H�U�V�� �L�V�� �W�R�� �F�R�P�S�O�\�� �Z�L�W�K��
�I�R�O�O�R�Z�L�Q�J�� �������� �D�Q�G�� �����������)�R�U�� �8���W�\�S�H�� �V�W�L�I�I�H�Q�H�U�V���� �K�R�Z�H�Y�H�U���� �W�K�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �L�Q�� �������� �E�H�O�R�Z�� �P�D�\�� �E�H��
�R�P�L�W�W�H�G�� 

������ �:�K�H�Q���E�X�F�N�O�L�Q�J���F�D�O�F�X�O�D�W�L�R�Q���L�V���F�D�U�U�L�H�G���R�X�W���D�F�F�R�U�G�L�Q�J���W�R�����������D�Q�G�������������W�K�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���R�I���V�W�H�H�O��
�K�D�W�F�K���F�R�Y�H�U���S�O�D�W�L�Q�J���P�D�\���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���I�R�O�O�R�Z�L�Q�J���D�����D�Q�G���E���� 



�3�$�5�7���,�,���&�+�$�3�7�(�5������ 
�������� �+�D�W�F�K�Z�D�\�V 

 

�&�5���&�/�$�6�6�,�)�,�&�$�7�,�2�1���6�2�&�,�(�7�< ����155���� 
�5�8�/�(�6���)�2�5���7�+�(���&�2�1�6�7�5�8�&�7�,�2�1���$�1�'���&�/�$�6�6�,�)�,�&�$�7�,�2�1���2�)���&�2�$�6�7���*�8�$�5�'���6�+�,�3�6���������� 

�D�� �7�K�H�� �H�I�I�H�F�W�L�Y�H�� �E�U�H�D�G�W�K�� �D�P���R�U�� �E�P���R�I�� �D�W�W�D�F�K�H�G�� �S�O�D�W�L�Q�J�� �P�D�\�� �E�H�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J��
�I�R�U�P�X�O�D�H�� ���V�H�H���)�L�J���� �,�,�� �������������� �+�R�Z�H�Y�H�U���� �W�K�H�� �H�I�I�H�F�W�L�Y�H�� �E�U�H�D�G�W�K�� �R�I�� �S�O�D�W�L�Q�J�� �L�V�� �Q�R�W�� �W�R�� �E�H�� �W�D�N�H�Q��
�J�U�H�D�W�H�U���W�K�D�Q���W�K�H���Y�D�O�X�H���R�E�W�D�L�Q�H�G���I�U�R�P�����������������H���� 

�„�k 
L �H�v�„���������ˆ�‘�”���Ž�‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž���•�–�‹�ˆ�ˆ�‡�•�‡�”�• 
�ƒ�k 
L �H�w�ƒ���������ˆ�‘�”���–�”�ƒ�•�•�˜�‡�”�•�‡���•�–�‹�ˆ�ˆ�‡�•�‡�”�• 

�Z�K�H�U�H�� 
�H�v�á�H�w �  �$�V���R�E�W�D�L�Q�H�G���I�U�R�P���7�D�E�O�H���,�,���������� 
�D�������E �  �$�V���V�S�H�F�L�I�L�H�G�����L�����D�E�R�Y�H 

�E�� �7�K�H�� �H�I�I�H�F�W�L�Y�H�� �E�U�H�D�G�W�K���‡�k
�ñ ���R�I�� �W�K�H�� �V�W�L�I�I�H�Q�H�G�� �I�O�D�Q�J�H�� �S�O�D�W�H�V�� �R�I�� �S�U�L�P�D�U�\�� �V�X�S�S�R�U�W�L�Q�J�� �P�H�P�E�H�U�V��

�P�D�\�� �E�H�� �G�H�W�H�U�P�L�Q�H�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �L���� �D�Q�G�� �L�L������ �+�R�Z�H�Y�H�U���� �D�P���D�Q�G�� �E�P���I�R�U�� �I�O�D�Q�J�H��
�S�O�D�W�H�V���D�U�H���L�Q���J�H�Q�H�U�D�O���W�R���G�H�W�H�U�P�L�Q�H�G���I�R�U���2 
L �s�� 

�L�� �6�W�L�I�I�H�Q�L�Q�J���S�D�U�D�O�O�H�O���W�R���W�K�H���Z�H�E�V���R�I���S�U�L�P�D�U�\���V�X�S�S�R�U�W�L�Q�J���P�H�P�E�H�U�V�����V�H�H���)�L�J�����,�,�������������� 
�)�R�U���„ 
R�‡�k �����E���D�Q�G���D���K�D�Y�H���W�R���E�H���H�[�F�K�D�Q�J�H�G�� 

�„ 
O�‡�k  
�‡�k

�ñ 
L �•�„�k  

�Z�K�H�U�H�� 
�Q �  �,�Q�W�H�J�H�U���Q�X�P�E�H�U���R�I���V�W�L�I�I�H�Q�H�U���V�S�D�F�L�Q�J���E���L�Q�V�L�G�H���W�K�H���H�I�I�H�F�W�L�Y�H���E�U�H�D�G�W�K���H�P���D�F�F�R�U�G�L�Q�J��

�W�R�����������������H�������W�D�N�H�Q���D�V���H�T�X�D�O���W�R�� 

  �• 
L �‹�•�–�@
�‡�k
�„

�A 

 

 
Fig. II 17-4 

Stiffening Parallel to Web of Primary Supporting Member 
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Fig. II 17-5 

Stiffening Perpendicular to Web of Primary Supporting Member 
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Dimensions of Stiffener 
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Examples of Coaming Stays 
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Example for the Extension of Coaming Plates 
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Lifting Forces at a Hatch Cover 
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�D�G�H�T�X�D�W�H���V�X�S�S�O�\���R�I���Y�H�Q�W�L�O�D�W�L�R�Q���W�R���W�K�H�V�H���V�S�D�F�H�V�� 
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������������ �7�K�H���V�F�D�Q�W�O�L�Q�J�V���R�I���S�O�D�W�L�Q�J���D�Q�G���V�W�L�I�I�H�Q�H�U�V���R�I���H�[�S�R�V�H�G���F�D�V�L�Q�J�V���S�U�R�W�H�F�W�L�Q�J���P�D�F�K�L�Q�H�U�\���R�S�H�Q�L�Q�J�V���D�U�H���W�R���E�H���R�E�W�D�L�Q�H�G���D�V��
�I�R�U���V�X�S�H�U�V�W�U�X�F�W�X�U�H���H�Q�G���E�X�O�N�K�H�D�G�V���D�Q�G���G�H�F�N�K�R�X�V�H���Z�D�O�O�V���V�S�H�F�L�I�L�H�G���L�Q�������������R�I���W�K�L�V���3�D�U�W�� 
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�W�K�L�V���3�D�U�W���D�V���I�R�U���D�Q���D�I�W���H�Q�G���E�X�O�N�K�H�D�G�� 
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������������ �6�N�\�O�L�J�K�W�V 
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�F�O�R�V�L�Q�J�� 
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Chapter 19 

Machinery Spaces and Tunnels 

�������� �*�H�Q�H�U�D�O 

������������ �7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �I�H�D�W�X�U�H�V�� �L�Q�� �W�K�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �D�Q�G�� �W�K�H�� �D�U�U�D�Q�J�H�P�H�Q�W�� �R�I�� �W�K�H�� �P�D�F�K�L�Q�H�U�\�� �V�S�D�F�H�� �D�U�H�� �W�R�� �E�H�� �F�D�U�H�I�X�O�O�\��
�F�R�Q�V�L�G�H�U�H�G�� 
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�H�T�X�L�Y�D�O�H�Q�W���D�U�U�D�Q�J�H�P�H�Q�W�V�� 

������������ �$�O�O�� �S�D�U�W�V�� �R�I�� �W�K�H�� �P�D�F�K�L�Q�H�U�\���� �V�K�D�I�W�L�Q�J���� �H�W�F���� �D�U�H�� �W�R�� �E�H�� �H�I�I�L�F�L�H�Q�W�O�\�� �V�X�S�S�R�U�W�H�G�� �D�Q�G�� �W�K�H�� �D�G�M�D�F�H�Q�W�� �V�W�U�X�F�W�X�U�H�� �L�V�� �W�R�� �E�H��
�D�G�H�T�X�D�W�H�O�\���V�W�U�H�Q�J�W�K�H�Q�H�G�� 
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�R�I���W�K�H���P�D�F�K�L�Q�H�U�\���I�R�X�Q�G�D�W�L�R�Q���D�Q�G���W�K�H���D�G�M�D�F�H�Q�W���V�W�U�X�F�W�X�U�H���D�U�H���W�R���E�H���V�S�H�F�L�D�O�O�\���V�W�U�H�Q�J�W�K�H�Q�H�G���D�Q�G���S�O�D�Q�V���D�U�H���W�R���E�H���V�X�E�P�L�W�W�H�G���I�R�U��
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���D�� �7�K�H�� �P�D�L�Q�� �H�Q�J�L�Q�H�V�� �D�U�H�� �W�R�� �E�H�� �V�H�D�W�H�G�� �X�S�R�Q�� �W�K�L�F�N�� �U�L�G�H�U�� �S�O�D�W�H�V�� �O�D�L�G�� �D�F�U�R�V�V�� �W�K�H�� �W�R�S�� �R�I�� �G�H�H�S���I�O�R�R�U�V�� �R�U�� �K�H�D�Y�\��
�I�R�X�Q�G�D�W�L�R�Q�� �J�L�U�G�H�U�V�� �H�I�I�L�F�L�H�Q�W�O�\���E�U�D�F�N�H�W�H�G�� �D�Q�G�� �V�W�L�I�I�H�Q�H�G�� �D�Q�G�� �K�D�Y�L�Q�J�� �V�X�I�I�L�F�L�H�Q�W�� �V�W�U�H�Q�J�W�K�� �L�Q�� �S�U�R�S�R�U�W�L�R�Q�� �W�R���W�K�H��
�S�R�Z�H�U���D�Q�G���V�L�]�H���R�I���W�K�H���H�Q�J�L�Q�H�V�� 

���E�� �7�K�H���P�D�L�Q���O�L�Q�H�V���R�I���E�R�O�W�L�Q�J���W�K�D�W���K�R�O�G���G�R�Z�Q���W�K�H���P�D�L�Q���H�Q�J�L�Q�H�V���W�R���W�K�H���U�L�G�H�U���S�O�D�W�H�V���P�H�Q�W�L�R�Q�H�G���L�Q�����D�����D�U�H���W�R���S�D�V�V��
�W�K�U�R�X�J�K���W�K�H���U�L�G�H�U���S�O�D�W�H�V���L�Q�W�R���W�K�H���J�L�U�G�H�U���S�O�D�W�H�V���S�U�R�Y�L�G�H�G���X�Q�G�H�U�Q�H�D�W�K�� 
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�W�K�H���K�X�O�O�����W�K�H���F�H�Q�W�U�H���N�H�H�O�V�R�Q���P�D�\���E�H���R�P�L�W�W�H�G���I�R�U���W�K�H���V�H�F�W�L�R�Q���Z�K�H�U�H���W�K�H���H�Q�J�L�Q�H���L�V���O�R�F�D�W�H�G�� 

������������ �,�Q���V�K�L�S�V���K�D�Y�L�Q�J���D���G�R�X�E�O�H���E�R�W�W�R�P���L�Q���W�K�H���P�D�F�K�L�Q�H�U�\���V�S�D�F�H�����W�K�H���I�R�O�O�R�Z�L�Q�J���D�S�S�O�L�H�V�� 

���D�� �:�K�H�U�H���H�Q�J�L�Q�H�V���D�U�H���E�R�O�W�H�G���G�L�U�H�F�W�O�\���W�R���W�K�H���L�Q�Q�H�U���E�R�W�W�R�P���W�K�H���W�K�L�F�N�Q�H�V�V���R�I���S�O�D�W�L�Q�J���X�Q�G�H�U���W�K�H���H�Q�J�L�Q�H���L�V���W�R���E�H���W�Z�L�F�H��
�W�K�H���U�X�O�H���W�K�L�F�N�Q�H�V�V�� 

���E�� �:�K�H�U�H���E�X�L�O�W���X�S���H�Q�J�L�Q�H���V�H�D�W�L�Q�J�V���R�I���D�P�S�O�H���V�W�U�H�Q�J�W�K���D�Q�G���V�W�L�I�I�Q�H�V�V���D�U�H���I�L�W�W�H�G���D�E�R�Y�H���W�K�H���L�Q�Q�H�U���E�R�W�W�R�P�����W�U�D�Q�V�Y�H�U�V�H��
�E�U�D�F�N�H�W�V���D�U�H���W�R���E�H���D�U�U�D�Q�J�H�G���R�Y�H�U���I�O�R�R�U�V���D�Q�G�����D�V���I�D�U���D�V���S�U�D�F�W�L�F�D�E�O�H�����O�R�Q�J�L�W�X�G�L�Q�D�O���J�L�U�G�H�U�V���D�U�H���W�R���E�H���X�Q�G�H�U���W�K�D�W���L�Q��
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���H�Q�J�L�Q�H���V�H�D�W�L�Q�J 

���D�� �7�K�H�� �Y�D�U�L�R�X�V�� �S�D�U�W�V�� �R�I�� �W�K�H�� �H�Q�J�L�Q�H�� �V�H�D�W�L�Q�J�� �D�U�H�� �W�R�� �E�H�� �D�F�F�X�U�D�W�H�O�\�� �I�D�L�U�H�G�� �D�Q�G�� �S�U�R�S�H�U�O�\�� �F�O�R�V�H�G�� �E�H�I�R�U�H�� �Z�H�O�G�L�Q�J�� �R�U��
�U�L�Y�H�W�L�Q�J���L�V���F�R�P�P�H�Q�F�H�G�� 
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�W�R effectively distribute the weight. 
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���F�� �:�K�H�U�H���W�K�H���F�O�H�D�U���V�S�D�F�H���L�V���X�Q�D�Y�R�L�G�D�E�O�\���O�H�V�V���W�K�D�Q���W�K�D�W���U�H�T�X�L�U�H�G���E�\�����������������E�����D�E�R�Y�H�����W�K�H���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���D�G�M�D�F�H�Q�W��
�V�W�U�X�F�W�X�U�H���L�V���W�R���E�H���L�Q�F�U�H�D�V�H�G�����R�U���V�X�L�W�D�E�O�H���L�Q�V�X�O�D�W�L�Q�J���D�U�U�D�Q�J�H�P�H�Q�W�V���D�U�H���W�R���E�H���P�D�G�H�� 

���G�� �$�Y�D�L�O�D�E�O�H���F�O�H�D�U�D�Q�F�H�V���D�U�H���W�R���E�H���L�Q�G�L�F�D�W�H�G���R�Q���W�K�H���S�O�D�Q���V�X�E�P�L�W�W�H�G���I�R�U���D�S�S�U�R�Y�D�O�� 

���H�� �+�R�O�G�� �E�X�O�N�K�H�D�G�V�� �D�Q�G�� �G�H�F�N�V�� �D�U�H�� �W�R�� �E�H�� �N�H�S�W�� �Z�H�O�O�� �F�O�H�D�U�� �R�I�� �W�K�H�� �E�R�L�O�H�U�V�� �D�Q�G�� �X�S�W�D�N�H�V���� �R�U�� �S�U�R�Y�L�G�H�G�� �Z�L�W�K�� �V�X�L�W�D�E�O�H��
�L�Q�V�X�O�D�W�L�Q�J���D�U�U�D�Q�J�H�P�H�Q�W�V�� 

���I�� �6�L�G�H���V�S�D�U�U�L�Q�J�V���D�U�H���W�R���E�H���S�U�R�Y�L�G�H�G on the bulkheads adjacent to the boilers, keeping suitable clearance on their 
hold sides. 

������������ �)�O�R�R�U�V���X�Q�G�H�U���E�R�L�O�H�U���E�H�D�U�H�U 

���D�� �,�Q�� �V�K�L�S�V�� �K�D�Y�L�Q�J�� �D�� �V�L�Q�J�O�H���E�R�W�W�R�P���L�Q���W�K�H���E�R�L�O�H�U���V�S�D�F�H���� �W�K�H���I�O�R�R�U���X�Q�G�H�U���W�K�H���E�R�L�O�H�U���E�H�D�U�H�U���L�V�� �W�R���E�H�� �L�Q�F�U�H�D�V�H�G���L�Q��
�V�W�U�H�Q�J�W�K���L�Q���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K�����������R�I���W�K�L�V���3�D�U�W�� 

���E�� �,�Q���V�K�L�S�V���K�D�Y�L�Q�J���D���G�R�X�E�O�H���E�R�W�W�R�P���L�Q���W�K�H���E�R�L�O�H�U���V�S�D�F�H�����W�K�H���I�O�R�R�U���L�V���W�R���E�H���L�Q�F�U�H�D�V�H�G���L�Q���V�W�U�H�Q�J�W�K���L�Q���F�R�P�S�O�L�D�Q�F�H��
�Z�L�W�K�����������D�Q�G�����������R�I���W�K�L�V���3�D�U�W�� 

������������ �'�H�F�N�V���X�Q�G�H�U���G�R�Q�N�H�\���E�R�L�O�H�U���D�Q�G���F�R�D�O�I�L�U�H�G���E�R�L�O�H�U 

���D�� �'�H�F�N�V���X�Q�G�H�U���G�R�Q�N�H�\���E�R�L�O�H�U�V���D�U�H���W�R���E�H���L�Q�F�U�H�D�V�H�G�������P�P���L�Q���W�K�L�F�N�Q�H�V�V���D�Q�G���S�U�R�W�H�F�W�H�G���X�Q�G�H�U���F�R�D�O���I�L�U�H�G���E�R�L�O�H�U�V���E�\��
�Q�R�W���O�H�V�V���W�K�D�Q���������P�P���R�I���I�L�U�H�E�U�L�F�N���R�U���F�H�P�H�Q�W�� 

���E�� �7�K�H���U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� ���������������D���� �D�E�R�Y�H�� �D�U�H�� �W�R�� �E�H�� �D�S�S�O�L�H�G�� �W�R���D�Q�\�� �S�D�U�W�� �R�I�� �W�K�H���G�H�F�N�� �R�Q�� �Z�K�L�F�K�� �W�K�H�� �I�L�U�H�� �I�U�R�P�� �W�K�H��
�G�R�Q�N�H�\���E�R�L�O�H�U���P�D�\���E�H���G�U�D�Z�Q�� 

�������� �%�O�R�F�N���D�Q�G���$�X�[�L�O�L�D�U�\���)�R�X�Q�G�D�W�L�R�Q�V 

������������ �6�W�U�X�F�W�X�U�H���X�Q�G�H�U���W�K�U�X�V�W���E�O�R�F�N 

���D�� �7�K�U�X�V�W���E�O�R�F�N�V���D�U�H���W�R���E�H���E�R�O�W�H�G���W�R���H�I�I�L�F�L�H�Q�W���I�R�X�Q�G�D�W�L�R�Q�V���H�[�W�H�Q�G�L�Q�J���Z�H�O�O���E�H�\�R�Q�G���W�K�U�X�V�W���E�O�R�F�N�V���D�Q�G���V�R���D�U�U�D�Q�J�H�G��
�W�K�D�W���W�K�H���O�R�D�G���L�V���H�I�I�H�F�W�L�Y�H�O�\���G�L�V�W�U�L�E�X�W�H�G���L�Q�W�R���D�G�M�D�F�H�Q�W���V�W�U�X�F�W�X�U�H�V�� 

���E�� �$�G�G�L�W�L�R�Q�D�O���L�Q�W�H�U�F�R�V�W�D�O���J�L�U�G�H�U�V���Z�L�W�K���G�R�X�E�O�H���D�W�W�D�F�K�P�H�Q�W�V���D�U�H���W�R���E�H���I�L�W�W�H�G���L�Q���Z�D�\���R�I���E�O�R�F�N���I�R�X�Q�G�D�W�L�R�Q�V���D�V���P�D�\��
�E�H���U�H�T�X�L�U�H�G�� 

������������ �3�O�X�P�E�H�U�� �E�O�R�F�N�V�� �D�Q�G�� �D�X�[�L�O�L�D�U�\�� �I�R�X�Q�G�D�W�L�R�Q�V�� �D�U�H�� �W�R�� �E�H�� �R�I�� �V�X�E�V�W�D�Q�W�L�D�O�� �V�W�U�H�Q�J�W�K�� �D�Q�G�� �H�I�I�L�F�L�H�Q�W�O�\�� �V�W�L�I�I�H�Q�H�G�� �E�R�W�K��
�O�R�Q�J�L�W�X�G�L�Q�D�O�O�\���D�Q�G���W�U�D�Q�V�Y�H�U�V�H�O�\�� 
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�������� �7�X�Q�Q�H�O�V���D�Q�G���7�X�Q�Q�H�O���5�H�F�H�V�V�H�V 

������������ �6�K�D�I�W���7�X�Q�Q�H�O�V 

���D�� �$���Z�D�W�H�U�W�L�J�K�W���W�X�Q�Q�H�O���R�I���V�X�I�I�L�F�L�H�Q�W���V�L�]�H���I�R�U���H�[�D�P�L�Q�L�Q�J���D�Q�G���U�H�S�D�L�U�L�Q�J���W�K�H���V�K�D�I�W�L�Q�J���L�V���W�R���E�H���I�L�W�W�H�G���L�Q���V�K�L�S�V���K�D�Y�L�Q�J��
�P�D�F�K�L�Q�H�U�\���D�P�L�G�V�K�L�S�V�����H�[�F�H�S�W���L�Q���F�D�V�H���R�I�����������������E�����E�H�O�R�Z�� 

���E�� �)�R�U�� �V�K�L�S�V�� �L�Q�W�H�Q�G�H�G�� �W�R�� �W�U�D�G�H�� �L�Q�� �V�K�H�O�W�H�U�H�G�� �Z�D�W�H�U�V���� �W�K�H�� �Z�D�W�H�U�W�L�J�K�W�� �W�X�Q�Q�H�O�� �P�D�\�� �E�H�� �R�P�L�W�W�H�G�� �S�U�R�Y�L�G�H�G�� �W�K�D�W�� �W�K�H��
�V�K�D�I�W�L�Q�J���L�V���R�W�K�H�U�Z�L�V�H���S�U�R�W�H�F�W�H�G���D�Q�G���W�K�H�U�H���L�V���D���U�H�F�H�V�V���D�W���D�O�O���W�L�P�H�V���W�R���W�K�H���E�H�D�U�L�Q�J���D�Q�G���W�K�H���S�D�F�N�L�Q�J���J�O�D�Q�G�����H�W�F�� 

������������ �'�R�R�U�V���D�Q�G���L�W�V���F�O�R�V�L�Q�J���D�S�S�O�L�D�Q�F�H�V 

���D�� �7�K�H���Z�D�W�H�U�W�L�J�K�W���G�R�R�U���L�V���W�R���E�H���I�L�W�W�H�G���D�W���W�K�H���I�R�U�H���H�Q�G���R�I���W�K�H���W�X�Q�Q�H�O�� 

���E�� �)�R�U���P�H�D�Q�V���R�I���F�O�R�V�L�Q�J�����D�Q�G���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���Z�D�W�H�U�W�L�J�K�W���G�R�R�U�V�����V�H�H�������������R�I���W�K�L�V���3�D�U�W�� 

������������ �(�V�F�D�S�H���W�U�X�Q�N�V 

���D�� �7�K�H���H�V�F�D�S�H���W�U�X�Q�N���L�V���W�R���E�H���S�U�R�Y�L�G�H�G���L�Q���W�K�H���W�X�Q�Q�H�O���D�W���D���V�X�L�W�D�E�O�H���O�R�F�D�W�L�R�Q���D�V���I�D�U���D�V���S�R�V�V�L�E�O�H�� 

���E�� �7�K�H���H�V�F�D�S�H���W�U�X�Q�N���L�V���W�R���E�H���O�H�G���W�R���W�K�H���E�X�O�N�K�H�D�G���G�H�F�N���R�U���D�E�R�Y�H�� 

������������ �7�K�L�F�N�Q�H�V�V���R�I���I�O�D�W���V�L�G�H���S�O�D�W�L�Q�J���R�I���W�X�Q�Q�H�O 

���D�� �7�K�H���W�K�L�F�N�Q�H�V�V�� �R�I�� �S�O�D�W�L�Q�J�� �R�Q���I�O�D�W���V�L�G�H�V���R�I�� �W�K�H���W�X�Q�Q�H�O���L�V�� �Q�R�W���W�R���E�H�� �O�H�V�V�� �W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G���I�U�R�P�� �W�K�H���I�R�O�O�R�Z�L�Q�J��
�I�R�U�P�X�O�D�� 

�t�ä�{���¾�Š
E�t�ä�w���������������������•�•  

�Z�K�H�U�H�� 
�6 �  �6�S�D�F�L�Q�J���R�I���V�W�L�I�I�H�Q�H�U�V�����L�Q���P�� 
�K �  �9�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H���D�W���W�K�H���P�L�G���O�H�Q�J�W�K���R�I���H�D�F�K���K�R�O�G���I�U�R�P���W�K�H���O�R�Z�H�U���H�G�J�H���R�I���W�K�H���V�L�G�H���Z�D�O�O���S�O�D�W�L�Q�J���W�R��

�W�K�H���E�X�O�N�K�H�D�G���G�H�F�N���D�W���W�K�H���F�H�Q�W�U�H���O�L�Q�H���R�I���W�K�H���V�K�L�S�����L�Q���P�� 

���E�� �7�K�H���O�R�Z�H�V�W���V�W�U�D�N�H�V���R�I���W�K�H���S�O�D�W�L�Q�J���D�U�H���W�R���E�H���L�Q�F�U�H�D�V�H�G���E�\�������P�P���D�E�R�Y�H���W�K�H���Y�D�O�X�H���U�H�T�X�L�U�H�G���E�\��19.5.4(a) above. 

������������ �7�R�S���R�I���W�X�Q�Q�H�O 

���D�� �:�K�H�U�H���W�K�H���W�R�S���R�I���W�K�H���W�X�Q�Q�H�O���L�V���I�O�D�W�� 

���L�� �7�K�H���W�K�L�F�N�Q�H�V�V���R�I���I�O�D�W���S�O�D�W�L�Q�J���R�I���W�K�H���W�R�S���R�I���W�X�Q�Q�H�O�V���R�U���W�X�Q�Q�H�O���U�H�F�H�V�V�H�V���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G��
�I�U�R�P���W�K�H���I�R�U�P�X�O�D���L�Q�����������������D�����D�E�R�Y�H�����K���E�H�L�Q�J���W�D�N�H�Q���D�V���W�K�H���K�H�L�J�K�W���I�U�R�P���W�K�H���W�R�S���S�O�D�W�H�V���W�R���W�K�H���E�X�O�N�K�H�D�G��
�G�H�F�N���D�W���W�K�H���F�H�Q�W�U�H���O�L�Q�H���R�I���W�K�H���V�K�L�S�� 

���L�L�� �:�K�H�U�H���X�Q�V�K�H�D�W�K�H�G���L�Q���Z�D�\���R�I���W�K�H���K�D�W�F�K�Z�D�\���W�K�H���W�R�S���S�O�D�W�L�Q�J���L�V���W�R���E�H���L�Q�F�U�H�D�V�H�G���E�\�����������P�P�� 

���L�L�L�� �:�K�H�U�H���W�K�H���W�R�S���R�I���W�K�H���W�X�Q�Q�H�O���R�U���W�K�H���U�H�F�H�V�V���I�R�U�P�V���D���S�D�U�W���R�I���D���G�H�F�N�����W�K�H���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���S�O�D�W�L�Q�J���L�V���W�R���E�H��
�L�Q�F�U�H�D�V�H�G���E�\���D�W���O�H�D�V�W���R�Q�H���P�P���D�E�R�Y�H���W�K�D�W���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���L�Q�����L�����D�E�R�Y�H�����E�X�W���L�W���L�V���Q�R�W���W�R��
�E�H���O�H�V�V���W�K�D�Q���W�K�D�W���U�H�T�X�L�U�H�G���I�R�U���W�K�H���G�H�F�N���S�O�D�W�L�Q�J���D�W���W�K�H���V�D�P�H���S�R�V�L�W�L�R�Q�� 

���E�� �:�K�H�U�H���W�K�H���W�R�S���R�U���V�L�G�H���R�I���W�K�H���W�X�Q�Q�H�O���L�V���F�X�U�Y�H�G�� 

���L�� �7�K�H���W�R�S���S�O�D�W�L�Q�J���P�D�\���E�H���R�I���W�K�H���W�K�L�F�N�Q�H�V�V���U�H�T�X�L�U�H�G���L�Q�����������������D�����D�E�R�Y�H���Z�L�W�K���D���V�W�L�I�I�H�Q�H�U���V�S�D�F�L�Q�J�����������P�P��
�O�H�V�V���W�K�D�Q���W�K�D�W���D�F�W�X�D�O�O�\���D�G�R�S�W�H�G�� 

���L�L�� �7�K�H�� �F�U�R�Z�Q�� �S�O�D�W�L�Q�J�� �L�Q�� �Z�D�\�� �R�I�� �W�K�H�� �K�D�W�F�K�Z�D�\�� �L�V�� �W�R�� �E�H�� �L�Q�F�U�H�D�V�H�G�� �E�\�� ���� �P�P�� �X�Q�O�H�V�V�� �F�R�Y�H�U�H�G�� �Z�L�W�K�� �Z�R�R�G��
�V�K�H�D�W�K�L�Q�J���Q�R�W���O�H�V�V���W�K�D�Q���������P�P���W�K�L�F�N�� 

���L�L�L�� �7�K�H���Z�R�R�G���V�K�H�D�W�K�L�Q�J���P�H�Q�W�L�R�Q�H�G���L�Q�����L�L�����D�E�R�Y�H���L�V���W�R���E�H���V�R���V�H�F�X�U�H�G���D�V���W�R���N�H�H�S���Z�D�W�H�U�W�L�J�K�W�Q�H�V�V���R�I���W�K�H���W�X�Q�Q�H�O��
�Z�K�H�U�H���L�W���P�L�J�K�W���E�H���G�D�P�D�J�H�G���E�\���F�D�U�J�R�����6�L�P�L�O�D�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q���L�V���W�R���E�H���W�D�N�H�Q���Z�K�H�U�H���D�S�S�D�U�D�W�X�V���V�X�F�K���D�V��
�O�D�G�G�H�U���V�W�H�S�V���D�U�H���S�U�R�Y�L�G�H�G���L�Q���W�K�H���W�X�Q�Q�H�O�V�� 
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19.5.10 Where the top of tunnels or tunnel recesses forms part of the deck; beams, pillars and girders under the top are 
to be of the scantlings required for similar members of bulkhead recesses. 
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19.5.12 Where watertight tunnels similar to shaft tunnels are provided, they are to be of similar construction to that of 
the shaft tunnels. 
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Ceiling 
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Chapter 21 

Ventilators, Air and Sounding Pipes 

21.1 Ventilators 

21.1.1 Height of ventilator coaming 

(a) The minimum height of the ventilator coaming above the upper surface of the deck exposed to the weather, 
measured above the sheathing, if fitted, is to be as follows: 

900 mm in Position 1 
760 mm in Position 2 

(b) The minimum height of the coaming of the patent ventilator will be specially considered. 

(c) Where the ship has an unusually large freeboard or where the ventilator serves spaces within unenclosed 
superstructures, the height of ventilator coamings may be suitably reduced. 

21.1.2 The thickness of ventilator coamings in Positions 1 and 2 specified in 17.1.2 of this Part leading to spaces 
below the freeboard deck or within enclosed superstructures is not to be less than that given by Line 1 in Table II 21-1 
of this Chapter. Where the height of the coamings is reduced by the provisions in 21.1.1, the thickness may be suitably 
reduced. Where ventilators pass through superstructures other than enclosed superstructures, the thickness of ventilator 
coamings in the superstructures is not to be less than that given by Line 2 in Table II 21-1 of this Chapter. 

Table II 21-1 
Thickness of Ventilator Coamings 

Thickness of coaming 
plate (mm) 

Outside diameter of ventilator (mm) 

80 and under 160 
230 and over but less 

than 330 
Line 1 6 8.5 8.5 
Line 2 4.5 4.5 6 

Notes: 
(1) For intermediate values of outside diameter of ventilator, the thickness of coaming plate is 

to be obtained by linear interpolation. 
(2) Where the outside diameter of ventilator is over 330 mm, the thickness of coaming plate is 

to be in accordance with the discretion of the Society. 

21.1.3 The coaming is to be effectively secured to properly stiffened deck plating of the sufficient thickness. 

21.1.4 The ventilator coaming which exceeds 900 mm in height and is not supported by the adjacent structure is to be 
specially supported. 

21.1.5 In particularly exposed positions the ventilator coaming height, scantlings and/or support may be required to 
be suitably increased above that given above. 

21.1.6 Closing appliances 

(a) Strong plugs and canvas covers or efficient metal covers which can be readily and effectively secured in 
place are to be provided for closing openings in coamings unless the height of the coaming is greater than 
4.5 m above the deck in Position 1 and 2.3 m above the deck in Position 2. 
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(b) In ships of not more than 100 m in length for freeboard the closing appliances are to be permanently attached. 
Where not so provided in other ships they are to be conveniently stowed near ventilators to which they are 
to be fitted. 

(c) Ventilators to cargo and machinery spaces are to be provided with a means for closing the openings that is 
capable of being operated from outside the spaces in case of fire. Furthermore, these ventilators are to be 
provided with an indicator that enables confirmation whether the shutoff is open or closed from outside of 
the ventilator as well as suitable means of inspection for closing appliances. 

(d) All ventilator openings in exposed positions on the freeboard and superstructure decks are to be provided 
with efficient weathertight closing appliances. Where the coaming of any ventilator extends to more than 4.5 
m above the surface of the deck in Position 1 or more than 2.3 m above the surface of the deck in Position II 
specified in 17.1.2 of this Part, such closing appliances may be omitted unless required in (c) above. 

21.1.7 Machinery spaces 

(a) Ventilators necessary to continuously supply the machinery spaces are to have coamings of height more than 
4.5 m above the deck in Position 1 and 2.3 m above the deck in Position 2, without having to fit weathertight 
closing appliances. Ventilators to emergency generator rooms are to be so positioned that closing appliances 
are not required. 

(b) Where due to ship size and arrangement this is not practicable, lesser heights for machinery space ventilator 
coamings may be accepted with provision of weathertight closing appliances in combination with other 
suitable arrangements to ensure an uninterrupted, adequate supply of ventilation to these spaces. 

21.1.8 Ventilator cowls are to be fitted closely to coamings and are to have housings of not less than 380 mm, except 
that a smaller housing may be permitted for ventilators of not greater than 200 mm in diameter. 

21.1.9 The ventilators for the deckhouses which protect the companionways leading to spaces below the freeboard 
deck are to be equivalent to those for the enclosed superstructures. 

21.1.10 The coamings of ventilators supplying the emergency generator room is to extend to more than 4.5 m above 
the surface of the deck in Position 1, and more than 2.3 m above the surface of the deck in Position 2 specified in 17.1.2 
of this Part. The ventilator openings are not to be fitted with weathertight closing appliances, except for those complying 
with IACS UR M75. However, where due to ship size and arrangement this requirement is not practicable, the height of 
ventilator coamings is to be at the discretion of the Society. 

21.1.11 The ventilators located on the exposed deck forward of 0.25L are to be of sufficient strength to resist green sea 
force if the height of the exposed deck in way of those ventilators is less than 0.1L or 22 m above the designed maximum 
load line, whichever is smaller. The length L is specified in 1.2.1 of this Part. 

21.2 Air and Sounding Pipes 

21.2.1 Air and soundings pipes are to be fitted in accordance with the requirements of Part VI and this Chapter. 

21.2.2 Height of air pipes 

(a) The height of the air pipe from the upper surface of the deck exposed to the weather, measured above 
sheathing, if fitted, is not to be less than: 

760 mm on the freeboard deck (including raised quarter deck). 
450 mm on the superstructure deck. 

(b) Where these heights may interfere with the working of the ship, a lower height may be approved, provided 
that closing arrangements are provided and other circumference justifying a lower height are satisfactory. 
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21.2.3 All openings of air and sounding pipes are to be provided with permanently attached satisfactory means of 
closing to prevent the free entry of water. Air pipes are to be provided with automatic closing devices. 

21.2.4 Striking plates of suitable thickness or equivalent are to be fitted under all sounding pipes. 

21.2.5 Air and sounding pipes are to be well protected in all cargo spaces or other areas where damage might likely 
occur. 
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Chapter 22 

Scuppers and Sanitary Discharges 

22.1 Scuppers and Sanitary Discharges 

22.1.1 Scuppers of sufficient number and size to provide effective drainage are to be fitted in all decks. However for 
the drainage of enclosed cargo spaces situated on the freeboard deck of a ship, the Society may permit the means of 
drainage to be dispensed with in any particular compartment of any ship or class of ship provided that the safety of the 
ship is considered not to be impaired by reasons coming from size or internal subdivision of those spaces. 

22.1.2 Scuppers draining from the weather deck and spaces within the superstructure or the deckhouse not fitted with 
efficient weathertight doors are to be led overboard. 

22.1.3 Scuppers and discharges draining from the space below the freeboard deck or the space within the 
superstructure or the deckhouse on the freeboard deck fitted with efficient weathertight doors may be led to the bilge, 
but may be led overboard provided that the space drained is above the load waterline, and pipes are fitted with efficient 
and accessible means of preventing water from passing inboard as required by 22.1.4 below. 

22.1.4 Automatic non-return valves 

(a) Non-return valves 

Normally each separate discharge is to have one automatic non-return valve with positive means of closing 
it from a position above the freeboard deck. Where the inboard end of the discharge pipe is located at least 
0.01L above the Summer Load Line, the discharge may have two automatic non-return valves without 
positive means of closing. Where that vertical distance exceeds 0.02L, a single automatic non-return valve 
without positive means of closing may be accepted. The means for operating the positive action valve are to 
be readily accessible and provided with an indicator showing whether the valve is open or closed. 

(b) One automatic non-return valve and one sluice valve controlled from above the freeboard deck instead of 
one automatic non-return valve with a positive means of closing from a position above the freeboard deck, 
is acceptable. 

(c) Where two automatic non-return valves are required, the inboard valve is always to be accessible for 
examination under service conditions (i.e., the inboard valve is to be above the level of the Tropical Load 
Line). If this is not practicable, the inboard valve need not be located above the Tropical Load Line, provided 
that a locally controlled sluice valve is fitted between the two automatic non-return valves. 

(d) Where sanitary discharges and scuppers lead overboard through the shell in way of machinery spaces, a 
locally operated positive closing valve at the shell, together with a non-return valve inboard, is acceptable. 
The controls of the valves are to be in an easily accessible position. 

(e) The position of the inboard end of discharges is to be related to the Summer Timber Load Line when a timber 
freeboard is assigned. 

(f) The requirements for non-return valves are applicable only to those discharges which remain open during 
the normal operation of a ship. For discharges which are to be kept closed at sea, a single screw down valve 
operated from the deck is acceptable. 

(g) Table II 22-1 provides the acceptable arrangements of scuppers, inlets and discharges. 
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22.1.5 Scupper pipes from enclosed cargo spaces on the freeboard deck of a ship are to be in accordance with the 
following requirements. 

(a) Where the freeboard to the freeboard deck is such that the deck edge is immersed when the ship heels more 
than 5°, the drainage shall be fitted in accordance with the requirements for scuppers, inlets and discharges 
of the International Convention on Load Lines in force discharging directly overboard. 

(b) Where the freeboard is such that the edge of the freeboard deck is immersed when the ship heels 5° or less, 
the drainage of the enclosed cargo spaces on the freeboard deck shall be led to a suitable space, or spaces, of 
adequate capacity, having a high water level alarm and provided with suitable arrangements for discharge 
overboard. In addition, it is to be ensured that: 

(i) the number, size and disposition of the scuppers are such as to prevent unreasonable accumulation of 
free water; 

(ii)  the pumping arrangements required for ships, take account of the requirements for any fixed pressure 
water-spraying fire-extinguishing system; 

(iii)  water contaminated with petrol or other dangerous substances is not drained to machinery spaces or 
other spaces where sources of ignition may be present; and 

(iv) where the enclosed cargo space is protected by a carbon dioxide fire-extinguishing system, the deck 
scuppers are to be fitted with means to prevent the escape of the smothering gas. 

22.1.6 Scuppers let through the shell from enclosed superstructures used for the carriage of cargo are to be permitted 
only where the edge of the freeboard deck is not immersed when the ship heels 5° either way. In other cases the drainage 
is to be led inboard in accordance with requirements of the International Convention for the Safety of Life at Sea in 
force. 

22.1.7 In manned machinery spaces, main and auxiliary sea inlets and discharges in connection with the operation of 
machinery may be controlled locally. The controls are to be readily accessible and are to be provided with indicators 
showing whether the valves are open or closed. 

22.1.8 Scuppers and discharge pipes originating at any level and penetrating the shell either more than 450 mm below 
the freeboard deck or less than 600 mm above the Summer Load Line are to be provided with a non-return valve at the 
shell. This valve, unless required by 22.1.4, may be omitted if the piping is of substantial thickness (see 22.1.9 below) 

22.1.9 Scupper and discharge pipes 

(a) For scupper and discharge pipes, where substantial thickness is not required: 

(i) For pipes having an external diameter equal to or less than 155 mm, the thickness is not to be less 
than 4.5 mm; 

(ii)  For pipes having an external diameter equal to or more than 230 mm, the thickness is not to be less 
than 6 mm. 

Intermediate sized are to be determined by linear interpolation. 

(b) For scupper and discharge pipes, where substantial thickness is required: 

(i) For pipes having an external diameter equal to or less than 80 mm, the thickness is not to be less than 
7 mm; 

(ii)  For pipes having an external diameter of 180 mm, the thickness is not to be less than 10 mm; 

(iii)  For pipes having an external diameter equal to or more than 220 mm, the thickness is not to be less 
than 12.5 mm. 

Intermediate sizes are to be determined by linear interpolation. 

22.1.10 In all cargo spaces or other spaces where damage might likely occur, all scuppers and discharges including their 
valves, controls and indicators are to be well protected. 

22.1.11 In cases where fixed pressure water-spraying systems are fitted in closed vehicle and ro/ro spaces and special 
category spaces, drainage systems are to comply with SOLAS Reg. II-2/20.6.1.4. 
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22.1.12 Discharges with inboard opening located lower than the ship's uppermost load line may be accepted when a 
loop of the pipe is arranged between the inboard opening and the outlet in hull. The top of the loop is to be regarded as 
the position of the inboard opening, and the pipeline shall be provided with valves according to Table II 22-1 of this 
Chapter. 

22.1.13 Gravity discharges from top wing tanks may be arranged. The drop valves shall be of substantial construction 
and of ductile material, and they are to be closeable from an always accessible position. It is to be possible to blank- 
flange the discharge or to lock the valves in closed position when the tanks are used for carrying cargo. The thickness 
of the pipe or box leading from the tank through the shell is to comply with the requirements given for discharges. 

22.1.14 Drainage from helicopter decks is to comply with the requirements for the class notation Helideck-N. 

22.2 Rubbish and Ash Chutes 

22.2.1 The inboard opening of each ash-shoot, rubbish-shoot, etc. is to be provided with an efficient cover. 

22.2.2 If the inboard opening prescribed in 22.2.1 is situated below the freeboard deck of ships, the cover is to be 
watertight, and in addition an automatic non-return valve is to be fitted in the ash-shoot, rubbish-shoot, etc. at an easily 
accessible position above the deepest subdivision load line. 

22.2.3 Two gate valves controlled from the working deck of the chute instead of the non-return valve with a positive 
means of closing from a positive above the freeboard deck which comply with the following requirements are acceptable: 

(a) the lower gate valve is to be controlled from a position above the freeboard deck. An interlock system 
between the two valves is to be arranged; 

(b) the inboard end is to be located above the waterline formed by an 8.5° heel to port or starboard at a draft 
corresponding to the assigned summer freeboard, but not less than 1,000 mm above the summer waterline. 
Where the inboard end exceeds 0.01L above the summer waterline, valve control from the freeboard deck is 
not required, provided the inboard gate valve is always accessible under service conditions; and 

(c) Alternatively, the upper and lower gate valves may be replaced by a hinged weathertight cover at the inboard 
end of the chute together with a discharge flap. The cover and flap are to be arranged with an interlock so 
that the discharge flap cannot be operated until the hopper cover is closed. 

22.2.4 The entire chute, including the cover, is to be constructed of material of substantial thickness. This implies that 
the entire chute is to be of at least equivalent strength as the hull it is penetrating. 

22.2.5 The controls for the gate valves and/or hinged covers are to be clearly marked: "Keep closed when not in use". 

22.2.6 Where the inboard end of the chute is below the equilibrium waterlines of a ship to which damage stability 
requirements apply, then: 

(a) the inboard end hinged cover/valve is to be watertight; 

(b) the valve is to be a screw-down non-return valve fitted in an easily accessible position above the deepest 
load line; and 

(c) the screw-down non-return valve is to be controlled from a position above the bulkhead deck and provided 
with open/closed indicators. The valve control is to be clearly marked: "Keep closed when not in use". 

22.3 Materials for Valves and Pipes 

22.3.1 All valves and shell fittings required by this Chapter are to be of steel, bronze or other approved ductile 
materials. Valves of ordinary cast iron or similar material are not acceptable. 

22.3.2 All pipes to which this Chapter refers are to be of steel or other equivalent approved materials. 
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Chapter 23 

Painting 

23.1 Painting 

23.1.1 Unless otherwise approved, all steel work is to be suitably coated with paint or equivalent except in side tanks 
intended for oil. Special requirements may be additionally made by the Society in accordance with the kind of ships, 
purpose of spaces, etc. However, where it is recognized by the Society that the spaces are effectively protected against 
corrosion of steel works by the means other than painting or due to quality of cargoes, etc., painting may be omitted. 
The surface of steel works is to be thoroughly cleaned and loose rust, oil and other injurious adhesives are to be removed 
before being painted. At least the outer surface of shell plating below the load line is to be sufficiently free from rust 
and mill scale before painting. 

23.1.2 Steel work is to be suitably cleaned and cleared of mill scale. It is recommended that blast cleaning or other 
equally effective means be employed for this purpose. 

23.1.3 When the mill scale is removed by methods less effective than shot blasting, it is desirable when several months 
elapse between launching and delivery, to dry-dock the ship immediately before entry into service. 

23.1.4 All  dedicated sea water ballast tanks in all types of ships of not less than 500 GT are to have protective coatings 
in compliance with the requirements of IMO Resolution MSC.215(82). 

23.1.5 Tanks or holds for salt water ballast are to have a corrosion resistant hard type coating such as epoxy or zinc 
on all structural surfaces. Where a long retention of salt water ballast is expected due to the type of ship or unit, special 
consideration for the use of inhibitors or sacrificial anodes may be given. 

23.2 Cementing 

23.2.1 The bottom in ships with single bottoms, the bilges in all ships and the double bottoms in the boiler spaces of 
all ships are to be efficiently protected by Portland cement or other equivalent materials which cover the plates and 
frames as far as the upper turn of bilge. However, cement protection may be dispensed with in the bottom of the space 
solely used for carriage of oil. 

23.2.2 Portland cement is to be mixed with fresh water and sand or other satisfactory substances, in the proportion of 
about one part of cement to two of sand. 

23.2.3 The thickness of cement is not to be less than 20 mm at the edges. 

23.2.4 The top plating of tanks, where ceiled directly, is to be covered with good tar put on hot and well sprinkled with 
cement powder, or with other equally effective coatings. 
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Chapter 24 

Rudders 

24.1 General 

24.1.1 The following requirements generally apply to: 

(a) The rudder constructed as a double-plated stream line section, an ordinary shape and not more than two 
pintles, as shown in Fig. II 24-1 and Fig. II 24-2 of this Chapter, designed with a moving angle not more than 
35�q on each side without any special arrangement for increasing the rudder force, such as fins, flaps, steering 
propellers, etc. Rudders not confirming with the ordinary types are to be approved under special 
consideration by the Society. 

(b) High-lift rudders described in Table II 24-1 of this Chapter, the rudder operating angle of which might be 
exceeding 35° on each side at maximum design speed. 

(c) Other steering equipment other than rudders identified in this Chapter. 

24.1.2 Materials 

(a) Rudder stocks, pintles, flanges, coupling bolts, keys and cast parts of rudders are to be made of rolled, forged 
steel or cast carbon manganese steel conforming to the requirements of Part XI. 

(b) Welded part of rudders are to be made of approval rolled hull materials. 

(c) Material factor K for normal and high tensile steel plating may be taken into account when specified in each 
individual rule requirement. The material factor K is to be taken as defined in 1.5.2(a) of this Part, unless 
otherwise specified. 

(d) For rudder stocks, pintles, keys and bolts the minimum yield stress is not to be less than 200 N/mm2. The 
requirements in this Chapter are based on a material's yield stress of 235 N/mm2. If material is used having 
a yield stress differing from 235 N/mm2, the material factor K is to be determined as specified in 1.5.2 (c) of 
this Part. 

(e) Before significant reductions in rudder stock diameter due to the application of higher tensile steels are 
granted, the evaluation of the large rudder stock deformations is to be submitted for consideration in order 
to avoid excessive edge pressure in way of bearings. 

24.1.3 Effective means are to be provided for preventing the rudder from jumping and for supporting the weight of 
the rudder without excessive bearing pressure. They are to be arranged to prevent accidental unshipping or undue 
movement of the rudder which may cause damage to the steering gear. 
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Fig. II 24-1 

Shoe piece Supported Type Rudder 

 

 
Fig. II 24-2 

Horn Supported Type Rudder 

24.1.4 Welding and design details 

(a) Slot-welding is to be limited as far as possible. Slot welding is not to be used in areas with large in-plane 
stresses transversely to the slots or in way of cut-out areas of semi-spade rudders. 

When slot welding is applied, the length of slots is to be minimum 75 mm with breadth of 2 t, where t is the 
rudder plate thickness, in mm. The distance between ends of slots is not to be more than 125 mm. The slots 
are to be fillet welded around the edges and filled with a suitable compound, e.g. epoxy putty. Slots are not 
to be filled with weld.  

Continuous slot welds are to be used in lieu of slot welds. When continuous slot welding is applied, the root 
gap is to be between 6-10 mm. The bevel angle is to be at least 15°. 
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(b) In way of the rudder horn recess of semi-spade rudders, the radii in the rudder plating are not to be less than 
5 times the plate thickness, but in no case less than 100 mm. Welding in side plate are is to be avoided in or 
at the end of the radii. Edges of side plate and weld adjacent to radii are to be ground smooth. 

(c) Welds between plates and heavy pieces (solid parts in forged or cast steel or very thick plating) are to be 
made as full penetration welds. In way of highly stressed areas e.g. cut-out of semi-spade rudder and upper 
part of spade rudder, cast or welding on ribs is to be arranged. Two sided full penetration welding is normally 
to be arranged. Where back welding is impossible welding is to be performed against ceramic backing bars 
or equivalent. Steel backing bars may be used and are to be continuously welded on one side to the heavy 
piece. 

(d) Requirements for welding and design details of rudder trunks are described in 24.10 of this Chapter. 

(e) Requirements for welding and design details when the rudder stock is connected to the rudder by horizontal 
flange coupling are described in 24.5.1 of this Chapter. 

(f) Requirements for welding and design details of rudder horns are described in 2.2.5 of this Part. 

24.1.5 Equivalence 

(a) The Society may accept alternatives to requirements given in this Chapter, provided they are deemed to be 
equivalent. 

(b) Direct analyses adopted to justify an alternative design are to take into consideration all relevant modes of 
failure, on a case by case basis. These failure modes may include, amongst others: yielding, fatigue, buckling 
and fracture. Possible damages caused by cavitation are also to be considered. 

(c) If deemed necessary by the Society, lab tests, or full scale tests may be requested to validate the alternative 
design approach. 

24.2 Rudder Force and Rudder Torque 

24.2.1 Rudder blades without cut-outs 

(a) The rudder force upon which the rudder scantlings are to be based is to be determined from the following 
formula: 

F = 132 K1 K2 K3 A V2     N 

where: 
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�. �� �  ������ �I�R�U���U�X�G�G�H�U�V���R�X�W�V�L�G�H���W�K�H���S�U�R�S�H�O�O�H�U���M�H�W�� 
 �  �������� �I�R�U���U�X�G�G�H�U�V���E�H�K�L�Q�G���D���I�L�[�H�G���S�U�R�S�H�O�O�H�U���Q�R�]�]�O�H�� 
 �  ������ �R�W�K�H�U�Z�L�V�H�� 

(b) The rudder torque is to be calculated for both the ahead and astern condition from the following formula: 

Q = F r     N-m 

where: 
�4 �  �5�X�G�G�H�U���W�R�U�T�X�H�����L�Q���1���P�� 
�U �  �E�����D�������N��     ���L�Q���P�� 
 �t ���������E �I�R�U���D�K�H�D�G���F�R�Q�G�L�W�L�R�Q�����L�Q���P�� 
�E �  �0�H�D�Q���E�U�H�D�G�W�K���R�I���U�X�G�G�H�U���D�U�H�D�����L�Q���P�����V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�D �  �������� �I�R�U���D�K�H�D�G���F�R�Q�G�L�W�L�R�Q�� 
 �  �������� �I�R�U���D�V�W�H�U�Q���F�R�Q�G�L�W�L�R�Q�� 
�N �  �%�D�O�D�Q�F�H���I�D�F�W�R�U�� 

 �  
�� �d

��
 

�$�I �  �3�R�U�W�L�R�Q���R�I���W�K�H���U�X�G�G�H�U���E�O�D�G�H���D�U�H�D���V�L�W�X�D�W�H�G���D�K�H�D�G���R�I���W�K�H���F�H�Q�W�H�U���O�L�Q�H���R�I���W�K�H���U�X�G�G�H�U���V�W�R�F�N�����L�Q���P���� 
�$ �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�����D�����D�E�R�Y�H�� 

24.2.2 Rudder blades with cut-outs (semispade rudders) 

(a) The rudder force of each part may be taken as: 

�	�5 
L �	
�� �5

��
������������������������������������������  

�	�6 
L �	
�� �6

��
������������������������������������������  

where: 
�$ �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�������������������D�����D�E�R�Y�H�� 
 �  �$���������$�� �V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 

(b) The total resulting torque may be taken as: 

Q = Q1 + Q2     N-m 

where: 
�4 �  �7�R�W�D�O���W�R�U�T�X�H�����L�Q���1���P����   

 �t �r�ä�s�	
l
�� �5�„�5 
E�� �6�„�6

��

p���ˆ�‘�”���ƒ�Š�‡�ƒ�†���…�‘�•�†�‹�–�‹�‘�• 

�4�� �  �)�����U��     �1���P 
�4�� �  �)�����U��     �1���P 
�U�� �  �E�����D�������N������ �O�H�Y�H�U���R�I���$�������L�Q���P�� 
�U�� �  �E�����D�������N������ �O�H�Y�H�U���R�I���$�������L�Q���P�� 
�E�����D�Q�G���E�� �  �0�H�D�Q���E�U�H�D�G�W�K���R�I���S�D�U�W�L�D�O���D�U�H�D�V���$�����D�Q�G���$���� 
�D �  �������� �I�R�U���D�K�H�D�G���F�R�Q�G�L�W�L�R�Q�� 
 �  �������� �I�R�U���D�V�W�H�U�Q���F�R�Q�G�L�W�L�R�Q�� 
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Table II 24-1 
Factor of K2 
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Fig. II 24-3 

Rudder Blade without Cutout 

 

Fig. II  24-4 
Rudder Blade with Cutout 

24.2.3 Rudder strength calculation 

(a) The rudder strength is to be sufficient against the rudder force and rudder torque as given in 24.2.1 and 24.2.2 
above. When the scantling of each part of a rudder is determined, the following moments and forces are to 
be considered: 

For rudder body: bending moment and shear force 

For rudder stock: bending moment and torque 

For pintle bearing and rudder stock bearing: supporting force 

For rudder horn and heel piece: bending moment shear force and torques. 

�$�����D�Q�G���$�����L�Q�F�O�X�G�H���$���I���D�Q�G���$���I���U�H�V�S�H�F�W�L�Y�H�O�\ 
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(b) The bending moments, shear forces and supporting forces to be considered are to be determined by a direct 
calculation or by an approximate simplified method as deemed appropriate by the Society. For rudder 
supported by shoe pieces or rudder horns, these structures are to be included in the calculation model in order 
to account for the elastic support of the rudder body. 

24.2.4 Rudder blades with twisted leading-edge 

(a) This kind of rudder has the leading edge twisted horizontally on the top and bottom of the section that is an 
extension of the center of the propeller shaft. For the purpose of calculating design force, twisted rudders 
may be distinguished in four categories: 
 

Category Description 

1 The projected leading edge of twisted upper and lower blades not lineup to each other 

2 The projected leading edge of twisted upper and lower blades form a straight line 

3 Rudder with twisted leading edge combined with tail edge flap or fins 

4 The twisted leading edge has a smooth continuous wavy contour (no deflector) or the 
rudder has multiple section profile types 

Design force for rudder with twisted leading edge is obtained according to the following criteria: 

(i) For Category 1 rudders as indicated in the above table, design force over upper and lower rudder 
blades are obtained from the following equations respectively: 

F1 = 132 K1 K2 K3 A1V2  N 
F2 = 132 K1 K2 K3 A2V2  N 
F = F1+F2     N 

(ii)  For Categories 2, 3, and 4, rudder design force indicated in 24.2.1(a) is applicable, that is: 

F = 132 K1 K2 K3 AV 2  N 

where: 

K1, K2, K3, A, and V are as defined in 24.2.1(a), (for rudder has multiple section profile types, A is the 
whole projected areas). 

A����and A����are the projected areas of upper and lower blades separated at the deflector cross section, 
respectively. Where the effective projected area of rudder bulb (if present) forward of rudder leading 
edge is significant and needs to be counted, the proportioned bulb effective areas are added to A����and 
A����accordingly. 

Values of K2 for ahead and astern conditions are determined from one of the methods below as 
applicable, if the type of basic rudder profile is not provided: 

(i) K2 is taken from Table II 24-1 of this Chapter for twisted rudders of Categories 1 & 2; 

(ii)  K2 is taken from Table II 24-1 of this Chapter for twisted rudders of Category 3; 

(iii)  K2 is subjected to special considerations for twisted rudders of Category 4; 

(iv) Shipyard/rudder manufacturers' submitted K2 obtained from testing data or calculations may 
be accepted subject to the Society's review of all the supporting documents; 

(b) The rudder design torque, Q, for rudder scantling calculations, is to be in accordance with 24.2.1(a) or 
24.2.2(b) of this Chapter as applicable. 
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24.3 Rudder Stock 

24.3.1 The rudder stock diameter required for the transmission of the rudder torque is to be dimensioned such that the 
torsional stress is not exceeding the following value: 

�2T = 68/K  N/mm2 

The rudder stock diameter for the transmission of the rudder torque is therefore not to be less than: 

�†�r��
L ���v�ä�t 
¥�����/ �������������������������������������•�•  

where: 
�G�W �  �5udder stock diameter for the transmission of the rudder torque in mm. 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���V�S�H�F�L�I�L�H�G���L�Q�����������������F�����R�I���W�K�L�V���S�D�U�W�� 
�4 �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�����������������E�����D�Q�G���R�U�����������������D�E�R�Y�H�� 

24.3.2 Rudder stock scantlings due to combined loads 
If the rudder stock is subjected to combined torque and bending, the equivalent stress in the rudder stock is not to exceed 
118/K, in N/mm2. 

The equivalent stress is to be determined by the formula: 

�P�a��
L��
§�P�`
�6��
E���u�R�r

�6�������������������������������������������������������� ���•�• �6 

Bending stress: 

�P�`�� 
L ���s�r�ä�t��
H���s�r�7�� �������†�a
�7������������������������������ ���• �• �6 

Torsional stress: 

�R�r��
L ���w�ä�s��
H���s�r�7�� �������†�a
�7�������������������������������������� ���• �• �6 

The stock diameter is therefore not to be less than: 

�†�a 
L �†�r
¨ �s
E
�v

�u
�:
��

��
�;�6

�2
�����������������������������������������������•�•  

where: 
�G�W �  �5udder stock diameter for the transmission of the rudder torque�����L�Q���P�P�����D�V���J�L�Y�H�Q���L�Q�����������������D�E�R�Y�H�� 
�0 �  �%�H�Q�G�L�Q�J���P�R�P�H�Q�W�����D�W���W�K�H���V�H�F�W�L�R�Q���R�I���W�K�H���U�X�G�G�H�U���V�W�R�F�N���F�R�Q�V�L�G�H�U�H�G�����L�Q���1���P�� 
�4 �  �$�V���V�S�H�F�L�I�L�H�G���L�Q�����������������E�����D�E�R�Y�H�� 

24.3.3 Increase in Diameter of Rudder Stocks for Special Cases 

(a) In ships which may be frequently steered at a large helm angle when sailing at their maximum speed, such 
as fishing ships, the diameters of rudder stocks and pintles, as well as the section modulus of mainpieces, are 
not to be less than 1.1 times those required in this Chapter. 

(b) In ships which might require quick steering, the diameter of rudder stocks is to be properly increased beyond 
the requirements in this Chapter. 

24.3.4 Before significant reductions in rudder stock diameter due to the application of steels with yield stresses 
exceeding 235 N/mm2 are granted, the Society may require the evaluation of the rudder stock deformations. Large 
deformations of the rudder stock are to be avoided in order to avoid excessive edge pressures in way of bearings. 
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24.4 Rudder Plates, Rudder Webs and Rudder Main Pieces 

24.4.1 Permissible stresses 
The section modulus and the web area of a horizontal section of the rudder blade made of ordinary hull structural steel 
are to be such that the following stresses will not be exceeded: 

(a) Rudder blades without cut-outs (Fig. II 24-3 of this Chapter) 

(i) bending stress:  �P�`                 110/K N/mm2 

(ii)  shear stress:  �2����������������������������������������������  50/K  N/mm2 

(iii)  equivalent stress: �P�a 
L 
¥�P�`
�6 
E�u�R�6  120/K N/mm2 

K = Material factor for the rudder plating as given in 1.5.2(a) of this Chapter 

(b) Rudder blades with cut-outs (e.g. semi-spade rudders. Fig. II 24-4 of this Chapter) 

(i) bending stress:  �P�`                     75 N/mm2 

(ii)  shear stress in way of cut-outs:  �2������ 50 N/mm2 

(iii)  equivalent stress: �P�a 
L 
¥�P�`
�6 
E�u�R�6  100 N/mm2 

Note: The stresses in (b) apply equally to high tensile and ordinary steels. 

24.4.2 The thickness of the rudder side, top and bottom plating made of ordinary hull structural steel is not to be less 
than the value obtained from the following formula: 

�–��
L ���w�ä�w���•�E�¾�� 
¥�†�d
E�	 
H�s�r�?�8���� ��
E���t�ä�w�����������������������•�•  

where: 
�G�I �  �6�X�P�P�H�U���O�R�D�G�O�L�Q�H���G�U�D�X�J�K�W���R�I���W�K�H���V�K�L�S�����L�Q���P�� 
�) �  �5�X�G�G�H�U���I�R�U�F�H�����L�Q���1�� 
�$ �  �5�X�G�G�H�U���D�U�H�D�����L�Q���P���� 

�E �  
¨ �s�ä�s
F�r�ä�w�@
�•
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���á�•�ƒ�š�ä�s�ä�r�r�����ˆ�‘�”����
�„

�•

R�t�ä�w 

�V �  �6�P�D�O�O�H�V�W���X�Q�V�X�S�S�R�U�W�H�G���Z�L�G�W�K���R�I���S�O�D�W�L�Q�J�����L�Q���P�� 
�E �  �*�U�H�D�W�H�V�W���X�Q�V�X�S�S�R�U�W�H�G���Z�L�G�W�K���R�I���S�O�D�W�L�Q�J�����L�Q���P�� 

�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���U�X�G�G�H�U���S�O�D�W�L�Q�J���D�V���J�L�Y�H�Q���L�Q���������������D�����R�I���W�K�L�V���3�D�U�W�� 

24.4.3 The plating is to be suitably stiffened by vertical and horizontal webs. The thickness of web plates is not to be 
less than 70% of the rudder side plating, however, not less than 8 mm. For higher tensile steels the material factor 
according to 1.5.2(c) of this Part is to be used. 

24.4.4 Mainpiece 

(a) The thickness of the plating of the rudder with plate frames may require to be increased in way of vertical 
webs which replace the mainpiece. 

(b) Horizontal webs and vertical webs not replacing the mainpiece are to have the same thickness as the rudder 
plating, but plates forming the top and the bottom of the rudder are to be of increased thickness. 

(c) Vertical webs replacing the mainpiece may be required to be increased in thickness. 

(d) The spacing of vertical webs are generally not to be larger than 1.5 times the horizontal web spacing. 

24.4.5 Single plate rudder 

(a) The mainpiece diameter is to be calculated according to 24.3.1 and 24.3.2 of this Chapter respectively. For 
spade rudders the lower third may taper down to 0.75 times stock diameter. 
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(b) The blade thickness, tb, is not to be less than the value obtained from the following formula: 

�–�` ��
L ���s�ä�w�•���¾�� 
E�t�ä�w���������������������•�•  

where: 
�V �  �6�S�D�F�L�Q�J���R�I���V�W�L�I�I�H�Q�L�Q�J���D�U�P�V�����L�Q���P�����Q�R�W���W�R���H�[�F�H�H�G�������P�� 
�9 �  �6�S�H�H�G�����L�Q���N�Q�R�W�V�����D�V���V�S�H�F�L�I�L�H�G���L�Q�����������������D�����R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���U�X�G�G�H�U���S�O�D�W�L�Q�J���D�V���J�L�Y�H�Q���L�Q���������������D�����R�I���W�K�L�V���3�D�U�W�� 

(c) The thickness of the arms, ta, is not to be less than the blade thickness, tb: 

ta �t tb 

(d) The section modulus, Z, of each set of arms about the axis of the rudder stock is not to be less than the value 
obtained from the following formula: 

Z = 0.5 s x2 V2K     cm3 

where 
�V �  �6�S�D�F�L�Q�J���R�I���V�W�L�I�I�H�Q�L�Q�J���D�U�P�V�����L�Q���P�����Q�R�W���W�R���H�[�F�H�H�G�������P�� 
�9 �  �6�S�H�H�G�����L�Q���N�Q�R�W�V�����D�V���V�S�H�F�L�I�L�H�G���L�Q�����������������D�����R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�[ �  �+�R�U�L�]�R�Q�W�D�O���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���D�I�W���H�G�J�H���R�I���W�K�H���U�X�G�G�H�U���W�R���W�K�H���F�H�Q�W�H�U�O�L�Q�H���R�I���W�K�H���U�X�G�G�H�U���V�W�R�F�N�����L�Q���P�� 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���J�L�Y�H�Q���L�Q���������������D�����R�U���������������F�����R�I���W�K�L�V���3�D�U�W���U�H�V�S�H�F�W�L�Y�H�O�\ 

24.4.6 Rudder Frame 

(a) The rudder body is to be stiffened by horizontal and vertical rudder frames enabling it to withstand bending 
like a girder. 

(b) The standard spacing of horizontal rudder frames is to be obtained from the following formula: 

0.2(L/100) + 0.4     m 

(c) The standard distance from the vertical rudder frame forming the rudder main piece to the adjacent vertical 
frame is to be 1.5 times the spacing of horizontal rudder frames. 

(d) The thickness of rudder frames is not to be less than 8 mm or 70% of the thickness of the rudder plates as 
given in 24.4.2 of this Chapter, whichever is greater. 

24.4.7 Connections of rudder blade structure with solid parts 

(a) Solid parts in forged or cast steel, which house the rudder stock or the pintle, are normally to be provided 
with protrusions.  

These protrusions are not required when the web plate thickness is less than: 

- 10 mm for web plates welded to the solid part on which the lower pintle of a semi-spade rudder is 
housed and for vertical web plates welded to the solid part of the rudder stock coupling of spade 
rudders. 

- 20 mm for other web plates. 

(b) The solid parts are in general to be connected to the rudder structure by means of two horizontal web plates 
and two vertical web plates. 

(c) Minimum section modulus of the connection with the rudder stock housing. 

The section modulus of the cross-section of the structure of the rudder blade, in cm3, formed by vertical web 
plates and rudder plating, which is connected with the solid part where the rudder stock is housed is to be 
not less than: 
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where: 

�&�V �  �&�R�H�I�I�L�F�L�H�Q�W�����W�R���E�H���W�D�N�H�Q���H�T�X�D�O���W�R���� 

  �������� �L�I�� �W�K�H�U�H�� �L�V�� �Q�R�� �R�S�H�Q�L�Q�J�� �L�Q�� �W�K�H�� �U�X�G�G�H�U�� �S�O�D�W�L�Q�J�� �R�U�� �L�I�� �V�X�F�K�� �R�S�H�Q�L�Q�J�V�� �D�U�H�� �F�O�R�V�H�G�� �E�\�� �D�� �I�X�O�O�� �S�H�Q�H�W�U�D�W�L�R�Q��
�Z�H�O�G�H�G���S�O�D�W�H 

  �������� �L�I���W�K�H�U�H���L�V���D�Q���R�S�H�Q�L�Q�J���L�Q���W�K�H���F�R�Q�V�L�G�H�U�H�G���F�U�R�V�V���V�H�F�W�L�R�Q���R�I���W�K�H���U�X�G�G�H�U 

�G�F �  �5�X�G�G�H�U���V�W�R�F�N���G�L�D�P�H�W�H�U�����L�Q���>�P�P�@�����D�F�F�R�U�G�L�Q�J���W�R�����������������R�I���W�K�L�V���&�K�D�S�W�H�U 

�+�( �  �9�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���O�R�Z�H�U���H�G�J�H���R�I���W�K�H���U�X�G�G�H�U���E�O�D�G�H���D�Q�G���W�K�H���X�S�S�H�U���H�G�J�H���R�I���W�K�H���V�R�O�L�G���S�D�U�W�����L�Q���P 

�+�[ �  �9�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���F�R�Q�V�L�G�H�U�H�G���F�U�R�V�V���V�H�F�W�L�R�Q���D�Q�G���W�K�H���X�S�S�H�U���H�G�J�H���R�I���W�K�H���V�R�O�L�G���S�D�U�W�����L�Q���P 

�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���U�X�G�G�H�U���E�O�D�G�H���S�O�D�W�L�Q�J���D�V���J�L�Y�H�Q���L�Q���������������D�����R�I���W�K�L�V���3�D�U�W 

�. �V �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���U�X�G�G�H�U���V�W�R�F�N���D�V���J�L�Y�H�Q���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W 

The actual section modulus of the cross-section of the structure of the rudder blade is to be calculated with 
respect to the symmetrical axis of the rudder. The breadth of the rudder plating, in m, to be considered for 
the calculation of section modulus is to be not greater than: 

b = sv + 2Hx / 3  m 

where: 

�V�Y �  �6�S�D�F�L�Q�J���E�H�W�Z�H�H�Q���W�K�H���W�Z�R���Y�H�U�W�L�F�D�O���Z�H�E�V�����L�Q���P�����V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U���� 

Where openings for access to the rudder stock nut are not closed by a full penetration welded plate, they are 
to be deducted. 

 
Fig. II 24-5 

Cross-section of the Connection Between Rudder Blade Structure and Rudder Stock Housing 

(d) The thickness of the horizontal web plates connected to the solid parts, in mm, as well as that of the rudder 
blade plating between these webs, is to be not less than the greater of the following values: 

tH = 1.2 t   mm 
tH = 0.045ds2 / sH  mm 
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where: 

�W �  �'�H�I�L�Q�H�G���L�Q�����������������R�I���W�K�L�V���&�K�D�S�W�H�U 

�G�V �  �'�L�D�P�H�W�H�U�����L�Q���P�P�����W�R���E�H���W�D�N�H�Q���H�T�X�D�O���W�R�� 

  �G�F�������D�V���S�H�U�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�����I�R�U���W�K�H���V�R�O�L�G���S�D�U�W���K�R�X�V�L�Q�J���W�K�H���U�X�G�G�H�U���V�W�R�F�N 

  �G�S�������D�V���S�H�U�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�����I�R�U���W�K�H���V�R�O�L�G���S�D�U�W���K�R�X�V�L�Q�J���W�K�H���S�L�Q�W�O�H 

�V�+ �  �6�S�D�F�L�Q�J���E�H�W�Z�H�H�Q���W�K�H���W�Z�R���K�R�U�L�]�R�Q�W�D�O���Z�H�E���S�O�D�W�H�V�����L�Q���P�P 

 

The increased thickness of the horizontal webs is to extend fore and aft of the solid part at least to the next 
vertical web. 

(e) The thickness of the vertical web plates welded to the solid part where the rudder stock is housed as well as 
the thickness of the rudder side plating under this solid part is to be not less than the values obtained, in mm, 
from Table II 24-2 of this Chapter. 

Table II 24-2 
Thickness of Side Plating and Vertical Web Plates 

�7�\�S�H���R�I���U�X�G�G�H�U 
�7�K�L�F�N�Q�H�V�V���R�I���Y�H�U�W�L�F�D�O���Z�H�E���S�O�D�W�H�V�����P�P�� �7�K�L�F�N�Q�H�V�V���R�I���U�X�G�G�H�U���S�O�D�W�L�Q�J�����P�P�� 

�5�X�G�G�H�U���E�O�D�G�H��
�Z�L�W�K�R�X�W���R�S�H�Q�L�Q�J 

�5�X�G�G�H�U���E�O�D�G�H��
�Z�L�W�K���R�S�H�Q�L�Q�J 

�5�X�G�G�H�U���E�O�D�G�H��
�Z�L�W�K�R�X�W���R�S�H�Q�L�Q�J 

�$�U�H�D���Z�L�W�K��
�R�S�H�Q�L�Q�J 

�5�X�G�G�H�U���V�X�S�S�R�U�W�H�G 
�E�\���V�R�O�H���S�L�H�F�H 

�������W �������W �������W �������W 

�6�H�P�L���V�S�D�G�H�� 
�D�Q�G���V�S�D�G�H���U�X�G�G�H�U�V 

�������W �������W �������W �������W 

�W��� ���W�K�L�F�N�Q�H�V�V���R�I���W�K�H���U�X�G�G�H�U���S�O�D�W�L�Q�J�����L�Q���P�P�����D�V���G�H�I�L�Q�H�G���L�Q���������������� 

The increased thickness is to extend below the solid piece at least to the next horizontal web. 

24.5 Rudder Stock Couplings 

24.5.1 Horizontal flange couplings 

(a) Coupling bolts are to be reamer bolts. The diameter of the coupling bolts is not to be less than the value 
obtained from the following formula: 

�†�` 
L �r�ä�x�t
¨
�†�7�� �`

�•�‡�� �q
�������������������������������������•�•  

where: 
�G �  �6�W�R�F�N���G�L�D�P�H�W�H�U���� �L�Q�� �P�P���� �W�K�H�� �J�U�H�D�W�H�U���R�I�� �W�K�H�� �G�X���R�U���G�O���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������� �D�Q�G�����������������R�I�� �W�K�L�V��

�F�K�D�S�W�H�U�� 
�Q �  �7�R�W�D�O���Q�X�P�E�H�U���R�I���U�H�D�P�H�U���E�R�O�W�V�����W�R���E�H���J�U�H�D�W�H�U���R�U���H�T�X�D�O���W�R������ 
�H �  �0�H�D�Q���G�L�V�W�D�Q�F�H���R�I���W�K�H���E�R�O�W���D�[�H�V���I�U�R�P���W�K�H���F�H�Q�W�H�U���R�I���W�K�H���E�R�O�W���V�\�V�W�H�P�����L�Q���P�P�� 
�. �E �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���E�R�O�W���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 
�. �V �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���V�W�R�F�N���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 

(b) The thickness of the coupling flanges is not to be less than the value obtained from the following formula: 

�–�d
L �†�`
¨
�� �d

�� �`
���������������������������������•�•  

where: 
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�W�I �  �7�K�L�F�N�Q�H�V�V���R�I���F�R�X�S�O�L�Q�J���I�O�D�Q�J�H�V�����L�Q���P�P�� �t�����������G�E 
�G�E �  �%�R�O�W���G�L�D�P�H�W�H�U�����L�Q���P�P�����I�R�U���D���Q�X�P�E�H�U���R�I���E�R�O�W�V���Q�R�W���H�[�F�H�H�G�L�Q�J������ 
�. �E �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���E�R�O�W���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 
�. �I �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���I�O�D�Q�J�H���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 

(c) The width of material outside the bolt holes is not to be less than 0.67 db. 

(d) The welded joint between the rudder stock and the flange is to be made in accordance with Fig. II 24-6���R�I��
�W�K�L�V���&�K�D�S�W�H�U or equivalent. 

 
Fig. II 24-6 

Welded Joint Between Rudder Stock and Coupling Flange 

(e) Coupling bolts are to be fitted bolts and their nuts are to be locked effectively. 

24.5.2 Cone couplings with key 

(a) Cone couplings without hydraulic arrangements for mounting and dismounting the coupling should have a 
taper c on diameter of 1:8 - 1:12, where: 

c = (do �± du) / l    (see Fig. II 24-7 of this Chapter) 

The cone coupling is to be secured by a slugging nut. The nut is to be secured, e.g. by a securing plate. 

(b) The taper length, l, of rudder stocks fitted into the rudder blade and secured by a slugging nut is generally 
not be less than 1.5 times the rudder stock diameter, do, at the top of the rudder. 

(c) For couplings between stock and rudder a suitable key is to be provided. 

(d) The dimensions of the slugging nut are to be as follows: 

External thread diameter: dg �t 0.65 do 

Height                hn �t 0.6 dg 

Outer diameter of nut:    dn �t 1.2 du or 1.5 dg  whichever is greater. 

(e) Cone couplings with hydraulic arrangements for mounting and dismounting the coupling are to have a taper 
on diameter of 1:12 to 1:20. 

(f) The data of the push-up oil pressure and the push-up length based on a calculation is to be submitted by the 
shipyard. 
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(g) The nuts fixing the rudder stocks are to be provided with efficient locking devices. 

(h) Couplings of rudder stocks are to be properly protected from corrosion. 

 
Fig. II 24-7 

Cone Coupling with Key 

(i) Dimensions of key 

For couplings between stock and rudder a key is to be provided, the shear area of which, in cm2, is not to be 
less than: 

�ƒ�q��
L��
�s�y�ä�w�w�� �J

�†�i �P�J�5
 

where: 

�4�) �  �G�H�V�L�J�Q���\�L�H�O�G���P�R�P�H�Q�W���R�I���U�X�G�G�H�U���V�W�R�F�N�����L�Q���1�Â�P�� 

 �  ���������������Â�G�W���������. 

 

Where the actual diameter dta is greater than the calculated diameter dt , the diameter dta is to be used. 
However, dta applied to the above formula need not be taken greater than 1.145 dt. 

 

�G�W �  �V�W�R�F�N���G�L�D�P�H�W�H�U�����L�Q���P�P�����D�F�F�R�U�G�L�Q�J���W�R�����������������R�I���W�K�L�V���&�K�D�S�W�H�U 

�.  �  �P�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���V�W�R�F�N���D�V���J�L�Y�H�Q���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 

�G�N �  �P�H�D�Q���G�L�D�P�H�W�H�U���R�I���W�K�H���F�R�Q�L�F�D�O���S�D�U�W���R�I���W�K�H���U�X�G�G�H�U���V�W�R�F�N�����L�Q���P�P�����D�W���W�K�H���N�H�\ 

�1�)�� �  �P�L�Q�L�P�X�P���\�L�H�O�G���V�W�U�H�V�V���R�I���W�K�H���N�H�\���P�D�W�H�U�L�D�O�����L�Q���1���P�P�� 

The effective surface area, in cm2, of the key (without rounded edges) between key and rudder stock or cone 
coupling is not to be less than: 

�ƒ�i 
L
�w�� �J

�†�i �P�J�6
 

where: 

�1�)�� �  �P�L�Q�L�P�X�P���\�L�H�O�G���V�W�U�H�V�V���R�I���W�K�H���N�H�\�����V�W�R�F�N���R�U���F�R�X�S�O�L�Q�J���P�D�W�H�U�L�D�O�����L�Q���1���P�P�������Z�K�L�F�K�H�Y�H�U���L�V���O�H�V�V�� 
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24.5.3 Vertical flange couplings 

(a) Coupling bolts are to be reamer bolts and their diameters are not to be less than the value obtained from the 
following formula: 

�†�` 
L �r�ä�z�s�†
¨
�� �`

�•�� �q
�����������������������������•�•  

where: 
�G �  �6�W�R�F�N���G�L�D�P�H�W�H�U�����L�Q���P�P�����D�V���V�S�H�F�L�I�L�H�G���L�Q�������������������D�����R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�Q �  �7�R�W�D�O���Q�X�P�E�H�U���R�I���E�R�O�W�V�����Z�K�L�F�K���L�V���Q�R�W���W�R���E�H���O�H�V�V���W�K�D�Q������ 
�. �E �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���E�R�O�W���D�V���V�S�H�F�L�I�L�H�G���L�Q�����������������F�����R�I���W�K�L�V���3�D�U�W�� 
�. �V �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���V�W�R�F�N���D�V���V�S�H�F�L�I�L�H�G���L�Q�����������������F�����R�I���W�K�L�V���3�D�U�W�� 

(b) The first moment of area of the bolts about the center of the coupling, M, is to be not less than the value 
obtained from the following formula: 

M = 0.00043 d3     cm3 

(c) The thickness of the coupling flanges must be at least equal to the bolt diameter, and the width of the flange 
material outside the bolt holes is not to be less than 0.67 db. 

(d) Coupling bolts are to be fitted bolts and their nuts are to be locked effectively. 

24.5.4 Cone couplings with special arrangements for mounting and dismounting the couplings 

(a) Where the stock diameter exceeds 200 mm, the press fit is recommended to be effected by a hydraulic 
�S�U�H�V�V�X�U�H���F�R�Q�Q�H�F�W�L�R�Q�����,�Q���V�X�F�K���F�D�V�H�V���W�K�H���F�R�Q�H���L�V���W�R���E�H���P�R�U�H���V�O�H�Q�G�H�U�����F���§�����������W�R���§���������� 

In case of hydraulic pressure connections the nut is to be effectively secured against the rudder stock or the 
pintle. 

For the safe transmission of the torsional moment by the coupling between rudder stock and rudder body the 
push-up pressure and the push-up length are to be determined according to 24.5.4(b) and 24.5.4(c) of this 
Chapter respectively. 

 
Fig. II 24-8 

Cone Coupling without Key 
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(b) Push-up pressure 

The push-up pressure, is not to be less than the greater of the two following values: 

�’ �p�c�o�5��
L��
�t�� �J

�†�k�6 �H�N�J�4��
�s�r�7���������������������� ���• �• �6 

�’ �p�c�o�6�� 
L��
�x�� �`

�H�6�†�k ��
�s�r�7���������������������������������� ���• �• �6 

where: 

�4�) �  �G�H�V�L�J�Q���\�L�H�O�G���P�R�P�H�Q�W���R�I���U�X�G�G�H�U���V�W�R�F�N�����D�V���G�H�I�L�Q�H�G���L�Q�����������������L�����R�I���W�K�L�V���&�K�D�S�W�H�U�����L�Q���1�P 

�G�P �  �P�H�D�Q���F�R�Q�H���G�L�D�P�H�W�H�U���L�Q���P�P�����V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U 

�O �  �F�R�Q�H���O�H�Q�J�W�K���L�Q���P�P 

�� �� �  �I�U�L�F�W�L�R�Q�D�O���F�R�H�I�I�L�F�L�H�Q�W�����H�T�X�D�O���W�R���������� 

�0 �E �  �E�H�Q�G�L�Q�J���P�R�P�H�Q�W���L�Q���W�K�H���F�R�Q�H���F�R�X�S�O�L�Q�J�����H���J�����L�Q���F�D�V�H���R�I���V�S�D�G�H���U�X�G�G�H�U�V�������L�Q���1�P 

 

It has to be proved by the designer that the push-up pressure does not exceed the permissible surface pressure 
in the cone. The permissible surface pressure, in N/mm², is to be determined by the following formula: 

�’ �n�c�p�k��
L��
�r�ä�z�� �c�L�:�s
F �ƒ�6�;

�¾�u
E�ƒ�8
���������������������������� ���•�• �6 

where: 

�5�H�+ �  �P�L�Q�L�P�X�P���\�L�H�O�G���V�W�U�H�V�V���R�I���W�K�H���P�D�W�H�U�L�D�O���R�I���W�K�H���J�X�G�J�H�R�Q�����L�Q���1���P�P�� 

�D �  �G�P�������G�D 

�G�P �  �G�L�D�P�H�W�H�U�����L�Q���P�P�����V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U 

�G�D �  �R�X�W�H�U���G�L�D�P�H�W�H�U���R�I���W�K�H���J�X�G�J�H�R�Q���W�R���E�H���Q�R�W���O�H�V�V���W�K�D�Q�����������G�P�����V�H�H���)�L�J�����,�,���������� of this Chapter 

(c) Push-up length 

The push-�X�S���O�H�Q�J�W�K���¨l�����L�Q���P�P�����¨l is to comply with the following formula: 

�¨l1 �”��� l̈ �”��� l̈2 

where: 

�¨�O�� �  
�’ �p�c�o�†�k

�� 
l
�s��
F���ƒ�6

�t 
p�…
��
E��

�r�ä�z�� �r�k

�…
�����������������������•�•  

�¨�O�� �  
�s�ä�x���c�L�†�k
���…�¾�u
E�ƒ�8

��
E��
�r�ä�z�� �r�k

�…
���������������������•�•  

�5�W�P �  �P�H�D�Q���U�R�X�J�K�Q�H�V�V�����L�Q���P�P���W�D�N�H�Q���H�T�X�D�O���W�R���������� 

�F �  �W�D�S�H�U���R�Q���G�L�D�P�H�W�H�U���D�F�F�R�U�G�L�Q�J���W�R�����������������D�����R�I���W�K�L�V���&�K�D�S�W�H�U 

�( �  �<�R�X�Q�J�
�V���P�R�G�X�O�X�V���R�I���W�K�H���P�D�W�H�U�L�D�O���R�I���W�K�H���J�X�G�J�H�R�Q�����L�Q���1���P�P�������N�J�I���P�P���� 

�G�P�����5�H�+�����D�����S�U�H�T �  �$�V���V�S�H�F�L�I�L�H�G���L�Q��24.5.4���E�����D�E�R�Y�H�� 

Notwithstanding the above, the push up length is not to be less than 2 mm. 

 

Note: In case of hydraulic pressure connections the required push-up force Pe, in N, for the cone may be 
determined by the following formula: 



PART II CHAPTER 24 
24.6 Pintles 

- 204 - CR CLASSIFICATION SOCIETY 
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF COAST GUARD SHIPS 2023 

���c�� 
L���’ �p�c�o�†�k �N���H���@
�…

�t
��
E���r�ä�r�t�A 

The value 0.02 is a reference for the friction coefficient using oil pressure. It varies and depends on the 
mechanical treatment and roughness of the details to be fixed. Where due to the fitting procedure a partial 
push-up effect caused by the rudder weight is given, this may be taken into account when fixing the required 
push-up length, subject to approval by the Society. 

24.6 Pintles 

24.6.1 The minimum pintle diameter is to be as follows: 

�†�n 
L �r�ä�u�w
§�� �� �n�������������������������������•�•  

where: 
�% �  �7�K�H���U�H�D�F�W�L�R�Q���I�R�U�F�H���L�Q���E�H�D�U�L�Q�J�����L�Q���1�� 
�. �S �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���I�R�U���W�K�H���S�L�Q�W�O�H���D�V���V�S�H�F�L�I�L�H�G���L�Q���������������F�����R�I���W�K�L�V���3�D�U�W�� 

24.6.2 Pintles are to have a conical attachment to the cast part of rudder with a taper on diameter of: 

1:8 to 1:12 for keyed and other manually assembled pintles applying locking by slugging nut. 
1:12 to 1:20 for pintles mounted with oil injection and hydraulic nut. 

24.6.3 The length of the taper is not to be less than the minimum pintle diameter dp in 24.6.1 above. 

24.6.4 The minimum dimensions of threads and nuts are to be determined according to 24.5.2(d) of this Chapter. 

24.6.5 Push-up pressure for pintle bearings 
The required push-up pressure preq for pintle bearings, in N/mm², is to be determined by the following formula: 

�’ �p�c�o��
L ���r�ä�v
�� �5�†�4
�†�k ��

�6 �H
 

where: 

�%�� �  �6�X�S�S�R�U�W�L�Q�J���I�R�U�F�H���L�Q���W�K�H���S�L�Q�W�O�H���E�H�D�U�L�Q�J�����L�Q���1�� 

�G�� �  �3�L�Q�W�O�H���G�L�D�P�H�W�H�U�����L�Q���P�P�����V�H�H���)�L�J�����,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U 

The push up length is to be calculated similarly as in 24.5.4(c) of this Chapter, using required push-up pressure and 
properties for the pintle bearing. 

24.7 Rudder Stock Bearings, Rudder Shaft Bearing and Pintle Bearings 

24.7.1 Bearing surface 

(a) The bearing surface, Ab, defined as the projected area: length x outside diameter of sleeve, is not to be less 
than the value obtained from the following formula: 

�� �` 
L
��

�“�_
���������������������������• �• �6 

where: 
�% �  �5�H�D�F�W�L�R�Q���I�R�U�F�H�����L�Q���1���D�V���V�S�H�F�L�I�L�H�G���L�Q�������������D�E�R�Y�H�� 
�T�D �  �$�O�O�R�Z�D�E�O�H���V�X�U�I�D�F�H���S�U�H�V�V�X�U�H���D�V���O�L�V�W�H�G���L�Q���7�D�E�O�H���,�,�������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 

(b) An adequate lubrication is to be ensured. 
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24.7.2 The length/diameter ratio of the bearing surface is not to be less than 1.0 or greater than 1.2, unless calculations 
are submitted and approved which show the clearance at both ends of the bearing is acceptable. 

24.7.3 Metal bearings clearances are not to be less than �b�X�i

�5�4�4�4

E�s�ä�r mm on the diameter. Where dbs: Inter diameter of 

bush, in mm. If nonmetallic bearing material is applied, the bearing clearance is to be specially determined considering 
the materials swelling and thermal expansion properties. This clearance is not to be taken less than 1.5 mm on bearing 
diameter unless a smaller clearance is supported by the manufacturer's recommendation and there is documented 
evidence of satisfactory service history with a reduced clearance. 

24.7.4 Liners and bushes 

(a) Rudder stock bearing 

Liners and bushes are to be fitted in way of bearings. The minimum thickness of liners and bushes is to be 
equal to: 

tmin = 8 mm for metallic materials and synthetic material 
tmin = 22 mm for lignum material 

(b) Pintle bearing 

The thickness of any liner or bush, in mm, is neither to be less than: 

�–��
L ���r�ä�r�s�¾��  

where: 
�% �  �5�H�O�H�Y�D�Q�W���E�H�D�U�L�Q�J���I�R�U�F�H�����L�Q���1 

nor than the minimum thickness defined in 24.7.4(a)���R�I���W�K�L�V���&�K�D�S�W�H�U. 

Table II 24-3 
Allowable Surface Pressure, qa 

�%�H�D�U�L�Q�J���P�D�W�H�U�L�D�O �T�D�����1���P�P���� 

�/�L�J�Q�X�P���Y�L�W�D�H ������ 

�:�K�L�W�H���P�H�W�D�O�����R�L�O���O�X�E�U�L�F�D�W�H�G ������ 

�6�\�Q�W�K�H�W�L�F���P�D�W�H�U�L�D�O���Z�L�W�K���K�D�U�G�Q�H�V�V���E�H�W�Z�H�H�Q���������D�Q�G���������6�K�R�U�H���'������ ������������ 

�6�W�H�H�O���������D�Q�G���E�U�R�Q�]�H���D�Q�G���K�R�W���S�U�H�V�V�H�G���E�U�R�Q�]�H���J�U�D�S�K�L�W�H���P�D�W�H�U�L�D�O�V ������ 

Notes: 
(1) Indentation hardness test at 23�qC and 50% moisture, according to a recognized 

standard. Synthetic bearing materials are to be of an approved type. 
(2) Surface pressures exceeding 5.5 N/mm2 may be accepted in accordance with bearing 

manufacturer's specification and tests, but in no case more than 10 N/mm2. 
(3) Stainless and wear-resistant steel in an approved combination with stock liner.  

Higher values than given in the Table may be taken if they are verified by tests. 

24.8 Rudder Carriers 

Suitable rudder carriers are to be provided according to the form and the weight of the rudder, and care is to be taken to 
provide efficient lubrication at the support. 

24.9 Prevention of Jumping 

A suitable arrangement is to be provided to prevent the rudder from jumping due to wave shocks. 
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24.10 Rudder Trunk  

24.10.1 Materials, welding and connection to hull 
This requirement applies to both trunk configurations (extending or not below stern frame). 
The steel used for the rudder trunk is to be of weldable quality, with a carbon content not exceeding 0.23% on ladle 
analysis and a carbon equivalent CEQ not exceeding 0.41. 
Plating materials for rudder trunks are in general not to be of lower grades than corresponding to class II as defined in 
1.5 of this Part. 
The weld at the connection between the rudder trunk and the shell or the bottom of the skeg is to be full penetration. 
The fillet shoulder radius r, in mm (see Fig. II 24-9 of this Chapter) is to be as large as practicable and to comply with 
the following formulae: 

r = 60      mm  �Z�K�H�Q���1���•�������������.  N/mm2 

r = 0.1 dl without being less than 30 mm  �Z�K�H�Q���1�����������������.  N/mm2 

where: 
�G�F �  �5�X�G�G�H�U���V�W�R�F�N���G�L�D�P�H�W�H�U���D�[�L�V���G�H�I�L�Q�H�G���L�Q�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�1 �  �%�H�Q�G�L�Q�J���V�W�U�H�V�V���L�Q���W�K�H���U�X�G�G�H�U���W�U�X�Q�N�����L�Q���1���P�P���� 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���J�L�Y�H�Q���L�Q���������������D�����R�U���������������F�����R�I���W�K�L�V���&�K�D�S�W�H�U���U�H�V�S�H�F�W�L�Y�H�O�\�� 

 
The radius may be obtained by grinding. If disk grinding is carried out, score marks are to be avoided in the direction of 
the weld. The radius is to be checked with a template for accuracy. Four profiles at least are to be checked. A report is 
to be submitted to the Surveyor. 
Rudder trunks comprising of materials other than steel are to be specially considered by the Society. 

 

Fig. II 24-9 
Fillet Shoulder Radius 

24.10.2 Scantlings 
Where the rudder stock is arranged in a trunk in such a way that the trunk is stressed by forces due to rudder action, the 
scantlings of the trunk are to be such that: 
- �W�K�H���H�T�X�L�Y�D�O�H�Q�W���V�W�U�H�V�V���G�X�H���W�R���E�H�Q�G�L�Q�J���D�Q�G���V�K�H�D�U���G�R�H�V���Q�R�W���H�[�F�H�H�G�������������1F , 
- the bending stress on welded rudder trunk is to be in compliance with the following formula:  

�P
Q
�z�r

��
������������������ ���• �• �6 
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with: 
�1 �  �%�H�Q�G�L�Q�J���V�W�U�H�V�V���L�Q���W�K�H���U�X�G�G�H�U���W�U�X�Q�N�����D�V���G�H�I�L�Q�H�G���L�Q�������������������R�I���W�K�L�V���&�K�D�S�W�H�U 
�.  �  �0�D�W�H�U�L�D�O���I�D�F�W�R�U���D�V���J�L�Y�H�Q���L�Q���������������D�����R�U���������������F�����R�I���W�K�L�V���&�K�D�S�W�H�U���U�H�V�S�H�F�W�L�Y�H�O�\�����Q�R�W���W�R���E�H���W�D�N�H�Q���O�H�V�V���W�K�D�Q�������� 

�1�) �  �<�L�H�O�G���V�W�U�H�V�V�����1���P�P�������R�I���P�D�W�H�U�L�D�O���X�V�H�G 
 
For calculation of bending stress, the span to be considered is the distance between the mid-height of the lower rudder 
stock bearing and the point where the trunk is clamped into the shell or the bottom of the skeg. 

24.11 Guidelines for Calculating of Bending Moment and Shear Force Distribution 

The evaluation of bending moments, shear forces and support forces for the system rudder�±rudder stock may be carried 
out for some basic rudder types as outlined in IACS UR S10 Annex "Guidelines for calculation of bending moment and 
shear force distribution". Moments and forces on rudders of different types or shapes than those shown are to be 
calculated using alternative methods and will be considered based on submitted documents and calculations supporting 
the review. 
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Chapter 25 

Equipment 

25.1 General 

25.1.1 All ships are to be provided with a complete equipment of the anchor, the chain, the towline and the mooring 
rope in accordance with the following requirements. The letter E will be placed after the symbol of classification of hull 
in the Register Book as CR100 E. 

25.1.2 In the case of ships classed for a special or restricted service, if approved by the Society that requirements of 
the Rules are not necessary to apply, no equipment symbol is to be affixed. 

25.1.3 The number and mass of anchors and the length and the size of the chain, the towline, and the mooring rope for 
a classed ship are to be determined from Table II 25-1. For ships having equipment numbers not more than 50 or more 
than 16,000, the number and mass of anchors, chain cables and mooring lines are to be determined by the Society. 

25.1.4 Where 3 anchors are given in Table II 25-1, the third anchor is included as a spare bower anchor and is listed 
for guidance only, and is not required as a condition of classification. 

25.1.5 The anchor, the chain, and the steel wire rope are to be tested and inspected in the presence of the Surveyor to 
the Society in accordance with the requirements of Part XI. 

25.2 Equipment Number 

25.2.1 The equipment given in Table II 25-1 is based on the "Equipment Number", EN, which is to be calculated as 
follows: 

���� 
L �¿
�6
�7 
E�t�:�Š�� 
E���d�s�l�; 
E�r�ä�s�� 

 
where: 
�'  �  �0�R�O�G�H�G���G�L�V�S�O�D�F�H�P�H�Q�W���W�R���W�K�H���V�X�P�P�H�U���O�R�D�G���Z�D�W�H�U�O�L�Q�H�����L�Q���W�R�Q�� 
��  �  �%�U�H�D�G�W�K���R�I���V�K�L�S�����L�Q���P�����D�V���V�S�H�F�L�I�L�H�G���L�Q�������������� 
�Š �  �(�I�I�H�F�W�L�Y�H���K�H�L�J�K�W�������L�Q���P�����I�U�R�P���W�K�H���V�X�P�P�H�U���O�R�D�G���Z�D�W�H�U�O�L�Q�H���W�R���W�K�H���W�R�S���R�I���W�K�H���X�S�S�H�U�P�R�V�W���K�R�X�V�H�����L�Q���P�� 
  �Š
L���ƒ��
E���6�Š�‹�� 
�ƒ �  �9�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H���D�P�L�G�V�K�L�S�V���I�U�R�P���W�K�H���V�X�P�P�H�U���O�R�D�G���Z�D�W�H�U�O�L�Q�H���W�R���W�K�H���W�R�S���R�I���X�S�S�H�U�P�R�V�W���F�R�Q�W�L�Q�X�R�X�V���G�H�F�N��

�E�H�D�P���D�W���V�L�G�H�����L�Q���P�� 
�Š�‹ �  �+�H�L�J�K�W�����L�Q���P�����D�W���F�H�Q�W�H�U�O�L�Q�H���R�I���V�X�S�H�U�V�W�U�X�F�W�X�U�H���D�Q�G���H�D�F�K���W�L�H�U���R�I���G�H�F�N���K�R�X�V�H�V���K�D�Y�L�Q�J���D���E�U�H�D�G�W�K���J�U�H�D�W�H�U���W�K�D�Q��

���������� �� �)�R�U���W�K�H���O�R�Z�H�V�W���W�L�H�U���Š�s���L�V���W�R���E�H���P�H�D�V�X�U�H�G���D�W���F�H�Q�W�H�U�O�L�Q�H���I�U�R�P���W�K�H���X�S�S�H�U���G�H�F�N���R�U���I�U�R�P���D���Q�R�W�L�R�Q�D�O���G�H�F�N��
�O�L�Q�H���Z�K�H�U�H���W�K�H�U�H���L�V���O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����V�H�H���)�L�J�����,�,�������������E�H�O�R�Z���I�R�U���D�Q���H�[�D�P�S�O�H�� 

���d�s�l �  �(�I�I�H�F�W�L�Y�H���I�U�R�Q�W���S�U�R�M�H�F�W�H�G���D�U�H�D���R�I���W�K�H���I�X�Q�Q�H�O�����L�Q���P�³�����G�H�I�L�Q�H�G���D�V�� 
���d�s�l
L �� �J�W
F ���q�f�g�c�j�b 

�� �J�W �  �)�U�R�Q�W���S�U�R�M�H�F�W�H�G���D�U�H�D���R�I���W�K�H���I�X�Q�Q�H�O�����L�Q���P�³�����F�D�O�F�X�O�D�W�H�G���E�H�W�Z�H�H�Q���W�K�H���X�S�S�H�U���G�H�F�N���D�W���F�H�Q�W�H�U�O�L�Q�H�����R�U���Q�R�W�L�R�Q�D�O��
�G�H�F�N���O�L�Q�H���Z�K�H�U�H���W�K�H�U�H���L�V���O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����D�Q�G���W�K�H���H�I�I�H�F�W�L�Y�H���K�H�L�J�K�W���Š�J�� 
�� �J�W���L�V�� �W�D�N�H�Q���H�T�X�D�O���W�R������ �L�I�� �W�K�H�� �I�X�Q�Q�H�O���E�U�H�D�G�W�K���L�V�� �O�H�V�V�� �W�K�D�Q���R�U���H�T�X�D�O���W�R������������ ���D�W���D�O�O���H�O�H�Y�D�W�L�R�Q�V���D�O�R�Q�J���W�K�H��
�I�X�Q�Q�H�O���K�H�L�J�K�W�� 

�Š�J �  �(�I�I�H�F�W�L�Y�H���K�H�L�J�K�W���R�I���W�K�H���I�X�Q�Q�H�O�����L�Q���P�����P�H�D�V�X�U�H�G���I�U�R�P���W�K�H���X�S�S�H�U���G�H�F�N���D�W���F�H�Q�W�H�U�O�L�Q�H�����R�U���Q�R�W�L�R�Q�D�O���G�H�F�N���O�L�Q�H��
�Z�K�H�U�H���W�K�H�U�H���L�V���O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����D�Q�G���W�K�H���W�R�S���R�I���W�K�H���I�X�Q�Q�H�O�����7�K�H���W�R�S���R�I���W�K�H���I�X�Q�Q�H�O��
�P�D�\���E�H���W�D�N�H�Q���D�W���W�K�H���O�H�Y�H�O���Z�K�H�U�H���W�K�H���I�X�Q�Q�H�O���E�U�H�D�G�W�K���U�H�D�F�K�H�V������������ �� 

���q�f�g�c�j�b �  �7�K�H�� �V�H�F�W�L�R�Q�� �R�I�� �I�U�R�Q�W�� �S�U�R�M�H�F�W�H�G�� �D�U�H�D���� �J�W���� �L�Q�� �P�³���� �Z�K�L�F�K�� �L�V�� �V�K�L�H�O�G�H�G�� �E�\�� �D�O�O�� �G�H�F�N�� �K�R�X�V�H�V�� �K�D�Y�L�Q�J�� �E�U�H�D�G�W�K��
�J�U�H�D�W�H�U���W�K�D�Q������������ �����,�I���W�K�H�U�H���D�U�H���P�R�U�H���W�K�D�Q���R�Q�H���V�K�L�H�O�G�H�G���V�H�F�W�L�R�Q�����W�K�H���L�Q�G�L�Y�L�G�X�D�O���V�K�L�H�O�G�H�G���V�H�F�W�L�R�Q�V���L���H�� 
���q�f�g�c�j�b�5�������q�f�g�c�j�b�6���H�W�F���D�V���V�K�R�Z�Q���L�Q���)�L�J�����,�,�������������W�R���E�H���D�G�G�H�G���W�R�J�H�W�K�H�U�����7�R���G�H�W�H�U�P�L�Q�H�����q�f�g�c�j�b�����W�K�H���G�H�F�N�K�R�X�V�H��
�E�U�H�D�G�W�K�� �L�V�� �D�V�V�X�P�H�G�� �%�� �I�R�U�� �D�O�O�� �G�H�F�N�� �K�R�X�V�H�V�� �K�D�Y�L�Q�J�� �E�U�H�D�G�W�K�� �J�U�H�D�W�H�U�� �W�K�D�Q������������ ���D�V�� �V�K�R�Z�Q�� �I�R�U�����q�f�g�c�j�b�5������
���q�f�g�c�j�b�6���L�Q���)�L�J�����,�,������������ 
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�$ �  �6�L�G�H�� �S�U�R�M�H�F�W�H�G�� �D�U�H�D���� �L�Q�� �P�³���� �R�I�� �W�K�H�� �K�X�O�O���� �V�X�S�H�U�V�W�U�X�F�W�X�U�H�V���� �K�R�X�V�H�V�� �D�Q�G�� �I�X�Q�Q�H�O�V�� �D�E�R�Y�H�� �W�K�H�� �V�X�P�P�H�U�� �O�R�D�G��
�Z�D�W�H�U�O�L�Q�H���Z�K�L�F�K���D�U�H���Z�L�W�K�L�Q���W�K�H���H�T�X�L�S�P�H�Q�W���O�H�Q�J�W�K���R�I���W�K�H���V�K�L�S���D�Q�G���D�O�V�R���K�D�Y�H���D���E�U�H�D�G�W�K���J�U�H�D�W�H�U���W�K�D�Q������������ ����
�7�K�H���V�L�G�H���S�U�R�M�H�F�W�H�G���D�U�H�D���R�I���W�K�H���I�X�Q�Q�H�O���L�V���F�R�Q�V�L�G�H�U�H�G���L�Q���� ���Z�K�H�Q���� �J�W���L�V���J�U�H�D�W�H�U���W�K�D�Q���������,�Q���W�K�L�V���F�D�V�H�����W�K�H��
�V�L�G�H�� �S�U�R�M�H�F�W�H�G�� �D�U�H�D�� �R�I�� �W�K�H�� �I�X�Q�Q�H�O�� �V�K�R�X�O�G�� �E�H�� �F�D�O�F�X�O�D�W�H�G�� �E�H�W�Z�H�H�Q�� �W�K�H�� �X�S�S�H�U�� �G�H�F�N���� �R�U�� �Q�R�W�L�R�Q�D�O�� �G�H�F�N�� �O�L�Q�H��
�Z�K�H�U�H���W�K�H�U�H���L�V���O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����D�Q�G���W�K�H���H�I�I�H�F�W�L�Y�H���K�H�L�J�K�W���Š�J�� 

 
Fig. II 25-1 

Effective Height 

 
Fig. II 25-2 

Front Projected Area of Funnel 

 
Notes: 
(1) When calculating of h, sheer, camber and trim are to be neglected. i.e. h is the sum of freeboard amidships 

plus the height (at centerline) of each tier of houses having a breadth greater than 0.25B. 
(2) If  a deckhouse having a breadth greater than 0.25B is located above a deckhouse with a breadth of 0.25B or 
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less, then the wide deckhouse is to be included, but the narrow deckhouse ignored. 
(3) Screens or bulwarks 1.5 m or more in height are to be regarded as parts of superstructure or deckhouse when 

calculating h and A. The height of the hatch coamings and that of any deck cargo, such as containers, may be 
disregarded when determining h and A. With regard to determining A, when a bulwark is more than 1.5 m 
high, the area shown in Fig. II 25-3 as A2 is to be included in A. 

 
Fig. II 25-3 

Effective Areas for Screens, Bulwarks, etc. 

(4) The equipment length of the ship is the length between perpendiculars but is not to be less than 96% nor 
greater than 97% of the extreme length on the summer load waterline (measured from the forward end of the 
waterline). 

(5) When several funnels are fitted on the ship, the above parameters are taken as follows: 
�Š�J �  �(�I�I�H�F�W�L�Y�H���K�H�L�J�K�W���R�I���W�K�H���I�X�Q�Q�H�O�����L�Q���P�����P�H�D�V�X�U�H�G���I�U�R�P���W�K�H���X�S�S�H�U���G�H�F�N�����R�U���Q�R�W�L�R�Q�D�O���G�H�F�N���O�L�Q�H���Z�K�H�U�H���W�K�H�U�H���L�V��

�O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����D�Q�G���W�K�H���W�R�S���R�I���W�K�H���K�L�J�K�H�V�W���I�X�Q�Q�H�O�����7�K�H���W�R�S���R�I���W�K�H���K�L�J�K�H�V�W���I�X�Q�Q�H�O���P�D�\��
�E�H���W�D�N�H�Q���D�W���W�K�H���O�H�Y�H�O���Z�K�H�U�H���W�K�H���V�X�P���R�I���H�D�F�K���I�X�Q�Q�H�O���E�U�H�D�G�W�K���U�H�D�F�K�H�V������������ �� 

�� �J�W �  �6�X�P���R�I���W�K�H���I�U�R�Q�W���S�U�R�M�H�F�W�H�G���D�U�H�D���R�I���H�D�F�K���I�X�Q�Q�H�O�����L�Q���P�ð�����F�D�O�F�X�O�D�W�H�G���E�H�W�Z�H�H�Q���W�K�H���X�S�S�H�U���G�H�F�N�����R�U���Q�R�W�L�R�Q�D�O���G�H�F�N��
�O�L�Q�H���Z�K�H�U�H���W�K�H�U�H���L�V���O�R�F�D�O���G�L�V�F�R�Q�W�L�Q�X�L�W�\���L�Q���W�K�H���X�S�S�H�U���G�H�F�N�����D�Q�G���W�K�H���H�I�I�H�F�W�L�Y�H���K�H�L�J�K�W���Š�J�� 
�� �J�W���L�V���W�R���E�H���W�D�N�H�Q���H�T�X�D�O���W�R�������L�I���W�K�H���V�X�P���R�I���H�D�F�K���I�X�Q�Q�H�O���E�U�H�D�G�W�K���L�V���O�H�V�V���W�K�D�Q���R�U���H�T�X�D�O���W�R������������ ���D�W���D�O�O���H�O�H�Y�D�W�L�R�Q�V��
�D�O�R�Q�J���W�K�H���I�X�Q�Q�H�O�V���K�H�L�J�K�W�� 

�$ �  �6�L�G�H���S�U�R�M�H�F�W�H�G���D�U�H�D�����L�Q���P�������R�I���W�K�H���K�X�O�O�����V�X�S�H�U�V�W�U�X�F�W�X�U�H�V�����K�R�X�V�H�V���D�Q�G���I�X�Q�Q�H�O�V���D�E�R�Y�H���W�K�H���V�X�P�P�H�U���O�R�D�G���Z�D�W�H�U�O�L�Q�H��
�Z�K�L�F�K�� �D�U�H�� �Z�L�W�K�L�Q�� �W�K�H�� �H�T�X�L�S�P�H�Q�W�� �O�H�Q�J�W�K�� �R�I�� �W�K�H�� �V�K�L�S�����7�K�H�� �W�R�W�D�O�� �V�L�G�H�� �S�U�R�M�H�F�W�H�G�� �D�U�H�D�� �R�I�� �W�K�H�� �I�X�Q�Q�H�O�V�� �L�V�� �W�R�� �E�H��
�F�R�Q�V�L�G�H�U�H�G���L�Q���W�K�H���V�L�G�H���S�U�R�M�H�F�W�H�G���D�U�H�D���R�I���W�K�H���V�K�L�S������ �����Z�K�H�Q���� �J�W���L�V���J�U�H�D�W�H�U���W�K�D�Q���������7�K�H���V�K�L�H�O�G�L�Q�J���H�I�I�H�F�W���R�I��
�I�X�Q�Q�H�O�V�� �L�Q�� �W�U�D�Q�V�Y�H�U�V�H�� �G�L�U�H�F�W�L�R�Q�� �P�D�\�� �E�H�� �F�R�Q�V�L�G�H�U�H�G�� �L�Q�� �W�K�H�� �W�R�W�D�O�� �V�L�G�H�� �S�U�R�M�H�F�W�H�G�� �D�U�H�D���� �L���H������ �Z�K�H�Q�� �W�K�H�� �V�L�G�H��
�S�U�R�M�H�F�W�H�G�� �D�U�H�D�V�� �R�I�� �W�Z�R�� �R�U�� �P�R�U�H�� �I�X�Q�Q�H�O�V�� �I�X�O�O�\�� �R�U�� �S�D�U�W�L�D�O�O�\�� �R�Y�H�U�O�D�S���� �W�K�H�� �R�Y�H�U�O�D�S�S�H�G�� �D�U�H�D�� �Q�H�H�G�V�� �R�Q�O�\�� �W�R�� �E�H��
�F�R�X�Q�W�H�G���R�Q�F�H�� 

25.2.2 Equipment for tugs 
For tugs, the term 2BH specified in 25.2.1 for calculating "Equipment Number", EN, is to be substituted by the following 
formula: 

2 (a B + �6 hi bi) 

Where: 
�D �  �$�V���V�S�H�F�L�I�L�H�G�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�% �  �$�V���V�S�H�F�L�I�L�H�G�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�K�L �  �$�V���V�S�H�F�L�I�L�H�G�����������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�E�L �  �7�K�H���E�U�H�D�G�W�K�����L�Q���P�����R�I���W�K�H���Z�L�G�H�V�W���V�X�S�H�U�V�W�U�X�F�W�X�U�H���R�U���G�H�F�N�K�R�X�V�H���R�I���H�D�F�K�� �W�L�H�U���K�D�Y�L�Q�J���D���E�U�H�D�G�W�K���J�U�H�D�W�H�U���W�K�D�Q��

���������%�� 

25.2.3 For dredgers of unrestricted service having normal ship shape of underwater part of the hull, bucket ladders 
and gallows are not to be included in calculating for the "Equipment Number". 
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25.2.4 Equipment for Offshore Service Units 
The requirements herein are intended for temporary mooring of a unit within a harbor or other areas of sheltered water. 
The "Equipment Number" equation is based on 2.5 m/s current, 25 m/s wind and a scope of 6 through 10, the scope 
being the ratio of length of chain paid out to the water depth. Anchors and chains are to be in accordance with Table II 
25-1 and the numbers, mass and sizes of these are to be regulated by the equipment number (EN) obtained from the 
following equation: 

���“�—�‹�’�•�‡�•�–�����—�•�„�‡�”
L �Š�•
l
�¿

�Š

p

�6
�7


E�• 
Í �“�� �q�� �f �� �d
E�• 
Í �“�� �q�� �f �� �n
 

Where: 
k �  1.0 
m �  2 
n �  0.1 
h �  Number of hulls or pontoons of the unit 
�û �  Molded displacement of the unit in metric tons, excluding appendages, taken at the transit draft 


Í �“�� �q�� �f �� �d �  �7�R�W�D�O���I�U�R�Q�W�D�O���D�U�H�D���H�[�S�R�V�H�G���W�R���W�K�H���Z�L�Q�G���L�Q���P�����D�W���W�K�H���W�U�D�Q�V�L�W���G�U�D�I�W 

q �  1.0 for hull, superstructure and deckhouses 
 �  0.3 for other wind areas 
�� �q �  Shape coefficient, as shown in Table III 13-1 of Part III of the Rules 
�� �f  �  Height coefficient as shown in Table III 13-2 of Part III of the Rules 
�� �d �  Frontal projected area of each major element exposed to the wind, in m2 , including columns, 

upper structure, deck members, superstructures and deck houses, trusses, large cranes, derrick 
substructure and drilling derrick as well as the portion of the hull above the transit waterline, as 
applicable to the type of unit. Wind shielding in accordance with acceptable methods may be 
considered. 


Í �“�� �q�� �f �� �n �  �7�R�W�D�O���S�U�R�I�L�O�H���D�U�H�D���H�[�S�R�V�H�G���W�R���W�K�H���Z�L�Q�G���L�Q���P�����D�W���W�K�H���W�U�D�Q�V�L�W���G�U�D�I�W 

�� �n �  �3�U�R�I�L�O�H�� �D�U�H�D�� �R�I�� �H�D�F�K���P�D�M�R�U�� �H�O�H�P�H�Q�W�� �H�[�S�R�V�H�G�� �W�R�� �W�K�H�� �Z�L�Q�G���� �L�Q�� �P������ �L�Q�F�O�X�G�L�Q�J�� �F�R�O�X�P�Q�V���� �X�S�S�H�U��
�V�W�U�X�F�W�X�U�H���� �G�H�F�N�� �P�H�P�E�H�U�V���� �V�X�S�H�U�V�W�U�X�F�W�X�U�H�� �D�Q�G�� �G�H�F�N�� �K�R�X�V�H�V���� �W�U�X�V�V�H�V���� �O�D�U�J�H�� �F�U�D�Q�H�V���� �G�H�U�U�L�F�N��
�V�X�E�V�W�U�X�F�W�X�U�H���D�Q�G���G�U�L�O�O�L�Q�J���G�H�U�U�L�F�N���D�V���Z�H�O�O���D�V���W�K�H���S�R�U�W�L�R�Q���R�I���W�K�H���K�X�O�O���D�E�R�Y�H���W�K�H���W�U�D�Q�V�L�W���Z�D�W�H�U�O�L�Q�H����
�D�V���D�S�S�O�L�F�D�E�O�H���W�R���W�K�H���W�\�S�H���R�I���X�Q�L�W�����:�L�Q�G���V�K�L�H�O�G�L�Q�J���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���D�F�F�H�S�W�D�E�O�H���P�H�W�K�R�G�V���P�D�\��
�E�H���F�R�Q�V�L�G�H�U�H�G�� 

In calculating the wind areas, the following conditions are to be considered: 

(a) Tiers of superstructures or deck houses having a breadth at any point no greater than 0.25B, where B is the 
molded breadth of the unit, may be excluded, provided that their projected area is less than 1/100 of the total 
projected area of the unit. 

(b) Screens and bulwarks more than 1.5 m in height are to be included. 

(c) In the case of units with columns, the projected areas of all columns are to be included (i.e. no shielding 
allowance is to be taken). However, a shape coefficient of 0.5 may be used for the column's cylindrical 
surfaces. 

(d) The block projected area of a clustering of deck houses may be used in lieu of calculating each individual 
area. In this case, the shape coefficient is to be taken as 1.1. 

(e) Large isolated structures such as cranes and derricks are to be calculated individually using the appropriate 
shape coefficients from Table III 13-1 of Part III of the Rules. 

(f) Small isolated structures with a projected area less than 1/100 of the total projected area of the unit may be 
excluded. 
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(g) Open truss work commonly used for derrick towers, booms and certain types of masts may be approximated 
by taking 30% of the projected block areas of both the front and back sides (i.e., 60% of the projected block 
area of one side for double sided truss work). The shape coefficient is to be taken in accordance with Table 
III  13-1 of Part III of the Rules. 

Note: Lateral wind areas (larger side) of open truss work in dual derrick towers may be approximated by 
taking 25% of the projected block areas of both the front and back sides. In all open truss derrick towers, the 
wind areas in the V-door levels may be approximated by taking 20% of the projected block areas of both the 
front and back sides. 

Alternatively, the effective wind areas may be calculated by using the results of wind tunnel tests or recognized 
computational fluid dynamics (CFD) software with a representative model of the unit or designated item, including all 
the elements that can contribute to the wind resistance, and subjected to the wind conditions equivalent to 25 m/s or 
over. Documentation and calculations demonstrating the effective wind areas by the alternative methodology are to be 
submitted for review. 
Note: When the effective wind areas are obtained from the results of wind tests or CFD analysis and the percentage of 
wind area related to hull, superstructures and deckhouses cannot be estimated, a value not less than 75% (frontal) and 
50% (profile) of the resulting effective wind areas may be used in the equipment numeral equation in lieu of the total 
frontal area and the total profile area, respectively. 
For mobile offshore units where the temporary mooring system is arranged to face the wind in a direction other than the 
bow of the unit, special consideration will be made to adapt the calculation of the Equipment Number and the required 
anchors and chains to the specific mooring conditions. 
Units with DPS-II  or DPS-III  notation intended for deep water operations may be provided with a single bower anchor 
installed onboard and half of the chain cable length given in Table II 25-1. When a unit with single bower anchor 
arrangement is anchored for periods longer than 21 days, additional means of anchoring or external assistance such as a 
stand-by towing ship will need to be provided and instructions in this regard are to be included in the Operating Manual. 
Means are to be provided for stopping each cable as it is paid out, and the windlass should be capable of heaving in 
either cable. 
The length of chain cable required by Table II 25-1 can be equally distributed between the two bower anchors connected 
and ready for use. Where the chain is arranged so that one anchor has a longer length for mooring it is to be verified that 
the windlass has sufficient capability for heaving in the longer length of chain. 
Suitable arrangements are to be provided for securing the anchors and stowing the cables. 

25.3 Anchors 

25.3.1 Anchors are to be of stocked or stockless type of approved design and to be made in compliance with the 
requirements given in Chapter 12 of Part XI. 

25.3.2 The mass of anchors given in Table II 25-1 is for the stockless type. Where the stocked anchor is used, the mass 
excluding the stock is to be 80% of the tabular mass for the stockless anchor. 

25.3.3 The mass of each bower anchor given in Table II 25-1 is for anchors of equal mass. The mass of individual 
anchors may be �r 7% of the table mass provided that the total mass of all anchors is not less than that required for 
anchors of equal mass. 

25.3.4 Where a special type of anchor with approved superior holding ability is used, the mass of the anchor less than 
the Table requirement, up to a maximum of 25% reduction for high holding power anchor and 50% for super high 
holding power anchors may be approved by the Society. However, supper high holding power anchor mass is not to 
exceed 1,500 kg. 

25.3.5 For tugs with service restricted, when approved by the Society, the mass of bower anchor specified in Table II 
25-1 may be reduced: 

(a) to correspond to that required for equipment number 0.5EN for Protected Waters Service. 

(b) to correspond to two Equipment numeral below that required for EN for other service restriction. 
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25.3.6 For ships with length less than 90 m and with service restricted, mass of one of the two anchors may be reduced 
to 85% of the mass required in Table II 25-1. 

25.4 Anchor Cables 

25.4.1 Bower anchor cables are to be stud link chains of Grades E1, E2 or E3 corresponding to the nominal diameter 
of the chain and equipment number given in Table II 25-1. In the case of superior holding ability anchor, the Grade E1 
chain is not to be used. 

25.4.2 Stream anchor cables 

(a) Stream anchor cables are to be of stud link chains, short link chains or steel wire ropes. When the steel wire 
rope is used, its construction is not to be less than 72 wires made up into 6 strands. 

(b) The breaking strength of stream anchor cables corresponding to the construction and nominal diameter of 
cables as specified in relation to Chapters of Part XI is not to be less than that given in Table II 25-1. 

25.4.3 Chains and steel wire ropes for anchors are to be made in compliance with the requirements given in Chapters 
13 and 14 of Part XI respectively. 

25.4.4 For tugs with service restricted, when approved by the Society, the diameter of chain cable required in Table II 
25-1 may be reduced: 

(a) to correspond to that required for equipment number 0.5EN for Protected Waters Service. 

(b) to correspond to two Equipment numeral below that required for EN for other service restriction. 

25.4.5 For tugs with service restriction of Protected Waters Service, the length of chain cable may be reduced to 50% 
of the requirement for equipment number 0.5EN in Table II 25-1. 

25.5 Towlines and Mooring Ropes 

25.5.1 Material 

(a) Towlines and mooring ropes may be of steel wires, natural fibre or synthetic fibre ropes. The breaking 
strength of the towline and the mooring rope is given in Table II 25-1. 

(b) Irrespective of the breaking strength, the diameter of the fibre rope is not to be less than 20 mm. 

(c) Where it is proposed to use the synthetic fibre rope, the size and construction are to be specially considered. 

25.5.2 The length of the individual mooring rope may be reduced by 7% of the Table length, provided that the total 
length of the mooring rope is not less than that obtained from the Table. 

25.5.3 Towlines are not be required as a condition of classification. The towlines listed in Table II 25-1 are intended 
as a guide. 

25.5.4 Steel wire ropes used for the towline or mooring rope are to be of a flexible construction. Where wire ropes in 
construction of 6 �u 12 and 6 �u 24 are used, the diameter of the rope is not to be more than 25 mm and 33 mm respectively, 
however, the construction of 6 �u 30 and 6 �u 37, any diameter is permitted. 

25.5.5 For ships having an A/EN ratio greater than 0.9, the number of mooring ropes given in Table II 25-1 is to be 
increased by the number given below: 
 

�$���(�1���5�D�W�L�R �,�Q�F�U�H�D�V�H���1�R�����R�I���0�R�R�U�L�Q�J���5�R�S�H 
���������t���$���(�1���!�������� �� 
���������t���$���(�1���!�������� �� 
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�$���(�1���!�������� �� 

 
Where: 
�$ �  �7�K�H���S�U�R�I�L�O�H���D�U�H�D���G�H�I�L�Q�H�G���L�Q�������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 
�(�1 �  �(�T�X�L�S�P�H�Q�W���Q�X�P�E�H�U���G�H�W�H�U�P�L�Q�H�G���E�\�������������R�I���W�K�L�V���&�K�D�S�W�H�U�� 

25.5.6 It is the responsibility of the owner to replace or make good towlines and mooring ropes as opportunity occurs. 

25.6 Arrangements for Working and Stowing of Anchors and Cables 

25.6.1 The windlass is to be of substantial construction and sufficient power suitable for the size of the chain and the 
mass of the anchor and the chain. 

25.6.2 The windlass is to be securely bolted to a substantial bed on the deck which is to be reinforced and suitably 
supported to the Surveyor's satisfaction. 

25.6.3 Care is to be taken to ensure an easy lead of the cable from the windlass to the anchor and the chain locker. 

25.6.4 Hawse pipe 

(a) The hawse pipe is to be of ample strength and suitable size to house the anchor. 

(b) The hawse pipe is to have substantial chafing lips and the easiest possible lead for minimizing the nip on the 
cable. 

(c) The hawse pipe for the stockless anchor is to be provided with ample clearances to satisfy the Surveyor that 
there is no risk of the anchor jamming in the hawse pipe, when the anchor is shipped and unshipped. 

25.6.5 The shell plating and framing in way of the hawse pipe are to be properly strengthened. 

25.6.6 The hawse pipe, when in position, is to be thoroughly tested for watertightness by means of a hose in which the 
water pressure is not to be less than 0.2 MPa. 

25.6.7 Chain locker 

(a) The chain locker is to be divided into two parts of sufficient capacity for separate stowage of the port and 
starboard chain cables. 

(b) The chain locker is to provide an easy direct lead for the chain cable into the hawse pipe when the total length 
of the chain cable is stowed. 

(c) The chain locker is to have provisions for securing the inboard ends of the cable to the structure. 

(d) Chain locker and chain pipe are to be watertight up to the weather deck. Chain pipes through which anchor 
cables are led are to be provided with closing appliances to minimize water ingress, such as steel plates with 
cutouts to accommodate chain links or canvas hood with a lashing arrangement that maintains the cover in 
the secured position. 

(e) Where a means of access to chain pipes or cable lockers is located below the weather deck, the access cover 
and its securing arrangements are to be in accordance with recognized standards or equivalent for watertight 
manhole covers. Butterfly nuts and/or hinged bolts are prohibited as the securing mechanism for the access 
cover. 

25.7 Emergency Towing Procedures 

25.7.1 Ships are to be provided with a ship-specific emergency towing procedure that describes the towing procedure 
to be used in emergency situation. 
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25.7.2 The procedure specified in 25.7.1 is to be based on existing arrangements and equipment available on board 
the ship and is to include the following information: 

(a) drawings of fore and aft deck showing possible emergency towing arrangements; 

(b) inventory of equipment on board that can be used for emergency towing; 

(c) means and methods of communication; and 

(d) sample procedures to facilitate the preparation for and conducting of emergency towing operations. 

25.8 Towing and Mooring Fittings 

25.8.1 General 

(a) The requirements in this section apply to shipboard fittings used for normal towing and normal mooring and 
their supporting hull structures. 

(b) Ships are to be adequately provided with towing and mooring fittings. 

(c) The scantlings of supporting structures are to be built at least with the gross scantlings obtained by adding 
the corrosion addition specified in 25.8.2(e) and 25.8.3(e) to the net scantlings obtained by applying the 
criteria specified in this section. 

(d) The scantlings of supporting structures are to be in accordance with the relevant chapters or sections in 
addition to this section. 

25.8.2 Towing Fittings 

(a) Arrangement of Towing Fittings 

���L�� �7�R�Z�L�Q�J�� �I�L�W�W�L�Q�J�V�� �D�U�H�� �W�R�� �E�H�� �O�R�F�D�W�H�G�� �R�Q�� �O�R�Q�J�L�W�X�G�L�Q�D�O�V���� �E�H�D�P�V�� �R�U�� �J�L�U�G�H�U�V���� �Z�K�L�F�K�� �D�U�H�� �S�D�U�W�V�� �R�I�� �W�K�H�� �G�H�F�N��
�F�R�Q�V�W�U�X�F�W�L�R�Q���V�R���D�V���W�R���I�D�F�L�O�L�W�D�W�H���H�I�I�L�F�L�H�Q�W���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���W�R�Z�L�Q�J���O�R�D�G�� 

���L�L�� �:�K�H�Q�� �W�R�Z�L�Q�J�� �I�L�W�W�L�Q�J�V�� �F�D�Q�Q�R�W�� �E�H�� �O�R�F�D�W�H�G�� �D�V�� �V�S�H�F�L�I�L�H�G�� �L�Q�� ���L������ �W�R�Z�L�Q�J�� �I�L�W�W�L�Q�J�V�� �D�U�H�� �W�R�� �E�H�� �D�U�U�D�Q�J�H�G�� �R�Q��
�U�H�L�Q�I�R�U�F�H�G���P�H�P�E�H�U�V�� 

(b) Design Load 

Design load, see Fig. II 25-4, for towing fittings and their supporting structures are to be as specified in (i) 
to (vi) below: 

(i) For normal towing operations (e.g. harbour / manoeuvring), the design load on the line (see Fig. II 
25-4) is to be 1.25 times the intended maximum towing load. 

(ii)  For other types of towing (e.g. escort), the design load on the line is to be the breaking strength of the 
towing line specified in Table II 25-1 according to the equipment number determined in 25.2 of this 
Chapter. 

(iii)  The design load on fittings is to take into account all acting loads. 

(iv) The point where the towing force acts on towing fittings is to be taken as the attachment point of the 
towing line. 

(v) The design load on fittings is to take into account the total design load on the line specified in (i) and 
(ii), but need not exceed twice the design load on the line. 

(vi) If the design load on fittings specified in (ii) to (v) is less than the intended towing load stipulated in 
the construction specifications for the towing fittings and their supporting structures used for towing 
operations specified in (ii), the design load on fittings is to be not less than the intended towing load. 
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Fig. II 25-4 

Design Load 

(c) Selection of Towing Fittings 

Towing fittings are generally to be specified according to standards approved by the Society. 

(d) Allowable stresses of supporting structures are not to be more than below: 

(i) Normal stress: 100% of the specified yield point for the material used 

(ii)  Shearing stress: 60% of the specified yield point for the material used 

(e) The corrosion addition of supporting structures is not to be less than the following values: 

(i) IACS Common Structural Rules, if applicable. 

(ii)  The value will be considered by the Society, but is not to be less than 2 mm. 

(f) Safe Working Load (SWL) 

(i) For towing fittings and their supporting structures used for towing operations specified in (b)(i), the 
SWL is not to exceed 80% of the design load on fittings specified in (b)(i), (iii), (iv), and (v). 

(ii)  For towing fittings and their supporting structures used for towing operations specified in (b)(ii), the 
SWL is not to exceed the design load on fittings specified in (b)(ii) to (vi). 

(iii)  For towing fittings and their supporting structures used for towing operations specified in both (b)(i) 
and (b)(ii), the SWL is not to exceed the greater of the design loads. 

(iv) The SWL of each fitting is to be marked by weld beads or equivalent on the fitting. 

25.8.3 Mooring Fittings 

(a) Arrangement of Mooring Fittings 

(i) Mooring fittings are to be located on longitudinals, beams or girders, which are parts of the deck 
construction so as to facilitate efficient distribution of the mooring load. 

(ii)  When mooring fittings cannot be located as specified in (i), the mooring fittings are to be arranged 
on reinforced members. 

(b) Design Load 

Design load, see Fig. II 25-4, for mooring fittings and their supporting structures are to be as specified in (i) 
to (vii) below: 

(i) The design load on the line (see Fig. II 25-4) is to be 1.25 times the breaking strength of the mooring 
line specified in Table II 25-1 according to the equipment number determined in 25.2. 

(ii)  The design load on fittings is to take into account all acting loads. 

(iii)  The point where the mooring force acts on mooring fittings is to be taken as the attachment point of 
the mooring line. 

(iv) The design load on fittings is to take into account the total design load on the line specified in (i) (see 
Fig. II 25-4), but need not exceed twice the design load on the line. 
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(v) If the design load on fittings specified in (i) to (iv) is less than 1.25 times the intended mooring load 
stipulated in the construction specifications for the mooring fittings and their supporting structures 
used for mooring operations specified in (i), the design load on the fittings is to be at least 1.25 times 
the intended mooring load. 

(vi) The design load applied to supporting hull structures for mooring winches is to be 1.25 times the 
intended maximum brake holding load. 

(vii)  The design load applied to supporting hull structures for capstans is to be 1.25 times the intended 
maximum hauling-in force. 

(c) Selection of Mooring Fittings 

Mooring fittings are generally to be specified according to standards approved by the Society. 

(d) Allowable stresses of supporting structures are not to be more than below: 

(i) Normal stress: 100% of the specified yield point for the material used 

(ii)  Shearing stress: 60% of the specified yield point for the material used 

(e) The corrosion addition of supporting structures is not to be less than the following values: 

(i) IACS Common Structural Rules, if applicable. 

(ii)  The value will be considered by the Society, but is not to be less than 2mm 

(f) Safe Working Load (SWL) 

(i) The SWL is not to exceed 80% of the design load on fittings specified in (b)(i) to (v) or the design 
load specified in (b)(vi) or (vii). 

(ii)  The SWL of each fitting, excluding mooring winches and capstan, is to be marked by weld beads or 
equivalent on the fitting. 

25.9 Towing and Mooring Arrangements Plan 

25.9.1 The SWL for the intended use for each shipboard fitting should be noted in the towing and mooring 
arrangements plan available on board for the guidance of the Master. 

25.9.2 Information provided on the plan should include in respect of each shipboard fitting: 

(a) location on the ship 

(b) fitting type 

(c) SWL 

(d) purpose (mooring/harbour towing/escort towing) 

(e) method of applying load of towing or mooring line including limiting fleet angles. 
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Table II 25-1 
Anchor, Chain Cable and Ropes 

�(�T�X�L�S�P�H�Q�W 
�Q�X�P�E�H�U 

�(�T�X�L�S�P�H�Q�W 
�Q�X�P�H�U�D�O 

�%�R�Z�H�U 
�D�Q�F�K�R�U 

�6�W�U�H�D�P 
�D�Q�F�K�R�U 

�6�W�X�G���O�L�Q�N���F�K�D�L�Q���F�D�E�O�H 
�I�R�U���E�R�Z�H�U���D�Q�F�K�R�U�V 

�:�L�U�H���U�R�S�H���R�U���F�K�D�L�Q��
�I�R�U���V�W�U�H�D�P���D�Q�F�K�R�U 

�7�R�Z���O�L�Q�H 
�������O�H�Q�J�W�K���S�H�U���V�K�L�S�� 

�0�R�R�U�L�Q�J���U�R�S�H�V 

   �1�X�P�E�H�U �0�D�V�V 
�S�H�U 

�D�Q�F�K�R�U 

�1�X�P�E�H�U �0�D�V�V 
�S�H�U 

�D�Q�F�K�R�U 

�7�R�W�D�O 
�O�H�Q�J�W�K 

�1�R�P�L�Q�D�O���G�L�D�P�H�W�H�U 
���P�P�� 

�/�H�Q�J�W�K 
 

�%�U�H�D�N�L�Q�J 
�V�W�U�H�Q�J�W�K 

�/�H�Q�J�W�K �%�U�H�D�N�L�Q�J 
�6�W�U�H�Q�J�W�K 

�1�X�P�E�H�U �/�H�Q�J�W�K 
�R�I 

�H�D�F�K 

�%�U�H�D�N�L�Q�J 
�V�W�U�H�Q�J�W�K 

 
�2�Y�H�U 

 
�8�S���W�R 

   
�N�J 

  
�N�J 

 
�P 

�*�U�D�G�H 
�(�� 

�*�U�D�G�H 
�(�� 

�*�U�D�G�H 
�(�� 

 
�P 

 
�N�1 

 
�P 

 
�.�1  

 �U�R�S�H 
�P 

 
�N�1 

���� ���� �(���� �� ������ �� ���� ������ ���� ��������  ���� ���� ������ ���� �� ���� ���� 
���� ���� �(���� �� ������ �� ���� ������ ���� ����  ���� ���� ������ ���� �� ������ ���� 
���� ������ �(���� �� ������ �� ������ ���������� �������� ����  ���� ���� ������ ���� �� ������ ���� 

������ ������ �(���� �� ������ �� ������ ���������� ���� ��������  ���� ���� ������ ���� �� ������ ���� 
������ ������ �(���� �� ������ �� ������ ������ �������� ��������  ���� ���� ������ ���� �� ������ ���� 
������ ������ �(���� �� ������ �� ������ ������ ���� ����  ���� ������ ������ ���� �� ������ ���� 
������ ������ �(���� �� ������ �� ������ ���������� ���� ��������  ���� ������ ������ ������ �� ������ ���� 
������ ������ �(���� �� ������   ���������� ���� ���� ��������   ������ ������ �� ������ ���� 
������ ������ �(���� �� ������   ������ ���� ���� ����   ������ ������ �� ������ ���� 
������ ������ �(���� �� ������   ���������� ���� ���� ����   ������ ������ �� ������ ���� 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ���� 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ���� 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ���� 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
������ ������ �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
������ �������� �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 

�������� �������� �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ������ ���� ���� ����   ������ ������ �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ �������� �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ �������� �� ������ ������ 
�������� �������� �(���� �� ��������   ���������� ���� ���� ����   ������ �������� �� ������ ������ 
�������� �������� �(���� �� ��������   ������ ���� ���� ����   ������ �������� �� ������ ������ 



 

 

P
A

R
T

 II C
H

A
P

T
E

R
 25 

25.9 
T

ow
ing and M

ooring A
rrangem

ents P
lan
 

C
R

 C
LA

S
S

IF
IC

A
T

IO
N

 S
O

C
IE

T
Y 

- 219 - 
R

U
LE

S
 F

O
R

 T
H

E
 C

O
N

S
T

R
U

C
T

IO
N

 A
N

D
 C

LAS
S

IF
IC

A
T

IO
N

 O
F

 C
O

A
S

T
 G

U
A

R
D S

H
IP

S
 2023 

 

Table II 25-1 
Anchor, Chain Cable and Ropes (continued) 
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�I�R�U���V�W�U�H�D�P���D�Q�F�K�R�U 

�7�R�Z���O�L�Q�H 
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Chapter 26 

Navigation Bridge Visibility  

26.1 General 

The requirements in this Chapter apply to ships of not less than 55 m in length overall (LOA). 

26.2 View of the Sea Surface 

The view of the sea surface from the conning position shall not be obscured by more than two ship length overall or 500 
m, whichever is less, forward of the bow to 10° on either side under all conditions of the ship's draught, trim and deck 
cargo. 

26.3 Blind Sectors 

Each blind sector caused by cargo, cargo gear or other obstructions outside of the wheelhouse forward of the beam 
obstructing the view of the sea surface as seen from the conning position is not to exceed 10°. The total arc of blind 
sectors shall not exceed 20 degrees. The clear sectors between blind sectors shall be at least 5 degrees. However, in the 
view described in 26.2, each individual blind sector shall not exceed 5 degrees. 

26.4 Horizontal Field of Vision 

26.4.1 The horizontal field of vision from the conning position is to extend over an arc of not less than 225°, that is 
from more than 22.5° abaft the beam on one side, through forward, to more than 22.5° abaft the beam on the other side. 

26.4.2 From each bridge wing the horizontal field of vision is to extend over an arc from at least 45° on the opposite 
bow through right ahead and then aft to 180° from dead ahead. 

26.4.3 From main steering position the horizontal filed of vision is to extend over an arc from right ahead to at least 
60°on each side. 

26.5 Ship's Side 

The ship's side is to be visible from the bridge wing. The arrangement of bridge may refer to IMO MSC.1/Circ. 1350. 

26.6 Bridge Front Windows 

26.6.1 The height of the lower edge of bridge front windows above the deck is to kept as low as possible. 

26.6.2 The upper edge of the bridge front windows is to allow a forward view of the horizon when the ship is pitching 
in heavy seas for a person with an eye height of 1800 mm above bridge deck at the conning position. The Society, if 
satisfied that a 1800 mm height of eye is unreasonable and impractical, may allow reduction of the height of eye but not 
to less than 1600 mm. 
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26.6.3 To help avoid reflections, the bridge front windows are to be inclined from the vertical plane top out, at an 
angle of not less than 10° and not more than 25°. 

26.6.4 At all times, regardless of weather conditions, at least two of the bridge front windows are to provide a clear 
view and, depending on the bridge layout, an additional number of clear view windows are to be provided. 

26.7 Windows 

26.7.1 Framing between bridge windows is to be kept to minimum and is not to be installed immediately forward of 
any workstation. 

26.7.2 Polarized and tinted windows are not to be fitted. 

26.8 Ships of Unconventional Design 

26.8.1 With ships of unconventional design which, in the opinion of the Society, the arrangements are to be provided 
to achieve a level of visibility that is as near as practical to those prescribed in this Chapter. 

26.9 Navigation Bridge Visibility during Ballast Water Exchange 

26.9.1 During the intermediate stages of ballast water exchange, navigation bridge visibility need not comply with 
26.2 and 26.4. 
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Chapter 27 

Strength and Securing of Small Hatches,  

Fore Deck Fittings and Equipment on the Exposed Fore Deck 

27.1 General 

27.1.1 This Chapter provides strength requirements to resist green sea forces for the small hatches and securing devices 
fit ted on the exposed fore deck, air pipes, ventilator pipes and their closing devices, and the securing of windlasses 
located within the forward quarter length. 

27.1.2 Small hatches in these requirements are hatches designed for access to spaces below the deck and are capable 
of being closed weather-tight or watertight, as applicable. Their opening is normally 2.5 m2 or less. 

27.1.3 Hatches designed for use of emergency escape are to comply with these requirements, except 27.4.2(a)(i) and 
(ii), 27.4.3(c) and 27.4.4. 

27.1.4 For windlasses, these requirements are additional to those appertaining to the anchor and chain performance 
criteria of the Society. 

27.1.5 Where mooring winches are integral with the anchor windlass, they are to be considered as part of the windlass. 

27.2 Application  

27.2.1 For ships that are contracted for construction on or after 1 January 2004 on the exposed deck over the forward 
0.25L, applicable to: 
All ship types of sea going service of length 80 m or more, where the height of the exposed deck in way of the item is 
less than 0.1L or 22 m above the summer load waterline, whichever is the lesser. 

27.2.2 The ship length L is as defined in 1.2.1. 

27.3 Implementation 

27.3.1 Ships that are described in 27.2.1 that are contracted for construction on or after 1 January 2004 are to comply 
by the time of delivery. 

27.4 Small Hatches 

27.4.1 Strength 

(a) For small rectangular steel hatch covers, the plate thickness, stiffener arrangement and scantlings are to be 
in accordance with Table II 27-1, and Fig. II 27-1. Stiffeners, where fitted, are to be aligned with the metal-
to-metal contact points, required in 27.4.3(a), see Fig. II 27-1. Primary stiffeners are to be continuous. All 
stiffeners are to be welded to the inner edge stiffener, see Fig. II 27-2. 

(b) 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. 
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(c) For small hatch covers of circular or similar shape, the cover plate thickness and reinforcement is to provide 
strength and stiffness equivalent to the requirements for small rectangular hatches specified in 27.4. 

(d) For small hatch covers constructed of materials other than steel, the required scantlings are to provide 
equivalent strength. 

27.4.2 Primary securing devices 

(a) Small hatches located on exposed fore deck subject to the application of these requirements are to be fitted 
with primary securing devices such that their hatch covers can be secured in place and weather-tight by 
means of a mechanism employing any one of the following methods: 

(i) Butterfly nuts tightening onto forks (clamps), 

(ii)  Quick acting cleats, or 

(iii)  Central locking device. 

(b) Dogs (twist tightening handles) with wedges are not acceptable. 

27.4.3 Requirements for primary securing 

(a) The hatch cover is to be fitted with a gasket of elastic material. 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. The metal-to-metal contacts are to be 
arranged close to each securing device in accordance with Fig. II 27-1, and of sufficient capacity to withstand 
the bearing force. 

(b) The primary securing method is to be designed and manufactured such that the designed compression 
pressure is achieved by one person without the need of any tools. 

(c) For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. They are 
to be designed to minimize the risk of butterfly nuts being dislodged while in use; by means of curving the 
forks upward, a raised surface on the free end, or a similar method. The plate thickness of unstiffened steel 
forks is not to be less than 16 mm. An example arrangement is shown in Fig. II 27-2. 

(d) For small hatch covers located on the exposed deck forward of the fore-most cargo hatch, the hinges are to 
be fitted 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. 

(e) On small hatches located between the main hatches, for example between Nos. 1 and 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. 

27.4.4 Secondary securing device 
Small hatches on the fore deck are to be fitted 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. 

  



PART II CHAPTER 27 
27.5 Fore Deck Fittings and Equipment 

- 224 - CR CLASSIFICATION SOCIETY 
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF COAST GUARD SHIPS 2023 

Table II 27-1 
Scantlings for Small Steel Hatch Covers on the Fore Deck 

�1�R�P�L�Q�D�O���V�L�]�H�����P�P���î���P�P�� �&�R�Y�H�U���S�O�D�W�H���W�K�L�F�N�Q�H�V�V�����P�P�� 
�3�U�L�P�D�U�\���V�W�L�I�I�H�Q�H�U�V �6�H�F�R�Q�G�D�U�\���V�W�L�I�I�H�Q�H�U�V 

�)�O�D�W���%�D�U�����P�P���î���P�P�������Q�X�P�E�H�U 
���������î�������� �� �� �� 
���������î�������� �� ���������î������������ �� 
���������î�������� �� ���������î������������ �� 
���������î�������� �� ���������î�������������� �� 

�����������î���������� �� ���������î�������������� �������î������������ 
�����������î���������� �� ���������î�������������� ���������î�������������� 

27.5 Fore Deck Fittings and Equipment 

27.5.1 Applied loading 

(a) Air pipes, ventilator pipes and their closing devices 

(i) The pressures p, in kN/m2 acting on air pipes, ventilator pipes and their closing devices may be 
calculated from: 

�’ 
L �r�ä�w�O�� �6�� �b�� �q�� �n 

where: 
�O �  �' �H�Q�V�L�W�\���R�I���V�H�D���Z�D�W�H�U�����������������W���P������ 
�9 �  �9�H�O�R�F�L�W�\���R�I���Z�D�W�H�U���R�Y�H�U���W�K�H���I�R�U�H���G�H�F�N���������������P���V�H�F���� 
�� �b �  �6�K�D�S�H���F�R�H�I�I�L�F�L�H�Q�W�� 
 �  ���������I�R�U���S�L�S�H�V�� 
 �  ���������I�R�U���D�L�U���S�L�S�H���R�U���Y�H�Q�W�L�O�D�W�R�U���K�H�D�G�V���L�Q���J�H�Q�H�U�D�O�� 

 
�  �������� �I�R�U�� �D�Q�� �D�L�U�� �S�L�S�H�� �R�U�� �Y�H�Q�W�L�O�D�W�R�U�� �K�H�D�G�� �R�I�� �F�\�O�L�Q�G�U�L�F�D�O�� �I�R�U�P�� �Z�L�W�K�� �L�W�V�� �D�[�L�V�� �L�Q�� �W�K�H�� �Y�H�U�W�L�F�D�O��

�G�L�U�H�F�W�L�R�Q�� 
�� �q �  �6�O�D�P�P�L�Q�J���F�R�H�I�I�L�F�L�H�Q�W�������������� 
�� �n �  �3�U�R�W�H�F�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W�� 
 �  ���������I�R�U���S�L�S�H�V���D�Q�G���Y�H�Q�W�L�O�D�W�R�U���K�H�D�G�V���O�R�F�D�W�H�G���L�P�P�H�G�L�D�W�H�O�\���E�H�K�L�Q�G���D���E�U�H�D�N�Z�D�W�H�U���R�U���I�R�U�H�F�D�V�W�O�H�� 
 �  ���������H�O�V�H�Z�K�H�U�H���D�Q�G���L�P�P�H�G�L�D�W�H�O�\���E�H�K�L�Q�G���D���E�X�O�Z�D�U�N�� 

(ii)  Forces acting in the horizontal direction on the pipe and its closing device may be calculated from 
27.5.1(a)(i) using the largest projected area of each component. 

(b) Windlasses 

(i) The following pressures and associated areas are to be applied (see Fig. II 27-3): 

(1) 200 kN/m2 normal to the shaft axis and away from the forward perpendicular, over the projected 
area in this direction, 

(2) 150 kN/m2 parallel to the shaft axis and acting both inboard and outboard separately, over the 
multiple of f times the projected area in this direction, where f is defined as: 

f = 1+ B/H , but not greater than 2.5. 

where: 
�% �  �: �L�G�W�K���R�I���Z�L�Q�G�O�D�V�V���P�H�D�V�X�U�H�G���S�D�U�D�O�O�H�O���W�R���W�K�H���V�K�D�I�W���D�[�L�V�� 
�+ �  �2�Y�H�U�D�O�O���K�H�L�J�K�W���R�I���Z�L�Q�G�O�D�V�V�� 

(ii)  Forces in the bolts, chocks and stoppers securing the windlass to the deck are to be calculated. The 
windlass is supported by N bolt groups, each containing one or more bolts, see Fig. II 27-4. 
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(iii)  The axial force Ri in bolt group (or bolt) i, positive in tension, may be calculated from: 

�� �v�g
L
���v�Š�š�g�� �g

���v
 

�� �w�g
L
���w�Š�›�g�� �g

���w
 

�� �g
L �� �v�g
E�� �w�g
F �� �q�g 

where: 
���v �  �)�R�U�F�H�����N�1�����D�F�W�L�Q�J���Q�R�U�P�D�O���W�R���W�K�H���V�K�D�I�W���D�[�L�V�� 
���w �  �)�R�U�F�H�����N�1�����D�F�W�L�Q�J���S�D�U�D�O�O�H�O���W�R���W�K�H���V�K�D�I�W���D�[�L�V�����H�L�W�K�H�U���L�Q�E�R�D�U�G���R�U���R�X�W�E�R�D�U�G���Z�K�L�F�K�H�Y�H�U���J�L�Y�H�V��

�W�K�H���J�U�H�D�W�H�U���I�R�U�F�H���L�Q���E�R�O�W���J�U�R�X�S���L�� 
�K �  �6�K�D�I�W���K�H�L�J�K�W�����F�P�����D�E�R�Y�H���W�K�H���Z�L�Q�G�O�D�V�V���P�R�X�Q�W�L�Q�J�� 
�š�g�á�›�g �  �[���D�Q�G���\���F�R�R�U�G�L�Q�D�W�H�V���R�I���E�R�O�W���J�U�R�X�S���L���I�U�R�P���W�K�H���F�H�Q�W�U�R�L�G���R�I���D�O�O���1���E�R�O�W���J�U�R�X�S�V�����S�R�V�L�W�L�Y�H���L�Q���W�K�H��

�G�L�U�H�F�W�L�R�Q���R�S�S�R�V�L�W�H���W�R���W�K�D�W���R�I���W�K�H���D�S�S�O�L�H�G���I�R�U�F�H�����F�P���� 
�� �g �  �&�U�R�V�V���V�H�F�W�L�R�Q�D�O���D�U�H�D�����F�P�������R�I���D�O�O���E�R�O�W�V���L�Q���J�U�R�X�S���L�� 
���v �  �� �$�L���[

��
�L� � � ��I�R�U���1���E�R�O�W���J�U�R�X�S�V�� 

���w �  �� �$�L���\
��
�L� � � ��I�R�U���1���E�R�O�W���J�U�R�X�S�V�� 

�� �q�g �  �6�W�D�W�L�F���U�H�D�F�W�L�R�Q���D�W���E�R�O�W���J�U�R�X�S���L�����G�X�H���W�R���Z�H�L�J�K�W���R�I���Z�L�Q�G�O�D�V�V�� 

(iv) Shear forces �	�v�g�á�	�w�g applied to the bolt group i, and the resultant combined force �	�g may be 
calculated from: 
 

�	�v�g �  
���v 
F �=�‰��

��
 

�	�w�g �  
���w
F �=�‰��

��
�����ƒ�•�† 

�	�g �  
k�	�v�g
�6 
E�	�w�g

�6
o
�4�ä�9

 

 
where: 
�. �  �&�R�H�I�I�L�F�L�H�Q�W���R�I���I�U�L�F�W�L�R�Q�������������� 
�0 �  �0�D�V�V���R�I���Z�L�Q�G�O�D�V�V�����W���� 
�J �  �*�U�D�Y�L�W�\���D�F�F�H�O�H�U�D�W�L�R�Q���������������P���V�H�F������ 
�1 �  �1�X�P�E�H�U���R�I���E�R�O�W���J�U�R�X�S�V�� 

(v) Axial tensile and compressive forces in 27.5.1(b)(iii) and lateral forces in 27.5.1(b)(iv) are also to be 
considered in the design of the supporting structure. 

27.5.2 Strength requirements 

(a) Air pipes, ventilator pipes and their closing devices 

(i) 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 �1y, where �1y is the specified minimum yield stress or 0.2% proof 
stress of the steel at room temperature. Irrespective of corrosion protection, a corrosion addition to 
the net section of 2.0 mm is then to be applied. 

(ii)  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 II 27-2. Where brackets are required, 
three or more radial brackets are to be fitted. Brackets are to be of gross thickness 8 mm or more, of 
minimum length 100 mm, and height according to Table II 27-2 but need not extend over the joint 
flange for the head. Bracket toes at the deck are to be suitably supported. 

(iii)  For other configurations, loads according to 27.5.1(a) are to be applied, and means of support 
determined in order to comply with the requirements of 27.5.2(a)(i). Brackets, where fitted, are to be 
of suitable thickness and length according to their height. Pipe thickness is not to be taken less than 
as required in 21.1. 
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(iv) 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 II 27-3. Brackets, where required are 
to be as specified in 27.5.2(a)(ii). 

(v) For ventilators of height greater than 900 mm, brackets or alternative means of support are to be fitted 
according to the requirements of 27.5.2(a)(i) above. Brackets, where fitted, whose thickness and 
length are to be suitable for their height. Pipe thickness is not to be taken less than as required in 21.1. 

(vi) All component parts and connections of the air pipe or ventilator are to be capable of withstanding 
the loads defined in 27.5.1(a). 

(vii)  Rotating type mushroom ventilator heads are unsuitable for application in the areas defined in 27.2. 

(b) Windlass mounts 

(i) Tensile axial stresses in the individual bolts in each bolt group i are to be calculated. The horizontal 
forces �	�v�g and �	�w�g are normally to be reacted by shear chocks. Where "fitted" bolts are designed to 
support these shear forces in one or both directions, the von Mises equivalent stresses in the individual 
bolts are to be calculated, and compared to the stress under proof load. Where pourable resins are 
incorporated in the holding down arrangements, due account is to be taken in the calculations. The 
safety factor against bolt proof strength is to be not less than 2.0. 

(ii)  The stresses of above deck framing and hull structure supporting the windlass and its securing bolt 
loads are not to exceed the following values: 

Bending stress: 85% of the yield strength of the material. 
Shearing stress: 60% of the yield strength of the material. 

  



PART II CHAPTER 27 
27.5 Fore Deck Fittings and Equipment 

CR CLASSIFICATION SOCIETY - 227 - 
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF COAST GUARD SHIPS 2023 

Table II 27-2 
760 mm Air Pipe Thickness and Bracket Standards 

�1�R�P�L�Q�D�O���S�L�S�H���G�L�D�P�H�W�H�U�����P�P�� 
�0�L�Q�L�P�X�P���I�L�W�W�H�G���J�U�R�V�V��

�W�K�L�F�N�Q�H�V�V�������P�P�� 
�0�D�[�L�P�X�P���S�U�R�M�H�F�W�H�G��
�D�U�H�D���R�I���K�H�D�G�����F�P���� 

�+�H�L�J�K�W���������R�I���E�U�D�F�N�H�W�V��
���P�P�� 

�����$������ ������ �� ������ 
�����$������ ������ �� ������ 
�����$ ������ �� ������ 
�����$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������������ �������� ������������ 
�������$ ������������ �������� ������������ 
�������$ ������������ �������� ������������ 
�������$ ������������ �������� ������������ 
�������$ ������������ �������� ������������ 

(1) (see 27.5.2(a)(ii)) need not extend over the joint flange for the head. 
(2) Brackets are required where the as fitted (gross) thickness is less than 10.5 mm, or where the tabulated 

projected head area is exceeded. 
(3) Not permitted for new ships. 
Note: For other air pipe heights, the relevant requirements of 27.5.2 are to be applied. 

Table II 27-3 
900 mm Ventilator Pipe Thickness and Bracket Standards 

�1�R�P�L�Q�D�O���S�L�S�H���G�L�D�P�H�W�H�U�����P�P�� 
�0�L�Q�L�P�X�P���I�L�W�W�H�G���J�U�R�V�V��

�W�K�L�F�N�Q�H�V�V�������P�P�� 
�0�D�[�L�P�X�P���S�U�R�M�H�F�W�H�G���D�U�H�D��

�R�I���K�H�D�G�����F�P���� 
�+�H�L�J�K�W���R�I���E�U�D�F�N�H�W�V�����P�P�� 

�����$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������ �� ������ 
�������$ ������ ������ �� 
�������$ ������ ������ �� 
�������$ ������ �������� �� 
�������$ ������ �������� �� 
�������$ ������ �������� �� 
�������$ ������ �������� �� 
�������$ ������ �������� �� 

Note: For other ventilator heights, the relevant requirements of 27.5.2 are to be applied. 
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Fig. II 27-1 

Arrangement of Stiffeners 

�1�R�P�L�Q�D�O���V�L�]�H�����������î�������� �1�R�P�L�Q�D�O���V�L�]�H�����������î�������� 

�+�L�Q�J�H 

�1�R�P�L�Q�D�O���V�L�]�H�����������î�������� 

�1�R�P�L�Q�D�O���V�L�]�H�������������î���������� 

�6�H�F�X�U�L�Q�J���G�H�Y�L�F�H���P�H�W�D�O���W�R���F�R�Q�W�D�F�W 

�3�U�L�P�D�U�\���V�W�L�I�I�H�Q�H�U 

�6�H�F�R�Q�G�D�U�\���V�W�L�I�I�H�Q�H�U 

�1�R�P�L�Q�D�O���V�L�]�H�����������î�������� 

�1�R�P�L�Q�D�O���V�L�]�H�������������î���������� 
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1: butterfly nut              (Note: Dimensions in millimeters) 
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 

Fig. II 27-2 
Example of a Primary Securing Method 
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Fig. II 27-3 

Direction of Forces and Weight 

 
Fig. II 27-4 

Sign Convention 

�3�\ 

�K 

�3�[ 

�3�[ 

�+ 

�)�R�U�H 

�% 

�&�H�Q�W�H�U���/�L�Q�H���R�I���6�K�L�S 

�&�H�Q�W�H�U���/�L�Q�H���R�I 
�:�L�Q�G�O�D�V�V 

�3�\ 

�1�R�W�H�� 
�3�\���W�R���E�H���H�[�D�P�L�Q�H�G���I�U�R�P���E�R�W�K���L�Q�E�R�D�U�G 
�D�Q�G���R�X�W�E�R�D�U�G���G�L�U�H�F�W�L�R�Q�V���V�H�S�D�U�D�W�H�O�\�������V�H�H 
���������������E�����L�������7�K�H���V�L�J�Q���F�R�Q�Y�H�Q�W�L�R�Q���I�R�U���\�L 
�L�V���U�H�Y�H�U�V�H�G���Z�K�H�Q���3�\���L�V���I�U�R�P���W�K�H���R�S�S�R�V�L�W�H 
�G�L�U�H�F�W�L�R�Q���D�V���V�K�R�Z�Q�� 

�\�������Y�H�� 

�\�������Y�H�� 

�\�������Y�H�� 

�[�������Y�H�� 

�[�������Y�H�� 

�[�������Y�H�� 
�[�������Y�H�� 

�&�H�Q�W�H�U���/�L�Q�H���R�I���:�L�Q�G�O�D�V�V 

�&�H�Q�W�H�U���/�L�Q�H���R�I 
�:�L�Q�G�O�D�V�V 

�&�H�Q�W�U�R�L�G���R�I���%�R�O�W���*�U�R�X�S�V 

�\�������Y�H�� 

�3�\ 

�3�[ ���&�R�R�U�G�L�Q�D�W�H�V���[�L���D�Q�G���\�L���D�U�H���V�K�R�Z�Q���D�V���H�L�W�K�H�U�� 
���S�R�V�L�W�L�Y�H�������Y�H�����R�U���Q�H�J�D�W�L�Y�H�����Y�H���� 
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