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Rule Change Notice (2006) 

The effective date of each technical change since 1993 is shown in parenthesis at the end of the 
subsection/paragraph titles within the text of each Part.  Unless a particular date and month are shown, 
the years in parentheses refer to the following effective dates: 
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Listing by Effective Dates of Changes from the 2001 Rules 

 

EFFECTIVE DATE 1 January 2006 – shown as (2006) 
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Part/Para. No. Title/Subject Status/Remarks 
3-2-7/1.1 Openings and Penetrations To specify the requirements for ventilation penetrations 

through watertight bulkheads 
3-5-1/13.3.1 Operating Loads For consistency with 4-5-1/5.1.1(a) of the Rules for 

Building and Classing Steel Vessels for windlass design 
with the cable stopper attached to the windlass structure. 

3-7-1/Table 1 Testing Requirements for 
Tanks and Boundaries 

To align the requirements with IACS UR S14 (Rev. 2) 
and to clarify that “top of hatch” means “top of hatch 
coaming” for the purpose of measuring hydrostatic 
testing head. 
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P A R T  S e c t i o n  1 :  D e f i n i t i o n s  

3 
C H A P T E R   1 General 

S E C T I O N   1  Definitions  

1  Application  

The following definitions apply throughout these Rules. 

3  Length 

3.1  Scantling Length (L) 
L is the distance in meters (feet) on the summer load line from the fore side of the stem to the 
centerline of the rudder stock. For use with the Rules, L is not to be less than 96% and need not be 
greater than 97% of the length on the summer load line. The forward end of L is to coincide with the 
fore side of the stem on the waterline on which L is measured. 

3.3  Freeboard Length (Lf) 

Lf is the distance in meters (feet) on a waterline at 85% of the least molded depth measured from the 
top of the keel from the fore side of the stem to the centerline of the rudder stock or 96% of the length 
on that waterline, whichever is greater. Where the stem is a fair concave curve above the waterline at 
85% of the least molded depth and where the aftmost point of the stem is above the waterline, the 
forward end of the length, Lf, is to be taken at the aftmost point of the stem above that waterline. See 
3-1-1/Figure 1. 
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5  Breadth (B) 

B is the greatest molded breadth in meters (feet). 

7  Depth 

7.1  Molded Depth (D) 
D is the molded depth at side in meters (feet) measured at the middle of L from the molded base line 
to the top of the freeboard-deck beams. In vessels having rounded gunwales, D is to be measured to 
the point of intersection of the molded lines of the deck and side shell plating. In cases where 
watertight bulkheads extend to a deck above the freeboard deck and are to be recorded in the Record 
as effective to that deck, D is to be measured to the bulkhead deck. 

7.3  Scantling Depth (Ds) 

The depth, Ds, for use with scantling requirements is measured to the strength deck, as defined in 
3-1-1/13.5. 

9  Draft for Scantlings (d) 

d is the draft in meters (feet) measured at the middle of the length, L, from the molded keel or the 
rabbet line at its lowest point to the estimated summer load waterline, the design load waterline or 
0.66D, whichever is greater. 

11  Molded Displacement and Block Coefficient 

11.1  Molded Displacement (Δ) 
Δ is the molded displacement of the vessel in metric tons (long tons), excluding appendages, taken at 
the summer load line. 

11.3  Block Coefficient (Cb) 

Cb is the block coefficient obtained from the following equation: 

Cb = Δ/1.025LBwld (SI & MKS units) 

Cb = 35Δ/LBwld (US units) 

where 

Δ = molded displacement, as defined in 3-1-1/11.1 

L = scantling length, as defined in 3-1-1/3.1 

d  = draft, as defined in 3-1-1/9 

Bwl = the greatest molded breadth at summer load line 
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13  Decks 

13.1  Freeboard Deck 
The freeboard deck is normally the uppermost continuous deck having permanent means for closing 
all openings in its weather portions, and below which all openings in the vessel’s side are equipped 
with permanent means for watertight closure. In cases where a vessel is designed for a special draft 
considerably less than that corresponding to the least freeboard obtainable under the International 
Load Line Regulations, the freeboard deck for the purpose of the Rules may be taken as the lowest 
actual deck from which the draft can be obtained under those regulations. 

13.3  Bulkhead Deck 
The bulkhead deck is the highest deck to which watertight bulkheads extend and are made effective. 

13.5  Strength Deck 
The strength deck is the deck which forms the top of the effective hull girder at any part of its length. 
See Section 3-2-1. 

13.7  Superstructure Deck 
A superstructure deck is a deck above the freeboard deck to which the side shell plating extends. 
Except where otherwise specified, the term superstructure deck, where used in the Rules, refers to the 
first such deck above the freeboard deck. 

13.9  Deckhouses 
A deckhouse is an enclosed structure above the freeboard deck having side plating set inboard of the 
hull’s side-shell plating more than 4% of the breadth, B, of the vessel. 

15  Deadweight and Lightship Weight 

For the purpose of these Rules, the deadweight, DWT, is the difference in metric tons (long tons) 
between the displacement of the vessel in water having a specific gravity of 1.025 at the summer load 
line and the lightship weight. For the purpose of these Rules, lightship weight is the displacement of a 
vessel in metric tons (long tons) without cargo, fuel, lubricating oil, ballast water, fresh water and feed 
water in tanks, consumable stores, and passengers and crews and their effects. 

17  Gross Tonnage 

17.1  International Tonnage   
For the purpose of application of these Rules to vessels intended for unrestricted service (see 1-1-3/1 
of the ABS Rules for Conditions of Classification (Part 1)), the referenced gross tonnage throughout 
the Rules is the measure of the internal volume of spaces within the vessel as determined in accordance 
with the provisions of the “International Convention on Tonnage Measurement of Ships, 1969”. 

17.3  National Tonnage   
As an alternative to 3-1-1/17.1 above, requirements applicable on the basis of National Tonnage 
measurement and National Regulations will be considered for vessels whose operation is intended to 
be restricted exclusively to domestic service. (See 1-1-3/7 of the ABS Rules for Conditions of 
Classification (Part 1)). 
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19  Units 

These Rules are written in three systems of units, i.e., SI units, MKS units and US customary units. 
Each system is to be used independently of any other system. 

Unless indicated otherwise, the format of presentation in the Rules of the three systems of units is as 
follows: 

SI units (MKS units, US customary units). 
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P A R T  S e c t i o n  2 :  G e n e r a l  R e q u i r e m e n t s  

3 
C H A P T E R   1 General 

S E C T I O N   2  General Requirements 

1  Materials 

1.1  General 
These Rules are intended for vessels of welded construction using steels complying with the 
requirements in Chapter 1 of the ABS Rules for Materials and Welding (Part 2). 

1.1.1  Steel   
Use of steels other than Grade A and AH in Chapter 1 of the ABS Rules for Materials and 
Welding (Part 2) and plate over 20 mm (0.79 in.) in important locations will be specially 
considered. 

1.1.2  Aluminum Alloys   
The use of aluminum alloys in hull structures will be considered upon submission of proposed 
specification for the alloy and the method of fabrication. 

1.1.3  Design Consideration   
Where scantlings are reduced in connection with the use of higher-strength steel or where 
aluminum alloys are used, adequate buckling strength is to be provided. Where it is intended 
to use material of cold flanging quality for important longitudinal strength members, this steel 
is to be indicated on the plans. 

1.1.4  Guidance for Repair   
Where special welding procedures are required for the special steels used in the construction, 
including any low temperature steel and those materials not in Chapter 1 of the ABS Rules for 
Materials and Welding (Part 2), a set of plans showing the following information for each 
steel should be placed aboard the vessel: 
• Material Specification 
• Welding Procedure 
• Location and extent of application 
These plans are in addition to those normally placed aboard which are to show all material 
applications. 

1.3  Selection of Material Grade 
For vessels 61 m (200 ft) and over in length, steel materials are not to be lower grades than those 
required by 3-1-2/Table 1 for the material class given in 3-1-2/Table 2 for the particular location. 
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1.5  Note for the Users 
The attention of users is drawn to the fact that when fatigue loading is present, the effective strength 
of higher-strength steel in a welded construction may not be greater than that of ordinary-strength 
steel. Precautions against corrosion fatigue may also be necessary. 

TABLE 1 
Material Grades (2000) 

Material Class Thickness t 
mm (in.) I II 

t ≤ 15  (t ≤ 0.60) A(1), AH A, AH 
15 < t ≤ 20  (0.60 < t ≤ 0.79) A, AH A, AH 
20 < t ≤ 25  (0.79 < t ≤ 0.98) A, AH B, AH 
25 < t ≤ 30  (0.98 < t ≤ 1.18) A, AH D, DH 
30 < t ≤ 35  (1.18 < t ≤ 1.38) B, AH D, DH 
35 < t ≤ 40  (1.38 < t ≤ 1.57) B, AH D, DH 
40 < t ≤ 51  (1.57 < t ≤ 2.00) D, DH E, EH 

Note: 
1 ASTM A36 steel otherwise tested and certified to the ABS satisfaction may be used in lieu of Grade A 

for a thickness up to and including 12.5 mm (0.5 in.) for plate and 15 mm (0.6 in.) for sections. 

TABLE 2 
Material Class of Structural Members (2000) 

Material Class (1) 
Structural Member 

Within 0.4L Amidships Outside 0.4L Amidships 
Shell   
Bottom plating including keel plate II A(4)/AH 
Bilge strake II A(4)/AH 
Side plating I A(4)/AH 
Sheer strake at strength deck (2) II A(4)/AH 
Decks   
Strength deck plating (3) II A(4)/AH 
Stringer plate in strength deck (2) II A(4)/AH 
Strength deck plating within line of hatches and exposed to 
weather, in general 

I A(4)/AH 

Strength deck strake on tankers at longitudinal bulkhead II A(4)/AH 
Longitudinal Bulkheads   
Lowest strake in single bottom vessels I A(4)/AH 
Uppermost strake including that of the top wing tank II A(4)/AH 
Other Structures in General   
External continuous longitudinal members and bilge keels II A(4)/AH 
Stem frames, rudder horns, rudders, and shaft brackets — I 
Strength members not referred to in above categories and 
above local structures 

A(4)/AH A(4)/AH 

Notes: 
1 Special consideration will be given to vessels in restricted service. 

2 A radius gunwale plate may be considered to meet the requirements for both the stringer plate and the 
sheer strake, provided it extends suitable distances inboard and vertically. For formed material, see 2-4-
1/3.13. 

3 Plating at the corners of large hatch openings are to be specially considered. 

4 ASTM A36 steel otherwise tested and certified to the ABS satisfaction may be used in lieu of Grade A 
for a thickness up to and including 12.5 mm (0.5 in.) for plate and 40 mm (1.57 in.) for sections. 
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3  Workmanship 

All workmanship is to be of commercial marine quality and acceptable to the Surveyor. Welding is to 
be in accordance with the requirements of Chapter 4 of the Rules for Materials and Welding (Part 2) 
and Section 3-2-16 of these Rules. Plates which have been subjected to excessive furnacing are to 
undergo a satisfactory heat treatment before being worked into a hull. 

5  Design 

5.1  Continuity 
Care is to be taken to provide structural continuity. Changes in scantlings are to be gradual. Strength 
members are not to change direction abruptly. Where major longitudinal members end at transverse 
structural members, tapering may be required forward or aft of the transverses. Stanchions and 
bulkheads are to be aligned to provide support and to minimize eccentric loading. Major appendages 
outside the hull and strength bulkheads in superstructures are to be aligned with major structural 
members within the hull. 

5.3  Openings 
In general, major openings such as doors, hatches, and large vent ducts are to be avoided in the sheer 
strake and stringer plate within the amidships three-fifths length. Corners of openings in strength 
structures are to have generous radii. Compensation may be required for openings. 

5.5  Brackets 
Where brackets are fitted having thicknesses as required by 3-1-2/Table 3 and faces at approximately 
45 degrees with the bulkhead deck or shell and the bracket is supported by a bulkhead, deck or shell 
and the bracket is supported by a bulkhead, deck or shell structural member, the length of each 
member, l, may be measured at a point 25% of the extent of the bracket beyond the toe of the bracket, 
as shown in 3-1-2/Figure 1. The minimum overlap of the bracket arm along the stiffener is not to be 
less than obtained from the following equation: 

x = 1.4y + 30 mm x = 1.4y + 1.2 in. 

where 

x = length of overlap along stiffener, in mm (in.) 

y = depth of stiffener, in mm (in.) 

Where a bracket laps a member, the amount of overlap generally is to be 25.5 mm (1 in.). 
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TABLE 3 
Brackets 

Metric 

Thickness, mm 
Length of Face f, mm 

Plain Flanged 
Width of Flange, mm 

Not exceeding 305 5.0 — — 
Over 305 to 455 6.5 5.0 38 
Over 455 to 660 8.0 6.5 50 
Over 660 to 915 9.5 8.0 63 
Over 915 to 1370 11.0 9.5 75 
    
Inch 

Thickness, mm 
Length of Face f, in. 

Plain Flanged 
Width of Flange, in. 

Not exceeding 12 3/16 — — 
Over 12 to 18 1/4 3/16 11/2 
Over 18 to 26 5/16 1/4 2 
Over 26 to 36 3/8 5/16 21/2 
Over 36 to 54 7/16 3/8 3 

 

 

FIGURE 1 
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7  Structural Sections 

The scantling requirements of these Rules are applicable to structural angles, channels, bars, rolled or 
built-up sections. 

7.1  Deep Supporting Members 
The required section modulus of members, such as girders, webs, etc., supporting frames, beams and 
stiffeners, is to be obtained on an effective width of plating basis, in accordance with this subsection. 
The section is to include the structural member in association with an effective width of plating not 
exceeding one-half the sum of spacing on each side of the member or 33% of the unsupported span l, 
whichever is less. For girders and webs along hatch openings, an effective breadth of plating not 
exceeding one-half the spacing or 16.5% of the unsupported span, l, whichever is less, is to be used. 
The section modulus of a shape, bar or fabricated section not attached to plating is that of the member 
only. 

7.3  Frames, Beams and Stiffeners 

7.3.1  Section Modulus   
The required section modulus is assumed to be provided by the stiffener and a maximum of 
one frame space of the plating to which it is attached. 

7.3.2  Web Thickness   
The ratio of depth to thickness of the web portion of members is not to exceed the following: 

Members with flange  50C1C2 

Members without flange 15C1C2 

C1 = 0.95  (horizontal web within tank) 

 = 1.0  (all other cases) 

C2 = 1.0  (ordinary strength steel) 

 = 0.92  (HT32) 

 = 0.90  (HT36) 

7.5  Hold Frames of Single Side Skin Bulk Carriers (1998) 
The hold frames of dry cargo vessels with typical bulk carrier configuration (sloping upper and lower 
wing tanks with a transversely framed side shell in way of the hold), in addition to the requirements of 
Section 3-2-5, are to comply insofar as is practical with the requirements for hold frames given in the 
following sections of the Rules. 

• 5C-4-2/11.1, “Strength of Frame and Supporting Structure,” of the ABS Rules for Building and 
Classing Steel Vessels (Steel Vessel Rules) 

• 3-2-16/Table 1, “Welding Requirements,” of these Rules 
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9  Structural Design Details 

9.1  General 
The designer is to give consideration to the following: 

i) The thickness of internals in locations susceptible to rapid corrosion. 

ii) The proportions of built-up members to comply with established standards for buckling 
strength. 

iii) The design of structural details such as noted below against the harmful effects of stress 
concentrations and notches: 

• Details of the ends, the intersections of members and associated brackets. 

• Shape and location of air, drainage or lightening holes. 

• Shape and reinforcement of slots or cut-outs for internals. 

• Elimination or closing of weld scallops in way of butts, “softening” of bracket toes, 
reducing abrupt changes of section or structural discontinuities. 

iv) Proportions and thickness of structural members to reduce fatigue response due to engine, 
propeller or wave-induced cyclic stresses, particularly for higher-strength steels. 

Standard construction details based on the above considerations are to be indicated on the plans or in a 
booklet submitted for review and comment. 

9.3  Termination of Structural Members (1998) 
Unless permitted elsewhere in the Rules, structural members are to be effectively connected to the 
adjacent structure in such a manner as to avoid hard spots, notches and other harmful stress 
concentrations. 

Where load bearing members are not required to be attached at their ends, special attention is to be 
given to the end taper by using a sniped end of not more than 30°. 

The end brackets of large primary load-bearing members are to be soft-toed. Where any end bracket 
has a face bar, it is to be sniped and tapered not more than 30°. 

Bracket toes and sniped end members are to be kept within 25 mm (1.0 in.) of the adjacent member, 
unless the bracket or member is supported by another member on the opposite side of the plating. The 
depth of toe or sniped end is generally not to exceed 15 mm (0.60 in.). 

Where a strength deck or shell longitudinal terminates without end attachment, it is to extend into the 
adjacent transversely framed structure or stop at a local transverse member fitted at about one 
transverse frame space, see 3-2-5/1.3, beyond the last floor or web that supports the longitudinal. 

The end attachments of non-load bearing members may, in general, be snipe ended. The snipe end is 
to be not more than 30° and is to be kept generally within 40 mm (1.57 in.) of the adjacent member 
unless it is supported by a member on the opposite side of the plating. The depth of the toe is 
generally not to exceed 15 mm (0.6 in.). 

9.5  Fabrication (1998) 
Structural fabrication is to be carried out in accordance with a recognized standard to the satisfaction 
of the attending surveyor. If a recognized national standard or an appropriate shipbuilding and repair 
standard is not available, the separate ABS publication, Guide for Shipbuilding and Repair Quality 
Standard for Hull Structures During Construction, may be used. These standards in the Guide are for 
conventional ship types and hull structures and they are not applicable to critical and highly stressed 
areas of the structure, which are to be reviewed and verified on an individual basis.  
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P A R T  S e c t i o n  1 :  L o n g i t u d i n a l  S t r e n g t h  

3 
C H A P T E R   2 Hull Structures and Arrangements 

S E C T I O N   1  Longitudinal Strength 

1  General 

Vessels are to have longitudinal hull girder section modulus in accordance with the requirements of 
this section. The equation in this section is, in general, valid for all vessels having breadths, B, which 
do not exceed two times their depths, D, as defined in Section 3-1-1. Vessels whose proportions 
exceed these limits will be subject to special consideration. 

3  Longitudinal Hull Girder Strength 

3.1  Minimum Section Modulus 
The minimum required hull girder section modulus, SM, at amidships, is to be determined in 
accordance with the following equation: 

SM = C1C2L2B (Cb + 0.7)  m-cm2 (ft-in2) 

where 

C1 = 30.67 – 0.98L 12 ≤ L < 18 m 

 = 22.40 – 0.52L 18 ≤ L < 24 m 

 = 15.20 – 0.22L 24 ≤ L < 35 m 

 = 11.35 – 0.11L 35 ≤ L < 45 m 

 = 6.40 45 ≤ L < 61 m 

 = 0.0451L + 3.65 61 ≤ L < 90 m 

C1 = 30.67 – 0.299L 40 ≤ L < 59 ft 

 = 22.40 – 0.158L 59 ≤ L < 79 ft 

 = 15.20 – 0.067L 79 ≤ L < 115 ft 

 = 11.35 – 0.033L 115 ≤ L < 150 ft 

 = 6.40 150 ≤ L < 200 ft 

 = 0.0137L + 3.65 200 ≤ L < 295 ft 
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C2 = 0.01 (0.01, 0.000144) 

L = length of vessel, as defined in 3-1-1/3, in m (ft) 

B = breadth of vessel, as defined in 3-1-1/5, in m (ft) 

Cb = block coefficient at design draft, based on the length, L, measured on the design 
load waterline.  Cb is not to be taken as less than 0.60. 

3.3  Vessels 61 m (200 ft) in Length and Over 
In addition to meeting the above criteria in 3-2-1/3.1, vessels of 61 m (200 ft) in length or greater are 
to comply with the following requirements. 

3.3.1  Sign Convention of Bending Moment and Shear   
The sign convention bending moment and shear force is as shown in 3-2-1/Figure 1. 

FIGURE 1 
Sign Convention 
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3.3.2  Still-water Bending Moment and Shear Force   
Still-water bending moment and shear force calculations showing hull girder shear force and 
bending moment values along the entire vessel length for the anticipated loaded, transitional 
and ballasted conditions are to be submitted together with the distribution of lightship weights. 

3.3.3  Wave Loads   
3.3.3(a) Wave Bending Moment Amidships.  The wave bending moment, expressed in kN-m 
(tf-m, Ltf-ft), may be obtained from the following equations: 

Mws = −k1C1L2B(Cb + 0.7) × 10−3  Sagging Moment 

Mwh = +k2C1L2BCb × 10−3 Hogging Moment 

where 

k1 = 110 (11.22, 1.026) 

k2 = 190 (19.37, 1.772) 

C1 = 0.044L + 3.75 SI/MKS units (0.0134L + 3.75 US customary units) 
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L = length of vessel, as defined in 3-1-1/3, in m (ft) 

B = breadth of vessel, as defined in 3-1-1/5, in m (ft) 

Cb = block coefficient at summer load waterline, based on L, as defined in 
3-1-1/3 

3.3.3(b) Envelope Curve of Wave Bending Moment.  The wave bending moment along the 
length of the vessel L may be obtained by multiplying the midship value by the distribution 
factor M given in 3-2-1/Figure 2. 

3.3.3(c) Wave Shear Force.  The envelopes of maximum shearing forces induced by waves, 
Fw, as shown in 3-2-1/Figure 3 and 3-2-1/Figure 4, may be obtained from the following 
equations: 

Fwp = +kF1C1LB(Cb + 0.7) × 10−2 For positive shear force 

Fwn = −kF2C1LB(Cb + 0.7) × 10−2 For negative shear force 

where 

Fwp, Fwn = maximum shearing force induced by wave, in kN (tf, Ltf) 

C1 = as defined in 3-2-1/3.3.3(a) 

L = length of vessel, as defined in 3-1-1/3, in m (ft) 

B = breadth of vessel, as defined in 3-1-1/5, in m (ft) 

Cb = block coefficient at summer load waterline, based on L, as defined in 
3-1-1/3 

k = 30 (3.059, 0.2797) 

F1 = distribution factor, as shown in 3-2-1/Figure 3 

F2 = distribution factor, as shown in 3-2-1/Figure 4 

 

FIGURE 2 
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FIGURE 3 
Distribution Factor F1 
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FIGURE 4 
Distribution Factor F2 
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3.3.4  Section Modulus   
The required hull girder section modulus for 0.4L amidships is to be obtained from the 
following equation, or 3-2-1/3.1, whichever is greater. 

SM = Mt/fp   m-cm2 (ft-in2) 

where 

Mt = total bending moment to be obtained as the maximum algebraic sum (see 
sign convention in 3-2-1/3.3.1) of still-water bending moment and wave-
induced bending moment, as follows. 
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Mt = Msw + Mw 

Msw = still water bending moment, in accordance with 3-2-1/3.3.2 

Mw = maximum wave-induced bending moment, in accordance with 
3-2-1/3.3.3(a) 

fp = nominal permissible bending stress 

 = 17.5 kN/cm2 (1.784 tf/cm2, 11.33 Ltf/in2) 

3.3.5  Shearing Strength   
In calculating the nominal total shear stresses due to still-water and wave-induced loads, the 
maximum algebraic sum of the shearing force in still-water, Fsw, and that induced by wave, 
Fw, at the station examined is to be used. The thicknesses of the side shell and longitudinal 
bulkhead, where fitted, are to be such that the nominal total shear stresses, as obtained from 
3-2-1/3.3.5(a) or 3-2-1/3.3.5(c), are not greater than 11.0 kN/cm2 (1.122 tf/cm2, 7.122 
Ltf/in2). Where the side shell or longitudinal bulkhead is constructed of higher strength 
material, the permissible shear stresses may be increased by the factor, 1/Q. 

3.3.5(a) Shearing Strength for Vessels without Effective Longitudinal Bulkheads.  For vessels 
without continuous longitudinal bulkheads, the nominal total shear stress, fs, in the side shell 
plating may be obtained from the following equation: 

fs = (Fsw + Fw)m/2tsI  kN/cm2 (tf/cm2, Ltf/in2) 

where 

I = moment of inertia of the hull girder section, in cm4 (in4), at the section 
under consideration 

m = first moment, in cm3 (in3), about the neutral axis, of the area of the 
effective longitudinal material between the horizontal level at which the 
shear stress is being determined and the vertical extremity of effective 
longitudinal material, taken at the section under consideration. 

ts = thickness of the side shell plating, in cm (in.), at the position under 
consideration. 

Fsw = hull girder shearing force in still-water, in kN (tf, Ltf) 

Fw = Fwp or Fwn, as specified by 3-2-1/3.3.3(c), depending upon loading 

3.3.5(b) Modification of Hull Girder Shearing Force for Vessels Carrying Cargo in Alternate 
Holds or with Other Non-Uniform Loading.  Where cargo is carried in alternate holds, the 
hull girder shearing force in still water, Fsw, to be used for calculating shear stresses in the 
side shell plating may be modified to account for the shear loads transmitted through the 
double bottom structure to the traverse bulkhead. 

3.3.5(c) Shearing Strength for Vessels with Two or Three Longitudinal Bulkheads.  For 
vessels having continuous longitudinal bulkheads, the total shear stresses in the side shell and 
longitudinal bulkhead plating are to be calculated by an acceptable method. In determining 
the still-water shear force, consideration is to be given to the effects of non-uniform 
athwartship distribution of loads. The method described in Appendix 3-2-A1 of the Steel 
Vessel Rules may be used as a guide in calculating the nominal total shear stress, fs, related to 
the shear flow in the side shell or longitudinal bulkhead plating. Alternative methods of 
calculation will also be considered. One acceptable method is shown in Appendix 5C-2-A1 of 
the Steel Vessel Rules. 
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3.5  Hull Girder Moment of Inertia 
The hull-girder moment of inertia of the vessel amidships, I, is to be not less than obtained from the 
following equation: 

I = L(SM)/33.3  m2-cm2 (ft2-in2) 

where 

L = length of vessel, as defined in 3-1-1/3, in m (ft) 

SM = hull girder section modulus required for the vessel in 3-2-1/3.1 or 3-2-1/3.3.4 

5  Decks 

5.1  Strength Decks 
The uppermost deck to which the side shell plating extends for any part of the length of the vessel is 
to be considered the strength deck for that portion of the length, except in way of comparatively short 
superstructures. In such a case, the deck on which the superstructures are located is to be considered 
the strength deck in way of the superstructure. In general, the effective sectional area of the deck for 
use in calculating the section modulus is to exclude hatchways and other large openings through the 
deck but may include seam overlaps. 

The deck sectional areas used in the section modulus calculations are to be maintained throughout the 
midship 0.4L in vessels. They may be reduced to one-half the normal requirement at 0.15L from the 
ends. In way of a superstructure beyond the midship 0.4L, the strength deck area may be reduced to 
approximately 70% of the normal requirement at that location. 

5.3  Effective Lower Decks 
To be considered effective for use in calculating the hull girder section modulus, the thickness of the 
deck plating is to comply with the requirements of Section 3-2-3. The sectional areas of lower decks 
used in calculating the section modulus are to be obtained as described in 3-2-1/5.1. These areas are to 
be maintained throughout the midship 0.4L and may be gradually reduced to one-half their midship 
value at 0.15L from the ends. 

7  Longitudinal Strength with Higher-Strength Materials 

7.1  General 
Vessels in which the effective longitudinal material of either the upper or lower flanges of the main 
hull girder, or both, are constructed of materials having mechanical properties greater than those of 
ordinary strength hull structural steel [see Section 2-1-2 of the ABS Rules for Materials and Welding 
(Part 2)], are to have longitudinal strength generally in accordance with the preceding paragraphs of 
this section, but the value of the hull girder section modulus may be modified as permitted by the 
following paragraphs. Applications of higher-strength material are to be continuous over the length of 
the vessel to locations where the stress 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 ordinary strength steel structure. 
The strength deck and bottom structure are to be longitudinally framed. The longitudinal framing 
members are to be essentially of the same material as the plating they support and are to be 
continuous throughout the required extent of higher strength steel. Calculations showing that adequate 
strength has been provided against buckling are to be submitted for review and care is to be exercised 
against the adoption of reduced thicknesses of materials which may be subject to damage during 
normal operations. 
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7.3  Hull Girder Moment of Inertia 
The hull-girder moment of inertia is to be not less than required by 3-2-1/3.5. 

7.5  Hull Girder Section Modulus 
When either the top or the bottom flange of the hull girder, or both, is constructed of higher-strength 
material, the section modulus, as obtained from 3-2-1/3.1 or 3-2-1/3.3.4, may be reduced by the factor 
Q. 

SMhts = Q(SM) 

where 

Q = 0.78 for Grade H32 

Q = 0.72 for Grade H36 

H32, H36 are as specified in Section 2-1-3 of the ABS Rules for Materials and Welding (Part 2). 

Q factor for steels having other yield point or yield strength will be specially considered. 

9  Loading Guidance (1 July 1998) 

9.1  Loading Manual and Loading Instrument  
All vessels that are contracted for construction on or after July 1998 are to be provided with a loading 
manual and, where required, a loading instrument, in accordance with Appendix 3-2-A1. 

9.3  Allowable Stresses 

9.3.1  At Sea   
See 3-2-1/3.3.4 for bending stress and 3-2-1/3.3.5 for shear stress for vessels with ordinary 
strength steel material. For higher strength steel, the allowable stress may be increased by a 
factor of 1/Q where Q is as defined in 3-2-1/7.5. 

9.3.2  In Port   
The allowable in-port stress is 13.13 kN/cm2 (1.34 tf/cm2, 8.5 Ltf/in2) for bending and 
10 kN/cm2 (1.025 tf/cm2, 6.5 Ltf/in2) for shear. For higher strength steel, the allowable stress 
may be increased by a factor of 1/Q where Q is as defined in 3-2-1/7.5. 

11  Section Modulus Calculation 

11.1  Items Included in the Calculation 
In general, the following items may be included in the calculation of the section modulus, provided 
they are continuous or effectively developed within midship, 0.4L, and gradually tapered beyond the 
midship, 0.4L. Where the scantlings are based on the still-water bending moment envelope curves, 
items included in the hull girder section modulus amidships are to be extended as necessary to meet 
the hull girder section modulus required at the location being considered. 

• Deck plating (strength deck and other effective decks) 
• Shell and inner bottom plating 
• Deck and bottom girders 
• Plating and longitudinal stiffeners of longitudinal bulkheads 
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• All longitudinals of deck, sides, bottom and inner bottom  
• Continuous longitudinal hatch coamings. See 3-2-1/13. 

11.3  Effective Areas Included in the Calculation 
In general, the net sectional areas of longitudinal strength members are to be used in the hull girder 
section modulus calculations, except that small isolated openings need not be deducted, provided the 
openings and the shadow area breadths of the other openings in any one transverse section do not 
reduce the section modulus by more than 3%. The breadth or depth of such openings is not to be 
greater than 1200 mm (47 in.) or 25% of the breadth or depth of the member in which it is located, 
whichever is less, with a maximum of 75 mm (3 in.) for scallops. The length of small isolated 
openings not required to be deducted is generally not to be greater than 2500 mm (100 in.) The 
shadow area of an opening is the area forward and aft of the opening enclosed by the lines tangential 
to the corners of the opening intersecting each other to form an included angle of 30 degrees. 

11.5  Section Modulus to the Deck or Bottom 
The section modulus to the deck or bottom is obtained by dividing the moment of inertia by the 
distance from the neutral axis to the molded deck at side amidships or baseline, respectively. 

11.7  Section Modulus to the Top of Hatch Coamings 
For continuous longitudinal hatch coamings, in accordance with 3-2-1/13, the section modulus to the 
top of the coaming is to be obtained by dividing the moment of inertia by the distance from the neutral 
axis to the deck at side plus the coaming height. This distance need not exceed yt, as given by the 
following equation, provided yt is not less than the distance to the molded deck line at side. 

yt = y (0.9 + 0.2x/B)  m (ft) 

where 

y = distance, in m (ft), from the neutral axis to the top of the continuous coaming 

x = distance, in m (ft), from the top of the continuous coaming to the centerline of the 
vessel 

B = breadth of the vessel, as defined in 3-1-1/5, in m (ft).  x and y are to be measured 
to the point giving the largest value of yt. 

Section modulus to the top of longitudinal hatch coamings between multi-hatchways will be subject to 
special consideration. 

13  Continuous Longitudinal Hatch Coamings and Above-Deck 
Girders 

Where strength deck longitudinal coamings of length greater than 0.14L are effectively supported by 
longitudinal bulkheads or deep girders, the coamings are to be longitudinally stiffened, in accordance 
with 3-2-12/7.7. The section modulus amidships to the top of the coaming is to be as required by 
3-2-1/3.1, 3-2-1/3.3, and 3-2-1/11.7, but the section modulus to the deck at side, excluding the 
coaming, need not be determined in way of such coaming. 

Continuous longitudinal girders on top of the strength deck are to be similarly considered. Their 
scantlings are also to be in accordance with Section 3-2-6. 
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P A R T  A p p e n d i x  1 :  L o a d i n g  M a n u a l s  a n d  L o a d i n g  I n s t r u m e n t s  

3 
C H A P T E R   2 Hull Structures and Arrangements 

A P P E N D I X   1 Loading Manuals and Loading 
Instruments (1 July 1998) 

 
Note: These requirements are intended to satisfy Regulation 10(1) of the International Convention on Load Lines, 1966. 

1 General 

1.1 Application 
The requirements in Appendix 3-2-A1 apply to all classed vessels 65 m (213 ft) and above in length 
(Lf) that are contracted for construction on or after 1 July 1998. 

3 Definitions 

3.1 Loading Guidance 
Loading guidance is a generic term covering both loading manual and loading instrument as defined 
below. 

3.1.1 Loading Manual   
A loading manual is a document with sufficient information to enable the master of the vessel 
to arrange for the loading and ballasting of the vessel in such a way as to avoid the creation of 
any unacceptable stresses in the vessel’s structure. 

3.1.2 Loading Instrument   
A loading instrument is an instrument by means of which it can be easily and quickly 
ascertained that the still water bending moments, shear forces and, where applicable, the still 
water torsional moments and lateral loads at the specified points along the length of the vessel 
will not exceed the specified values in any loaded or ballast condition. 
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3.3 Category I Vessels 
Category I vessels are any one of the following vessels. 

3.3.1  
Vessels with large deck openings where combined stresses due to vertical and horizontal hull 
girder bending and torsional and lateral loads need to be considered. 

3.3.2  
Vessels designed for non-homogeneous loading where the cargo and/or ballast may be unevenly 
distributed, except those belonging to 3-2-A1/3.5.3. 

3.3.3  
Chemical carriers and gas carriers. 

3.5 Category II Vessels 
Category II vessels are any one of the following vessels. 

3.5.1  
Vessels with such arrangement as will result in small possibilities for variation in the 
distribution of cargo and ballast. 

3.5.2  
Vessels on regular and fixed trading pattern where the loading manual gives sufficient guidance. 

3.5.3  
Vessels of which the design takes into account the uneven distribution of cargo or ballast. 

5 Required Loading Guidance (2003) 

5.1 Loading Manual 
All vessels are to be provided with a loading manual reviewed and stamped by ABS, in accordance 
with 3-2-A1/7, with the exception that a loading manual is not required for Category II vessels where 
the deadweight does not exceed 30% of the displacement at the summer load line. 

5.3 Modifications 
Where the modifications to the vessel or to the loading/trading pattern result in changes to the input 
information, a revised or new loading manual is to be submitted and a stamped copy to be placed 
aboard to replace the existing manual. The loading instrument is to be re-verified in accordance with 
3-2-A1/9.3 or newly installed and verified in such cases. 

Where the changes due to modification of the vessel are such that the still water bending moments and 
shear forces corresponding to the new loading conditions are within ±2% of the existing allowable 
values, the existing allowable values need not be modified. 
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7 Loading Manual 

7.1 Required Information 
The loading manual is to be based on the final data of the vessel and is to include at least the 
following information: 

i) The loading conditions based on which the design of the vessel is approved. 

ii) The results of the calculations of still water bending moments, shear forces. 

iii) Permissible limits of still water bending moment and shear force and, where applicable, 
limitations due to torsional and lateral loads. 

iv) Maximum allowable tank top loading. 

v) If cargoes other than bulk cargoes are contemplated, such cargoes are to be listed together 
with any specific instructions for loading. 

vi) Maximum allowable load on deck and hatch covers. If the vessel is not approved to carry load 
on deck or hatch covers, that fact is to be clearly stated in the loading manual. 

7.3 Loading Conditions 
The above information is to be based on the intended service conditions. See 3-2-A1/Table 1 for the 
selection of loading conditions. 

7.5 Language 
The loading manual is to be prepared in, or include, a language understood by the user. English may 
be considered as a language understood by the user. 

9 Loading Instrument 

9.1 Type 
A loading instrument is to be digital. Single point loading instrument is not acceptable. 

9.3 Required Verifications 
Before a loading instrument is accepted for the vessel, all relevant aspects of the instrument, including 
but not limited to the following, are to be demonstrated to the Surveyor for the Surveyor’s personal 
verification: 

i) That the instrument is type approved, where applicable 

ii) That the instrument is based on the final data of the vessel 

iii) That the number and position of read-out points are satisfactory 

iv) That the relevant limits for all read-out points are satisfactory 

v) That the operation of the instrument after installation onboard, in accordance with the approved 
test conditions has been satisfactory 

vi) That approved test conditions are available onboard 

vii) That an operational manual, which does not require approval, is available onboard for the 
instrument 
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9.5 Language 
The operation manual and the instrument output are to be prepared in, or include, a language 
understood by the user. English may be considered to be a language understood by the user. 

11 Annual Surveys 

The requirements in 7-3-2/1.1.5 of the Rules for Survey After Construction (Part 7) are to be complied 
with as follows: At each Annual Survey, loading manual is to be verified onboard and, where 
applicable, loading instrument is to be verified in working order. The operation manual for loading 
instrument is also to be verified onboard. 
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19.5  Diaphragm Plates   
Vertical and horizontal diaphragms are to be fitted within the rudder, effectively attached to each 
other and to the side plating. Vertical diaphragms are to be spaced approximately 1.5 times the 
spacing of horizontal diaphragms. Openings are, in general, not to be more than 0.5 times the depth of 
the web. 

The thickness of diaphragm plates is not to be less than 70% of the required rudder side plate 
thickness or 8 mm (0.31 in.), whichever is greater. Welding is to be in accordance with Chapter 4 of 
the ABS Rules for Materials and Welding (Part 2) and Section 3-2-16 of these Rules. Where 
inaccessible for welding inside the rudder, it is recommended that diaphragms be fitted with flat bars 
and the side plating be connected to these flat bars by continuous welds or by 75 mm (3 in.) slot welds 
spaced at 150 mm (6 in.) centers. The slots are to be fillet welded around the edge and filled with a 
suitable compound. 

19.7  Watertightness   
The rudder is to be watertight and is to be tested in accordance with 3-7-1/Table 1. 

21  Single Plate Rudders 

21.1  Mainpiece Diameter 
The mainpiece diameter is calculated according to 3-2-11/7.3. For spade rudders, the lower third may 
be tapered down to 0.75 times stock diameter at the bottom of the rudder. 

21.3  Blade Thickness 
The blade thickness is not to be less than that obtained from the following equation: 

tb = 0.0015sVR + 2.5 mm    

tb = 0.0015sVR + 0.1  in. 

where 

s = spacing of stiffening arms, in mm (in.), not to exceed 1000 mm (39 in.) 

VR = speed, as defined in 3-2-11/3 

21.5  Arms 
The thickness of the arms is not to be less than the blade thickness obtained in 3-2-11/21.3. The 
section modulus of each set of arms about the axis of the rudder stock is not to be less than that 
obtained from the following equation: 

SM = 0.0005sC1
2VR

2Q   cm3 

SM = 0.0000719sC1
2VR

2Q  in3 

where 

C1 = horizontal distance from the aft edge of the rudder to the centerline of the rudder 
stock, in m (ft)  

s and VR are as defined in 3-2-11/21.3. 

Q is as defined in 3-2-11/19.3. 
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P A R T  Appendix 2: Guidelines for Calculating Bending Moment and Shear Force in Rudders and Rudder Stocks 

3 
C H A P T E R   2 Hull Structures and Arrangements 

A P P E N D I X   2  Guidelines for Calculating Bending 
Moment and Shear Force in 
Rudders and Rudder Stocks 

1  Application 

Bending moments, shear forces and reaction forces of rudders, stocks and bearings may be calculated 
according to this Appendix for the types of rudders indicated. Moments and forces on rudders of 
different types or shapes than those shown are to be calculated using alternative methods and will be 
specially considered. 

3  Spade Rudders 

3.1  Rudder 

3.1.1  Shear Force 
Lateral shear force, V(z), at a horizontal section of the rudder z meters (feet) above the bottom 
of lR is given by the following equation: 

V(z) = 
A

zCR  [cl + 
R

z
l2

 (cu − cl)]  kN (tf, Ltf) 

where 

z = distance from the bottom of lR to the horizontal section under 
consideration, in m (ft)  

CR = rudder force, as defined in 3-2-11/3, in kN (tf, Ltf)  

A = rudder blade area, in m2 (ft2) 

cl, cu and lR are dimensions as indicated in 3-2-A2/Figure 1, in m (ft).  
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3.1.2  Bending Moment 
Bending moment, M(z), at a horizontal section z meters (feet) above the baseline of the rudder 
is given by the following equation: 

M(z) = 
A
Cz R

2

2
 [cl + 

R

z
l3

 (cu − cl) ]  kN-m, (tf-m, Ltf-ft) 

where z, CR, A, cl, cu and lR are as defined in 3-2-A2/3.1.1. 

3.3  Lower Stock 

3.3.1  Shear Force 
Lateral shear force, Vl, at any section of the lower stock between the top of the rudder and the 
neck bearing, is given by the following equation: 

Vl = CR  kN (tf, Ltf) 

where CR is as defined in 3-2-11/3. 

3.3.2  Bending Moment at Neck Bearing 
The bending moment in the rudder stock at the neck bearing, Mn, is given by the following 
equation: 

Mn = CR [ll + 
)(3

)2(

u

uR
cc

cc
+

+

l

ll ]  kN-m (tf-m, Ltf-ft) 

where 

CR  = rudder force, as defined in 3-2-11/3 

cl, cu, ll and lR are dimensions, as indicated in 3-2-A2/Figure 1, in m (ft). 

3.5  Moment at Top of Upper Stock Taper 
The bending moment in the upper rudder stock at the top of the taper, Mt, is given by the following 
equation: 

Mt = CR [ll + 
)(3

)2(

u

uR
cc

cc
+

+

l

ll ] × [ 
u

tRu z
l

lll l )( −++ ]  kN-m (tf-m, Ltf-ft) 

where 

zt = distance from the rudder baseline to the top of the upper rudder stock taper, in m (ft) 

CR = rudder force, as defined in 3-2-11/3 

cl, cu, ll, lu and lR are dimensions as indicated in 3-2-A2/Figure 1, in m (ft). 
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3.7  Bearing Reaction Forces 
Reaction forces at the bearings are given by the following equations: 

Pu  = reaction force at the upper bearing 

 = − 
u

nM
l

  kN (tf, Ltf) 

Pn  = reaction force at the neck bearing 

 = CR + 
u

nM
l

 kN (tf, Ltf) 

where 

Mn  = bending moment at the neck bearing, as defined in 3-2-A2/3.3.2 

CR = rudder force, as defined in 3-2-11/3. 

lu is as indicated in 3-2-A2/Figure 1, in m (ft). 

FIGURE 1 
Spade Rudder 
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5  Rudders Supported by Shoepiece 

5.1  Shear Force, Bending Moment and Reaction Forces 
Shear force, bending moment and reaction forces may be calculated according to the model given in 
3-2-A2/Figure 2. 

wR = rudder load per unit length 

 = 
R

RC
l

 kN/m (tf/m, Ltf/ft) 
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where 

CR = rudder force, as defined in 3-2-11/3  

ks  = spring constant reflecting support of the shoepiece 

 = 3
s

ssIn
l

 kN/m (tf/m, Ltf/ft) 

ns  = 6.18 (0.630, 279) 

Is = moment of inertia of shoepiece about the vertical axis, in cm4 (in4) 

Iu = moment of inertia of the rudder stock above the neck bearing, in cm4 (in4) 

Il = moment of inertia of the rudder stock below the neck bearing, in cm4 (in4) 

IR  = moment of inertia of the rudder about the longitudinal axis, in cm4 (in4) 

Ip  = moment of inertia of the pintle, in cm4 (in4)  

ll, ls, lR and lu are dimensions as indicated in 3-2-A2/Figure 2, in m (ft). 

 

FIGURE 2 
Rudder Supported by Shoepiece 
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P A R T  S e c t i o n  1 2 :  P r o t e c t i o n  o f  D e c k  O p e n i n g s  

3 
C H A P T E R   2 Hull Structures and Arrangements 

S E C T I O N   12  Protection of Deck Openings 

1  General 

All openings in decks are to be framed to provide efficient support and attachment for the ends of the 
deck beams. The proposed arrangement and details for all hatchways are to be submitted for approval. 

3  Additional Requirements for Bulk Carriers, Ore Carriers 
and Combination Carriers (2004) 

On all bulk carriers, ore carriers and combination carriers, in addition to all relevant requirements in 
this Section, all cargo hold hatch covers, hatch coamings and closing arrangements for cargo hold 
hatches in position 1, as defined in 3-2-12/5.1, are to meet the requirements in 5C-4-2/13.3 of the 
Steel Vessel Rules. 

5  Positions and Design Pressures (1 January 2005) 

5.1  Positions of Deck Openings (1 January 2005) 

For the purpose of the Rules, two positions of deck openings are defined as follows. 

Position 1 Upon exposed freeboard and raised quarter decks, and upon exposed superstructure decks 
situated forward of a point located Lf /4 from the forward end of Lf. 

Position 2 Upon exposed superstructure decks situated abaft Lf /4 from the forward end of Lf and 
located at least one standard height of superstructure above the freeboard deck. Upon exposed 
superstructures decks situated forward of a point located Lf /4 from the forward end of Lf and located 
at least two standards heights of superstructure above the freeboard deck. 

5.3  Design Pressures (1 January 2005) 
The design pressures are not to be taken as less than the following. Values at intermediate lengths are 
to be determined by interpolation. 
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5.3.1 Cargo Hatch Covers in Position 1 
p = R{15.8 + (Lf/N)[1 – (5/3)(x/Lf)] – 3.6x/Lf } kN/m2 (tf/m2, Ltf/ft2) 

For a position 1 hatchway located at least one superstructure standard height higher than the 
freeboard deck: 

p = 3.3– 1.3x
66

)90( 1fL−
 kN/m2 (tf/m2, Ltf/ft2) 

where 

pFP = pressure at the forward perpendicular 

 = 23.8 + a(Lf – 24) kN/m2 for Lf in meters 

 = 2.43 + a(Lf – 24) tf/m2 for Lf in meters 

 = 0.222 + a(Lf – 79) Ltf/ft2 for Lf in feet 

a = 0.332 (0.0338, 0.000942) kN/m2 (tf/m2, Ltf/ft2), for type B freeboard 
ships 

Lf = freeboard length, in m (ft), as defined in 3-1-1/3.3 

Lf1 = freeboard length, in m (ft), as defined in 3-1-1/3.3, but is not to be taken 
as greater than 90 m (295 ft) and less than 24 m (80 ft) 

x = distance, in m (ft), from the mid length of the hatch cover under 
examination to the forward end of Lf, or 0.25Lf, whichever is less. 

R = 1.0 (0.102, 0.00932) 

N = 3 (3, 9.84) 

5.3.2 Cargo Hatch Covers in Position 2 
Where a position 2 hatchway is located at least one superstructure standard height higher than 
the freeboard deck, the design pressures are as follows: 

p  =  25.5 – 0.142(100 – Lf)  kN/m2 

 =  2.6 – 0.0145(100 – Lf)  tf/m2 

 =  0.238 – 0.00041(328 – Lf) Ltf/ft2 

7  Hatchway Coamings, Companionway Sills and Access Sills 

7.1  Coaming and Sill Heights 
The heights above deck of coamings of hatchways secured weathertight by tarpaulins and battening 
devices, and sills of companionways and access openings, are to be not less than given in 
3-2-12/Table 1. Where hatch covers are made of steel or other equivalent material and made tight by 
means of gaskets and clamping devices, these heights may be reduced or the coamings omitted 
entirely, provided that the safety of the vessel is not thereby impaired in any sea conditions. Sealing 
arrangements are to be weathertight if coaming is fitted, and watertight for flush covers. 
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TABLE 1 
Coaming and Sill Heights 

L equal to or over 24 meters (79 feet) in length 

 Position 1 Position 2 
Hatch Coamings 600 mm (23.5 in.) 450 mm (17.5 in.) 
Companionway Sills 600 mm (23.5 in.) 380 mm (15 in.) 
Access Sills 380 mm (15 in.) 380 mm (15 in.) 
   

L under 24 meters (79 feet) in length 

 Position 1 Position 2 
Hatch Coamings and Companionways 450 mm (17.5 in.) 300 mm (12 in.) 
Access Sills 380 mm (15 in.) 300 mm (12 in.) 

 
Notes: 

1 Coaming and sill heights may be reduced on vessels which have freeboard in excess of the minimum 
geometric freeboard and/or a superstructure deck with height of deck in excess of the standard height of 
a superstructure. 

2 For vessels with L < 24 m (79 ft), the coaming/sill height should be as indicated above, unless otherwise 
specifically requested by Flag Administration. 

 

7.3  Coaming Plates 
Coaming plates are not to be less in thickness than that obtained from the following equation: 

t = 0.05L + 7  mm 

t = 0.0006L + 0.27  in. 

where 

t = thickness, in mm (in.) 

L = length of vessel, in m (ft), as defined in 3-1-1/3, but need not exceed 76 m 
(250 ft) 

7.5  Coaming Stiffeners 
Horizontal stiffeners are to be fitted on coamings 450 mm (17.5 in.) or greater in height. The breadth 
of the stiffeners is not to be less than that obtained from the following equation: 

b = 1.67L + 50  mm 

b = 0.02L + 2  in. 

where 

b = breadth, in mm (in.) 

L = length of vessel, in m (ft), as defined in 3-1-1/3, but need not exceed 76 m 
(250 ft) 

Efficient brackets or stays are to be fitted from the stiffeners to the deck at intervals of not more than 
3 m (10 ft). 

Where exposed coamings are 760 mm (30 in.) or more in height, the arrangement of the stiffeners and 
brackets or stays is to provide equivalent support. Where end coamings are protected, the arrangement 
of the stiffeners and brackets or stays may be modified. 
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Where chocks are provided on the coaming to limit the horizontal movement of hatch covers, the 
strength of the coaming and deck structure is to be adequate to withstand the load on these chocks. 
Similar consideration is to be given to pads supporting the weight from hatch covers. 

7.7  Continuous Longitudinal Hatch Coamings 
Where strength deck longitudinal hatch coamings of length greater than 0.14L are effectively 
supported by longitudinal bulkheads or deep girders, they are, in general, to be longitudinally 
stiffened. The coaming thickness is to be not less than required by 3-2-3/3, and the longitudinal 
stiffeners not less than required by 3-2-6/1.3 for strength deck longitudinal beams where s is the 
stiffener spacing, l is the distance between coaming brackets, and h is as given in 3-2-6/1.3.2. Special 
consideration will be given to the coaming scantlings where adequate buckling strength is shown to be 
otherwise provided. 

9  Hatchways Closed by Portable Covers and Secured 
Weathertight by Tarpaulins and Battening Devices 

9.1  Pontoon Covers 

9.1.1  Scantlings (1 January 2005)   
Where steel pontoon covers are used, the maximum allowable stress and deflection under the 
design pressures in 3-2-12/5.3, and the minimum required top plate thickness are as follows. 

Maximum allowable stress 0.68Y 

Maximum allowable deflection 0.0044 times the span 

Top plate thickness 0.01s, but not less than 6 mm (0.24 in.) 

where 

Y = specified minimum upper yield point strength of the materials, in N/mm2 
(kgf/mm2, psi) 

s = stiffener spacing, in mm (in.) 

Covers are to be assumed to be simply supported. 

Where the cross section of hatch cover stiffeners is not constant along the span, Appendix 
3-2-A3 may be used to determine required scantlings. 

9.1.2  Cleats   
Cleats are to be set to fit the taper of the wedges. They are to be at least 65 mm (2.5 in.) wide 
and spaced not more than 600 mm (23.5 in.) center to center. The cleats along each side or 
end are to be not more than 150 mm (6 in.) from the hatch corners. 

9.1.3  Wedges   
Wedges are to be of tough wood with a taper of not more than 1 in 6 and are to be not less 
than 13.0 mm (0.50 in.) thick at the toes. 

9.1.4  Battening Bars   
Battening bars are to be provided for properly securing the tarpaulins. They are to have a 
width of 64 mm (2.5 in.) and a thickness of not less than 9.5 mm (0.375 in.). 
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9.1.5  Tarpaulins   
At least two thoroughly waterproofed tarpaulins of ample strength are to be provided for each 
exposed hatchway. The material is to be guaranteed free from jute and is to be of an approved 
type. Synthetic fabrics which have been demonstrated to be equivalent will be specially 
approved. 

9.1.6  Security of Hatch Covers   
For all hatchways in Position 1 or 2, steel bars or other equivalent means are to be provided in 
order to efficiently and independently secure each section of hatch covers after the tarpaulins 
are battened down. Hatch covers of more than 1.5 m (4.9 ft) in length are to be secured by at 
least two such securing appliances. 

9.3  Wooden Hatch Covers 

9.3.1  Hatch Boards   
Wood hatch covers on exposed hatchways are to have a finished thickness not less than 
60 mm (2.375 in.) where the span is not more than 1.5 m (4.9 ft); the wood is to be of 
satisfactory quality, straight-grained, reasonably free from knots, sap and shakes, and is to be 
examined before being coated. Hatch rests are to be beveled where necessary, so as to provide 
a solid bearing surface. 

9.3.2  Portable Beams (1 January 2005)  
Where portable beams for supporting wooden hatch boards are made of steel, the maximum 
allowable stress and deflection under the design loads in 3-2-12/5.3 are as follows: 

Maximum allowable stress 0.68Y 
Maximum allowable deflection 0.0044 times the span 

Where Y is as defined in 3-2-12/9.1.1. 
Where the cross section of portable beams is not constant along the span, Appendix 3-2-A3 
may be used to determine required beam scantlings. 

9.3.3  Closing/Securing Arrangements  
Closing arrangements are to be in accordance with 3-2-12/9.1.2 through 3-2-12/9.1.6. 

9.3.4  Carriers and Sockets   
Carriers or sockets for portable beams are to be of substantial construction, and are to provide 
means for the efficient fitting and securing of the beams. Where rolling types of beams are 
used, the arrangements are to ensure that the beams remain properly in position when the 
hatchway is closed. The bearing surface is not to be less than 75 mm (3 in.) in width, 
measured along the axis of the beam, unless the carriers are of an interlocking type with the 
beam ends. Carriers for beams are to extend to the deck level or the coamings are to be fitted 
with stiffeners or external brackets in way of each beam. 

9.5  Steel Hatch Covers 

9.5.1  Scantlings (1 January 2005)  
Where steel hatch covers are fitted, the maximum allowable stress and deflection under the 
design loads in 3-2-12/5.3 and the minimum top plate thickness are as follows: 

Maximum allowable stress 0.8Y, and not exceed the critical buckling 
strength in compression 

Maximum allowable deflection 0.0056 times the span 
Top plate thickness 0.01s, but not less than 6 mm (0.24 in.) 
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Where Y and s are as defined in 3-2-12/9.1.1. 

Covers are to be assumed to be simply supported. 

Where the cross section of hatch over stiffeners is not constant along the span, Appendix 3-2-A3 
may be used to determine required scantlings. 

9.5.2  Closing Arrangements   
Closing arrangements are to be in accordance with 3-2-12/9.1.2 through 3-2-12/9.1.6. 

9.7  Bearing Surface 
The width of each bearing surface for hatchway covers is to be at least 65 mm (2.5 in.) 

9.9  Materials Other Than Steel 
The strength and stiffness of covers made of materials other than steel are to be equivalent to those of 
steel and will be subject to special consideration. 

11  Hatchways Closed by Covers of Steel Fitted with Gaskets 
and Clamping Devices 

11.1  Strength of Covers (1 January 2005) 

11.1.1  Scantlings   
Where weathertight covers are steel, the maximum allowable stress and deflection under the 
design loads in 3-2-12/5.3 and the minimum top plate thickness are as follows. 

Maximum allowable stress  0.8Y, and not to exceed the critical buckling 
strength in compression  

Maximum allowable deflection  0.0056 times the span  

Top plate thickness  0.01s, but not less than 6 mm (0.24 in.) 

Where Y and s are as defined in 3-2-12/9.1.1. 

The following corrosion margin is to be incorporated into each strength member of the hatch 
cover: 
• Single skin hatch covers, a corrosion addition ts = 2.0 mm (*) for all plating and stiffeners. 
• Double skin hatch covers, a corrosion addition ts = 1.5 mm (*) for top and bottom plating 

and ts = 1.0 mm for the internal structure. 
(*)  Corrosion addition ts = 1.0 mm for the hatch covers in way of cellular cargo holds intended for 

containers. 

The value for cargo hatch covers for bulk carriers, ore carriers and combination carriers is 
given in 5C-3-4/19.3.1(a) of the Steel Vessel Rules. 

Where the cross section of hatch cover stiffeners is not constant along the span, Appendix 
3-2-A3 may be used to determine required scantlings. 
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11.3  Means for Securing Weathertightness (1 January 2005) 

11.3.1 General 
The means for securing and maintaining weathertightness are to be such that the tightness can 
be maintained in any sea conditions. The arrangements and the strength of these means of 
closing and securing of the covers to the anticipated sea loads are to comply with the 
following requirements. Where it is intended to carry cargoes on the covers, the securing 
means are also take into consideration these loads, including dynamic effects. Strength 
calculations for the means of securing hatch covers carrying cargoes are to be submitted for 
review. The covers are to be hose-tested in position under a water pressure of at least 2.1 bar 
(2.1 kgf/cm2, 30 psi) at the time of construction and, if considered necessary, at subsequent 
surveys. 

11.3.2 Securing Arrangements 

11.3.2(a) Securing Device.  Hatch cover panels are to be secured by appropriate devices 
(bolts, wedges or similar) suitably spaced alongside the coamings and between panels. 

Arrangement and spacing are to be determined with due attention to the weather-tightness, the 
type and the size of the hatch cover, as well as the stiffness of the cover edges between the 
securing devices. 

Securing devices are to be of reliable construction and securely attached to the hatchway 
coamings, decks or covers. Individual securing devices on each cover are to have approximately 
the same stiffness characteristics. 

Where rod cleats are fitted, resilient washers or cushions are to be incorporated. 

Where hydraulic cleating is adopted, a positive means is to be provided to ensure that it 
remains mechanically locked in the closed position in the event of failure of the hydraulic 
system. 

11.3.2(b) Sectional Area.  Subject to 3-2-12/11.3.2(c), the net sectional area of each securing 
device is not to be less than: 

A = csd a/f     cm2 (in2) 

where 

csd = 1.4 (1.4, 0.066) 

a = spacing, in m (ft), of securing devices, not to be taken less than 2 m 
(6.6 ft) 

f = (σY/Y)e 

Y = 235 N/mm2 (24 kgf/mm2, 34,000 psi) 

σY = specified minimum upper yield stress, in N/mm2 (kgf/mm2, psi), of the 
steel, not to be taken greater than 70% of the ultimate tensile strength.  

e = 0.75 for σY > 235 N/mm2 (24 kgf/mm2, 34,000 psi) 

 = 1.0 for σY < 235 N/mm2 (24 kgf/mm2, 34,000 psi) 

Rods or bolts are to have a net diameter not less than 19 mm (0.75 in.) for hatchways exceeding 
5 m2 (54 ft2) in area. 
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11.3.2(c) Packing Line Pressure.  Between cover and coaming and at cross-joints, a packing 
line pressure sufficient to obtain weathertightness is to be maintained by the securing devices. 

For packing line pressures exceeding 5 N/mm2 (0.51 kgf/mm2, 28.6 psi), the cross section 
area of the securing device is to be increased in direct proportion. The packing line pressure is 
to be specified. 

11.3.2(d) Edge Stiffness.  The cover edge stiffness is to be sufficient to maintain adequate 
sealing pressure between securing devices. The moment of inertia, I, of edge elements is not 
to be less than: 

I = ci p a4 cm4 (in4) 

where 

ci = 6 (58.8, 0.000218) 

p = packing line pressure, in N/mm2 (kgf/mm2, psi), minimum 5 N/mm2 
(0.51 kgf/mm2, 28.6 psi). 

a = spacing, in m (ft), of securing devices.  

11.3.3 Stoppers 
11.3.3(a) Forces.  All hatch covers are to be fitted with stoppers to limit horizontal 
movement of the cover against the forces caused by the following pressures: 

i) Longitudinal pressure on fore end of cover: 

No. 1 hatch cover: 

• Where a forecastle in accordance with 5C-3-1/7 of the Steel Vessel Rules is not fitted: 

230 kN/m2 (23.5 tf/m2, 2.14 Ltf/ft2) 

• Where a forecastle in accordance with 5C-3-1/7 of the Steel Vessel Rules is fitted: 

175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2) 

Other hatch covers: 175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2). 

ii) Transverse pressure on side of cover: 

All hatch covers: 175 kN/m2 (17.8 tf/m2, 1.63 Ltf/ft2). 

11.3.3(b) Allowable Stresses.  The equivalent stress: 

i) In stoppers and their supporting structures, and  

ii) Calculated in the throat of the stopper welds 

is not to exceed 0.8σY under the above pressures. 

11.3.4 Materials and Welding 
Stoppers and securing devices are to be manufactured of materials and corresponding welding 
procedures and consumables, in accordance with applicable requirements of the ABS Rules 
for Materials and Welding (Part 2). 
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13  Hatchways Closed by Portable Covers in Lower Decks or 
within Fully Enclosed Superstructures 

13.1  General 
The following scantlings are intended for conventional type covers. Those for covers of special types 
are to be specially considered. 

13.3  Portable Beams and Wood Covers 
Portable beams supporting lower deck hatch covers on which cargo is stowed are to have a section 
modulus, SM, of not less than that obtained from the following equation: 

SM = 7.8chsl2  cm3 

SM = 0.0041chsl2  in3 

where 

c = 1.18 

h = tween-deck height in m (ft). When a design load is specified, h is to be taken as 
p/n, where p is the specified design pressure, in kN/m2 (kgf/m2, lbf/ft2), and n is 
defined as 7.05 (715, 45). 

s = spacing of the portable beams, in m (ft) 

l = length of the portable beam, in m (ft) 

The depth of the portable beam is not to be less than 4% of its unsupported span. 

Wood covers are not to be less than 63.5 mm (2.5 in.) thick where the spacing of the portable beams 
does not exceed 1.52 m (5 ft). Where the height to which the cargo may be loaded on top of the cover 
exceeds 2.59 m (8.5 ft), or where the spacing of the portable beams exceeds 1.52 m (5 ft), the 
thickness of the wood covers is to be suitably increased. 

13.5  Steel Covers 
The thickness of the plating for steel covers is not to be less than required for platform decks in 
enclosed cargo spaces, as obtained from 3-2-3/1. A stiffening bar is to be fitted around the edges, as 
required, to provide the necessary rigidity to permit the covers being handled without deformation. 
The effective depth of the framework is normally to be not less than 4% of its unsupported length. 
The stiffeners in association with the plating to which they are attached are to have section modulus, 
SM, as determined by the following equation: 

SM = 7.8hsl2  cm3 

SM = 0.0041hsl2  in3 

where 

h = tween-deck height, in m (ft). When a design load is specified, h is to be taken as 
p/n, where p is the specified design pressure in kN/m2 (kgf/m2, lbf/ft2) and n is 
defined as 7.05 (715, 45). 

s = spacing of the stiffeners, in m (ft) 

l = length of the stiffener, in m (ft) 
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13.7  Wheel Loading 
Where provision is to be made for the operation or stowage of vehicles having rubber tires, the 
thickness of the hatch cover plating is to be not less than that obtained from 3-2-3/3, for platform deck 
plating, except that the thickness of plate panels adjacent to the edges of the covers is to be at least 
15% greater than obtained from 3-2-3/7. 

14 Small Hatches on the Exposed Fore Deck (2004) 

14.1 Application 
This subsection is applicable to vessels with length, L, (as defined in 3-1-1/3.1) between 80 meters 
(263 feet) and 90 meters (295 feet). 

The requirements of this subsection apply to all small hatches [opening normally 2.5 m2 (27 ft2) or 
less] located on the exposed fore deck within the forward 0.25L, where the deck in way of the hatch is 
less than 0.1L or 22 m (72.2 ft) above the summer load line, whichever is less.  

Hatches designed for emergency escape need not comply with 3-2-12/14.5i), 3-2-12/14.5ii), the third 
paragraph of 3-2-12/14.7 and 3-2-12/14.9. 

14.3 Strength 
For small rectangular steel hatch covers, the plate thickness, stiffener arrangement and scantlings are 
to be in accordance with 3-2-12/Table 2 and 3-2-12/Figure 1. Stiffeners, where fitted, are to be aligned 
with the metal-to-metal contact points required in 3-2-12/14.7 (see also 3-2-12/Figure 1). Primary 
stiffeners are to be continuous. All stiffeners are to be welded to the inner edge stiffener (see 
3-2-12/Figure 2). 

The upper edge of the hatchway coaming is to be suitably reinforced by a horizontal section, normally 
not more than 170 to 190 mm (6.9 to 7.5 in.) from the upper edge of the coaming. 

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. 

For small hatch covers constructed of materials other than steel, the required scantlings are to provide 
strength and stiffness equivalent to 235 N/mm2 (24 kgf/mm2, 34,000 psi) yield strength steel. 

14.5 Primary Securing Devices 
The primary securing devices are to be such that their hatch covers can be secured in place and made 
weather-tight by means of a mechanism employing any one of the following methods: 

i) Butterfly nuts tightening onto forks (clamps), or 

ii) Quick acting cleats, or 

iii) A central locking device. 

Dogs (twist tightening handles) with wedges are not acceptable.  

14.7 Requirements for Primary Securing  
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 3-2-12/Figure 1, and of 
sufficient capacity to withstand the bearing force. 
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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. 

For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. 
They are to be designed by means of curving the forks upward and a raised surface on the free end or 
a similar method to minimize the risk of butterfly nuts being dislodged while in use. The plate 
thickness of unstiffened steel forks is not to be less than 16 mm (5/8 in.). An example arrangement is 
shown in 3-2-12/Figure 2. 

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. 

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. 

14.9 Secondary Devices 
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. 

 

TABLE 2 
Scantlings for Small Steel Hatch Covers on the Fore Deck 

Primary Stiffeners Secondary Stiffeners Nominal Size 
(mm × mm) 

Cover Plate Thickness  
(mm) Flat Bar (mm × mm); number 

630 × 630 8 --- --- 

630 × 830 8 100 × 8; 1 --- 

830 × 630 8 100 × 8; 1 --- 

830 × 830 8 100 × 10; 1 --- 

1030 × 1030 8 120 × 12; 1 80 × 8; 2 
1330 × 1330 8 150 × 12; 2 100 × 10; 2 
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FIGURE 1 
Arrangement of Stiffeners 

Nominal size 630 × 630 Nominal size 630 × 830

Nominal size 830 × 830 Nominal size 830 × 630

Nominal size 1030 × 1030 Nominal size 1330 × 1330

Hinge

Securing device/metal to metal contact

Primary stiffener

Secondary stiffener  
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FIGURE 2 
Example of Primary Securing Method 

M20

1

5 (min. 16 mm)

6

2
9

3

4

φ20

11

8
10

7

1: butterfly nut
2: bolt
3: pin
4: center of pin
5: fork (clamp) plate
6: hatch cover
7: gasket
8: hatch coaming
9: bearing pad welded on the bracket of a toggle bolt for metal to metal contact
10: stiffener
11: inner edge stiffener

(Note: Dimensions in millimeters)

 
 

15  Hatchways within Open Superstructures 

Hatchways within open superstructures are to be considered as exposed. 

17  Hatchways within Deckhouses 

Hatchways within deckhouses are to have coamings and closing arrangements as required in relation 
to the protection afforded by the deckhouse from the standpoint of its construction and the means 
provided for the closing of all openings into the house. 
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19  Container Loading 
Where it is intended to carry containers on steel hatch covers, the exact locations of the container pads 
and the maximum total static load on the pads are to be indicated on the plans. Where the pads are not 
in line with the supporting structures, headers are to be provided to transmit the loads to these 
members. Each member intended to support containers is to have a section modulus, SM, in cm3 (in3), 
not less than that obtained from the following equation: 

SM = M/f 

where 

M = Maximum bending moment due to maximum static container loading, in kN-cm, 
(kgf-cm, Ltf-in) 

f = permissible maximum bending stress, not to exceed 0.46Y 
Y = specified yield point or yield strength, in kN/cm2 (kgf/cm2, Ltf/in2), but is not to 

exceed 72% of the specified minimum tensile strength. 
In determining the maximum bending moment, members are to be considered simply-supported. 
The net sectional area of the web of the member, in cm2 (in2), including effective brackets, where 
applicable, is to be not less than that obtained from the following equation: 

A = F/q 

where 

F = shearing force at the point under consideration, in kN (kgf, Ltf) 
q = allowable average shear stress in the web, not to exceed 0.34Y 

The hatch cover is to be so designed as to limit deflection to 0.0028 times the span under the static 
container load. 

21  Machinery Casings 

21.1  Arrangement 
Machinery-space openings in Position 1 or 2 are to be framed and efficiently enclosed by steel casings 
of ample strength, and, wherever practicable, those in freeboard decks are to be within superstructures 
or deckhouses. Openings in exposed casings are to be fitted with doors complying with the 
requirements of 3-2-9/5.1. The sills are to be in accordance with 3-2-12/7.1 for companionways. 
Other openings in such casings are to be fitted with equivalent covers, permanently attached. 
Stiffeners are to be spaced at not more than 760 mm (30 in.) 

21.3  Exposed Casings on Freeboard or Raised Quarter Decks 
Exposed casings on freeboard or raised quarter decks are to have plating not less in thickness than that 
obtained from 3-2-9/3 or the following equation, whichever is greater: 

t = 0.0164L + 6  mm 
t = 0.0002L + 0.24  in. 

where 

t = thickness, in mm (in.) 
L = length of vessel, in m (ft), as defined in 3-1-1/3.  

Stiffeners are to be at least as effective as those required for watertight bulkheads where l is the tween 
deck height and h is l/2. 
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21.5  Exposed Casings on Superstructure Decks 
Exposed casings on superstructure decks are to have plating not less in thickness than that obtained 
from the following equation: 

t = 0.033L + 3.5  mm 

t = 0.0004L + 0.14  in. 

where 

t = thickness, in mm (in.) 

L = length of vessel, in m (ft), as defined in 3-1-1/3, but is not to be taken as less than 
30.5 m (100 ft).  

Stiffeners in association with the plating to which they are attached are to have section modulus, SM, 
as obtained from the following equation: 

SM = 7.8chsl2  cm3 

SM = 0.0041chsl2  in3 

where 

c = 0.25 

s = spacing of stiffeners, in m (ft) 

h = height of casing, in m (ft) 

l = length, between supports, of the stiffeners, in m (ft) 

21.7  Casings within Open Superstructures 
Casings within open superstructures are to be of similar scantlings to those obtained from 3-2-12/21.5 
for exposed casings on superstructure decks. 

21.9  Casings within Enclosed Superstructures, Deckhouses, or below Freeboard 
Decks 
Casings within enclosed superstructures or in decks below freeboard deck where cargo is carried are 
to have plating not less in thickness than that obtained from the following equation: 

t = 0.022L + 3.8  mm 

t = 0.00027L + 0.15  in. 

where 

t = thickness, in mm (in.) 

L = length of vessel, in m (ft), as defined in 3-1-1/3, but is not to be taken as less than 
30.5 m (100 ft).  

Stiffeners are to be fitted in line with the beams and are to have section modulus, SM, as required for 
exposed casings by 3-2-12/21.5, but the coefficient in the formula may be 0.14 instead of 0.25 and h 
is the tween-deck height. 
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23  Miscellaneous Openings in Freeboard and Superstructure 
Decks 

23.1  Manholes and Scuttles 
Manholes and flush scuttles in Position 1 or 2 within superstructures other than enclosed superstructures 
are to be closed by substantial covers capable of being made watertight. Unless secured by closely 
spaced bolts, the covers are to be permanently attached. 

23.3  Other Openings 
Openings in freeboard decks other than hatchways, machinery-space openings, manholes and flush 
scuttles are to be protected by an enclosed superstructure, or by a deckhouse or companionway of 
equivalent strength and weathertightness. Any such opening in an exposed superstructure deck or in 
the top of a deckhouse on the freeboard deck which gives access to a space below the freeboard deck 
or a space within an enclosed superstructure is to be protected by an efficient deckhouse or 
companionway. Doorways in such deckhouses or companionways are to be fitted with doors 
complying with the requirements given in 3-2-9/5.1. 

23.5  Escape Openings 
The closing appliances of escape openings are to be readily operable from each side. 

23.7 Chain Pipe Opening (1 July 2003) 
For vessels with freeboard length, Lf, (as defined in 3-1-1/3.3) greater than 24 meters (79 feet), chain 
pipes through which anchor cables are led are to be provided with permanently attached closing 
appliances to minimize the ingress of water. A canvas cover with appropriate lashing arrangement 
will be acceptable for this purpose. A cement and wire mesh arrangement is not permitted. 

The arrangement on vessels that are not subject to the International Convention on Load Lines or its 
Protocol may be specially considered. 
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P A R T  Appendix 3: Portable Beams and Hatch Cover Stiffeners of Variable Cross Section 

3 
C H A P T E R   2 Hull Structures and Arrangements 

A P P E N D I X   3  Portable Beams and Hatch Cover 
Stiffeners of Variable Cross 
Section 

1  Application 

For portable beams and hatch cover stiffeners with free ends and varying cross section along their 
span, the section modulus, SM, and inertia, I, at the midspan required by 3-2-12/9.3.2, 3-2-12/9.5.1 
and 3-2-12/11.1.1 may be obtained from the following equations: 

SM = 
a

psKC
σ

2
11 l cm3 (in3) 

    I = C2K2 psl3 cm4 (in4) 

where 

C1  = 125 (125, 1.5) 

C2  = 2.87 (28.2, 2.85 × 10-5) for 3-2-12/9.1.1 and 3-2-12/9.3.2  

 = 2.26 (22.1, 2.24 × 10-5) for 3-2-12/9.5.1 and 3-2-12/11.1 

K1 = 1 + 
0.47

0.83.2
+

−−
γ

γα , but not less than 1.0 

α = length ratio 

 = l1/l 

γ = SM ratio 

 = SM1/SM 

l1, l, SM1 and SM are as indicated in 3-2-A3/Figure 1  

σa = allowable stress given in 3-2-12/9.1.1, 3-2-12/9.3.2, 3-2-12/9.5.1, and 
3-2-12/11.1, in kN/mm2 (kgf/mm2, psi) 

K2 = 1 + 8α3 

)30.2(
)1(
β

β
+
− , but not less than 1.0 
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β = ratio of the moments of inertia, I1 and I, at the locations indicated in 
3-2-A3/Figure 1 

 = I1/I 

p = design load given in 3-2-12/5.3, in kN/m2 (tf/m2, psi)  

s = spacing of beams or stiffeners, in m (ft) 

l = span of free ended constructional elements, in m (ft) 

 

FIGURE 1  
SM and I of Construction Elements 
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SM I
SM1 I1

l

l
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P A R T  S e c t i o n  1 3 :  P r o t e c t i o n  o f  S h e l l  O p e n i n g s  

3 
C H A P T E R   2 Hull Structures and Arrangements 

S E C T I O N   13  Protection of Shell Openings 

1  Cargo, Gangway, or Fueling Ports 

1.1  Construction 
Cargo, gangway or fueling ports in the sides of vessels are to be strongly constructed and capable of 
being made thoroughly watertight. Where frames are cut in way of such ports, web frames are to be 
fitted on the sides of the openings, and suitable arrangements are to be provided for the support of the 
beams over the openings. Thick shell plates or doublers are to be fitted, as required, to compensate for 
the openings. The corners of the openings are to be well rounded. Waterway angles and scuppers are 
to be provided on the decks in way of ports in cargo spaces below the freeboard deck or in cargo 
spaces within enclosed superstructures to prevent the spread of any leakage water over the decks. 

Indicators showing whether the ports in the side shell below the freeboard or superstructure deck are 
secured closed or open are to be provided on the navigation bridge. 

Where allowed by 3-2-13/1.3, cargo ports or similar openings located with their lower edge below the 
line defined in 3-2-13/1.3 are to be fitted with a second door of equivalent strength and watertightness 
with a leakage detection device for the compartment between the doors. The drain from this compartment 
is to be led to the bilge with a screwdown valve operable from an accessible location. 

In general, all outer doors are to open outwards. 

1.3  Location 
The lower edges of cargo, gangway or fueling-port openings are not to be below a line parallel to the 
freeboard deck at side having as its lowest point the designed load waterline or upper edge of the 
uppermost load line. 

Cargo ports or similar openings may be located with their lower edge below the line defined above, 
provided they meet the additional construction requirements of 3-2-13/1.1. 

 



 
Part  3 Hull Construction and Equipment 
Chapter  2  Hull Structures and Arrangements 
Section 13 Protection of Shell Openings 3-2-13 
 

148 ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS UNDER 90 METERS (295 FEET) IN LENGTH . 2006 

3  Bow Doors, Inner Doors, Side Shell Doors and Stern Doors 
(1998) 

3.1  General (2005) 
Where bow doors of the visor or side-opening type are fitted leading to complete or long forward 
enclosed superstructure or to long superstructures with closing appliances to the satisfaction of the 
Administration, bow doors and inner doors are to meet the requirements of this Section. Hull 
supporting structure in way of the bow doors is to be able to withstand the loads imposed by the bow 
door securing and supporting devices without exceeding the allowable stresses for those devices, both 
given in this Section. 

Side shell doors fitted abaft the collision bulkhead and stern doors leading into enclosed spaces are to 
meet the requirements of this Section. 

3.3  Arrangement 
As far as practicable, bow doors and inner doors are to be arranged so as to preclude the possibility of 
the bow door causing structural damage to the inner door or to the collision bulkhead in the case of 
damage to or detachment of the bow door. 

3.3.1  Bow Doors  
Bow doors are to be situated above the freeboard deck, except that where a watertight recess 
fitted for arrangement of ramps or other related mechanical devices is located forward of the 
collision bulkhead and above the deepest waterline, the bow doors may be situated above the 
recess. 

3.3.2  Inner Doors  
An inner door is to be fitted in the extension of the collision bulkhead required by 3-2-7/3.1.1. 
A vehicle ramp made watertight and conforming to 3-2-7/3.1.1 in the closed position may be 
accepted for this purpose. 

3.3.3  Side Shell and Stern Doors (1998)   
Stern doors for passenger vessels are to be situated above the freeboard deck. Stern doors for 
ro-ro cargo vessels and all side shell doors need not be situated above the freeboard deck. 

5  Securing, Locking and Supporting of Doors 

5.1  Definitions 

5.1.1  Securing Device   
A device used to keep the door closed by preventing it from rotating about its hinges or its 
pivoted attachments to the vessel. 

5.1.2  Supporting Device   
A device used to transmit external or internal loads from the door to a securing device and 
from the securing device to the vessel’s structure, or a device other than a securing device, 
such as a hinge, stopper or other fixed device that transmits loads from the door to the vessel’s 
structure. 

5.1.3  Locking device   
A device that locks a securing device in the closed position. 
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7  Securing and Supporting Devices 

7.1  Bow Doors   
Means are to be provided to prevent lateral or vertical movement of the bow doors when closed. 
Means are also to be provided for mechanically fixing the door in the open position. 

Means of securing and supporting the door are to maintain equivalent strength and stiffness of the 
adjacent structure. 

7.1.1  Clearance and Packing   
The maximum design clearance between the door and securing/supporting devices is not to 
exceed 3 mm (0.12 in.). Where packing is fitted, it is to be of a comparatively soft type and 
the supporting forces are to be carried by the steel structure only. 

7.1.2  Visor Door Arrangement   
The pivot arrangement is to be such that the visor is self closing under external loads. The 
closing moment, My, as defined in 3-2-13/19.5.1, is not to be less than Myo, as given by the 
following equation: 

Myo = Wc + 0.1 2222
zx FFba ++  

Where W, a, b, c, Fx and Fz are as defined in 3-2-13/19. In addition, the arrangement of the 
door is to be such that the reaction forces of pin or wedge supports at the base of the door do 
not act in the forward direction when the door is loaded in accordance with 3-2-13/19.5.4. 

7.3  Side Shell and Stern Doors  (1998)   
Means are to be provided to prevent lateral or vertical movement of the side shell or stern doors when 
closed. Means are also to be provided for mechanically fixing the doors in the open position. 
The means of securing and supporting the doors are to have strength and stiffness equivalent to the 
adjacent structure. 
Clearance and packing for side shell and stern doors are to be in accordance with 3-2-13/7.1.1. 

9  Securing and Locking Arrangement   

9.1  General 
Securing devices are to be provided with a mechanical locking arrangement (self locking or separate 
arrangement), or are to be of the gravity type. 

9.3  Operation   
Securing devices are to be simple to operate and readily accessible. The opening and closing systems 
as well as the securing and locking devices are to be interlocked in such a way that they can only 
operate in the proper sequence. 

9.3.1  Hydraulic Securing Devices   
Where hydraulic securing devices are applied, the system is to be mechanically lockable in 
the closed position. In the event of a loss of hydraulic fluid, the securing devices are to remain 
locked. 
The hydraulic system for securing and locking devices is to be isolated from other hydraulic 
circuits when in the closed position 
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9.3.2  Remote Control (1998) 
Where bow doors and inner doors give access to a vehicle deck, or where side shell doors or 
stern doors are located partially or totally below the freeboard deck with a clear opening area 
greater than 6 m2 (65 ft2), an arrangement for remote control from a position above the 
freeboard deck is to be provided, allowing closing and opening of the doors and associated 
securing and locking of every door. The operating panels for doors are to be accessible to 
authorized persons only. A notice plate giving instructions to the effect that all securing 
devices are to be closed and locked before leaving harbor is to be placed at each operating 
panel and is to be supplemented by warning indicator lights, as required by 3-2-13/9.5.1. 

9.5  Indication/Monitoring (1998) 
The following requirements for indicators, water leakage protection and door surveillance are required 
for vessels fitted with bow doors and inner doors. The requirements also apply to vessels fitted with 
side shell doors or stern doors in the boundary of special category spaces or ro-ro spaces through 
which such spaces may be flooded. 

The requirements are not applicable to ro-ro cargo vessels where no part of the side shell doors or 
stern doors is located below the uppermost waterline and the area of the door opening is not greater 
than 6 m2 (65 ft2). 

9.5.1  Indicators (2005) 
The indicator system is to be designed on the fail safe principle and in accordance with the 
following.  See 3-2-13/9.5.1(e). 

9.5.1(a) Location and Type (1998).  Separate indicator lights are to be provided on the 
navigation bridge and on each operating panel to show that the doors are closed and that their 
locking devices are properly positioned. 

The indication panel on the navigation bridge is to be equipped with a mode selection 
function “harbor/sea voyage”, arranged so that an audible and visible alarm is given on the 
navigation bridge if, in the sea voyage condition, the doors are not closed, or any of the 
securing devices are not in the correct position. 

Indication of the open/closed position of every door and every securing and locking device is 
to be provided at the operating panels. 

9.5.1(b) Indicator Lights.  Indicator lights are to be designed so that they cannot be manually 
turned off. The indication panel is to be provided with a lamp test function. 

9.5.1(c) Power Supply.  The power supply for the indicator system is to be independent of 
the power supply for operating and closing the doors and is to be provided with a backup 
power supply from the emergency source of power or other secure power supply, e.g., UPS. 

9.5.1(d) Protection of Sensors.  Sensors are to be protected from water, ice formation and 
mechanical damage. 

9.5.1(e) Fail Safe Principle.  The alarm/indicator system is considered designed on a fail-safe 
principle when the following are provided, as applicable. 

i) The indicator panel is provided with: 
• A power failure alarm 
• An earth failure alarm 
• A lamp test 
• Separate indication for door closed, door locked, door not closed and door not 

locked. 
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ii) Limit switches electrically closed when the door is closed (when more limit switches 
are provided, they may be connected in series) 

iii) Limit switches electrically closed when securing arrangements are in place (when 
more limit switches are provided, they may be connected in series) 

iv) Two electrical circuits (also in one multicore cable), one for the indication of door 
closed/not closed and the other for door locked/not locked. 

v) In the case of dislocation of limit switches, indication to show: not closed/not 
locked/securing arrangements not in place, as appropriate.  

9.5.2  Water Leakage Protection (2005)   
A drainage system is to be arranged in the areas between the bow door and ramp or, where no 
ramp is fitted, between the bow door and inner door. The system is to be equipped with an 
audible alarm function to the navigation bridge being set off when the water levels in these 
areas exceed 0.5 m (1.6 ft) or the high water level alarm, whichever is the lesser.  See 
3-2-13/9.5.1(e). 

For vessels fitted with bow and inner doors, a water leakage detection system with audible 
alarm and television surveillance is to be arranged to provide an indication to the navigation 
bridge and to the engine control room of leakage through the inner door. See 3-2-13/9.5.1(e). 

For passenger vessels fitted with side shell or stern doors, a water leakage detection system 
with audible alarm and television surveillance is to be arranged to provide an indication to the 
navigation bridge and to the engine control room of leakage through any of the doors. 

For cargo vessels fitted with side shell or stern doors, a water leakage detection system with 
audible alarm is to be arranged to provide an indication to the navigation bridge of leakage 
through any of the doors. See 3-2-13/9.5.1(e). 

9.5.3  Door Surveillance (2005) 
Between the bow door and the inner door, a television surveillance system is to be fitted with 
a monitor on the navigation bridge and in the engine control room. The system is to monitor 
the position of doors and a sufficient number of their securing devices.  Special consideration 
is to be given for the lighting and contrasting color of objects under surveillance. 

11  Watertightness 

11.1  Bow Doors   
Bow doors are to be so fitted as to ensure tightness consistent with operational conditions and to give 
effective protection to the inner doors. 

11.3  Inner Doors   
Inner doors forming part of the extension of the collision bulkhead are to be weathertight over the full 
height of the cargo space and arranged with fixed sealing supports on the aft side of the doors. 

11.5  Side Shell and Stern Doors (1998)  
Side shell doors and stern doors are to be so fitted as to ensure water tightness. 
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13  Bow Door Scantlings 

13.1  General 
Bow doors are to be framed and stiffened so that the whole structure is equivalent to the unpierced 
bulkhead when closed. 

13.3  Primary Structure (2005) 
Scantlings of primary members are to be designed so that the allowable stresses indicated in 
3-2-13/25.1 are not exceeded when the structure is subjected to the design loads indicated in 
3-2-13/19.1. Normally, simple beam theory may be applied to determine the bending stresses. 
Members are to be considered to have simply supported end connections. 

13.5  Secondary Stiffeners   
Secondary stiffeners are to be supported by primary members constituting the main stiffening of the 
door. The section modulus, SM, of secondary stiffeners is to be as required by 3-2-5/1.1 and 3-2-5/5.3. 
In addition, stiffener webs are to have a net sectional area not less than that obtained from the 
following equation: 

A= VQ/10 cm2 (A = VQ cm2, A = VQ/6.5 in2) 

where 

V = shear force, in kN (tf, Ltf), in the stiffener calculated using the uniformly 
distributed external pressure, Peb, given in 3-2-13/19.1 

Q = as defined in 3-2-1/7.5 

13.7  Plating   
The thickness of bow door plating is to be not less than that required for side shell plating at the same 
location. 

13.9  Securing and Supporting Devices (2005)  
Scantlings of securing and supporting devices are to be designed so that the allowable stresses 
indicated in 3-2-13/25.1 are not exceeded when the structure is subjected to the design loads indicated 
in 3-2-13/19.3. All load transmitting elements in the design load path from the door through securing 
and supporting devices into the vessel structure, including welded connections, are to meet the 
strength standards required for securing and supporting devices. These elements include pins, support 
brackets and back-up brackets. Where fitted, threaded bolts are not to carry support forces, and the 
maximum tensile stress in way of the threads is not to exceed the allowable stress given in 
3-2-13/25.5. 

In determining the required scantlings, the door is to be assumed to be a rigid body. Only those active 
supporting and securing devices having an effective stiffness in the relevant direction are to be 
included and considered when calculating the reaction forces on the devices. Small or flexible 
devices, such as cleats, intended to provide load compression of the packing material, are not to be 
included in the calculations. 
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13.9.1  Bearing Pressure   
The bearing pressure on steel to steel bearings is to be calculated by dividing the design force 
by the projected bearing area, and is not to exceed the allowable stress given in 3-2-13/25.3. 

13.9.2  Redundancy   
In addition to the above requirements, the arrangement of the securing and supporting devices 
is to be designed with redundancy, such that in the event of failure of any single securing or 
supporting device, the stresses in the remaining devices do not exceed the allowable stresses 
indicated in 3-2-13/25.1 by more than 20% under the above loads. 

13.9.3  Visor Door Securing and Supporting Devices   
Securing and supporting devices, excluding the hinges, are to be capable of resisting the 
vertical design force given in 3-2-13/19.5.3 without stresses exceeding the allowable stresses 
in 3-2-13/25.1. 

Two securing devices are to be provided at the lower part of the door, each capable of 
providing the full reaction force required to prevent opening of the door without stresses 
exceeding the allowable stresses indicated in 3-2-13/25.1. The opening moment, Mo, to be 
balanced by this force is as given in 3-2-13/19.5.2. 

13.9.4  Side-opening Door Thrust Bearing  
A thrust bearing is to be provided in way of girder ends at the closing of the two doors, and is 
to prevent one door from shifting towards the other one under the effect of unsymmetrical 
pressure. Securing devices are to be fitted to secure sections of thrust bearing to one another. 

13.11  Visor Door Lifting Arms and Supports   
Where visor type bow doors are fitted, calculations are to be submitted, verifying that lifting arms and 
their connections to the door and vessel structure are adequate to withstand the static and dynamic 
forces applied during the lifting and lowering operations under a wind pressure of at least 1.5 kN/m2 
(0.15 tf/m2, 0.014 Ltf/ft2). 

15  Inner Door Scantlings 

15.1  General 
Scantlings of inner doors are to meet the requirements of this subsection. In addition, where inner 
doors are used as vehicle ramps, scantlings are not to be less than that required for vehicle decks in 
Sections 3-2-6 and 3-2-3. 

15.3  Primary Structure   
Scantlings of primary members are to be designed so that the allowable stresses indicated in 3-2-13/25.1 
are not exceeded when the structure is subjected to the design loads indicated in 3-2-13/21.1. 

15.5  Securing and Supporting Devices   
Scantlings of securing and supporting devices are to be designed so that the allowable stresses 
indicated in 3-2-13/19 are not exceeded when the structure is subjected to the design loads indicated 
in 3-2-13/17.5. Where fitted, threaded bolts are not to carry support forces, and the maximum tensile 
stress in way of the threads is not to exceed the allowable stress given in 3-2-13/25.5. 
The bearing pressure on steel to steel bearings is to be calculated by dividing the design force by the 
projected bearing area, and is not to exceed the allowable stress given in 3-2-13/25.3. 
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17  Side Shell Door and Stern Door Scantlings (1998) 

17.1  General 
Scantlings of side shell doors or stern doors are to meet the requirements of this subsection. In 
addition, where the doors are used as vehicle ramps, scantlings are not to be less than that required for 
vehicle decks in Sections 3-2-6 and 3-2-3. 

17.3  Primary Structure (2005)  
Scantlings of primary members are to be designed so that the allowable stresses indicated in 
3-2-13/25.1 are not exceeded when the structure is subjected to the design loads indicated in 
3-2-13/23. Normally, simple beam theory may be applied to determine the bending stresses. Members 
are to be considered to have simply supported end connections. 

17.5  Secondary Stiffeners   
Secondary stiffeners are to be supported by primary members constituting the main stiffening of the 
door. The section modulus, SM, of secondary stiffeners is to be not less than that required by Section 
3-2-5 for frames in the same location. In addition, the net sectional area of stiffener webs is to be in 
accordance with 3-2-13/13.5, using the external pressure, pe, given in 3-2-13/23. 

17.7  Plating 
The thickness of side or stern door plating is to be not less than that required for side shell plating at 
the same location. 

17.9  Securing and Supporting Devices   
Scantlings of securing and supporting devices are to be designed so that the allowable stresses 
indicated in 3-2-13/25.1 are not exceeded when the structure is subjected to the design loads indicated 
in 3-2-13/23. All load transmitting elements in the design load path from the door through securing 
and supporting devices into the vessel structure, including welded connections, are to meet the 
strength standards required for securing and supporting devices. Where fitted, threaded bolts are not 
to carry support forces, and the maximum tensile stress in way of the threads is not to exceed the 
allowable stress given in 3-2-13/25.5. 

In determining the required scantlings, the door is to be assumed to be a rigid body. Only those active 
supporting and securing devices having an effective stiffness in the relevant direction are to be 
included and considered when calculating the reaction forces on the devices. Small or flexible 
devices, such as cleats, intended to provide compression load on the packing material are not to be 
included in the calculations. 

17.9.1  Bearing Pressure   
The bearing pressure on steel to steel bearings is to be calculated by dividing the design force 
by the projected bearing area, and is not to exceed the allowable stress given in 3-2-13/25.3. 

17.9.2  Redundancy   
In addition to the above requirements, the arrangement of the securing and supporting devices 
is to be designed with redundancy, such that in the event of a failure of any single securing or 
supporting device, the stresses in the remaining devices do not exceed the allowable stresses 
indicated in 3-2-13/25.1 by more than 20% under the above loads. 



 
Part  3 Hull Construction and Equipment 
Chapter  2  Hull Structures and Arrangements 
Section 13 Protection of Shell Openings 3-2-13 
 

ABS  RULES FOR BUILDING AND CLASSING STEEL VESSELS UNDER 90 METERS (295 FEET) IN LENGTH . 2006 155 

19  Bow Door Design Loads 

19.1  External Pressure 
The design external pressure, Peb, is to be taken as indicated by the following equation. Peb for vessels 
engaged in restricted service will be specially considered. 

Peb = nc(0.22 + 0.15 tan β)(0.4Vd sin α + 0.6 kL )2  kN/m2 (tf/m2, Ltf ft2) 

where 

n = 2.75 (0.280, 0.0256) 

c = 0.0125L  for L < 80 m 

 = 0.00385L  for L < 260 ft 

 = 1.0  for L ≥ 80 m (260 ft) 

L = length of vessel as defined in 3-1-1/3, in m (ft) 

β = flare angle at the point to be considered, defined as the angle between a vertical line 
and the tangent to the side shell plating measured in a vertical plane normal to the 
horizon tangent to the shell plating. See 3-2-13/Figure 1. 

α = entry angle at the point to be considered, defined as the angle between a 
longitudinal line parallel to the centerline and the tangent to the shell plating in a 
horizontal plane. See 3-2-13/Figure 1. 

k = 1.0 (1.09, 0.305) 

Vd = vessel design speed, as defined in 3-2-11/3 

 

FIGURE 1 
Entry and Flare Angles 
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19.3  External Forces (2005)  
The design external forces considered in determining scantlings of securing and supporting devices of 
bow doors are not to be taken less than those given by the following equations: 

Fx = Pem Ax 

Fy = Pem Ay 

Fz = Pem Az 

where 

Fx = the design external force in the longitudinal direction, in kN (tf, Ltf) 

Fy = the design external force in the horizontal direction, in kN (tf, Ltf) 

Fz = the design external force in the vertical direction, in kN (tf, Ltf) 

Ax  =  area, in m2 (ft2), of the transverse vertical projection of the door between the 
levels of the bottom of the door and the top of the upper deck bulwark or between 
the bottom of the door and the top of the door, whichever is the lesser. Where the 
flare angle of the bulwark is at least 15° less than the flare of the adjacent shell 
plating, the bulwark may be excluded and the distance may be measured from the 
bottom of the door to the upper deck or to the top of the door, whichever is the 
lesser. 

Ay  =  area, in m2 (ft2), of the longitudinal vertical projection of the door between the 
levels of the bottom of the door and the top of the upper deck bulwark or between 
the bottom of the door and the top of the door, whichever is the lesser. Where the 
flare angle of the bulwark is at least 15º less than the flare of the adjacent shell 
plating, the bulwark may be excluded and the distance may be measured from the 
bottom of the door to the upper deck or to the top of the door, whichever is the 
lesser. 

Az  =  area, in m2 (ft2), of the horizontal projection of the door between the levels of the 
bottom of the door and the top of the upper deck bulwark or between the bottom 
of the door and the top of the door, whichever is the lesser. Where the flare angle 
of the bulwark is at least 15º less than the flare of the adjacent shell plating, the 
bulwark may be excluded and the distance may be measured from the bottom of 
the door to the upper deck or to the top of the door, whichever is the lesser. 

Pem = bow door pressure, Pb, determined using αm and βm in place of α and β. 

βm = flare angle measured at a point on the bow door l/2 aft of the stem line on a plane 
h/2 above the bottom of the door, as shown in 3-2-13/Figure 2.  

αm = entry angle measured at the same point as βm. See 3-2-13/Figure 2. 

h = height, in m (ft), of the door between the levels of the bottom of the door and the 
upper deck or between the bottom of the door and the top of the door, whichever is 
less. 

l = length, in m (ft), of the door at a height, h/2, above the bottom of the door. 
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FIGURE 2 
Definition of αm and βm 
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19.5  Visor Door Forces, Moments and Load Cases 

19.5.1  Closing Moment   
For visor doors, the closing moment, My, is to be taken as indicated by the following equation: 

My = Fxa + Wc – Fzb   kN-m (tf-m, Ltf-ft) 

whereFx and Fz are defined in 3-2-13/19.3 

W = weight of the visor door, in kN (tf, Ltf) 

a = vertical distance, in m (ft), from the visor pivot to the centroid of the 
transverse vertical projected area of the visor door. See 3-2-13/Figure 3. 

b = horizontal distance, in m (ft), from visor pivot to the centroid of the 
horizontal projected area of the visor door. See 3-2-13/Figure 3. 

c = horizontal distance, in m (ft), from the visor pivot to the center of gravity 
of the visor. See 3-2-13/Figure 3. 

 



 
Part  3 Hull Construction and Equipment 
Chapter  2  Hull Structures and Arrangements 
Section 13 Protection of Shell Openings 3-2-13 
 

158 ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS UNDER 90 METERS (295 FEET) IN LENGTH . 2006 

FIGURE 3 
Visor Type Bow Door 
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19.5.2  Opening Moment   
The opening moment, Mo, is to be taken as indicated by the following equation: 

Mo = Wd + 5Axa  kN-m (Mo = Wd + 0.5Axa  tf-m, Mo = Wd + 0.047Axa  Ltf-ft) 

where 

d = vertical distance, in m (ft), from the hinge axis to the center of gravity of 
the door.  

W, Ax and a are as indicated above. 

19.5.3  Vertical Design Force   
The vertical design force is to be taken as Fz – W, where Fz is as defined in 3-2-13/19.3 and W 
is as defined in 3-2-13/19.5.1. 

19.5.4  Combined Load Case 1   
The visor doors are to be evaluated under a load of Fx, Fz and W acting simultaneously with 
Fx and Fz acting at the centroid of their respective projected areas. 
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19.5.5  Combined Load Case 2   
The visor doors are to be evaluated under a load of 0.7Fy acting on each side separately, 
together with 0.7Fx, 0.7Fz and W. Fx, Fy and Fz are to be taken as acting at the centroid of 
their respective projected areas. 

19.7  Side-Opening Door Load Cases 

19.7.1  Combined Load Case 1   
Side opening doors are to be evaluated under a load of Fx, Fy, Fz and W acting simultaneously 
with Fx, Fy and Fz acting at the centroid of their respective projected areas. 

19.7.2  Combined Load Case 2   
Side opening doors are to be evaluated under a load of 0.7Fx, 0.7Fz and W acting on both 
doors simultaneously and 0.7Fy acting on each door separately. 

21  Inner Door Design Loads 

21.1  External Pressure 
The design external pressure is to be taken as the greater of Pei or Ph, as given by the following equations: 

Pei = 0.45L  kN/m2 (0.046L  tf/m2, 0042L  Ltf/ft2) 

Ph = 10h  kN/m2 (1.0h  tf/m2, 0.029h  Ltf/ft2) 

where 

L is as defined in 3-1-1/3. 

h = the distance, in m (ft), from the load point to the top of the cargo space. 

21.3  Internal Pressure   
The design internal pressure, Pi, is to be taken as not less than 25 kN/m2 (2.5 tf/m2, 0.23 Ltf/ft2). 

23  Side Shell and Stern Doors (1998) 

23.1  Design Forces for Primary Members   
The design force, in kN (tf, Ltf), for primary members is to be the greater of the following: 

External force: Fe = Ape 

Internal force: Fi = Fo + W 

23.3  Design Forces for Securing or Supporting Devices of Doors Opening Inwards   
The design force, in kN (tf, Ltf), for securing or supporting devices of doors opening inwards is to be 
the greater of the following: 

External force: Fe = Ape + Fp 

Internal force: Fi = Fo + W 



 
Part  3 Hull Construction and Equipment 
Chapter  2  Hull Structures and Arrangements 
Section 13 Protection of Shell Openings 3-2-13 
 

160 ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS UNDER 90 METERS (295 FEET) IN LENGTH . 2006 

23.5  Design Forces for Securing or Supporting Devices of Doors Opening Outwards   
The design force, in kN (tf, Ltf), for securing or supporting devices of doors opening outwards is to be 
the greater of the following: 

External force: Fe = Ape 

Internal force: Fi = Fo + W + Fp 

where 

A = area, in m2 (ft2), of the door opening 

W = weight of the door, in kN (tf, Ltf) 

Fp = total packing force, in kN (tf, Ltf). Packing line pressure is normally not to be 
taken less than 5.0 N/mm (0.51 kg/mm, 28.6 lbf/in). 

Fo = the greater of Fc and kA, in kN (tf, Ltf) 

k = 5 (0.51, 0.047) 

Fc = accidental force, in kN (tf. Ltf), due to loose cargo, etc., to be uniformly 
distributed over the area A and not to be taken less than 300 kN (30.6 tf, 30.1 Ltf). 
For small doors such as bunker doors and pilot doors, the value of Fc may be 
appropriately reduced. However, the value of Fc may be taken as zero, provided 
an additional structure such as an inner ramp is fitted which is capable of 
protecting the door from accidental forces due to loose cargoes. 

pe = external design pressure, in kN/m2 (tf/m2, Ltf/ft2), determined at the center of 
gravity of the door opening and not taken less than: 

  pe = k1 for ZG ≥ d 

  pe = k2(d – ZG) + k1 for ZG < d 

Moreover, for vessels fitted with bow doors, pe for stern doors is not to be taken 
less than: 

  pe = nc(0.8 + 0.6(k3L)0.5)2 

For vessels fitted with bow doors and operating in restricted service, the value of 
pe for stern doors will be specially considered. 

k1 = 25.0 (2.55, 0233) 

k2 = 10.0 (1.02, 0.0284) 

d = draft, in m (ft), as defined in 3-1-1/9 

ZG = height of the center of area of the door, in m (ft), above the baseline. 

n = 0.605 (0.0616, 0.00563) 

k3 = 1.0 (1.0, 0.305) 

c = 0.0125L  for L < 80 m (260 ft) 

 = 1.0  for L ≥ 80 m (260 ft) 

L = length of vessel, as defined in 3-1-1/3, in m (ft) 
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25  Allowable Stresses 

25.1  Primary Structure and Securing and Supporting Devices   
The following stresses are not to be exceeded under the loads indicated above. 

Shear Stress: τ =   80/Q N/mm2  (  8.2/Q  kgf/mm2, 11600/Q psi) 

Bending Stress: σ = 120/Q N/mm2  (12.2/Q  kgf/mm2, 17400/Q psi) 

Equivalent Stress ( 22 3τσ + ): σe = 150/Q N/mm2  (15.3/Q  kgf/mm2, 21770/Q psi) 

where Q is defined in 3-2-1/7.5. 

25.3  Steel Securing and Supporting Devices Bearing Stress   
For steel to steel bearings in securing and supporting devices, the nominal bearing pressure is not to 
exceed 0.8σf, where σf is the yield stress of the bearing material. 

25.5  Tensile Stress on Threaded Bolts 
The tensile stress in threaded bolts is not to exceed 125/Q N/mm2 (12.7/Q kgf/mm2, 18000/Q psi). 

27  Operating and Maintenance Manual 

The following information is to be submitted for review. 

27.1  Manual  (1998)   
An operating and maintenance manual for the doors is to be provided onboard and is to contain at 
least the following: 

• Main particulars and design drawings 

• Service conditions, e.g., service area restrictions, emergency operations, acceptable clearances for 
supports  

• Maintenance and function testing 

• Register of inspections and repairs 

27.3  Operating Procedures (1998)   
Documented operating procedures for closing and securing the doors are to be kept onboard and 
posted at an appropriate location.  
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P A R T  Section 14: Bulwarks, Rails, Freeing Ports, Portlights, Windows, Ventilators, Tank Vents, and Overflows 

3 
C H A P T E R   2 Hull Structures and Arrangements 

S E C T I O N   14  Bulwarks, Rails, Freeing Ports, 
Portlights, Windows, Ventilators, 
Tank Vents, and Overflows 

1  Bulwarks and Guard Rails 

1.1  Height 
The height of bulwarks and guard rails on exposed freeboard and superstructure decks is to be at least 
1 m (39.5 in.). Where this height would interfere with the normal service or operation of a vessel, a 
lesser height may be approved if adequate protection is provided. Where approval of a lesser height is 
requested, justifying information is to be submitted. 

1.3  Strength of Bulwarks 
Bulwarks are to be of ample strength in proportion to their height and efficiently stiffened at the upper 
edge. The bulwark plating is to be kept clear of the sheerstrake and the lower edge effectively 
stiffened. For vessels under 61 m (200 ft) in length, the bulwark plating on freeboard decks is to be of 
a thickness adequate for the intended service of the vessel. For vessels 61 m (200 ft) in length and 
over, the bulwark plating on freeboard decks is not to be less than 6.5 mm (0.25 in.) in thickness. 
Bulwarks are to be supported by efficient stays. Stays on freeboard decks are to be spaced not more 
than 1.83 m (6 ft) apart and are to be efficiently attached to the bulwarks and deck plating. Where it is 
intended to carry timber deck cargoes, the bulwark stays are to be not over 1.52 m (5 ft) apart and 
have increased attachment to deck and bulwark. Gangways and other openings in bulwarks are to be 
kept well away from breaks of superstructures, and heavy plates are to be fitted in way of mooring 
pipes. 

1.5  Guard Rails (1998) 

1.5.1  
Fixed, removable or hinged stanchions are to be fitted at approximately 1.5 m (5 ft) apart. 
Removable or hinged stanchions are to be capable of being locked in the upright position. 

1.5.2 (2007) 
At least every third stanchion is to be supported by a bracket or stay.  Where the arrangements 
would interfere with the safe traffic of persons on board, the following alternative arrangements 
of stanchions may be acceptable:  


