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CHAPTER 2  HULL STRUCTURE  

Section 15  SUPERSTRUCTURES AND RAISED 

QUARTERDECKS 

2.15.2  End bulkheads 

It is amended to̔  

2.15.2.1 The design pressure head h for end bulkheads of exposed superstructures is to be 

obtained as follows and not less than the minimum value in Table 2.15.2.1: 

Ὤ ɻɿɼʇ ɾ             Í 

Where:ɻȁɼȁʇ ÁÎÄ ɿ ðð coefficients, to be determined respectively according to 2.15.2.2, 

2.15.2.3, 2.152.4 and 2.15.2.5 of this Section  

ɾ ðð vertical distance, in m, measured from summer load waterline to 

mid-span of stiffener or mid-point of panel. 

The pressure head                        Table 2.15.2.1 

Length of ship L̂m̃ 
Pressure head hmin̂m̃ 

Lowest tier of unprotected fronts Elsewhere 

LÒ50 3.0 1.5 

50̖ L̖90 0.01L+2.5 0.005L+1.25 

 

2.15.2.2  Coefficient Ŭ is to be determined as follows: 

Ŭ=0.0083L+2.0, lowest tier of unprotected fronts 

Ŭ=0.0083L+1.0, second tier of unprotected fronts 

Ŭ=0.0067L+0.5, third tier of unprotected fronts and above, protected fronts 

Ŭ=0.001L-0.8(X/L)+0.7, aft ends of all tiers where aft of amidships 

Ŭ=0.001L-0.4(X/L)+0.5, aft ends of all tiers where forward of amidships 

where: L ðð length of ship, in m; 

X ðð distance, in m, between bulkhead considered and A.P.  

2.15.2.3  Coefficient ɓ is to be determined as follows:  
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where: L ðð length of ship, in m; 
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X ðð see 2.15.2.2̕  

Cb ðð block coefficient, where Cb < 0.6, to be taken as 0.6; where Cb > 0.8, to be taken 

as 0.8; where the aft end bulkhead of the superstructure is forward of amidships, 

Cb used in determining the value ɓ for the aft end bulkhead is not to be taken as 

less than 0.8.  

2.15.2.4  Coefficient ɚ is to be determined as follows: 
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where: L ðð length of ship, in m; 

2.15.2.5  Coefficient ŭ is to be taken as 1 for superstructures.  

2.15.2.6  The thickness t of end bulkhead plating of superstructures is not to be less than:  

mm     3 hst=  

                  
mm 5 than lessnot  and s,upper tierfor    mm,     )0.401.0(
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min

+=

+=
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For ships with L<65m, The minimum thickness tmin is not to be less than: 

    tmin=5mm̆ for the lowest unprotected front 

tmin=4mm̆ for all other cases  

where: s ðð spacing of stiffeners, in m; 

h ðð design pressure head, in m, to be calculated according to 2.15.2.1~215.2.5 of this 

Section;  

L ðð length of ship, in m. 

2.15.2.7  The section modulus W of end bulkhead stiffeners of superstructures is not to be 

less than: 

32 cm    5.3 shlW=  

where: s ðð spacing of stiffeners, in m; 

l ðð span of stiffener, in m; to be taken as height of deckhouse, but not less than 2.0 m in 

any case;  

h ðð design pressure head, in m, are the same as that in 2.15.2.6 of this Section. 

The section modulus of end stiffeners is not to be less than 10cm
3
, but not necessary to be 

greater than the section modulus of the main frame. 

Both ends of the front bulkhead stiffeners are to be connected by brackets. The scantlings of 

the brackets are to comply with the provisions of 1.2.5 of this PART. Both ends of the rear 

bulkhead stiffeners are to be welded to the deck. 
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Section 16  DECKHOUSE AND MACHINERY CASINGS  

2.16.2  Boundary bulkhead 

It is amended to̔  

2.16.2.1  The design pressure head h for boundary bulkheads (end and side bulkheads) of 

exposed deckhouses is to be calculated according to 2.15.2 of this Chapter. Where the coefficient ŭ 

is to be determined as follows: 

0.475 than lessnot  and  ,3.07.0
1

+=
B

b
d  

where̔ b ðð breadth of deckhouse at the position considered, in m;  

B1 ðð actual maximum breadth of ship on the exposed weather deck at the position 

considered, in m. For machinery casings and deckhouses protecting pump room openings, ŭ is to 

be taken as 1.  

When calculating the plating thickness of the sides of all tiers, coefficient Ŭ is to be 

determined as follows: 

Ŭ=0.0067L+0.5 

where: L ĺĺ length of ship, in m; 

X ðð distance, in m, between bulkhead considered and A.P. The deckhouse is to be 

subdivided into parts of approximately equal length, not exceeding 0.15L each and 

X is to be taken as the distance between A.P. and the centre of each part 

considered. 

2.16.2.2  The thickness t of boundary bulkheads plating of deckhouse is to be calculated 

according to 2.15.2.6 of this Chapter. The section modulus W of boundary bulkhead stiffeners of 

deckhouse is to be calculated according to 2.15.2.7 of this Chapter, and is not to be less than 

10cm
3
. 
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CHAPTER 3  OUTFITS 

Section 1  RUDDERS 

3.1.1  General requirements 

3.1.1.2  Design considerations 

(3) In rudder trunks which are open to the sea, a seal or stuffing box is to be fitted above the 

deepest load waterline, to prevent water from entering the steering gear compartment and the 

lubricant from being washed away from the rudder carrier. If the top of the rudder trunk is below 

the deepest waterline at scantling draught (without trim), two separate watertight seals/stuffing 

boxes are to be provided. 

3.1.1.4  Welding and design details 

(3) Welds in the rudder side plating subjected to significant stresses from rudder bending and 

welds between plates and heavy pieces (solid parts in forged or cast steel or very thick plating) are 

to be made as full penetration welds. In way of highly stressed areas e.g. cut-out of semi-spade 

rudder and upper part of spade rudder, cast or welding on ribs is to be arranged. Two sided full 

penetration welding is normally to be arranged. Where back welding is impossible welding is to 

be performed against ceramic backing bars or equivalent. Steel backing bars may be used and are 

to be fitted with continuously welded on one side to the heavy piecebevelled edge, see Figure 

3.1.1.4. The bevel angle is to be at least 15°for one sided welding. 

 
Figure 3.1.1.4  Use of steel backing bar in way of full penetration welding of rudder 

side plating  

3.1.2  Rudder force and rudder torque 

3.1.2.1  Rudder blades without cut-outs 

(1) The rudder force CRupon which the rudder scantlings are to be based is to be determined 

from the following formula: 

2

1 2 3132RC K K K AV=       in N 

Where: CRðrudder force, in N; 

Aðarea of rudder blade, in m
2
; 

Vðmaximum service speed, in knots. When the speed is less than 10 kn, V is to be 

replaced by the following: 
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Vmin =̂V + 20̃  / 3 

For astern condition the maximum astern speed Vastern 
1
is to be useed, however, in no case 

taken less than: 

Vastern = 0.5 V 

K1ðfactor depending on the aspect ratio ɚ of the rudder area; 

K1= (ɚ +2) / 3, with ɚ not to be taken greater than 2; 

ɚ=b
2
/At̕ 

bðmean height of rudder area, in m. The mean rudder breadth and mean height of rudder are 

calculated according to the coordinate system in Figure 3.1.2.1; 

A tðsum of rudder blade area A and area of rudder post or rudder horn, if any, within the 

height b, in m
2
; 

K2ðcoefficient depending on the type of the rudder and the rudder profile according to Table 

3.1.2.1; data may be provided by tests with approval of CCS; 

K3ðfactor, taken as follows: 

= 0.8 for rudders outside the propeller jet; 

= 1.15 for rudders behind a fixed propeller nozzl; 

= 1.0 otherwise. 

3.1.4  Rudder stock scantlings 

3.1.4.2  Rudder stock scantlings due to combined loads 

If the rudder stock is subjected to combined torque and bending, the equivalent stress in the 

rudder stock is not to exceed 118 / K,N/mm
2
.Kis material factor for the rudder stock as given in 

3.1.1.3(5). 

The equivalent stress ůc is to be determined by the formula: 

2 23c b ts s t= + N/mm
2
 

Where: bending stress ůb = 10.2M/dc
3
×10

3
, in N/mm

2
 

torsional stress:Űt = 5.1QR/dc
3
×10

3
, in N/mm

2.
 

The rudder stock diameterDp is not to be less than that obtained from the following 

formula: 

( )
2

6 1 / 4 / 3c t Rd d M Q= + mm 

mm        )(
3

4
1

6
2

R

tc
Q

M
dd +=

 

Where: Mðbending moment, in NÅm, at the station of the rudder stock considered. 

For a spade rudder with trunk extending inside the rudder, the rudder stock scantlings shall be 

checked against the two cases defined in Annex III 2.2.  

3.1.5  Rudder blade  

 
1
 Maximum astern speed is the speed which it is estimated the ship can attain at the designed maximum astern 

power at the deepest sea-going draught 
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3.1.5.2  Rudder plating 

The thickness t of the rudder side, top and bottom plating are not to be less than the values 

obtainted from the following formula: 

45.5 10 / 2.5        mmRt s K d C Ab -= + +
 

    45 . 5 1 0 / 2 . 5         m ms c Rt s K T C Ab -= + +  

Where: Tscdðsummer scantling load waterline draught, in m; 

CRðrudder force, in N, see 3.1.2.1 in this Section; 

Aðarea of rudder blade, in m
2
; 

ɓ = ( )
2

1.1 0.5 /s b- , if  b/sÓ2.5, maximum value for ɓ is taken as 1; 

sðsmallest unsupported width of plating, in m; 

bðgreatest unsupported width of plating, in m; 

Kðmaterial factor of rudder blade, see 3.1.1.3 (2) of this Section. 

The thickness of the nose plate of rudder blades is not to be less than 1.2 times that of rudder 

side plating, but need not be greater than 22 mm. The thickness of web plates is not to be less than 

the greater of 70% of the rudder side plating thickness and 6 mm. 

The rudder plating in way of the solid part is to be of increased thickness per 3.1.5.3 (4). 

3.1.6  Rudder stock couplings 

(1) Tapering and coupling length 

Cone couplings without hydraulic arrangements for mounting and dismounting the coupling 

are to have a taper c on diameter of 1:8 ī 1:12. 

Wherĕ c =̂ d0-du /̃lc s̆ee Figure 3.1.6.3(a) and Figure 3.1.6.3(c). The diameters d0 (mm) and 

du (mm) are shown in Figure 3.1.6.3(a) and the cone length lc (mm) is defined in Figure 

3.1.6.3(c). 

The cone coupling is to be secured by a slugging nut. The nut is to be secured, e.g. by a 

securing plate as shown in Figure 3.1.6.3(a). 

The cone shapes are to fit exactly. The coupling length l (mm) is to be, in general, not less 

than 1.5d0. 

3.1.6.4  Cone couplings with special arrangements for mounting and dismounting the 

couplings 

(2) Push-up pressure 

The push-up pressure is not to be less than the greater of the two following values: 
3

1 2

0

2 10F
req

m

Q
p

d lpm

³
= N/mm2 

3

2 2

6 10b

req

m

M
p

l d

³
=     N/mm

2 

3
2

2 2

6 10
           N/mmC

req

m

M
p

l d

³
=  

where̔ QF ðdesign yield moment of rudder stock, as defined in 3.6.3.2 of this Section, in N·m; 

dm ðmean cone diameter, in mm, see Figure 3.1.6.3(a); 
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l ðcoupling length, in mm; 

ɛ0ðfrictional coefficient, equal to 0.15; 

Mbcðbending moment in rudder stock at the top of the cone coupling (e.g. in case of spade 

rudders), in N·m. 

For a spade rudder with trunk extending inside the rudder, the rudder stock scantlings shall be 

checked against the two cases defined in Annex III 2.2.  

It has to be proved by the designer that the push-up pressure does not exceed the permissible 

surface pressure in the cone. The permissible surface pressure, in N/mm², is to be determined by 

the following formula: 

2

4

0.8 (1 )

3

eH
perm

R
p

a

a

-
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+
     N/mm
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2
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3.5 10
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m

M
p

l d

³
=  

where̔ ReH ðspecified minimum yield stress of the material of the gudgeon, in N/mm
2
; 

/m ad da= ̕ 

dmðdiameter, in mm, see Figure 3.1.6.3(a); 

daðouter diameter of the gudgeon to be not less than 1.25 d0, in mm, see Figure 3.1.6.3 (a) 

and 3.1.6.3(b). (The least diameter is to be considered). 

3.1.7  Pintles 

3.1.7.2  Couplings 

(2) Push-up pressure for pintle 

The required push-up pressure for pintle in case of dry fitting, in N/mm², is to be determined 

by preq1 as given below.  

The required push-up pressure for pintle in case of oil injection fitting, in N/mm², is to be 

determined by the maximum pressure of preq1 and preq2 as given below following formula: 

1 0

2
0.4req

m

B d
p

d l
=     N/mm

2 

20
1 2

0.4
           N/mmreq

m

Bd
p

d l
=

 

3

2

2 2

6 10
           N/mm

bp

req

m

M
p

l d

³
=  

where̔ B1 ðSupporting force in the pintle, in N; 

d0 ðPintle diameter, in mm, see Figure 3.1.7.23.1.6.3(a); 

Mbp ðbending moment in the pintle cone coupling to be determined by: 

       N mbpM Bla= Ö 
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la  ðlength between middle of pintle-bearing and top of contact surface between cone 

coupling and pintle in m, see Figure 3.1.7.2. 

The required push up length 
1lD  

is to be calculated similarly as in 3.1.6.4(3) of this Section, 

using the required push-up pressure as defined above, and properties for the pintle. 

 

3.1.7.2  pintle cone coupling indicatingla  

3.1.8  Rudder stock bearing, rudder shaft bearing and pintle bearing 

3.1.8.1  Liners and bushes 

(1) Rudder stock bearing 

Liners and bushes are to be fitted in way of bearings. For rudder stocks and pintles having 

diameter less than 200 mm, liners in way of bushes may be provided optionally. The minimum 

thickness of liners and bushes tmin is to be equal to: 

tmin=8mm for metallic materials and synthetic material; 

tmin=22mm for lignum material.
 

3.1.9  Strength of rudder horns and rudder trunk 
3.1.9.2  Rudder trunk 

The requirements in this paragraph apply to trunk configurations which are extended below 

stern frame and arranged in such a way that the trunk is stressed by forces due to rudder action. 

(1) Materials, welding and connection to hull 

The steel used for the rudder trunk is to be of weldable quality, with a carbon content not 

exceeding 0.23% on ladle analysis or a carbon equivalent CEQ not exceeding 0.41%. 

Plating materials for rudder trunks are in general to meet the requirements in 1.3.2 of this 

PART. 

The weld at the connection between the rudder trunk and the shell or the bottom of the skeg 

is to be full penetration. 

For rudder trunks extending below shell or skeg, the fillet shoulder radius r, in mm (see 

Figure 3.1.9.2) is to be as large as practicable and to comply with the following formulae: 

r=0.1dc/K̆without being less than: 

r=60 mm̆ whenůÓ40/K̆N/mm
2
 

30 mm whenů<40/K̆N/mm
2
 

where̔ dcðrudder stock diameter axis as defined in 3.1.4.2; 

ůðbending stress in the rudder trunk, in N/mm
2
; 

 Kðmaterial factor for the rudder trunk as given in 3.1.1.3(2) or 3.1.1.3(5) of this Section.
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Section 2  ANCHORING AND MOORING EQUIPMENT  

3.2.2  Anchors 

3.2.2.6  As an alternative, the anchors and chains to be fitted to the vessel can be determined 

by the anchoring equipment for fishing vessels are to be provided in accordance with the direct 

force calculations of the mooring equipment in Appendix IV to this chapter. 

3.2.5  Cables replacement 

3.2.5.5  Where the anchor chains is replaced by wire rope: 

(1) A short length of chain cable is to be fitted between the wire rope and the anchor, having 

a length equal to 12.5 m or the distance from the anchor in the stowed position to the winch, 

whichever is the lesser. 

(2) All surfaces being in contact with the wire need to be rounded with a radius of not less 

than 10 times the wire rope diameter (including stem).  
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APPENDIX III   GUIDELINES FOR CALCULATION OF 

BENDING MOMENT AND SHEAR FORCE 

DISTRIBUTION  

2  The force on rodder-rudder stock 
2.1  Spade rudder 

Data for the analysis  

ὰ~ ὰðlength of the individual girders of the system, in m; 

Ὅ ~ Ὅðmoment of inertia of these girders, in cm
4
. 

Load of rudder body   

PR=CR/̂l1010
3
̃     kN/m 

Moments and forces 

The moments and forces may be determined by the following formula 

Mb =CR̂ l20+ ̂l10̂ 2c1 + c2̃/3̂c1 + c2̃̃̃N·m  

B3= Mb/l30      N 

B2 = CR+B3     N 

Where: CRðrudder force, in N. 

The maximum moment, MC, in top of the cone coupling as shown in Figure 2.1 is applicable 

for the connection between the rudder and the rudder stock. 
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2.1   

2.2  Spade rudder with trunk 

Data for the analysis 

ὰ~ ὰðlength of the individual girders of the system, in m; 

Ὅ ~ Ὅðmoment of inertia of these girders, in cm
4
. 

Load of rudder body 

PR = CR/̂̂l10 + l20̃ 10
3
̃kN/m 

Moments and forces 

For spade rudders with rudders trunks the moments, and forces may be determined by the 

following formula. The moments and forces for the two cases defined above may be 

according to Figure 2.2(1) and (2), respectively.  

(1) pressure applied on the entire rudder area, see figure 2.2(1): 
rudder force:              CR=CR1+CR2 

rudder torque:             QR=QR1+QR2 

rudder stock bending moment: Mb=MCR2-MCR1 

(2) pressure applied only on rudder area below the middle of neck bearing, see figure 

2.2(2):  
rudder force acting at rudder blade area A2:   CR2 

rudder torque acting at rudder blade area A2:  QR2 

rudder stock bending moment:           Mb=MCR2 

MR is the greatest of the following values: 

MCR1̗ CR1̂CG1-l10̃ N·m  

M CR2̗ CR2̂l10-CG2̃N·m  

Where: CR1ðrudder force over the rudder blade area A1,in N; 

CR2ðrudder force over the rudder blade area A2, in N; 

CG1ðVertical position of the gravity of rudder blade area A1, in m; 

CG2ðVertical position of the gravity of rudder blade area A2, in m; 

CR̗ CR1+CR2          N 

B3̗̂MCR2- MCR1̃/̂l20+l30̃       N 

B2̗CR + B3         N 

Where: CRðrudder force, in N. 
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2.2(1) 

 

 

2.2(2) 
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APPENDIX IV  Direct force calculation for anchoring 

equipment  

1  General 

1.1  As an alternative to the prescriptive approach described in 3.2.2 of Chapter 2, the direct 

force calculation of this Appendix may be performed to determine the necessary anchoring 

equipment. 

2  Force calculation 

2.1  Total force FEN 

The total force (static+dynamic)FEN, induced by wind and current acting on the hull in 

anchoring condition is calculated according to the following formula: 

FEN = 2̂ FSLPH+FSH+FSS̃      KN 

where:FSLPHĺĺstatic force on wetted part of the hull due to current, as calculated according to 

2.2; 

FSHĺĺstatic force on hull due to wind, as calculated according to 2.3; 

FSSĺĺstatic force on superstructures due to wind, as calculated according to 2.4;. 

2.2  Static force on wetted part of hull FSLPH 

The theoretical static force induced by current applied on the wetted part of the hull, is 

calculated according to the following formula: 

3210
2

1 -= cmfSLPH VSCF r      KN 

where: ððwater density, equal to 1025 kg/m
3̕ 

Cfĺĺcoefficient equal to: 

2)2(log

075.0
)1(

-
+=

e

f
R

kC  

With Re, Reynolds number, are calculated according to the following formula: 

610054.1

)(
-³

= W Lc
e

LV
R  

k coefficient, are calculated according to the following formula: 

Ὧ πȢπρχςπ Ȣ Ȣ 

With CbWL, block coefficient at waterline, are calculated according to the following 

formula: 

ὅ
ɝ

ρȢπςυὒ ὄ Ὕ
 

With ȹ, moulded displacement at waterline, in m
3
. LWL(m)ȁBWL(m)ȁὝÍ  are the length, 

width and draft at the corresponding waterline, respectively. 

Smĺĺtotal wetted surface of the part of the hull under draught, in m
2
. The value of Sm is 

to be given by the Designer. When this value is not available, Sm may be taken 

equal to 6ɝ2/3
. 

r
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VCĺĺspeed of the current, in m/s. 

 

2.3  Static force on the upper part of the FSH 

The theoretical static force induced by wind applied on the upper part of the hull, in kN, is 

calculated according to the following formula: 

Ὂװ ”ὅ Ὓ πȢπςὛ ὠρπ     KN 

where: ĺĺair density, equal to 122 kg/m
3
; 

VWĺĺspeed of the wind, in m/s; 

Shfrĺĺfront surface of hull and bulwark if any, in m
2
, projected on a vertical plane of the 

ship situated aft of the aft end of the ship and perpendicular to the longitudinal axis 

of the ship; 

ShlatĺĺPartial lateral surface of one single side of the hull and bulwark if any, in m
2
, 

through the overall length of the ship, projected on a vertical plane parallel to the 

longitudinal axis of the ship and delimited according to figure 1; 

Chfrðð 0.8sinŬ, with a defined in figure 1. In figure 1, B is the breadth of the hull, in m. 

The upper part of the hull is the part extending from side to side to the uppermost continuous 

deck extending over the ship length. 

 

Figure 1 

2.4  Static forces FSS on superstructures and deckhouses 

(1) General case 

The theoretical static force induced by wind applied on the superstructures and deckhouses, 

in kN, is defined as the sum of the forces applied to each superstructure and deckhouse tier 

according to the following formula: 

Ὂ ”В ὅ Ὓ πȢπψὛ ὠװ
װ ρπ     KN 

where: ĺĺair density, equal to 122 kg/m
3
; 

VW ĺĺspeed of the wind, in m/s; 

Ssfriĺĺfront surface of tier i (superstructure or deckhouse, including bulwark if any), in 

m
2
, projected on a vertical plane of the ship situated aft of the aft end of the ship 

and perpendicular to the longitudinal axis of the ship; 

r

r












