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CHAPTER 2 HULL STRUCTURE

Sectionl5 SUPERSTRUCTURES ANDRAISED
QUARTERDECKS

2.15.2 End bulkheads
It is amended to

2.15.2.1 The design pressure helador end bulkheads of exposed superstructures is to be
obtained as follows and not less thanrtirimum value in Table 2512.1:
Q 1) i
Whereja ral AT ¥ 8 coefficients, to be determined respectively according.16.2.2,
2.15.2.3 2.152.4and2.15.2.5 of this Section
rd 0 vertical distance, in m, measured from summer load waterline to
mid-span of stiffener or mighoint of panel.

The pressurehead Table 2.15.2.1

Pressure heald,; m”
Length of shig” m™

Lowest tier of unprotected fronts Elsewhere
LGB0 3.0 15
50 L 90 0.01L+2.5 0.009.+1.25

2.152.2 CoefficientUis to be determined as follows:
U=0.0083_+2.0, lowesttier of unprotected fronts
(=0.0083.+1.0, second tier of unprotected fronts
U=0.0067L+0.5, third tier of unprotected fronts and above, protected fronts
U=0.0011-0.8(X/L)+0.7,aft ends of all tiers where aft of amidships
U=0.0011-0.4(X/L)+0.5,aft ends ofll tiers where forward of amidships
where:L 8 8 length of ship, in m;
X & 0 distance, in m, between bulkhead considered and A.P.

2.15.2.3 Coefficientb is to be determined as follows:

p=10% XJML-045: | o5
C,+0.2

b=1.0+15 M)Z X/L 045
C,+0.2

where:L d 8 length of ship, in m;
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X0 & see2.15.2.2

C, 0 0 block coefficient, wher€, < 0.6, to be taken as 0.6; wheZg> 0.8, to be taken

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

Cousedindet er mi ni ng t Htendbukheades nbt tofbetakentab e
less than 0.8.

2.15.2.4 Coefficientads to be determined as follows:

/ ZLe-L/soo_ gl_ (L 29
10 150? H
where:L 8 0 length of ship, in m;
2.15.2.5 Coefficientlis to be taken as 1 for superstructures.
2.15.2.6 The thickness$ of end bulkhead plating of superstructures is not to be less than:

t=3syh mm

t . =(0.01L +5.0)
t,. =(0.01L +4.0)

mm, for lowest tier

mm, for upper tiers,andnot lessthan5mm

For ships withL.<65m, Theminimumthicknesd,is not to be less than:

tmin=5mm for the lowesunprotected front

tmirm=4mm  for all other cases
where:sd 0 spacing of stiffeners, in m;

hd & design pressure head, in m, to be calculated accordih@3®.1~215.2.6f this
Section;

L& o length of ship, in m

2.15.2.7 The section modulud/ of end bulkhead stiffeners of superstructures is not to be
less than:

W =35shF cn?
where:sd 0 spacing of stiffeners, in m;

I & & span of stiffener, in m; to be taken as height of deckhouse, but not less than 2.0 min
any case;

hd 0 designpressure head, in rare the same as that2ril5.2.60f this Section.

The section modulus of end stiffeners is not to be less than®1Banot necessary to be
greater than the section modulus of the main frame.

Both ends of the front bulkheatiffeners 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 to

2.16.2.1 The design pressure hehdor boundarybulkheads (end and side bulkheads) of
exposed deckhouses is todadculated according .15.2 of this Chapter. Where tbaefficientl

is to be determined as follows:

a= 0.7% + 0.3, andnotlessthan0.475

wheré bd & breadth of deckhouse at the position considered, in m;

B; 8 0 actual maximum breadth of ship on the exposed weather deck at the position
considered, in mor machinery casings and deckhouses protecting pump room opehinds,
be taken as 1.

When calculating the plating thickness of teieles of alltiers coefficient U is to be
determined as follows
U=0.0067L+0.5
where:L | | length of ship, in m;
X & & distance, in m, between bulkhead considered and The.deckhouse is to be
subdivided into parts of approximately equal length,exaeeding 0.15each and
X is to be taken as the distance between A.P. and the centeacbf part

considered.

2.16.2.2 The thicknesg of boundarybulkheads plating ofleckhouseés to becalculated
according ta2.15.2.6 of this Chapter. The section modisf boundarybulkhead stiffeners of
deckhousés to becalculated according t8.15.2.7 of this Chapter, and not to be less than
10cnd.
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CHAPTER 3 OUTHITS

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. Ifdpeot the rudder trunk is below
the deepestwvaterlineat scantling draught (without trimjwo separatevatertight sealstuffing
boxes are to be provided.

3.1.1.4 Welding and design details

(3) Weldsin the rudder side plating subjected to significardsstes from rudder bendiaad
weldsbetween 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 eogt ofitsemispade
rudder and upper part of spade rudder, cast or welding osribsbe 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 befitted with continuouss welded on one side to theeawpiecbevelled edge, see Figure

3.1.1.4 The bevel angle is to be at least 15for one sidedtding

Rudder side platin

Steel backing bar -
A Min. 15°

Continuous weld to
the bevelled edge

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

3.1.2 Rudder force and rudder torque
3.1.2.1 Rudder blades without cauts
(1) The rudder forc€gupon which the rudder scantlings are to be based is to be determined
from the following formula:
C,, =132K K,K,AV? in N
Where:Cg? rudder force, in N;
A8 area ofrudder blade, in fiy
VA maximum service speed, in&ts When the speed is less than 10\is to be
replaced byhe following:
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For astern condition the maximum astern spégd.. lis to be useed, however, in no case
takenless than:

Vastern= 0.5V
Kofactor depending on the aspect ratio & of th
K-(®» +2) [/ 3, with & not to be taken greater ¢t}
o =N

bd meanheight of rudder area, in m. The mean rudder breadth and mean height of rudder are
calculated according tihe coordinate system in Figure 3.1.2.1;
A sum of rudder blade area A and area of rudder post or rudder horn, if any, within the
height b, in
K20 coefficient depending on the type of the rudder and the rudder profile according to Table
3.1.2.1; data mabe provided by tests with approval of CCS;
K30 factor, taken as follows:
= 0.8 for rudders outside the propeller jet
= 1.15 for rudders behind a fixed propeller npzzl
= 1.0 otherwise.

3.1.4 Rudder stock scantlings

3.1.4.2 Rudder stock scantlings dt@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/friis material factor for the rudder stock as given in
3.1.1.3(5).

The equivalent stress is to be @termined by the formula:

S.= ’_%2 8 tZ[N/mmz

Where: bending stresg = 10.2M/d <103, in N/mnf
torsional stresl= 5.1Qr/d:>x10%, in N/mnf"
The rudder stock diamef@g is not to be less than that obtained from the following

formula:

d. =d, 6/1+11(M)2 mm
3 Qr

WhereMdbendi ng moment, in NAm, at the station of t
For a spade rudder with trunk extending inside the rudder, the rudder stock scantlings shall be

checked against the two cases defined in Athéx2

3.1.5 Rudder blade

! Maximum astern speed is the speed which it is estimated the ship can attain at the designed maximum astern
power at the deepest sgaing draught
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3.1.5.2 Rudder plating
The thickness of the rudder side, top and bottom plating are not to be less than the values
obtainted from the following formula:

t= 4 mr

t=5.%J K/ T + ¢1'0 /A+2.5

Where:T;d0 summerscantlinglead-waterhinedraught, in m;
Cgr0O rudder force, in N, see 3.1.2.1 in this Section;
A3 area of rudder blade, in“m

bzafl.l- 0.5s /b)2 Jif b/OD2. 5, nvalxeifonbis takenas1;

sd smallest unsupported width of plating, in m;
bd greaest unsupported width of plating, in m;
Ko material 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 tbdess.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 oféased thickness p@rl.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
aretohave atapeon di ameter of 1:8 1 1:12.

Wheré c2 dy-d,” /I; see Figure 3.1.6.3(a) and Figure 3.1.6.3(c). The diamgtersn) and
du (mm) are shown in Figure 3.1.6.3(a) and the cone lehgthmm) 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 securbg,z.g.
securing plate as shown in Figure 8.3(a).

The cone shapes are to fit exactly. The coupling lehgtim) is to be, in general, not less
than 1.5,.

3.1.6.4 Cone couplings with special arrangements for mounting and dismounting the
couplings

(2) Pushup pressure

The pushup pressure is not to be less than the greater of the two following values:

_2Q. %10

— 2
e =g 21, 7 N/mm
3
1d,
6M_3 10
heq2 = # N/mrﬁ

wheré Qg 8 design yield moment of rudder stock,ddined in 3.6.3.2 of this Section, in Nm;
d, & mean cone diameter, in mm, see Figure 3.1.6.3(a);
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I & coupling length, in mm;
g0 frictional coefficient, equal to 0.15;
M,.8 bending momenit rudder stock at the top tiie cone coupling (e.g. in case of spade
rudders), in Nm,

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

checked against the two cases defined in Athéx2
It has to be proved by the designer thatplishup pressure does not exceed the permissible

surface pressure in the cone. The permissible surface pressure, in N/mm2is to be determined by

the following formula:
1- a?
+a

2
L0 Eat) g

pperm - \/3+ a4
3
SR | THL R

wheré R,y specifiedminimum yield stress of the material of the gudgeon, in Nfmm
a=d /d;

d,0 diameter, in mm, see Figure 3.1@3
d.® outer diameter of the gudgeon to be not less thandd, #5mm, 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) Pushup pressure for pintle

The required pushp pressure for pintle in case of dry fitting, in N/mmg2is to be determined

by p.eg1@s given below.
The required pushp pressure for pintlgn_case of oil injection fittingin N/mmgzis to be

determined by the maximum pressurggf; andp.q2 as given belowsHewing-formula
dO

pre =V dml /mmz
0.4B
Preqt = 47 N/mnA
63 10M
preq2 = pr N/mrﬁ

wheré B, d Supporting force in the pintle, in;N
do & Pintle diameter, in mm, see Figue .7.3.1.6.3(a)

Mp, 0 _bending moment in the pintle cone coupling to be determined by:
M,, = B, N @
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|, & length between middle of pintleearing and top of contact surface between cone

coupling and pintle in m, see Figwel.7.2

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

usingtherequired pustup pressures defined abovand properties for the pintle.

e e

p— e Liner

_ B }/Bearing

/a

=

3.1.7.2 pintle cone coupling indicatihg

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 bearifgs.rudder stocks and pintles having
diameter less than 200 mm, liners in way of bushes may be provided optidhallyninimum
thickness of liners and bushigg, is to be equal to:

tmir=8mmfor metallic materials and synthetmaterial;

tmin=22mmfor lignummaterial.

3.1.9 Strength of rudder horns and rudder trunk
3.1.9.2 Rudder trunk

The requirements in thjgaragraph 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
exceedind.23% on ladle analysis or a carbon equivalgrtnot exceeding 0.41%.
Plating materials for rudder trunks are in general to meet the requirement2iaf1t8s
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 skhgfillet shoulder radiug, in mm (see
Figure 3.1.9.2) is to be agde as practicable and to comply with the following formulae:
r=0.1d/K without being less than:
r=60 mm wherfiO 4 K / N/mn?
30 mm whe<40K N/mn?
wheré d.8 rudder stock diameter axis as defined in 3.1.4.2;
88 bending stress in the rudder trunk, in N/fnm
Kd material factofor the rudder trunias given in 3.1.1.3(2) or 3.1.1.3(5) of this Section.
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Section2 ANCHORING AND MOORING EQUIPMENT

3.2.2 Anchors

3.2.26 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 vdite¢he
force calculations of the mooring equipment in Appendix 1V to this chapte

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 smmgéthn 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 Il GUIDELINES FOR CALCULATION OF
BENDING MOMENT AND SHEAR FORCE
DISTRIBUTION

2 The force on rodderrudder stock
2.1 Spade rudder

Data for the analysis
0 ~ & & length of the individual girders of the system, in m;

"0~ "0 8 moment of inertia of these girders, inem
Load of rudder body

Pr=Crl" 11010 kN/m

Moments and forces
The moments and forces may be determined by the following formula

Mp=Cg logt ™ 11§ 2c1+¢y /3 c1+c” ~ 7 Nm
83: Mb/|30 N
B, = Cr*+B3 N

Where:Cgd rudder force, in N.

The maximum momen in top of the cone coupling as shown in FigRirkis applicable
for the connection between the rudder and the rudder stock.
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I | Y ;
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2.1

2.2 Spade rudder with trunk

Data for the analysis

0 ~ & 8 length of the individual girders of the systempin
"0~ "0 8 moment of inertia of these girders, inem

Load of rudder body

PchRf -~ |10+|20~ 103~ 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 forcefor the two cases defined above may be
according tdeigure2.2(1) and(2). respectively.

(1) pressure applied on the entire rudder asea iqure 2.2(1):

rudder force: Cp=Cr+Cro
ruddertorque  Qp=Opi+Qr;

rudder stock bending momeM=Mcg-Mcg;
(2) pressure applied only on rudder area below the middle of neck hesgmdoure

2.2(2:

rudder forceacting at rudder blade area A Cg,
rudder torqueacting at rudder blade area AQg»

rudder stock bending moment: Mp=Mcg,
Meis-the-greatest-oli-thedfollowing-values:

Mcry Cri Ceilig Nm

Mcrz Cri l10Cs2” Nm

Where:Cr0 rudder force over the rudder blade afgan N;
Cro0 rudder force over the rudder blade argaid N;

Cg10 Vertical position of the gravity afidder blade arefy, in m;
Cg20 Vertical position of the gravity afidder blade areaAin m;

CR CritCro N
B; © Mcrr Mcr™ T lagtlag N
BQ' Cr+Bs N

Where:Cr0 rudder force, in N.

(TR,

I M e C/
| % B, Cy

M?
M

Z=ly
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APPENDIX IV __ Direct force calculation for anchoring
equipment

1 General

1.1 As an alternative to the prescriptive approach describ8®if@ of Chapter 2, theirect
force calculationof this Appendixmay be performed taletermine the necessary anchoring
equipment

2__Force calculation

2.1 Total force f

The total force (static+dynami€)y. induced by wind and current acting on the hull in
anchoring condition is calculated according to the following formula:

Fen=2 FsiprtFsitFss KN
where:ly o [ static force on wetted part of the hull due to currentcalsulated according to

2.2;
Fsu’ [_static force on hull due to wind. @slculated according #.3;
Fsd [ datic force on superstructures due to windcalsulatedaccording tc.4;
2.2 Static force on wetted part of hu by
The theoretical static force induced by current applied on the wetted part of the hull, is
calculated according to the following formula:

Fepn = % rC,SV210° KN

where:/ 8 & water density, equal to 10@/m3

Cd I _coefficient equal to:

C, =(1+k) 0.075 i
(logR.- 2)
With R, Reynolds numberre calculated according to the following formula:
R = Velw)
1.0543 10 ©

k coefficient are calculated according to the following formula

Q m@p X F—5

With C,w. block coefficient at waterlineare calculated according to the following
formula

3
pg&rclb 6 Y

With g moulded displacement ataterline, in M. Ly (m3A By (m)d “YI are the length,
width and draft at the corresponding waterline, respectively.

Syl | total wetted surface of the part of the hull under draught,ziﬁl'he value ofS is

to_be aiven by the Designer. When this value is not avail&hlenay be taken
equal 0632,
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Vgi | _speed of the current, in m/s

2.3 Static force orthe upper part of thes;,
The theoretical static force induced by wind applied on the upper part of the hull. in kN, is
calculated according to the following formula

Mo -6 7Y ™Y wpT KN

where:” [_[_air density. equal to 12Ry/m>

Vul | speed ofthe wind. in m/s
Sml' [ front surface of hull and bulwark if any. irfnprojected 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
Smgsl' | _Partial lateral surface of one singdagle of the hull and bulwark if any, in2m
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
Chid & 0 . 8 swiitmadefined in figure 1In figure 1. Bis 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 Eson 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:

0 -"BlS6 Y @) oopm KN

where:” [_[_air density. equal to 12Ry/m>

Vi [_I_speed of the wind, in m/s

Syl 1 front surface of tier i (superstructure or deckhouse, including bulwark if any), in
m’. projected on a vertical plane of the ship situated afiefft end of the ship
and perpendicular to the longitudinal axis of the ship
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