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3. REQUIREMENTS FOR STRUCTURES OF SHIPS OF SPECIAL DE-

SIGN 

3.1 SHIPS WITH LARGE DECK 

OPENINGS 

3.1.1 General and symbols. 
3.1.1.1 The requirements of this 

Chapter are additional to those of Sec-

tions 1 and 2. 

3.1.1.2 The requirements for deck 

structure, exclusive of those for cantile-

ver beams, apply to ships with single, 

twin and triple cargo hatchways which 

are considered to form a large deck open-

ing meeting the following conditions: 

b/B ² 0,7;   l/l m ² 0,7. 

The requirements of this Chapter 

shall be applicable throughout the entire 

cargo hatch region, including the engine 

room, provided it is located between the 

cargo holds. 

3.1.1.3 The requirements for con-

tainer securing arrangements and hull 

structures, which take up forces exerted 

by the said arrangements, apply to con-

tainer ships. 

3.1.1.4 The cantilever beam is a 

short deep half beam for which the sup-

porting effect of the side hatch coaming 

is disregarded in the strength and buck-

ling strength calculation to be made for 

deck grillage in accordance with 2.6.4.7 

and 2.6.4.6.5 respectively. 

 3.1.1.5 Symbols: 

b ï breadth of deck opening deter-

mined as the distance between the outer 

longitudinal edges of hatchway openings 

at ship's sides, in m; 

l ï length of hatchway opening, in 

m; 

lm ï distance between centres of 

transverse deck strips at each end of 

opening, in m.  

ʩ ï distance between trasverse edges 

of adjoining openings, in m; 

W and 
ʬ

dW  ï which is required by 

the Rules for ɖ = 1, and actual deck sec-

tion modulus according to 1.4.5 and 

1.4.7; 

n ï total number of 20-foot contain-

ers carried by the ship. 

3.1.2 Construction. 

3.1.2.1 For ships with a length LÓ80 

m longitudinal framing system is provid-

ed for the deck and bottom. 

3.1.2.2 Upper deck and side longitu-

dinals shall be continuous within the re-

gion stated in3.1.1.2. 

3.1.2.3 Ends of cargo hatch continu-

ous side coamings shall be attached as 

required by 1.7 and 2.6.2. It is not rec-

ommended that continuous side coam-

ings be attached to the front bulkhead of 

the aft superstructure and the aft bulk-

head of the forecastle. 

3.1.2.4 Abrupt changes of cross sec-

tion and shape of members referred to in 

3.1.2.2 over the length of the ship is gen-

erally not permitted. Where such changes 

are necessary, arrangements shall be such 

as to minimize the creation of stress con-

centration and attention shall be paid to 

provision of buckling strength. 

3.1.2.5 The attachment of the for-

ward end of the longitudinal strip to the 

deck where there is a cargo hatch single 

opening forward of the attachment shall 

be specially considered by the Register. 

3.1.2.6 It is recommended that 
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transverse and longitudinal deck strips 

have a box-shaped crosssection. 

3.1.2.7 Transverse deck strips shall 

be efficiently attached to the underdeck 

framing members and web frames in line 

with which they are fitted. Where the 

plating of the deck strips is arranged in 

line with the upper flanges of continuous 

hatch side coamings, the attachment of 

deck strips to the deck and side shell 

shall be specially considered by the Reg-

ister. 

3.1.2.8 Openings in the deck plating 

in immediate proximity to the attach-

ments of transverse and longitudinal deck 

strips are not permitted. 

3.1.2.9 Large deck openings: 

.1 adjacent corners of hatch open-

ings in the upper deck arranged in one 

line shall be rounded with a radius r, in 

m, (refer to Fig. 3.1.2.9.1) not less than: 

r = kb, (3.1.2.9.1) 

where k = 0,025 for c/b ¢ 0,04; 

k = 0,050 for c/b ² 0,2; the intermediate val-

ues of k shall be obtained by linear interpolation. 

In way of longitudinal deck strips 

the value of  r may be reduced by 40 per 

cent. 

Given below are minimum radii of 

rounding of opening corners: 

rmin = 300 mm in way of deck 

stringer plate; 

rmin = 250 mm in way of longitudi-

nal deck strips. 

Thickened insert plates are required 

at hatch corners (refer to Fig. 3.1.2.9.1). 

 
Fig.3.1.2.9.1 

 

.2 in way of conjugations of open 

and enclosed parts of the hull (adjacent to 

the engine room, bow, etc.) the corner 

radius of hatch openings shall not be less 

than: 

r =  0,07b. (3.1.2.9.2) 

.3 hatch corners in the areas where 

cargo hatchways arranged abreast change 

in number shall be specially considered 

by the Register; 

.4 for general requirements regard-

ing deck openings, refer to 2.6.5.1. 

3.1.2.10 The cantilever beams shall 

be fitted in line with web frames. Their 

connection shall satisfy the requirements 

of1.7.2.3. 

The cantilever beams shall be fitted 

with minimum stiffeners as shown in Fig. 

3.1.2.10. 
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Fig.3.1.2.10. Stiffening of cantilever 

beams 

3.1.2.11 Stiffeners, brackets or deep 

members shall be fitted under the vertical 

guides or corner fittings of containers in 

double bottom of container ships. The 

inner bottom plating in these locations 

shall be increased in thickness or the cor-

ner fitting sockets shall be welded there-

in.  

The above also applies to lashing 

pots. 

Similar increase in the plating thick-

ness and stiffening in way of container 

corner fitting pockets and lashing pots 

shall be provided in deck structure. 

3.1.3 Design load. 

3.1.3.1 The design still water bend-

ing moment shall be determined in ac-

cordance with 1.4.3. 

3.1.3.2 The vertical wave bending 

moment shall be determined in accord-

ance with 1.4.4. 

3.1.3.3 The design horizontal wave 

bending moment Mh, in kN/m, is deter-

mined by the formula 

Mh = 250 kh cw BL2Cb ahÖ10ï3, (3.1.3.3) 

where  kh = a (d/b+0,3); 

a =  1 ï 4d/L; 

for cw ï  refer to1.3.1.4; 

ah = 0,5 [1 ï cos(2p x/L)]; 

x ï distance between the considered section 

and the after perpendicular, in m. 

3.1.3.4 The design components of a 

wave torque, in kN/m, are determined by 

the formulae: 

32
1 1063
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-Öa= twtw BLckM ; (3.1.3.4-1) 
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 (3.1.3.4-2) 
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 (3.1.3.4-3) 
Here:  k1 = 2 a co [1 + 3,6 (CWL ï 0,7)] B/L; 

k2 = 10 a1 d e/(LB); 

a1 =  1 ï 8 d/L; 

co = 1 ï 4 CWL B/L; 

CWL ï water plane area coefficient for sum-

mer load waterline; 

for a ï refer to 3.1.3.3; 

e ï vertical distance from the torque centre 

to a point at 0,6d above the base line; the torque 

centre position shall be determined in accordance 

with the procedure approved by the Register; 
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for ʭ ï refer to 3.1.3.3. 

3.1.3.5 For container ships, the de-

sign statical torque  ʄts, in kN/m, is de-

termined by the formula 

BnM ts 30= , (3.1.3.5) 

where n = total number of 20-ft containers carried 

by ship. 
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3.1.3.6 For ships of restricted area of 

navigation, the horizontal wave bending 

moment (refer to 3.1.3.3) and the compo-

nents of a wave torque (refer to 3.1.3.4) 

shall be multiplied by the reduction fac-

tor  jr, determined in accordance with 

Table 1.3.1.5. 

3.1.3.7 The design loads for cantile-

ver beams are determined in accordance 

with 2.6.3. 

3.1.3.8 The design loads on contain-

er securing arrangements are determined 

with due regard for the inertia forces 

caused by ship's accelerations at motions 

in accordance with 1.3.3.1. The design 

mass value of ISO series 1 containers is: 

24,0 t for 20-ft containers,  

30,5 t for 40-ft containers. 

When calculating strength of con-

tainer securing arrangements fitted on 

weather deck, account shall be taken of 

loads from the wind in the direction per-

pendicular to the centreline of the ship.  

The design value of wind pressure is  

p = 1,0 ʢʇʘ. 

3.1.4 Scantlings of structural  

members. 

3.1.4.1 The combined stresses sS, in 

MPa, in strength deck longitudinals, de-

termined by Formula (3.1.4.1-1) are not 

to exceed 190/h. 

sS = ssw +  sts  + kS sw, (3.1.4.1-1) 

where ssw  ï normal stresses, in MPa, in the sec-

tion considered due to still water bending moment, 

determined by the formula 

ssw = MswÖ103/
ʬ

dW ; (3.1.4.1-2) 

for Msw ï refer to 1.4.3, ʢʅÖʤ; 

ʬ
dW ï = actual hull section modulus in way 

of deck, as defined in 1.4.7; 

sts ï normal stresses, in MPa, in the section 

considered due to the static torque Mts (refer to 

3.1.3.5), determined by the formula 

( )310/ Öw=s wtsts IB ; (3.1.4.1-3) 

Bts ï biomoment in considered section along 

the length of open part of the ship under the effect 

of the static torque Mts, in kN/m2; 

w ï main sectional area at the considered 

section point, in m2; 

Iw ï main sectional moment of inertia, in m6; 

Bts, w, Iw ï are determined according to the 

procedure approved by the Register; 

sw ï normal stresses, in MPa, in considered 

section due to vertical wave bending moment, 

determined by the formula 

sw = MwÖ103/
ʬ

dW ; 

for Mw ï refer to 1.4.4; 

kS ï factor by which vertical bend stresses 

are increased taking the horizontal bending and 

torque into account. It is determined by the 

formula 

( )( )22
600/85,015,01 twhLk s+s++=S ; 

hs  = sh/sw; 

sh ï normal stresses, in MPa, in considered 

section due to design horizontal wave bending 

moment, determined by the formula 

sh = Mh Ö103/ ʬ
dzW ; (3.1.4.1-4) 

for Mh ï refer to 3.1.3.3; 

ʬ
dzW  ï actual hull section modulus about the 

vertical axis through the centreline of the ship, in 

cm3, determined by the formula   

ʬ
dzW  = Iz Ö102 / y; 

Iz ï actual inertia moment of the hull about 

the vertical axis, in ʩm2Ŀm2; 

y = half the ship's breadth in the considered 

section, in m; 

tws = stw / sw; 

stw ï total warping stresses, in MPa, under 

the effects of the torques 
1twM , 

2twM , 
3twM , 

determined by the formula 

( ) 22

321
ůůůů twtwtwtw +-= ,

 (3.1.4.1-5) 
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itwů  normal warping stresses, in MPa, un-

der the effects of the torques
1twM , 

2twM , 
3twM  

(refer to 3.1.3.4), determined by the formula 

310

ɤ
ů

Ö
=

w

i
tw

I

B
i

; (3.1.4.1-6) 

ɺi ï biomoments in considered section along 

the length of the open part of the ship under the 

effects of 
1twM , 

2twM , 
3twM  respectively, in 

kN/m2. The biomoments are determined by the 

procedure approved by the Register. 

3.1.4. Kinematic parameters of 

warping shall be determined.  

The elongation of hatch opening di-

agonal under the effect of hull warping 

shall not exceed 35 mm. Where such 

elongation obtained by calculation is in 

excess of 35 mm, measures specially 

agreed with the Register shall be taken 

for opening edge reinforcements. The 

calculation shall be made in accordance 

with the procedure approved by the Reg-

ister. 

3.1.4.3 Adequate buckling strength 

of the longitudinal deck strip between the 

supports as well as that of its items as 

regards the compressive stresses due to 

longitudinal bending shall be ensured. 

3.1.4.4 Where the ratio of the length 

of the hatch opening to the width of the 

deck portion from the side shell to the 

longitudinal edge of the nearest hatch 

opening exceeds 10, calculation of shape 

deformation of the deck portion con-

cerned in the horizontal plane in accord-

ance with the procedure approved by the 

Register and use of the results obtained in 

assessment of the deck stressed state, 

design of hatch covers and side framing 

may be required. 

3.1.4.5 The scantlings of cantilever 

beams and adjoining web frames shall 

satisfy the following requirements: 

.1 the section modulus, in cm3, of 

cantilever beam at a section in way of the 

end of a beam knee shall not be less than: 

( ) 3

ů

0,5 ɤ 10

ů

k

n

pal Q l
W

k

+ Ö
= ,

 (3.1.4.5.1) 
where  ʨ ï intensity of design loads, in kPa, 

on the deck plating supported by the cantilever 

beam, as required by  3.1.3.7; 

ʘ ï  distance between adjacent cantilever 

beams, in m; 

l ï span, in m, of a cantilever beam, meas-

ured from the section at the end of a beam knee to 

the hatch side coaming supported; 

Q ï design load, in kN, transmitted from 

hatch cover to the cantilever beam, 

Q= 0,5 p1 a b1 ; 

p1 ï intensity of design loads, in kPa, on the 

cover of hatch adjoining the cantilever beam as 

required by 3.1.3.7; 

b1 ï width, in m, of opening for a hatch ad-

joining the cantilever beam; 

ks =  0,6; 

wk ï as defined in   1.1.5.3. 

The sectional area of the web of can-

tilever beam shall not be less than that 

determined according to 1.6.4.3 taking: 

kt = 0,6; 

Nmax = pal + Qï for the section at 

the end of the beam bracket; 

Nmax = Q ï for the section in way of 

the hatch side coaming adjoining the can-

tilever beam. 

.2 the section modulus of the web 

frame connected to the upper deck canti-

lever beam at the section in way of the 

end of the beam bracket shall not be less 

than that determined by Formula 

(3.1.4.5.1). 

The section modulus of the web 

frame connected to the cantilever beam 

of the lower deck and fitted below that 

deck at the section in way of the end of 

the beam bracket shall comply with the 
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same requirement but may be reduced by 

the value of section modulus of the web 

frame fitted above that deck, at the sec-

tion in way of the end of the bracket ad-

joining the deck. 

3.1.4.6 The scantlings of container 

securing arrangements shall be deter-

mined on the basis of strength calcula-

tions using the design loads complying 

with the requirements of 3.1.3.8, and the 

resulting stresses shall not exceed the 

permissible ones determined using the 

permissible stress factors: 

ks = kt = 0,75. 

The strength of hull structures taking 

up forces from the container securing 

arrangements shall be verified by calcula-

tion of the effects produced by these 

forces, and the resulting stresses shall not 

exceed the permissible ones specified in 

Section 2 for the appropriate structures. 

3.2 ROLL -ON/ROLL -OFF SHIPS 

3.2.1 General. 

3.2.1.1 The requirements of this 

Chapter apply to ro-ro ships, ro-ro pas-

senger ships and are supplementary to 

those of Sections 1 and 2.  

These requirements also apply to 

decks and double bottoms of ships carry-

ing wheeled vehicles for use in cargo 

handling. 

3.2.1.2 Symbols: 

Q0 ï static load on the axle of the 

wheeled vehicle, in kN; 

n0 ï number of wheels on an axle; 

ʧ ï number of wheels forming a de-

sign load spot (for a single wheel ʧ = 1); 

u ï size of a tyre print normal to the 

axis of rotation, in m (Fig.3.2.1.2-1); 

v1 ï size of a tyre print parallel to the 

axis of rotation, in m; 

v ï size of a tyre print parallel to the 

axis of rotation, in m; 

for a single wheel v = v1; for a group 

of wheels v ï size of a tyre print taking 

into account the gaps between them (re-

fer to Fig. 3.2.1.2-1); 

ʝ ï spacing between adjacent tyre 

prints, in m; 

lb ï design load spot dimension par-

allel to the larger side of the panel (di-

rected along framing members), in m 

(Fig.3.2.1.2-2); 

lʘ ï design load spot dimension par-

allel to the smaller side of the panel (di-

rected across framing members), in m; 

lSʘ ï total extent of a tyre print along 

smaller side of panel along its width or 

across framing girder within mean spac-

ing ʘ1,in m, between girders; 

lSb ï total extent of a tyre print along 

larger side of panel or alongwithin design 

member span l, in m; 

a, b ï smaller and larger sides of 

panel, respectively, in m; 

ʘ1 ï ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʙʘʣʢʦʶ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʽ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʙʘʣʢʘʤʠ ʧʘʣʫʙʥʦʛʦ ʥʘʙʦʨʫ, ʤ; 

l ï span of the considered girder be-

tween supports, in m (refer to 1.6.3.1). 

 

 
Fig. 3.2.1.2-1. Description of a tyre print 
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a ʙ 

Fig. 3.2.1.2-2. Ratio of la to lb and u to v: 

ʘ ï axis of rotation is parallel to small side of plate 
(transversally to framing members) la=v, lb= u; 

ʙ ï axis of rotation is parallel to large side of plate 
(parallel to framing members) lʘ = u, lb = v 

3.2.2 Construction. 

3.2.2.1 Vehicle decks and double bot-

toms of ro-ro ships and car ferries shall, in 

general, be longitudinally framed.  

If framed otherwise, the above struc-

tures are subject to special consideration 

by the Register. 

3.2.2.2 Movable decks fitted tempo-

rarily for the carriage of vehicles shall be 

so fixed as to prevent these decks from 

taking up longitudinal forces under the 

hull longitudinal bending.  

The Rules provide for movable deck 

structure consisting of a top decking with a 

web structure and longitudinals welded 

thereto. Other forms of movable deck con-

struction shall be specially considered by 

the Register. 

3.2.3 Loads from wheeled vehicles. 

3.2.3.1 The design loads shall be 

based on specification details of vehicles 

carried on board the ship and used for 

cargo handling. The design documenta-

tion submitted to the Register for the 

consideration shall include statical load 

on vehicle axle, number of wheels on 

the axle, wheel spacing, tyre print di-

mensions and tyre type.  

Where wheel print details are not 

initially available, the requirements of 

3.2.3.5 shall be applied. 

3.2.3.2 In general, the design loads are 

to determined taking into consideration 

specific pressure on one type print, size 

of prints and spacing between wheels. 
However, where spacings between 

nearest wheels are less than one type 

print, the wheels may be considered as a 

group and spacing between wheels may 

be included into print area. 
Design print area of wheel or group 

of wheels ɸm, in m2, is determined by 

the formula  
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ɸʢ = uv, (3.2.3.2) 

where v = v1 ïfor single wheel or if  ʝ > v1; 

v = nv1 + (ʧ ï 1)ʝ ï for group of wheel if e ¢ v1. 

3.2.3.3 To be considered are the 

loads resulting from the operation of ve-

hicles during cargo handling operations 

and from stowage of vehicles on the deck 

under conditions of the ship motions. 

3.2.3.4 Specific pressure ʨ, in kPa, 

on type or group of types print is to be 

determined by the formula  

p=kʜ pʢ,  (3.2.3.4) 

where  kd = a1 Ŀa2 ï dynamic coefficient in the 

process of operation of vehicles used for cargo 

handling operations; 

a1 ï factor equal to: 1,10 and 1,05 ï for vehi-

cles (except fork lift trucks) having an axle load 

less than 50 kN and 50 kN and more, respectively; 

1,0 for fork lift trucks; 

a2 factor equal to:   1,03 and 1,15 for pneu-

matic and cast-rubber tyres, respectively; 1,25 for 

wheels with a steel rim;  

Kd =1 + az /g ï dynamic factor eharacterizing 

the ship motion; 

az ï acceleration in the ship section under 

consideration in accordance with 1.3.4.1; 

0
ʢ

0 ʢ

Qn
p

n A
= ; 

pt ï static specific pressure, in kPa, on type 

or group of types print; 

ɸt ï area of type or group of types print (refer 

to 3.2.3.2), in m2. 

Where distribution of the load be-

tween wheeled vehicle axles is not uni-

form, the maximum axle load is to be 

taken as the design load. For fork lift 

trucks it is assumed that the total load is 

applied to the forward axle. 

3.2.3.5 Where specifications on tyre 

print dimensions are not available, static 

specific pressure ʨʢ, in kPa, is to be taken 

from the Table 3.2.3.5. 

Area of type or group of types print 

ɸt, in m2, is determined by the formula 

0
ʢ

0 ʢ

Qn
A

n p
= .   (3.2.3.5-1) 

The tyre print dimension normal to 

the wheel axle u, in m, is to be deter-

mined by the formulas: 

for wheels with cast tyres  

( )
0 0 0 0

0 0

0 0

0,01 / ʷʢʱʦ / 15ʢʅ;

0,15 0,001 / 15

 ʷʢʱʦ / 15ʢʅ;

u Q n Q n

u Q n
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 (3.2.3.5-2) 

for wheels with pneumatic tyres  

( )

0 0

0 0

0 0

0 0

0,15 0,0025 /

ʷʢʱʦ / 100ʢʅ;

0,175 0,002 / 10

ʷʢʱʦ / 10ʢʅ.

u Q n

Q n

u Q n

Q n
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 (3.2.3.5-3) 

Table 3.2.3.5 

Vehicle 

ʨʢ 

Pneumatic tyres 
Cast 

tyres 

Cars 200 ï 

Lorries, motor 

vans 
800 ï 

Trailers 800 1500 

Fork lift trucks 

800 (where ʧ = 

1)1 

1500 

600 (where n Ó 

2) 

1500 

1 n ïnumber of tyres in agroup.  

The size of a tyre print or a group 

of tires, parallel to axle of rotation v, in 

m, is determined by the formula 

v = ɸʢ /u. (3.2.3.5-4) 

3.2.3.6 For each type of load which reg-

ulated by 3.2.3.3, design loads are to be 

determined for two mutually perpendic-

ular position of vehicles relatively to 

sides of panel or framing member: when 
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the wheel axel is parallel to the smaller 

side of panel (perpendicular to the fram-

ing member) and is parallel to the larger 

side of panel (parallel to the framing 

member). 
When there are not other instruction 

in specification the regions of tyre prints 

of vehicles within panel width or span 

length of framing member are to comply 

with the following requirements: 

When there is odd amount of prints 

the centre of mean print is to be arranged 

in the middle of smaller side of panel or 

in the middle part of span of framing 

member (Fig.3.2.3.6,ʘ); 

When there is even amount of prints 

two cases are to be considered: 
prints are to be arranged in a way when 

their total extension along smaller side of 

panel or along framing member is the 

longest (Fig. 3.2.3.6, b) 
design amount of prints is to be reduced 

by 1 and the centre of mean print is ar-

ranged in the middle of smaller side of 

panel or in the middle part of span of 

framing member (Fig.3.2.3.6, c) 
In all cases the prints of wheels are 

to be arranged in a way when their total 

extension along larger side of panel (for 

calculation of plates) or directed across 

framing members (for calculation of 

framing members) is to be the longest. 

 

Fig.3.2.3.6. the regions of tyre prints of 

vehicles within panel width or span 

length of framing member 

3.2.3.7 Design load for plating Q, 

in kN, is determined by the formula 

Q = pyl i, (3.2.3.7) 

where ʨ ï in accordance with (3.2.3.4); 

y = 1,35z ï 0,6z2 + 0,09z3, but no greater 

than 1; 

z =lb / ʘ ï where spacing along to larger 

side of the panel of one print; 

z = [ʧb ï (ʧb ï 1) e ] lb /ʘ ï here spacing 

along to larger side of the panel of several prints; 

nb = lSb / lb; 

( )
0

/

/

bb

bb

le

le
e=   where eb / lb < (eb / lb)0; 

e  = 1   where eb / lb ² (eb / lb)0; 
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(y  is determined for   z = lb / a); 

ʝb ï gap, in m, measured along larger side of 

the panel   between wheels or group of wheels 

which are located within panel length (Fig. 

3.2.3.7); 

l i = l a ʧʨʠ la < a 

l i = a ʧʨʠ la ² a 

ï for single print of wheel 

or group of wheels in 

fields of plate; 

l i = lSa ʧʨʠ lSa < a 

l i = a ʧʨʠ lSa ² a 

ï for several prints of 

wheels in field of plate. 

3.2.3.8 Design load Q, in kN, for 

beams and longitudinals is determined by 

the formula  

Q = kp p li e1, (3.2.3.8) 

where kp =  1    where    lSa / ʘ1 < 1   i   lSa / ʘ1 > 3; 
2

1

23,03,1 ö
ö
÷

õ
æ
æ
ç

å
--= S

a

l
k a

p  where 1 ¢ lSa / ʘ1 ¢ 3; 

ʨ ï in accordance with formula (3.2.3.4); 

( )

1

1 1

1

1

ʷʢʱʦ

ʷʢʱʦ

ʷʢʱʦ

ʷʢʱʦ

  
ʜʣʷʦʜʠʥʠʯʥʦʛʦ

ʚʽʜʙʠʪʢʘʢʦʣʝʩʘ

ʨʠʩ.3.2.3.8

i a a

i a

b b

b

l l l a

l a l a

e l l l

e l l l

= < û
î

= ²î
ü

= <î
î= ²ý

( )

1

1 1

1

1

ʷʢʱʦ
ʜʣʷʢʽʣʴʢʦʭ

ʷʢʱʦ
ʚʽʜʙʠʪʢʽʚʢʦʣʽʩ

ʷʢʱʦ
ʨʠʩ.3.2.3.8

ʷʢʱʦ

i a a

i a

b b

b

l l l a

l a l a

e l l l

e l l l

S

S

S

S

= <û
î

= ²î
ü

= <î
î= ² ý

 ʝb ï gap, in m, measured along member 

between the nearest wheels or group of wheels 

which are located within design span of member 

(Fig.3.2.3.8)
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3.2.3.9 The design load for train 

rails Q, in kN, is to be determined by the 

formula 

Q = 0,5kʜ O0 n1, (3.2.3.9) 

where kd = 1,1 if  the vehicle moves about dur-

ing cargo-handling 

operations; 

kd = 1 + az / g ï in case of the ship motions; 

az ï acceleration in considered ship  section 

in accordance with 1.3.4.1; 

ʧ1 ï number of vehicle wheels arranged 

within the design span of framing member sup-

porting railways. 

3.2.3.10 The design loads for side 

shell and permanent deck primary mem-

bers are to be those to satisfy the most 

severe stowage arrangement of all car-

goes carried on deck (including package 

cargo, containers, wheeled vehicles, etc.) 

and to allow for statical and inertia forces 

resulting from the ship motions. Acceler-

ations are to be determined in accordance 

with 1.3.3.1. 

3.2.3.11 The design load Q, in kN, 

for the transverses and girders of mova-

ble decks is to be determined by the for-

mula 

Q = kʜ (pʩ + pd)a2l,  (3.2.3.11) 

where  kʜ ï as defined in 3.2.3.4; 

pc ï static deck loading from the cargo car-

ried , in kPa; 

pd ï static deck loading from deck own 

mass, in kPa;  

ʘ2 ï mean spacing of transverses and girders, 

in m. 

The value of (pc + pd) is not to be 

taken less than 2,5kPa. 

3.2.3.12 The design pressure pv, in 

kPa, for the transverce and girders of up-

per tweendeck of double-deck ferries 

without pillars is determined by the for-

mula 

ʚʜʚ 9,0 qkp = , (3.2.3.12) 

where  gak z /1ʜ += - in case of the ship 

motion where az is determined in accordance with 

1.3.3.1 in the midship; 

qʚ ï allowed (specified) load on the deck 

from the cargo carried, in kPa. 

3.2.3.13 Design force F, in kN, in 

horizontal plane for the transverce and 

girders of upper tweendeck of double-

deck ferries without pillars is determined 

by the formula  

Ba
g

a
qF

y

2ʚ0,7= , (3.2.3.13) 

where  ay determined in accordance with 

1.3.4.4 at the upper deck level; 

ʘ2 ï mean spacing of transverce and girders 

of upper tweendeck of double-deck ship without 

pillars; 

ɺ ï ship width in the midship; 

qʚ ï in accordance with 3.2.3.12. 

3.2.4 Scantlings of deck and side 

shell structures. 

3.2.4.1 The thickness of plating s, in 

mm, is not to be less than 

2
158

ůn

k Q a
s k s

m
= +D, (3.2.4.1) 

ʜʝ  k1 = 1,0 ï for all decks with loads during 

cargo handling operation in port (minimum value); 

k1 = 1,075 ï for all decks with loads applied 

at sea (minimum value); 

01 /1 kk =  ï for design deck within mid-

ship region, but not less than minimum values; 

for k0 ï refer to Table3.2.4.1;  
k2 = 1,25 ï 0,5ʘ/b    where    ʘ/b > 0,5; 

k2 = 1    where    ʘ/b ¢ 0,5; 

Qï as defined under 3.2.3.7; 

m ï factor equal to: 

where within the panel width there is one 

print of wheel or group of wheels: 

1ʧʨʠ
57,01

85,5
<

-
= al

al
m a

a
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;35,3/1ʧʨʠ

97,075,865,2347,29

2

¢¢

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
+--=

al

a

l

a

l

a

l
m

a

aa

 

m = 12    where    ala /  > 3,35; 

where within the panel width there are sev-

eral prints of wheel or group of 

wheels 

a

e
k

a

l
m

aa
357,01

85,5

--

=
S

; 

k3 = aa llS ï 1    where    1 ¢ aa llS ¢ 2; 

k3 = 0,5 aa llS     where    aa llS > 2; 

for lSa ï refer to Fig3.2.3.7; 

eʘ ï gap, in m, measured along smaller side 

of the panel between wheels or group of wheels 

which are located within panel length (refer to Fig. 

3.2.3.7). 

Table 3.2.4.1 

Frame system 
k0 

In a port At sea 

longitudinal 1ï 0,05W/
ʬ

dW  0,92ï 0,16W/
ʬ

dW  

transverse 1ï 0,23W/
ʬ

dW  
0,86 ï 

0,36W/
ʬ

dW  

for W  ̔   ʬdW  ï refer to 3.1.1.5. 

3.2.4.2 The section modulus W of 

longitudinals and beams, in cm3, shall not 

be less than obtained from 1.6.4.1 with 

Qï as defined in 3.2.3.8; 

m ï factor equal to: 
where within the design span of the 

members there is one print of wheel or 

group of wheels 

ll
m

b57,01

85,5

-
=  with llb  < 1; 

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
+--=

2

97,075,865,2347,29
l

l

l

l

l

l
m bbb

        with  1 ¢ alb  ¢ 3,35; 

m = 12    with    llb  > 3,35; 

where within the design span of the 

members there are several prints of wheel 

or group of wheels 

l

e
k

l

l
,

,
m

bb
45701

855

--

=
S

, 

where  k4 = bb llS  ï 1    with    1 ¢ bb llS ¢ 

2; 

k4 =  0,5 bb llS     with     bb llS  >  2; 

for lSb ï refer to Fig. 3.2.3.8; 

eb ï gap, in m, measured along smaller side 

of the panel between wheels or group of wheels 

which are located within design span of member 

(refer to Fig. 3.2.3.8); 

ks ï allowed loads factor equal to: 

0,8 ï for all cargo decks for cargo 

handling operation in port; 

0,7 ï for all cargo decks with loads 

applied at sea. 

For mean part of design deckks is 

not to be greater than: 

with loads during cargo handling opera-

tion in port 

ks = 0,96 ï 0,36 W /
ʬ

dW  ¢ 0,8; 

with loads applied at sea 

ks = 0,96 ï 0,56 W /
ʬ

dW  ¢ 0,7, 

where for W, 
ʬ
dW  ï refer to 3.1.1.5. 

3.2.4.3 The plating thickness, sec-

tion modulus and cross-sectional area of 

beams and longitudinals of movable 

decks shall be determined in accordance 

with 3.2.4.1 and 3.2.4.2. Where beams 

and longitudinals are freely supported by 

girders and transverses, the factor m shall 

be determined by the formula 

ll
m

b-
=

2

8
; (3.2.4.3) 

Otherwise, the factor m shall be deter-
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mined as for beams and longitudinals of 

permanent cargo decks according to 

3.2.4.2. 

3.2.4.4 If scantlings of wheel print is 

in accordance with 3.2.3.5, the plating 

thickness is in accordance with 3.2.4.1 

and the section modulus of longitudinals 

and beams is in accordance with 3.2.3.4 

is to be increased by 15 per cent. 

3.2.4.5 The section modulus of lon-

gitudinals W, in cm33, supporting fixed 

rails shall not be less than obtained from 

1.6.4.1 with 

Qï as defined in 3.2.3.9; 

ks ï factor determined by 3.2.4.2. 

ʪ ï to be determined by the formula 

lek
m

251

85,5

-
= , (3.2.4.5) 

where  k5 = 0    with    ʧ1 =  1; 

k5 = 0,5n1    with    n1 ² 2; 

for ʧ1 ï refer to 3.2.3.9; 

ʝ2 ï mean spacing of centres of wheels ar-

ranged within the design member span, in m; 

3.2.4.6 The scantlings of deep mem-

bers of sides and permanent cargo decks, 

as well as of pillars shall be derived by 

direct calculation using the procedures 

approved by the Register. 

3.2.4.7 The section modulus of the 

girders and transverses of movable decks 

W, in cm 3, shall not be less than obtained 

from 1.6.4.1 with 

Q ï as defined in 3.2.3.11; 

m = 12 ï for fixed members; 

m = 8 ï for freely supported mem-

bers;  

ks = 0,7. 

3.2.4.8 The section modulus W, in 

cm3, of the web frames of upper 

tweendeck of double-deck ferries without 

pillars is not to be less than determined 

by the formula 

W
k

M
W

n

i ȹ
 ů

10

ů

3

+=
Ö

, (3.2.4.8) 

where 

4

ʰʧ
2
ʙ2ʚ

Ŭ6

1,2

)/Ŭ6(2 S

lF

S

lap
M i

+
+

+
= , kNĿm ï 

for web frames cross-section in upper-deck area; 

4

4ʰʧ
2
ʙ2ʚ

Ŭ6

)0,33Ŭ(11,2

)/Ŭ12(2 S

SlF

S

lap
M i

+

+
+

+
= , 

kNĿm ï for web frames cross-section in main deck 

area; 

ʚp  ï in accordance with 3.2.3.12; 

a2, F ï in accordance with 3.2.3.13; 

;Ŭ
ʙʰʧ

ʰʧʙ

Il

Il
=  

ʰʧl ï web frame bend, in m, from main deck 

plating till face plate of deck transverse of upper 

deck; 

ʙl ï bend of deck transverse of upper deck 

between wall heights of web frames; 

Iʰʧ, Iʙ ï moment of inertia, in cm 4, of web 

frame and deck transverse of upper tweendeck 

respectively. 

Section allowance is determined in accord-

ance with following formulae: 

2
ʰʧʰʧ

ʰʧ
1 7,81

lf

I
S += ;2,311;

2
ʰʧʰʧ

ʰʧ
3

lf

I
S +=

;
2
ʙʙ

ʙ          2,3114

lf

I
S +=  ;

1

3

S

S
S=  

ʙʰʧ, ff ï the sectional area, in cm2, of walls 

of web frame and deck transverse of upper 

tweendeck respectively; 

=ůk 0,75; 

-Wȹ  corrosion and deterioration allow-

ance, in cm 3, is determined in accordance with 

1,6,4,1 for u = 0.03 mm per year. 

Web frame modulus calculation is 

performed by the method of progressive 

approximations. It is recommended to 

take on:  
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.1;1,3  ; 4ʰʧʙ === SSII  in 

the firs approximation 

3.2.4.9 The web sectional area fc, in 

cm2, of the of deep frames wall of upper 

tweendeck of double-deck ferries without 

pillars is not to be less than determined in 

accordance with 1.6.4.3 with 

F
Sl

SSlʘp
N 0,4

)/Ŭ(26

)/0,5(1

ʰʧ

12
2
ʙ2ʚ

ʤʘʭ +
+

+
=  ʢʅ, 

where section allowance is determined in accord-

ance with following formulae 

2

ʰʧʰʧ

ʰʧ
2 15,61

lf

I
S -= ; 

.k 65,0Ű=  

Corrosion and deterioration allow-

ance Ds, in mm, is determined in accord-

ance with 1,1,5,1 for u ~ 0.03mm per 

year. Other values are in 3.2.4.8. 

Calculation of web area of deep 

frames is to be made using method of 

progressive approximation. It is recom-

mended to take on:  

.11,3;; 21ʰʧʙ ==== SSSII   

in the firs approximation 

3.2.4.10 The section modulus W, in 

cm3, of the deck transverse of upper 

tweendeck of double-deck ferries without 

pillars is not to be less than determined in 

accordance with 3.2.4.8 with 

ö
÷

õ
æ
ç

å

+
-=

/Ŭ2

33,1
1

8

2
ʙ2ʚ

S

lap
M i  kN Öm ï  

for  deck  transverse sectional in the 

mean part of span of the member; 

4

ʰʧ
2
ʙ2ʚ

Ŭ6

1,2

)/Ŭ6(2 S

lF

S

lap
M i

+
+

+
=   kNÖm 

ï for   deck   transverse sectional in a 

way of the side; 

.0,75ů=k  

Corrosion and deterioration allow-

ance DW, in cm3, is determined in ac-

cordance with 1.6.4.1 for u = 0.03mm per 

year. Other values are in 3.2.4.8. 

Calculation of web sectional area of 

deck transverse is to be made using 

method of progressive approximation. It 

is recommended to take on: 

.1;1,3; 4ʰʧʙ === SSII   

in the firs approximation 

3.2.4.11  The sectional area fʩ, in 

cm2, of deck transverse wall of upper 

tweendeck of double-deck ferries without 

pillars is not to be less than determined in 

accordance with 1.6.4.3 with 

)Ŭ(6

2,4

2 4ʙ

ʰʧʙ2ʚ
ʤʘʭ

Sl

lFlap
N

+
+=   ʢʅ; 

0,65.Ű=k  

Corrosion and deterioration allow-

ance Ds, in mm, is determined in accord-

ance with 1,1,5,1 for u = 0,03 0.03mm 

per year. Other values are in 3.2.4.8. 

Calculation of web area of deep 

frames is to be made using method of 

progressive approximation. It is recom-

mended to take on:  

.1; 4ʰʧʙ == SII  in the firs approx-

imation 

3.2.5 Special requirements. 

3.2.5.1 A side fender protecting the 

ship side and stern from damage during 

mooring operations shall be fitted at the 

lower cargo deck level of Ro-Ro ships. 

3.2.5.2 A longitudinal shall be fitted 

under each rail on the cargo decks of 
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train ferries. 

3.2.5.3 Where train decks with rails 

which are flush with the deck plating are 

provided on ships carrying railway car-

riages, the actual section modulus and 

sectional area of deck transverses shall be 

determined for the section located in the 

rail recess. Structural continuity of the 

effective flange of the deck transverse, 

where it intersects the rail, shall be en-

sured. In any case, the intersections of the 

fixed rails with deck transverses shall be 

specially agreed with the Register. 

3.2.5.4 Where rails for the transport 

of railway carriages are welded to the 

deck plating throughout the entire length, 

the rail butts shall be welded with full 

penetration. 

3.3 BULK CARRIERS AND OIL OR 

BULK DRY CARGO CARRIERS  

3.3.1 General. 

3.3.1.1 The requirements of this 

Chapter apply to bulk carriers and com-

bination carriers intended for the carriage 

of bulk cargoes and crude oil (petroleum 

products) in bulk, except for ships which, 

according to 1.1.1.1, are not covered by 

the requirements of Part XVIII "Common 

Structural Rules for Bulk Carriers and 

Oil Tankers". 

3.3.1.2 The scantlings of structural 

members bounding the cargo region shall 

be determined as required by Sections 1 

and 2 on assumption of the carriage of 

bulk or liquid cargo (water ballast) in the 

holds primarily designed for the purpose 

concerned. The value to be adopted is the 

greater of the appropriate strength char-

acteristics of the item. 

3.3.1.3 The requirements for the 

structures not mentioned in this Chapter 

shall be as given in Sections 1 and 2. 

In any case, the requirements for the 

hull and its structures shall not be less 

stringent than those stated in Sections 1 

and 2. 

3.3.1.4 The basic structural type of 

ships is considered to be a single-deck 

ship with machinery aft, having a flat (or 

nearly a flat) double bottom in the holds 

(permissible slope of the inner bottom 

from the side to the centreline is not over 

3Á), hopper side and topside tanks, single 

or double skin sides, transverse hold 

bulkheads of plane, corrugated or coffer-

dam type, which is primarily intended for 

balk cargoes. 

3.3.1.5 In combination carrier the 

length of the holds shall not exceed 0,1L. 

Holds of a greater length require special 

consideration by the Register in each 

case.  

It is assumed that when carrying 

heavy bulk cargo, certain holds remain 

empty, their numbers shall be indicated 

in line "Other characteristics" in Classifi-

cation Certificate as stated in 2.3, Part I 

"Classification". 
3.3.1.6 Descriptive notation and 

distinguishing mark (ESP). 

3.3.1.6.1 The descriptive notation 

Bulk carrier and the distinguishing mark 

(ESP) shall be assigned to sea going self-

propelled single deck ships with a double 

bottom, hopper side tanks and topside 

tanks and with single or double skin side 

construction intended primarily for car-

riage of dry cargoes in bulk. Typical 

midship sections are given in Fig. 

3.3.1.6.1a, for the term ñBulk carrierò 

refer to 1.2.1 Part I  ñClassificationò. 

Bulk carrier of single skin side con-

struction means a bulk carrier where one 

or more cargo holds are bound by the 

side shell only or by two watertight 
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boundaries, one of which is the side 

shell, which are: 

less than 760 mm apart in bulk car-

riers, the keels of which are laid or which 

are at a similar stage of construction be-

fore 1 January 2000;  

less than 1000 mm apart in bulk car-

riers, the keels of which are laid or which 

are at a similar stage of construction on 

or after 1 January 2000. 

3.3.1.6.2 The descriptive notation 

Oil/Bulk/Ore carrier and the distinguish-

ing mark (ESP) shall be assigned to sin-

gle deck ships of double skin side con-

struction, with a double bottom, hopper 

side tanks and topside tanks fitted below 

the upper deck intended for the carriage 

of oil or dry cargoes, including ore, in 

bulk. A typical midship section is given 

in Fig. 3.3.1.6.1, b.   

a)                                b) 

Fig. 3.3.1.6.1 

3.3.2 Construction. 

3.3.2.1 Longitudinal framing shall 

be adopted for the deck, the side shell in 

way of topside tanks and the sloped 

bulkheads of topside tanks. The deck 

plating between end coamings of adja-

cent cargo hatches shall be additionally 

strengthened with intercostal transverse 

stiffeners fitted at every frame. 

The double bottom shall be longitu-

dinally framed. The double bottom struc-

ture in which all bottom and inner bottom 

longitudinals are replaced by side girders 

may be permitted (refer to 2.4.2.4.2). 

The single skin side between topside 

and hopper side tanks shall be transverse-

ly framed.  

Longitudinal or transverse framing 

may be adopted for the double skin side 

and in the hopper side tanks.  

The transverse watertight bulkheads 

may be plane with vertical stiffeners, cor-

rugated with vertical corrugations or of a 

cofferdam type. 

3.3.2.2 A hatch side coaming shall 

be fitted with horizontal stiffeners. A t 

every alternate frame the coaming shall 

be stiffened with vertical brackets fitted 

between the coaming flange and the 

deck. 

3.3.2.3 The slope angle of topside 

tank walls to the horizontal axis shall not 

be less than 30Á.  

Inside topside tanks, in line with 

hold transverse bulkheads, diaphragms 

shall be fitted, the plating of which may 

generally have drain and access holes of 

minimum size. The plating of transverse 

bulkheads inside topside tanks shall be 

strengthened with stiffeners. The ends of 

vertical stiffeners shall be bracketed. 

In topside tanks transverse beams 

shall be fitted in line with deck trans-

verses.  

To stiffen the plates of the tank ver-

tical walls which are in line with the 

hatch side coaming, brackets shall be 

placed inside the tanks in line with every 

stay of side coaming. These brackets 

shall be extended to the deck and tank 

sloped bulkhead longitudinals nearest to 

the centreline. 

A t every frame, in the lower corner 

of the tank, brackets shall be fitted in line 

with the brackets attaching the hold 
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frame to the sloped bulkhead of the tank. 

These brackets shall be carried to the 

ship's side and tank sloped bulkhead lon-

gitudinals nearest to the lower corner of 

the tanks and welded to them so as to 

extend beyond the brackets of frames. 

3.3.2.4 The slope angle of hopper 

side tank walls to the horizontal shall not 

be less than 45Á. The extension of the 

tank over the ship breadth at the inner 

bottom level shall generally not be less 

than 0,125B on one side. 

Transverse diaphragms shall be fit-

ted in line with transverse bulkheads and 

every alternate plate floor. The dia-

phragms may have drains and access 

holes. The total height of openings at the 

section of diaphragm, in the direction 

along the normal to the tank plating, from 

a line drawn through the opening centre 

perpendicularly to that normal, to the 

plating shall not exceed 0,5 of the height 

of that section anywhere. The opening 

edges shall be reinforced with face plates 

or stiffeners. The diaphragm plating shall 

be stiffened as required by 1.7.3.2 for the 

floor stiffeners. 

Inside longitudinally framed tank, 

brackets shall be fitted in line with every 

frame. These brackets shall be carried to 

the sloped bulkhead and side longitudi-

nals and welded to them so as to extend 

beyond the brackets of frames.  

At the outboard side girder forming 

transversely framed hopper side tank 

wall, brackets shall be fitted in line with 

every frame. These brackets shall be car-

ried to the nearest bottom and inner bot-

tom longitudinals and welded to them. 

3.3.2.5 Within the cargo area, the 

single-side structure shall comply with 

the following requirements: 

.1 the scantlings of side hold frames 

immediately adjacent to the collision 

bulkhead shall be increased in order to 

prevent excessive imposed deformation 

on the shell plating. As an alternative, 

supporting structures shall be fitted 

which maintain the continuity of fore 

peak stringers within the foremost hold. 

.2 frame ends shall be attached with 

brackets. The vertical dimension of the 

lower and upper brackets, as measured at 

shell plating, shall not be less than 0,125 

of the frame span. On the level of the 

frame adjoining the bilge and underdeck 

tank, the breadth of the lower and upper 

brackets shall not be less than half the 

web height. 

.3 frames shall be fabricated sym-

metrical sections with integral upper and 

lower brackets and shall be arranged with 

soft toes. The end brackets adjoining the 

underdeck and bilge tanks shall be blunt-

ed, and the flange ends shall be sniped. 

The side frame flange shall be curved at 

the connection with the end brackets. The 

radius of curvature shall not be less than 

r, in mm, determined by the formula  

ʢʥ

2

ʢʥ/4,0 sbr = , 

where bbr ï the flange width, in mm; 

sbr ï  the thickness of brackets, in mm. 

.4 In ships of length less than                   

190 m normal steel frames may be 

asymmetric. The face plates or flanges of 

brackets shall be sniped at both ends. The 

brackets shall be arranged with soft toes. 

.5 where, a frame being connected to 

an underdeck tank, the frame or its 

bracket overlaps with a horizontal section 

of an inclined wall, provision shall be 

made for the bracket to go over the bent 

section, and the angle between the plane 

of the face plate (bracket) and the in-

clined tank wall shall not be less than 30Á 
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.6 the web depth to thickness ratio of 

frames shall not exceed the following 

values: 

ɖ60  ï for symmetrically flanged 

frames; 

ɖ50  ï for asymmetrically flanged 

frames. 

.7 the outstanding flange shall not 

exceed ɖ10  times the flange thickness. 

.8 in way of the foremost hold, side 

frames of asymmetrical section shall be 

fitted with tripping brackets which shall 

be welded to shell plating, webs and face 

plates of frames. 

.9 double continuous welding shall 

be adopted for the connections of frames 

and brackets to side shell, hopper wing 

tank plating and web to face plates. For 

this purpose, the strength factor a for a 

weld (refer to 1.7.5.1) is adopted equal 

to: 

0,44 where frame webs shall be 

welded to shell plating on lengths equal 

to 0,25 of the frame span as measured 

from the upper and lower frame end, and 

where bracket webs shall be welded to 

the plating of underdeck and bilge tanks;  

0,4 where frame webs shall be weld-

ed to shell plating outside the above end 

sections.  

Where the hull form is such as to 

prohibit an effective fillet weld, edge 

preparation of the web of frame and 

bracket may be required, in order to en-

sure the same efficiency as the weld con-

nection stated above. 

3.3.2.6 The ends of plane bulkhead 

stiffeners shall be bracketed to the inner 

bottom plating and to deck structures. 

3.3.2.7 The cofferdam bulkheads shall 

satisfy the following requirements: 

.1 the construction of cofferdam 

bulkheads, as stipulated under 2.7.1.2, 

shall consist of two tight platings, dia-

phragms and/or platforms. To stiffen the 

plating, vertical or horizontal stiffeners 

may be fitted. 

.2 the vertical or horizontal stiffen-

ers of both platings shall be identical, 

form a ring structure and pass continuous 

through the platforms or, accordingly, 

diaphragms. The vertical stiffeners of 

both platings shall be fitted in the same 

plane parallel to the centreline of the 

ship; the horizontal stiffeners shall be 

fitted in the same plane parallel to the 

base line of the ship. 

Cross ties are permitted between the 

vertical or horizontal stiffeners of both 

platings, at the mid-span thereof. 

.3 the diaphragms or platforms shall 

be stiffened in accordance with 1.7.3.2. 

The smaller side, in mm, of the panel of 

diaphragm or platform to be stiffened 

shall not exceed ɖ100s , where s ï is the 

thickness of diaphragm or platform, in 

mm. 

.4 for access to all parts of the cof-

ferdam bulkhead an adequate number of 

openings (manholes) shall be provided in 

the diaphragms and platforms.  

The total width of openings in one 

section of the diaphragm or platform 

shall not exceed 0,6 of the cofferdam 

bulkhead thickness.  

Openings other than the air and 

drain scuppers are generally not permit-

ted: in the platforms, at a distance not 

less than 1,5 times the cofferdam bulk-

head thickness from the longitudinal 

bulkheads or side, which act as the plat-

form supports; in the diaphragms, at the 

same distance from the inner bottom plat-

ing or the upper point of the bulkhead 
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bottom trapezoidal stool, if any, and the 

upper deck plating or the lower point of 

the horizontal underdeck stiffener of rec-

tangular or trapezoidal section, being the 

bulkhead top stool, if any, which act as 

the diaphragm supports.  

Edges of the openings cut in the dia-

phragms and platforms located within l / 

4 of the span from their supports shall be 

reinforced with face plates or stiffeners. 

The distance between the edges of adja-

cent openings shall be not less than the 

length of these openings. 

3.3.2.8 Transverse bulkheads with 

vertical corrugations shall have plane 

areas at ship's sides not less than 0,08B in 

width. The upper ends of these bulkheads 

shall be attached to the deck by horizon-

tal stiffeners of rectangular or trapezoidal 

section, complying with the requirements 

of 3.3.2.11, while the lower ends shall be 

attached directly to the inner bottom plat-

ing or to the stools of trapezoidal section 

fitted on the inner bottom, complying 

with the requirements of 3.3.2.10. The 

bulkheads in heavy cargo holds shall be 

supported by trapezoidal stools.. 

At lower end of corrugations there 

shall be fitted vertical and sloped plates 

so as to cover the concave portion of cor-

rugations on each side of the corrugated 

bulkhead. The height of the covering 

plates in oil or bulk dry cargo carriers 

shall not be less than 0,1 of the corruga-

tion span, and their thickness shall be not 

less than the lower strake thickness of the 

corrugation. 

3.3.2.9 Where lower ends of vertical 

corrugations are attached directly to the 

inner bottom plating, floors the thickness 

of which shall be not less than that of the 

bottom strake of the corrugated bulk-

heads shall be aligned with transverse 

faces (those directed athwart the ship). 

In this case, web plates (those di-

rected along the ship) of rectangular cor-

rugations shall be in line with inner bot-

tom longitudinals or side girders. Side 

faces of trapezoidal corrugations shall be 

arranged so that in way of their intersec-

tion with inner bottom longitudinals hard 

spots are avoided. 

3.3.2.10 The construction of the trans-

verse bulkhead bottom trapezoidal stool 

shall comply with the following require-

ments: 

.1 the stool is fitted on the inner bot-

tom athwart the ship under the bulkhead. 

It shall consist of a top horizontal plate 

having a width not less than the height of 

the bulkhead corrugations and two sloped 

plates resting upon the plate floors. The 

height of the stool shall not exceed 

0,15D. Stools of greater height are sub-

ject to special consideration by the Regis-

ter. 

.2 inner bottom longitudinals shall 

be cut at the floors giving support to the 

sloped plates of the bottom stools and to 

be attached to them by brackets. Brackets 

having a thickness not less than that of 

the floors, reinforced with stiffeners shall 

be fitted between the floors in line with 

the inner bottom longitudinals. 

.3 diaphragms shall be fitted inside 

the bottom stools in line with the centre 

girder and side girders. Drain and access 

holes may be cut in the diaphragms. Size 

of the openings, their runforcement as 

well as stiffening of diaphragms shall 

comply with similar requirements for the 

diaphragms of hopper side tanks, as spec-

ified in 3.3.2.4; 

.4 the horizontal and sloped plates in-

side the bottom stool shall be stiffened to 
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form a ring structure, fitted in line with the 

inner bottom longitudinals. 

3.3.2.11 The construction of the cor-

rugated bulkhead top stool of rectangular 

or trapezoidal section shall comply with 

the following requirements: 

.1 the top stool shall be fitted under 

the deck athwart the ship, over the bulk-

head. It shall consist of a bottom horizon-

tal plate having a width not less than the 

height of the bulkhead corrugations and 

two vertical or sloped plates. The height 

of the top stool shall be approximately 

equal to 0,1 of the distance between the 

topside tanks. The dimensions of the top 

stool shall be such as to provide access 

into that stool. 

.2 the horizontal and vertical 

(sloped) plates inside the stool shall be 

stiffened.  

The stiffeners may be fitted in line 

with the deck longitudinals forming ring 

structures with them.  

Horizontal stiffeners may be fitted. 

In this case, webs giving intermediate 

support to these stiffeners as well as 

brackets ensuring efficient end attach-

ment of corrugations shall be provided 

inside the top stool. 

.3 where an angle between the 

sloped plate of the top stool and a vertical 

axis exceeds 30Á, brackets ensuring effi-

cient upper end attachment of corruga-

tions shall be fitted inside the top stool in 

line with plane faces of trapezoidal cor-

rugations. 

3.3.3 Design loads. 

3.3.3.1 The design loads on the inner 

bottom members, sides and transverse 

bulkheads shall be calculated as required 

by 2.2.3, 2.4.3, 2.5.3 and 2.7.3 respec-

tively, taking account of the heaviest of 

the anticipated bulk cargoes, liquid cargo 

(water ballast) or empty holds, whichever 

is appropriate. 

3.3.3.2 The design pressure on the 

plating and framing of the hopper side 

tank sloped sides and of the plates of the 

transverse bulkhead bottom stools shall 

be determined as required by 1.3.4.3 for 

the heaviest of the anticipated bulk car-

goes and as required by 1.3.4.2 for liquid 

cargo, whichever is appropriate. In any 

case, the design pressure need not be tak-

en less than that determined by Formula 

(1.3.4.2-4) and for the trapezoidal stools 

also in accordance with 2.7.3.1. 

3.3.3.3 The design pressure on the 

plating and framing of the topside tank 

longitudinal bulkheads and of the plates 

of the transverse bulkhead top stools of 

rectangular or trapezoidal section shall be 

determined as required by 1.3.4.2 for the 

holds filled with liquid cargo (water bal-

last). In any case, the design pressure 

need not be taken less than that deter-

mined by Formula (1.3.4.2-4) and for the 

top stools also in accordance with 

2.7.3.1. 

3.3.3.4 Where the hopper side 

and/or topside tanks, transverse bulkhead 

bottom and/or top stools, space inside the 

cofferdam bulkheads and/or interskin 

space are used as tanks, the design pres-

sure shall be determined with regard for 

the pressure from the inside as required 

by 1.3.4.2. 

3.3.4 Scantlings of structural 

members. 
3.3.4.1 The scantlings of double bot-

tom members shall satisfy the following 

requirements: 

.1 the scantlings of centre girder, 

side girders and floors shall be deter-

mined on the basis of strength calculation 

made for bottom grillages using design 
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pressure stated in 3.3.3 and the following 

permissible stress factors:  

for centre girder and side girders  

ks = 0,3kB ¢ 0,6 ï in the midship re-

gion, when determining the shell plating 

stresses; 

ks = 0,35kB ¢ 0,6 ï in the midship 

region, when determining the inner bot-

tom plating stresses; 

ks = 0,6 ï at the ship's ends within 

0.1L- from the fore or after 

perpendicular. 

For regions between the midship re-

gion and the above portions of ship's 

ends, ks shall be determined by linear 

interpolation; 

for floors  

ks = 0,6; 

when the strength is verified using 

the shear stresses,  

kt = 0,6. 

kB shall be determined by Formula 

WWk bB /ʬ= , (3.3.4.1.1) 

ʜʝ  W ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʨʧʫʩʫ, ʷʢʠʡ ʚʠʤʘʛʘ-

ʻʪʴʩʷ ʮʠʤʠ ʇʨʘʚʠʣʘʤʠ, ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʩʫʜ-

ʥʘ ʟʛʽʜʥʦ  1.4.5; 
ʬ

bW  ï actual hull modulus for the bottom in 

the midship region in accordance with  1.4.7. 

Where combinations of empty and 

loaded holds are envisaged, this shall be 

accounted for in the strength calculation 

made for the bottom grillage when de-

termining the root flexibility factor of the 

centre girder and side girders on the bear-

ing contour line of the grillage. Account 

may be taken of the end root flexibility of 

floors owing to rotational stiffness of the 

hopper side tanks. The grillage shall be 

treated as a system of cross members 

(structural idealization using beam mod-

els). 

For ships of 150 m in length and 

upwards, intended to carry solid bulk 

cargoes having a density of 1,0 t/mį or 

above, the strength of double bottom 

structural members in the case when each 

cargo hold considered individually flood-

ed shall be additionally checked accord-

ing to the procedure specified in Appen-

dix 4. 

.2 the section modulus of the bottom 

primary members shall be determined in 

accordance with 2.4.4.5 taking the fol-

lowing permissible stress factors: 

for longitudinals  

ks = 0,4kB ¢ 0,65 ï in the midship 

region; 

ks = 0,65 at the ship's ends within 

0.1L from the fore or after perpendicular. 

For regions between the midship re-

gion and the above portions of the ship's 

ends, ks shall be determined by linear 

interpolation; 

for transverse members  

ks = 0,65. 

kB  shall be determined by Formula 

(3.3.4.1.1). 

.3 the section modulus of inner bot-

tom primary members shall be deter-

mined in accordance with 2.4.4.5 at the 

design pressure in accordance with 3.3.3 

and the following permissible stress fac-

tors: 

for longitudinals  

ks = 0,5kB ¢ 0,75 ï in the midship 

region; 

ks = 0,75 ï at the ship's ends within 

0.1L from the fore or after perpendicular. 

For regions between the midship re-

gion and the above portions of the ship's 

ends, ks shall be determined by linear 

interpolation; 

for transverse members  

ks = 0,75. 
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kB  shall be determined by Formula 

(3.3.4.1.1). 

3.3.4.2 the scantlings of the hopper 

side tank members shall comply with the 

following requirements: 

.1 the thickness of the sloped bulk-

head plating shall not be less than that 

determined by the Formula (1.6.4.4) tak-

ing: 

m = 15,8; 

ʨ ï design pressure as defined in 3.3.3; 

ks shall be taken as for the longitudi-

nal bulkhead plating of tankers as re-

quired by 2.7.4.1, but not more than for 

the inner bottom plating in accordance 

with 2.4.4.4.1.  

The bottom strake thickness of the 

tank sloped bulkhead shall not be less 

than that of the inner bottom plate adja-

cent to it. The thickness of other strakes, 

in mm, shall not be less than 

( )ɖ7035,0min += Ls , (3.3.4.2.1) 

where h shall be obtained from Table 

1.1.4.3. 

but not greater than the bottom 

strake thickness.  

Where the hold and/or tank is used 

for the carriage of oil, oil products or wa-

ter ballast, the thickness shall not be less 

than required by 3.5.4. 

.2 the section modulus of primary 

members of the sloped bulkhead shall not 

be less than that determined in accord-

ance with 1.6.4.1 and 1.6.4.2 taking 

ʨ ï  design pressure as defined in 

3.3.3; 

ʪ = 10 ï for transverse stiffeners; 

ʪ = 12 ï for longitudinal stiffeners; 

ks shall be taken as for the bulkhead 

stiffeners of tankers as specified in 

2.7.4.2, but not more than for the inner 

bottom primary members in accordance 

with 3.3.4.1.3. 

The longitudinal stiffeners shall 

comply with buckling strength require-

ments, as specified in 1.6.5. 

.3 the thickness of the diaphragm 

plating shall not be less than that of the 

abutting plate floors. Stiffening of the 

diaphragms with openings shall comply 

with the requirements for stiffeners of the 

floors, as specified in 1.7.3.2. 

The thickness of plating and the 

scantlings of the stiffening framing 

members of the watertight diaphragms 

shall comply with the requirements for 

the tank bulkheads as specified in 2.7.4.1 

and 2.7.4.2. 

3.3.4.3 Where the frame ends are at-

tached directly to the sloped bulkheads of 

tanks (without transition horizontal area), 

the section modulus at support section 

Wsup, in cm3 , shall be not less than  

Ŭcos/ 2

oʦʧ WW = , 

ʜʝ  W0 ï section modulus at the frame support 

section as required by 2.5.5.1, in cm 3; 

a ï slope angle of the tank bulkhead to the 

base line, in deg. 

3.3.4.4 The scantlings of the frames 

shall be in accordance with the require-

ments of 2.5.4.1 and with the following 

requirements. 

.1 the thickness of frame webs 

swmin , in mm, shall not be less than 

( )703,0min += Lksw , 

where k = 1,15 for frame webs in way of the fore-

most hold;  

k = 1,0 for frame webs in way of other holds. 

.2 the thickness of the bracket con-

necting the lower end of frame to the 

bilge tank shall not be less than that of 

the frame web or swmin + 2, in mm, 

whichever is greater. The thickness of the 

bracket connecting the upper end of 
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frame to the underdeck tank shall not be 

less than that of the frame web. 

.3 the section modulus of the frame 

and bracket or integral bracket, and asso-

ciated shell plating, shall not be less than 

twice the section modulus required for 

the frame mid-span area. 

3.3.4.5 The scantlings of the topside 

tank members shall comply with the fol-

lowing requirements: 

.1 the plating thickness of the verti-

cal and sloped bulkheads of the topside 

tank shall not be less than determined by 

Formula (1.6.4.4) taking: 

m = 15,8; 

ʨ ï  design pressure as defined in 

3.3.3; 

ks  shall be taken as for the longitu-

dinal bulkhead plating of tankers as spec-

ified in 2.7.4.1. 

The thickness, in mm, of the vertical 

bulkhead plating and of the adjoining 

sloped bulkhead plate shall not be less 

than  

smin = 0,025L+10, (3.3.4.5.1) 

The thickness of other sloped bulk-

head plates shall be not less than that de-

termined by Formula (2.7.4.1-2). Where 

the hold and/or tank is used for the car-

riage of oil, oil products or water ballast, 

the thickness shall be not less than that 

required by 3.5.4. 

.2 the section modulus of longitudi-

nal stiffeners of the vertical and sloped 

bulkheads shall not be less than that de-

termined according to 1.6.4.1 taking: 

ʨ ï  design pressure as defined in 

3.3.3, but not less than 25 kPa; 

m = 12; 

ks  shall be taken as for horizontal 

stiffeners of longitudinal bulkheads of 

tankers as specified in 2.7.4.2. The longi-

tudinal stiffeners of the vertical and 

sloped bulkheads shall comply with 

buckling strength requirements of 1.6.5. 

.3 the section modulus of the trans-

verse web of the sloped bulkhead shall be 

not less than that determinated in 1.6.4.1, 

and the sectional area of the web plate 

shall not be less than that determined in 

accordance with 1.6.4.3 taking: 

Nmax = 0,5ʨʘl; 

ʨ ï design pressure as defined in 

3.3.3, but not less than 25 kPa; 

m = 10; 

ks = kt = 0,75. 

.4 the section modulus and sectional 

area of the deck transverse web inside the 

tank shall comply with the requirements 

of 2.6.4.6. The section modulus and sec-

tional area of the side transverse web in-

side the tank shall comply with the re-

quirements of 2.5.4.5 at m = 10. 

The section modulus and sectional 

area of vertical web plate of the tank ver-

tical bulkhead shall be calculated as the 

mean of these values for the deck trans-

verse and transverse web of the sloped 

bulkhead. 

.5 the plate thickness of bulkheads 

inside the tanks fitted in line with the 

hold transverse bulkheads shall not be 

less than that of the latter at the same dis-

tance from the inner bottom plating. 

Stiffening of bulkhead plating shall com-

ply with the requirements of 2.7.4.2 for 

the tank primary members. 

.6 the thickness of brackets stiffen-

ing the tank vertical bulkhead and of 

brackets fitted at the lower corner of the 

tank shall not be less than 10 mm. 
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3.3.4.6 In any case, the hold bulkhead 

plating and corrugations shall have a thick-

ness not less than 10 mm.  

The height of top rectangular (trapezoi-

dal) stool, bottom trapezoidal stool and of 

double bottom is not included in the span of 

the hold bulkhead vertical corrugations. 

3.3.4.7 The scantlings of the trans-

verse bulkhead lower trapezoidal stool 

members shall comply with the following 

requirements: 

.1 the thickness of the horizontal and 

sloped plate shall not be less than that 

determined by Formula (1.6.4.4) taking: 

m = 15,8; 

ʨ ï design pressure as defined in 

3.3.3; 

ks = 0,9. 

The thickness of horizontal plate and 

top strake of the sloped plate shall not be 

less than that of the corrugation adjoining 

the stool. The thickness of the bottom 

strake of the sloped plate shall not be less 

than that of the inner bottom plating. The 

thickness of other stakes of the sloped 

plate shall not be less than that deter-

mined by Formula (3.3.4.2.1). Where the 

hold and/or stool is used for the carriage 

of oil, oil products or water ballast, the 

thickness shall be not less than that re-

quired by 3.5.4. 

.2 the section modulus of the sloped 

plate stiffeners shall not be less than that 

determined in accordance with 1.6.4.1 

and 1.6.4.2 taking: 

ʨ ï  design pressure as defined in 

3.3.3; 

m = 10; 

ks = 0,75. 

The section modulus of the horizon-

tal plate stiffeners shall not be less than 

that of the sloped plate stiffeners. 

.3 the thickness of diaphragm shall 

not be less than that of side girders. Size 

of the openings cut in diaphragms and 

their reinforcement shall comply with the 

requirements for openings and rein-

forcement of the hopper side tank dia-

phragms as specified in3.3.4.2.3. 

3.3.4.8 The scantlings of the trans-

verse bulkhead top rectangular or trape-

zoidal stool members shall comply with 

the following requirements: 

.1 the thickness of the horizontal and 

vertical (or sloped) plates shall not be 

less than that determined by Formula 

(1.6.4.4) taking: 

m = 15,8; 

ʨ ï design pressure as defined in 

3.3.3; 

ks = 0,9. 

The thickness of the horizontal plate 

and bottom strake of the vertical (sloped) 

plate shall not be less than that of the cor-

rugation adjoining the top stool. Where 

the vertical plate is fitted in line with the 

hatch end coaming, its thickness shall not 

be less than that of this coaming as re-

quired by 3.3.4.11. The top strake of the 

sloped plate shall have the same thick-

ness provided that its upper edge is at a 

distance of less than 0,4 m from the hatch 

end coaming. In any case, the thickness 

of the vertical or sloped plate shall not be 

less than that determined by Formula 

(2.7.4.1-2). Where the hold and/or interi-

or of the top stool is used for the carriage 

of oil, oil products or water ballast, the 

thickness shall not be less than that re-

quired by 3.5.4. 

.2 the section modulus of the stiffen-

ers of vertical or sloped plate shall not be 

less than that determined according to 

1.6.4.1 taking: 
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ʨ ï design pressure as defined in 

3.3.3, but not less than 25 kPa; 

m = 12 ï for horizontal stiffeners; 

m = 10 ï for other stiffeners; 

ks = 0,75. 

The section modulus of the stiffen-

ers of horizontal plate shall not be less 

than that of the stiffeners of vertical or 

sloped plate. 

.3 the section modulus of the vertical 

or sloped plate web to be fitted where 

horizontal stiffeners are provided, as stat-

ed in 3.3.2.11.2, shall not be less than 

that determined from 1.6.4.1 and 1.6.4.2, 

while the sectional area of the web plate 

shall not be less than determined accord-

ing to 1.6.4.3 taking: 

Nmax = 0,5ʨʘl; 

ʨ ï  design pressure as defined in 

3.3.3, but not less than 25 kPa; 

m = 10; 

ks = kt = 0,75. 

The section scantlings of webs fitted 

on the horizontal plate and under the 

deck shall not be less than those required 

for the vertical (sloped) plate web. 

.4 the thickness of the brackets fitted 

inside the top stool to ensure efficient 

upper end attachment of corrugations 

shall not be less than that of these corru-

gations in the upper part of the bulkhead. 

3.3.4.9 The scantlings of the coffer-

dam bulkhead members shall comply 

with the following requirements: 

.1 the thickness of the cofferdam 

bulkhead plating shall not be less than 

that determined by Formula (1.6.4.4) tak-

ing: 

m = 15,8; 

ʨ ï design pressure as defined in 

3.3.3; 

ks = 0,9. 

The plating thickness shall not be 

less than that determined by Formula 

(2.7.4.1-2) or according to 3.3.4.6, 

whichever is the greater. Where the hold 

or interior of the cofferdam bulkhead is 

used for the carriage of oil, oil products 

or water ballast, the plating thickness 

shall be not less than that required by 

3.5.4. 

.2 the section modulus of primary 

members stiffening the plating of coffer-

dam bulkheads shall not be less than that 

determined from 1.6.4.1 and 1.6.4.2 tak-

ing: 

ʨ ï  design pressure as defined in 

3.3.3 but not less than 25 kPa; 

m = 12; 

ks = 0,75. 

.3 where the construction of the cof-

ferdam bulkhead incorporates only dia-

phragms or only platforms, their section 

modulus shall not be less than that deter-

mined from 1.6.4.1 and 1.6.4.2, and the 

sectional area is not less than that deter-

mined from 1.6.4.3 taking: 

Nmax = 0,50ʨʘl ï for platforms, 

Nmax = 0,65ʨʘl ï for diaphragm; 

ʨ ï design loads as defined in 3.3.3, 

but not less than 25 kPa; 

l ï span, in m, equal to:  

for diaphragms ð the distance be-

tween the deck plating and inner bottom 

plating, at the centreline;  

for platforms ð the ship's breadth in 

way of construction bulkhead for ships 

having single skin side construction, the 

distance between the inner skins for ships 

having double skin side construction; 

m = 10; 

ks = kt = 0,75. 

.4 where the construction of the cof-

ferdam bulkhead consists both the dia-

phragms and platforms, their thickness 
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shall be determined on the basis of the 

calculation of the grillage as a system 

using beam models, with the loads speci-

fied in 3.3.3 but not less than 25 kPa and 

the permissible stress factors  

ks = kt = 0,75. 

.5 in any case, the thickness of the 

cofferdam bulkhead diaphragms and plat-

forms shall not be less than that deter-

mined by Formula 

2,6018,0min += Ls . (3.3.4.9.5) 

be less than that determined by 

Formula (2.5.4.8.1). Where the interior of 

the cofferdam bulkhead is used as a fuel 

oil or ballast tank, the thickness of the 

diaphragms and platforms shall not be 

less than that required by 3.5.4. 

.6 stiffening of the diaphragms and 

platforms shall comply with the require-

ments of1.7.3.2.2. 

.7 the thickness of tight portions of 

the diaphragms and platforms and their 

stiffeners shall comply with the require-

ments of 2.7.4.1 and 2.7.4.2 for tank 

bulkheads. 

.8 cross ties between the primary 

members strengthening the cofferdam 

bulkhead plating shall comply with the 

requirements for the double bottom in-

termediate struts, as specified in 2.4.4.7 

with the design pressure determined ac-

cording to 3.3.3, but not less than 25 kPa. 

Where cross ties are fitted, the sec-

tion modulus of the primary members, as 

specified in 3.3.4.9.2, may be reduced by 

35 per cent. 

3.3.4.10 For ships of 150 m in 

length and upwards, intended to carry 

solid bulk cargoes having a density of 1,0 

t/mį or above, the strength of vertically 

corrugated transverse watertight bulk-

heads in the case when each cargo hold 

considered individually flooded shall be 

additionally checked according to the 

procedure specified in Appendix 3.. 

3.3.4.11 The thickness of the hatch 

coamings shall not be less than that de-

termined by Formula (3.3.4.4.1). 

The thickness of the hatch side 

coamings, in mm, shall not be less than  

s = 17ʘ, 

where a = vertical distance between horizontal 

stiffeners on coaming plate or between the lower 

stiffener and the deck plating, in m. 

Stiffening of the coaming plates 

shall comply with the requirements of 

1.7.3.2. The thickness of coaming plate 

stiffeners and brackets shall not be less 

than 10 mm.  

The width of the coaming face plate 

shall comply with the requirements of 

1.7.3.1. 

3.3.4.12 The thickness of single-side 

shell plating located between hopper and 

upper wing tanks shall not be less than 

smin, in mm, determined by the formula 

Ls =min
. 

3.3.5 Special requirements. 

3.3.5.1 Provision shall be made for 

an efficient corrosion protection coating 

(epoxy coating or equivalent) for all in-

ternal surfaces of the cargo holds, exclud-

ing the flat tank top areas and the hopper 

tanks sloping plating, approximately 300 

mm below the toe of frame brackets and 

for all internal and external surfaces of 

hatch coamings and hatch covers. In the 

selection of coating due consideration 

shall be given to intended cargo condi-

tions expected in service. 

3.3.5.2 Al l bulk carriers of 150 m in 

length and upwards contracted for con-
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struction on or after 1 July 2003, shall 

comply with the following requirements: 

.1 the longitudinal strength shall be 

checked at departure and arrival of the 

ship for loading conditions specified in 

1.4 and also for the following conditions: 

with ɺʉ-ɸ, ɺʉ-ɺ or ɺʉ-ʉ distin-

guishing marks in the class notation: 

homogeneous cargo loaded condition 

where the cargo density corresponds to 

all cargo holds, including hatchways, 

being 100 per cent full at maximum 

draught with all ballast tanks empty; 

with ɺʉ-ɸ or ɺʉ-ɺ distinguishing 

marks in the class notation: 

homogeneous cargo loaded condition 

with cargo density 3,0 t/m3 , and the 

same filling ratio (cargo mass/hold cubic 

capacity) in all cargo holds at maximum 

draught with all ballast tanks empty; 

with ɺʉ-ɸ distinguishing mark in the 

class notation: 

at least one cargo loaded condition 

with specified holds empty, with cargo 

density 3,0 t/m3 , and the same filling 

ratio (cargo mass/hold cubic capacity) in 

all loaded cargo holds at maximum 

draught with all ballast tanks empty; 

normal ballast (no cargo) condition, 

where the ballast tanks may be full, par-

tially full or empty, any cargo hold or 

holds adapted for the carriage of water 

ballast at sea shall be empty, the trim 

shall be by the stern and shall not exceed 

0,015L, where L is the length between 

perpendiculars of the ship, the propeller 

shall be fully immersed; 

normal ballast (no cargo) condition, 

where all ballast tanks are 100 per cent 

full , other conditions ð refer to the 

previous case;  

heavy ballast (no cargo) condition, 

where the ballast tanks may be full, par-

tially full or empty, at least one cargo 

hold adapted for carriage of water ballast 

at sea shall be full, the trim shall be by 

the stern and shall not exceed 0,015L, 

where L is the length between perpendic-

ulars of the ship, the moulded forward 

draught in the heavy ballast condition 

shall not be less than the smaller of 0,03L 

or 8 m, whichever is the less, the propel-

ler immersion I/D shall be at least 60 per 

cent where I = the distance from propel-

ler centerline to the waterline, óD = pro-

peller diameter; 

heavy ballast (no cargo) condition 

where all ballast tanks are 100 per cent 

full , other conditions ð refer to the pre-

vious case;  

At departure condition: with bunker 

tanks not less than 95 per cent full and 

other consumables 100 per cent; and at 

arrival condition: with 10 per cent of 

consumables; 

.2 the structures of bottom forward 

shall meet the requirements of 2.8; 

.3 for calculation of local strength of 

double bottom (vertical keel, bottom 

stringers and floors) the following defini-

tions and symbols shall apply: 

ʄʅ  - the actual cargo mass in a cargo 

hold corresponding to a homogeneously 

loaded condition at maximum draught  , 

MFull - the cargo mass in a cargo 

hold corresponding to cargo with virtual 

density (homogeneous mass/hold cubic 

capacity, minimum 1,0 t/m3 ) filled to the 

top of the hatch coaming, and MFull shall 

in no case be less than MH ; 

ʄHD ð maximum cargo mass al-

lowed to be carried in a cargo hold with 

specified holds empty at maximum 

draught; 

.4 local strength of double bottom in 

each cargo hold shall be checked, inter 
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alia, for the following cases of load on 

the double bottom due to cargo mass in 

the holds, as well as mass of fuel oil and 

water ballast contained in double bottom 

tanks, as well as sea water pressure along 

the hold.  

General conditions applicable for all 

ships: 

- cargo mass MFull,  fuel oil tanks be-

ing 100 per cent full, ballast water tanks 

being empty, at maximum draught; 

- cargo mass minimum 50 per cent of 

MFull, fuel oil tanks and ballast water 

tanks being empty, at maximum draught; 

- any cargo hold being empty, fuel oil 

tanks and ballast water tanks being emp-

ty, at the deepest ballast draught; 

except the ships when the entry ñno 

MPò is added to the class notation after 

the distinguishing marks: 

- cargo mass MFull , fuel oil tanks be-

ing 100 per cent full, ballast water tanks 

being empty, at 67 per cent of the maxi-

mum draught; 

- any cargo hold, fuel oil tank and bal-

last water tank being empty, at 83 per 

cent of the maximum draught; 

- cargo mass MFull  in each of two ad-

jacent holds, fuel oil tanks being 100 per 

cent full, ballast water tanks being empty, 

at 67 per cent of the maximum draught. 

Applicable also in case when the adjacent 

hold is filled with ballast; 

- two adjacent cargo holds being emp-

ty, fuel oil tanks and ballast water tanks 

being empty, at 75 per cent of the maxi-

mum draught; 

applicable only for ships with ɺʉ-ɸ 

distinguishing mark in the class notation: 

- cargo holds intended to be empty at 

maximum draught and fuel oil tanks and 

ballast water tanks are being empty; 

- cargo mass ʄHD+0,1 ʄH  in cargo 

holds intended to be loaded with high 

density cargo, fuel oil tanks being 100 

per cent full, ballast water tanks being 

empty, at maximum draught. In operation 

maximum allowable cargo mass shall be 

limited to ʄHD; 

- cargo mass 10 per cent of ʄH  in 

each of two adjacent cargo holds which 

may be loaded with the next holds being 

empty, fuel oil tanks being 100 per cent 

full, ballast water tanks being empty, at 

maximum draught;  

for ballast hold(s) only: 

- cargo holds being 100 per cent full 

of ballast water including hatchways, fuel 

oil tanks and ballast tanks being 100 % 

full, at any heavy ballast draught; 

during loading and unloading in har-

bour only:  

maximum allowable cargo (sea-

going) mass in any single cargo hold, at 

67 per cent of the maximum draught; 

- cargo mass ʄHD in any two adjacent 

holds, fuel oil tanks being 100 per cent 

full, ballast water tanks being empty, at 

67 per cent of the maximum draught; 

- at reduced draught during loading 

and unloading in harbour, the maximum 

allowable mass in a cargo hold may be 

increased by 15 per cent of the maximum 

mass allowed at the maximum draught in 

sea-going condition, but shall not exceed 

the mass allowed at maximum draught in 

the sea-going condition.  

3.3.5.3 Hull girder longitudinal 

strength for ships with of length 150 m 

and more, with ɺʉ-ɸ or ɺʉ-ɺ distin-

guishing marks in the class notation, with 

single hull, constructed on or after  July 1 

1999, and with double side plating with 

spacing between  double side platings 

less than  ɺ/5, which were constructed on 

or after 1 July 2006, shall be checked for 
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specified flooded conditions, in each of 

the cargo and ballast loading conditions 

defined in 1.4.3.1, except that harbour 

conditions, docking condition afloat, 

loading and unloading transitory condi-

tions in port and loading conditions en-

countered during ballast water exchange 

need not be considered.  

The actual hull girder bending stress 

sfld, in MPa, shall be determined by the 

formula 

310
8,0

ů Ö
+

=
W

MM w

fld

sw
fld , 

(3.3.5.3-1) 

where  
fld

swM  ï still water bending moment, 

in kN-m, in the flooded conditions for the section 

under consideration; 

Mw ï wave bending moment, in kN-m, as 

given in 1.4.4.1 for the section under 

consideration; 

W ï = section modulus, in cm3, for the corre-

sponding location in the hull girder. 

The actual hull girder shear stress 

tfld , in MPa, shall be determined by the 

formula  
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(3.3.5.3-2) 

where  
fld

swN  ï still water shear force, in kN, 

in flooded conditions for the section under consid-

eration; 

Nw ï wave shear force, in kN, as given in 

1.4.4.2 for the section under consideration; 

I, S ï as defined in 1.4.2; 

s ï thickness of side shell plating, in mm. 

Strength calculation in flooded con-

dition shall demonstrate that the actual 

hull girder bending stress shall not ex-

ceed 175/h, in MPa, and the actual shear 

stress shall not exceed 110/h, in MPa. 

To calculate the strength in flooded 

condition, the following assumptions 

shall be made: 

the damaged structure is assumed to 

remain fully effective in resisting the ap-

plied loading;  

each cargo hold shall be considered 

individually flooded up to the equilibri-

um waterline. Position of the waterline 

and the volume of ingressed water are 

determined on the basis of damage trim 

and stability calculations which shall be 

made in accordance with a program ap-

proved by the Register; 

"permeability" for solid bulk cargo 

means the ratio of the floodable volume 

between the particles, granules or any 

larger pieces of the cargo, to the gross 

volume of the bulk cargo;  

the permeability of empty cargo 

spaces and volume left in loaded cargo 

spaces above any cargo shall be taken as 

0,95;  

appropriate permeabilities and bulk 

densities shall be used for any cargo car-

ried. For iron ore, a minimum permeabil-

ity of 0,3 with a corresponding bulk den-

sity of 3,0 t/m3 shall be used. For cement, 

a minimum permeability of 0,3 with a 

corresponding bulk density of 1,3 t/m3 

shall be used;  

for packed cargo conditions (such as 

steel mill products), the actual density of 

the cargo shall be used with a permeabil-

ity of zero. 

3.3.5.4 Al l the bulk carriers and 

combination carriers contracted for con-

struction on or after 1 July 2003 shall 

comply with the following requirements: 

.1 the ships shall have the forecastle 

located above the freeboard deck. In case 

the above requirement hinders hatch cov-

er operation, the aft bulkhead of the fore-
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castle may be fitted forward of the for-

ward bulkhead of the foremost cargo 

hold provided the forecastle length is not 

less than 7 per cent of ship length abaft 

the forward perpendicular where the ship 

length ð refer to 1.2.1, Part I "General" 

of the Load Line Rules for Sea-Going 

Ships.  

The forecastle shall have at least a 

standard height according to the Interna-

tional Convention on Load Lines, 1966 

as amended by the Protocol of 1988 or 

shall be by 0,5 m above the forward 

hatch-end coaming of the fore hold No. 

1, whichever is greater. In this case, the 

distance between the aft edge of the fore-

castle deck and the forward hatch-end 

coaming of the fore hold No. 1 over the 

entire breadth of the ship's hull shall not 

exceed the value, in m, determined by the 

formula  

F F Cl H H= - ,             (3.3.5.4.1) 

where  HF    ī forecastle height, in m; 

     Hʉ    ī height of the forward hatch-end 

coaming of the fore hold No. 1, in m. 

No breakwater is allowed on the 

forecastle deck for protection of the for-

ward hatch-end coaming and hatch co-

vers of the fore hold No. 1.  

However, if fitted for other purpos-

es, the breakwater shall be placed at a 

distance of at least 2,75 its height along 

the centerline from the aft edge of the 

forecastle deck; 

.2 a net thickness (no wear allow-

ance) of hatch coamings shall not be less 

than that determined by the formula 

14,9 1,15 / 0,95net coam eHs a p HR= - ,                      

(3.3.5.4.2) 

where   ʘ ī distance between stiffeners, in 

m; 

ʨcoam    ī pressure equal to 220 kPa; if the 

requirements of 3.3.5.2.1 are not met, the pressure 

for the forward hatch-end coaming of the fore hold 

No. 1 shall be assumed equal to 290 kP. 

The net thickness increased by 1,5 

mm shall be taken as the minimum con-

struction thickness.  

In any event, the coaming thickness 

shall not be less than 11 mm; 

.3  the section modulus of longitudi-

nal and transverse stiffeners of hatch 

coamings at the net thickness of all sec-

tion elements, in cm3 , shall not be less 

than determined by the formula 

2
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 (3.3.5.4.3) 
where for  ʘ  and ʨcoam ī  refer to 3.3.5.2.2; 

l ī stiffener span, in m; 

m ī  coefficient equal to: 16 - for snipped 

stiffener ends;  

12 - in way of hatch corners; 

ʩʨ ï  plastic-to-elastic section modulus ratio 

for a stiffener with an effective flange  40snet,  

wide, where snet ï net thickness of a coaming.  

If precise data are lacking, ʩʨ may be as-

sumed equal to 1,16. 

The net thickness of all cross-section 

elements increased by 1,5 mm shall be 

taken as the minimum construction 

thickness. 

.4 stays (brackets) of hatch coam-

ings shall comply with the following re-

quirements:  

the section modulus of stays (brack-

ets) in the plane of beams with a net 

thickness of all section elements shall not 

be less than that determined by the for-

mula 
2500

0,95

coam
net

eH

aH p
W

R
= ,  (3.3.5.4.4-1) 
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where a = distance between stays in the 

plane of beams, in m;  

for ʨcoamī  refer to 3.3.5.2.2; 

 Hʉ    height of a hatch coaming, in m. 

In determination of the actual sec-

tion modulus, the face plate of the coam-

ing stay may be considered only when it 

is welded to the deck plating with full 

penetration and appropriately dimen-

sioned stiffeners, knees or brackets are 

fitted in its plane under the plating.  

The net thickness of a web of stays 

in the plane of beams shall not be less 

than that determined by the formula 

1000

0,5

c coam
net

eH

aH p
s

hR
= ,  (3.3.5.4.4-2) 

where h = depth of a stay web at its attach-

ment to deck plating, in mm; 

for ʘ  and Hʉ  ī  refer to Formula (3.3.5.2.4-

1); 

for  ʨcoamī  reefer to 3.3.5.2.2; 

The net thickness of all cross-section 

elements increased by 1,5 mm shall be 

taken as the minimum construction 

thickness.  

Strength calculations for stays off 

the plane of beams are subject to special 

consideration by the Register in each 

case.  

The permissible stresses in those 

calculations shall be assumed equal to 0,8 

and 0,46 the steel yield stress for normal 

and shear stresses accordingly. 

The stay web shall be joined to deck 

plating by a double continuous weld hav-

ing an effective throat thickness not less 

than 0,44 s, where s is the minimum con-

struction thickness of the stay web, mm.  

At least 15 per cent of the weld 

length therewith beginning at the "free" 

end of the stay shall be made with deep 

penetration (double-bevel preparation). 

The strength of underdeck structures 

taking forces from coaming stays shall be 

checked against permissible normal and 

shear stresses equal to 0,95 and 0,5 the 

steel yield stress accordingly; 

.5 longitudinal and transverse stiff-

eners, stays and plate elements of cargo 

hatch coamings shall be replaced if the 

actual residual thickness of the coaming 

element is less than tnet + 0,5 mm. 

Where the actual residual thickness 

is greater than tnet + 0,5 mm, but less than 

tnet + 1,0 mm, a protective coating instead 

of replacement may be applied in accord-

ance with the manufacturer's procedure 

or annual measurements of the actual 

residual thickness may be conducted. 

 3.3.6 Strength control during ship 

loading. 
3.3.6.1 Bulk carriers, ore carriers 

and combination carriers of 150 m length 

and above shall be provided with the 

Loading Manual and loading instrument 

approved by the Register.  

3.3.6.2 Loading Manual is a docu-

ment approved by the Register, which 

describes: 

ʘ) the loading conditions on which 

the design of the ship has been based, 

including permissible limits of still water 

bending moments and shear forces; 

b) the results of the calculations of 

still water bending moments, shear forces 

and where applicable, limitations due to 

torsional loads; 

c) envelope results and permissible 

limits of still water bending moments and 

shear forces in the hold flooded condition 

according to 3.3.5.2; 

d) the cargo holds or combination of 

cargo holds that might be empty at full 

draught. I f no cargo hold is allowed to 
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be empty at full draught, this shall be 

clearly stated in the Loading Manual; 

e) maximum allowable and mini-

mum required mass of cargo and double 

bottom contents of each hold as a func-

tion of the draught at mid-hold position; 

f) maximum allowable and mini-

mum required mass of cargo and double 

bottom contents of any two adjacent 

holds as a function of the mean draught 

in way of these holds. This mean draught 

may be calculated by averaging the 

draught of the two mid-hold positions; 

g) maximum allowable tank top 

loading together with specification of the 

nature of the cargo (density or stowage 

factor) for cargoes other than bulk car-

goes; 

h) maximum allowable load on deck 

and hatch covers. If the ship is not ap-

proved to carry load on deck or hatch 

covers, this shall be clearly stated in the 

Loading Manual; 

i) the maximum rate of ballast 

change together with the advice that a 

load plan shall be agreed with the termi-

nal on the basis of the achievable rates of 

change of ballast. 

3.3.6.3 In addition to the require-

ments given in 1.4.3.1.1, the following 

conditions, subdivided into departure and 

arrival conditions as appropriate, shall be 

included in the Loading Manual: 

ʘ) alternate light and heavy cargo 

loading conditions at maximum draught, 

where applicable; 

b) homogeneous light and heavy 

cargo loading conditions at maximum 

draught; 

c) ballast conditions. For ships hav-

ing ballast holds adjacent to double bot-

tom tanks, it shall be strengthwise ac-

ceptable that the ballast holds are filled 

when double bottom tanks are empty; 

d) short voyage conditions where the 

vessel shall be loaded to maximum 

draught but with limited amount of bun-

kers; 

e) multiple port loading/unloading 

conditions; 

f) deck cargo conditions, where ap-

plicable; 

g) typical loading sequences where 

the vessel is loaded from commencement 

of cargo loading to reaching full 

deadweight capacity, for homogeneous 

conditions, relevant part load conditions 

and alternate conditions where applica-

ble.  

Typical unloading sequences for 

these conditions shall also be included.  

The typical loading/unloading se-

quences shall also be developed to not 

exceed applicable strength limitations.  

The typical loading sequences shall 

also be developed paying due attention to 

loading rate and the deballasting capabil-

ity; 

h) typical sequences for change of 

ballast at sea, where applicable. 

3.3.6.4 A loading instrument is an 

approved digital system as defined in 

1.4.8.4. In addition to the requirements in 

1.4.8.4, it shall ascertain as applicable 

that: 

ʘ) the mass of cargo and double bot-

tom contents in way of each hold as a 

function of the draught at mid-hold posi-

tion; 

b) the mass of cargo and double bot-

tom contents of any two adjacent holds as 

a function of the mean draught in way of 

these holds; 

ʚ) the still water bending moment 

and shear forces in the hold flooded con-
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ditions according to 3.3.5.2; are within 

permissible values. 

3.3.6.5 Conditions of approval of 

loading instruments, as stated in 1.4.8.4, 

shall include the following: 

ʘ) acceptance of hull girder bending 

moment limits for all read-out points; 

b) acceptance of hull girder shear 

force limits for all read-out points; 

c) acceptance of limits for mass of 

cargo and double bottom contents of each 

hold as a function of draught; 

d) acceptance of limits for mass of 

cargo and double bottom contents in any 

two adjacent holds as a function of 

draught. 

3.4 ORE CARRIERS AND ORE 

OR OIL CARRIERS  

3.4.1 General. 

3.4.1.1 The requirements of this 

Chapter apply to ships for the carriage of 

ore and other bulk cargoes, as well as to 

combination carriers for transportation of 

ore and oil (petroleum products). 

3.4.1.2 The requirements for struc-

tures not mentioned in this Chapter shall 

be as stated in Sections 1 and 2, having 

regard to those contained in 3.3 as re-

gards structures exposed to the loads 

from heavy dry bulk and liquid cargoes.  

In any case, the requirements for the 

hull and its structures shall not be less 

stringent as those of Sections 1 and 2. 

3.4.1.3 The basic structural type of a 

ship is considered to be a single deck 

ship, with machinery aft, having longitu-

dinal bulkheads separating the centre ore 

compartment from the wing tanks and a 

double bottom throughout the entire 

breadth of the ship or the centre part be-

tween the longitudinal bulkheads. 

3.4.1.4 Descriptive notation and 

distinguishing mark (ESP). 

3.4.1.4.1 The descriptive notation Ore 

carrier and the distinguishing mark 

(ESP) shall be assigned to sea-going self-

propelled single deck ships having two 

longitudinal bulkheads and a double bot-

tom throughout the cargo region and in-

tended for the carriage of ore cargoes in 

the center holds only. A typical midship 

section is given in Fig.3.4.1.4.1.  

3.4.1.4.2 ñCombination carrierò is a 

general term applied to ships intended for 

the carriage of both oil and dry cargoes in 

bulk; these cargoes are not carried simul-

taneously, with the exception of oil re-

tained in slop tank. 

 
Fig. 3.4.1.4.1. 

3.4.1.4.3 The descriptive notation 

Ore/Oil carrier  and the distinguishing 

mark (ESP) shall be assigned to sea-

going self-propelled single deck ships 

having two longitudinal bulkheads and a 

double bottom throughout the cargo re-

gion and intended for the carriage of ore 

cargoes in the centre holds or of oil car-

goes in centre holds and wing tanks. 

Typical midship sections are given in 

Fig. 3.4.1.4.3. 
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Fig. 3.4.1.4.3.

 

3.4.2 Construction. 

3.4.2.1 The deck and bottom (double 

bottom) shall be longitudinally framed. 

The side shell and longitudinal bulkheads 

may, in general, be framed either longitu-

dinally or transversely. Deck plating be-

tween end coamings of adjacent cargo 

hatches shall be strengthened by trans-

verse stiffeners as required by 3.3.2.1.  

Transverse bulkheads may be plane 

with stiffeners arranged vertically, corru-

gated with vertical corrugations or of a 

cofferdam type. 

3.4.2.2 Floors in the centre hold and 

in the wing tanks shall be aligned and to 

form, in conjunction with side trans-

verses, vertical webs of longitudinal 

bulkheads and deck transverses, a single 

transverse ring structure. 

3.4.2.3 Where transverse bulkheads 

in the wing tanks are not aligned with 

centre hold bulkheads, transverse ring 

structures shall be fitted in line with the 

latter bulkheads.  

In this case, provision shall be made 

in the wing tanks for a smooth tapering of 

the sloped bulkheads of trapezoidal stools 

fitted under centre hold bulkheads. 

3.4.2.4 Longitudinal bulkheads shall, 

in general, be plane with horizontal or 

vertical stiffening. Longitudinal bulk-

heads may be slightly sloped or to have a 

knuckle. 

3.4.2.5 Where a double bottom in 

wing tanks is omitted, floors shall be 

backed by substantial knees or brackets 

fitted in line with the inner bottom plat-

ing of the centre hold. 

3.4.2.6 Diaphragms shall be fitted 

in line with the longitudinal bulkheads 

inside the bottom trapezoidal stools and 

top stools of rectangular or trapezoidal 

sections. The diaphragms of the bottom 

stools shall comply with the require-

ments of 3.3.2.10.3, the diaphragms of 

the top stools ð with the requirements 

for the topside tank bulkheads as speci-

fied in 3.3.2.3. 

3.4.3 Design loads. 

3.4.3.1 The design pressure on the 

centre hold boundary structures shall be 

determined according to 1.3.4.3 assum-

ing that the centre hold is loaded with 

ore or other heavy bulk cargo. 

3.4.3.2 Structures which are likely 

to be subjected to one-sided pressure of 

a liquid cargo (ballast water) shall be 

examined for the design pressure of the 

liquid cargo as required by 1.3.4.2. 

3.4.4 Scantlings of structural 

members.  

3.4.4.1 The scantlings of structural 

members of the cargo spaces intended 

only for the carriage of bulk cargoes or 

bulk cargoes and oil, oil products or 

water ballast shall comply with the re-

quirements of Section 2 and 3.3.4. 
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The scantlings of structural members 

of the cargo spaces intended only for the 

carriage of oil, oil products or water bal-

last shall comply with the requirements of 

Section 2 and 3.5.4. 

3.4.4.2 The scantlings of longitudi-

nal bulkhead members shall comply with 

the requirements of 2.7.4 at the design 

pressure defined in 3.4.3. 

In any case, the thickness of longitu-

dinal bulkhead plating shall not be less 

than that required by Formula (3.3.4.5.1) 

or, where oil, oil products or water ballast 

is carried in any compartment bounded 

by that bulkhead, it shall be not less than 

that required by 3.5.4, whichever is the 

greater. 

3.4.4.3 The scantlings of structural 

items of diaphragms of transverse bulk-

head bottom trapezoidal stool, fitted in 

line with the longitudinal bulkheads, shall 

comply with the requirements of 

3.3.4.7.3. 

3.4.4.4 The scantlings of structural 

items of diaphragms of transverse bulk-

head top stool, fitted in line with longitu-

dinal bulkheads, shall comply with the 

requirements of 3.3.4.5.5 for the trans-

verse bulkheads inside the topside tanks. 

3.4.5 Special requirements. 

3.4.5.1  Al l ore carriers shall have the 

forecastle located above the freeboard 

deck. The forecastle arrangement and 

dimensions, as well as the thickness and 

scantlings of stiffeners and plate elements 

of cargo hatch coamings shall meet the 

requirements of  3.3.5.4. 

3.5 TANKERS 

3.5.1 General. 

3.5.1.1 The requirements of this 

Chapter apply to tankers, chemical tank-

ers, as well as to oil recovery ships and 

gas carriers, as applicable, with machin-

ery aft, having a single or a double bot-

tom arrangement and one, two or three 

longitudinal bulkheads. Hull structural 

members of tankers not covered by this 

Chapter shall comply with the require-

ments of Sections 1 and 2. 

Double hull oil tankers of 150 m in 

length and above shall comply with the 

requirements of 1.1.1.1. 

3.5.1.2 Descriptive notation 

and distinguishing mark (ESP). 

  3.5.1.2.1 The descriptive notation 

Oil tanker  and the distinguishing mark 

(ESP) shall be assigned to sea-going 

self-propelled ships having integral 

tanks and intended for the carriage of 

oil in bulk. The above mentioned de-

scriptive notation and distinguishing 

mark shall be assigned to tankers of 

both single and double skin side con-

struction, as well as tankers with alter-

native structural arrangements, e.g. mid-

deck designs.  

Typical midship sections are given 

in Fig. 3.5.1.2.1. 

3.5.1.2.2 The descriptive notation 

Chemical tanker and the distinguishing 

mark (ESP) shall be assigned to sea-

going self-propelled ships having inte-

gral tanks intended for the carriage of 

chemicals in bulk. This descriptive no-

tation shall be assigned to tankers of 

both single or double skin side construc-

tion, as well as tankers with alternative 

structural arrangements.  

Typical midship sections are given 

in Fig. 3.5.1.2.2. 

3.5.2 Construction. 

3.5.2.1 The scantlings of the cof-

ferdams shall be determined according 

to 2.7.5.5. 

3.5.2.2 Longitudinal corrugated 
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bulkheads are permitted in ships under 

180 m in length.  

Longitudinal corrugated bulkheads 

shall have horizontally arranged corruga-

tions, and their upper and lower strakes 

for 0,1D from the deck and bottom, re-

spectively, shall be plane.  

In way of connections between lon-

gitudinal and transverse bulkheads, conti-

nuity of strength shall be maintained at 

the top and bottom strakes of the longitu-

dinal bulkheads.  

3.5.2.3 The deck and bottom in the 

cargo tank region shall be framed longi-

tudinally, for the side shell and longitudi-

nal bulkheads, longitudinal or trans-

verse framing may be adopted. The 

deck and bottom of ships under 80 m in 

length may be transversely framed. It is 

recommended that longitudinal framing 

be used for side shell and longitudinal 

bulkheads of ships over 180 m in 

length. Where the longitudinal framing 

is adopted, spacing of transverse mem-

bers shall correspond to that of bottom 

transverses (refer to 2.3.2.4 and 2.4.2.5). 

 

  

 

Fig. 3.5.1.2.1. 
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Fig. 3.5.1.2.2. 

3.5.2.4 The longitudinal scantlings 

of deck, bottom, side shell and longitudi-

nal bulkheads within the midship portion 

of the ship shall not vary. Structural con-

tinuity of the above longitudinals shall be 

ensured within  0,1D from deck and bot-

tom. 

In ships of 150 m in length and 

more, the above longitudinals shall pass 

through the transverse bulkheads without 

cutting. 

3.5.2.5 The primary supporting 

members (bottom centreline girder, side 

girders, vertical webs on bulkheads, deck 

centreline girder, continuous deck girders, 

side and bottom transverses, side stringers 

and bulkhead horizontal girders) in way of 

cargo tanks shall form a transverse ring 

structure, whenever possible. 

3.5.2.6 Hull structural members 

shall be interconnected as required by 

1.7.2. The webs of primary supporting 

members shall be supported by horizontal 

or vertical stiffeners in accordance with 

1.7.3.2. The inertia moment of stiffeners 

shall comply with 1.6.5.6. 

3.5.3 Design loads.  

Unless provided otherwise in this 

Chapter, the design loads on hull struc-

tures of tankers shall be taken according 

to 1.3 and relevant chapters of Section 2. 

3.5.4 Scantlings of structural 

members. 

The scantlings of structural mem-

bers of tankers shall be determined in 

compliance with Section 2, having regard 

to the provisions of this Chapter.  

The thickness smin, in mm, of struc-

tural members, forming the boundaries of 

cargo and ballast tanks as well as mem-

bers fitted inside these tanks shall not be 

less than: 

smin = 0,035L + 5,5   for L < 80 m; 

smin = 0,02L + 6,7    for  L ² 80 m. 

Where  L >290 m L shall be taken 

equal to 290 m.  

In this case, the minimum thickness 

of the primary members need not exceed 

11,5 mm. 

3.5.5 Special requirements. 

3.5.5.1 The number of openings for 

access to cofferdams, pump rooms, cargo 

and ballast tanks shall be kept to the min-

imum required. They shall be as far dis-

tant as practicable from end bulkheads of 

superstructures. Hatches to wing tanks in 

line with a centre tank hatch in the 

athwart direction are not permitted. 

Hatch openings shall be either circu-

lar or elliptical in shape, the elliptical 

openings having the major axis fore and 

aft. Structural continuity of deck girders 

and longitudinals shall be maintained. 

The thickness of cargo hatch coamings 

less than 750 mm high shall be 10 mm, 

while coamings 750 mm and more in 

height shall have a thickness equal to 12 

mm. Coamings more than 750 mm in 

height, provided they are more than 1,25 

m long, shall be stiffened. 

3.5.5.2 Guard rails, bulwark, gang-

way or an equivalent arrangement shall be 

fitted in compliance with 8.6, Part II I 

"Equipment, Arrangements and Outfit". 

The gangway, if fitted, shall not contribute 

to hull longitudinal bending. 

3.5.5.3 The requirements of this 

paragraph shall apply to tankers with 

length L < 80 m.  

In the presence of a chest, the deck 

modulus according to 1.4.5 applies to the 

chest deck. 
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Closed transverse frames are to be 

installed in the area of cargo tanks with 

longitudinal framing system (with 

transverse system, if the distance 

between transverse bulkheads exceeds 10 

m). The distance between the transverse 

frames ʘ, in m, shall not be greater than 

determined by the formula 

ʘ = 0,0125L + 2,75. 

The length l, in m, of any cargo tank 

shall not be greater than:  

when two longitudinal bulkheads are 

installed 

l = 0,1L + 7; 

when one longitudinal bulkhead is 

installed within the centre line 

l = 0,1L + 4. 

With transverse framing system and 

depth D > 6 m the side stringer is to be 

installed approximately in the middle of 

its height. The primary supporting mem-

bers section modulus with transverse 

framing is not to be less than 85 % of the 

required with longitudinal framing. 

The scantlings of the side stringer 

elements are taken equal to the 

appropriate scantlings of a web frame. 

When determining the web frame and 

floor section modulus the design spans 

shall not be taken less than 2 m. 

The transverse primary supporting 

members modulus may be reduced by 20 

per cent when frame beams are installed. 

Wash plate within the centre line 

may not be fitted. The design and scant-

lings of the dry cargo ships center girder 

shall comply with 2.3. 

3.6 VESSELS OF DREDGING 

FLEET   

3.6.1 General. 

3.6.1.1 The requirements of this 

Chapter apply to the hulls of the vessels 

of dredging fleet and floating cranes. Ar-

eas where such ships operate and/or 

transport spoil are called work areas. The 

transfer of the ship from one work area to 

another is called a voyage. 

3.6.1.2 Vessels of dredging fleet in-

clude: 

d r e d g e r ï are self-propelled or 

non-self-propelled ships designed to op-

erate for the purpose of raising the soil 

(silt, sand, gravel, clay, etc.) using any 

dredging gear (buckets, suction pipes, 

grabs, etc.) and having no spaces where 

the soil may be stored or transported; 

h o p p e r d r e d g e r s are self-propelled 

ships having dredging gear for raising the 

soil and one or two hoppers where the 

spoil may be stored ortransported; 

h o p p e r b a r g e s are self-

propelled or non-propelled ships de-

signed only for transportation of the soil, 

but having no dredging gear. They can be 

single-hulled or double-hulled capable of 

opening; 

f l o a t i n g c r a n e s ( c r a n e 

s h i p s)  refer for the definition to 1.1 of 

General Regulation for the Supervision. 

3.6.1.3 ion"). 3.6.1.3 The basic 

structural configuration of a vessel of 

dredging fleet, considered in this Chap-

ter, is a single-deck vessel with ordinary 

ship lines or of a pontoon shape, having a 

ladder well or other hull cutouts.  

The pontoon hull shape may be used 

only in vessels of restricted service R2, 

R2-RS, R2-S, R3-RS, R3-S, R3-IN and 

R3.  

Use of a pontoon hull in vessels of 
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restricted service R1 and of unrestricted 

service shall be specially considered by 

the Register. 

3.6.1.4 The requirements of this 

Chapter apply to dredgers, single-hulled 

and opening double-hulled hopper dredg-

ers and hopper barges, floating cranes 

and crane ships. 

3.6.1.5 In opening hopper dredgers 

and hopper barges, subject to the Register 

supervision are deck and deckhouse 

hinges, hydraulic presses and their hull 

connections as well as longitudinal and 

transverse structures between the hulls 

and deckhouses. 

3.6.1.6 For the purpose of this Chap-

ter the following symbols have been 

adopted: 

d1 ï maximum dredging draught, in 

m, at which the vessel is designed to op-

erate; 

d2 ï draught during sea voyage, in 

m; 

D ï displacement at the draught d1 or 

d2, in t; 

Dl ï light-ship displacement without 

spoil mixture, in t; 

lh ï full length of the hopper, in m;  

hl.cr. ï depth of a hopper lower cross-

member, in m; 

ll .cr. ï hopper lower cross-member 

span measured at mid-depth between 

longitudinal bulkheads of the hopper, in 

m; 

ʅ1 ï distance from the mid-depth of 

the hopper lower cross-member to the 

deck at side, in m;  

ʅ2 ï distance from the base line to 

the upper edge of the coaming, in m; 

hc ï coaming height above the deck 

line at side, in m; 

ɺ2 ï distance between the side shell 

and the longitudinal bulkhead at mid-

depth of a hopper lower cross-member, in 

m; 

ɺ3 ï distance between the side shell 

and the longitudinal bulkhead at the deck 

level, in m; 

Qs ï maximum mass of the spoil 

mixture in the hopper, in t; 

rs ï density of spoil mixture, de-

fined as a ratio of the spoil mass in the 

hopper at the maximum draught d1 to the 

hopper volume up to the level of over-

flow or to the upper edge of the hopper 

coaming where there is no overflow, in 

t/m3; it shall not be taken more than 1,8; 

ɸb.k.., ɸl.cr. ï areas enveloped in the 

contour of the centre line box keel, hop-

per lower cross-member, respectively, in 

m2; where the centre line keel and/or a 

hopper lower cross-member are an ordi-

nary girder (web with a face plate), it is 

assumed that         ɸb.k. = ɸl.cr = 0; 

bb.k. ï centre line box keel width at 

lower portion, in m; 

bb ï bottom breadth from the side 

shell to the point of intersection of the 

hopper longitudinal bulkhead with the 

bottom, in m; 

bf.p. ï width of the coaming upper 

face plate, in m; 

ʘ ï spacing of frames, hopper side 

stiffeners, longitudinals, in m; 

b ï spacing of transverse ring struc-

tures, in m; 

l1, l2 ï length of the upper and lower 

face plate of the hopper lower cross-

member, measured from the hopper lon-

gitudinal bulkhead to the centre line box 

keel, in m; 

Rup.cr., Rl.cr.ï axial force acting on the 

hopper upper and lower cross-member, 

respectively, in kN; 

N ï design axial force, in kN.  

Ds  - corrosion allowance, in mm, 
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for plate thickness (refer to 1.1.5.1); 

ɤkï factor taking corrosion allow-

ance into account with regard to the sec-

tion modulus of members (refer to 

1.1.5.3). 

Some of the symbols are shown in 

Fig. 3.6.1.6. 

 3.6.2 Construction. 

3.6.2.1 Main hull structures shall 

comply with the requirements of Section 

2, having regard to the provisions and 

additions given in this Chapter. 

Referred to the particular structures 

of vessels of dredging fleet are:  

hopper longitudinal and transverse 

bulkheads;  

hopper lower and upper cross-

members; 

centre line box keels, hopper coam-

ings;  

diaphragms and transverse ring 

structures in buoyancy spaces (refer to 

3.6.2.11). 

 

 

Fig. 3.6.1.6: 
1 ï centre line box keel, 2 ï hopper lower cross member, 3 ï hopper upper cross member, 

4 ï stay of coaming, 5 ï diaphragm 

For floating cranes strengthening 

shall be provided of the pontoon hull be-

neath the fixed crane tower supporting 

the upper crane structure, this strengthen-

ing including the crane tub, the bulkhead 

cross and the bearing contour (refer to 

Fig. 3.6.2.1).  

Other construction of the pontoon 

strengthening in way of the tower shall 

be specially considered by the Register.. 

3.6.2.2 Shell plating: 

.1 Corners of hopper and well open-

ings in the bottom plating shall be round-

ed and insert plates, the dimensions of 

which shall be approved by the Register, 

shall be fitted at the corners.. 

.2 The cutting of overflow discharge 

trunk openings in the sheerstrake shall be 
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avoided wherever practicable. Where 

such openings cannot be dispensed with, 

their upper edge shall not be within 800 

mm of the deck line at side. They shall 

have corner radii of not less than 150 

mm. 

 
Fig.3.6.2.1: 

1 ï bulkhead of the cross, 

2 ï fixed crane tower, 3 ï ʙʘʨʘʙʘ tub, 

 4 ï upper deck; 5 ð bottom; 6 ð bulkheads 

of the bearing contour 

.3 Angular connection of the side 

shell plating or longitudinal bulkhead of 

the well with the bottom plating shall be 

made by means of section steel (rod, bar). 

3.6.2.3 Single bottom: 

.1 The bottom centre girder in way 

of the hopper and well of hopper dredg-

ers shall not be fitted. 

.2 The depth of floors abreast of 

hoppers in hopper dredgers and barges 

with transverse framing and abreast of 

dredging wells in hopper dredgers shall 

not be less than 1/8ɺ1. 

The breadth ɺ1 is taken: 

in way of the hopper, equal to the 

breadth of the vessel after deducting the 

breadth of the hopper at bottom, but not 

less than 0,6ɺ; 

in way of the well, equal to the 

breadth of the vessel after deducting the 

breadth of the well. 

.3 Side girders shall be fitted in side 

buoyancy tanks of hopper dredgers and 

hopper barges where the tank width be-

tween the vessel's side and the longitudi-

nal bulkhead exceeds 3,5 m in transverse-

ly framed vessels, and 4 m in longitudi-

nally framed vessels.  

Side girders in opening hopper barg-

es may be omitted. 

.4 In the pump rooms of hopper 

dredgers, the bottom framing shall be 

identical to that of the engine room.  

In the area where soil pumps are lo-

cated, the depth of floors and side girders 

may be reduced with the required section 

modulus and web area being maintained. 

Otherwise a calculation proving the 

strength of the bottom grillage in the re-

gion concerned shall be submitted to the 

Register. 

.5 In floating cranes plate floors 

shall be fitted at every frame within 0,2L 

from the forward perpendicular over the 

entire breadth of the hull and additional 

bottom transverses or longitudinals 

spaced not more than 0,35 m apart shall 

be fitted. 

3.6.2.4 Double bottom: 

.1 In lieu of the bottom centre girder, 

two side girders may be fitted on each 

side of ship's centre line at a distance not 

exceeding 1 m from each other and pass-

ing into the webs of the centre line box 

keel or into the well sides (refer to Fig. 

3.6.2.4.1). 

.2 Additional side girders extending 

over a distance of not less than three 

spacings from the end of the bracket shall 

be fitted in the double bottom under the 

lower brackets of longitudinal bulkheads 

of the hopper space or the well and under 

the brackets of the centre line box keel. 
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Fig. 3.6.2.4.1: 

1 ð after peak; 2 ð centre line box keel; 3 ð fore peak; 4 ð hopper space 

3.6.2.5 Side framing: 

.1 In floating cranes, hopper dredg-

ers designed to work in conjunction with 

hopper barges, and in hopper barges, the 

side framing shall be reinforced as fol-

lows:  

two rows of efficient fenders, one 

fitted at the deck level or 200 mm below 

it, the other 200 to 300 mm above the 

lowest operating waterline amidships;  

the upper and lower fenders in hop-

per dredgers shall be connected by verti-

cal fenders fitted in line with frames;  

it is recommended that a side string-

er required by 2.5.4.4 which shall be tak-

en into account in determining the scant-

lings of the frames or an intercostal side 

stringer be fitted at a level of the lower 

fender. 

.2 In floating cranes the strengthen-

ing of the side framing within 0,2L from 

the forward perpendicular shall comply 

with the requirements of 3.6.2.8. Web 

frames shall be spaced not more than four 

spacings apart. 

.3 In floating cranes, intermediate 

frames of the same scantlings as the main 

frames shall be fitted in the fore peak and 

in areas extending forward for 0,1L from 

the stern transom and inboard for 0,1ɺ 

over the entire depth. The extension and 

end attachments of intermediate frames 

shall comply with the requirements of 

3.10. 

3.6.2.6 Decks and platforms: 

.1 Corners of openings in the deck 

plating in way of the hopper and the well 

shall be rounded. Insert plates, the di-

mensions of which shall be approved by 

the Register, shall be fitted at the corners. 

.2 In hopper side buoyancy spaces, 

the hopper lower cross members shall be 

fitted in line with the web frames unless 

partial bulkheads are fitted. 
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3.6.2.7 Watertight bulkheads: 

.1 Bulkheads forming the ends of the 

hopper shall extend from side to side. 

.2 In bucket dredgers, protective 

bulkheads shall be provided parallel to 

the well sides at a distance of not less 

than 600 mm from them.  

The extension of protective bulk-

heads shall be such as to prevent the ship 

from flooding in case of damage to the 

shell plating by objects brought up in the 

dredge buckets.  

A protective bulkhead shall be also 

provided at the end of the well. The 

scantlings of framing members and the 

plating thickness of the protective bulk-

heads shall be determined as for perma-

nent watertight bulkheads of dry cargo 

ships. The framing inside the cofferdam 

formed by the well side and the protec-

tive bulkhead may consist of brackets 

with openings cut therein. Cofferdams 

shall have access openings for mainte-

nance. 

.3 Bulkheads forming the ladder 

well in hopper dredgers shall be protect-

ed against possible damage by the ladder 

when moved. 

.4 Longitudinal bulkheads of the 

hopper and well sides shall terminate at 

deck and bottom in brackets. The length 

of the arms of the brackets shall not be 

less than 0,25D, and their thickness shall 

not be less than the plating thickness of 

the longitudinal bulkhead. The brackets 

shall be strengthened with stiffeners and 

to have a face plate over the free edge. 

The top bracket shall be extended by a 

deck girder, the bottom bracket by a side 

girder for at least three spacings beyond 

the bracket end. 

.5 In floating cranes the bulkheads 

forming the cross shall be rigidly con-

nected with the bulkheads forming the 

bearing contour. These bulkheads shall 

be carried to the nearest transverse and 

longitudinal bulkheads (sides, transoms). 

3.6.2.8 In ships with a pontoon 

shape of the forward and after ends, the 

following structural requirements shall be 

fulfilled: 

.1 the fore and after peak bulkheads 

shall be fitted at a distance of 0,1L from 

the forward and after transoms, but not 

less than one spacing from the line con-

necting the raked part and flat of the bot-

tom. 

.2 frame spacing in peaks shall be 

not more than 550 mm. 

.3 the bottom framing within 0,15L 

from the forward and after perpendiculars 

shall consist of plate floors fitted at every 

frame, with side girder spaced not more 

than 1 m apart. 

The scantlings of floors and side 

girders shall be determined as for the 

midship region. 

.4 the side framing within 0,2L from 

the forward and after perpendiculars shall 

be strengthened with web frames and 

side stringers.  

The web frames shall be fitted not 

more than three or four spacings.  

The side stringers shall be fitted so 

that the distance between the side string-

ers measured over the vessel's side in 

way of the floor nearest to the fore peak 

bulkhead, the distance from the side 

stringer to the upper edge of the floor, as 

well as from the side stringer to the deck 

is not more than 2 m. 

The scantlings of main frames fitted 

between the web frames shall comply 

with the requirements of 3.6.4.7 as for 

the midship region where side stringers 

are not provided. 
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The side stringers shall have the 

same scantlings as the web frames and 

terminate at the bulkhead or at the web 

frame (refer to 2.5.4.7.2).  

Construction and end attachments of 

the web frames shall comply with the 

requirements of 2.5.5. 

.5 the transom bulkheads shall be 

strengthened with vertical stiffeners 

spaced not more than 0,5 m apart, and 

with horizontal girders arranged at the 

side stringer level.  

Vertical webs shall be fitted in line 

with side girders. The scantlings of the 

vertical webs and horizontal girders shall 

be the same as those of web frames and 

side stringers in the fore peak. The scant-

lings of vertical stiffeners shall be the 

same as those of the frames. The attach-

ments of stiffener ends with brackets 

shall comply with the requirements of 

2.7.2 for watertight bulkheads. 

3.6.2.9 Structural requirements for 

hull members of opening vessels: 

.1 Opening vessels consist of two 

separate semihulls with asymmetrical 

lines, connected by hinges positioned 

above the deck at the ends of the hopper. 

When discharging the spoil, the semi-

hulls are opened about a common longi-

tudinal axis on the centreline of the ship 

by means of hydraulic devices. The struc-

ture of each semi-hull shall comply with 

the requirements of Section 2 with due 

regard for 3.6.2; transverse or longitudi-

nal or both framing systems may be 

adopted. In hopper side buoyancy tanks 

transverse ring structures spaced as re-

quired by 3.6.2.11.1 shall be fitted. 

.2 Where hinges are installed in 

opening hopper dredgers and hopper 

barges, deck plating and framing shall be 

strengthened. Hinge eyes shall pierce the 

decks. 

.3 Stops shall be fitted in the open-

ing vessels between semi-hulls forward 

and aft from the hopper space. The stops 

shall be arranged at the levels of the bot-

tom and the deck and shall prevent the 

hulls from displacement relative to one 

another.. 

.4 Scantlings of brackets connecting 

framing members of each semi-hull shall 

comply with the requirements 

of3.6.2.11.3. 

.5 Longitudinal bulkheads and 

coamings of the hopper shall be extended 

with brackets as required by 3.6.2.7.4 and 

3.6.2.11.7. 

3.6.2.10 Fixing of dredging gear: 

.1 Hull framing shall be strength-

ened in way of the main and ladder gal-

lows.  

The stanchions of the ladder gallows 

may terminate at the deck. In such case, 

pillars, vertical webs or other equivalent 

structures shall be provided under the 

stanchions or longitudinal and transverse 

bulkheads shall be fitted.  

The stanchions of the main gallows 

shall extend to the bottom and be effi-

ciently connected with longitudinal and 

transverse framing, otherwise transverse 

bulkheads shall be fitted under the stan-

chions. 

.2 In way of grab crane, spuds and 

other dredging gear adequate strengthen-

ing shall be provided. 

3.6.2.11 Specific structures: 

.1 Whatever the hull framing of sin-

glehull hopper dredgers and barges in 

way of the hopper is adopted, transverse 

ring structures consisting of the following 

items shall be fitted: 

solid platforms or ring structures in 

the side buoyancy spaces and centre line 
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box keel;  

a lower cross member in the bottom 

part of the hopper, connecting the centre 

line box keel with longitudinal bulkheads 

of the hopper; 

an upper cross member inside the 

hopper at a level of the main deck and 

upper edge of the coaming where its 

height more than 0,2 m (where the re-

quirements of 3.6.4.11.10 are complied 

with, upper cross members need not be 

fitted);  

vertical webs on the hopper 

coaming. 

The maximum distance between 

transverse ring structures shall not be less 

than b = (0,012L + 2,9) m. 

.2 The construction of diaphragms 

shall comply with the requirements of 

2.5.2.2. Diaphragms which are more than 

1 m in width shall be strengthened by 

vertical and horizontal stiffeners. Where 

longitudinal framing is adopted, horizon-

tal stiffeners shall be fitted in line with 

side and bulkhead longitudinals. In lieu 

of the diaphragms watertight (nontight) 

bulkheads complying with the require-

ments of 2.7.2 may be used. 

.3 The transverse ring structure in 

the side buoyancy space, fitted in lieu of 

the diaphragm, shall consist of side shell, 

bulkhead, bottom and deck transverses. 

The longitudinal bulkhead and side shell 

transverses shall be connected by means 

of cross ties which shall be so positioned 

that the distance between them, between 

a cross tie and a bottom or deck trans-

verse is not more than 3 m. In lieu of the 

cross ties, use may be made of braces 

connecting a bulkhead transverse with a 

bilge or deck transverse bracket. Where 

platforms are fitted in side buoyancy 

spaces at the same distance as cross ties, 

cross ties and braces may be omitted.  

The brackets connecting transverse 

ring structure items in the side buoyancy 

space shall have the length of the arms 

not less than one-twelfth of the greater 

span of the connected members. The free 

edge of the bracket shall have a face plate 

of the same width as that of the face plate 

of the greater member connected. The 

bracket thickness shall be equal to the 

web thickness of the greater member 

connected. 

.4 Hopper lower cross members may 

consist of a web with openings and face 

plates provided on the upper and lower 

edges or may take the form of a hollow 

box, generally of triangular crosssection.  

The web thickness of the hopper 

lower cross member shall be taken equal 

to the plating thickness of the hopper 

longitudinal bulkheads at the correspond-

ing level.  

A cross member web shall be 

strengthened with stiffeners spaced 900 

mm apart. 

The upper face plate of the hopper 

lower cross member shall be made of a 

tube, section, round or flat bar, the lower 

face plate shall be fabricated of a flat bar 

having a thickness not less than that of 

the bottom plating.  

The hopper lower cross members 

shall be connected with the hopper longi-

tudinal bulkhead and centre line box keel 

by brackets having length of the arms 

equal to one-tenth of the length of the 

cross member upper face plate. The 

thickness of brackets shall be taken equal 

to the thickness of the cross member 

web. Where the depth of the cross mem-

ber and centre line box keel is the same, 

brackets on the centre keel need not be 

fitted. The structure of boxtype cross 
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members is similar to that of the centre 

box keel. Where cross members are of a 

box shape, their lower and upper face 

plates shall be welded to the plating of 

the buoyancy spaces and centre line box 

keel. 

.5 The centre line box keel fitted in 

the hopper is generally fabricated as a 

closed box structure. The plating thick-

ness of the sides shall be equal to that of 

hopper longitudinal bulkheads at the cor-

responding level, but not less than 8 mm 

for vessels of 60 m in length and less 

than 10 mm for vessels of more than 60 

m in length. The thickness of the centre 

line keel bottom strake shall be not less 

than that of the plate keel. Where the 

transverse framing is adopted, the stiff-

eners in the upper part of the centre line 

box keel shall be connected with brack-

ets, the thickness of which shall be not 

less than that of the floor and height not 

less than 2,5 times the depth of the stiff-

ener web. 

Where the breadth of the centre line 

box keel at bottom exceeds 1 m, but not 

more than 2 m, a bottom longitudinal 

shall be fitted on centre line box keel bot-

tom, the depth of which shall be equal to 

half the floor depth. Where the breadth of 

the centre line keel is more than 2 m, an 

intercostal side girder having the same 

scantlings as the floor shall be fitted in 

lieu of the above longitudinal. The scant-

lings of floors are assumed the same as 

those of floors fitted in correspondingly 

framed buoyancy spaces. 

On the top, the centre line box keel 

shall terminate in a bar, or an angle, or a 

cover plate, the thickness of which shall 

be equal to that of the centre line box 

keel.  

The centre line box keel sides shall 

extend beyond the hopper transverse 

bulkheads by brackets, the arm lengths of 

which shall be equal to the depth of the 

centre line box keel, and the thickness 

equal to that of the centre line box keel 

side. 

.6 The upper cross members of the 

hopper space may consist of a web with 

openings and face plates on the upper and 

lower edges or be fabricated in the form 

of a hollow box generally of a triangular 

or another cross-section.  

It is recommended that the upper 

cross members be attached to the hopper 

longitudinal bulkhead by brackets the 

arm lengths of which shall be equal to the 

depth of the upper cross member, and the 

thickness to its web thickness.  

The upper cross members shall be 

connected to the centre line box keel by 

pillars, where such a keel is fitted. 

.7 The hopper coaming may be 

transversely or longitudinally framed. 

The upper edge of the coaming shall be 

stiffened with a face plate having a width 

not less than one-tenth of the coaming 

height and a thickness not less than a 

coaming thickness.  

In case of longitudinal framing, the 

coaming shall be strengthened by longi-

tudinals spaced not more than 900 mm 

apart. 

In case of transverse framing, verti-

cal stiffeners shall be fitted between stays 

at every frame.  

The hopper side coamings shall be 

extended beyond the hopper ends by the 

brackets for a distance equal to 1,5 times 

the coaming height. Deck girders extend-

ing not less than three frame spaces from 

a bracket end shall be fitted under the 

brackets. 

.8 In floating cranes, the tub plating 
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shall not be cut at the upper deck. No 

horizontal welds are permitted in the tub 

plating within the area extending for  

0,2h up and down from the upper deck 

(where  h ï is the distance between the 

bottom and the upper deck in way of the 

tub position). 

.9 Diaphragms shall be fitted inside 

the crane tub in line with the upper deck 

and platform. 

.10 For outer plating of specific 

structures 20 mm and more in thickness 

in way of the hopper steel of not lower 

than grade D shall be utilized. Use of 

plates having a thickness 50 mm and 

more is subject to special consideration 

by the Register. 

3.6.3 Design loads. 

3.6.3.1 Design loads on the main 

hull structures shall be determined in 

compliance with Sections 1 and 2 at 

draughts d1, d2 and the wave coefficient 

ʩw under dredging conditions and during 

voyage. For dredging conditions, the 

wave coefficient wc , shall not be taken 

greater than 

( )1ʢ2 dhDcw -+= . (3.6.3.1) 

3.6.3.2 The maximum value of the 

design load for vessel's extremities dur-

ing voyages shall be obtained as required 

by 2.8.3 using the draught at the section 

0,1L ʚʽʜ ʥʦʩʦʚʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ. 

from the forward perpendicular. For the 

transom bulkhead anglesaʭ = 0 and bʭ = 

90Ü are assumed. 

3.6.3.3 The design bending moments 

and shear forces in vessels of dredging 

fleet havingL ² 60 0m shall be deter-

mined for voyage and for dredging con-

ditions. 

ɼ For voyage the hopper space is 

considered to be filled with water up to 

the effective waterline (or empty if such 

case is possible), stores and outfit are 

taken as 100 per cent, all gear being 

stowed for sea. 

For the case of dredging operations, 

the hopper space is considered to be 

filled with homogeneous soil up to the 

upper overflow level (coaming), there are 

no stores on board, the draught is equal to 

d1, gear being stowed for sea. 

Wave bending moments and shear 

forces shall be determined as required by 

1.4.4. 

3.6.3.4 Opening vessels: 

.1 In opening vessels, still water and 

wave bending moment is created both by 

vertical and horizontal forces. Bending 

moments are calculated first in vGu, co-

ordinate system and then recalculated for 

the basic inertia axes  ʭ and and y of each 

semi-hull (refer to Fig. 3.6.3.4.1). A fully 

loaded hopper space at the maximum 

draught of the vessel is taken as a design 

case. Bending of each semi-hull hopper is 

considered separately. Deck hinges and 

hydraulic cylinders are assumed to be 

supports located at the hopper ends.  

Besides, the following cases are 

considered:  

sailing in the work area with soil in 

the hopper, dredging gear stowed for sea;  

voyage with water in the hopper 

space or in the ballast condition (the hop-

per is empty, wherever practicable).  

Stores and outfit are taken in full, all 

gear stowed for sea. 

.2 The type of supporting structures 

and the clearance between two semi-hulls 

in the fore and aft ends of the hopper 

space determine the conditions of hori-

zontal moments calculation. 

Where supporting structures fitted at 
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the deck or bottom level forward or aft of 

the hopper space provide the absence of 

any clearance between the semi-hulls, 

and the length of the supporting struc-

tures creates adequate fixing against the 

horizontal forces acting athwart the hop-

per space, the horizontal force calculation 

is made assuming that a semi-hull is rig-

idly restrained at each hopper end.  

Otherwise a semi-hull is considered 

to be freely supported. 

 

 
Fig. 3.6.3.4.1 

1 ï hinges; 2 ð hopper space 

.3 Vertical loads.  

The vertical bending moment at any sec-

tion Mv, in kN-m, acting on each semi-

hull shall be determined by the formula 

Mv = 0,5(ʄsw + ʄw),   (3.6.3.4.3) 

where  ʄsw ï still water bending moment to be 

obtained by load integration of the vessel with 

connected hulls for loading conditions referred to 

in 3.6.3.4.1, in kNm; 

ʄw ï wave bending moment for the vessel 

with connected hulls, to be determined as required 

by 1.4.4., in kN-m. 

Vertical moments are considered posi-

tive in case of hogging and negative in case 

of sagging. 

.4 Horizontal loads.   

The horizontal bending moment Mhi, in 

kNĀm, acting on each semi-hull at the sec-

tions taken in the middle and at ends of the 

hopper space shall be determined by the 

formula 

Mhi = ʄswhi+ʄwhi, (3.6.3.4.4-1) 

where  ʄswhi, ʄwhi ï horizontal still water and 

wave bending moments at the section under con-

sideration, respectively, in kNĀm. 

Horizontal moments are considered 

positive where the outer side of one semi-

hull is subjected to tensile stresses.  

The horizontal moment acting on a 

semi-hull depends on the fixing used at 

the ends of the hopper space.  

Where a semi-hull is considered rig-

idly fixed at the ends of the hopper space, 

the horizontal moment shall be deter-

mined using the following formulae: 

in still water:  

at the section taken in the middle of 

the hopper space
2
ʪ10,0 plM swh= ;

 (3.6.3.4.4-2) 

at the hopper end sections 

2
ʪ10,0 plM swh -=¡ , (3.6.3.4.4-3) 

where ( )2
1

2
2ʛʨ5,0 dHgp r-r=  (ʨ ï in kNĀm). 

in waves:  

at the section taken in the middle of 

the hopper space  

öö
÷

õ
ææ
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B

d
MM wwh ;

 (3.6.3.4.4-4) 

at the hopper end sections 
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 (3.6.3.4.4-5) 
y1 = 0,61lʊ /L ï 0,103; 

y2 = 0,50lʊ /L ï 0,100; 

y3 = 0,85lʊ /L ï 0,112; 

y4 = 0,37lʊ /L ï 0,050; 
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; 

c = 1,35L / 100 ï 0,215. 

Where the semi-hull is not fixed at 

the hopper ends, the horizontal moment 

at the section at the middle of the hopper 

space shall be determined by the follow-

ing formulae:  

in still water 

ʄswh = 0,15ʨ
2
ʊl ;  (3.6.3.4.4-6) 

in waves 
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MM wwh , (3.6.3.4.4-7) 

where  y5 = 1,23(lʊ  /L ï 0,5). 

The still water and wave horizontal 

bending moments at the hopper end sec-

tions are equal to zero.  

The sign of ʄw. shall be taken into 

account in determination of ʄwh ʽ whM¡.  

It is assumed that ʄswh ʽ swhM¡  are 

equal to zero during voyage whatever the 

fixing conditions are. 

3.6.3.5 Bending moments acting on 

the hull of the floating crane shall be de-

termined for operating conditions in the 

work area and a voyage. 

For the operation in the work area 

the design vertical bending moment ʄop, 

in kNm, shall be determined by the for-

mula  

ʄop = ʄsw + Mg + Mw, (3.6.3.5) 
where  ʄsw ï still water bending moment ac-

cording to 1.4.3, in kN-m; 

Mg ï bending moment due to the weight of 

the load suspended on the crane hook, in kN-m. 

for a voyage Mg is assumed to be equal to zero; 

Mw ï wave bending moment for work areas 

and a voyage to be determined using a procedure 

approved by the Register for a specified length and 

height of the wave. 

3.6.3.6 The design pressure ʨs, in 

kPa, on the bulkheads bounding the hop-

per space, on the structures of the en-

closed watertight centre line box keel 

shall be determined by the formula  

ps = rs gz̔ , (3.6.3.6) 
where  z̔ ï distance of the load application 

point from the upper weir level (upper edge of the 

coaming), in m. 

3.6.3.7 The design load p1, in kPa, 

on a partial bulkhead (diaphragm) or a 

transverse ring structure of the side 

buoyancy space at a level of the mid-

height of the hopper lower cross member 

due to soil pressure, having regard to the 

outer counterpressure, shall be deter-

mined by the formula  

p1 = g (0,8rrp H1 ï 1,5rrp hʢ ï 

0,1rH1e),(3.6.3.7) 
 

Ů = 0  for D ¢ 4 m; 

When D > 4 m: 

Ů = 0,2 D ï 0,8  when  d1/ D ¢0,75; 

Ů = 0,4 D ï 1,6  when  d1/ D >0,75. 

3.6.3.8 The vertical design load ʨ2, 

in kPa, due to soil pressure, having re-

gard to the counterpressure of the water 

on the lower cross member of the hopper 

space shall be determined by the formula 

p2 = g [ɟsʅ2 ï (ɟd1 + 0,5ɟʩw) ï ɟs(l l.cr.ï ï 

bb.k.) ɸl.cr. /(bll.cr) ï 1,5ɟsAb.k./l l.cr.]

 (3.6.3.8) 

3.6.3.9 The horizontal design load 

ʨ3, in kPa, due to the dredged spoil pres-

sure on face plates of the hopper lower 

cross member shall be determined by the 



Part ɯɯ. Hull  233 

formulae: 
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ʪ.ʬʛʨ3

ʪ.ʬʛʨ3

 (3.6.3.9) 

3.6.3.10 The design load ʨ4, in kPa, 

on the framing members and on the plat-

ing of the hopper coaming shall be de-

termined by the formula  

p4 = grs hc  (3.6.3.10) 

and is taken not less than 15 kPa. 

3.6.3.11 The design axial force N, in 

kN, acting at the mid-height level of the 

hopper lower cross member on a dia-

phragm or a transverse ring structure of 

the side buoyancy space shall be deter-

mined by the formula 

N = gbH1 [0,4ɟsH1 + 0,63ɟs hc ï 0,03ɟH1m],

  (3.6.3.11) 
where  m = 0    for    D ¢ 3,5 m; 

m = 1    for    D > 3,5ʤ, d1/D ¢ 0,75; 

m = (9D ï 31,5)(d1/D ï 0,75)     

             for    D > 3,5 ʤ, d1/D > 0,75. 

3.6.3.12 The design axial force Rl.cr., 

in kN , acting on the lower cross member 

of the hopper space shall be determined 

by the formula 

( )
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 (3.6.3.12) 

3.6.3.13 The design axial force 

Rup.cr., in kN, acting on the upper cross 

members of the hopper space shall be 

determined by the following formulae: 

.1 for the upper cross member fitted 

at the deck level 

Rup.cr. = R1 ï R2 ï R3 ï R4,

 (3.6.3.13-1) 

where  R1 ï pressure of dredged soil on the 

upper cross member determined as 

( )ʪ.ʬ2
1

2
2

ʛʨ1 32
082,0

hH
H

bH
gR -r= ; 

R2 ï external hydrostatic pressure on the up-

per cross member determined as 

( )
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x
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R3 ï reaction due to supporting bending 

moment at the junction of the diaphragm with the 

lower cross member determined as 

1

2
ʪ.ʬ

23
12H

bl
pR = ; 

R4 ï force resulting from supporting reac-

tions of the hopper lower cross member deter-

mined by the formula 
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.2 for the upper cross member fitted 

at the upper face plate of the hopper 

coaming 

2
ʢʛʨʙ bhgR r= . (3.6.3.13.2 

3.6.3.14 The design load on deck 

shall be not less than 20 kPa. 

3.6.3.15 The design loads on the 

structures of each semi-hull of opening 

vessels shall be determined in compli-

ance with 3.6.3.1 to 3.6.3.14. 

3.6.3.16 In opening hopper dredgers 

and hopper barges, for each hydraulic 

press, the horizontal statical force FH, in 

kN, necessary to keep the hull closed is 

determined by the formula (refer also to 

Fig. 3.6.3.16) 

FH = (1/n1a3)[ïFh a1 + Fd a2 + 0,5(gDb1 ï  

ï gDʧb2 ï gOʛʨb3)], (3.6.3.16-1) 
where  n1 ï number of hydraulic presses; 

Fh ï horizontal force of water pressure on 

the hull, determined by the formula 
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Fh = 0,5ɟglh (d1 ï 0,5c)2; 

Fd ï horizontal force of dredged soil pres-

sure on the hull, determined by the formula 

Fd = 0,5ɟs glh (ʅ2 ï 0,5c)2; 

for c, refer to Fig. 3.6.3.4.1; 

a1, a2, a3, b1, b2, b3 ï force arms, in m (refer 

to Fig. 3.6.3.16). 

For design force Fdes the maximum 

pressure value achieved by the hydraulic 

press is adopted, with  Fdes ² FH.  

The horizontal static force in each 

hinge Fhn, in kN, is determined by the 

formula  

Fhn= 0,5[Fh + n1FH ï Fd ï  

          ï n1a3(Fdes ï FH) / a4], (3.6.3.16-2) 
where  a4 ï arm of the force acting upon the 

stop, in m.  

The horizontal static force acting upon 

each stop is determined by the formula 

Fst = n1a3(Fhn ï FH ) / (n2a4), (3.6.3.16-3) 

where  n2 ï number of stops. 

The vertical components of static 

forces in hinges are assumed equal to 

zero. 

3.6.3.17 The dynamic forces acting 

on hydraulic cylinders and deck hinges 

shall be determined by calculations of 

vessel's motions in a seaway, with vari-

ous course angles, in light-ship and full-

load conditions. Based on these calcula-

tions, maximum vertical and horizontal 

forces acting on the hydraulic presses are 

determined. The calculation shall be 

made using a procedure approved by the 

Register. 

 
Fig. 3.6.3.16 
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3.6.4 Scantlings of structural 

members. 

3.6.4.1 Scantlings of structural 

members shall be determined in compli-

ance with Sections 1 and 2, having regard 

to the provisions of this Chapter. 

3.6.4.2 The required hull section 

modulus of a singlehull vessel of 60 m in 

length and over shall be determined as 

required by 1.4.5 for deck, bottom, upper 

edge of the hopper coaming, having re-

gard to specified work areas and voyages. 

The greater value obtained for the work 

area or voyage (refer to 3.6.3.3 and 

3.6.3.4) shall be taken. 

For opening hopper dredgers and 

hopper barges the required section modu-

lus shall be determined for the case when 

both semi-hulls are connected (refer to 

3.6.3.4). 

3.6.4.3 When calculating the actual 

section modulus of the hull in way of the 

hopper space as required by 1.4.7, ac-

count shall be taken of all continuous 

longitudinals, longitudinal bulkheads and 

the hopper space coamings with longitu-

dinals, 85 per cent of the total area of 

centre line box keel longitudinal mem-

bers, provided they are properly inter-

connected with the longitudinal framing 

members beyond the hopper and fitting 

of transverse members regulated by the 

Rules, inside the hopper. 

The continuous deck plating longi-

tudinally framed above the hopper space 

and a wash bulkhead in the hopper may 

be included in the actual section modulus 

calculation using a procedure approved 

by the Register. 

3.6.4.4 Longitudinal strength of each 

semi-hull of opening hopper dredgers and 

hopper barges shall be checked for verti-

cal and longitudinal bending moments in 

asymmetrical bending (refer to Fig. 

3.6.3.4.1). 

.1 Normal stresses arising in cross-

section points under conditions of asym-

metrical bending shall be determined 

amidships and at the end bulkhead sec-

tions of the hopper space (from inside the 

hopper), provided the hulls at this posi-

tion are rigidly restrained. 

Stresses s, in MPa, shall be deter-

mined by the formula 
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, (3.6.4.4.1-

1) 
where ʄʭ = Mv cos a ï Mh sin a; 

ʄy = Mv sin a + Mh cos a; 

Mv, Mh ï ʜʠʚ.3.6.3.4.3 ʽ 3.6.3.4.4; 

a ï rotation angle of main inertia axes (posi-

tive value of a ï rotation Gu axis counter-

clockwise), it shall be determined by the formula 

tg 2a = 2Iuv /(Iu ï Iv);  (3.6.4.4.1-2) 

SdvuI ii

i

iuv ä=  ï centrifugal inertia 

moment about axes Gu, Gv, with no regard for 

wear allowance, in m4; 

ui, v  ̔ï = distance of the centre of gravity of 

i-th member area from the axes Gu, Gv, in m; 

dSi ï i-th member area, in m 2; 

Iu, Iv ï inertia moments of the semi-hull 

cross-section about axes Gu, Gv, with no regard 

for wear allowance, in m 4; 

ʭ, ʫ ï coordinates of the section point under 

consideration about main axes Gx, Gy (refer to 

Fig. 3.6.3.4.1), in m; 

Ix, Iy ï inertia moments of the semi-hull 

cross-section about the main axes with no regard 

for wear allowance, in m4. 

.2 Normal stresses acting in the semi-

hull cross-section (for normal strength 

structural steel) shall not exceed:  

150 MPa for the lower edge of the 

deck stringer;  

145 MPa for the upper edge of the 
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plate keel;  

165 MPa in the face plate of the hop-

per coaming. 

.3 Permissible shear stresses for 

members made of normal strength struc-

tural steel and participating in the longi-

tudinal bending are assumed equal to 115 

MPa. Equivalent stresses 

22
eq 3t+s=s  at the sections where 

substantial normal stresses s and shear 

stresses t (at the hopper ends) act shall be 

not more than 170 MPa. 

.4 Buckling strength of compressed 

members according to 1.6.5 shall be en-

sured. 

3.6.4.5 Bottom framing: 

.1 When the bottom is transversely 

framed, the moment of inertia and scant-

lings of floors in side buoyancy spaces 

shall be determined as required by 

2.3.4.1.1; in this case, to be taken as ɺ1 is 

doubled breadth of the buoyancy space 

over the bottom. 

.2 Where a single bottom is longitu-

dinally framed, the section modulus of 

bottom longitudinals in buoyancy spaces 

shall be not less than that determined in 

compliance with 2.3.4.2.1. The floors 

shall be fitted in line with transverse ring 

structures, their section modulus and 

cross sectional area shall be not less than 

determined from 2.3.4.2.3 to 2.3.4.2.4. 

The section modulus and depth of a side 

girder shall be not less than those re-

quired for the floor. The floor web depth 

shall not be less than 0,13ɺ1 (refer to 

3.6.4.10.1). 

.3 The scantlings of the bottom 

framing members in each semi-hull of 

opening vessels shall be determined as 

required by 2.3.4.2; to be taken as 

breadth B1 is the breadth of one semi-hull 

at the section under consideration. There 

is no bottom centre girder in opening 

vessels. 

.4 The scantlings of double bottom 

members in way of the hopper space are 

determined as for dry cargo ships having 

double skin construction according to 2.4 

with regard to 3.6.2.4; beyond the hopper 

as for dry cargo ships with single skin 

construction in compliance with the re-

quirements of the same paragraphs. 

The plate floor spacing shall not ex-

ceed the maximum spacing of transverse 

ring structures, specified in 3.6.2.11.1.. 

.5 For floating cranes the section 

modulus of bottom transverses shall be as 

required by 2.3, and additional bottom 

longitudinals shall have the same section 

modulus as for main longitudinals. 

.6 In calculating the section modulus 

and the depth of floors in accordance 

with 2.3, ɺ1 is assumed to be the floor 

span between the side shell and the longi-

tudinal bulkhead or between the longitu-

dinal bulkheads, but not less than 0,4 of 

the full breadth of the ship. 

.7 In case of longitudinally framed 

bottom, the scantlings of floors and bot-

tom longitudinals of floating cranes be-

yond the double bottom area shall be de-

termined in accordance with 2.3.4.2. 

3.6.4.6 Shell plating: 

.1 Shell plate scantlings are deter-

mined in accordance with 2.2.4. The 

thickness of the bottom strakes to which 

hopper longitudinal bulkheads or well 

sides are connected shall be increased by 

15 per cent as against that of the bottom 

plating. Where there is no centre line box 

keel, the thickness of the bottom strakes 

abutting on the hopper longitudinal bulk-

head shall be increased by 50 per cent. 

.2 The side shell plating thickness at 



ʏʘʩʪʠʥʘ ɯɯ. ʂʦʨʧʫʩ  237 

the hopper ends shall not be less than 

required by 1.4.6. 

.3 In vessels with pontoon hulls, the 

thickness of the bottom and side shell 

plating within 0,15L, from the forward 

and after perpendiculars shall not be less 

than the plating thickness within the mid-

ship region. 

.4 The thickness of the well side 

plating shall be equal to the thickness of 

the side shell plating in area concerned, 

but not less than 8 mm. 

.5 In opening vessels the shell plat-

ing thickness shall be determined with 

regard for 3.6.4.4.  

The thickness of the bottom strakes 

at the hopper longitudinal bulkhead need 

not be increased. 

.6 In floating cranes the thickness of 

the bottom plating within 0,2L from the 

forward perpendicular shall be increased 

over the entire breadth of the hull by 30 

per cent as against the minimum thick-

ness required by 2.2.4.8. 

In the fore peak and the areas ex-

tending forward for 0,1L from the stern 

transom corners and inboard for 0,1ɺ the 

thickness of the side shell plating shall be 

increased over the entire depth by 30 per 

cent as compared to the minimum thick-

ness required by 2.2.4.8 (refer also to 

3.6.2.5.2). 

In other regions along the hull 

length, the minimum thickness of the 

shell plating shall be increased by 10 per 

cent as against that prescribed by 2.2.4.8. 

.7 The plating thickness of the bow 

and stern transoms in floating cranes 

shall not be less than required by 

3.6.4.6.3. 

3.6.4.7 Side framing:  

The scantlings of the side framing 

members shall be determined in compli-

ance with 2.5, having regard to 3.6.2.5, 

3.6.2.11 and the requirements given be-

low. 

.1 the section modulus of frames in 

transversely framed side buoyancy spac-

es shall be determined from 2.5.4.1 as for 

dry cargo ships. 

Where a side stringer is fitted at a 

level of fenders, main frame span may be 

determined in compliance with 2.5.1.2 as 

for side transverses of tankers, provided 

the structure of the side stringer meets the 

requirements of 3.6.4.7.2. Where no 

transverse ring structures are fitted, brac-

es may be provided in line with horizon-

tal girders of longitudinal bulkheads. 

.2 the scantlings of side stringers 

shall be determined as required by 2.5.4.4 

as for the case of fitting web frames. The 

width of the side stringer shall not be less 

than 0,08l (l ï stringer span as measured 

between web frames or between those 

and tight transverse bulkheads) or 2,5 

times the frame depth, whichever is the 

greater. Side stringers shall be aligned 

with cross ties of the transverse ring 

structures. 

.3 the section modulus of side longi-

tudinals shall be determined as required 

by 2.5.4.3 with ks values taken as for dry 

cargo ships. 

.4 the section modulus and cross-

sectional area of web frames which are a 

part of a transverse ring structure shall be 

not less than those required in 2.5.4.5 for 

side transverses of tankers. 

A web frame span shall be measured 

between the inner edges of the floor and 

an inner edge of the beam. 

ɺ The depth of the web frame shall 

not be less than 0,1l or 2,5 times the 

width of longitudinals (whichever is the 

greater) and may be assumed varying 
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with reduction at the upper end and in-

crease at the lower end by 10 per cent as 

against the average value. 

.5 the section modulus of well longi-

tudinal bulkhead stiffeners shall not be 

less than required for side frames. 

.6 in floating cranes, the section 

modulus of main and intermediate frames 

in the fore peak shall be increased by 20 

per cent as compared to that required by 

2.8.4.2.2. 

.7 the section modulus of web 

frames in floating cranes W, in cm3, with-

in the region specified in 3.6.2.5.3 shall 

not be less than 
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 (3.6.4.7.7) 

where  l ï 5(300 + ^ M> c (3.6.4.7.7) where / 

= web frame span measured between the deck and 

the upper edge of the floor, in m; 

ʨ ï as defined in 3.6.3, but not less than 

0,5rgl, in kPa. 

.8 the scantlings of the framing 

members of the bow and stern transoms 

shall not be less than required by 

3.6.4.7.2 to 3.6.4.7.4 and 3.6.4.7.6. 

3.6.4.8 Decks: 

.1 The plating thickness of the 

strength deck within the midship region 

shall be taken not less than the sheer-

strake thickness.  

The minimum thickness of the deck 

plating in vessels of dredging fleet shall 

be determined according to 2.6.4.2 as for 

the strength deck. For floating cranes the 

minimum thickness of the upper deck 

shall be increased by 10 per cent as 

against that prescribed by 2.6.4.2 as for 

the strength deck. 

.2 Compressive stresses in deck 

shall be determined under the action of 

bending moment components according 

to 3.6.3. The buckling strength 

requirements of 1.6.5 shall be met. 

.3 The depth of deck transverses in 

buoyancy spaces which form a part of the 

transverse ring structure shall be equal to 

two-thirds of the floor depth, while the 

thickness of the web plate and sizes of 

the face plate shall be equal to those of 

the vertical webs. The depth of the deck 

transverse shall be not less than 2,5 times 

the height of the deck longitudinal. 

.4 For floating cranes the section 

modulus of deck girders shall be deter-

mined as required by 1.6.4.1 with 

ks = 0,6 and m = 12. 

.5 The deck plating thickness under 

the seats of special arrangements fitted 

on the deck (cat cranes of suction tubes, 

transfer appliances, grab cranes, etc.) and 

where special metal structures pass 

through the deck (main and ladder gal-

lows) shall be increased by 25 per cent. 

3.6.4.9 The scantlings of side and 

deck framing members, the thicknesses 

of deck plating, bulkhead framing and 

plating, and coamings of opening vessels 

shall be determined with regard for 

3.6.4.4.  

Where vertical webs and web frames 

are connected by cross ties or braces, the 

scantlings of vertical webs, web frames 

and braces shall be submitted to the Reg-

ister for review. 

3.6.4.10 In vessels with pontoon 

hulls, the scantlings of side stringers at 

the forward end of the vessel shall be 

prescribed as required by 2.8.4.7, the 

height and thickness of vertical webs and 

web frames shall be the same as the 

width and thickness of the stringer. 

3.6.4.11 Specific structures of ves-

sels of dredging flee: 
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.1 The section modulus W, in cm 3, 

of the diaphragm of the buoyancy space 

after deduction of openings, or the total 

section modulus of a vertical web and a 

web frame of the transverse ring structure 

at the section of a mid-point of the hop-

per lower cross member depth shall not 

be less than 
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11 , (3.6.4.11.1) 

where for  H1 ï refer to Fig.3.6.1.6; 

m = 12; 

ks = 0,6; 

for ʨ1 ï refer to3.6.3.7. 

.2 The cross-sectional area 

f, in cm2, of the diaphragm, or the total 

sectional area of a vertical web and a web 

frame of the transverse ring structure at a 

level of a mid-point of the hopper lower 

cross member depth shall be not less than 
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where  N ï as defined in 3.6.3.11; 

kt = 0,65; 

ii sbf D=D ; 

bi  -  typical member scantlings (half-breadth 

of deck, web height of longitudinal, etc.), in cm. 

The scantlings of the transverse ring 

structure members (bottom transverse, 

vertical web, side and deck transverses) 

shall be not less than required by the rel-

evant paragraphs of this Chapter for such 

members. 

.3 The section modulus W, in cm3, 

sectional area of the hopper lower cross 

member web fw, in cm2, after deducting 

openings, sectional area of the floor with 

face plates f0, in cm2, shall not be less 

than: 
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where  m = 12; 

ks = 0,45; 

2,0ů =
p

k ; 

kt = 0,45; 

p2 ï as defined in 3.6.3.8; 

Rl.cr. ï as defined in 3.6.3.12; 

For Dfi ï refer to 3.6.4.11.2. 

.4 The section modulus of the face 

plates of the hopper lower cross members 

W, in cm3, about the horizontal axis and 

sectional area ff.p, in cm2, shall not be less 

than:  

for the upper face plate 
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for the lower face plate 
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where for l1, l2 ï refer to3.6.1.6; 

m = 24; 
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m1 = 12; 

ks = 0,6; 

kt = 0,45; 

3p¡, 3p¡¡ ï as defined in.3.6.3.9; 

for Dfi ï refer to 3.6.4.11.2. 

.5 The section modulus of bulkhead 

vertical webs, horizontal girders, vertical 

stiffeners and longitudinals of the hopper 

longitudinal bulkheads shall be deter-

mined as for side framing according to 

3.6.4.7 with substitution of ʨ according to 

2.5.3 by ps according to 3.6.3.6.  

For the longitudinal bulkhead stiff-

eners m = 11 and ks = 0,75. 

The depth of the vertical web shall 

be not less than 0,12l and may be as-

sumed varying with reduction at the up-

per end and increase at the lower end by 

10 per cent as compared to the average 

value.  

Two upper longitudinals shall be 

taken the same as the third longitudinal 

from the deck.  

Besides, three upper and three lower 

longitudinals shall be checked according 

to 1.6.5.  

The width of the horizontal girder 

shall be equal to that of the bulkhead ver-

tical web. 

.6 The plating thickness of the hop-

per longitudinal and end bulkheads shall 

be determined as required by 

 assuming  ʨ = ʨs (ʜʝ ʨs ï shall be 

obtained from 3.6.3.6),  

ks = 0,7,  

m = 15,8. 

The upper strake thickness of the 

hopper longitudinal bulkhead at 0,1D D 

below the deck shall not be less than the 

sheerstrake thickness. The lower strake 

thickness of the longitudinal bulkhead at 

0,1D from the base line shall not be less 

than the bottom plating thickness. 

.7 The minimum thickness of hopper 

bulkhead plating shall be equal to 8 mm 

for vessels having the length L < 60 m 

and 10 mm for vessels having the length 

L ² 80 m. For intermediate values of L, 

the minimum thickness shall be deter-

mined by linear interpolation. 

.8 The section modulus W, in cm3, of 

vertical stiffeners and stanchions of the 

hopper coaming shall not be less than 

determined by the formula1 
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where p4 ï as defined in 3.6.3.10; 

m = 15 for stanchions where upper cross 

members are fitted in line with transverse ring 

structures at the coaming top; 

m = 6 for stanchions where no upper cross 

members are fitted at the coaming top; 

m =15,6 ï 15,6 for vertical stiffeners where 

transverse framing is adopted;  

ks = 0,6. 

The section modulus W, in cm3, of hori-

zontal stiffeners and face plate of the 

coaming shall not be less than 
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where zi ï distance between the coaming top 

and horizontal stiffeners, but not less than half the 

coaming height, in m; 

m = 12;  

ks = 0,2. 

The sectional area fst, in cm2, of the 

coaming stanchion, in cm2 , at deck shall 

not be less than  
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 (3.6.4.11.8-3) 

                                                           
1 For stanchions b is substituted for a. 



ʏʘʩʪʠʥʘ ɯɯ. ʂʦʨʧʫʩ  241 

where  kt = 0,45; 

for Df  ̔ï refer to 3.6.4.11.2. 

The plate thickness of the side (end) 

coaming shall be determined as for the 

longitudinal (end) bulkhead of the hopper 

ʨst according to 3.6.3.6 as measured at the 

deck level, but it shall be taken not less 

than the upper strake thickness of the 

longitudinal bulkhead. 

The depth of the stanchion at deck 

shall be not less than 0,12hc, and the 

thickness not less than the coaming 

thickness.  

The plate thickness of the coaming 

and moment of inertia of the horizontal 

stiffeners and face plate of the coaming 

shall meet the buckling strength require-

ments according to 1.6.5. 

.9 The sectional area of the upper 

cross members spanning hopper space at 

deck level and/or coaming level fup.cr, in 

cm2, shall not be less than 

fup.cr = 0,085R up.cr + 0,1Df ,̔ 

 (3.6.4.11.9-1) 

where Df  ̔ï as defined in 3.6.4.11.2. 

Where a load from bottom closing 

appliances is applied to the upper cross 

members, their strength shall be checked 

using the equivalent stress given below 
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tsh = 10Nsh /fw; 
ʄb, Nsh ï maximum bending moment, in 

kN.m, and shear force, in kN, due to transverse 

load; 

W ï actual section modulus of the upper 

cross member, in cm 3; 

fup.cr, fw ï full sectional area of the upper 

cross member and sectional area of the cross 

member web, in cm2. 

.10 Where no upper cross members 

are fitted at a deck level in line with 

transverse ring structures, a part of the 

coaming structure with the upper portion 

of the side buoyancy space located at 

0,1D below the deck line (refer to Fig. 

3.6.4.11.10) shall have a section modulus 

W, in cm3, about a horizontal axis not 

less than 
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The thickness of the deck plating s, 

in mm, shall not be less than 
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 (3.6.4.11.10-2) 
Where for  ɺ3 ï refer to Fig. 3.6.4.11.10. 

.11 The scantlings of hull structural 

items in places where hinges and hydrau-

lic presses are arranged shall be deter-

mined by direct calculation as regards the 

action of statical and dynamical forces in 

compliance with 3.6.3.16.  

The calculations shall be submitted 

to the Register for review. 
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Fig. 3.6.4.11.10 

.12 Hydraulic presses shall be posi-

tioned in special spaces at the hopper 

ends. The strength calculation of founda-

tions and attachments of hydraulic press-

es shall be made as regards the action of 

forces determined in accordance with 

3.6.4.11.11 and shall be submitted to the 

Register for review. 

3.6.4.12 Specific structures of float-

ing cranes: 

.1 The diameter of the tub D0, in m, 

at the upper deck beneath the fixed tower 

supporting the upper structure of the 

crane shall not be less than  

D0 = 0,37M/P, (3.6.4.12) 
where  ʄ ï total bending moment due to load 

and weight of the movable upper structure of the 

crane, applied to the supporting tower, in kNĀm; 

ʈ ï total vertical force due to load and 

weight of the movable upper structure of the crane, 

applied to the supporting tower, in kN. 

.2 The thickness of the tub plating, 

in cm, at the upper deck shall be deter-

mined by calculation based on the total 

bending moment according to 3.6.4.12.1 

and a horizontal component of the load 

for the case when a design safe working 

load of the crane with the lifting height 

from the water level at the maximum out-

reach is used. 

Permissible stresses for normal 

strength steel shall not be more than: s = 

140 MPa and t = 80 ʄʇʘ. 

The buckling strength of the tub 

plating over its entire height shall be en-

sured to the value scr = 2,5ReH. The cal-

culations shall be submitted to the Regis-

ter for review. 

.3 The inertia moment Imin, in cm4, 

of the tub(refer to 3.6.2.11.9)  vertical 

stiffeners (if any) shall not be less than  

Imin = (1,03l ï 1,80y) s3, (3.6.4.17.3) 

where  l ï stiffener span measured between 

the bottom and the platform or between the plat-

form and the deck, whichever is the greater, in m. 

Where the platform is omitted, the distance be-

tween the bottom and the deck is measured; 

ʫ ï spacing of stiffeners, measured along the 

chord line, in m; 

s ï tub plating thickness at the stiffener mid-

span, in mm. 

.4 The plating thickness of the bulk-

heads forming a cross and the bearing 

contour shall not be less lhan determined 

according to 2.7.4.1, assuming 

ks = 0,70;  

Ds ² 4 mm for bulkheads forming 

the cross and 

Ds ² 2 mm for those forming the 

bearing contour. 

For cranes having a safe working 

load more than 100 t, the stressed condi-

tion of framing members and plating of 

bulkheads forming the cross under the 

loads transferred from the fixed support-

ing tower in case of using the design safe 

working load at the maximum outreach 

shall be checked according to the proce-
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dure approved by the Register. 

.5 The plating thickness of the upper 

deck and the bottom s', in mm, in way of 

the crane tub shall not be less than 

ss a=¡ , (3.6.4.12.5) 

where  s ï as defined in 3.6.4.12.2; 

a = 0,6 and 0,4 ï for the upper deck plating 

and bottom plating, respectively. 

The dimensions of the plates of in-

creased thickness shall be taken in ac-

cordance with Fig. 3.6.4.12.5.  

 

 

Fig. 3.6.4.12.5: 
1 ï thickened plate; 2 ð tub 

3.6.5 Special requirements.. 

3.6.5.1 Where vessels are intended 

to ground during the course of normal 

service, the bottom of such vessels shall 

be suitably strengthened, as follows.  

.1 the thickness of the bottom shell 

plating shall be increased by 20 per cent 

over the minimum requirement. 

.2 where the double bottom is omit-

ted and transverse framing system is 

adopted, the bottom shell plating between 

the bottom side girders shall be strength-

ened by horizontal stiffeners. 

In line with horizontal stiffeners ver-

tical stiffeners shall be fitted. The hori-

zontal stiffeners shall pass through open-

ings in the floors and be welded to them. 

.3 where double bottom is omitted 

and longi-tudinal framing system is 

adopted, the bottom shell plating shall be 

strengthened by additional floors, the 

depth of which shall be not less than 2,5 

times the depth of the bottom longitudi-

nal and a thickness equal to that of the 

main floors. The main floors shall be 

strengthened by vertical stiffeners fitted 

in line with bottom longitudinals. Side 

girders shall not be spaced more than 2,2 

m apart. The scantlings of bilge longitu-

dinals shall not be less than those re-

quired for the bottom. 

.4 in transversely framed double bot-

tom plate floors shall be fitted at every 

frame, side girders shall be spaced not 

more than 2,5 m apart, they shall be also 

fitted inboard or from longitudinal bulk-

heads at a distance not exceeding 2,5 m. 

The bottom shell plating shall be 

strengthened by horizontal stiffeners fit-

ted between the side girders. Vertical 

stiffeners shall be fitted in line with hori-

zontal stiffeners at every floor and be 

welded to them.  

In longitudinally framed double bot-

tom floors shall be fitted at every second 

frame, and side girders shall be spaced 

2,5 m apart. 

.5 in way of a recess for vertical 

girders of suction tubes, the following 

hull strengthening shall be provided:: 

side framing shall be reinforced by 

at least three web frames, the scantlings 

of which shall be the same as those re-

quired for the engine room, and by not 

less than three intercostal side stringers 

extending for three spacings from the 

extreme web frames which shall be fitted 

not less than 50 mm from the edge of the 

recess; 



 ʇʨʘʚʠʣʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 244 

side shell plating in way of the re-

cess shall be made of a curved welded-in 

plate, the vertical butt joint of this plate 

shall be not less than 100 mm from the 

edge of the recess;  

the thickness of the deck stringer in 

way of the recess shall be increased by 

60 per cent over the length equal to one 

spacing forward and abaft of web frames. 

3.6.5.2 The requirements of 3.6.5.1 

shall not apply to floating cranes for 

which deep sea service is specified and 

which are not likely to ground under any 

conditions of heel and trim. 

3.6.5.3 The thickness of main struc-

tural items which are particularly sub-

jected to abrasive wear due to the effect 

of spoil/water mixture (in particular, in 

case of special dredging methods used) 

shall be increased. These items may be 

made of special wearresistant materials 

subject to special agreement with the 

Register. 

3.6.5.4 Dredging pumps shall be lo-

cated in special spaces bounded by wa-

tertight bulkheads. 

3.6.5.5 The scantlings of deck fram-

ing members on deck portions where 

heavy dredging (cargo handling) gear is 

installed, as well as where large heavy 

cargoes may be carried on decks of float-

ing cranes or hopper dredgers shall be 

determined by calculation for the follow-

ing conditions: 

beams are considered to be rigidly 

fixed to the supporting structure;  

a load (concentrated, partially dis-

tributed, etc.) shall be taken into account;  

equivalent stresses for items made of 

normal strength steel seq, in MPa, shall 

comply with the condition: 

1703 22
eq ¢t+s=s , (3.6.5.5) 

where  s, t ï normal and shear design stresses 

at the section under consideration. 

The results of the calculation shall 

be specially considered by the Register. 

3.7  FISHING VESSELS AND SPE-

CIAL PURPOSE SHIPS USED FOR 

PROCESSING OF SEA LIVING RE-

SOURCES 

3.7.1 General and symbols. 
3.7.1.1 The requirements of this 

Chapter apply to fishing vessels having a 

stern trawling arrangement or a side 

trawling arrangement and to special pur-

pose ship intended for processing, stor-

age and/or transportation of catch. 

3.7.1.2 The requirements for hull 

structures not referred to in this Chapter 

are given in Sections 1 and 2.  

In no case shall the requirements for 

hull structures be less stringent than those 

contained in Sections 1 and 2. 

3.7.1.3 The requirements for ships 

mooring at sea provide for a damping 

protection of the hull for which purpose 

pneumatic fenders or other equivalent 

damping arrangements may be used.  

These requirements are based on the 

assumption that ships would be moored 

at a sea state not above 6. No side or su-

perstructure strengthening are required 

when ships are moored at a sea force be-

low 4, provided the above damping pro-

tection is used. 

3.7.1.4 For the purpose of this Chap-

ter, the following symbols have been 

adopted: 

bsr ï breadth of stern ramp, in m; 

G1 ï greatest specified mass of catch 

which can be handled by a special 

wheeled device or another transport 




