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CHAPTER A 

SCOPE 

 

CHAPTER CONTENTS 

 

A1. APPLICATION 

 

A2. DEFINITIONS 

- See Part II, Title 11, Section 2 

 

A3. TOPOLOGIES 

- See Part II, Title 11, Section 2 

 

 

 

A1. APPLICATION 

 

100. Types of ship missions  

 

101. These Rules apply to structures of dredger and barges 

of its Title 43, as defined in its Part I, Section 1. 

 

200. Proportions of the hull  

- See Part II, Title 11, Section 2 

 

201 and 202.  - See Part II, Title 11, Section 2, considering 

vessels with open deck. 

 

 

 

 

 

CHAPTER E 

DESIGN PRINCIPLES OF LOCAL STRUCTURAL 

SYSTEMS 

 

CHAPTER CONTENTS 

 

E1.  DIRECT CALCULATION 

-see Part II, Title 11, Section 2 

 

E2.  SYSTEM CONFIGURATIONS 

LOCAL STRUCTURAL 

 - see Part II, Title 11, Section 2 

 

E3.  LOADING 

 

E4.  GENERAL EQUATION FOR BEAM STRENGTH 

 MODULUS 

- see Part II, Title 11, Section 2 

 

E5.  SELECTION OF SCANTLINGS TO USE 

-See Part II, Title 11, Section 2 

 

E3. LOADINGS 

 

100. Scope  

- See Part II, Title 11, Section 2 

 

200.  Load in transverse deck girders in the hopper re-

gion 

 

201.  Consider the application of the maximum forces ex-

erted to the bottom door operations. They should be equal to 

the maximum forces exerted by hydraulic cylinders, winch-

es or other means of operation. 

 

 

 

 

 

CHAPTER F 

DIMENSIONING OF STRUCTURE SYSTEMS 

 

CHAPTER CONTENTS 

 

F1.  BOTTOM AND DOUBLE BOTTOM 

 

F2.  BULKHEADS 

 

F3.  SHIP SIDES - See Part II, Title 11, Section 2 

 

F4.  DECK 

 

F5.  AFT STRUCTURE 

- See Part II, Title 11, Section 2 

 

F6.  BOW STRUCTURE 

- See Part II, Title 11, Section 2 

 

F7.  SUPERSTRUCTURES AND DECKHOUSES 

-See Part II, Title 11, Section 2 

 

F8.  SUMMARY OF FORMULAS FOR 

LOCAL DIMENSIONING 

 - See Part II, Title 11, Section 2 

 

F1.  BOTTOM AND DOUBLE BOTTOM 

 

100.  Thickness at the ends 

-See Part II, Title 11, Section 2 

 

200.  Bottom thickness amidships 

-See Part II, Title 11, Section 2 

 

300.  Keel 

- See Part II, Title 11, Section 2 

 

400.  Connection to the stern frame and stem 

- See Part II, Title 11, Section 2 

 

500.  Floors, longitudinals, stringers and  side trans-

verse girders in the double bottom  

-See Part II, Title 11, Section 2 

 

600.  Tank top of double bottom 

 

601.  In vessels of type B and L  50, double bottom is to 

be built. 

 

602.  For vessels of type A, see Title 31 for tank vessels. 
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603.  The thickness is given by the greater of the values in 

mm: 

Ee  01,0  

 

pEe  0085,0  

 

of which: 

 

-E: stiffener spacing in mm; 

 

-p: load defined in chapter E, in thethe case of the hopper is 

to be revised for thedensity of the material to be transported; 

 

-"e" not less than: 

 

. the thickness of the bottom; and 

 

. the thickness calculated as hopper bulkhead (ATQ). 

 

604. When is expected the  use of discharging with buck-

ets, the thickness is to be increased of 3.5 mm. 

 

700.  Floors, longitudinals, stringers and  side trans-

verse girders in the double bottom  

 

701. The module required for the beams of the tank top 

and bottom will be calculated by the equation of the Cap. 

E4., taking into account the respective data of the Sub-Chap. 

E3, so that in the case of the hopper is to be revised for the 

density of material to be carried. 

 

702. to 709. -See Part II, Title 11, Section 2 

 

 

 

F2. BULKHEADS 

 

100.  Definitions 

-See Part II, Title 11, Section 2 

 

200.  Loadings 

 

201. Will be expressed in t/m2, by the number corre-

sponding to the height, in meters, measured from structural 

element considered to a point located as follows: 

 

   Type                 Zona de navegação 

                         O1 O2 

    AEC 

 

            main deck level 

  

   ATQ 

(greatest 

value) 

0,7 m above the air 

pipe height or of the 

main deck or of the 

trunk-deck; 

1,3 m above the tank 

top 

0,9 m above the air 

pipe height or of the 

main deck or of the 

trunk-deck; 

1,5 m above the 

tank top 

300.  Plating of AECs 

-See Part II, Title 11, Section 2 

 

400.  Stanchions of AECs 

-See Part II, Title 11, Section 2 

 

500. Provisions for ATQs 

 

501.  In principle, the tanks will not have width of the full 

extension of the breadth of the vessel. The width should not 

exceed 0,7  B. 

 

502. Cofferdams will be built between compartments con-

taining products at risk of contamination. 

 

503. The bulkheads of the hopper are calculated as ATQ, 

with the maximum pressure obtained from the loadings and 

revised for the density of the material. 

 

600.  Plating of ATQs  

 

601.  Will be the greatest of the values below in mm: 

 

1004,0  dahEe  

Le  08,0  

 

where: 

 

h: loading height, measured from the lower edge of the plate 

strake in issue, in m; 

 

da: density of the material within the hopper. 

 

700. Stiffeners of ATQs 

 

701. The section module, in general, will be obtained by the 

equation: 

 

W = 1,19 × E × l2 × (5 × h + 3 × hp) 

 

where: 

 

h: loading height, measured from the upper edge of the span 

l, in m; 

 

hp: vertical distance measured between the ends of the span 

l, in m. 

 

702.  In the case of the hopper the values obtained in the 

previous equation and the following equations are to be mul-

tiplied by the density of the material. 

 

703. For vertical stiffener the equation is written: 

 

W = 1,19 × E × l2 × (5 × h + 3 × l) 
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704. For stiffener on horizontal transverse bulkhead the 

equation is written: 

 

W = 5,95 × h × E × l2  

 

705.  For stringers supporting vertical struts is used the 

above equation, being "E" the average of the spans of the 

struts, above to below, which they support. 

 

706. For vertical girders that support stringers, the section 

modulus is calculated by the equation: 

2
7,35

l

C
hW   

where: 

 

h: loading height to the level of the stringer supported; 

l : span of the vertical girder; 

 

C: the greatest of the values: l1  l2
² or  l1

²  l2 

of which: 

 

l1 and l2 the distances of the stringer supported to the ends 

of the span l  of the vertical girder. 

 

708. For horizontal stiffener of longitudinal bulkhead the 

equation is written: 

 

W = 5,95 × E × l2 × hi × yi 

 

where: 

 

hi: load height from the level of the element in issue; 

 

1)
4,0

1(013,0 



D

di
Lyi

 
 

800. Sundry tanks 

 

801. The elements are calculated as tank bulkhead, with the 

cargo height measured up to the air pipe height, but not be-

ing taken less than 3 m above the tank. 

 

 

 

F4. DECK 

 

100. to 300. -See Part II, Title 11, Section 2 

 

400. Cross beams and transverse girders 

 

401. to 404. -See Part II, Title 11, Section 2 

 

405.  For transverse girders of the hopper at the deck level, 

the combined stresses, from the application of maximum 

forces indicated above, should meet the following formula: 

 

22 3  c   13,73 daN/mm2 

                  (14     kgf/mm2) 

 

where : 

 

: bending plus normal stress 

: shear plus torsion stress 

 

 

406.  The ends of these beams which embed in structural 

rings of the side frames should ensure the continuity of the 

strength module in the embedment. 

 

 

 

 

 

CHAPTER G 

PRINCIPLES OF HULL GIRDER DESIGN 

 

CHAPTER CONTENTS 

 

G 1. MIDSHIP SECTION STRENGTH SHIPS WITH L < 

90 METERS 

See Part II, Title 11, Section 2, Subchapter H1. 

 

G 2. VERIFICATION OF THE LONGITUDINAL 

STRENGTH with L <90m –  

See Part II, Title 11, Section 2, Subchapter H1. 

 

G 3. MIDSHIP SECTION STRENGTH – SHIPS WITH L ≥ 

90 METERS 

See Part II, Title 11, Section 2, Subchapter H1. 

 

G 4. WAVE LOADS  

 

G 5. HULL GIRDER STRESSES 

 

 

 

G 4. WAVE LOADS 

 

100. Wave bending moment 

 

101. When the wave bending moment is not made by di-

rect calculation, the moment caused by the waves, in special 

for vessels of L 60 m, is to be calculated by the equations 

showed in G2.102.  

 

102. The vertical Wave bending moment Mw, at each sec-

tion along the ship length are given by the following formu-

lae: 

 

MWV ,H = + 190 M C L
2 
B (CB +0,7)× 10

-3
 kN.m for positive 

moment. 

 

MWV ,S = - 110 M C L
2 
B (CB + 0,7) × 10

-3
 kN.m for negative 

moment. 

 

where: 

 

M = distribution factor given in Figure F.G4.301.1. 

 

C = cn as indicated in G3.101. 
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Cn       (
     

   
)3/2     

for 90 m ≤ L ≤300 m 

 

Cn = 10,75  for 300 m < L <350 m 

 

Cn       (
     

   
)3/2    

for 350 m ≤ L ≤500m 

 

k = material factor  

 

k = 1, 0 for ordinary hull structural steel 

 

k < 1,0 for higher tensile steel according with Part II, Title 

11, Section 2, Subchapter C3.200. 

L = length defined in Title 11, section 1, sub-chapter A2. 

 

B = greatest moulded breadth in metres. 

 

CB = block coefficient not to be taken less than 0,6. 

 

FIGURE F.G4.202.1. – DISTRIBUTION FACTOR M  

 

 
 

TABLE T.G4.302.1: DISTRIBUTION FACTOR M 

 

HULL TRANSVERSE 

SECTION LOCATION 

DISTRIBUTION FAC-

TOR M 

0≤x < 0,4L 2,5
 

 
 

0,4L ≤x ≤0,65L 1,0 

0,65L <x ≤L 2,86(  
 

 
) 

 

 

103. The wave vertical shear forces, QWV, at each section 

along the length of the ship are given by the following for-

mulae:  

 

QWV (+) = + 30 F1 C L B (Cb + 0, 7) kN for positive shear 

force 

 

QWV (-) = - 30 F2 C L B (Cb + 0, 7) × 10
-2

 kN for nega-

tive shear force. 

 

where: 

 

F1, F2 = Distribution factors given in Figures F. G4.203.1 

and F.H4.203.2 

 

104. The calculation of the actual midship section modu-

lus should be submitted to RBNA for approval. 

 

FIGURE F. G4.203.1 – DISTRIBUTION FACTOR  

 
 

FIGURE F.G4.203.2 – DISTRIBUTION FACTOR F2  

 
 

TABLE T.G4.203.1: DISTRIBUTION FACTOR F2 
 

HULL 

TRANSVERSE 

SECTION LO-

CATION 

POSITIVE 

WAVE SHEAR 

FORCE 

NEGATIVE 

SHEAR 

FORCE 

 

0≤ x < 0,2L 

 

2,5 
 

 
 

 

 

4,6
 

 
 

 

0,2L≤ x < 0,3L 

 

0,95A 

 

 

0,92 

 

0,3L<x < 0,4L 

 

(0,92A-7)(    
 

 
)  

    

 

 

2,2(    
 

 
)      

 

0,4L≤ x ≤ 0,6L 

 

0,7 0,7 

 

0,6L<x < 0,7L 

 

 (
 

 
    )      

 

 

(10A-7)(
 

 
    )      

 

0,7L≤ x ≤ 0,85L 

 

 

1 

 

A 

 

0,85L<x ≤L 

 

    (  
 

 
) 

 

 

6,67A(  
 

 
) 

 

NOTE:   
     

           
 

 

200. Harbour condition 

 

201. The vertical wave shear force in harbor condition at 

any hull transverse section is obtained, in kN, from the fol-

lowing formula: 

 

QWV ,P=0,4QWV 
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where: 

 

QWV is defined in G4.303 

 

300. Horizontal wave bending moment 

 

301. The horizontal wave bending moment at any hull 

transverse section, in kN.m, is given by: 

 

MWH =      
 

    
 MfpCL²TLCCB 

 

where: 

 

M = Distribution factor given in Figure F.H4.202.1 and the 

Table T.G4.202.1 

 

TLC = Midship draught, in m, in the considered loading con-

dition 

 

302. For verification of the external pressure apply the 

conditions showed in the Part II, Title 1, section 2, subchap-

ter E6.    

 

400. Still water bending moment 

 

401. The design still water bending moments MSW,H and 

MSW,S at any hull transverse section are the maximum still 

water bending moments calculated, in hogging and sagging 

conditions, respectively, at that hull transverse section for 

the loading conditions. Greater values may be considered if 

defined by the designer. 

 

402. If the design still water bending moments are not 

defined, at a preliminary design stage, at any hull transverse 

section, the longitudinal distributions shown in Figure 

F.G4.403.1.may be considered. 

 

403. FigureF.G4.403.1, MSW is the design still water 

bending moment amidships, in hogging or sagging condi-

tions, whose values are to be taken not less than those ob-

tained, in kN.m, from the following formulae: 

 

MSW, H = 175CL²B (CB+0, 7)    - MWV,H, hogging condi-

tions. 

 

MSW,S = 175CL²B(CB+0,7)    - MWV,S, sagging conditions. 

 

FIGURE F.G4.403.1. – PRELIMINARY STILL WA-

TER BENDING MOMENT DISTRIBUTION 
 

 
 

 

G5. HULL GIRDER STRESSES 

 

100. Normal stresses 

 

101. General 

 

102. The normal stresses in a member made in material 

other than steel with a Young’s modulus E equal to 2.06 10
5
 

N/mm², included in the hull girder transverse sections ob-

tained from the following formula: 

 

σ1=
 

        σ1S 

 

where: 

 

σ1S= Normal stress, in N/mm2, in the member under consid-

eration, calculated according to G5.201 considering this 

member as having the steel equivalent sectional area ASE 

defined in G5.103. 

 

103. Where a member contributing to the longitudinal 

strength is made in material other than steel with a Young’s 

modulus E equal to 2,06 10
5
 N/mm

2
, the steel equivalent 

sectional area that may be included in the hull girder trans-

verse sections is obtained, in m
2
, from the following formu-

la: 

 

ASE = 
 

        AM 

 

where: 

 

AM= Sectional area, in m
2
, of the member under considera-

tion. 

 

200. Normal stresses induced by vertical bending mo-

ments 

 

201. The normal stresses induced by vertical bending 

moments are obtained, in N/mm2, from the following for-

mulae: 

 

a. at any point of the hull transverse section, located below 

z VD, where zVD= VD + N: 

 

σ1 =
       

  
10

-3 

 

b. at the bottom: 

 

σ1 =
       

   
10

-3
 

 

σ1 =
       

   
10

-3
 

 

where: 

 

MSW = Design still water bending moment, in kN.m, at the 

hull transverse section considered: 

 

MSW = MSW,H,  in hogging conditions. 

 

MSW = MSW,S, in sagging conditions. 
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MWV = Vertical wave bending moment, in kN.m, at the hull 

transverse section considered: 

 

MWV = MWV,H, in hogging conditions. 

 

MWV = MWV,S, in sagging conditions. 

 

ZA= the section modulus at any point of a hull transverse 

section in m³. 

 

ZAB= The section modulus at bottom and at deck, in m
3
. 

 

ZAD= The section modulus at deck obtained in m
3
. 

 

where: 

 

VD : Vertical distance, in m, taken equal to: 

 

VD =zD-N 

 

where: 

 

zD:Z  co-ordinate, in m, of strength deck at side, with respect 

to the reference coordinate system. 

 

202. If continuous trunks or hatch coamings are taken into 

account in the calculation of IY. 

 

VD = (ZT-N)(       
  

 
)  ZD-N 

 

where: 

 

yT, zT: Y and Z co-ordinates, in m, of the top of continuous 

trunk or hatch coaming with respect to the reference co-

ordinate system defined in  yT and zT are to be measured for 

the point which maximizes the value of VD. 

 

If longitudinal ordinary stiffeners or girders welded above 

the strength deck are taken into account in the calculation of 

IY, VD is to be obtained from the formula given above for 

continuous trunks and hatch coamings. In this case, yT and zT 

are the Y and Z co-ordinates, in m, of the top of the longitu-

dinal stiffeners or girders with respect to the reference co-

ordinate system defined below: 

 

N = Vertical distance, in m, from the base line to the hori-

zontal neutral axis of the hull transverse section. 

 

IY = Moment of inertia, in m
4
, of the hull transverse section 

about its horizontal neutral axis calculated by the following 

equation: 

 

IYR =  3SMmin.L. 10
-6 

 

SMmin.= Minimum section modulus defined in Part II, Title 

11, Section 2, Subchapter H2. 

 

IZ : Moment of inertia, in m4, of the hull transverse section 

about its vertical neutral defined in Part II, Title 11, Section 

2, Subchapter H2. 

 

300. Buckling strength 

 

301. The buckling check of plating and structural mem-

bers is to be in accordance with the Title 11, Section 2, tak-

ing into account the maximum compressive stress taking 

into account the sagging and hogging conditions, for the 

navigation and dreading situations. 

 

400. Hinge pins 

 

401. The forces acting on hinges mechanisms and locking 

devices are to be obtained by direct calculation based in the 

worst load condition which can be expected in any service 

or condition. 

 

402. The RBNA will require the resolution of the static 

and dynamic system of forces acting on the hulls taking due 

account of the relative locations of hinges, actuating mecha-

nisms and locking devices for approval. 

 

403. In general, one half of the load acting on one half of 

the hull may be assumed to act on the forward hinge assem-

bly and one half on the after hinge assembly. 

 

FIGURE F.G5.303.1 – HINGE 

 
 

500. Net pressure per meter ship length 

 

501. The net pressure per meter length resulting from the 

spoil pressure and the hydrostatic load take into account the 

wave height in a Beaufort state, is to be calculated in ac-

cordance with the following formula: 

 

 = (1/2 (p (H – Ts)
 2
 – 1,025 (T – Ts)

 2
) tones /m) 

 

where: 

 

p = net pressure per meter ship length resulting from the 

spoil pressure and the hydrostatic load, figure T.501.1 taking 

into account the probable wave height. 

 

H = height of spoil above base line, in meters 

 

Ts = depth of   hopper seal, in meters 
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FIGURE F.G5.500.1 – BEAUFORT SCALE AND 

PROBABLE WAVE HEIGHT 

 

 
 

TABLE T.500.1 – BEAUFORT SCALE AND PROBA-

BLE WAVE HEIGHT 
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