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Preface

Knowledge of ship design is difficult to attain and requires extensive experience
and research work to reach a high degree of proficiency. Realizing the fact, 
“Department of Naval Architecture & Marine Engineering” of “Bangladesh 
University of Engineering & Technology” introduced NAME 338 course 
known as “Ship Design Project and Presentation” which provides us with 
valuable opportunity of getting involved in whole ship designing process. We 
got the firsthand experience to implement our achieved theoretical knowledge 
in our project work to attain proficiency.

We have completed our project under the supervision of “Dr. Nayeb Md. 
Golam Zakaria”. We wish to express our sincerest gratitude to Sir for his 
heartiest co-operation and wisdom throughout the preparation of the project. 
From the very beginning to the end of our project work Sir supported us with 
his constructive suggestions and ideas. At every step of our designing process, 
Sir helped us a lot to correct our mistake as well as provided endless 
encouragement to fulfill our work.

We are also grateful to all the teachers of “Department of Naval Architecture &
Marine Engineering” for their valuable suggestions and necessary information 
during the preparation and presentation of the project.
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֎  Deadweight : 2500 Ton
֎  Service Speed : 10 knot
֎  Cargo To be Carried : Grain

Route Specification
 Route :

 Dhaka – Chittagong 
(Sadar  Ghat Terminal to Chittagong Port)

 Route Length : 
304 km 
(164 nautical mile)

Selection of Basis Ship 
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M.V   HAJI   MOYNUL- 3

Principal particulars of basis ship

Length Overall  : 74.50m
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Length between Perpendiculars  : 70.8 m
Breadth Moulded  : 13 m
Depth Moulded  : 5 m
Draft                 : 4 m
Service Speed                : 10 knot
CB                : 0.78
CD

 : 0.75

Determination of principal particulars of design ship 

L
B

=73.8
13.7

=5.38

                                                                                        B
T

=13.7
4.2

=3.26
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D
T

=5.25
4.2

=1.25

Using Empirical Formula
Considering, CD = 0.75 (For General Cargo, CD = 0.65-0.75)

CD= DWT
W  ∴W =DWT /C D=2500 /0.75=3334 ton

Using Cubic Root Formula:

L    = 
Cubic root of

DWT ×( L
B )

2

×(B
T )

C D× CB× ρ
         

      = Cubic root of 2500× (5.38 )2× (3.26 )
0.75 ×0.78 × 1

=73.8 m

B   =   
L

( L
B )

=73.8
5.38

=13.7 m
 

T   =   
B

( B
T )

=13.7
3.26

=4.2 m

D  =T ∗( D
T )=4.2 ∗1.25=5.25 m
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Posdunine Approach:

 L=C ( V
V +2 )

2

W 1/ 3 ;C=1.7 V
L 0.5

+4.4

          L= 73.8 m
          B= 13.7 m
          T= 4.2 m

Benford Approach:

L=6.31( V
V +2 )

2

W 1 /3 

    = 73.8 m
B= 13.7 m
T = 4.2 m

 Principal Particulars

Length Overall  : 77.5 m
Length between Perpendiculars                 : 73.8 m
Breadth Moulded  : 13.7 m
Depth Moulded  : 5.25 m
Draft  : 4.2 m

GENERAL ARRANGEMENT PLAN
10



Lines plan
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Hydrostatic
calculation

Offset table

14



Calculation table
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Hydrostatic calculation  (summary )

Hydrostatic curve

 

d
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SCANTLING CALCULATIONS  

Particulars:
Length of ship, L=73.8m

Breadth of ship, B=13.7 m

Draft, T=4.2m 
Height, H=5.25 m

Block coefficient, CB=0.78

Frame spacing, a = 0.6 m                                              [Ref: GL 2013 Sec-9-   B.1.1 ]
Web frame spacing, e=2.4 m                                     
Material factor, K=1

Bottom Structure

Floor  
For single bottom 
Section modulus :  W = c T e l2 [cm3] 
c : coefficient, defined as: 
c = 7.5 =  for spaces which may be empty at full draught,  e.g. machinery spaces, 
store-rooms, etc. 
c = 4.5 = elsewhere 
e: spacing [m]of plate floors 
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l : unsupported span [m], generally measured on upper edge of floor from side shell to
side 
shell, with: 

Depth:                                                                               [Ref: GL 
2013, Sec-8, B.1.2]
h = 55 B -  45 [mm]
   = 708.5 mm = 710 mm 
Depth is taken as 750 mm 

Web thickness:
t = (h/100)+3 = 10.08 = 11 mm  
section modulus – c x T x e x l2  
                         = 4.5 x 4.2 x .6 x 13.72 

 Flange area is 19.7 cm2

So flange width is 180 mm 

Dimension- T- 750 x 180 x 11 mm 

Floor plates in the peaks :                                                            [Ref: 
GL 2013, Sec-8, B.1.2.2]
t = 0.035L  + 5.0 [mm]
  = 7.583 = 8 mm 
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h = 0.06H + 0.7[m]     = .952m 

Centre girder:                                                               
[Ref: GL 2013, Sec-8, B.2.2.1]

The web thickness : 
tw = 0.07L +  5.5[mm]
     = 10.66 = 11 mm  
Thickness is taken as 12 mm 
Af = 0.7L + 12 [cm]
=65 cm2

So , flange width is 540 mm 

Dimension – T-750 x 540 x 12 mm 

Side girder:                                                                   
[Ref: GL 2013, Sec-8, B.2.2.2]

Web thickness ::
tw =  0.04L + 5 [mm]
    = 7.952 = 8 mm
sectional area –
 Af = 0.2L + 6 [cm2]
     = 20.76 = 21 [cm2] 
So , flange width is taken as 270 mm 
                                                          

Dimension –T-  750 x 270 x 8 mm  
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Bottom Shell plating

Crw = Service Range Co-efficient = 1                                           [Ref: GL 2013, Sec-
4 .A.3]
C0 = Wave Co-efficient   

       = [ L
25

+4.1] × Crw                                                              [Ref: GL 2013, Sec-4 .A.3]

        =  7.05

 CL = Length Co-efficient = √ L
90

 = 0.9                                       [Ref: GL 2013, Sec-
4 .A.3]
nf = 1  for transverse framing                                                       [Ref : GL 2013 , Sec-
6 .A.2]

Probability factor, f = 1; for plate panels of outer hull 

Po = Basic external dynamic load                                                 [Ref : GL 2013 Sec-
4.A.2 ]
      = 2.1 (CB+0.7) × C0 × CL ×f  KN/m2

         = 2.1 (0.78+0.7) × 7.04 × 0.9× 1 KN/m2

         =19.72 mm2

P = PB = Load at bottom
       = 10T + P0.CF KN/m2                                   [Ref: GL 2013, Sec-

4, B, 5]
          = 10×4.2 + 19.72×1 KN/m2

            = 61.72 mm2

σ perm =Permissible design stress [N/mm^2] defined as

            = [0.8+ L
450  ]230

K                                                              [Ref: GL 

2013, Sec-6, A, 1]
               = 241 mm2

26



        σlp=12.6 x√ L = 108.24 

tB1= 1.9x nf   × a × √ pbxk + tk = 1.9 x1 x .6x .6 x × √ 61.72+    1.5 = 10.45=11 mm       

tB2 =1.21 x a x √(PB¿.K )¿+ tK = 7.2   mm     [Ref: GL 2013, Sec-6, B.1]

Again, Minimum bottom plate thickness = c√ ( L. K )+ tk = 9.8 mm ≈ 10 mm   

[Ref: GL 2013, Sec-6, B, 2]

So, Thickness of Bottom Plate:  12 mm

Side shell  plate thickness                                                     
[Ref: GL 2013, Sec-6, C, 2]

ps = 10 x (T-Z) + p0 . cf ( 1+z/T) = 10 +(4.2-2.63)+19.72x1x(1+ 2.63
4.2  )

    =47.76 N/mm2

tB1= 1.9x nf   × a × √ ps xk + tk =  9.37 mm

So, 10 mm is taken 

Sheer strake width = 800 + 5 L = 1170 mm 

Thickness = .5 ( tD + tS ) = 10 mm  
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Keel plate                                                                        [Ref: GL 2013, Sec-
6, B.4.1]
t= tB+ 2 = 14 mm 

B= 800 + 5 L= 1170 mm   

So, it is taken as 14 mm 

Bilge plate 
Thickness of bilge plate is taken as 14 mm 

Scantling of side structure

Main frame                                                                       [Ref: GL 2013, Sec-
9, B.2]

Mc =1-s/l =1               s=0                                                                       [Ref: GL 2013, 
Sec-3, B3.4]

Mk3=1-(lku/l + .4 (lk0/l)) =.77 

W= nx mk3x (1-ma2) mc  .a .l2 . k 

 =.64 x .77 x ( 1- .1422 ) x 1 x .6 x 2.42x 47.76 x 1 

=79.69 ~ 80  cm3
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Dimension – L – 100 x 75 x 9 mm (Ref.  Zulfikar.M.M. (2008).The Inland Shipping 
Laws & Rules, P-166)

Web frame and side stringer                               [Ref: GL 2013, 
Sec-9, B.5.3]

 Z= 2.63 m 

e=web frame spacing = 2.4m 

l= length of unsupported span =2.4 mm

W=.55 x e x l2 x p x k x nc 

=.55 x 2.4 x 2.42x 47.76 x 1x 1 

=363.13 cm3 

Dimension –T- 270x130x8  mm (Ref.  Zulfikar.M.M. (2008).The Inland Shipping Laws & 
Rules, P-170)

 Bracket                                         [Ref: GL 2013, Sec-
3, B3.5.2]                                                                       

W B=n × c× a ×l2× p × k

288 cm3

The thickness of the bracket should not be less than 

                                                         t=c × 3√ W
K

+tK
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0.95 × 3√ 288
1

+1.5

8 mm

Arm length

The arm length of brackets should not be less than

lB=46.2 × 3√ W
k

× ct

46.2 × 3√ 288
1

× 0.96

        = 292 mm   
       We take as 300 mm 

Scantling of deck structure
Deck girder 

P=PD                                                                        [Ref: GL 2013, Sec-4, B.1]

= P0 x 20 T
(10+z− T ) H x CD  

=19.72 x 20 x 4.2
(10+2.63 −4.2 ) 5.25   

= 37.42 kN /mm2 

Section modulus – W = c x e x l2 x P x k                                                   

                                     = 202.34 cm3                                                                       
[Ref: GL 2013, Sec-10, B.2]                                           
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  Dimension   T- 200 x 150 x 6  mm 

Deck   Beam 

l=length of unsupported span = 2.65 m 

c=.55    

wd= cx (mk12- ma2) x axl2x px k                                                                       [Ref: GL
2013, Sec-10, B.1]

= 62.38 cm3 

Dimension   L-100 x 65 x 7 mm (Ref.  Zulfikar.M.M. (2008).The Inland Shipping 
Laws & Rules, P-165)

Deck plate 
t= c x a x √ p .k  + tk  

tmin = (5.5 + .02 L) x √ k 

we  take as 10 mm  

 

Scantling of   Superstructure

Thickness of side plating                                              
[Ref: GL 2013, Sec-16,D .2 ]
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t= 1.21 x a x √ p .k+ tk  

 = 7 mm 

Deck plating 

Tmin= (5.5 + .02 L ) x √ k 

 = 6.976 

We take as 7 mm 

Deck  beam                                                                   
[Ref: GL 2013, Sec-10, B.1]

wd= cx (mk12- ma2) x axl2x px k 

=.55 x ( .862- .1422 ) x .6 x 1.82 x 37.42 

= 62.38 cm3 

Dimension   L-100 x 65 x 7 (Ref.  Zulfikar.M.M. (2008).The Inland Shipping Laws 
& Rules, P-165)

Superstructure frame                                                   
[Ref: GL 2013, Sec-9, B.3]

 wd= cx (mk12- ma2) x mc xaxl2x px k  

=.55 x ( .862- .1422 ) x1x .6 x 1.82 x 47.76 

= 36.76 cm3 
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 Dimension   L -75 x55 x 7 mm  (Ref.  Zulfikar.M.M. (2008).The Inland Shipping 
Laws & Rules, P-165)

Hatch cover                                [Ref: GL 2013, Sec-17, B.5]

Tk =2 in general 

Minimum thickness 

Tmin = 6 + tk 

 = 8 mm 

So 9 mm is taken 

Hatch coaming thickness 

8.5 ≈ 9 mm is taken 

 Bulkhead                                                            
Maximum spacing between bulkhead= .15L + 6.5 

                                                                    = 17.57 m 

We take 17.6 m 

Bulkhead plating [Ref: GL 2013, Sec-10, B.1]

Tmin = 6 x √ f  

   = 6 mm  
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We take as 7 mm 

Collision bulkhead plating 
t= 1.1 x f xa √ p+ tk 

  = 5.4 mm 

P= 9.81 xh 

= 9.81 x 3.5 

= 34.33 KN/mm2 

Tmin= 6 x √ f  

   =6 mm 

So we take as 7 mm 

Bulkhead stiffeners                                                  
[Ref: GL 2013, Sec-11, C.1]

Section modulus of bulkhead stiffeners 

W= Cs x(mk12- ma2) x axl2x p

=.33 x ( .862- .1422 ) x .6 x 1.82 x 51.50  

= 42.24 cm3 

Dimension   L – 75 x 50 x9 mm (Ref.  Zulfikar.M.M. (2008).The Inland Shipping 
Laws & Rules, P-165)

Name of Component Dimensions
Bottom Plate Thickness:12 mm
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Keel Plate Thickness:14 mm; Width 1170mm

Bilge Plate Thickness:14 mm

Side shell  Plate Thickness: 10 mm

Sheer strake Thickness: 10 mm Width 1170mm

Deck plate Thickness:10 mm; 

Bulkhead plate Thickness: 7 mm 

Center Girder T – 750 ×540×12 mm 

Side Girder T – 750 x 270 x 8 mm 

Deck beam L- 100 x 65 x 7 mm 

Deck girder T- 200 x 150 x 6 mm 

Superstructure frame L – 75 x 55 x 7 mm 

Super structure deck plate 7 mm 

Superstructure side plate 7 mm 

Hatch cover plate 9 mm 

Hatch coaming 9 mm 

Floor T – 750 x 180 x 11 mm 

Ordinary frame L- 100 x 75 x 9 mm  

Web Frame and side stringers T-270 x 130 x 8 mm 

Bulkhead Stiffener L- 75 x 50 x 9 mm 

Brackets Thickness: 8 mm; Arm length: 300 mm
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Midship  section
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Longitudinal Construction 
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Shell expansion
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RUDDER CALCULATION

Principal Particulars:
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Length of ship, L=73.8 m

Breadth of ship, B=13.7 m

Draft =4.2 m (Where B/T = 3.26)

Ship Speed, V=10 Knots

Cb  =  .78

Rudder Area: 

The classification society DNV calls for rudder area to be at least the size of (Rules , 1975):

A= TL
100 {1+25( B

L )
2}

Where,

A=Area of rudder
T=Draft
L=Length of the ship
B=Breadth of the ship

So, we have A= TL
100 {1+25( B

L )
2}

                                                              = (4.2*73.8/100){1+25*(13.7/73.8)} m2

                                                              =  5.76m2

From the reference book ‘Applied Naval Architecture’ by Munro Smith, the rudder area can be 
determined by,

A=❑
60

So, we have

A=❑
60

                                                                                  
                                                                                    = 5.12m2

The size of the movable rudder area is recommended not to be less than obtained from the 
following formula (according to GL Rule book):
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A= C1. C2.C3. C4 
1. 75 xLxT
100  m2

C1 = factor for the ship types=1.0 (in general)

C2 = factor for the rudder types=1.0 (in general)

C3 = factor for the rudder profiles=1.0 (for NACA –profiles and plate rudder)

C4 = factor for the rudder arrangement= 1.0 (for rudders in the propeller jet)

So, we have         

                                A = C1. C2.C3. C4 
1. 75 xLxT
100  m2

                                    =1x1x1x1x(1.75*73.8*4.2/100) m2

                                          =5.42 m2

So, we have taken rudder area, A = 5.42m2

Material:

In general materials having yield strength ReH of less than 200 N /mm2 and a tensile strength of 
less than 400 N /mm2 or more than 900 N /mm2 are not to be used for rudder stocks, pintles, keys 
and bolts. The requirements of this Section are based on a material's yield strength ReH of 235 
N/mm2. If material is used having a ReH differing from 235 N /mm2, the material factor kr is to be 
determined by the following formula:

kr=( 235
ReH )

0.75

;for ReH>235 (N/mm2)

   =
235
ReH

; for ReH≤235 [N/mm2]                               [GL 2008 section 14 article-4 ]

Yield strength of forged steel ReH=450 N /mm2

Material factor, k r=(235
ReH )

0.75

 in case of ReH ≥ 235 N /mm2

                                  ( 235
450 )

0.75

          0.614

Aspect ratio:
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Aspect ratio, a=b
c                                          [GL 2008 section 14 article A-5]

Let’s assume, Aspect ratio, a = b2/A = 1.7

A=total moveable area of rudder

Where,

Rudder area, A =5.42 m2

Mean height of rudder, b =3.03 m

Mean Breadth of rudder, c =1.78 m

Rudder force:

From the GL, the rudder force is to be determined form the following formula,

CR=132× A × v2 ×κ 1× κ2× κ3 ×κ t

Where,                                                                                   [GL 2008 section 14 article B-1.1]          

CR=¿ Normal force acting on rudder

κ1=¿ Coefficient depending on the aspect ratio

=3.7/3=1.23

 κ2=¿ Coefficient depending on the type of the rudder and rudder profile

     1.1(For NACA-00 series Gottingen profile and ahead condition)

κ3=¿ Coefficient depending on the location of the rudder 

      = 1.0 (For rudders within the propeller jet)

κ t=¿ Coefficient depending on the thrust coefficient

     1.0 (Normally)

v=¿ Ship speed for ahead condition 
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     =10 knots

A=¿ Movable rudder area

     = 5.42 m2

So, we have            

CR=132× A × v2 ×κ 1× κ2× κ3 ×κ t

 =132×5.42× (10)2×1.23×1.1×1.0×1.0

 =96800 N

 =96.8KN

For astern condition taking Va 6 knot. Cr is 34820 N

Rudder torque:

The distance of center of pressure from the turning axis is given by,

r=c ( α − kb )                                                                          [GL 2008 section 14 article B-1.2]

Where,                                             

α=.33 (For ahead condition)

k b=¿ Balance factor = 0.25 (for unbalanced rudders)

b=¿ Mean height of rudder = 3.14 m

c=
A1

b
= (5.42/3.03) = 1.78m

So, we have

r=c ( α − kb )

                                                                     = 1.78(0.33- 0.25)
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                                                                     = 0.14m

The torque on rudder is to be determined by using this formula,

QR=C r ×r

                                                                           = 13552 Nm 

For astern cond. k=.55  r=1.78(.66-.55) 

                                        =.2  

Torque=Cr X r =6970 Nm 

Rudder stock:

According to GL the diameter of rudder stock for transmitting the rudder torque is not to be less 
than,

Dt=4.2 × 3√QR× kr

Where,

            Material factor for rudder, k r = 0.614

 

So, we have

Dt=4.2 × 3√QR× kr

4.2 × 3√14040.96 ×0.614

=85

So, we take diameter of the rudder stock as 85 mm
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Related torsional stress, ᴦt = (68 /kr) = 110.75 N/mm2

Quadrangle for auxiliary tiller, = 0.77Dt

                                                                          =0.77×85 mm

                                                  =65.45~ 66mm

Height of the tiller, = 0.80Dt    

       = 0.80×85mm

       = 68 mm

Rudder frames:

According to GL rules for construction of ships, the standard spacing of horizontal rudder frames is 
to be obtained from the following formula:

ah=0.2 × L
100

+0.4

=.5476
=547 mm

So, we take the spacing of horizontal rudder frames 

=550 mm

The standard distance from the vertical rudder frame forming the rudder main piece to the adjacent 
vertical frame is to be obtained by,

av=1.5 ×ah=1.5*550

                                                                       

          

                                                                       =825 mm

So we take the spacing of vertical rudder frames = 825 mm

Rudder plates & web:
According to GL, the thickness of rudder plating is to determined from the following formula,
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t p=1.74 × a ×√ pR × kr +2.5                                      [GL 2008 section 14 article E-2.1]

Where,

             Smaller unsupported width of a plate panel, a 0.63m

 And                                            pR=10 T+
CR

103 × A

                                                                     

=59.85 KN/m²

             Material factor,k r = 0.614

So, we have

t p=1.74 × a ×√ pR × kr+2.5

1.74× 0.63×√98.44 ×0.614+2.5

=9.87~10 mm

Hence, we take the thickness of rudder plating as 

10 mm

The thickness of the webs is not to be less than,

tw=0.7 × t p

                                                                       

                                                  =7 mm

So, we take thickness of webs as t= 7 mm

Pintle:
The diameter of pintle is not to be less than,

d p=0.35×√B1 × kR                                                [GL 2008 section 14 article E-5]

Where,
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           B1=¿ Support reaction at the pintle

                =CR ×b/c

    =96800 X 1.7

     = 164560

     =164.56 KN

            Material factor, k r= 0.614

So, we have

d p=0.35×√B1 × kR

= 111.25

Hence, we take pintle diameter as =112 mm

Bearing:
In way of bearings liners and bushes are to be fitted. Their minimum thickness 
is given as,

tmin=22mm

For metallic materials.                                                                     [GL 2008 
section 14 article E-4]

So, we take thickness of liner t l=22mm

Thickness of bush not be less than,
d=0.01√ B1  

Where ,
              Support reaction at the pintle,B1=164560 N

The thickness of the bush, 
d=.01*√164560
             =4.05 mm

Hence, we take thickness of bush, d = 5 mm

The projected bearing surface at the neck bearing
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Abn=
B2

q

Where,
          Support reaction at neck bearing and carrier bearing, B2

                                                                                                      B1-CR

           =164560-96800
           =67760 N

           Permissible surface pressure, q
                                                           2.5 N /mm2 (For lignum vitae)
So, we have

Abn=
B2

q

=27104 m²

Again, 
Abn=bearingh eig h t × externaldiameter of liner

External diameter of liner, db 

=(84+44)mm= 128 mm

So, we have Bearing height,

                     =27104/128
=211.8 mm

So, we take bearing height as, 212 mm

Bearing clearance

=db /1000 +1

Where, Inner diameter of bush, db

=128/1000+1

=1.128 mm
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Rudder couplings:

The diameter of horizontal coupling bolts is not to be less than,

db=0.62×√ Dt
3× kb

k R ×n × e
                                                    [GL 2008 section 14 article D-2.1]

Where,
Dt=¿ Rudder stock diameter
n=¿ Total number of bolts 8
k r=¿ Material factor for rudder 0.614

k b=¿ Material factor for bolt =0.614
e=¿ Mean distance of the bolt axis form the center of bolt system
 Rudder stock radius + distance of bolt axis from outer surface of rudder stock

=42 +100
        =142 mm
So, we have

db=0.62×√ Dt
3× kb

k r× n ×e

=16.35 mm

So, we take the diameter of horizontal coupling bolts as 17 mm
The thickness of coupling flanges is not to be less than,

t f =0.62×√ Dt
3× kf

k r× n ×e

Where,
Dt=¿ Rudder stock diameter
n=¿ Total number of bolts =6
k R=¿ Material factor for rudder 0.614

k f=¿ Material factor for flanges k r=0.614
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e=¿ Mean distance of the bolt axis form the centre of bolt system
 Rudder stock radius + distance of bolt axis from outer surface of rudder stock

=42+100 
=142mm

        
So, we have

=16.35 mm

So we take the thickness of coupling flanges as 17 mm
Thickness of coupling flange clear of bolt hole=0.65 tf

                                                                                                               = 0.65× 17mm

                                                                           = 11.05mm~11.1 mm

Width of material outside bolt hole = 0.67× tf

                                                                                      =0.67× 17mm

                                                          = 11.4mm

Summary

Items Dimensions Material

Rudder area 5.42 m2

Rudder stock Diameter 84mm Forged steel

Coupling bolts Diameter 17mm Forged steel

Coupling flanges Thickness 17mm Forged steel

Horizontal web Spacing 550 mm Forged steel

Vertical web Spacing 825mm Forged steel

Web plate Thickness 7mm Forged steel

Rudder plate Thickness 10mm Forged steel

Pintle Diameter 112 mm Forged steel
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Liner Thickness 22 mm Forged steel

Tiller Diameter 33 mm Forged steel

Steering rod Diameter 52.5 mm Forged steel

Bush Thickness 5 mm Lignum vitae

Height of Bearing 212 mm                 Forged steel

Rudder Drawings
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Steering   Arrangement
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Principal Particulars of Ship

Length (L) 79.15 m

Breadth (B) 12.86m

Draft (T) 3.95 m

Speed (V) 10 knot (ahead)
5 knot (astern)

Block Coefficient (CB) 0.733

Rudder force:

From the GL, the rudder force is to be determined form the following formula,

CR=132× A × v2 ×κ 1× κ2× κ3 ×κ t

Where,                                                                                   [GL 2008 section 14 article B-1.1]          

CR=¿ Normal force acting on rudder

κ1=¿ Coefficient depending on the aspect ratio

a+2
3

=1. 80+2
3

=1 .27

κ2=¿ Coefficient depending on the type of the rudder and rudder profile

     1 .1(For NACA-00 series Gottingen profile and ahead condition)

κ3=¿ Coefficient depending on the location of the rudder 

      = 1.0 (For rudders within the propeller jet)

κ t=¿ Coefficient depending on the thrust coefficient

     1 .0 (Normally)
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v=¿ Ship speed for ahead condition 

     =10 knots

A=¿ Movable rudder area

     = 5.47 m2

So, we have            

CR=132× A × v2 ×κ1× κ2× κ3 ×κ t

 =132×5.47× (10)2×1.27×1.1×1.0×1.0

 =100868.988 N

 =100.87KN

Rudder Torque:

The distance of center of pressure from the turning axis is given by,

r=c ( α − kb )                                                                          [GL 2008 section 14 article B-1.2]

Where,                                             

α=.33 (For ahead condition)

k b=¿ Balance factor = 0.25 (for unbalanced rudders)

b=¿ Mean height of rudder = 3.14 m

c=
A1

b
= (5.47/3.14) = 1.74m

So, we have

r=c ( α − kb )

                                                                     = 1.74(0.33- 0.25)

55



                                                                     = 0.1392 m

The torque on rudder is to be determined by using this formula,

QR=C r ×r

                                                                          = 100868.988 N× 0.1392 m

  = 14040.96 N-m

Steering particulars summary 
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Propeller calculation
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     Propeller Specification
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Propeller Drawings

Propeller shaft calculation
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P  ropeller Shaft Arrangement Calculation
Engine power, P =880.82 kw

From propeller calculation we get,

Shaft speed, f= 210 rpm

We know,

Shaft speed, f = 
Engine speed
Gear ratio ( Z )

Engine Speed=900 rpm

So,

Gear Ratio=900/210=4.28

Calculation for Shaft Diameter (Theoretical Formula)
[Strength of Materials, by Ferdinand L.Singer et. al]

Torque at shaft, T = P × 
60

2 πf

=(880.82x1000x60)/2π x210=40053.4 Nm

Stress, τ =
16 T
π d3

Here, τ = 60N/mm2

             = 60×106    N/m2

T =40053.4N-m 

Then, 60×106 = 
16 x 55184.22

π d3

d= 3√ (
55184.22×16
π × 60000000

=0.15 m
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=150 mm

Calculation for Shaft Diameter  [Chapter 2, Page 4–2, GL 2013]

(Using GL Rule Book-2013)

Shaft Diameter:

According to GL rule,

Minimum shaft diameter, 
d=F × K × 3√ PW

n×[1 −{ d i

da }
4]×CW

Where,

d = Required outside diameter of shaft      

d i=¿Actual diameter of shaft bore, where present. 

da=¿Actual shaft diameter

The expression   1 −{ di

d a
}

4

 can be taken as equal to1

Pw=¿Power transmitted by shaft

0.97 x 880.82 kW

      = 836.8 kW

f =¿Shaft speed= 210 rpm

Here,

Rm=¿Tensile strength of shaft material (Forged steel)

600 N /mm

Cw=¿Material factor

        = 
560

Rm+160
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560
600+160  = 0.736

F=¿Factor for type of propulsion installation = 100

k=¿Factor for shaft type 

1.40(Intermediate propeller shaft)

So we have,'
d=F ×k × 3√ PW

f ×[1− {d i

da }
4]

×
Cw

100 ×1.4 × 3√ 1648.02
294 ×1

×0.736=¿163.4 mm

From two methods we take the shaft diameter =165 mm

Angle of Twist:

θ=TL
GJ

Here length of the shaft, L=8 m

Angular moment of inertia, J = πd4

32
 =7.27 x 10-5m4

Modulus of rigidity, G = 83 GPa= 8.3x1010 Nm-2

So, angle of twist, θ= 55184.22× 4.72
( 8.3× 1010 )× (1.10 x 10 −4 )

rad.

= 0.053 rad.

=3.04⁰

Minimum Liner Thickness      [Chapter 2, Page 4–4]

s =0.03×165+7.5 mm

  = 12.45~13mm
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Coupling: [Chapter 2, Page 4–4]

The thickness of coupling flanges must be equal to at least 20 % of the calculated diameter of the 
shaft.

Thickness of coupling flange =0.20×165= 33mm

Shaft Bearings      [Chapter 2, Page 4–6]

lmax = K1
.√d(< 350 rpm)

Where,

lmax = Maximum permissible distance between bearings

d = Diameter of shaft between bearings (mm) = 165mm

k1 = 280-350  (for water lubricated rubber bearing in stern tubes and shaft bracket)

So,lmax= K2.√(d ) =  350* √165 = 4495.8mm = 4.5m

Shaft Bearings

For water lubricated aft and forward rubber bearings inside stern tube,

Length of after stern tube bearing = 4d 

Length of forward stern tube bearing= 1.5d

So we have, 

Length of after stern tube bearing = 4 x 165= 660 mm

Length of forward stern tube bearing = 1.5 x 165 = 247.5~ 250mm
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Shaft details:

Details of the elements are given in the following table according to their serial number in CAD 
drawing

SL. NO DESCRIPTION MATERIALS NUMBER OF COMPONENT

1 CONE NUT M.B. BS 1

2 CONE NUT SECURING 
SCREW

M.B. BS 2

3 PROPELLER KEY M.B. BS 1

4 PROPELLER DIA X PITCH M.B. BS 1

5 AFT  BRG SECURING 
SCREW

M.B. BS 3

6 COVER PLATE SECURING 
SCREW

STEEL BS 3

7 AFT LOCKING RING STEEL BS 1

8 COVER PLATE STEEL BS 1

9 LOCK RING SECURING 
SCREW

STEEL BS 3

10 FWD LOCKING RING STEEL BS 1

11 RUBBER BEARING

12 STERNTUBE STEEL BS 1

13 TAILSHAFT 1

14 GLAND HOUSING G.M. BS 1

15 FWD  BEARING G.M. BS 1

16 GREASY PACKING GRAPHITED
ASBESTOS

3 turns

17 GLAND RING G.M. BS 1

18 GLAND STUDS AND NUTS M.B. BS 2

19 COUPLING KEY STEEL BS 1

20 HALF COUPLING STEEL BS 1

21 BACKING WASHER STEEL BS 1

22 LOCKING NUT STEEL En7 BS 1
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23 SEALING RING BS 1

24 FWD BRG SECURING 
SCREW

M.B. BS 1

25 BEARING LOCK RING STEEL BS 1

Summary :

Item Dimensions
Shaft speed 210rpm

Torque 40.05 KN
Stress 60x 106  N/mm2

Shaft Diameter 165mm
Twisting angle 3.040

Shaft liners 13mm
Coupling 33mm

Shaft bearing 4.5m
Stern Tube Bearing 250mm(frwd),660mm(aft)
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Resistance Calculation
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Adding 15 % to the brake power we get power equal to 1012 KW .  
so , we chose engine of 1030 KW.

Selection  Of Engine
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Engine Model: 
YANMAR 6EY22AW (1030)

Engine foundation calculation
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Bottom Structure in Machinery Spaces in Way of the Main 
Propulsion Plant  

 General 

Openings in way of the engine foundation are to be kept as small as possible with due 
regard, 
however, to accessibility. Where necessary, the edges of openings are to be 
strengthened by means of 
face bars or the plate panels are to be stiffened. 
 
Local strengthenings  are to be provided beside the following minimum requirements, 
according to the construction, the local conditions and the main engine maker 
requirements. 
 Single bottom 
 
The scantlings of floors are to be determined  for the greatest unsupported 
span measured in the engine room. 

The web depth of the plate floors in way of the engine foundation is to be as large as 
possible. 
The depth of plate floors connected to web frames is to be similar to the depth of the 
longitudinal foundation girders. In way of the crank case, the depth is not to be less 
than 0.5 · h. 
The web thickness t is not to be less than determined by the following formula 

t=(h/100)+4 
 =11 mm

h : depth of the floor plate 
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h=55 x B - 45 
 =708.5. ~ 710   mm

 Longitudinal girders 

The thickness t of the longitudinal girders above the inner bottom is not to be less 
than determined by the following formula: 
t=√(p/15) +6 (mm) 
 =√(1030/15) +6 
=14.2 ~ 15 in mm 

P : single engine output [kW)

 TOP PLATE:

The sizes of the top plate (width and thickness) are to be sufficient to attain efficient 
attachment and seating of the engine and - depending on seating height and type of 
engine - adequate transverse rigidity. 
The thickness of the top plate is approximately to be equal to the diameter of the 
fitted-in bolts. The cross 
sectional area A of the top plate is not to be less than determined by the following 
formula:  

A =(p/75) +70 
  =(1030/75)+70           for p>750 kw 
 =83.7 cm² 

A= cross sectional area 
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The thickness of the top plate should approximately be equal to the diameter of fitted 
in bolt . So thickness is taken as  32 mm 

So, the width of top plate will be , 

B= (A X 100)/ t 
 = 261. 6 

So it is taken as 260 mm  

Web frames in machinery spaces  

 Arrangement 

In the engine room, web frames are to be fitted. Generally, they should extend up to 
the uppermost continuous deck. They are to be spaced not more than 5 times the 
frame spacing in the engine 
room. 
 
For combustion engines, web frames are generally to be fitted at the forward and aft 
ends of 
the engine. The web frames are to be evenly distributed along the length of the 
engine. 

Where combustion engines are fitted aft, stringers spaced 2.6 m apart are to be fitted 
in the 
engine room, in alignment with the stringers in the after peak, if any. Otherwise the 
main frames are to be 
adequately strengthened. The scantlings of the stringers are to be similar to those of 
the web frames. At 
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least one stringer is required where the depth up to the lowest deck is less than 4 m. 

 Scantlings 
 
The section modulus W and moment of inertia I of web frames are not to be less than 
determined by the following formulae:  

W= 0.8 . e .l² .Ps .k (cm³)  

Crw = Service Range Co-efficient = 1                                           [Ref: GL 2013, Sec-
4 .A.3]

C0 = Wave Co-efficient   
       =  × Crw                                                              [Ref: GL 2013, Sec-4 .A.3]
        =  7.04

 CL = Length Co-efficient =  = 0.9                                       [Ref: GL 2013, Sec-4 .A.3]

Po = Basic external dynamic load                                                 [Ref : GL 2013 Sec-
4.A.2 ]
      = 2.1 (CB+0.7) × C0 × CL ×f  KN/m2
         = 2.1 (0.78+0.7) × 7.04 × 0.9× 1 KN/m2
         = 19.7 KN/m2

P = PB = Load at bottom
       = 10T + P0.CF KN/m2                                   [Ref: GL 2013, Sec-
4, B, 5]
          = 10×3 + 18.26×1 KN/m2
               = 56.7 KN/m2  
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Ps=47.76 KN/m²

W= 0.8 . e .l² .Ps .k (cm³)  
    =528.1 cm³

Dimension׃ T-330X 120 X10      (Ref.  Zulfikar.M.M. (2008).The Inland 
Shipping Laws & Rules, P-166)

   

Foundation Bolt

Spacing of bolts should be at least 3xd . 
D=dia of foundation bolt. Found from engine drawing
50 mm 
So spacing 150 mm

SUMMARY OF ENGINE FOUNDATION: 

Plate floor Thickness 11 mm

Foundation girder Thickness 15 mm

Foundation bolt dia 50 mm

Top plate Width 260 mm, thickness 52 mm

Web frame T- 330 X 120X 10 mm

Bolt spacing 150 mm
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Engine Foundation Drawings
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               Top view
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Manning of ship
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Designation No. of Personnel

1st Class Master 1

2nd Class Master 2

Sailor 8

1st Class Driver 1

Greaser 3

Total 15

Reference:  Zulfiqur  M.M . The Inland shipping laws and rules

Equipment Number calculation
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Detailed Lightweight calculation

Area
Lengt
h Weight LCG Moment VCG

Momen
t

Floor
Floor 1 1.30E-

02 3.04 0.622044
8 39 24.25974

72 4.4 2.73699
712

Floor 2 1.30E-
02 3.28 0.671153

6 37.8 25.36960
608 4 2.68461

44
Floor 3 1.30E-

02 3.52 0.720262
4 37.2 26.79376

128 3.75 2.70098
4

Floor 4 1.30E-
02 3.76 0.769371

2 36.6 28.15898
592 3.2 2.46198

784
Floor 5 1.30E-

02 4 0.81848 36 29.46528 2.75 2.25082

Floor 6 1.30E-
02 4.24 0.867588

8 35.4 30.71264
352 2.6 2.25573

088
Floor 7 1.30E-

02 4.76 0.973991
2 34.8 33.89489

376 2.4 2.33757
888

Floor 8 1.30E-
02 4.945 1.011845

9 34.2 34.60512
978 2.3 2.32724

557
Floor 9 1.30E-

02 5.13 1.049700
6 33.6 35.26994

016 2.2 2.30934
132

Floor 
10

1.30E-
02 5.315 1.087555

3 33 35.88932
49 1.9 2.06635

507
Floor 
11

1.30E-
02 5.5 1.12541 32.4 36.46328

4 1.6 1.80065
6

Floor 
12

1.30E-
02 5.685 1.163264

7 31.8 36.99181
746 1.5 1.74489

705
Floor 
13

1.30E-
02 5.87 1.201119

4 31.2 37.47492
528 1.4 1.68156

716
Floor 
14

1.30E-
02 5.985 1.224650

7 30.6 37.47431
142 1.25 1.53081

338
Floor 
15

1.30E-
02 6.1 1.248182 30 37.44546 1.1 1.37300

02
Floor 
16

1.30E-
02 6.215 1.271713

3 29.4 37.38837
102 0.95 1.20812

764
Floor 
17

1.30E-
02 6.33 1.295244

6 28.8 37.30304
448 0.85 1.10095

791
Floor 
18

1.30E-
02 6.445 1.318775

9 28.2 37.18948
038 0.75 0.98908

193
Floor 1.30E- 6.56 1.342307 27.6 37.04767 0.7 0.93961
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19 02 2 872 504
Floor 
20

1.30E-
02 6.75 1.381185 27 37.29199

5 0.68 0.93920
58

Floor 
21

1.30E-
02 6.75 1.381185 26.4 36.46328

4 0.67 0.92539
395

Floor 
22

1.30E-
02 6.75 1.381185 25.8 35.63457

3 0.66 0.91158
21

Floor 
23

1.30E-
02 6.75 1.381185 25.2 34.80586

2 0.62 0.85633
47

Floor 
24

1.30E-
02 6.75 1.381185 24.6 33.97715

1 0.6 0.82871
1

Floor 
25

1.00E-
02 6.68 1.051432 24 25.23436

8 0.5 0.52571
6

Floor 
26

1.00E-
02 6.85 1.07819 23.4 25.22964

6 0.48 0.51753
12

Floor 
27

1.00E-
02 6.85 1.07819 22.8 24.58273

2 0.44 0.47440
36

Floor 
28

1.00E-
02 6.85 1.07819 22.2 23.93581

8 0.44 0.47440
36

Floor 
29

1.00E-
02 6.85 1.07819 21.6 23.28890

4 0.44 0.47440
36

Floor 
30

1.00E-
02 6.85 1.07819 21 22.64199 0.44 0.47440

36
Floor 
31

1.00E-
02 6.85 1.07819 20.4 21.99507

6 0.44 0.47440
36

Floor 
32

1.00E-
02 6.85 1.07819 19.8 21.34816

2 0.44 0.47440
36

Floor 
33

1.00E-
02 6.85 1.07819 19.2 20.70124

8 0.44 0.47440
36

Floor 
34

1.00E-
02 6.85 1.07819 18.6 20.05433

4 0.44 0.47440
36

Floor 
35

1.00E-
02 6.85 1.07819 18 19.40742 0.44 0.47440

36
Floor 
36

1.00E-
02 6.85 1.07819 17.4 18.76050

6 0.44 0.47440
36

Floor 
37

1.00E-
02 6.85 1.07819 16.8 18.11359

2 0.44 0.47440
36

Floor 
38

1.00E-
02 6.85 1.07819 16.2 17.46667

8 0.44 0.47440
36

Floor 
39

1.00E-
02 6.85 1.07819 15.6 16.81976

4 0.44 0.47440
36

Floor 
40

1.00E-
02 6.85 1.07819 15 16.17285 0.44 0.47440

36
Floor 
41

1.00E-
02 6.85 1.07819 14.4 15.52593

6 0.44 0.47440
36

Floor 
42

1.00E-
02 6.85 1.07819 13.8 14.87902

2 0.44 0.47440
36

Floor 
43

1.00E-
02 6.85 1.07819 13.2 14.23210

8 0.44 0.47440
36
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Floor 
44

1.00E-
02 6.85 1.07819 12.6 13.58519

4 0.44 0.47440
36

Floor 
45

1.00E-
02 6.85 1.07819 12 12.93828 0.44 0.47440

36
Floor 
46

1.00E-
02 6.85 1.07819 11.4 12.29136

6 0.44 0.47440
36

Floor 
47

1.00E-
02 6.85 1.07819 10.8 11.64445

2 0.44 0.47440
36

Floor 
48

1.00E-
02 6.85 1.07819 10.2 10.99753

8 0.44 0.47440
36

Floor 
49

1.00E-
02 6.85 1.07819 9.6 10.35062

4 0.44 0.47440
36

Floor 
50

1.00E-
02 6.85 1.07819 9 9.70371 0.44 0.47440

36
Floor 
51

1.00E-
02 6.85 1.07819 8.4 9.056796 0.44 0.47440

36
Floor 
52

1.00E-
02 6.85 1.07819 7.8 8.409882 0.44 0.47440

36
Floor 
53

1.00E-
02 6.85 1.07819 7.2 7.762968 0.44 0.47440

36
Floor 
54

1.00E-
02 6.85 1.07819 6.6 7.116054 0.44 0.47440

36
Floor 
55

1.00E-
02 6.85 1.07819 6 6.46914 0.44 0.47440

36
Floor 
56

1.00E-
02 6.85 1.07819 5.4 5.822226 0.44 0.47440

36
Floor 
57

1.00E-
02 6.85 1.07819 4.8 5.175312 0.44 0.47440

36
Floor 
58

1.00E-
02 6.85 1.07819 4.2 4.528398 0.44 0.47440

36
Floor 
59

1.00E-
02 6.85 1.07819 3.6 3.881484 0.44 0.47440

36
Floor 
60

1.00E-
02 6.85 1.07819 3 3.23457 0.44 0.47440

36
Floor 
61

1.00E-
02 6.85 1.07819 2.4 2.587656 0.44 0.47440

36
Floor 
62

1.00E-
02 6.85 1.07819 1.8 1.940742 0.44 0.47440

36
Floor 
63

1.00E-
02 6.85 1.07819 1.2 1.293828 0.44 0.47440

36
Floor 
64

1.00E-
02 6.85 1.07819 0.6 0.646914 0.44 0.47440

36
Floor 
65

1.00E-
02 6.85 1.07819 0 0 0.44 0.47440

36
Floor 
66

1.00E-
02 6.85 1.07819 -0.6 -0.646914 0.44 0.47440

36
Floor 
67

1.00E-
02 6.85 1.07819 -1.2 -1.293828 0.44 0.47440

36
Floor 1.00E- 6.85 1.07819 -1.8 -1.940742 0.44 0.47440
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68 02 36
Floor 
69

1.00E-
02 6.85 1.07819 -2.4 -2.587656 0.44 0.47440

36
Floor 
70

1.00E-
02 6.85 1.07819 -3 -3.23457 0.44 0.47440

36
Floor 
71

1.00E-
02 6.85 1.07819 -3.6 -3.881484 0.44 0.47440

36
Floor 
72

1.00E-
02 6.85 1.07819 -4.2 -4.528398 0.44 0.47440

36
Floor 
73

1.00E-
02 6.85 1.07819 -4.8 -5.175312 0.44 0.47440

36
Floor 
74

1.00E-
02 6.85 1.07819 -5.4 -5.822226 0.44 0.47440

36
Floor 
75

1.00E-
02 6.85 1.07819 -6 -6.46914 0.44 0.47440

36
Floor 
76

1.00E-
02 6.85 1.07819 -6.6 -7.116054 0.44 0.47440

36
Floor 
77

1.00E-
02 6.85 1.07819 -7.2 -7.762968 0.44 0.47440

36
Floor 
78

1.00E-
02 6.85 1.07819 -7.8 -8.409882 0.44 0.47440

36
Floor 
79

1.00E-
02 6.85 1.07819 -8.4 -9.056796 0.44 0.47440

36
Floor 
80

1.00E-
02 6.85 1.07819 -9 -9.70371 0.44 0.47440

36
Floor 
81

1.00E-
02 6.85 1.07819 -9.6

-
10.35062

4
0.44 0.47440

36

Floor 
82

1.00E-
02 6.85 1.07819 -10.2

-
10.99753

8
0.44 0.47440

36

Floor 
83

1.00E-
02 6.85 1.07819 -10.8

-
11.64445

2
0.44 0.47440

36

Floor 
84

1.00E-
02 6.85 1.07819 -11.4

-
12.29136

6
0.44 0.47440

36
Floor 
85

1.00E-
02 6.85 1.07819 -12 -12.93828 0.48 0.51753

12
Floor 
86

1.00E-
02 6 0.9444 -12.6 -11.89944 0.5 0.4722

Floor 
87

1.00E-
02 5.89 0.927086 -13.2

-
12.23753

52
0.5 0.46354

3

Floor 
88

1.00E-
02 5.78 0.909772 -13.8

-
12.55485

36
0.5 0.45488

6
Floor 
89

1.00E-
02

5.66 0.890884 -14.4 -
12.82872

0.5 0.44544
2
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96
Floor 
90

1.00E-
02 5.55 0.87357 -15 -13.10355 0.5 0.43678

5
Floor 
91

1.00E-
02 6.75 1.06245 -15.6 -16.57422 0.5 0.53122

5
Floor 
92

1.00E-
02 6.75 1.06245 -16.2 -17.21169 0.5 0.53122

5
Floor 
93

1.00E-
02 6.75 1.06245 -16.8 -17.84916 0.5 0.53122

5
Floor 
94

1.00E-
02 5.35 0.84209 -17.4

-
14.65236

6
0.5 0.42104

5
Floor 
95

1.00E-
02 6.75 1.06245 -18 -19.1241 0.5 0.53122

5
Floor 
96

1.00E-
02 6.75 1.06245 -18.6 -19.76157 0.5 0.53122

5
Floor 
97

1.00E-
02 6.75 1.06245 -19.2 -20.39904 0.5 0.53122

5
Floor 
98

1.00E-
02 6.75 1.06245 -19.8 -21.03651 0.5 0.53122

5
Floor 
99

1.00E-
02 6.75 1.06245 -20.4 -21.67398 0.5 0.53122

5
Floor 
100

1.00E-
02 6.75 1.06245 -21 -22.31145 0.5 0.53122

5
Floor 
101

1.00E-
02 3.83 0.602842 -21.6

-
13.02138

72
0.5 0.30142

1
Floor 
102

1.00E-
02 6.75 1.06245 -22.2 -23.58639 0.5 0.53122

5
Floor 
103

1.00E-
02 6.75 1.06245 -22.8 -24.22386 0.5 0.53122

5
Floor 
104

1.00E-
02 6.75 1.06245 -23.4 -24.86133 0.5 0.53122

5
Floor 
105

1.00E-
02 6.75 1.06245 -24 -25.4988 0.5 0.53122

5
Floor 
106

1.00E-
02 6.75 1.06245 -24.6 -26.13627 0.5 0.53122

5
Floor 
107

1.00E-
02 6.75 1.06245 -25.2 -26.77374 0.5 0.53122

5
Floor 
108

1.00E-
02 6.75 1.06245 -25.8 -27.41121 0.5 0.53122

5
Floor 
109

1.00E-
02 6.75 1.06245 -26.4 -28.04868 0.5 0.53122

5
Floor 
110

1.00E-
02 1.46 0.229804 -27 -6.204708 0.5 0.11490

2
Floor 
111

1.30E-
02 6.01 1.229766

2 -27.6
-

33.94154
71

0.5 0.61488
31

Floor 1.30E- 6.301 1.289310 -28.2 - 0.5 0.64465

95



112 02 62 36.35855
95 531

Floor 
113

1.30E-
02 6.158 1.260049

96 -28.8
-

36.28943
88

0.5 0.63002
498

Floor 
114

1.30E-
02 5.99 1.225673

8 -29.4
-

36.03480
97

0.5 0.61283
69

Floor 
115

1.30E-
02 5.82 1.190888

4 -30
-

35.72665
2

0.5 0.59544
42

Floor 
116

1.30E-
02 5.625 1.150987

5 -30.6
-

35.22021
75

0.5 0.57549
375

Floor 
117

1.30E-
02 1.67 0.341715

4 -31.2
-

10.66152
05

0.5 0.17085
77

Floor 
118

1.30E-
02 5 1.0231 -31.8 -32.53458 0.5 0.51155

Floor 
119

1.30E-
02 4.5 0.92079 -32.4

-
29.83359

6
0.6 0.55247

4

Floor 
120

1.30E-
02 3.473 0.710645

26 -33
-

23.45129
36

1 0.71064
526

Floor 
121

1.30E-
02 3.049 0.623886

38 -33.6
-

20.96258
24

1.7 1.06060
685

Floor 
122

1.30E-
02 2.89 0.591351

8 -34.2
-

20.22423
16

2.2 1.30097
396

Floor 
123

1.30E-
02 1.763 0.360745

06 -34.8
-

12.55392
81

3.7 1.33475
672

Floor 
124

1.30E-
02 3.83 0.783694

6 -35.4
-

27.74278
88

4.2 3.29151
732

Floor 
125

1.30E-
02 0.8 0.163696 -36 -5.893056 5 0.81848

129.5798
18

334.9325
272

0.737800
35

95.6040
352

LCG 2.584758
44 aft
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Web 
Frame

WF 1 0.0032 7.2 0.362649
6 36.6 13.27297

536 5.07 1.83863
347

WF 2 0.0032 9.96 0.501665
28 31.8 15.95295

59 2 1.00333
056

WF 3 0.0032 10.9 0.549011
2 29.4 16.14092

928 1.8 0.98822
016

WF 4 0.0032 10.95 0.551529
6 27 14.89129

92 1.6 0.88244
736

WF 5 0.0032 11.5 0.579232 22.2 12.85895
04 1.5 0.86884

8
WF 6 0.0032 11.5 0.579232 19.8 11.46879

36 1.4 0.81092
48

WF 7 0.0032 11.5 0.579232 17.4 10.07863
68 1.4 0.81092

48
WF 8 0.0032 11.5 0.579232 15 8.68848 1.4 0.81092

48
WF 9 0.0032 11.5 0.579232 12.6 7.298323

2 1.4 0.81092
48

WF 10 0.0032 11.5 0.579232 10.2 5.908166
4 1.4 0.81092

48
WF 11 0.0032 11.5 0.579232 5.4 3.127852

8 1.4 0.81092
48

WF 12 0.0032 11.5 0.579232 3.6 2.085235
2 1.4 0.81092

48
WF 13 0.0032 11.5 0.579232 1.2 0.695078

4 1.4 0.81092
48

WF 14 0.0032 11.5 0.579232 -1.2
-

0.695078
4

1.4 0.81092
48

WF 16 0.0032 11.5 0.579232 -6.6
-

3.822931
2

1.4 0.81092
48

WF 17 0.0032 11.5 0.579232 -9 -5.213088 1.4 0.81092
48

WF 18 0.0032 11.5 0.579232 -12 -6.950784 1.4 0.81092
48

WF 19 0.0032 11.5 0.579232 -13.8
-

7.993401
6

1.4 0.81092
48

WF 20 0.0032 11.08 0.558077
44 -16.2

-
9.040854

53
1.4 0.78130

842

WF 21 0.0032 10.5 0.528864 -18.6
-

9.836870
4

1.45 0.76685
28

WF 22 0.0032 9.4 0.473459 -21 - 1.75 0.82855
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2 9.942643
2 36

WF 23 0.0032 7.6 0.382796
8 -23.4

-
8.957445

12
2 0.76559

36
WF 24 0.0032 6.25 0.3148 -25.8 -8.12184 2.2 0.69256

WF 25 0.0032 4.29 0.216078
72 -28.8

-
6.223067

14
2.5 0.54019

68

WF 26 0.0032 4.344 0.218798
59 -30.6

-
6.695236

92
2.7 0.59075

62

WF 27 0.0032 3.044 0.153320
19 -33

-
5.059566

34
2.8 0.42929

654

13.4995
306

31.82963
451

22.329
5447

LCG
2.35783

268 VCG
1.65409

786

Main
Frame
Frame 
1

1.60E-
03 3.6 9.07E-02 39 3.54E+00 7.231 6.56E-

01
Frame 
2

1.60E-
03 3.9 9.82E-02 38.4 3.77E+00 6.915 6.79E-

01
Frame 
3

1.60E-
03 4.3 1.08E-01 37.8 4.09E+00 6.4 6.93E-

01
Frame 
4

1.60E-
03 5.2 1.31E-01 37.2 4.87E+00 6.251 8.19E-

01
Frame 
5

1.60E-
03 6 1.51E-01 36 5.44E+00 5.892 8.90E-

01
Frame 
6

1.60E-
03 7.82 1.97E-01 35.4 6.97E+00 5.743 1.13E+0

0
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Frame 
7

1.60E-
03 4.5 1.13E-01 34.2 3.88E+00 5.525 6.26E-

01
Frame 
8

1.60E-
03 6.02 1.52E-01 33.6 5.09E+00 5.405 8.19E-

01
Frame 
9

1.60E-
03 6.02 1.52E-01 33 5.00E+00 5.405 8.19E-

01
Frame 
10

1.60E-
03 7.79 1.96E-01 32.4 6.36E+00 4.767 9.35E-

01
Frame 
11

1.60E-
03 8.005 2.02E-01 31.2 6.29E+00 4.619 9.31E-

01
Frame 
12

1.60E-
03 8.052 2.03E-01 30.6 6.21E+00 4.514 9.15E-

01
Frame 
13

1.60E-
03 8.279 2.08E-01 30 6.25E+00 4.541 9.47E-

01
Frame 
14

1.60E-
03 8.116 2.04E-01 28.8 5.89E+00 4.507 9.21E-

01
Frame 
15

1.60E-
03 8.283 2.09E-01 28.2 5.88E+00 4.414 9.21E-

01
Frame 
16

1.60E-
03 8.352 2.10E-01 27.6 5.81E+00 4.414 9.28E-

01
Frame 
17

1.60E-
03 8.462 2.13E-01 26.4 5.63E+00 4.414 9.41E-

01
Frame 
18

1.60E-
03 8.503 2.14E-01 25.8 5.52E+00 4.414 9.45E-

01
Frame 
19

1.60E-
03 9.134 2.30E-01 25.2 5.80E+00 4.414 1.02E+0

0
Frame 
20

1.60E-
03 9.197 2.32E-01 24 5.56E+00 4.414 1.02E+0

0
Frame 
21

1.60E-
03 11.5 2.90E-01 23.4 6.78E+00 4.414 1.28E+0

0
Frame 
22

1.60E-
03 11.5 2.90E-01 22.8 6.60E+00 4.116 1.19E+0

0
Frame 
23

1.60E-
03 11.5 2.90E-01 21.6 6.26E+00 3.831 1.11E+0

0
Frame 
24

1.60E-
03 11.5 2.90E-01 21 6.08E+00 3.327 9.64E-

01
Frame 
25

1.60E-
03 11.5 2.90E-01 20.4 5.91E+00 1.3 3.77E-

01
Frame 
26

1.60E-
03 11.5 2.90E-01 19.2 5.56E+00 1.3 3.77E-

01
Frame 
27

1.60E-
03 11.5 2.90E-01 18.6 5.39E+00 1.3 3.77E-

01
Frame 
28

1.60E-
03 11.5 2.90E-01 18 5.21E+00 1.3 3.77E-

01
Frame 
29

1.60E-
03 11.5 2.90E-01 16.8 4.87E+00 1.3 3.77E-

01
Frame 
30

1.60E-
03 11.5 2.90E-01 16.2 4.69E+00 1.3 3.77E-

01
Frame 1.60E- 11.5 2.90E-01 15.6 4.52E+00 1.3 3.77E-
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31 03 01
Frame 
32

1.60E-
03 11.5 2.90E-01 14.4 4.17E+00 1.3 3.77E-

01
Frame 
33

1.60E-
03 11.5 2.90E-01 13.8 4.00E+00 1.3 3.77E-

01
Frame 
34

1.60E-
03 11.5 2.90E-01 13.2 3.82E+00 1.3 3.77E-

01
Frame 
35

1.60E-
03 11.5 2.90E-01 12 3.48E+00 1.3 3.77E-

01
Frame 
36

1.60E-
03 11.5 2.90E-01 11.4 3.30E+00 1.3 3.77E-

01
Frame 
37

1.60E-
03 11.5 2.90E-01 10.8 3.13E+00 1.3 3.77E-

01
Frame 
38

1.60E-
03 11.5 2.90E-01 9.6 2.78E+00 1.3 3.77E-

01
Frame 
39

1.60E-
03 11.5 2.90E-01 9.3 2.69E+00 1.3 3.77E-

01
Frame 
40

1.60E-
03 11.5 2.90E-01 8.1 2.35E+00 1.3 3.77E-

01
Frame 
41

1.60E-
03 11.5 2.90E-01 7.5 2.17E+00 1.3 3.77E-

01
Frame 
42

1.60E-
03 11.5 2.90E-01 6.9 2.00E+00 1.3 3.77E-

01
Frame 
43

1.60E-
03 11.5 2.90E-01 5.7 1.65E+00 1.3 3.77E-

01
Frame 
44

1.60E-
03 11.5 2.90E-01 4.5 1.30E+00 1.3 3.77E-

01
Frame 
45

1.60E-
03 11.5 2.90E-01 3.9 1.13E+00 1.3 3.77E-

01
Frame 
46

1.60E-
03 11.5 2.90E-01 2.7 7.82E-01 1.3 3.77E-

01
Frame 
47

1.60E-
03 11.5 2.90E-01 2.1 6.08E-01 1.3 3.77E-

01
Frame 
48

1.60E-
03 11.5 2.90E-01 1.5 4.34E-01 1.3 3.77E-

01
Frame 
49

1.60E-
03 11.5 2.90E-01 1.2 3.48E-01 1.3 3.77E-

01
Frame 
50

1.60E-
03 11.5 2.90E-01 0.6 1.74E-01 1.3 3.77E-

01
Frame 
51

1.60E-
03 11.5 2.90E-01 0 0.00E+00 1.3 3.77E-

01
Frame 
52

1.60E-
03 11.5 2.90E-01 -0.6 -1.74E-01 1.3 3.77E-

01
Frame 
53

1.60E-
03 11.5 2.90E-01 -1.8 -5.21E-01 1.3 3.77E-

01
Frame 
54

1.60E-
03 11.5 2.90E-01 -2.4 -6.95E-01 1.3 3.77E-

01
Frame 
55

1.60E-
03 11.5 2.90E-01 -3 -8.69E-01 1.3 3.77E-

01

100



Frame 
56

1.60E-
03 11.5 2.90E-01 -4.2 -1.22E+00 1.3 3.77E-

01
Frame 
57

1.60E-
03 11.5 2.90E-01 -4.8 -1.39E+00 1.3 3.77E-

01
Frame 
58

1.60E-
03 11.5 2.90E-01 -5.4 -1.56E+00 1.3 3.77E-

01
Frame 
59

1.60E-
03 11.5 2.90E-01 -6.6 -1.91E+00 1.3 3.77E-

01
Frame 
60 1.60E-

03
11.5

2.90E-01
-7.4

-
2.143158

4
1.3 3.77E-

01
Frame 
61

1.60E-
03 11.5 2.90E-01 -8 -2.316928 1.3 3.77E-

01
Frame 
62 1.60E-

03
11.5

2.90E-01
-9.2

-
2.664467

2
1.3 3.77E-

01
Frame 
63 1.60E-

03
11.5

2.90E-01
-9.8

-
2.838236

8
1.3 3.77E-

01
Frame 
64

1.60E-
03 11.5 2.90E-01 -11 -3.185776 1.3 3.77E-

01
Frame 
65 1.60E-

03
11.5

2.90E-01
-11.6

-
3.359545

6
1.3 3.77E-

01
Frame 
66 1.60E-

03
11.5

2.90E-01
-12.2

-
3.533315

2
1.3 3.77E-

01
Frame 
67 1.60E-

03
11.5

2.90E-01
-13.4

-
3.880854

4
1.3 3.77E-

01
Frame 
68

1.60E-
03 11.5 2.90E-01 -14 -4.054624 1.3 3.77E-

01
frame 
69 1.60E-

03
11.5

2.90E-01
-14.6

-
4.228393

6
1.3 3.77E-

01
frame 
70 1.60E-

03
11.5

2.90E-01
-15.8

-
4.575932

8
1.3 3.77E-

01
frame 
71

1.60E-
03 11.5 2.90E-01 -17 -4.923472 1.3 3.77E-

01
frame7
2 1.60E-

03
11.5

2.90E-01
-17.6

-
5.097241

6
1.3 3.77E-

01
Frame 
73 1.60E-

03
11.5

2.90E-01
-18.2

-
5.271011

2
1.3 3.77E-

01
frame 
74 1.60E-

03
11.5

2.90E-01
-19.4

-
5.618550

4
1.3 3.77E-

01
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frame 
75 1.60E-

03
11.1

2.80E-01
-20.6

-
5.758573

44
1.3 3.63E-

01
frame 
76 1.60E-

03
11.1

2.80E-01
-21.2

-
5.926298

88
1.3 3.63E-

01
frame 
77 1.60E-

03
11

2.77E-01
-21.8

-
6.039123

2
1.3 3.60E-

01
frame 
78 1.60E-

03
10.95

2.76E-01
-23

-
6.342590

4
1.3 3.58E-

01
frame 
79 1.60E-

03
10.8

2.72E-01
-23.6

-
6.418897

92
1.3 3.54E-

01
frame 
80 1.60E-

03
10.85

2.73E-01
-24.2

-
6.612562

88
1.3 3.55E-

01
frame 
81 1.60E-

03
10.82

2.72E-01
-25.4

-
6.921268

35
1.3 3.54E-

01
frame 
82 1.60E-

03
10.81

2.72E-01
-26

-
7.078215

04
1.3 3.54E-

01
frame 
83 1.60E-

03
10.8

2.72E-01
-26.6

-
7.234859

52 1.35
3.67E-

01
frame 
84 1.60E-

03
10.7

2.69E-01
-27.8

-
7.491232

64 1.4
3.77E-

01
frame 
85 1.60E-

03
10.6

2.67E-01
-28.4

-
7.581391

36 1.45
3.87E-

01
frame 
86 1.60E-

03
9.95

2.51E-01
-29

-
7.266843

2 1.47
3.68E-

01
frame 
87 1.60E-

03
9.8

2.47E-01
-29.6

-
7.305374

72 1.8
4.44E-

01
frame 
88 1.60E-

03
9.6

2.42E-01
-30.8

-
7.446405

12 1.85
4.47E-

01
frame 
89 1.60E-

03
9.46

2.38E-01
-31.4

-
7.480756

1 1.95
4.65E-

01
frame 
90 1.60E-

03
8.6

2.17E-01
-32

-
6.930636

8 2.02
4.37E-

01
frame 1.60E- 8.3 2.09E-01 -33.2 - 2.4 5.02E-
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91 03
6.939703

04 01
frame 
92 1.60E-

03
8

2.01E-01
-33.8

-
6.809753

6 2.5
5.04E-

01
frame 
93 1.60E-

03
7.65

1.93E-01
-34.4

-
6.627421

44 2.6
5.01E-

01
frame 
94 1.60E-

03
4.2

1.06E-01
-35.6

-
3.765511

68 2.74
2.90E-

01
frame 
95 1.60E-

03
3.5

8.81E-02 -36.20

-
3.190812

8 4.20
3.70E-

01
frame 
96 1.60E-

03
2.2

5.54E-02 -36.80

-
2.038896

64 5.00
2.77E-

01
frame 
97 1.60E-

03
2

5.04E-02
-37.4

-
1.883763

2 5.57
2.81E-

01

total 
weight

24.26032
64 2.90 49.80

LCG .1194 VCG 2.05
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                                        Steel weight
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Machinery weight
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Wood and outfit weight
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Stability calculation

116



117



118



119



120



121



122



123



124



125



126



127



128



129



130



131



132



133



134



135



136



137



138



139



140
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Stability curves
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Trim Calculation

147



Length=73.8 m  
L. C.B=-.12 m  
L.C.G.= -1.03 m  
Loaded displacement= 3150 tons  
MCTC=(WxGML)/100L  
     =53.35 tonm/cm  

L.C.F.=-.9 m  
V.C.G=3.01 m  
BML=125  
Draft at displacement= 4 m 
Change of trim=Trimming moment/MCTC  
             =(1.03-.12)*3150/53.35  
       =53.7 cm  
 
Change of draft aft=(l/L)change of trim  
    =((73.8/2-.9)/73.8)x53.7  
  =26.2 cm  
 
So change in forward draft=(53.7-26.2)  
    =27.5 cm  
Resulting draft =(4+.26)=4.26 m aft  
Forward draft=(4-.275)=3.725 m forward  
 
Hence trimmed by stern 

Reference
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