
MEC-E1004 Principles of Naval Architecture

Defining Hull Lines and Sectional Area Curve



Tips before 
modelling

Defining the 
hull form in 
2D

This tutorial explain how to use 
the excel sheet in defining the 
hull lines and sectional area 
curves.

By this stage the main 
dimensions of your ship should 
be defined.

Frame spacing must be defined 
along Lpp (x-direction) into 10 
frames.



Input Main Data

• The Vessel type, Lpp, B, T, D and Speed (V) need to be input first 

in the Main Data Sheet. These are coloured in red.



• “Offset Tables (working 

sheet)” is the place you 

can amend the offset table 

and fair your lines plan. 

• The charts of half breadth 

plan, profile, body plan, 

nondimensional lines plan 

and the hydrostatics will 

be updated while working 

on the offset table. 

• The plots here should help 

in the fairing process. The 

smoothest the curves, the 

better the lines. 

Working sheet



Defining Stern and Bow profile
• The default stern and bow profile in the excel are for a twin propeller passenger 

ferry.

• You should define your ship stern and bow profile in the Non-dimensional water line 

data table, in the “Offset Tables (working sheet)”. (marked in red)

• Trace the changes in the profile view to make sure you have fair stem and stern.

• The CL-buttock is needed if the hull lines are defined without a CL-skeg. This 

simplifies the aft hull lines for slender hull forms. 

• The x coordinates are x/Lpp, y coordinates are y/(B/2) and z coordinates are z/T



Defining the half breadths

• Define the non-dimensional half breadths for each of the frames coinciding 

with the correct waterlines (y/(B/2)) where y are the half-breadths.(marked 

in red)

• These half breadths are used to plot the Non-dimensional waterline and 

Frame Section on the Form sheet.



Defining the half breadths

• The waterline curves are defined by taking each frame into 

consideration.

• The fairness of the waterlines must be checked



Defining the half breadths
• The frame sections are defined by taking each frame into 

consideration.

• The fairness of the frame section must be checked.



Hydrostatics 
• The hydrostatics curves (Draft 

vs LCB, Cb, Cw, LCF, IL, IT, KB, 

BMT, Dispalacement ) are linked 

to the offset table.

• They should  be fair enough and 

reliable. 

• Check the draft or dispalcement

of the ballast and fully loaded

conditions (using the draft vs

displacement plot) and make

sure they are appropriate.

Hydrostatics 
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Hydrostatics 
• The section area curves and the Bonjean curves are plotted in  “Offset 

Tables (working sheet)”, the derivations in “HS calculations” sheet.

• The section area curves at each water line and the Bonjean curves at each 

station reflect the change in the area throughout the ship length and draft 

respectively.



Sectional Area Curves
• Check the CB and LCB  in the plots. 

• These values must be in the required range for the type of ship being 

designed.



Sectional Area Curves

• The SAC curve plotted must be checked with the recommended curves, 

refer to “Recommended SAC” sheet.

• If the SAC at DWL is not appropriate, changes must be made to the Offset 

Tables sheet to have the fair form.



Hull Lines
• After the SAC is correct, the offset tables and the plots of lines plan and 

hydrostatics need to be checked again. They are plotted by the dimensional 

table which depends on the Non-dimensional table. The axes should be 

adjusted accordingly.



Hydrostatics calculations

• “HS calculations” sheet is used for calculating the hydrostatics of the 

vessel and plotting the hydrostatics curves as a function of ship draft.

• You should not edit any data in this sheet 

• The main particulars and offset table in this sheet are linked with the 

dimensions you entered previously 

Length overall (LOA) 160.5 m

Length between perpendiculars (LBP) 150 m

Breadth molded (B) 25 m

Depth molded to main deck (D) 14 m

Draft to load waterline (T) 5.5 m

Waterlines (Half breadths)

stations 0 0.5 1 2 3 4 5 WL 6 7

0 0 0 0 0 0 0 5 10.5 12

1 0 0 0 0 2.5 8.125 10.875 12.125 12.5

2 0 1.625 4.125 7.25 10 11.625 12.3125 12.5 12.5

3 5.625 8.375 10 11.625 12.25 12.4625 12.5 12.5 12.5

4 10 11.625 12.125 12.4375 12.5 12.5 12.5 12.5 12.5

5 10 11.625 12.125 12.4375 12.5 12.5 12.5 12.5 12.5

6 7.875 10 11 12 12.375 12.5 12.5 12.5 12.5

7 4.375 6.875 8.625 10.25 11.25 11.875 12.25 12.5 12.5

8 1.625 3.5 5 7 8.375 9.5 10.25 11.25 12

9 0.125 1 1.75 3 4.125 5.125 6.125 7.875 9.25

10 0 0.5 0.75 0.875 0.75 0.125 0 1 2.5



Hydrostatics calculations

• Here we integrate the half 

breadth coordinates using 

Simpson 1/3 rule to obtain the 

area of water lines, KB, IL, IT, 

LCF and TPC. at each water 

line. 



Hydrostatics calculations

• Here we integrate the water 

line areas using Simpson 

1/3 rule to obtain the ship 

displacement, BMT, BML, CB, 

MCT1cm and LCB at each 

draft. 

0 0.5 1 2 3 4 5

WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m)

0 0.313808 0 0 1195 1 1195 0 0 0.313808 375 0 1195 1 1195 0 0 0.313808 375 0 1195 1 1195 0 0 0.313808 375 0 1195 0.5 597.5 0 0 0.313808 187.5 0 1195 1 1195 0 0 0.313808 375 0 1195 0.5 597.5 0 0 0.313808 187.5

0.5 1655 1 1655 1 1655 -1.3142 -2175 0.5 1655 4 6620 1 6620 -1.3142 -8700 0.5 1655 2 3310 0.5 1655 -1.3142 -4350 0.5 1655 2 3310 0.5 1655 -1.3142 -4350

1 1952.5 1 1952.5 2 3905 -1.82458 -3562.5 1 1952.5 4 7810 1 7810 -1.82458 -14250 1 1952.5 1.5 2928.75 1 2928.75 -1.82458 -5343.75 1 1952.5 4 7810 1 7810 -1.82458 -14250 1 1952.5 1.5 2928.75 1 2928.75 -1.82458 -5343.75

2 2275 1 2275 2 4550 -2.57143 -5850 2 2275 4 9100 2 18200 -2.57143 -23400 2 2275 2 4550 2 9100 -2.57143 -11700 2 2275 4 9100 2 18200 -2.57143 -23400

3 2577.5 1 2577.5 3 7732.5 -0.6838 -1762.5 3 2577.5 4 10310 3 30930 -0.6838 -7050 3 2577.5 2 5155 3 15465 -0.6838 -3525

3.321804 0 4 2927.25 1 2927.25 4 11709 3.321804 9723.75 4 2927.25 4 11709 4 46836 3.321804 38895

5 3171.25 1 3171.25 5 15856.25 5.457233 17306.25

Σ 0 0 0 Σ 2850 1655 -1800 Σ 9767.5 10525 -11887.5 Σ 11280 12360 -19725 Σ 18513.75 30516.25 -34668.75 Σ 26792.25 59549 -22901.25 Σ 35971.5 100941 19770

ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3

IT = 26774.04 M^4 IT = 50580.1 M^4 IT = 67787.01 M^4 IT = 90494.25 M^4 IT = 106919.6 M^4 IT = 125354.6 M^4 IT = 142887.1 M^4

IL= 524132.3 m^4 IL= 1023142 m^4 IL= 1431812 m^4 IL= 1940770 m^4 IL= 2697107 m^4 IL= 3726943 m^4 IL= 4552087 m^4

(T) 0 M (T) 0.55 M (T) 1.1 M (t) 2.2 M (t) 3.3 M (t) 4.4 M (t) 5.5 M

δt = δt = 1.1 δt = T/NWL 0.55 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M

KB = KB = 0.638772 M KB = ΣF(M)/ΣF(V)*δt0.592654 M KB = ΣF(M)/ΣF(V)*δt1.205319 M KB = ΣF(M)/ΣF(V)*δt1.813132 M KB = ΣF(M)/ΣF(V)*δt2.444882 M KB = ΣF(M)/ΣF(V)*δt3.086752 M 3.066416

V = V = 1045 m^3 V = δt/3*ΣF(V) 1790.708 m^3 V = δt/3*ΣF(V) 4136 m^3 V = δt/3*ΣF(V) 6788.375 m^3 V = δt/3*ΣF(V) 9823.825 m^3 V = δt/3*ΣF(V) 13189.55 m^3 13294.87

Dis = Dis = 1071.125 T Dis = V*ρ 1835.476 T Dis = V*ρ 4239.4 T Dis = V*ρ 6958.084 T Dis = V*ρ 10069.42 T Dis = V*ρ 13519.29 T

BMt = BMt = 48.40201 M BMt = IT/V 37.85486 M BMt = IT/V 21.87965 M BMt = IT/V 15.7504 M BMt = IT/V 12.76026 M BMt = IT/V 10.83336 M 10.75047

BMl = BMl = 979.0829 m BMl = IL/V 799.5788 m BMl = IL/V 469.2383 m BMl = IL/V 397.3127 m BMl = IL/V 379.378 m BMl = IL/V 345.1283 m

CB = CB = 0.506667 CB = V/(L*B*t) 0.434111 CB = V/(L*B*t) 0.501333 CB = V/(L*B*t) 0.548556 CB = V/(L*B*t) 0.595383 CB = V/(L*B*t) 0.639493 0.640501

MCT1CM Dis*BML/100*L MCT1CM Dis*BML/100*L69.91468 MCT1CM Dis*BML/100*L 97.84052 MCT1CM Dis*BML/100*L 132.6193 MCT1CM Dis*BML/100*L184.3023 MCT1CM Dis*BML/100*L254.6745 MCT1CM Dis*BML/100*L311.0593

LCB LCB -0.63158 m LCB -1.21705 m LCB -1.74867 m LCB -1.87259 m LCB -0.85477 m LCB 0.549602 m -0.48746

KB, Volume, BMT, BML, MCT1cm and LCB calculations

0 0.5 1 2 3 4 5

WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m) WL Aw SM F(v) lever F(m) LCF F(m)

0 0.313808 0 0 1195 1 1195 0 0 0.313808 375 0 1195 1 1195 0 0 0.313808 375 0 1195 1 1195 0 0 0.313808 375 0 1195 0.5 597.5 0 0 0.313808 187.5 0 1195 1 1195 0 0 0.313808 375 0 1195 0.5 597.5 0 0 0.313808 187.5

0.5 1655 1 1655 1 1655 -1.3142 -2175 0.5 1655 4 6620 1 6620 -1.3142 -8700 0.5 1655 2 3310 0.5 1655 -1.3142 -4350 0.5 1655 2 3310 0.5 1655 -1.3142 -4350

1 1952.5 1 1952.5 2 3905 -1.82458 -3562.5 1 1952.5 4 7810 1 7810 -1.82458 -14250 1 1952.5 1.5 2928.75 1 2928.75 -1.82458 -5343.75 1 1952.5 4 7810 1 7810 -1.82458 -14250 1 1952.5 1.5 2928.75 1 2928.75 -1.82458 -5343.75

2 2275 1 2275 2 4550 -2.57143 -5850 2 2275 4 9100 2 18200 -2.57143 -23400 2 2275 2 4550 2 9100 -2.57143 -11700 2 2275 4 9100 2 18200 -2.57143 -23400

3 2577.5 1 2577.5 3 7732.5 -0.6838 -1762.5 3 2577.5 4 10310 3 30930 -0.6838 -7050 3 2577.5 2 5155 3 15465 -0.6838 -3525

3.321804 0 4 2927.25 1 2927.25 4 11709 3.321804 9723.75 4 2927.25 4 11709 4 46836 3.321804 38895

5 3171.25 1 3171.25 5 15856.25 5.457233 17306.25

Σ 0 0 0 Σ 2850 1655 -1800 Σ 9767.5 10525 -11887.5 Σ 11280 12360 -19725 Σ 18513.75 30516.25 -34668.75 Σ 26792.25 59549 -22901.25 Σ 35971.5 100941 19770

ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3 ρ = 1.025 1025 KG/M^3

IT = 26774.04 M^4 IT = 50580.1 M^4 IT = 67787.01 M^4 IT = 90494.25 M^4 IT = 106919.6 M^4 IT = 125354.6 M^4 IT = 142887.1 M^4

IL= 524132.3 m^4 IL= 1023142 m^4 IL= 1431812 m^4 IL= 1940770 m^4 IL= 2697107 m^4 IL= 3726943 m^4 IL= 4552087 m^4

(T) 0 M (T) 0.55 M (T) 1.1 M (t) 2.2 M (t) 3.3 M (t) 4.4 M (t) 5.5 M

δt = δt = 1.1 δt = T/NWL 0.55 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M δt = T/NWL 1.1 M

KB = KB = 0.638772 M KB = ΣF(M)/ΣF(V)*δt0.592654 M KB = ΣF(M)/ΣF(V)*δt1.205319 M KB = ΣF(M)/ΣF(V)*δt1.813132 M KB = ΣF(M)/ΣF(V)*δt2.444882 M KB = ΣF(M)/ΣF(V)*δt3.086752 M 3.066416

V = V = 1045 m^3 V = δt/3*ΣF(V) 1790.708 m^3 V = δt/3*ΣF(V) 4136 m^3 V = δt/3*ΣF(V) 6788.375 m^3 V = δt/3*ΣF(V) 9823.825 m^3 V = δt/3*ΣF(V) 13189.55 m^3 13294.87

Dis = Dis = 1071.125 T Dis = V*ρ 1835.476 T Dis = V*ρ 4239.4 T Dis = V*ρ 6958.084 T Dis = V*ρ 10069.42 T Dis = V*ρ 13519.29 T

BMt = BMt = 48.40201 M BMt = IT/V 37.85486 M BMt = IT/V 21.87965 M BMt = IT/V 15.7504 M BMt = IT/V 12.76026 M BMt = IT/V 10.83336 M 10.75047

BMl = BMl = 979.0829 m BMl = IL/V 799.5788 m BMl = IL/V 469.2383 m BMl = IL/V 397.3127 m BMl = IL/V 379.378 m BMl = IL/V 345.1283 m

CB = CB = 0.506667 CB = V/(L*B*t) 0.434111 CB = V/(L*B*t) 0.501333 CB = V/(L*B*t) 0.548556 CB = V/(L*B*t) 0.595383 CB = V/(L*B*t) 0.639493 0.640501

MCT1CM Dis*BML/100*L MCT1CM Dis*BML/100*L69.91468 MCT1CM Dis*BML/100*L 97.84052 MCT1CM Dis*BML/100*L 132.6193 MCT1CM Dis*BML/100*L184.3023 MCT1CM Dis*BML/100*L254.6745 MCT1CM Dis*BML/100*L311.0593

LCB LCB -0.63158 m LCB -1.21705 m LCB -1.74867 m LCB -1.87259 m LCB -0.85477 m LCB 0.549602 m -0.48746

KB, Volume, BMT, BML, MCT1cm and LCB calculations



Bonjean curves

• This part aims to define the transverse areas at each station and draft. This 

data will be used to draw the Bonjean curves.



Bonjean curves
• The table contains the transverse area at each station and water line 

• The table above should be scaled to draw the Bonjean curves on the profile 

plot.  

• Enter the appropriate scale factor and check the Bonjean curves plot

A 0 1 2 3 4 5 6 7 8 9 10

WL0 . . . . . . . . . . .

WL0.5 . . . . . . . . . . .

WL1 0 0 3.89583333 18.0125 25.1625 25.1625 21.5875 14.85 7.5625 2.154167 1.008333

WL2 0 0 17.4166667 41.98333 52.02083 52.02083 46.84167 36.025 20.99167 7.425 2.841667

WL3 0 1.833333 35.5208333 68.42917 79.70417 79.70417 73.92917 59.49167 37.90417 15.2625 4.675

WL4 0 13.29167 60.5916667 95.58083 106.975 106.975 101.1083 85.25 57.65833 25.48333 5.775

WL5 3.666667 35.475 85.9833333 123.1358 134.7042 134.7042 128.8375 111.5583 79.42917 37.8125 5.591667

Scale factor 10 Enter the scale factor

A ST 0 ST 1 ST 2 ST 3 ST 4 ST 5 ST 6 ST 7 ST 8 ST 9 ST 10

WL0 0 0 0 0 0 0 0 0 0 0 0

WL0.5 0 0 0.19479167 0.900625 1.258125 1.258125 1.079375 0.7425 0.378125 0.107708 0.050417

WL1 0 0 0.38958333 1.80125 2.51625 2.51625 2.15875 1.485 0.75625 0.215417 0.100833

WL2 0 0 1.74166667 4.198333 5.202083 5.202083 4.684167 3.6025 2.099167 0.7425 0.284167

WL3 0 0.183333 3.55208333 6.842917 7.970417 7.970417 7.392917 5.949167 3.790417 1.52625 0.4675

WL4 0 1.329167 6.05916667 9.558083 10.6975 10.6975 10.11083 8.525 5.765833 2.548333 0.5775

WL5 0.366667 3.5475 8.59833333 12.31358 13.47042 13.47042 12.88375 11.15583 7.942917 3.78125 0.559167



Bonjean curves
• The scaled transverse areas 

(actual value /scale factor) are 

used to plot the Bonjean curves.

• The actual values are used to plot 

the SACs at each waterline.


