
Appendix B

The Displacement Sheet and
Hydrostatics

Chapter 4 introduced the concepts of:

� Bonjean curves
� a displacement sheet as a concise way of calculating the displacement of

a body defined by a table of offsets,
� hydrostatic curves.

Rather than place a lot of related numerical work in the main text, an

example of how they can be derived is placed in this appendix.

Table B.1 is a displacement sheet, using Microsoft Excel, for a vessel in

which the waterplanes are 2 m apart and the sections 14.1 m apart. The actual

half ordinates defining the underwater form of a body are shown in bold. For

greater definition in way of the turn of bilge, an intermediate waterplane has been

introduced between waterplanes 5 and 6, the Simpson’s multipliers being adjusted

accordingly. To simplify the arithmetic the appendages which would usually be

found below number 6, waterplane and aft of ordinate 11 have been ignored.

The figures in Row 6 are obtained from multiplying the half ordinates in

Row 5 by the corresponding Simpson’s multipliers in Row 3. Thus cell M6 is

the product of the contents of cells M3 and M5. Cell R6 is the sum of the cells

in Row 6 and represents the area of the section at ordinate 1 up to the summer

waterline (SWL). The figures in Column S are the result of multiplying the

figures in Column R by the Simpson’s multipliers in Column B. Cell S28 is

the sum of the figures in Column S and represents the volume of the immersed

body. The figures in Column U are the products of Columns S and T. Cell U28

is the sum of the figures in Column U and represents the moment of the

buoyancy force about amidships.

Correspondingly, the figure in cell D7 is the product of the figure in cell

C7 and the Simpson’s multiplier in cell B7. Then cell D28 is the sum of the

figures in Column D and represents the area of waterplane 6. The figures in

Row 30 are the result of multiplying the figures in Row 28 by the Simpson’s

multipliers in Row 3, noting that the SM for column D is that appearing in

Column C, and so on. Cell R30 is the sum of the figures in Row 30 and

e1



TA
B
LE

B
.1

D
is
p
la
ce

m
e
n
t
S
h
e
e
t

A
B

C
D

E
F

G
H

I
J

K
L

M
N

O
P

R
S

T
U

1
W
at
er
li
n
e

6
5
.5

5
4

3
2

SW
L

2 3
O
rd
in
at
e

SM
0
.5

2
1
.5

4
2

4
1

F(
A
)

F(
A
)3

SM

Le
ve
r

af
t

F(
M
)

4 5
1

1
0
.0
0
0

0
.0
0
0

0
.0
0
0

0
.0
0
0

0
.0
0
0

0
.0
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

6
0
.0
0
0

0
.0
0
0

0
.0
0
0

0
.4
0
0

0
.2
0
0

0
.4
0
0

0
.1
0
0

1
.1
0
0

1
.1

�5
�5

.5

7
2

4
0
.5
0
0

2
.0
0
0

1
.0
6
0

4
.2
4
0

1
.6
4
0

6
.5
6
0

2
.7
6
0

1
1
.0
4
0

3
.6
4
0

1
4
.5
6
0

4
.4
4
0

1
7
.7
6
0

5
.2
0
0

2
0
.8
0
0

8
0
.2
5
0

2
.1
2
0

2
.4
6
0

1
1
.0
4
0

7
.2
8
0

1
7
.7
6
0

5
.2
0
0

4
6
.1
1
0

1
8
4
.4
4
�4

�7
3
7
.7
6

9
3

2
1
.9
0
0

3
.8
0
0

3
.2
8
0

6
.5
6
0

4
.7
0
0

9
.4
0
0

6
.6
6
0

1
3
.3
2
0

8
.1
0
0

1
6
.2
0
0

9
.1
0
0

1
8
.2
0
0

9
.8
4
0

1
9
.6
8
0

1
0

0
.9
5
0

6
.5
6
0

7
.0
5
0

2
6
.6
4
0

1
6
.2
0
0

3
6
.4
0
0

9
.8
4
0

1
0
3
.6
4
0

2
0
7
.2
8
�3

�6
2
1
.8
4

1
1

4
4

4
.5
0
0

1
8
.0
0
0

6
.8
0
0

2
7
.2
0
0

8
.6
0
0

3
4
.4
0
0
1
0
.6
4
0

4
2
.5
6
0
1
1
.8
0
0

4
7
.2
0
0
1
2
.4
8
0

4
9
.9
2
0
1
2
.8
0
0

5
1
.2
0
0

1
2

2
.2
5
0

1
3
.6
0
0

1
2
.9
0
0

4
2
.5
6
0

2
3
.6
0
0

4
9
.9
2
0

1
2
.8
0
0

1
5
7
.6
3
0

6
3
0
.5
2
�2

�1
2
6
1
.0
4

1
3

5
2

7
.2
4
0

1
4
.4
8
0
1
0
.1
0
0

2
0
.2
0
0
1
1
.8
0
0

2
3
.6
0
0
1
3
.3
0
0

2
6
.6
0
0
1
3
.8
0
0

2
7
.6
0
0
1
4
.0
0
0

2
8
.0
0
0
1
4
.0
4
0

2
8
.0
8
0



1
4

3
.6
2
0

2
0
.2
0
0

1
7
.7
0
0

5
3
.2
0
0

2
7
.6
0
0

5
6
.0
0
0

1
4
.0
4
0

1
9
2
.3
6
0

3
8
4
.7
2

�1
�3

8
4
.7
2

1
5

6
4

9
.0
0
0

3
6
.0
0
0
1
1
.9
0
0

4
7
.6
0
0
1
3
.2
4
0

5
2
.9
6
0
1
4
.2
0
0

5
6
.8
0
0
1
4
.5
0
0

5
8
.0
0
0
1
4
.5
0
0

5
8
.0
0
0
1
4
.4
0
0

5
7
.6
0
0

1
6

4
.5
0
0

2
3
.8
0
0

1
9
.8
6
0

5
6
.8
0
0

2
9
.0
0
0

5
8
.0
0
0

1
4
.4
0
0

2
0
6
.3
6
0

8
2
5
.4
4
0

0

1
7

7
2

7
.9
0
0

1
5
.8
0
0
1
0
.7
0
0

2
1
.4
0
0
1
2
.4
0
0

2
4
.8
0
0
1
3
.6
4
0

2
7
.2
8
0
1
4
.0
8
0

2
8
.1
6
0
1
4
.2
2
0

2
8
.4
4
0
1
4
.2
0
0

2
8
.4
0
0

1
8

3
.9
5
0

2
1
.4
0
0

1
8
.6
0
0

5
4
.5
6
0

2
8
.1
6
0

5
6
.8
8
0

1
4
.2
0
0

1
9
7
.7
5
0

3
9
5
.5

1
3
9
5
.5

1
9

8
4

5
.5
0
0

2
2
.0
0
0

8
.0
0
0

3
2
.0
0
0

9
.7
0
0

3
8
.8
0
0
1
1
.9
0
0

4
7
.6
0
0
1
3
.0
2
0

5
2
.0
8
0
1
3
.5
4
0

5
4
.1
6
0
1
3
.7
0
0

5
4
.8
0
0

0

2
0

2
.7
5
0

1
6
.0
0
0

1
4
.5
5
0

4
7
.6
0
0

2
6
.0
4
0

5
4
.1
6
0

1
3
.7
0
0

1
7
4
.8
0
0

6
9
9
.2

2
1
3
9
8
.4

2
1

9
2

3
.0
0
0

6
.0
0
0

4
.5
0
0

9
.0
0
0

6
.0
4
0

1
2
.0
8
0

8
.6
4
0

1
7
.2
8
0
1
0
.7
0
0

2
1
.4
0
0
1
2
.0
2
0

2
4
.0
4
0
1
2
.6
0
0

2
5
.2
0
0

2
2

1
.5
0
0

9
.0
0
0

9
.0
6
0

3
4
.5
6
0

2
1
.4
0
0

4
8
.0
8
0

1
2
.6
0
0

1
3
6
.2
0
0

2
7
2
.4

3
8
1
7
.2

2
3

1
0

4
0
.9
4
0

3
.7
6
0

1
.5
6
0

6
.2
4
0

2
.1
6
0

8
.6
4
0

3
.7
0
0

1
4
.8
0
0

5
.7
0
0

2
2
.8
0
0

8
.0
0
0

3
2
.0
0
0
1
0
.0
6
0

4
0
.2
4
0

2
4

0
.4
7
0

3
.1
2
0

3
.2
4
0

1
4
.8
0
0

1
1
.4
0
0

3
2
.0
0
0

1
0
.0
6
0

7
5
.0
9
0

3
0
0
.3
6
4

1
2
0
1
.4
4

2
5

1
1

1
0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

0
.1
0
0

1
.3
0
0

1
.3
0
0

2
6

0
.0
5
0

0
.2
0
0

0
.1
5
0

0
.4
0
0

0
.2
0
0

0
.4
0
0

1
.3
0
0

2
.7
0
0

2
.7

5
1
3
.5

2
7

2
8

1
2
1
.9
4
0

1
7
4
.5
4
0

2
1
1
.3
4
0

2
5
7
.4
8
0

2
8
8
.2
0
0

3
1
0
.7
2
0

3
2
7
.4
0
0

3
9
0
3
.6
6

8
1
5
.1
8

(C
o
n
ti
n
u
ed

)



TA
B
LE

B
.1

D
is
p
la
ce

m
e
n
t
S
h
e
e
t—

(c
o
n
t.
)

A
B

C
D

E
F

G
H

I
J

K
L

M
N

O
P

R
S

T
U

2
9

3
0

6
0
.9
7

3
4
9
.0
8

3
1
7
.0
1

1
0
2
9
.9
2

5
7
6
.4

1
2
4
2
.8
8

3
2
7
.4

3
9
0
3
.6
6

3
1

Le
ve
r

5
4
.5

4
3

2
1

0

3
2

3
3

M
o
m
en

t
3
0
4
.8
5

1
5
7
0
.8
6

1
2
6
8
.0
4

3
0
8
9
.7
6

1
1
5
2
.8

1
2
4
2
.8
8

0
8
6
2
9
.1
9

3
4

3
5

V
o
lu
m
e

2
4
4
6
3

3
6

D
is
p
la
ce
m
en

t
2
5
0
7
5

3
7

LC
B
af
t

2
.9
4

3
8

V
C
B

5
.5
8

3
9

4
0



represents the immersed volume of the body. Note: As a check on the

accuracy of the arithmetic, the figures in Cells S28 and R30 are the same

at 3903.66. The figures in Row 33 are obtained by multiplying the figures in

Row 30 by the corresponding levers in Row 31. Cell R33 is the sum of the

figures in Row 33 and represents the moment of buoyancy about the SWL.

Since the ordinates are for half the hull, the total hull volume is given by:

Volume5 23 (2/3)3 (14.1/3)3 3903.665 24,463 m3.

Displacement, in tonnes5 24,463(1.025)5 25,075 tonnes in seawater.

The centre of buoyancy of the hull from amidships5 14.1(815.18)/

(3903.66)5 2.94 m aft.

The centre of buoyancy below the SWL5 2(8629.19)/(3903.66) 5 4.42 m.

If wished these figures can be calculated within Excel and placed in

designated cells in the table.

Once a template has been created for the calculations, it can be used

repeatedly with new sets of ordinates. If one figure has to be changed in the

table, the computer will automatically correct all the related figures.

The computer naturally calculates figures to the full number of decimal

places. The number printed out can be controlled by the relevant command.

This should not lead the reader to suppose that the actual volume and centre

of buoyancy position have been calculated this accurately. For one thing, the

ordinates used will have limited accuracy and this will be compounded by

the use of approximate integration methods. As a check on the latter, Table B.2

TABLE B.2 Comparison of VCB

Waterline Area SM F(V) Lever F(M)1 Lever F(M)2

SWL 3078 1 3078 0 0 10 30,780

2 2921 4 11,684 2 23,368 8 93,472

3 2709 2 5418 4 21,672 6 32,508

4 2420 4 9680 6 58,080 4 38,720

5 1987 1.5 2980.5 8 23,844 2 5961

5.5 1641 2 3282 9 29,538 1 3282

6 1146 0.5 573 10 5730 0 0

36,695.5 162,232 204,723

Volume 24,463.67

CB below SWL 4.421033

CB above keel 5.57967

e5Appendix B|The Displacement Sheet and Hydrostatics



compares the vertical centre of buoyancy (VCB) position by taking moments

about the SWL and the keel. It will be noted that the two figures added together

correspond very closely to the draught of 10 m.

Waterplane and Section Areas

Embedded in Table B.1 are figures that can be used to derive the area of

each waterplane and the area of each section up to the SWL. The former are

in the second column of figures under each waterline (Columns D, F, H,

etc.); the latter in the second row against each ordinate (Rows 6, 8, 10, etc.).

These could be calculated within the main table, but for clarity of presenta-

tion they are here presented in Table B.3. The tonnes per centimetre immer-

sion are calculated for each waterplane.

Tables can be produced for each waterplane, similar to Table 3.2 in

Chapter 3, to give the area, centroid position and the longitudinal and trans-

verse moments of inertia. These are presented in Tables B.4�B.10.

Note: In the row against I(long), the first figure is the moment of inertia

about amidships and the second is the inertia about the centre of flotation.

For the body up to 3WL and 5WL, part-displacement sheets can be

constructed as given in Tables B.11 and B.12, respectively.

A convenient way of calculating the volume of displacement and VCB

position for waterlines 2 and 4 (as well as the SWL) is to plot the waterplane

areas to obtain the figures for intermediate waterplanes as given in

Table B.13.

Bonjean Curves

The Bonjean curves can be calculated, for any section, by integration up to

each waterline in turn. The Simpson’s rule chosen in each case, and hence

the multiplying factor to be used, will depend upon the number of ordinates.

Table B.14 derives the section areas up to 5.5WL and between SWL and

2WL using Simpson’s 5, 8, 1 rule. Table B.15 derives the section areas

between the SWL and 4WL and 5WL using the 1, 3, 3, 1 rule and between

SWL and 5WL using the 1, 4, 21 rule. Then a table of cross-sectional areas

can be drawn up as given in Table B.16 from which the Bonjean curves can

be drawn. Figure B.1 uses the data given in Table B.16 to show the Bonjean

curves for ordinates 2, 3, 4 and 5.

Volumes and Longitudinal Centres of Buoyancy

The section areas can be used to calculate the volumes of displacement up to

each waterline and the corresponding longitudinal centres of buoyancy

(LCBs) as given in Table B.17.

e6 Introduction to Naval Architecture
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TABLE B.16 Table of Section Areas

Ord Area to

6WL 5.5WL 5WL 4WL 3WL 2WL SWL

1 0.00 0.00 0.00 0.27 0.67 1.07 1.47

2 0.00 1.56 4.25 13.18 26.01 42.19 61.48

3 0.00 5.17 13.15 36.04 65.73 100.22 138.19

4 0.00 11.38 26.87 65.75 110.81 159.49 210.17

5 0.00 17.53 39.63 90.37 144.69 200.35 256.48

6 0.00 21.16 46.56 101.75 159.28 217.32 275.15

7 0.00 18.78 42.07 94.56 150.12 206.78 263.67

8 0.00 13.63 31.47 75.15 125.23 178.47 233.07

9 0.00 7.49 18.03 47.50 86.43 132.11 181.60

10 0.00 2.50 6.23 17.83 36.44 63.92 100.12

11 0.00 0.20 0.40 0.60 1.20 1.60 3.60

10
Sect 2

D
ra

ug
ht

Sect 3 Sect 4 Sect 5

8

6

4

2

50 100 150 200 250

Area (m2)

FIGURE B.1 Bonjean curves.
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Metacentric Diagram

As discussed in Chapter 4, the metacentric diagram shows how the VCB and

metacentre positions vary with draught. The VCB values have been found

above. BM is given by I/V and values are derived in Table B.18 using I and

V figures from the other tables. KM is KB1BM and thus a metacentric dia-

gram can be produced for the body which is the subject of this appendix.

Table B.18 also includes a calculation of the longitudinal metacentre position

which is needed to obtain the hydrostatic curves. The metacentric diagram is

plotted in Figure B.2.

Hydrostatic Curves

Chapter 4 also introduced the concept of hydrostatic curves. The information

in Table B.18, assuming a KG of 11 m, is used to plot Figure B.3.

Note: The data used in the Bonjean and hydrostatic curves can be derived

in a number of different ways. Those above have been selected to give the

reader an idea of the procedures involved.

KB Curve
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FIGURE B.2 Metacentric diagram.
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