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ABSTRACT

Loading and Stability calculations of ships became a more and more complicated and time consuming
process as the ship sizes and design complexity increased. Accurate and efficient methods of evaluating
and analysing stability of ships for a given loading condition became very important as the safety
become equally comparable with efficiency of operation. These requirements lead to introduction of
dedicated computer systems onboard ships for loading and stability monitoring in the past. At present
Ports-State Control requires details of loading and stability of the ship as it arrives to a particular
port. With the development of the personal computer and windows environment, it is now possible to
demonstrate actual loading and stability not only on onboard computer, but also at the shore based
offices of the shipping agencies that do cargo planning. Any loading condition can be studied together
with required stability prior to actual loading taking place. Alterations of loading can be suggested to
optimize any loading condition. Although there are specialized producers of such software to the
global shipping industries, this paper presents development of such software for a local ship owner.

INTRODUCTION

Complexity of “Loading and Stability” software depends upon the ship size and
configuration, specially when the ship has more tanks and compartments with
integrated cargo loading. Loading sequence should satisfy the strength requirements
(limits of shear forces and bending moments) and stability of the ship at harbour
condition and sea-going condition. Manual calculation and assessing of strength and
stability becomes a cumbersome process if the ship is to be loaded with hundreds of
containers. It is impossible to perform same calculation manually for alternative
loading arrangements. In practice, experiences of a few loading conditions and
stability calculations and their results are used to make judgement on any other
situation with a level of uncertainty. The risk involved with such approximation and
judgement may depend upon the type of ship and the loaded draft. However, when an
onboard computer is available to study all possible and practical options of loading,
cargo spaces can be utilized to an optimum level without risk and uncertainty. This
paper presents development of such software on windows environment using Visual
Basic as the programming language.

DATABASE NEEDED FOR THE DEVELOPMENT

General Arrangement of the Ship

The General Arrangement and subdivisions of the vessel into different tanks and
cargo holds are required. This information is used to obtain tank and cargo hold
locations, capacities, their vertical and longitudinal centers of gravity and free
surfaces as the capacity varies from zero to maximum. Container profile plan
(elevation of tiers) and bay plans (cross sections of bays) are required if the ship is a
container ship. Container planning would be based on the profile plan and bay plans.
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Hydrostatics Particulars and Cross Curves of Stability.
The following particulars of the underwater hullform are used to calculate the trim
and stability of the vessel. These data are stored against set of draft or displacement

and interpolated where necessary.

I; Volume of displacement

il Waterplane area and their location of centre of gravity (LCF —
Longitudinal Centre of Floatation)

iil. Longitudinal Centre of Buoyancy of the underwater volume (LCB)

iv. Vertical Center of Buoyancy of the underwater volume (VCB)

v. Height to Metacentre from the keel (KM)

Vvi. Moment to Change Trim by a Centimetre (MCTC)
vii. Stability lever (KN) for different displacements as the ship heel
increases (Cross-curves of stability).

The above data are used to determine trim, drafts and centre of buoyancy and stability
of the ship for a given loading condition. Instantaneous values of all the particulars
are calculated to check the stability of the vessel as the ship displacement is changed
even by a very small value.

Types of Load and Loading Data.

In the case of tank loading, the type of liquid in each tank is needed to estimate the
weight of the liquid when volumetric capacity is given as the loading data. Stowage
factor and weight of cargo are required in case of Bale or Grain cargo loading. If
Grain cargo is carried, heeling moment due to grain shifting should be taken into
consideration when estimating the stability of the vessel. Container cargo loading
should include weight, size, type of cargo and port of discharge. Sequence of
container loading depends on the weight and port of discharge in order to facilitate
quick discharging.

Distribution of Structural Weight of the Lightship.

The distribution of the lightweight of the ship should be added to the distribution of
other loads (tank load, cargo loads) to calculate total weight distribution along the
ship length. Shear Force and Bending Moment estimation involve the determination
of resultant force distribution as the difference between the weight and buoyancy.
This is further discussed in the section on shear force and bending moment.

Loadline and Stability Criteria

There are statutory criteria to be satisfied by the ship for each loading condition. The
loaded draft should not exceed the maximum draft specified by the Loadline Rules
and stability criteria applicable to all weather conditions should be satisfied. In
addition, maximum values of shear force and bending moment should not exceed the
allowable values for harbour condition and sea-going condition.
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BACKGROUND OF THE DEVELOPMENT

Particulars of the lightship and all hydrostatics particulars are stored in the program
and user is not allowed to change these data. Displacement, center of gravity and all
hydrostatics particulars relevant to the displacement are calculated when there is an
addition or subtraction of any item. Trim and stability criteria are assessed and a
warning displayed if any criterion fails. The load, shear force and bending moment
variation along the length of the ship are assessed and displayed graphically against
frames of the ship structure.

For each type of tank loading, a window is displayed. This window provides the
information on default data and data to be input for each tank. Any item can be loaded
as its volume or weight, and the specific gravity value is set default. Fig.1 shows an
algorithm of tank loading. A similar algorithm is used for cargo loading as well.

Stability Criteria

In general, all ships should satisfy certain stability criteria. These criteria are imposed
to ensure stability of the ship, or in other words, resistance to capsize under any
weather condition. These criteria are specified with respect to the righting lever and
area under the righting lever that represent the potential energy of the ship at any
angle of inclination (Fig 2).

Wind Heeling
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The following intact stability criteria are recommended by IMO (International
Maritime Organization):

ke Initial metacentric height GM should be not less than 0.15 m.

2. Righting lever should be at least 0.2 m at an angle of heel equal to 30 deg.

3 Area under the righting lever curve should be not less than 0.055 m.rad upto
an angle of heel of 30 deg.

4. Area under the righting lever curve should be not less than 0.09 m.rad. upto an

angle of heel of 40 deg. or upto an angle where the non-weathertight openings
come under water (whichever is less)

3 Area under the righting lever curve should be not less than 0.03 m.rad.
between the angles of heel of 30 to 40 deg. or such lesser angle mentioned
under criterion 4.

6. Maximum righting lever should occur at an angle of heel exceeding 30 deg.
78 Angle of heel due to turning of the vessel should be less than 10.
8. Wind heeling moment criterion should be satisfied.
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Fig. 1:- Algorithm for Tank Loading

Stability
Criteria

V-Volume of liquid loaded S.G.= Specific Gravity of liquid loaded

W- Weight of liquid loaded Vmax = Maximum volume of the tank

A, = Original displacement lcg = longitudinal centre of gravity of liquid loaded
A= New displacement veg = vertical centre of gravity of liquid loaded
Agiowanie = Allowable displacement for the specified loadline

FSC = Free surface correction of liquid My = moment of weight of liquid about keel

M.t = moment of the ship about keel My,iq = moment of weight of liquid about midship
M, = moment of the ship about midship  Trim = trim of the ship

VCG = veg of the ship T, and T = Draft aft and forward

LCG = lcg of the ship GM = Metacentric height of the ship

GZ= Righting lever of the ship
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Shear Force and Bending Moment.
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Fig. 3- Shear Force and Bending Moment Distribution

Figure 3 illustrates typical longitudinal distributions of weight and buoyancy for a
ship afloat in calm water. Curve 2 represents buoyancy force variation in still water
condition. Curve 1 is the distribution of the weight. Areas under these two curves
should be equal, as the weight is equal to the buoyancy force.

In this procedure, the length of the ship is divided into a number of equal frame
spaces corresponding to frame sections. All of the weights of hull, equipment and
contents lying in a particular spacing are added together and treated as a single
uniformly distributed load over this spacing. Having determined the buoyancy and
weight distribution, the net load curve 3 is the difference between the two. Under the
condition of static equilibrium, the net area of this curve should be zero and the center
of buoyancy be on the same vertical line as the center of gravity. As in any beam
calculation, shear force is obtained as the integral of resultant load (Curve-4). The
bending moment is the integral of shear force curve and is plotted as Curve 5.

Wave Induced Loads

The calculation of the bending moment, shear force and torsional loading on a ship
hull in waves require a knowledge of the time-varying distribution of fluid forces over
the wetted surface of the hull together with the distribution of inertial reaction loads.
The fluid load corresponds to the wave induced motion of the water and the
corresponding motion of the ship. The inertial forces equal to the product of the local
mass of the ship and absolute acceleration. The shear force and bending moments are
obtained based on these combined forces and then become time-varying force and
moment.

However, experiments have shown that worst case for an average sea going condition
can be assumed to be when either the crest or trough of a wave whose length is equal
to ship length L, and height is 1./20 is at the midship. This approach is used here in
calculating shear force and bending moment at sea-going condition.
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PROGRAM STRUCTURE & FEATURES

The program is structured into the following main menus (see Annexes)

1.

File menu

This menu allows user to :
15 load previously saved loading condition into the program

ii. save current loading condition

iii. open results files of the current or previous loading condition
iv. print results of current or previous loading condition

V. quit the program

Deadweight menu
This menu allows user to load

(a) Consumables as follows (Annex-A)

1s load or unload Fresh Water tanks either by volume or weight.(Specific
gravity is a default value. However user can alter this value if he wishes)

. load or unload Heavy Fuel tanks with the facilities given in i

iii. load or unload Diesel Oil tanks with the facilities given in i.

iv. load or unload Ballast Water tanks with the facilities given in i.

V. load or unload Miscellancous tanks with the facilities given in i.

Vi. load or unload Lubrication oil tanks with the facilities given in i.

Vii. 10%, 98% or 100% of the capacity as stated in the ship stability booklet
can be loaded with single mouse click.

(b) Cargo as follows (Annex-B)

i. load or unload Cargo Holds with either Bale cargo or Grain cargo. Cargo
can be loaded either by volume and stowage factor or weight.
ii. to load or unload containers.

Profile plan of the container stowage is displayed when containers are to
be loaded. Each slot in Bay of containers can be selected for loading.
Container information can be loaded either as (Annex-C)
1) weight of the container only
or 2) weight and discharge port of the container
or 3) weight, discharge port and container number
Containers can be unloaded by a double clicking of the mouse.

Crane Loading menu

This menu provides the facility of using onboard Cranes for loading and
unloading of cargo. Options are provided to understand the effect of loading or
discharging cither by a single crane or both cranes simultaneously from both port
side and starboard side of the ship. Any adverse heeling or stability of the ship
while using these cranes is warned. Program provides the information on Ballast
to be loaded or unloaded to correct the adverse heel while using these cranes.
Officer in-charge of loading the ship is made knowledgeable on any dangerous
situation and precautions can be taken before actual loading or unloading
commences.
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4. Sounding and Draft Survey menu (Annex-D)

This menu provides information on existing volume or weight of liquid in each
tank when the sounding height is the input. Sounding height can be obtained as
the results if the weight is fed as input.

Existing deadweight of the vessel can be estimated when measured draft values of
the vessel are given as input to the program. At the same time, any discrepancy
between actual deadweight and calculated deadweight is warned against.

Advanced Features (Fail safe)

1. The program calculates the centers of gravity of respective volume of liquid
loaded and hence user does not need to input these values.

2. Specific gravity of different liquids (Diesel, Heavy Fuel, Lubrication oil) can be

altered by the user, however warning is displayed in message box, if these values

are out of range.

Stowage factor of cargo is checked against recommended values.

Empty upper slot of a container-bay is inactive until the slot just below is loaded.

Loaded slot of a container-bay is inactive until the slot just above is unloaded.

The port of discharge of containers can be selected with a color. This color

appears in all loaded slots with containers belonging to the same port of discharge.

7. If loading of the ship continues without selecting an operating draft (loadline),
program warns to select an operating draft when the loaded draft reaches the
minimum recommended loadline.

8. Program does not permit to load any item if the vessel’s draft exceed operating
draft.

Oy, Sy i

CONCLUSION

This is the first attempt to develop window-based ships loading software by the author
and it is fully successful to the owner’s requirements. The results of the software have
been validated and in agreement with the calculation given in the stability booklet of
the ship. The software could be further improved by adding animated graphical
display of the ship and its position with respect to waterplane as loading or unloading
take place. Also tank loading and unloading can be integrated with feed pumps
parameters to estimate the time of loading or unloading tanks.

Further, this software is already used in the Division of Maritime Studies for teaching
purposes and to demonstrate variation trim and stability of a ship during loading and
unloading.
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Annex —A :- Description of the labels in the form for loading of Tanks

¥ Load-Expert

% Ruhunupura - Loading Heavy Fuel and Diesel

[ AllEmpty [ 109

[ 98% M 100

Hems Location ~ Weight(t) VoL{m3) Sp.Cravity Veg(m) Leg(m) Teg(m) FSM(tm.) %Full
Tank 8DB-SB_ |Fr 82172 -1312644 (13171 |0960  [0.74 8070 126 1950 _ [98.00
Tank 8 DB-PS Fi82172- 12644 [13171 0960 ]ﬁ,74 80.70 19 .90 )8 .00
Tank 3 Overfl |Fr81-86 11628 [1695 0960 [0.74 6181 [003 1230 [98.00
Tank 10DB-SB_ |Fr31-83 14300 (14896 0960  [0.74 -3 152 5660 [96.00
Tank 10 DB-PS  |Fr 31 - 83 14300 (14896 [0960 [0.74 10.73 13 26 80 98 .00
Tank 31 Settl-PS [Fr 26 -32 2361 24 60 10960 693 1930 40 1200 08 10

IFr 26 -323 |21 54 2244 0960 [695 1938 716 11.30 98 00
60032 [52534 09599991 20 5653 041 24900  |98.00

Location Weight(t) Vel{m3) Sp.Cravity Vegim) Lcgim) Teg(m) FSM{tm.) %Full

Tank 11 Overfl-PS  [F1 30 - 32 [506 588  [os60  |u N’ 116|600
Tank 12 Storage-SB [Fr 20 - 32 [2798 3254 0860 ) 98 3.17 27 A0
Tank 13 Storage-PS |Fr 20 - 31 [2537 29 50 {0860 100 73 26 510 98 (10

[Fr18 - 22 885 1029  [0860 1.5 1300

2.0 98 00

Fr18-22 1054 (1225 (0860 |"as5

1.90 78 00

10% [@55% M 10

T139 04 45 98 D0

10 20 30

GZ at degrees of heel

40 50 60

Wil 63 043 124

TR TET R YT FEERT j'GM_o -[5.41 (m) > 0.400 Sati
At — ] 71 GZ at 30 deg = [1.56 (m) > 0.200 Satis
Trim  Ta mk Tm mk T{mk Tmean  forr Wiker Density  |Area GZ_30 =|0.394 (radjs) > 0.055 Satis
;»I::z:_; 4053 2631 1178 648 | 1.025 |Area GZ_40 =|0.670 (rad/s) > 009}1 Sanj_vj
4 »

Bstan|| | 1A & %3 3 || Ry Prokect! - Miciosolt Visual .|| Load-Expent

Label |

7!)c§crip(io;|v

Item
Location
Weight
Vol
Sp.Gravity
VCG

LCG

TCG

FSM

% Full

WL @R 915aM

Name of each tank (ex: Tank 8DB-SB — Tank no 8 double bottom starboard)
Location of the tank in the ship with respect to the frames

Weight of liquid

Volume of liquid in the tank

Specific gravity of the liquid

Vertical Centre of gravity of the liquid in the tank

Longitudinal centre of gravity of the liquid in the tank

Transverse centre of gravity of the liquid in the tank

Free surface moment of the liquid

% of the filled volume of the tanks




Annex —B :- Description of the labels in the form for Loading of Cargo Stability details of the

ship

@ Load-Expert E=ER

‘Location  Weight(t) Volum(m3) Stow.Fac. Vcg(m) = Lcg(m] Tcg(m) = XFull

.00
1 gu

80 .42

41 b5

345000 [1.500 [ 66

(5145.00 [1.500 [ /2

6595 U0 087 78 57.21 000

~ Items  Location Weight(t)

Volume(m3) Stow.Fac. Vcglm) Lcg(m) Tcg(m)

Hold 1 [Fr 83 -134

400

]

80 61
11 65

|0.000

.00 100

|

Stowage Factor

© m3/Tonne

@ t3/Tonne
Bale Cargo

DWT KG_f

6478.1

06.25

GZ at degrees of heel
40

20 30 50 60

8 1172 14J

129 0449 il

AR R A 'GM_o -[250(m) > 0400 Satis
s | ]Gz at30 deg = [1.17 (m) > 0.200 Satis
rim Tamk Tmmk Tfmk Tmean  fower WoterDensiz |Area GZ_30 =[0.263 (rad/s) > 0.055 Satic]
2933 6895 5793 4668 5916 | 1.025 Area GZ_40 =[0.488 (rad/s) > 0.090 Satic
A40-A30 = [0.263 (rad/s) > 0.030_Satic
DISTRIBUTION OF SF ([ Jand BM ¢ ) GZ_max ={1.4(m) > 0.200 Satisf
FO F16 F32 F48 F64 FB0 F96 F112 F128 F144 FI160 Ocomat; s i88tden) 338 Salisho
A (Gt e e Sl TR S
11 | IEReR] (NS (G e SSI |
L»j“t e 4}}L [ 5 i R
= e R ' o
5

Hstan| | 11 & 53 B || & Protect] - Microsoh Visual _|[ ™ Load-Expert

T

| Label N
Displ Displacement of the loaded ship
DWT Deadweight of the loaded ship
KG_f Vertical Centre of gravity (fluid) of the loaded ship
LCG Longitudinal centre of gravity of the loaded ship
TCG Transverse centre of gravity of the loaded ship
FSC Free surface correction of the ship
LCB Longitudinal centre of buoyancy of the ship
LCF Longitudinal centre of floatation of the loaded ship
TRPC Tonnes per centimeter immersion of the ship
KMt Height to the transverse metacentre from the keel
GM _f Metacentric height (fluid)
Trim Trim of the ship
Ta_mk Draft aft marks
Tm_mk Draft midship mark
Tf _mk Draft forward mark
Tmean Draft mean draft
GZ Righting lever
AreaGZ_30 Area of GZ curve up to 30deg of heel
A40-A30 Area of GZ betwwen 30 and 40 degrees
GZ_max Maximum value of GZ
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Annex -C :- Description of the labels in the form for Loading of Containers

-~ . . : P =] B
&, BAY0S 5
08 06 0 0 0 0 0 0 ES S b e
00 (INi] 0.0 o0 0o 0.0 no - Weight Kg Lcg Tcg IE nter Dischrage
86 = emb |
00 w0 BT 00 (TT] 0 ] o0 & IPN
84 =
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 = 16.29 8. 3185 003
g 23.40 59 91.85 -
= 2520 282 9185 011
274 [273 [272 2 |27 2.69 -
06 (cmb) |(cmb) |(cmb) |(cmb) |(cmb] |(cmb) A
Finish >
6 PNI[5 3 58 G
0 S D B (AT =
S e Weight | Mom. C/L 7
0 N PNy 6489 -4.47

_1C FSC

GZ at degrees of heel
40

64591 53191 0662 5161 0163 000 10 20 30
'IC8 CF _™MCTC TP FO16 026 078 114 138 122 084 U
A T 20 g - Ao M0 so
rim Ta mk Tm mk Tfmk Tmean Enter Water Density | Area GZ_30 = [0.272 (radjs) > 0.055
!I? 4 7 11 } 266 5 2113 [ 1.025 IAlea GZ_40 =|0.500 (rad/s) > 0.(!9'0
4
S| [ 4 @ =3 €2 | &y Proiect! -Micios.. | ™) Load-Expert | =y BAYO? |[= BAYOS 0 656AM
Label Description 2
BO1 - B27 | Container Bay number
Form B05 | Cross section of the bay 5
T2- T86 Tier numbers
No Number of containers in each tier
Weight Weight of containers in each tier
Kg Equivalent vertical centre of gravity of containers in each tier
Leg Equivalent longitudinal centre of gravity of containers in each tier
Teg Equivalent transverse centre of gravity of containers in each tier

278

s



Annex -D :- Description of the labels in the form for Sounding and Draft Survey

Fie Deadweight Crane Operation Sounding and Draft Survey
a8 Soundings Draft Survey
Enter TRIM in 0 LUB OIL TANKS Enter Drafts (m) SUMMORY OF LOADING
metres (+ By Stern :] 3131 [3.131 tems Weight{t)
BALLAST TANKS DIESEL OIL TANKS ' Lightship 3140.00
'TANK]—DB‘PS ;] I :_] <4 Mty g Crew Stores 70.00
HEAVY FUEL TANKS @@ﬂ Heavy Fuel Oil [0.00
Ll ] Port Starbd Diesel Oil 0.00
MISCELLANEOUS TANKS Mean draft with Hog-Sag Correction = 5.179m Lub Oil 47.97
hd Estimated Displacement =8393.80¢ Fresh Water 142.88
Enter Either Descrepency of Displ t =0.29t 1?/;illas:lwmer ggg
Soundings(m) or Weight(t] . BEERASONS: | [
I g fos1 e Exit Grain/Bale 4993.33
Containers 0.00
Specific Gravity l].ns [Displa:ement = 8394.18

e
LCG/LCB/LCF are from

Galdegﬁee:olheel
20 30 40 50 60
D16 U286 028 128 138 122 084

| ]
5712 57 67 067 r 2 a2 2 08 " GM_o =12.28 (m) > 0.400 Satic!
/12 567 12067 1880 892 228  [6.85m-TropicFW ¥ Gz o130 deg - [1.20 (m) > 0.200 Satie
rim Ta mk Tmmk Tfmk Tmean — foter Woter Density  |Area GZ_30 =|[0.272 (radjs) > 0.055 Satis
4045 7 166 5170 1131 H178 [ 1.025 Area GZ_40 =|0.501 (rad/s) > 0.0390 Satis
A40 - A30 = |0.272 (radfs) > 0.030 Satis
DISTRIBUTION OF SF [ - - - - -Jand BM [ ) GZ_max =11.38 (m) > 0.200 Satis
FO F16 F32 F48 F64 F80 F96 F112 F128 F144 F160 Occut at = [40(deg) > 30 Satisfie
1 S e S (SRR (T, (P Lt
| L an R
R b RN L A | A7
stan| | 74 @ &3 28 || &y Proect] -Miciosolt Visul .|| Load Expent PaR ss2am

k: This frame can be used to find the amount of fluid (Fuel oil, Freshwater, Lubrication oil and
Ballast water in each tank when the sounding value of the tank is input.

2, When the actual draft values of the ship are input the displacement of the ship displayed.

Drop down menu show the different tank carrying different type of fluids.

Label Description
Sounding Reading of the sounding of a particular tank
Weight Weight of liquid
Sp.Gravity | Specific gravity of the liquid
Fore Forward of the ship
Mid Midship of the ship
Aft Aft of the ship
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