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NOVEMBER 2013

STABILITY AND STRUCTURE
Attempt ALL questions

Marks for each part question are shown in brackets

1. A box-shaped vessel floating at an even keel in salt water has the following particulars:
Length 112.00m Breadth 24.00m  Depth 10.120m
Draught 6.200m KG 9.64m
A midship watertight compartment 19.00m long, permeability 0.80, and extending full
breadth of vessel, is bilged.

Calculate EACH of the following:
(a) the final draught;
(b) the metacentric height in the flooded condition;

(c) the righting moment at the angle of deck edge immersion in the bilged condition.

2. Avvessel, initially upright, has the following particulars:
Displacement 13 000 tonne  KG 7.50m

The vessel is to load a 76 tonne locomotive using the vessel’s heavy lift derrick, the head
of which is 26.75m above the keel. The locomotive is to be lifted from a position 29.30m

to port of the centreline of the vessel.

(a) Using the Hydrostatic Particulars contained in the Stability Data Booklet, calculate
the maximum angle of heel.

(b) Show, with the aid of a labelled sketch, the effect on the vessel’s dynamical stability
when first taking the weight on the derrick.

(c) Calculate the weight of ballast water to transfer between a divided double bottom

over a transverse distance of 10.00m so as to limit the maximum list to 5 degrees.

3. Avessel is floating upright in salt water and is about to drydock.
The vessel’s particulars are: KG 8.47m
Present draughts:  Forward 5.010m Aft 6.690m

(a) Using the Hydrostatic Particulars contained in the Stability Data Booklet, calculate
the vessel’s effective GM at the critical instant.

(b) Describe methods of improving the initial stability if the GM at the critical instant is
found to be inadequate.

(8)
(12)

(15)

(13)

(10)

(12)

(27)

(8)
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4. (a) Discuss the use and relative accuracy of EACH of the following means of assessing the
weight of cargo loaded:

(i) TPC using initial and final midship draughts;
(if) change in displacement using arithmetic mean of forward and aft draughts (AMD));
(iii) change in displacement using true mean of forward and aft draughts (TMD);

(iv) Draught Survey.

(b) Outline the use of EACH of the following items of information found in the Stability
Information Booklet:

(i) Cargo Capacities table;

(i) the FSM in the Tank Capacities table for fuel oil of a relative density less than FW.

5. A vessel in a seaway is lying at an angle of loll. It is proposed to rectify the situation by
ballasting double bottom tanks.

(a) Sketch the vessel’s GZ curve in the initial condition.

(b) Sketch the initial effect on the vessel’s GZ curve of first introducing water ballast into

a centre tank thereby creating free surface effect.

(c) Show the effect on the vessel’s GZ curve of filling an offcentre tank on the low side,
assuming EACH of the following:

(i) the resulting GM is negative;

(ii) the resulting GM is now positive.

6.  With reference to the International Grain Code (IMO):
(a) describe how the heeling arm curve is derived,;
(b) state the minimum intact stability criteria required;

(c) describe the measures which may be taken to minimise grain heeling moments.

®)
®)
Q)
()

(4)
(6)

(®)

(10)

(8)

()

(12)
(10)
(13)
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Question 1

(@)

(b)

(©)

Effective length of bilged compartment = 19.00 x 0.80 = 15.2m

Sink _ Volume of lost buoyancy _ 15.2x 24 x 6.2
INKAge = Area of intact waterplane ~ (112 - 15.2) x 24

New draught = 6.200 + 0.974 = 7.174m

=0.974m

KB = Dra;ght _ 7.1274 — 3587m
LB® 96.8x24x24x24
BM="T5V =12x112x 24 x 6.2 - 2:691m
KM 10.278m

KG 9.640m

GM  0.638m

Tan 0. = New Freeboard (10.120 —7.174) 2.946
anYe = "Half Beam 12 12

Angle of deck edge immersion = 13.8°

GZ = Sin 6 (GM + %:BM.Tan?0)

GZ = Sin 13.8° (0.638 + ¥ x 6.691 x Tan? 13.8°) = 0.200m

W =L xB xdraught x R.D. =112 x 24 x 6.2 x 1.025 = 17,082t
Righting Moment at 84e =W x GZ = 17,082 x 0.200 = 3416 t.m.
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Question 2
(a)
Weight KG Vertical Distance Listing
Moment offcentre | Moment
13,000 7.50 97500 0 0
+76 | 26.75 + 2033 29.30 2227
13,076 7.61 99533 2227
From tables KM 8.42
GM 0.81
Tano = Listing Moment _ 2227
W x GM 13076 x 0.81

Maximum Angle of Heel = 11.9°

(©) Tan 6

_ Listing Moment

W x GM

Listing Moment =W x GM x Tan 6 = 13,076 x 0.81 x Tan 5°

927t.m.

Present Listing Moment = 2,227t.m
Change in Listing Moment = 1,300t.m. =w X S

1300 _ 1300

S

=130t

Ballast Water to Transfer = 130t
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Question 3
(@) Mean draught = 0.010 er 0.690 _ 5.850m
From Tables: LCF = 68.50m
T.M.D = Draught aft — £|_F X Trim = 6.690 — ?275g X (6.690 — 5.010) = 5.853m
From tables at 5.853m draught:-
LCF = 68.50m MCTC =167.9 W =11,967t
p= t xll_\/IC(IJ:TC _ 1686éé87.9 - 412t

Displacement at Critical instant =W — P = 11,967 — 412 = 11,555t
From tables at W = 11,555t in SW:-
Draught =5.669m KM = 8.64m

PxKM 412 x 8.64

Loss of GM = o, =" 11967 - 0.30m
KM 8.64m
KG 8.47m
GM 0.17m

Loss of GM 0.30m
GM at Critical Instant —0.13m
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STABILITY AND STRUCTURE Attempt ALL questions

Marks for each part question are shown in brackets

1.

A vessel in salt water is trimmed 0.92 m by the stern and heeled 9° to port and has the
following particulars in salt water:

Displacement 13 200 tonne KG 8.23 m
Using the Stability Data Booklet, calculate EACH of the following:

(a) the total weight of fuel oil to transfer from the Tunnel side tanks to No. 3 D.B. tanks,
port and starboard, in order to bring the vessel to a trim of 0.40 m by the stern; (10)

(b) the final weight of fuel oil to transfer into EACH No.3 D.B. tank, port and starboard, in
order to bring the vessel upright, assuming equal quantities are taken from EACH of the
Tunnel side tanks. (25)

A container vessel's particulars in salt water are as follows:

Displacement 16000 tonne KG 8.10 mDraught 7.40 m
Lateral windage area 5160 m®  Centroid of the windage area 10.30 m above the waterline

(@ Construct a righting moment curve using the KN Tables in the Stability Data Booklet.

(10)
(b) Using the righting moment curve in Q2(a), determine EACH of the following:
(i) the angle of heel due to a steady lateral wind pressure of 48.5 kgs/mz; (15)
(ii) the angle of heel if the wind pressure increases by 50% due to gusting. (5)

Worksheet Q3 Trim and Stability provides data relevant to a particular condition of
loading of a vessel in salt water.

The Hydrostatic Particulars included in the Stability Data Booklet provide the necessary
hydrostatic data for the vessel.

By completion of the Worksheet Q3 and showing any additional calculations in the
answer book, calculate EACH of the following:

(a) the effective metacentric height; (15)
(b) the draughts forward and aft. (20)

[OVER
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Sketch a vessel's curve of statical stability showing the effect of EACH of the
following conditions on EACH curve:

(a) areduction in draught; (10)
(b) anincrease in KG; (20)
(c) an increase in beam. (10)

(a) Discuss the factors affecting the virtual loss of GM due to a free surface
within an undivided rectangular tank. (8)

(b) Explain the effect on the virtual loss of GM due to the free surface when
the slack tank is equally divided in EACH of the following situations:

(i) by a longitudinal bulkhead,; 5)
(if) by a transverse bulkhead. (5)

(c) Explain why stability information relating to free surface for a particular
tank is usually expressed as a Free Surface Moment (FSM). (5)

(d) A double bottom tank, initially empty, is to be ballasted full of salt water.

Sketch a labelled diagram to show the way in which the effective KG of the
ship will change from the instant of starting to fill the tank until it is full. (12)

With reference to the current Load Line Regulations:

(a) explain why the tabulated freeboard for a Type 'A" vessel is significantly less than
the tabulated freeboard for a Type 'B' vessel of the same length; (20)

(b) list the additional corrections required when converting basic freeboard to assigned
freeboard, explaining the reason for EACH correction. (15)
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STABILITY AND STRUCTURE
Attempt ALL questions

Marks for each part question are shown in brackets

1. A box-shaped vessel floating at an even keel in salt water has the following particulars:
Length 110.00m  Breadth 24.00m
Draught 6.200m KG 9.58m

An amidship watertight compartment 19.00m long, height 7.00m, and extending full
breadth of vessel, is bilged. The compartment is fully loaded with cargo of relative density
0.82 and stowing at 1.64m*/tonne.

Calculate EACH of the following:
(a) the final draught;
(b) the change in GM.

2. (a) Describe the means by which water can flood the vehicle deck of a conventional
Ro/ro vehicle ferry.

(b) A Ro/ro vessel is floating at an even keel draught of 8.600m in salt water. KG 6.40m.
A rectangular vehicle deck 100m long, 19m wide and 11.75m above the keel is
flooded with salt water to a depth of 0.50m.

Using the Stability Data Booklet calculate the final fluid GM.

3. Avessel is to load a cargo of grain (stowage factor 1.70m°/t).
Initial displacement 5950 tonne  Initial KG 6.71m
All five holds are to be loaded full of grain.
The tween decks are to be loaded as follows:-
No.1TD Full
No.2TD Part full — ullage 2.00m
No.3TD Full
No.4TD Part full — ullage 2.50m
The Stability Data Booklet provides the necessary cargo compartment data for the vessel.

Using the Maximum Permissible Grain Heeling Moment Table included in the Stability
Data Booklet, determine whether the vessel complies with the minimum criteria specified
in the IMO International Grain Code.

(15)

(20)

(20)

(20)

(30)

[OVER
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(@) Distinguish between the causes of an angle of loll and an angle of list.

(b) Distinguish between the method of correction of an angle of list and the method of
correction of an angle of loll.

(c) A box-shaped vessel floating at an even keel in fresh water has the following
particulars:

Length 100.00m Breadth 16.50m  Displacement 9900t KG 7.00m
Calculate the angle of loll.

Sketch a vessel’s curve of statical stability showing the effects of EACH of the following:-
(a) areduction in draught;
(b) an increase in beam;

(c) areduction in free surface.

List the items to be inspected during the surveys required in order that an International
Load Line Certificate remains valid, stating the nature of the examination required for
each.

(10)

(10)

(20)

(10)
(10)
(10)

(25)
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STABILITY AND STRUCTURE
Attempt ALL questions

Marks for each part question are shown in brackets

1. Avessel is to transit a canal with a minimum clearance of 0.30 m under a bridge,
the underside of which is 20.50 m above the waterline.

Present draughts in fresh water:  Forward 5.700 m  Aft 7.000 m
The aft mast is 40 m foap and extends 26.50 m above the keel.
The fore mast is 108 m foap and extends 25.50 m above the keel.
(Assume masts are perpendicular to the waterline throughout.)

Using the Stability Data Booklet, calculate EACH of the following:

(@) the final draughts forward and aft in order to pass under the bridge with
minimum clearance;

(b) the maximum weight of cargo to discharge in order to pass under the bridge
with minimum clearance.

2. Avessel, initially upright, is to carry out an inclining test.
Present displacement 4700 t. KM 10.63 m
Total weights on board during the experiment:

Ballast 368 t, Kg 3.48 m. Tank full.

Bunkers 182 t, Kg 3.91 m. Free surface moment 974 tm.

Fresh Water 86 t, Kg 4.54 m. Slack tank. Free surface moment 799 tm
Inclining weights 50 t, Kg 8.88 m.

At the time of the experiment the boilers are empty. They would usually contain
a total of 26 t of water, Kg 4.22 m, with a free surface moment of 129 tm.

A deck crane, weight 21t and still ashore will be fitted on the vessel at a Kg of
9.86 m at a later date.

The plumbline has an effective vertical length of 7.90 m. The inclining weights
are shifted transversely 7.50 m on each occasion and the mean horizontal
deflection of the plumbline is 0.69 m.

Calculate the vessel's Lightship KG.

(17)

(18)

(30)
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A vessel is floating upright in dock water R.D. 1.019 on an even keel draught of
5.000 m. KG 8.70 m.

The After Peak is empty and is to be filled with dock water ballast before
entering drydock.

Using the Stability Data Booklet, calculate:
(a) the trim on entering the drydock;
(b) the vessel’s effective GM at the critical instant.

(a) State the minimum intact stability criteria required by the IMO International
Grain Code.

(b) Describe, with the aid of a sketch, of a curve of statical stability, the effect
of increasing the GM on a vessel with a list due to a transverse shift of
cargo.

With reference to the current Load Line Regulations:

(a) distinguish between a Type A vessel and a Type B vessel, explaining why
they have different tabular freeboards.

(b) Identify the additional corrections required when converting basic freeboard
to assigned freeboard, explaining the reason for each correction.

(a) Explain how wind heeling moments are calculated.

(b) Sketch a vessel’s curve of statical stability, showing the effects of a strong
beam wind.

(c) Sketch a supply vessel’s statical stability diagram showing how the GZ curve
for the vessel calculated on a Free Trim basis may differ from that
calculated on a Fixed Trim basis.

(20)
(20)

(10)

(25)

(15)

(15)

(8)
(10)

(12)
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