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DIRECTORATE OF MERCHANT SHIPPING 

GOVERNMENT OF SRI LANKA 

CERTIFICATE OF COMPETENCY EXAMINATION 

 

GRADE : CHIEF MATE ON SHIPS OF 500 GT OR MORE (UNLIMITED) 

SUBJECT : SHIP’S STABILITY 

DATE  : 05th February 2016  

Time allowed THREE hours      Total marks : 180 

ANSWER ALL QUESTIONS     Pass marks : 60% 

Formulae and all intermediate steps taken in reaching your answer should be clearly shown. You 

may draw sketches wherever required. Electronic devices capable of storing and retrieving are 

not allowed. 

 

1) A vessel operating in severe winter conditions may suffer from non-symmetrical ice 

accretion on decks and superstructure. 

 

Describe the effects on the overall stability of the vessel making particular reference to 

the curve of statical stability. 

(30 marks) 

 

 

2) Answer the following questions with reference to bilging: 

 

a) Briefly describe the effects on a vessel’s GM due to bilging 

(06 marks) 

b) A boxed shaped vessel floating on an even keel in salt water has the following 

particulars: 

Length  120.0 m  Breadth 18.0 m 

Draught 5.0 m   KG  4.8 m 

 

There is an empty deep tank amidships adjacent to the keel of length 20.00 m with a 

water tight flat 5.80 m above the keel, which extends the full width of the vessel. 

 

Calculate the final draughts and the change in metacentric height if this compartment 

is bilged. 

(24 marks) 
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3) A vessel displacement 10500 t KG 6.5 m loads the following grain cargo, stowage factor 

1.53 m3t-1. 

 

Hold Weights (t) Kg (m) Transverse volumetric heeling moments (m4) 

1 3500 7.2 1200 

2 4800 7.4 1650 

3 4100 7.5 2000 

4 3200 7.5 1110 

 

The values of Kg are the volumetric centroids of the spaces. 

 

The table below illustrates extracts from the Maximum Allowable Grain Heeling 

Moment Table in metre tone: 

 

KG 6.8 6.9 7.0 7.1 7.2 

Displacement      

25 500 5660 5450 5245 5040 4840 

26 000 5600 5400 5200 5000 4800 

26 500 5550 5360 5165 4970 4775 

 

a) Demonstrate whether or not the vessel complies with the current Grain Rules. 

(25 marks) 

b) Calculate the approximate angle of heel due to the assumed grain shift 

(05 marks) 

 

 

 

4) Ship ‘A’ has a displacement of 13,000 t and a KG of 8.20 m in salt water. 

 

With the aid of Data sheet – 1 (KN Curves) and Data sheet – 2 (Hydrostatic particulars) 

determine whether the vessel complies with the stability requirements of the current Load 

Line Rules. 

(30 marks) 
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5) Answer the following questions with regard to ship’s longitudinal stability: 

a) “When calculating LCG (Longitudinal Centre of Gravity), more accurate results can 

be obtained if the moments are taken around aft or fwd perpendicular, instead of the 

COF”. Briefly describe this statement. 

(05 marks) 

b) A vessel has a summer displacement of 24 800 t which corresponds to an even keel 

draught of 10.86 m in salt water. 

 

In a partly loaded condition the vessel has the following particulars: 

Length B.P.  180.0 m  LCF  85.0 m (foap) 

Displacement  21 200 t  MCTC  210 

Drafts (in SW) fwd 8.96 m   aft  9.48 m 

 

The vessel is to complete loading at the summer displacement, with a trim of 1.00 m 

by the stern. 

 

The remaining cargo is to be loaded into two holds: 

No. 1 Hold (Lcg 166.0 m, foap) 

No. 7 Hold (Lcg 32.0 m, foap) 

 

Calculate: 

i. The quantities to be loaded in each of the holds 

(15 marks) 

ii. The final draughts in salt water 

(10 marks) 

 

 

6) A vessel floating upright has to load two weights using the ship’s own derrick. The 

maximum allowable list at any time is 50.  

 

Using the following particulars, calculate the minimum initial metacentric height 

required. 

Initial displacement 15,200 t   

KM   8.65 m (assume constant throughout) 

Derrick head   27.0 m above the keel 

 

Two weights, each 50 tonnes on the quay, 18 m from the centre line of the vessel to be 

loaded. Stowage positions on deck Kg 13.5 m, 8.0 m each side of the centerline. The 

inboard weight is to be loaded first. 

(30 marks) 
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Data sheet – 1 (KN Curves) 
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Data sheet – 2 (Hydrostatic particulars) 
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Answers  

Answer 2 (a) 

By means of the following formulas: 

BM = I/V 

KB = half the draft 

KM = KB + BM 

GM = KM – KG 

Need describe that at times the GM may increase and at time the GM may reduce 

 

Answer 2 (b) 

First need to clarify whether the final water level is above the water tight flat or below the water 

tight flat 

Volume of lost buoyancy = 5 x 20 x 18 = 1800 m3 

If, S = 5.8 – 5.0 = 0.8 m 

Gain volume  = 0.8 x (120 x 18 – 20 x 18) = 1440 m3 

In the above case, the lost volume > gain volume 

Therefore, the final water plane is above the water tight flat. 

 

Volume yet to regain = 1800 – 1440 = 360 m3 

Water plane area during above sinkage = 120 x 18 = 2160 m2 

Therefore, further sinkage = 360 / 2160 = 0.167 m 

S = 0.8 + 0.167 = 0.967 m 

Therefore, final draft = 5.967 m 

 

Take moments of volume about the keel to calculate final KB, 
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120 x 18 x 5 x Final KB = 120 x 18 x 5 x 2.5 – 1800 x 2.5 + 1800 x 5.48 

Final KB = 2.997 m = 3.0 m 

 

BM is constant before and after bilging. Therefore, the KM has increased by “final KB – initial 

KB”, i.e 3 – 2.5 = 0.5 m 

Therefore, the GM is increased by 0.5 m 

 

Answer 3(a) 

Weight  Kg Moment about keel VHM 

3500 7.2 25200 1200 

4800 7.4 35520 1650 

4100 7.5 30750 2000 

3200 7.5 24000 1110 

10500 6.5 68250  

26100  183720 5960 

 

Final KG = 183720 / 26100 = 7.039 m 

Grain heeling moment= 5960 / 1.53 = 3895 tm 

 

From table, the maximum grain heeling moment for current displacement and KG = 5115 tm 

Allowable maximum heeling moment > actual heeling moment  

Therefore, she is complying 

 

Answer 3(b) 

List  = 3895 x 12 / 5115 = 9.140 

 

Answer 5(b)i 

Cargo to load = 24800 – 21200 = 3600 t 

Initial trim = 0.52 m stern 
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Final trim = 1.0 m stern 

COT  = 1.0 – 0.52 = 0.48 m (stern) 

 

Assuming cargo to be loaded in hold number 7 is Y (t), the trimming moment around the COF 

 = 53 x Y – 81 x (3600 – Y) 

 = 134 x Y – 291600 

 

COT = trimming moment/MCTC 

0.48 x 100 = (134Y – 291600) / 210 

134Y = 301680 

Y = 2251.3 t 

Cargo to load in hold no. 7 = 2251.3 t 

Cargo to load in hold no. 1 = 3600 – 2251.3 = 1348.7 t 

 

Answer 5(b)ii 

Maximum even keel draught = 10.86 m 

COT from this draught = 1.0 m by stern 

Ta = 1 x 85 / 180 = 0.472 m 

Tf = 1.0 – 0.472 = 0.528 m 

 

Therefore draught fwd = 10.86 – 0.528 = 10.332 m 

Aft draught   = 10.86 + 0.472 = 11.332 m 
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Answer 6 

Assume the initial KG is “Y”  

Take moments about the keel for at the time of maximum list (when the last weight is hanging 

over the side) 

Weight Kg Moment 

15,200 Y 15200Y 

50 13.5 675 

50 27 1350 

15300  15200Y + 2025 

 

KG at the time of the maximum list = (15200Y + 2025) / 15300 

 

At the same time, use the following formula at the time of maximum list occurs: 

Tan list = final listing moment / (GM x W) 

Tan 5  = (18 x 50 + 8 x 50) / (GM x 15300) 

Therefore, GM at the time of maximum list = 0.971 m 

Therefore, KG at the time of maximum list = 8.65 – 0.971 = 7.679 m 

 

Therefore, 

7.679 = (15200Y + 2025) / 15300 

Y = 7.596 m 

Therefore,  

The minimum GM required = 8.65 – 7.596 = 1.054 m 


