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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  : 27th February 2017  

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) Worksheet -1 (Trim and Stability pro-forma) provides data relevant to a particular 

condition of the loading of a vessel in salt water. 

 

By the completion of the Worksheet – 1 with the aid of the ‘Hydrostatic Particulars Table 

A’ and showing all additional calculations in your answer book, determine each of the 

following: 

 

a) Final fwd and aft draughts 

(12 marks) 

b) Final transverse GMf 

(18 marks) 

 

2) Answer the following questions with regard to bilging: 

 

a) Manual stability calculation of a bilged vessel is very complicated to be carried out 

onboard a vessel. Briefly describe the actions taken by the IMO and also the shipping 

industry to overcome the situation. 

(05 marks) 

b) A box shaped vessel 75 m long, 10 m wide and 6 m deep is floating in salt water on 

an even keel at a draught of 4.5 m. Find the new draughts if a forward end 

compartment of 5 m long extending the full breath is bilged. 

(25 marks) 

 

3) A vessel loads a packaged timber cargo on deck such that there is an increase in the 

vessel's KG and an effective increase in freeboard. 

 

a) Sketch the vessel's GZ curve, showing the effect of loading this cargo. 

(14 marks) 
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b) Sketch how the GZ curve for a vessel with a zero GM is affected by EACH of the 

following: 

i) a rise in the vessel's KG; 

(08 marks) 

ii) a reduction in the vessel's KG. 

(08 marks) 

 

4) A vessel with a high deck cargo of containers will experience adverse effects due to 

strong beam winds on lateral windage areas. 

 

Explain, with the aid of a sketch of the statical stability curve, how the effects of steady 

and gusting winds are determined, stating the minimum stability requirements with 

respect to wind heeling under the current regulations. 

(30 marks) 

 

5) A box shaped vessel, length 96.00m, breadth 11.00m, is floating at a draught of 4.20m in 

salt water. Initial KG 4.18m. 

 

a) Calculate the angle of loll if 620 tonne of cargo, Kg 7.78m, is loaded on deck. 

(20 marks) 

b) Briefly describe the methods available to eliminate the angle of loll 

(10 marks) 

 

6) A vessel is floating in salt water with the following particulars; 

Fwd draft   4.2 m    Aft draft   5.4 m 

LBP            142 m    LCG         68.906 m. 

 

She is expected to carryout following operations at the port; 

Remarks  Weight (t) Lcg (m) Load/discharge 

No. 1 hold 650 132 Load 

No. 2 hold 750 105 Load 

No. 3 hold 1500 56 Load 

No. 4 hold 1600 48 Load 

No. 4 centre DB Tk 50 138 De-ballast 

No. 2 centre DB Tk 25 58 De-ballast 

 

With the aid of the hydrostatic particulars (Hydrostatic particulars ‘A’) provided, 

calculate the anticipated drafts fwd and aft, at the completion of above operations. 

(30 marks) 
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Worksheet -1 (Trim and Stability pro-forma) 
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Answers 

Answer 1 
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Answer 2(b) 

 

S = volume of lost buoyancy / Intact water plan area 

 = 4.5 x 10 x 5 / (75 x 10 – 10 x 10) 

 = 0.346 m 

 

Therefore new draught = 4.5 + 0.346 = 4.846 m 

 

 

Displacement = 75 x 10 x 4.5 x 1.025 t 

  = 3459.4 t 

 

BML = IL / V 

 =BL3 / 12V 

 = 10 x 703 / (12 x 75 x 10 x 4.5) 

 = 84.7 m 

 

MCTC = W x BML / 100L 

 = 3459.4 x 84.7 / (100 x 75) 

 = 39.07 

 

COT = trimming moment / MCTC 

 = 230.6 x 37.5 / 39.07 

 = 221.3 cm  = 2.21 m (by head) 

 

Ta = 2.21 x 35 / 75 

 = 1.03 m 

Tf = 2.21 – 1.03 = 1.18 m 

 

 Fwd draught Aft draught 

Initial  4.846 4.846 

Change of draughts + 1.18 - 1.03 

Final draughts 6.026 3.816 

 

 

 

 

Answer 5(a) 

Calculate the displacement of the box shaped vessel 

 

Initial Δ = 96.00 x 11.00 x 4.2 x 1.025 = 4546.1 t  

 

Calculate moments about the Keel to determine the Final KG 
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Weights (t)   KG (m)   Vertical Moments (tm) 

4546.1   4.18    19002.7 

 620    7.78    4823.6 

 5166.1       23826.3 

 

∴ Final KG = 4.61 m  

 

 

Calculate the final draught of the box shaped vessel after loading the cargo  

 

Final Δ  = 5166.1  = 96.0 x 11.0 x d x 1.025  

 
∴ Final draught (d) = 4.77 m 

 

Calculate the final KM 

KB = 4.77 / 2  = 2.386 m 

 

BM  = 96.0 x (11.0)3 / (12 x 96.0 x 11.0 x 4.77) = 2.11 m  

   

KM  = 2.386 + 2.11  = 4.496 m  

 

 

Calculate the Final GM after loading the cargo 

 

Final GM  = 4.496 – 4.61 = (–) 0.114 m 

 

Calculate Angle of Loll 

 

Tan (Angle of Loll)  = √ (2 x 0.114) / 2.11 

  

Angle of Loll  = 18.2° 

 

 

Answer 6 

AMD = (4.2 + 5.4) / 2 = 4.8 m 

From tables, LCF for AMD = 69.29 m 

Correction to calculate TMD = 1.2 x 69.29 / 142 m = 0.586 m 

TMD  = 5.4 – 0.586 = 4.814 m 

  = 4.81 m 

Initial displ. = 9659.9 t 
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Take moments about aft perpendicular to calculate the final LCG 

Remarks  Weight (t) Lcg (m) Moments (tm) 

Load (t) Discharge (t) 

Ship + 9659.9 68.91 665663.7  

No. 1 hold + 650 132 85800  

No. 2 hold + 750 105 78750  

No. 3 hold + 1500 56 84000  

No. 4 hold + 1600 48 76800  

No. 4 centre DB Tk -  50 138  6900 

No. 2 centre DB Tk -  25 58  1450 

Total 14084.9  991013.7 8350 

   -  8350  

Resultant    982663.7  

 

Final LCG = 982663.7 / 14084.9 = 69.77 m 

 

For the displacement of 14084.9 t, from tables; 

Hydraft = 6.79 m 

MCTC  = 181.20 

LCB  = 70.125 m 

LCF  = 67.584 m 

 

Final LCB is larger than the final LCG, therefore, she is trimmed by stern 

COT = W x (LCB – LCG) / MCTC 

COT  = 14084.9 x (70.125 - 69.77) / 181.2 

 = 27.6 cm = 0.28 m 

 

Ta = 0.28 x 67.58 / 142 = 0.133 m 

Tf = 0.28 – 0.133  = 0.147 m 
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 FWD draft (m) AFT draft (m) 

Final hydraft 6.79 6.79 

Tf / Ta -  0.147 +  0.133 

Final drafts 6.643 6.923 

 


