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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  : May 2015  

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) With the aid of labeled sketches, show the effects of each of the following on a 

vessel’s curve of statical stability: 

a) a strong beam wind on a vessel with a high freeboard and a large number of 

containers on deck; 

b) a change in the KG of the vessel due to the consumption of fuel and water from 

double bottom tanks during the voyage (assume the tanks are full at the time of 

sailing); 

c) the loading of a full cargo of timber on deck 

(10 marks each) 

 

3) Answer the following questions with regards to bilging of a vessel: 

a) Briefly describe the contents of a damage stability calculations book available 

onboard a vessel. 

(05 marks) 
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b) A box shaped vessel 120 m long and 15 m wide floats at an even keel draught of 6.5 

m in salt water. A compartment at the forward end, 10 m long 15 m wide, is empty. 

Assuming the bilge GML is equal to bilge BML, find the new draughts fwd and aft if 

this compartment gets bilged. 

(25 marks) 

 

4) Answer the following questions with regards to change of density: 

a) With the aid of a labelled sketch explain why the trim is subjected to change when a 

vessel moves from one density of water to another. 

(05 marks) 

b) A vessel floating in salt water has the following particulars: 

 

Displacement 18,000 t   LBP 220 m 

LCB  100 m foap   LCF 120 m foap 

MCTC  200    TPC 23 

Draft fwd  7.85 m    aft 8.55 m 

 

The vessel has two bunker tanks. The forward tank has it’s centroid 205 m forward of 

the aft perpendicular and the after tank has it’s centroid 75 m forward of the aft 

perpendicular. Calculate the following; 

 

i) The amount of fuel to transfer between the bunker tanks in order to arrive 

alongside at a fresh water berth on an even keel. 

(15 marks) 

ii) The arrival draft forward and aft. 

(10 marks) 

 

5) A box shaped vessel of length 98.0 m, breadth 14.2 m, depth 9.3 m is floating in salt 

water at an even keel draught of 5.6 m. 

a) Calculate the righting moment when the vessel is heeled to the angle of deck edge 

immersion if the KG is 5.50 m. 

(20 marks) 

b) Calculate the angle of loll if the KG is 6.0 m. 

(10 marks) 

 

6) Answer the following questions with regards to free surface effect and list: 

a) List the factors which affect the free surface effect. 

(10 marks) 

b) A vessel of 8200 t displacement, KG 6.3 m, KM 8.0 m is floating upright. A double 

bottom tank of regular cross section is divided in to two equal parts each 40.0 m long, 
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8.0 m wide and 1.6 m deep. The starboard side tank is full of fresh water and the port 

side tank is empty. Calculate the angle of list when half of the water is transferred to 

the port side tank. 

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

Answer 1 
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Answer 3 (b) 

S  = 10 x 15 x 6.5 / (120 x 15 – 10 x 15) = 0.591 m 

New hydraft = 6.5 + 0.591 = 7.091 m 

New AB = New AF = 55 m 

New BG = 5 m 

She will be trimmed by head 

 

Displacement = 120 x 15 x 6.5 x1.025 = 11992.5 t 

Trimming moment = W x BG = 11992.5 x 5 = 59962.5 t 

 

MCTC = W x GML / (100 x L) 

Since, GML = BML 

MCTC = W x BML / (100 x L) 

BML = I / V = 15 x 1103 / (12 x 120 x 15 x 6.5) = 142.2 m 

 

MCTC = 11992.5 x 142.2 / (100 x 120) = 142.1 

COT = trimming moment / MCTC = 59962.5 / 142.1 = 422 cm = 4.22 m 

 

Ta = COT x AF / LBP = 4.22 x 55 / 120  = 1.934 m 

Tf = 4.22 – 1.934 = 2.286 

 FWD draught (m) AFT draught (m) 

New hydraft 7.091 7.091 

Tf / Ta + 2.286 - 1.934 

New draughts 9.377 5.157  
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Answer 4 (a) 

Change of trim will occur depending upon the position of the LCF and LCB. Stern trim will 

occur if the LCF > LCB and head trim will occur if the LCF < LCB. This has to be explained by 

means of a diagram. 

 

Answer 4 (b) (i) 

FWA = Displacement / (40 x TPC) 

 = 18000 / (40 x 23) = 19.565 cm = 0.196 m 

TPCfresh water = 23 x 1.000 / 1.025 = 22.4 

Weight of increased under water volume = FWA x TPCless density = 19.565 x 22.4 

= 438.26 t 

Trimming moment = Weight of increased under water volume x (LCB – LCF) 

   = 438.26 x (100 – 120) = 8765.2 tm 

 

MCTC2 = 200 x 1.000 / 1.025 = 195.1 

COT = Trimming moment / MCTC2 = 8765.2 / 195.1 = 44.9 cm 

 = 0.449 m by stern 

Total trim after arriving into fresh water = initial trim + COT 

      = 0.7 m + 0.449 = 1.149 m 

 

Distance between the tanks = 205 – 75 m = 130 m 

COT = trimming  moment / MCTC2 

100 x 1.149 = ballast water to transfer to make her even keel x 130 / 195.1 

Ballast water to transfer to make her even keel = 172.4 t 
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Answer 4 (b) (ii) 

COT due to change of density = 0.449 m (by stern) 

Ta due to change of density = 0.449 x 120 / 220 =0.245 m 

Tf due to change of density = 0.449 – 0.245 = 0.204 m 

COT required to make her even keel = 1.149 m (by head) 

Ta when making her even keel = 1.149 x 120 / 220 = 0.627 m 

Tf when making her even keel = 1.149 – 0.627 = 0.522 m 

 

 Fwd (m) Aft (m) 

Initial draught 7.85  8.55 

Bodily sinkage + 0.196 + 0.196 

 8.046 8.746 

Tf  / Ta - 0.204 +0.245 

Arrival draught at fresh water 7.842 8.991 

Tf / Ta (to make her even keel) + 0.522 - 0.627 

Even keel draughts 8.364 8.364 

 

 

Answer 5 (a) 

Free board = 9.3 – 5.6 = 3.7 m 

Tan (DEI) = free board / half breadth = 3.7 / 7.1 

DEI  = 27.50 

 

KB = half draught = 5.6 / 2 = 2.8 m 

BM = I / V = LB3 / (12 x V) = 98 x 14.23 / (12 x 5.6 x 14.2 x 98) = 3.0 m 

 

KM = 2.8 + 3 = 5.8 m 

GM = 5.8 – 5.5 = 0.3 m 

At the angle of DEI; 
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GZ = (GM + ½ x BM Tan2 DEI) x Sin DEI 

 = (0.3 + 1.5 x Tan2 27.50) Sin 27.50 

 = 0.326 m 

Righting moment at DEI = 0.326 x (5.6 x 14.2 x 98 x 1.025) 

    = 2604 tm 

Answer 5 (b) 

GZ = (GM + ½ x BM Tan2 θ) x Sin θ 

When the GM is negative 

0  = (GM + ½ x BM Tan2 θ) x Sin θ 

θ = angle of loll = Tan -1 [square root of (2 x GM / BM)] 

 = Tan -1[square root of ( 2 x 0.2 / 3)] 

 = 20.10 

 

Answer 6 (b) 

Initial GM = 8 – 6.3  = 1.7 m 

Transferred weight downward = 0.8 x 40 x 8 x 1 = 256 t 

GG1 downward = 256 x 0.8 / 8200 = 0.025 m 

 

New solid GM  = 1.7 + 0.025  = 1.725 m 

FSE both tanks = [I x di / displacement] x 2  

   = [40 x 83 / (12 x 8200)] x 2 = 0.416 m 

GM fluid  = 1.725 – 0.416 = 1.309 m 

Tan θ = final listing moment / (displacement x GM) 

 = 256 x 8 / (8200 x 1.309) = 0.1908 

List = 10.80 (port) 


