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EXAMINATION OF MARINE ENGINEER OFFICER

NAVAL ARCHITECHTURE
CLASS I

(Time allowed - 3 hours)
INDIA (2001)                                                          Afternoon Paper
                    Total Marks  100
N.B. -        (1) Attempt  SIX Questions only with minimum of  TWO Questions from each PART.
                   (2) All questions carry equal marks.
                   (3) Neatness in handwriting and clarity in expression carries weightage
PART A

1. The half-breadths at equi-distant station of a water plane 62.4 m in length commencing from aft are as follows:-

	Station
	0
	1
	2
	3
	4
	5
	6
	7
	8

	( breadth (m)
	0.1
	0.3
	4.4
	5.3
	5.6
	5.5
	5.2
	4.0
	0


Determine -

(a) The area of the water plane

(b) The water plane area co-efficient

(c) The TPC in sea water; and

(d) The distance of the centre of floatation from No. 4 station

2. Show that a ship going from sea with water density P to river with water  density P1 will increase  her draught by  (  =  P  - P1 meter,

                         T      100 P1
        where ( is the displacement in tonnes and T is tonne s per cm immersion in sea water.

       A ship 150 m long, 16m broad, loads in water of density of 1010 kg/m3 to a draught of 7.0m. By how much will her draught decrease when she enters water having density of 1024 kg/m3? At this draught Block  co -efficient is 0.62 and co-efficient of water plane area is 0.75.

3. A box shape vessel of 190 m length and 16 m beam is floating on an even keel in salt water at a draught of 4.5 m. An end compartment forward, 10m long and of full breadth of the ship is bilged due to hull damage. Calculate the new draught if the MCT 1cm is 100 tonnes metre. Density of the salt water is 1025 kg. per m3.

4. A vessel of constant rectangular cross section is 37m. long, 11m broad. It floats in sea water at a uniform draught of 3m. The centre of gravity is 4.3 m. above the keel. What load placed on the middle line of the vessel with its centre of gravity 6.4 m. above the keel will bring the vessel to a condition of neutral equilibrium?

5. The ordinates of a curve of statical stability of a ship of 12,500 tonnes displacement are as follows:-

	  Angle of heel
	0
	7.50
	150
	300
	450
	600
	750

	GZ (m)
	0
	0.05
	0.119
	0.39
	0.55
	0.36
	-0.12


The centre of gravity of the ship is 6.8m. above the keel. Cargo weighting 500 tonnes, having its centre of gravity 10.5m above the keel is discharged. Due to the discharging of the cargo find the change in ----

(a) The maximum value of GZ 

(b) The range of stability.

6. A ship's model 5m long has a total resistance of 40 newtons when towed in fresh water at a speed of 2m/sec. The wetted surface of the model is 4.5m2. Determine the effective power of a ship of similar form and of length 125m. at the corresponding speed.

f(model) = 0.1770                f(ship) = 0.1448

PART B

7. Sketch and describe a stern frame suitable for a ship having a cruiser stern, showing how the frame is attached to the adjoining structures. State materials used together with their properties.

8. Sketch and describe the construction of the fore part of a ship having a bulbous bow, showing the internal structure. State the advantages claimed for this type of bow construction.

9. Define the term ‘freeboard’. Sketch and describe freeboard markings. Enumerate the factors that govern the position of these markings. State where the freeboard marks are located and the methods employed to ensure that they cannot be altered.

10. (a) Sketch the arrangement of rudder stock, bearings, glands and method of suspension of a  pintleless rudder, labelling the components parts.

(b) State how the bearing wear down is measured and what prevents the rudder from jumping.

---------------------X--------------------
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Answers

Answer for Question No. 1

Length of vessel  = 62.4m

	Sr. No.
	Station 
	1/2 breadth
	SM
	Product
	Lever 
	Product 

	1
	AP
	0.1
	1
	0.1
	4
	0.4

	2
	1
	0.3
	4
	01.2
	3
	3.6

	3
	2
	4.4
	2
	8.8
	2
	17.6

	4
	3
	5.3
	4
	21.
	1
	21.2

	5
	4
	5.6
	2
	11.2
	0
	0.0

	
	
	
	
	
	
	42.8

	6
	5
	5.5
	4
	22.0
	1
	22.0

	7
	6
	5.2
	2
	10.4
	2
	20.8

	8
	7
	4.0
	4
	16.0
	3
	48.0

	9
	FP
	0
	1
	0
	4
	0.0

	
	
	
	
	
	
	90.8

	
	
	
	
	
	
	- 42.8

	
	
	
	
	(x  = 90.9
	
	(Y  = 48.0


h = 62.4 = 7.8

       8

Aw = 1  (  x h x 2   = 1  x  90.9 x  624  x  2     = 472.68 sqm.

         3                        3                    8    

Cw = Aw  =    472.68               = 0.6763

         Lb       62.4 x 5.6 x 2 

TPC = Aw x P  =    472.68 x 1.025               = 4.845 

             100                    100 

LCF = 1/3 x h x h  x  (Y x 2    

                1/3 x h x  (X x 2

        = (Y  x h

              (x 

      =  48 x 7.8    =  4.1188m forward of midship

              90.9

Answer to Question No. 2

Seawater density  = P

River water density = P1
Volume of displacement in sea water = (




       P

Volume of displacement in River water = (




          P1
Extra volume of displacement in river water  =  (  -   (   

  




    P        P1
     = ( (P - P1)

             P1  P       

TPC = T = Aw P   or Aw  = T x 100

100 P 

Increase in draught =      = ( (P - P1)

                                           P1  P x Aw      

      = ( (P - P1) x P

         P1  P x T x 100      

     = ( (P - P1)   (  ED

         100 T P1
   ( = 150 x 16 x 0.75 x 0.62 x 1.010 = 10520.16 tonnes

Water plane area = 150 x 16 x 0.75 = 1800 m2
TPC = 150 x 16 x 0.75 x 1.024    = 18.432m2
                     
100

decrease in draught      = ( (P - P1)   

                                        100 T P1
=10520.16 x (1.024 -1.010)

    100 x 18.432 x 1.010 

=   1520.16 x 0.14 

   100 x 18.432 x1.010

=0.07911m

= 7.911cm

Answer for Question No. 3

Body srinkage  =   volume of buoyancy                =  10 x 10 x 4.5        =  45       = 0.25m

                               Area of intact water plane           (190 - 10) x 16         180

The buoyancy lost ate the end is transferred to the intact part of the water plane. The buoyancy lost forward can be treated as weight added.

Original centre of flotation was at the midship. Now the centre of floatation will be at the mid length of intact phase of the vessel.

Buoyancy  lost  = 16 x 10 x 4.5 x 1.025    = 738tonnes

Moment caused = 738 x (90 + 5)  = 10110 tonnes meter

Change of trim  = moment caused         = 7110 = 701.10 by head

                               MTC 1cm
           100

Change of draught forward  = 701.10 x 100 = 369cm  = 3.69m   

                                                       190

Change of draught abaft     =  701.10 x 90    = 332.10cm  = 3.321m   

                                                       190

 old draught                    Forward                            Abaft

4.500 4.500

parallel section                 + 0.25                           + 0.25

4.750 4.750

change in dra. Damage  + 3.690                          - 3.321

new draught                      8.44m F                         1.429m A

Answer to Question No. 4

Given KG = 4.3m

Displacement ( at 3m  = 37 x 11 x 3 x 1.025   = 1251.5 tonnes

BM at 3m draught  =   I   =  1/12 x 37 x113   = 3.36m

· 37 x 11 x 3

Let W be the load required to be added

The new KG = KG1 = 4.3  +  W (6.4 - 4.3)   =  4.3  +  2.1W




      W + 1251.5                   W + 1251.5

Since displacement is 1251.5 tonnes at draught 3 meters the TPM at that draught = 1251.5  = 417.2










        3

BM = I  x (1    = (1 

         (       I         (
( B1M1 = BM (
                         (1
and KB1 = ( (new draught) = 1251.5 + W

                                                    417.2 x 2

now KM1 = KB1 + B1M1  =  1251.5 + W   +    3.36 x 37 x 11 x3 x 1.025

834.4 (1251.5 + W)

for neutral equilibrium KG1 = KM1
then  4.3 + 2.1 W              = 1251.5 +W    +   4205

                  W + 1251.5            834.4               1251.5 + W

Equilibrium become cubic hence by plotting graph

Let W =100T  KG1 =4.3  +   2.1 x 100             KM1 =  1251.5 + 100   +     4205

                                              100 + 1251.5

    834.4                1251.5 + 100

                                = 4.3 + 0.1554                            = 1.62 + 3.111

                                = 4.4554 m                                 = 4.731m

Similarly 

when W = 150T    KG1 = 4.52m         KM1 = 4.68m

          W = 200T    KG1 = 4.59m         KM1 = 4.63m 

          W = 250T    KG1 = 4.65m         KM1 = 4.59m 

Plotting a graph with W as base as KM1 & KG1 or as meters. The point of metasection of the two draught thus W = 222.5 tonnes


Answer to Question No. 5

KG of the ship after discharge of 500tonnes cargo = 12500 x 6.8 - 500 x 10.5 =  85000 - 5250







(12500 -500)

     12000

=   79750  = 6.646m

    12000        

GG1 = 6.8 - 6.646 = 0.154m

G1Z1 = GZ = GG1 sin(
Calculate for values of ( for 0 to 75 we get the GZ and range of stability where the values of GZ become Zero

	(
	GZ
	sin(
	GG1 sin(
	G1Z1 (m)

	00
	0
	0
	0
	0

	7.50
	0.05
	0.13
	0.0201
	0.0701

	150
	0.119
	0.2558
	0.03986
	0.1589

	300
	0.39
	0.5
	0.077
	0.467

	450
	0.55
	0.707
	0.1089
	0.6589

	600
	0.36
	0.866
	0.1334
	0.4934

	750
	- 0.21
	0.9659
	0.1487
	- 0.0613


(a) Maximum value of GZ is 0.6589m increase

(b) Range of stability for o to 730 increases

Answer to Question No. 6

F(model) = 0.1770    F(ship)  = 0.1448

U for model = 2m/sec

F(m)  = FsU1.825        

          = 0.1770 x 4.5 x 21.825

          = 2.822N

rr(m) = 40 - 2.822 = 37.178N

corresponding speed = 2 x ( 125   = 2 x ( 25   = 10 m/sec

                                                 5

wetted surface of the ship = 4.5 x (125/5)2 = 4.5 x 625   = 2812.5m2
 Rf(s)  = 0.1448 x 2812.5 x 101.825   = 27218N

Rr(s) = 1.025 x 37.178 x (125/5)3 = 37.178 x 253 x 1.025  = 580906 N x1.025  = 595428.65 N

RT(s)  = 27218 + 595428 = 622646 N

EP naked = 622646 x 10  = 6226.46 Kw

                      1000

