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GRADE	: CHIEF MATE ON SHIPS OF 500 GT OR MORE (UNLIMITED)
SUBJECT	: Ship Construction
DATE		: 22.12.2023
Time allowed THREE hours					Total marks	: 120
ANSWER ANY SIX QUESTIONS				Pass marks	: 50%
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) With reference to structural fire protection in passenger ship accommodation space;
a) define the meaning of ‘class A’ bulkhead 
(06 marks)
b) discuss the design of ventilation systems to prevent the spread of smoke and fire. 
(10 marks)
c) When A class bulkheads have to be penetrated explain how the integrity of the bulkhead 
is retained with respect to ventilation trunkings?
(04 marks)                                                           

2) (a) Explain the two types of stern constructions.
(06 marks)
(b) Sketch stern construction arrangement of a ship and describe.
(14 marks)

3) (a) GiveFIVE functions of transverse water tight bulkheads.
(5 marks)
(b) [bookmark: _Hlk13573730]Describe, with an aid of a sketch, how anelectric cable is passed through a water tight bulk head. 
(5 marks)
(c) Sketch and describe corrugated water tight bulkhead showing all strengthen members.
(10marks)

4) Answer the following questions with regards to Ref cargo ship.
a) Sketch and describe mid ship section of a Ref. cargo ship.
(10 marks)
b) How subsequent decks are supported above tank top?
(02 marks)
c) With an aid of a sketch show how insulating system of shell plating and tank- top is achieved? Name insulating material and advantages of it.
(08marks)

  5)   With reference to corrosion in ship’s hull;
a) describe two ways of preventing corrosion.
(04 marks)
b) what is the meaning of cathodic protection?
(04 marks)
c) sketch and describe an impressed current system employed in a commercial vessel in order to control corrosion. 
(12 marks)

  6) 
a) Using a stress- strain graph for a typical ductile material such as low carbon steel, identify and locate the following points andregions on the curve.
i. Proportionality limit
ii. Elastic limit
iii. Ultimate tensile strength
iv. Fracture point
v. Elastic behaviour
vi. Plastic behaviour
(01 mark each)
b) Briefly describe two fusion welding methods used in ship construction.
(08marks)
c) “Percentage of Carbon plays a vital role in changing the properties of iron/steel”.
 Sketch a graph showing the changing properties of hardness, tensile strength, and ductility of steel with the increase of carbon percentage. 
(06marks)
			
  7)  
         (a) A ship at sea is subjected to a numerus forces causing the structure to distort.
 (i) Name two major forces acting on ship’s structure when afloat in calm waters. 
(04marks)
 (ii) What are the two main longitudinal stresses existing on a ship’s hull? 
(02 marks)
(iii) Describe the reasons for initiating those above stresses? 
(06 marks) 
(b) Describe the meaning of Panting and Pounding, and how the structure is designed to 
withstand those forces? 
(08 marks)






  8)
a) With regarding water tight doors, below the water line describe the methods adopted to achieve the strength at a water tight door opening.
(04marks)
b) Sketch and describe operation of hydraulically operated water tight door.
(12marks)
c) What maintenance and inspections are carried out on above (b) doors?
(04marks)

9) Briefly explain the purpose of following features includedin aship’sstructure. You may use suitablesketches where necessary. 
a) Double bottom tank 
b) Duct keel
c) Longitudinal girders and shell plating
d) Solid floors and bracket floors.
e) Collision bulk head
(04 marks each)

















Answers 
1. a). 	a) Class A bulkhead
           Are constructed with steel or other equivalent material.
           Are suitably stiffened
	Are insulated with approved non-combustible materials such that the average   temperature of the unexposed side will not rise more than 140 C above the original temperature at any one point including any joint more than 180C above the original temperature within 60 min.
b) Precautions must be taken to maintain fire integrity of bulkheads and decks through which trucking passes and to reduce the likelihood of smoke and hot gases passing from one space to another. This is achieved by using suitable materials in conjunction with sleeves and dampers where ducts pass through divisions. The dampers must operate automatically but must be capable of being closed manually from both sides of the division. The damper must be provided with an open -closed indicator.
c) Ducts with cross sectional area exceeding 0.02m2 passing through A  class division must be fitted with an insulated steel sleeve unless the duct is of steel in way of the division. Ducts with a cross sectional area exceeding 0.075m2 must be fitted fire dampers where they pass through A class divisions. 

2. a)	Explain the two types of stern constructions. 
(06 marks)
There are two main designs
1. Cruiser stern
2. Transom stern
Both the shape of the stern and the rudder type will dictate the form of the stern frame, and this will be further influenced by the required propeller size.
b)	Sketch stern construction arrangement of a ship and describe.
[image: ]



(d)        a) Give 5 functions of transverse water tight bulkheads. (5 marks)
It divides the ship into separate compartments in witch different (incompatible) cargo may be carried.
From a strength point the transverse bulkheads combat "racking stresses” while the longitudinal bulkhead combat longitudinal bending i.e. 'hogging and sagging'
They act as pillars supporting the deck above and act as a tie between the deck and the deck or tank top below.
Provide  the 'safety' by sub division so that in the event of bilging. Flooding will be contained. 
And reduces the possibility of sinking or in the event the fire a barrier is provided.
The Collision Bulkhead act as an emergency fore in the event of collision.
b) Describe, with an aid of a sketch, how an electric cable is passed through a water tight bulk head. (5 marks)

[image: ]
   
  c) Sketch and describe corrugated water tight bulkhead showing all strengthen members       
     (10marks)
[image: ]

Corrugated bulkheads are normally formed by vertical strakes of plating with a series of bends (TROUGHS), hence they are referred to as 'troughed bulkheads'.
They give a much more cleaner surface, as they do not have any projections to hold or trap
loose bulk cargo.
   
(e) 	Answer the following questions with regards to Ref cargo ship.

a)	Sketch and describe mid ship section of a Ref. cargo ship.
(10 marks)
[image: ]
b)	How subsequent decks are supported above tank top?  
(02 marks)
Square pillars running vertically from tank top to all other subsequent decks, Ship side shell plating, Transvers bulkheads, Transvers girders firmly secured by knees/bracket.   
c)	With an aid of a sketch show how insulating system of shell plating and tank- top is achieved? Name insulating material and advantage of it.
(08marks)
Glass Fiber, Corke  and various form plastic  in sheet or granulated form. Or air space which are less efficient.  Glass fibre is often used in modern ships as it has a number of advantages over the other materials; for example, it is extremely light, vermin-proof, and fire-resistant, and it will not absorb moisture. 
[image: ]


   5)    With reference to corrosion in ships
a)	Describe two ways of preventing corrosion. (04 marks)
        Apply protective coating.
        Impressed current system.
b) What is the meaning of cathodic protection? (04 marks)
Cathodic protection is one of the few methods of corrosion control that can be effectively used to control corrosion of existing buried or submerged metal surfaces. Introducing more anodic material than steel hull, attached to it so hull become cathode and waste anodic material in the place of steel hull protecting Hull.

a) Sketch and describe an impressed current system employed in a commercial vessel in order to control corrosion. (12 marks)

[image: ]

Electrical current from a power unit to a number of hull anodes is supplied.
The electrons from the d.c. power source travel into the hull at the same rate that the anions are being formed at the cathode, thus preventing a loss of electrons from the hull.
Therefore the iron ions are not formed and the hull does not anodically degrade.
 A reference electrode is used to measure cell potential difference gives a signal to a controller that regulates the d.c. power source which supplies electrons to the hull at the required rate. The circuit is completed by the current passed through the anodes which are consumed at a very slow rate (approximate life of 10 years). Will lead-silver anodes (2% Ag) the negatively charged hydroxyl ions are attracted to the anode causing the surface to form a skin of lead peroxide, after which the reaction reduces. The control equipment operates from reference electrodes port and starboard, whose signal to the amplifier of the control equipment can operate separately, or in parallel.   
          
  6) 
a)	Using a stress- strain graph for a typical ductile material such as low carbon steel, identify locate the points and regions on the curve.
I Proportionality limit
                     ii Elastic limit
                     iii Ultimate tensile strength
                     iv Fracture point
                      v Elastic behaviour  
                     vi Plastic behaviour       (6 marks each)
[image: http://image.wistatutor.com/content/solids-and-fluids/stress-strain-curve.gif]




b)	Briefly describe two fusion welding methods used in ship construction. (8marks)
	Oxy-Fuel gas Welding – OFW
	Shielded Metal Arc Welding - SMAW or stick welding
	Gas Metal Arc Welding – GMAW or MIG
	Gas Tungsten Arc Welding – GTAW or TIG
OFW
The gas welding is done by burning of combustible gas (acetylene) with oxygen in a concentrated flame of high temperature (around 30000C). A filler rod is used sometimes with flux.
The process is more applicable to thinner mild steel plate, thicknesses up to 7 mm. Gas welding can be employed in the fabrication of ventilation and air conditioning trunking, cable trays, and light steel furniture; sometimes in plumbing.
SMAW
Shielded metal arc welding, also known as manual metal arc welding, flux shielded arc welding or informally as stick welding, is a manual arc welding process that uses a consumable electrode covered with a flux to lay the weld.
This manual method is one of the most widely used arc welding processes and it requires considerable skill to produce good quality welds
TIG
TIG uses the intense heat of an electric arc between a non-consumable tungsten electrode and the material to be welded. In this process inert-gas (usually argon) is used to protect the weld area form atmospheric contamination. Filler metal is added separately to the weld pool as required
MIG
The process is similar to TIG welding and the electrode is a consumable metal wire instead of a permanent tungsten rod as in TIG. The filler material is fed automatically during the welding process.
	
c)	“Percentage of Carbon plays a vital role in changing the properties of iron/steel”.
 Sketch a graph showing the changing properties of hardness, tensile strength, and ductility of steel with the increase of carbon percentage. (6marks)
[image: C:\Users\admin\Desktop\tt.jpg]	
			
  7)   A ship at sea is subjected to a number of forces causing the structure to distort.
(i)	Name two major forces acting on ship structure when float in calm waters. (4marks)
            Static force and dynamic force.   
(ii)	What are the two main longitudinal stresses existing on a ship’s hull? (2 marks)
            Sagging and Hogging
(iii)	Reasons for initiating those stresses? (6 marks) 
        Hogging
Longitudinal bending stress would occur if the ship were subjected to local loading at the fore end and after ends, (e.g. ship with machinery aft and in light condition with ballasted fore peak tank) the hull would tend to ‘hog.’
[image: long stress 1]
 
This effect would be made worse if the wave crest were amidships with wave length similar to ship length as shown.
[image: long stress 2]
 
Sagging
If the load and the buoyancy distribution tended to distort the hull as shown (e.g.,. could be a ship with machinery amidships in light condition), is termed as sagging. This is made worse when the wave crests are at the ends of the ship, with a wavelength similar to ship length.
[image: Sagging]
 
Longitudinal Stresses created by Hogging and Sagging can be very severe and can cause a ship to break up. The stresses are resisted by all continuous longitudinal material especially those parts further from the neutral axis. Double bottoms, i.e., centre girder, side girders, inner bottom and outer bottom longitudinal, keel and bottom shell, tank top plating. The side shell at the top (the Sheer strake) and deck stringer plates. As the decks, longitudinal girders and deck longitudinals also help resist the stresses, In tankers, longitudinal bulkheads also give great strength. Special steels for high-stress areas are now used, especially in large ships.
ii) Describe the meaning of Panting and Pounding, and how the structure is designed to withstand those forces? (8 marks)
Panting
Panting is an in and out motion of the plating which occurs at the end of the vessel due to the variation in water pressure as the vessel pitches in a seaway. The effect is accentuated at the bow when making headway.
[image: Panting]

In general, the structure at the fore end is strengthened to resist panting to a distance of 0.15L aft of the FP. Forward of the collision bulkhead, ‘panting stringers’ are fitted not more than 2.0m apart. The stringers are bracketed to the shell frames, and panting beams are fitted on alternate frames under each panting stringer. Pillars are fitted on the centreline (usually a wash bulkhead) to tie the panting beams together. Deep plate floors are fitted on each frame station and are flanged on their upper edges. Between the collision bulkhead and 15%L aft of FP, intercostal stringers are fitted in line with the panting stringers.

Pounding
When a ship is pitching, the bows often lift clear of the water and then slam down heavily onto the sea, subjecting the forepart to severe pounding. TO compensate for this, the bottom is strengthened to 0.25L aft of F.P.
To resist pounding, the forward bottom structure is strengthened for between 25% and 30% of the length, depending on the ships Cb. Plate floors are fitted on each frame station (transverse framing) or alternate frame stations (longitudinal framing) with intercostal side girders not more than 2.2m apart. The four strakes of shell plating either side of the keel are generally increased in thickness in the pounding region.





  8) 
a)	With regarding water tight doors, below the water line describe the methods adopted to achieve the strength at a water tight door opening? (04marks)
Strength equivalent to the bulkhead  is maintained by using thicker bulkhead plating around the opening together with a heavy door frame. 
Rounded corners at the edges.  
Increased and additional stiffeners in way of the opening   However, the opening constitutes a discontinuity and hence a possible weakness in the structure.
 The larger the opening, the greater the weakening effect. Therefore, they should be as small as possible, compatible with safe operation.  

b)	Sketch and describe operation of hydraulically operated water tight door. (12marks)
[image: ]

b) what maintenance and inspections are carried out on above (b) doors. (04marks)

Maintenance 
Hand operated 
Check for correct operation of the door  fully closed to fully open again.

Lubricate drive shaft thread nut bushes rollers guides universal joints, bevel gears etc

Check metal to metal damages
Check  local and remote operation for closing
Check remote indicators.


    9)   Briefly explain the purpose of following features included in ship structure. You may use suitable sketches where necessary. 
a)	Double bottom tank (4 marks)
A double bottom is a ship hull design and construction method where the bottom of the ship has two complete layers of watertight hull surface: one outer layer forming the normal hull of the ship, and a second inner hull which is somewhat higher in the ship, perhaps a few feet, which forms a redundant barrier to ...
b)	Duct keel (4 marks)
Duct keels are provided in the double bottoms of some vessels. These run from the forward engine room bulkhead to the collision bulkhead and are utilised to carry the double bottom piping. The piping is then accessible when cargo is loaded, and entrance to the duct being provided at the forward end of the engine room.
iii) Longitudinal girders and shell plating (4 marks)
This gives the longitudinal strength to the ship structure. This resist the hogging and sagging due to Sea forces, up thrust and static weight of the ship. Keel and double bottom, bulkhead deck will support further strengthening.  

iv) Solid floors and bracket floors. (4 marks)

[image: ]

v) Collision bulk head (4 marks) 

A collision bulkhead is the forward-most bulkhead in a ship. There are two factors that determine the position of a forward collision bulkhead. The final position of the collision bulkhead is so decided that it takes into consideration both the factors listed below: Position based on flood-able length calculations. This distance is usually a function of the length of the ship and factors related to the shape of its bow.

 


Page 1 of 3

image4.png
Bracket
|-Hold
stifiener
Tank top
[ W.T.floor

Upper deck

Stifeners.
Fi

PLAN

Ship's

Stifeners
it

ELEVATION IN WAY OF
STIFFENERS

ad

LOOKING AFT
Corrugated watertight bulkhe:





image5.png
Ref Cargo ship





image6.png
25mm T&G softwood

Galvanized mild steel or aluminium lining
screwed to wood grounds

37mm T&G Kerung hardwood Fibreglass or

) g5

'y
B om0

Tank top oiltank under

450mm x 75mm pitch pine grounds at 400mm centres

Insulation details

BRINETRAP




image7.wmf
IMPRESSED 

CURRENT 

SYSTEM

SHAFT 

AND 

RUDDER

EARTHED

CONTROLLER

POWER 

UNIT

REFERENCE 

ELECTRODE

ANODE 

WITH 

PLASTIC 

SHIELD

12 

- 

16V 

D.C.

TANKERS 

 

NOT 

ALLOWED 

ANODES 

IN 

WAY 

OF 

CARGO 

TANKS

LONG 

VESSELS 

MAY 

REQUIRE 

ANODES 

FORWARD


image8.png
imit

Fracture point

a0 Pplastic behaviour

Stress —»

4—Permanent set

. 30%

<1%
A typical stress-strain curve for a ductile metal




image9.jpeg
Tensile strength

Ducility

001 07 03 04 05 06 07 083 05 10 12 14 16

JR—




image10.jpeg




image11.jpeg




image12.jpeg




image13.jpeg
SECTION IN WAY OF PANTING BEAM

Panting stringer
Panting beam

Ship's
[

SECTION AT ALTERNATE FRAME

11

Angle pillar

ships

|- Wash bulkhead

‘Wash bulkhead

Intercostal stringer

shipst

Bracket

Panting stringer

Intercostal stringer

Gollision bulkhead —

Stifeners.

Ship'st.

PLAN OF PANTING BEAMS OR
ALTERNATIVELY PERFORATED FLAT

Wash bulkhead

Panting arrangements forward




image14.png
Accumilator '

~Closing
solenoid
valve




image15.png
é’ Thnk Top Inner bottom Longitudinals Canlnucus Center glrder SMP‘:S

© Intercostal U
thﬂ'ﬂs side girder

QOOOOOOOO

Dral\hdss
Idttom I-ngltudlnals S.Lll FL..K
s Tank Top (inner bottom) Inner om longitudinals ¢
7
& [intercostal
’ O Flange Fatbar— | sdegrder|| Farge O
Bracket

Bottom longitudinals BRACKET FLOOR




image1.jpeg




image2.png




image3.png
< BULKHEAD

FELT WASHER

GLAND

NEOPRENE SEAL

chBLE

(©) www

DIESELSHIP.COM





