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•  The load displacement Δ of a ship is made up of two 
components: 
–  Lightship (or lightweight), LS 
– Deadweight, DWT 

•  Each of these can in turn be subdivided for analysis and 
control. 
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Displacement, Lightweight & 
Deadweight 



•  Design Displacement or Full Load Displacement Δ is the displacement 
of the ship at its Summer Load Draught in salt water of density 1.025 
tonne/m3 

•  Lightweight is the weight of the vessel complete and ready for sea with 
fluids in systems, settling tanks and ready-use tanks at their working levels. 
No cargo, crew, passengers, baggage, consumable stores, water or fuel in 
storage tanks is on board. 

•  The Lightweight represents the fixed part of the displacement 

•  Lightweight   =  Steel Weight 

   +  Outfit Weight 

   +  Machinery Weight 

 
Δ = LS + DWT	
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Definitions 



•  Deadweight = Cargo Deadweight (Payload) 
  + Fuel Oil 
  + Diesel Oil 

  + Lubricating Oil 

  + Hydraulic Fluid 

  + Boiler Feed Water 

  + Fresh Water 
  + Crew & Effects 

  + Stores 

  + Spare Gear 

  + Water Ballast 

•  Water ballast is only carried if required to achieve a particular trim or 
draught/trim combination. It is not normally carried in the FLD Condition. 
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DWT breakdown 



•  This ratio is a common starting point for a design although 
an immediate choice of main dimensions based on past 
practice is sometimes taken as a short cut. 

•  The Deadweight/Displacement Ratio is used to obtain the 
first approximation to Displacement for a given Deadweight.  

•  It is often based on total deadweight rather than the more 
logical choice of cargo deadweight because total 
deadweight is a more readily available figure being 
independent of the amount of fuel etc. carried. 
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Deadweight/Displacement Ratio 



•  If cargo deadweight is available then it may be used but as the value will be 
taken from data on existing ships the designer must be sure of the figures 
being used. 

•  The data would normally be recorded as a graph of Deadweight Ratio 
against Deadweight. 

•  The Ratio will vary with: 

–  the type of ship, 

–  its speed, 

–  endurance and 

–  quality. 
•  Generally speaking, the larger, slower and more basic the ship, the higher 

is the value of the ratio. 
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Deadweight/Displacement Ratio 



•  DWR = Deadweight/Displacement 
•  Typical values of DWR for a range of ship types are as follow: 

–   Reefer    0.58 - 0.60 

–   General Cargo   0.62 - 0.72 

–   Ore Carrier   0.72 - 0.77 

–   Bulk Carrier   0.78 - 0.84 

–   Tanker    0.80 - 0.86 
•  In a preliminary design it is wise to consider how the ratio may vary from 

the chosen ship type and be prepared to correct the resulting displacement 
at a later stage of the design process if necessary. 
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Deadweight/Displacement Ratio 



Ship Speed and Block 
Coefficient 

•  These factors partly account for the 
variation in DWR between different 
ship types as well as within any one 
ship type. 

•  For a given set of dimensions, an 
increase in speed will call for an 
increase in power. 

•  The increased power will increase 
the machinery weight and so 
decrease the available deadweight. 

•  It may decrease the Cargo 
Deadweight even further if there is, 
in addition, an increase required in 
the amount of fuel to be carried. 
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•  If, on the other hand, the 
Block Coefficient is reduced 
to allow a slight increase in 
speed for no increase in 
power then the displacement 
is reduced but there is 
scarcely any decrease in 
Lightweight and again the 
deadweight is reduced. 
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Ship Speed and Block 
Coefficient 



•  There can be a significant difference in machinery weight 
between an installation using slow speed diesel engines 
and one using medium / high-speed engines. Variations 
also exist when using alternative methods (e.g. LNG fuel). 
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Variations in propulsion 
machinery 



•  For example an Ore Carrier requires much heavier bottom 
structure than a non-ore carrying Bulk Carrier because of 
the local intensity of loading arising from the very dense ore. 
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Variations in construction 
method 

http://antipodeanmariner.blogspot.co.uk/2009/10/post-
panamax-ore-carriers.html 



•  A Refrigerated Cargo Ship will have a greater outfit weight 
than the equivalent General Cargo Ship and so carry less 
Deadweight on a given Load Displacement. 

•  Similarly a Bulk Carrier with cargo handling gear is likely to 
have reduced deadweight when compared with a gearless 
vessel (one without cargo handling gear). 
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Variations in Outfit Specification 



•  Length is probably the most expensive dimension to 
provide and is governed in part by size and in part by 
speed. 

•  It is expensive in terms of steel weight and building costs 
and were it not for hydrodynamic considerations the ideal 
length might well be taken to be the cube root of the volume 
of displacement. 

•  However, that is not the case and ship size associated with 
desirable characteristics for resistance and propulsion is 
used to fix a first approximation to the length. 
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Length 



•  Given the Volume of Displacement, Length (L) and CB, then 
the value of the product of Breadth (B) and Draught (T) is 
determined. 

•  Unless there are over-riding dimensional constraints such 
as the width of a dock entrance or the water depth at a 
harbour mouth then both B and T can be determined 
knowing a typical value of the ratio between them, B/T. 
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Breadth, Draught and Depth 



•  Depth (D) may be determined in a similar way if a 
requirement for total internal volume is known. 

•  Depth is also constrained by the need for a minimum 
freeboard over the draught. 

•  The final choice of Breadth, Draught and Depth is also 
influenced by stability considerations where increasing 
Breadth and/or reducing Depth will lead to an increase in 
initial stability. 

•  On the other hand, increasing Breadth and reducing 
Draught may have an adverse effect on the resistance and 
propulsion characteristics of the vessel. 
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Breadth, Draught and Depth 



•  The following empirical formulae have been developed over the years to 
help in the initial estimation of Length. 

•  They all come with "standard" values of their constants, but each can (and 
should) be fine tuned to match modern design practice by using a particular 
prototype or basis ship to derive a new value for the constant. 

•  There are 3 categories: 

1.  Derived from economic efficiency calculations. 

2.  Formulae and diagrams based on the statistics of built ships. 

3.  Control procedures which limit, rather than determine, the length. 
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Formulae for Length 



•  Posdunine: 
LBP =	
C (Vt / (Vt+2))2 s1/3	


 
•  Schneekluth: 
 
 
•  Ayre: 
LBP / ∇1/3 = 3.33 + 1.67 Vt / √LBP 	
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Formulae for Length 
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Block Coefficient 

•  Over the years segments of the curve appropriate to particular ship types 
have been presented as linear relationships known as "Alexander 
Formulae" of the form: 
CB = K - 1.68∙Fn	

K=1.08 for single-screw and K=1.09 for twin-screw ships. Today, often 

K=1.06 is used. 

–  The mean line shown in the diagram can be approximated by the 
equation: 

–  CB = 0.7 + 0.125 tan-1((23-100Fn)/4)	
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Length/Breadth Ratio 

•  Small craft (under 30 m in length) 
remain reasonably directionally 
stable and steerable with L/B = 4.0, 
probably because they have little or 
no parallel body and generally low 
CB. 

•  The typical value of L/B increases to 
about 6.5 at 130 m and maintains 
that value as length increases 
further. 

•  For vessels with lengths between 30 
m and 130 m the formula: 

L/B = 4 + 0.025 ( L - 30 )	
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•  A small number of the largest 
VLCC’s find their maximum draught 
limited by the need to pass through 
some of the shallower of the world’s 
“Deep Water Channels” such as the 
English Channel or the Malacca 
Straits. 

•  In consequence these ships have 
accepted a larger B/T ratio giving 
them a smaller than usual L/B ratio 
but they appear to run into 
directional stability problems at L/B 
slightly above 5. 
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Length/Breadth Ratio 
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Basic Approach 

•  There are three basic approaches to estimating the weight 
of a ship. 
–  To sum the weights of all the items built into the ship. 
–  To employ a system of scaling or proportioning from the 

weights of a known basis ship to the new design based 
on the ratios between principal characteristics of the two 
vessels. 

–  To use an approximation method. 



•  The first method will only give an answer when the ship is 
complete and so is too late to be of value to the designer. 

•  The second approach is the next best in accuracy but 
required a basis ship. 

•  The third is less accurate but it is very handy when there 
are only few data. 
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Basic Approach 



•  Naturally the total must equal the design displacement. 
•  If it does not, the required cargo deadweight will not be 

obtained and either a larger or a smaller ship is required. 
•  Iteration may be necessary to arrive at a set of dimensions 

which ensure that the sum of the weights making up the 
ship (its design displacement) exactly equals the buoyancy 
offered by the hull at its design draught. 
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Basic Approach 



LIGHTSHIP  =  Steel Weight  (Ws) 
  +  Outfit Weight  (Wo) 
  +  Machinery Weight  (Wm) 
  +  Margin 

 
•  The Margin is an essential part of the weight make up as it 

allows for errors and omissions in the remainder of the 
calculations. 
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Basic Approach 



•  Includes: 
–  Plates and sections forming Shell, 
–  Outer Bottom, 

–  Inner Bottom, 

–  Girders, 

–  Upper Deck, 

–  Tween Decks, 
–  Bulkheads, 

–  Superstructure(s), 

–  Seats for Equipment & 

–  Appendages 
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Steel Weight 



•  There are various methods for estimating the steel weight: 
–  Special methods for specific types. 
–  Schneekluth’s method. 
– Watson and Gilfillan’s method. 
– Cubic Number Method. 
– Rate per Metre Difference Method. 
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Steel Weight 



•  The hull steel weight is first determined for individual section 
panels which then form the basis for plotting a curve of steel 
weight per unit length. 

•  The advantages over other methods are: 
1.  Provides a wider range of variation, even for unusual 

ratios of cargo ship main dimensions. 
2.  Type of construction of longitudinal framing system is 

taken into account. 
3.  Efficient and easy to program. 
4.  Effect of CB considered. 
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Schneekluth’s Method 



•  Proposed an effective modelling approach using a specific 
modification of the Lloyd’s Equipment Numeral E as the 
independent variable. 

•  They found that if they scaled the structural weight data for 
a wide variety of large steel commercial vessels to that for a 
standard block coefficient at 80% of depth CB’= 0.7, the data 
reduced to an acceptably tight band allowing its regression 
relative to E. 

Watson and Gilfillan’s Method 



•  The principle of this method is that Ws = Cubic Number 
Coefficient x LBD x Correction Factors where LBD/100 is 
the Cubic Number. 

•  The use of this method implies accurate knowledge of past 
similar ships as no account is taken of changes to major 
items of steelwork such as number of bulkheads or number 
of decks. 

•  For a good level of accuracy changes in L, B or D from the 
basis ship should be no more than 10% but often the 
method is applied outwith such limits. 
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Cubic Number Method 



•  This is a slightly more refined system than the Cubic 
Number Method being able to take account of the different 
effects of changes in the principal dimensions. 

•  Once again, dimensional changes of up to 10% can be 
allowed for. 

•  The basis of the method is that the effect on the Steel 
Weight of change in each of the three principal dimensions 
can be weighted by different amounts. 
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Rate per Metre Difference 
Method 



•  Outfit can be considered to include: 
 Hatch covers, Cargo handling equipment, 
 Equipment  and facilities in the living quarters (such 
 as furniture,  galley equipment, heating, ventilation, 
 doors, windows, deck, bulkhead & deck head 
 coverings & insulation and non-steel compartment 
 boundaries) and Miscellaneous items (such as 
 anchoring & mooring equipment, steering gear, 
 paint, lifesaving equipment, firefighting 
 equipment, hold ventilation and radio & radar 
 equipment). 
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Outfit Weight 



•  The majority of outfit weight items can be considered to be 
proportioned between similar ships on the basis of Deck 
Area i.e. using a square number approach where: 

Wo ∝ L x B	
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Outfit Weight 



•  Representing: Main Engine(s), Gearbox (if fitted), 
Bearings, Shafting, Propeller(s), Generators, Switchboards, 
Cabling, Pumps, Valves, Piping etc. 

•  The fundamental parameter by which machinery weight 
can be proportioned is the installed power of the main 
machinery, conventionally taken as Shaft Power, Ps. 

•  For the purpose of making the very first estimate of Ps for 
small changes in dimensions and speed from a basis ship 
we can take: 

Ps ∝ Δ2/3 x V3	
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Machinery Weight 



•  Given that a value of Ps has been obtained for the new 
design it is possible to take: 

Wm ∝  Ps 2/3	

•   D. G. M. Watson has presented a very simple two-group 

breakdown of machinery weight in a range of vessels. Their 
two groups are made up as follows: 
1.  The main engine itself 
2.  The remainder of the machinery installation 
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Machinery Weight 
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Machinery Weight 
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•  One of the most important and critical steps in preliminary 
design. 

•  One of the most complex processes in ship design, being 
influenced by a large number of design parameters. 

•  Nowadays the ship owner seeks optimum fuel economy 
primarily on cost grounds and secondarily on deadweight. 
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General 



•  The installed power has a direct influence on another of the 
owner's requirements, speed. 

•  There is a wide selection of engines available to the 
designer but it is rare for there to be an engine which 
exactly suits the power requirement of a particular ship. 

•  The designer then has to choose the best engine which 
develops sufficient power over a useful range. 
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General 
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Resistance decomposition 



•  The Admiralty Coefficient approach can give a useful first 
approximation to the required power for small changes in 
speed, dimensions or displacement from a basis ship. 

•  It can also provide a guide to the likely power requirement of 
a ship at an early stage of design. 

•  The original form of the Admiralty Coefficient is: 
A.C. = (Displacement)2/3 × (Speed)3 / HP	
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Initial Estimates 
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•   Requires Low Maintenance 
•   Suitable for Unattended Operation 
•   Low Shaft Speed 
•   Size and Weight 
•   Purchase and Installation Costs 
•   Reputation for Reliability 
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Factors in the choice of Main 
Machinery 



1.   Slow Speed   80 - 250  RPM 

2.   Medium Speed  400 - 1000  RPM 

3.   High Speed   1200 - 1800  RPM 
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Types of Diesel Engine 



•  The following attributes of the above types of engine vary as 
shown below: 

(1)  -->  (2)  -->  (3) 
 
•  Decreasing Size 
•  Decreasing Weight 
•  Increasing Fuel Consumption 
•  Increasing Maintenance 
•  Increasing Systems Complexity 
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Comparison 



1.  Electric Power Generation 
2.  Systems for Main Engine(s) 
3.  Ship & Crew Safety 
4.  Hotel Services 
5.  Cargo/Ballast Systems 
 
(1) is carried to provide power for (2) to (5) 
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Auxiliary Machinery 



1. Fuel 
2. Lubrication 
3. Cooling 
4. Exhaust 
5. Compressed Air 
6. Monitoring and Control 
 
Similar systems will be required to support the Auxiliary 
Machinery. 
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Principal Main Engine Systems 



•  An Ocean-going cargo merchant ship will normally have 
three service generator sets plus one (small) emergency 
set. 

•  Of the three service sets: 
– One will be providing the Normal Sea Load 
– One will be available as back up (It will be running in 

circumstances when loss of power could be dangerous). 
– One may be under maintenance. 
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Electric Power Generation 
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Engine room in Foran 
http://www.marinelink.com/news/launch-latest-cadcam349805.aspx 



56 

Engine room in ShipConstructor 
http://www.formsys.com/maxsurf/marine-product-strategy 
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Engine room in Autodesk 
http://autocad.autodesk.com/?nd=showcase_detail_page&gallery_id=99&jid=386103&site_section=Public 
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•  In deriving the main dimensions we have used empirical 
ratios only and not tried to relate these ratios to their 
physical significance. 

•  In some cases the problem may be presented in such a way 
that a given degree of initial stability is required in which 
case the dimensions have to be derived from this 
information. 

•  Initial stability is measured by the value of GM. 
•  It has to be positive in all conditions of loading. 
•  On the other hand too large a GM will result in a very “stiff” 

ship. 
59 

Stability checks 
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Longitudinal prismatic coefficient CP 

•  The design of faster military and related vessels typically 
uses the longitudinal prismatic coefficient CP, rather than 
CB, as the primary hull form coefficient. 

•  Describes the distribution of volume along the hull form. 
•  Low CP indicates significant taper of the hull in the entrance. 
•  High CP indicates more full hull possibly with parallel mid 

body over a significant portion of the hull. 
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Approximate Hydrostatics 



Waterplane coefficient CW 
•  Influences resistance and stability considerably. 
•  It is geometrically closely related to the shape of cross 

sections. 
•  It can usually be estimated effectively in early design from 

the prismatic coefficient. 
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Approximate Hydrostatics 



•  The seakeeping performance can be a critical factor in the 
conceptual design of many ships (e.g. offshore support 
vessels, oceanographic research vessels, and especially 
warships). 

•  It used to be a secondary consideration for conventional 
commercial vessels. The new intact stability standards will 
change that. 

•  The basic hull sizing and shape will affect the seakeeping 
capabilities of a vessel. 
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Hullform & Seakeeping 
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•  General Arrangement is the most important drawing. 
•  It must show all the general features of the ship. 
•  It shall include, side view, all decks, and a cross section. 
•  The contour lines must now be exactly identical with those 

of the hull lines. 
•  All internal bulkheads, structural boundaries of all cargo and 

machinery spaces must be included. 
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Set-up 
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•  A major decision is to determine the position of the 
machinery space. 

•  The breadth of the engine room at tank top and other levels 
higher up is limited by the hull form. 

•  The length is the distance between the forward and aft ER 
bulkhead. 

•  Given the required length for the machinery space, the 
position of the forward bulkhead must be determined. 
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The ER impact 



The ER impact  

•  Its layout is difficult to establish for an inexperienced 
designer. 

•  Comparisons with similar existing ships are helpful. 
•  A rough machinery layout showing all the bigger 

components and sufficient details can be drafted. 
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•  Technological change tends to make the machinery 
grow in complexity but to shrink in size and so 
machinery spaces tend to become smaller over time. 

•  However engine maintenance is an important 
consideration for the effective operation of the ship. 

•  Too compact an engine room may make 
maintenance more difficult and even more 
expensive. 

•  Access to the equipment and removal routes for 
parts from them should be adequate. 
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Length of Machinery Space 
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Accommodation 

•  Usually the accommodation is 
sited above the machinery space 
and around the engine casing to 
minimise interference with cargo 
operations. 

•  The result is a short, high 
superstructure giving good 
forward visibility but possibly 
compromising stability. 

•  A good arrangement is largely a 
matter of common sense, 
experience and foresight. 
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•  Minimum manning scales and minimum standards for 
accommodation are laid down in regulations. 

•  Virtually every crew member nowadays will have a single 
cabin and officers may well have suites with dayroom, 
sleeping cabin, bathroom etc. 

•  Automation has a continuing influence, gradually reducing 
crew numbers and further significant changes may take 
place in the coming decades. 
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Accommodation 



Thank you! 

Questions? 
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