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DEFINITION 

A ship's hull form helps determine most of its main attributes; its sta- 
bility characteristics; its resistance and therefore the power needed for 
a given speed; its seaworthiness; its manoeuvrability and its load carry- 
ing capacity. It is important, therefore, that the hull shape should be 
defined with some precision and unambiguously. To achieve this the 
basic descriptors used must be defined. Not all authorities use the same 
definitions and it is important that the reader of a document  checks 
upon the exact definitions applying. Those used in this chapter cover 
those used by Lloyd's Register and the United Kingdom Ministw of 
Defence. Most are internationally accepted. Standard units and nota- 
tion are discussed in Appendix A. 

T h e  geometry 

A ship's hull is three dimensional and, except in a very few cases, is sym- 
metrical about a fore and aft plane. Throughout  this book a symmet- 
rical hull form is assumed. The hull shape is defined by its intersection 
with three sets of mutually orthogonal planes. The horizontal planes 
are known as waterplanes and the lines of intersection are known as 
waterlines. The planes parallel to the middle line plane cut the hull in 
buttock (or bow and buttock) lines, the middle line plane itself defining the 
profile. The intersections of the athwartships planes define the transverse 
sections. 

Three different lengths are used to define the ship (Figure 3.1). The 
length between perpendiculars (lbp), the Rule length of Lloyd's Register, is 
the distance measured along the summer load waterplane (the design 
waterplane in the case of warships) from the after to the fore perpen- 
dicular. The after perpendicular is taken as the after side of the rudder 
post, where fitted, or the line passing through the centreline of the 
rudder pintles. The fore perpendicular is the vertical line through the 
intersection of the forward side of the stem with the summer load 
waterline. 
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Figure 3. 1 Principal dimensions 

The  length overall (loa) is the distance between the ex t r eme  points 
forward and aft measu red  parallel to the s u m m er  (or  design) water- 
line. Forward the po in t  may be on  the raked stem or  on a bulbous bow. 

The  length on the waterline (lwl) is the length on  the waterline, at which 
the ship happens  to be floating, be tween the intersect ions of  the bow 
and  after  end  with the waterline. If no t  otherwise stated the s u m m e r  
load (or design) waterl ine is to be unders tood .  

T h e  mid-point  between the perpendicu la rs  is called amidships or  
midships. The  section of  the ship at this po in t  by a p lane normal  to bo th  
the sum me r  waterplane and  the cen t re l ine  plane o f  the ship is called 
the midship section. It may no t  be the largest section of  the ship. Unless 
otherwise de f ined  the beam is usually quo t ed  at amidships. Th e  beam 
(Figure 3.2) most  c o m m o n l y  quo ted  is the moulded beam, which is the 
greatest  distance between the inside o f  plat ing on  the two sides of  the 
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ship at the greatest  width at the section chosen.  Th e  breadth extreme is 
measu red  to the outside o f  plat ing bu t  will also take accoun t  o f  any 
overhangs or  flare. 

The  ship depth (Figure 3.2) varies a long the length but  is usually 
quo t e d  for  amidships. As with b read th  it is c o m m o n  to quote  a moulded 
depth, which is f rom the unders ide  of  the deck plat ing at the ship's side 
to the top o f  the inner  keel plate. Unless otherwise specified, the d ep th  
is to the u p p e r m o s t  con t inuous  deck. Where  a r o u n d e d  gunwhale  is 
fit ted the convent ion  used is indicated in Figure 3.2. 

Sheer (Figure 3.1) is a measure  of  how m u c h  a deck rises towards the 
stem and stern. It is de f ined  as the he ight  o f  the deck at side above the 
deck  at side amidships. 

Camber or  round of beam is de f ined  as the rise o f  the deck in going 
f rom the side to the cent re  as shown in Figure 3.3. For ease o f  con- 
s t ruct ion camber  may be appl ied only to weather  decks, and straight 
line camber  of ten  replaces the o lder  parabolic  curve. 
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Figure 3.3 Section measurements 
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The  bo t tom of  a ship, in the midships region,  is usually flat but  no t  
necessarily horizontal .  If the line of  bo t tom is e x t e n d e d  out  to intersect  
the m o u l d e d  b read th  line (Figure 3.3) the he ight  o f  this in tersect ion 
above the keel is called the rise offlooror deadrise. Many ships have a flat 
keel and the ex ten t  to which this ex tends  athwartships is t e rm ed  the 
flat of keel or flat of bottom. 

In some ships the sides are not  vertical at amidships.  If the u p p e r  
deck  beam is less than that  at the waterline it is said to have tumble home, 
the value be ing  half  the d i f ference  in beams. If the u p p e r  deck has a 
grea ter  beam the ship is said to have flare. All ships have flare at a 
distance f rom amidships. 
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The draught of the ship at any point along its length is the distance 
from the keel to the waterline. If a moulded draught is quoted it is meas- 
ured from the inside of the keel plating. For navigation purposes it is 
important  to know the maximum draught. This will be taken to the 
bottom of any projection below keel such as a bulbous bow or sonar 
dome. If a waterline is not quoted the design waterline is usually 
intended. To aid the captain draught marks are placed near the bow 
and stern and remote reading devices for draught are often provided. 
The difference between the draughts forward and aft is referred to as 
the trim. Trim is said to be by the bow or by the stern depending upon 
whether the draught is greater forward or aft. Often draughts are 
quoted for the two perpendiculars. Being a flexible structure a ship will 
usually be slightly curved fore and aft. This curvature will vary with the 
loading. The ship is said to hog or sag when the curvature is concave 
down or up respectively. The amount  of hog or sag is the difference 
between the actual draught amidships and the mean of the draughts at 
the fore and after perpendiculars. 

Air draught is the vertical distance from the summer waterline to the 
highest point in the ship, usually the top of a mast. This dimension is 
important for ships that need to go under  bridges in navigating rivers 
or entering port. In some cases the topmost section of the mast can be 
struck to enable the ship to pass. 

Freeboard is the difference between the depth at side and the draught, 
that is it is the height of the deck above the waterline. The freeboard is 
usually greater at the bow and stern than at amidships. This helps cre- 
ate a drier ship in waves. Freeboard is important in determining stabil- 
ity at large angles. 

Representing the hull form 

The hull form is portrayed graphically by the lines plan or sheer plan 
(Figure 3.4). This shows the various curves of intersection between the 
hull and the three sets of orthogonal planes. Because the ship is sym- 
metrical, by convention only one half is shown. The curves showing the 
intersections of the vertical fore and aft planes are grouped in the sheer 
profile; the waterlines are grouped in the half breadth plan; and the sec- 
tions by transverse planes in the body plan. In merchant  ships the trans- 
verse sections are numbered from aft to forward. In warships they are 
numbered from forward to aft although the forward half of the ship is 
still, by tradition, shown on the right hand side of the body plan. The 
distances of the various intersection points from the middle line plane 
are called offsets. 

Clearly the three sets of curves making up the lines plan are interrelated 
as they represent the same three dimensional body. This interdependency 
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is used in manua l  fairing o f  the hull form,  each set be ing  faired in turn  
and  the changes  in the o the r  two noted.  At the end  of  the i terat ion the 
three  sets will be mutual ly  compat ible .  Fairing is usually now carr ied 
ou t  by computer .  I n deed  the form itself is of ten  gene ra t ed  directly 
f rom the early design processes in the computer .  Manual  fairing is 
d o n e  first in the design office on  a r educed  scale drawing. To aid pro- 
duc t ion  the lines used to be laid off, and  refaired,  full scale on the f loor  
o f  a bui lding known as the mou ld  loft. Many shipyards now use a 
r e d u c e d  scale, say one- tenth ,  for  use in the bui lding process. For com- 
pu te r  des igned ships the c o m p u t e r  may p rod u ce  the set of  offsets for  
sett ing ou t  in the shipyard or, more  likely, it will provide c o m p u t e r  
tapes to be used in c o m p u t e r  a ided manufac tu r ing  processes. 

In some ships, particularly carriers of  bulk cargo, the transverse cross 
section is constant  for  some fore  and aft distance near  amidships. This 
por t ion  is known as the parallel midd& bod~'. 

W he re  there  are excrescences  f rom the main hull, such as shaft 
bossings or a sonar  dome,  these are t rea ted  as appendages and  faired 
separately. 

Hul l  characteristics 

Having def ined  the hull form it is possible to derive a n u m b e r  of  char- 
acteristics which have significance in de t e rmin ing  the genera l  per- 
fo rmance  o f  the ship. As a f loating body, a ship in equi l ibr ium will 
displace its own weight of  water. This is exp la ined  in m o re  detail later. 
Thus  the vo lume o f  the hull below the design load waterline must  rep- 
resent  a weight of  water equal  to the weight  of  the ship at its des igned 
load. This displacement, as it is called, can be def ined  as: 

A = pgV 

where:  
p = the density o f  the water in which the ship is f loat ing 
g = the accelera t ion due  to gravity 
V = the unde rwa te r  volume.  

It should be no t e d  that  d i sp lacement  is a force and  will be measu red  in 
newtons. 

For  flotation,  stability, and hydrodynamic  p e r f o r m a n c e  generally, it 
is this d isplacement ,  expressed e i ther  as a vo lume or  a force,  that  is of  
interest.  For  rule purposes  Lloyd's Register also use a moulded displace- 
ment which is the d i sp lacement  within the m o u l d e d  lines o f  the ship 
be tween perpendiculars .  
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It  is useful to have a feel for  the f ineness of  the hull form.  This  is pro-  
vided by a n u m b e r  of  form coefficients or  coefficients of fineness. These  are 
de f ined  as follows, where  V is the vo l um e  o f  d i sp lacement :  

Block coefficient C B - 
V 

Lpp BT 

where:  
Lee is l ength  be tween  pe rpend i cu l a r s  
B is the e x t r e m e  b r e a d t h  u n d e r w a t e r  
T is the m e a n  draught .  

C o r r e s p o n d i n g  to thei r  m o u l d e d  d i sp l acemen t  Lloyd's  Register  use a 
b lock  coeff ic ient  based  on  the m o u l d e d  d i s p l a c e m e n t  and  the Rule 
length.  This  will no t  be used in this book.  

Coefficient of  fineness ofwaterplane ,  Cx~ a, - 
Aw 

Ia~.B 

where:  
A w is wa te rp lane  a rea  
Lu~ is the waterl ine length  
B is the e x t r e m e  b r ead t h  of  the waterl ine.  

A M 
Midship section coefficient, C M - BT 

where:  
A M is the  midsh ip  sect ion area  
B is the e x t r e m e  u n d e r w a t e r  b r e a d t h  amidships .  

V 
Longitudinal  prismatic coefficient, Cp - AMLpp 

It  will be  no t ed  that  CM × C t, = CB 

Vertical prismatic coefficient, Cve - 
V 

AwT 

It will be  n o t e d  that  these are ratios of  the vo lume  o f  d i sp l acemen t  to 
various c i rcumscr ib ing  r ec t angu la r  or  pr ismat ic  blocks, or  o f  an area  to 
the c i rcumscr ib ing  rectangle .  In the above,  use has b e e n  m a d e  o f  
d i sp l acemen t  and  no t  the m o u l d e d  d imens ions .  This  is because  the 
coefficients  are used in the early design stages and  the d i sp l acemen t  
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d imensions  are mo r e  likely to be known. Practice varies, however, and  
m o u l d e d  d imensions  may be n e e d e d  in applying some classification 
societies' rules. 

Some typical values are p re sen ted  in the table below: 

Type of vessel Block coefficient Prismatic coefficient Midship area coefficient 

Crude oil carrier 0.82-0.86 0.82-0.90 0.98-0.99 
Product carrier 0.78-0.83 0.80-0.85 0.964).98 
Dry bulk carrier 0.75-0.84 0.76-0.85 0.97-0.98 
Cargo ship 0.60-0.75 0.61-0.76 0.97-0.98 
Passenger ship 0.58-0.62 0.60-0.67 0.90-0.95 
Container ship 0.60-0.64 0.60-0.68 0.97-0.98 
Ferries 0.55-0.60 0.62-0.68 0.90-0.95 
Frigate 0.45-0.48 0.60-0.64 0.75-0.78 
Tug 0.54-0.58 0.62-0.64 0.90-0.92 
Yacht 0.15-0.20 0.50-0.54 0.30-0.35 
Icebreaker 0.60-0.70 

The  values of  these coefficients can provide useful in fo rmat ion  
abou t  the ship fo rm but  the above values are for  rough  guidance  only. 
For  instance,  the low values of  block coeff icient  for  cargo liners would 
be used by the h igh speed  ref r igera ted  ships. T h e  low value for ice- 
breakers  reflects the hull fo rm forward which is shaped  to help  the ship 
drive itself up  on  to the ice and  break  it. T h e  great  variation in size and  
speed of  m o d e r n  ship types means  that  the coefficients o f  fineness also 
vary greatly. It is safest to check  the values o f  a similar ship in terms o f  
use, size and  speed. 

T h e  block coeff icient  indicates whe the r  the form is full or  fine and  
whe the r  the waterlines will have large angles o f  incl inat ion to the mid- 
dle line plane at the ends. Large values signify large wavemaking resist- 
ance  at speed. A slow ship can afford a relatively high block coeff ic ient  
as its resistance is p redomina te ly  frictional. A high value is good  for  
cargo carrying and  is of ten  ob ta ined  by using a length  of  parallel middle 
body, perhaps  15-20 per  cent  of  the total length.  

The  angle at the bow is t e rmed  as the angle of  entry and  inf luences  
resistance. As speed  increases a des igner  will r educe  the length  o f  par- 
allel middle  body to give a lower prismatic coefficient ,  keep ing  the 
same midship  area coefficient.  As speed  increases still fu r the r  the mid- 
ship area coeff ic ient  will be r educed ,  usually by in t roduc ing  a rise of  
floor. A low value o f  midship  section coeff ic ient  indicates a high rise of  
f loor  with r o u n d e d  bilges. It will be associated with a h igher  prismatic 
coefficient.  Finer  ships will t end  to have their  main  mach ine ry  spaces 
nea re r  amidships to get the benef i t  of  the fuller  sections. T h e r e  is a 
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compromise  between this and  the desire to keep the shaft length as 
short  as possible. 

A large value of  vertical prismatic will indicate body sections of  
U-form; a low value will indicate V-sections. These  features will affect the 
seakeeping pe r fo rmance .  

D I S P L A C E M E N T  A N D  T O N N A G E  

Displacement 
A ship's displacement significantly inf luences its behaviour  at sea. 
Disp lacement  is a force and  is expressed in newtons but  the term mass 
displacement can also be used. 

Deadweight 
Although inf luencing  its behaviour,  d i sp lacement  is not  a direct  meas- 
ure  of  a ship's carrying capaciw, that is, its ea rn ing  power. To measure  
capacity deadweight and tonnage are used. 

The  deadweight, or  deadmass in terms of  mass, is the difference between 
the load displacement  up to the min imum permi t ted  f reeboard  and the 
lightweight or  light displacement.  The  lightweight is the weight of  the hull 
and  machinery  so the deadweight  includes the cargo, fuel, water, crew 
and  effects. The  term cargo deadweight is used for the cargo alone. A table 
of  deadweight  against draught,  for  fresh and salt water, is prm4ded to a 
ship's master  in the form of  a deadweight scale. This may be in the form of  
a diagram, a set of  tables or, more  likely these days, as software. 

Tonnage 
Ton is der ived f rom tun, which was a wine cask. Th e  n u m b e r  o f  tuns a 
ship could  carry was a measure  o f  its capaciw. Thus  tonnage  is a vo lume 
measure ,  no t  a weight measure ,  and for  many  years the s tandard  ton 
was taken as 100 cubic feet. Two ' tonnages '  are of  interest  to the inter- 
nat ional  c omm u n i t y  - one  to represen t  the overall size of  a vessel and 
one  to r ep resen t  its carrying capacity. The  fo rm er  can be rega rded  as a 
measure  of  the difficulty of  handl ing  and  ber th ing  and  the latter o f  
ea rn ing  ability. Because o f  di f ferences  between systems adop ted  by dif- 
f e ren t  countr ies ,  in making allowances say for mach ine ry  spaces, etc., 
the re  were many  anomalies.  Sister ships could  have di f ferent  tonnages  
mere ly  because they flew di f ferent  flags. It was to remove  these anom- 
alies and establish an internat ional ly  approved  system that the 
In te rna t iona l  Convent ion  on  Tonnage  Measuremen t  o f  Ships, was 
adop t e d  in 1969. It came into force in 1982 and  became  fully operat ive 
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in 1994. T h e  Convent ion  was he ld  u n d e r  the auspices o f  the 
In te rna t iona l  Mari t ime Organisa t ion (IMO) to p ro d u ce  a universally 
recognised  system for tonnage  measuremen t .  It p rm4ded  for  the inde- 
p e n d e n t  calculat ion of  gross and net  tonnages  and  has been  discussed 
in some detail by Wilson (1970). 

T h e  two paramete rs  of  gross and  ne t  tonnage  are used. Gross tonnage 
is based on  the volume of  all enc losed  spaces. Net tonnage is the volume 
o f  the cargo space plus the volume of  passenger  spaces mult ipl ied by a 
coeff ic ient  to b r ing  it general ly into line with prm4ous calculations of  
tonnage .  Each is d e t e r m i n e d  by a formula.  

Gross tonnage  (GT) = K 1V 

N e t t o n n a g e  (NT) = KZI,~(4Ti2 + K:~ a 1 -k- 
( 3 D )  7 

where:  
V=  

1 

v~= 
~ =  

K 3 = 

D =  
T =  

N =  

2 

NI+N2 = 

total vo lume of  all enclosed spaces of  the ship in cubic 
metres  
0.2 + 0.02 log10 V 
total volume o f  cargo spaces in cubic metres  
0.2 + 0.02 log10 V, 

GT + 10 000 
1.25 

10 000 
m o u l d e d  dep th  amidships in metres  
m o u l d e d  d raugh t  amidships in metres  
n u m b e r  of  passengers in cabins with no t  m o re  than eight  
ber ths  
n u m b e r  o f  o the r  passengers 
total n u m b e r  o f  passengers the ship is pe rmi t t ed  to carry. 

In using these formulae:  

(1) W he n  N 1 + N 2 is less than 13, ,¥1 and  ~ are to be taken as zero. 
(2) The  factor (4T/3D) '2 is not  to be taken as greater  than unity 

and the term KzV,.(4T/3D) 2 is not  to be taken as less than 0.25GT. 
(3) NTis  not  to be less than 0.30GT. 
(4) All volumes included in the calculation are measured  to the inner  

side of  the shell or structural boundary  plating, whether  or  not  
insulation is fitted, in ships constructed of  metal. Volumes of  
appendages  are included but  spaces open  to the sea are excluded.  

(5) G T a n d  N T a r e  stated as dimensionless  numbers .  Th e  word ton 
is no  longer  used. 
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Other tonnages 

Special tonnages are calculated for ships operating through the Suez 
and Panama Canals. They are shown on separate certificates and 
charges for the use of the canals are based on them. 

REGULATION 

There is a lot of legislation concerning ships, much of it concerned 
with safety matters and the subject of international agreements. For a 
given ship the application of this legislation is the responsibility of the 
government of the country in which the ship is registered. In the 
United Kingdom it is the concern of the Maritime and Coastguard 
Agency (MCA), an executive agency of the Department for Transport 
(DtT) responsible to the Secretary of State for Transport. The MCA was 
established in 1998 by merging the Coastguard and Marine Safety 
Agencies. It is responsible for: 

(1) providing a 24 hour maritime search and rescue service; 
(2) the inspection and enforcement of standards of ships; 
(3) the registration of ships and seafarers; 
(4) pollution prevention and response. 

It aims to promote high standards in the above areas and to reduce 
the loss of life and pollution. Some of the survey and certification work 
has been delegated to classification societies and other recognised bodies. 

Some of the matters that are regulated in this way are touched upon 
in other chapters, including subdivision of ships, carriage of grain and 
dangerous cargoes. Tonnage measurement has been discussed above. 
The other major area of regulation is the freeboard demanded and this 
is covered by the Load Line Regulations. 

Load lines 

An important insurance against damage in a merchant  ship is the allo- 
cation of a statutory freeboard. The rules governing this are somewhat 
complex but the intention is to provide a simple visual check that a 
laden ship has sufficient reserve ofbuo),anc)' for its intended ser~ice. 

The load line is popularly associated with the name of Samuel 
Plimsoll who introduced a bill to Parliament to limit the draught to 
which a ship could be loaded. This reflects the need for some min- 
imum watertight volume of ship above the waterline. That is a minimum 
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freeboard to provide a reserve of buoyancy when a ship moves through 
waves, to ensure an adequate range of stability and enough bouyancy 
following damage to keep the ship afloat long enough for people to 
get off. 

Freeboard is measured downwards from the freeboard deck which is 
the uppermost complete deck exposed to the weather and sea, the 
deck and the hull below it having permanent  means of watertight 
closure. A lower deck than this can be used as the freeboard deck 
provided it is permanent  and continuous fore and aft and athwartships. 
A basic freeboard is given in the Load Line Regulations, the value 
depending upon ship length and whether it carries liquid cargoes only 
in bulk. This basic freeboard has to be modified for the block coeffi- 
cient, length to depth ratio, the sheer of the freeboard deck and the 
extent of superstructure. The reader should consult the latest regula- 
tions for the details for allocating freeboard. They are to be found in 
the Merchant Shipping (Load Line) Rules. 

When all corrections have been made to the basic freeboard the fig- 
ure arrived at is termed the Summer freeboard. This distance is measured 
down from a line denoting the top of the freeboard deck at side and a 
second line is painted on the side with its top edge passing through the 
centre of a circle, Figure 3.5. 

Deck line 

Summer 
freeboard 

r'A 
figure 3.5 Load line markings 

m.F, 
m 

F 
T 

S 

W 

W.N.A. 

To allow for different water densities and the severity of conditions 
likely to be met in different seasons and areas of the world, a series of extra 
lines are painted on the ship's side. Relative to the Summer freeboard, 
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for a Summer  draught  of  T, the o ther  freeboards are as follows: 

(1) The Winter  f reeboard is T/48 greater. 
(2) The Winter  North Atlantic f reeboard is 50 mm greater  still. 
(3) The Tropical f reeboard is T/48 less. 
(4) The Fresh Water f reeboard is A/40 t cm less, where A is the dis- 

p lacement  in tonne  and  t is the tonnes per  cm immersion.  
(5) The Tropical Fresh Water f reeboard is T/48 less than the Fresh 

Water freeboard.  

Passenger ships 

As might  be expected ships designated as passenger ships are subject to 
very s tr ingent  rules. A passenger ship is def ined as one carrying more 
than twelve passengers. It is issued with a Passenger Certificatewhen it has 
been  checked for compliance with the regulations. Various mari t ime 
nations had rules for passenger ships before 1912 but  it was the loss of  the 
Titanic in that  year that  focused internat ional  concern  on the matteL 
An internat ional  conference  was held in 1914 but  it was not  until 1932 
that  the Internat ional  Convent ion for the Safety of  Life at Sea was 
signed by the major  nations. The Convent ion has been reviewed at 
later conferences in the light of  experience.  The Convent ion covers a 
wide range of  topics including watertight subdivision, damaged  stabil- 
ity, fire, life saving appliances, radio equipment ,  navigation, machinery  
and  electrical installations. 

The Internat ional  Marit ime Organisat ion (IMO) (www.imo.org) 

The first in ternat ional  initiative in safety was has tened by the public 
outcry that  followed the loss of  the Titanic. It was recognised that  the 
best way of  improving safety at sea was by developing sound regulations 
to be followed by all shipping nations. However, it was not  until 1948 
that  the Uni ted  Nations Maritime Conference  adopted  the Conven- 
tion on the In tergovernmenta l  Maritime Consultative Organisat ion 
(IMCO). The Convent ion came into force in 1958 and  in 1959 a per- 
m a n e n t  body was set up in London .  In 1982 the name  was changed  to 
IMO. IMO now represents nearly 160 mari t ime nations. A great deal of  
informat ion  about  the structure of  IMO, its conventions and o ther  
initiatives will be found  on its web site. 

Apart  f rom safety of  life at sea, the organisation is concerned  with 
facilitating internat ional  traffic, load lines, the carriage of  dangerous  
cargoes and  pollution.  Safety matters concern  not  only the ship but  
also the crew, including the standards of  training and  certification. 
IMO has an Assembly which meets evel y 2 years and between assemblies 
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the organisation is administered bv a Council.  Its technical work is con- 
ducted by a num b er  of committees.  It has p romoted  the adopt ion of  
some 30 Conventions and Protocols and of  some 700 Codes and 
Recommendat ions  related to marit ime safety and the prevention of  pol- 
lution. Amongst  the conventions are the Safety of Life at Sea Convention 
(SOLAS) and  the International Convention on Load Lines, and the 
Convention on Marine Pollution (MARPOL). The benefits that  can 
accrue from satellites particularly as regards the transmission and 
receipt of  distress messages, were covered by the International Convention 
on the International Maritime Satellite Organisation (INMARSAT). The 
Global Maritime Distress and Safet~ System is now operative. It ensures assis- 
tance to any ship in distress anywhere in the world. All the conventions 
and protocols are reviewed regularly to reflect the latest experience at 
sea. Although much of the legislation is in reaction to problems encoun- 
tered, the organisation is increasingly adopt ing  a pro-active policy. 

By its nature  the br inging into force of  some new, or a change to an 
existing, convent ion is a long process. When  a problem is recognised 
and  agreed by the Assembly or Council,  the relevant commit tee  must  
consider  it in detail and draw up proposals for deal ing with it. A draft  
proposal must  then  be considered and  discussed by all interested par- 
ties. An a m e n d e d  version is, in due course, adopted  and sent to gov- 
ernments .  Before coming  into force the convent ion must  be ratified by 
those governments  who accept  it and who are then b o u n d  by its condi- 
tions. Usually a new convent ion comes into force about  5 years after it 
is adopted  by IMO. Most mari t ime countries have ratified IMO's con- 
ventions, some of  which apply to more  than 98 per  cent  of  the world's 
merchan t  tonnage.  

Al though the governments  that ratify conventions are responsible 
for their  implementa t ion  in ships which fly their  flag, it becomes the 
responsibility of  owners to ensure that their  ships meet  IMO standards. 
The International Safety Management (ISM) Code which came into force in 
1998 is mean t  to ensure they do, by requir ing them to produce  docu- 
ments  specifying that  their  ships do meet  the requirements .  Port State 
Control  (PSC) gives a country, a right to inspect ships not  registered in 
that  country. The ships can be de ta ined  if their  condi t ion and  equip- 
m e n t  are no t  in accord with internat ional  regulations or if they are no t  
m a n n e d  and opera ted  in compliance with those rules. Tha t  is, if they 
are found  to be sub-standard or unsafe. Since a ship may well visit sev- 
eral ports in an area it is advantageous if port  authorit ies in that  area 
co-operate. IMO has encouraged  the establ ishment  of  regional PSC 
organisations. One  region is Europe and  the nor th  Atlantic; ano ther  
Asia and  the Pacific. 

Much of  the regulat ion agreed with IMO requires certificates to 
show that the requirements  of  the various ins t ruments  have been met. 
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In many cases this involves a survey which may mean the ship being out 
of service for several days. To reduce the problems caused by different 
survey dates and periods between surveys, IMO introduced in 2000 a 
harmonised system of  ship survey' and  certification. This covers survey and 
certification requirements of the conventions on safety of life at sea, 
load lines, pollution and a number  of  codes covering the carriage of 
dangerous substances. Briefly the harmonised system provides a 1-year 
standard survey interval, some flexibility in timing of  surveys, dispensa- 
tions to suit the operational program of the ship and maximum valid- 
ity periods of  5 years for cargo ships and 1 year for passenger ships. The 
main changes to the SOLAS and Load Line Conventions are that 
annual inspections are made mandatory for cargo ships with unsched- 
uled inspections discontinued. 

SOLAS and the Collision Regulations (COLREGS) require ships to 
comply with rules on design, construction and equipment.  SOLAS cov- 
erage includes life saving equipment,  both the survival craft (lifeboats 
and liferafts) and personal (life jackets and immersion suits). Numbers 
of  such equipments are stated on the Safety Certificate. 

Classification societies 

There are many classification societies which co-operate through the 
International Association of  Classification Societies ( IACS)  ( www. iacs. tn'g. uk), 
including: 

American Bureau of Shipping 
Bureau Veritas 
China Classification Society, 
Det Norske Veritas 
Germanischer Lloyd 
Korean Register of Shipping 
Lloyds Register of  Shipping 
Nippon Kaiji Kyokai 
Registro Italiano Navale 
Russian Maritime Register of Shipping 

www. eagle, org 
www. veris tar. corn 
www. ccs. org. cn 
www. dnv. com 
www. GermanLloyd. org 
www. krs. co. kr 
www. b: or g 
www.classnk.or.jp 
www. rina. it 
www. rs-head, spb. r u /  

As with IMO, a lot of information on the classification societies can 
be gleaned from their web sites. The work of  the classification societies 
is exemplified by Lloyd's Register (LR) of  London which was founded in 
1760 and is the oldest socie~,. It classes some 6700 ships totalling about  
96 million in gross tonnage. ~ h e n  a ship is built to LR class it must 
meet  the requirements laid down by the society for design and build. 
LR demands that the materials, structure, machinery and equipment  
are of the required quality. Construction is surveyed to ensure proper  
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standards of workmanship are adhered to. Later in life, if the ship is to 
retain its class, it must be surveyed at regular intervals. The scope and 
depth of these surveys reflect the age and service of the ship. Thus, 
through classification, standards of safety, quality and reliability are set 
and maintained. LR have developed a Hull Condition Monitoring Scheme 
to assist in the inspection and maintenance of tankers and bulk car- 
riers. A database is created using a vessel representation program to 
generate the structural codes, geometry and rule and renewal thick- 
ness of individual plates and stiffeners. Results of class surveys and 
owners' inspections are input to the database which can be accessed on 
board ship or ashore. Tabular and graphical outputs are available. 

Classification applies to ships and floating structures extending to 
machinery and equipment such as propulsion systems, liquefied gas 
containment systems and so on. 

For many years Lloyd's Rules were in tabular form basing the scant- 
lings required for different types of ship on their dimensions and ton- 
nage. These gave way to rational design standards and now computer 
based assessment tools allow a designer to optimise the design with 
minimum scantlings and making it easier to produce. For a ship to be 
designed directly using analysis requires an extensive specification on 
how the analyses are to be carried out and the acceptance criteria to 
apply. Sophisticated analysis tools are needed to establish the loads to 
which the ship will be subject. 

Classification societies are becoming increasingly involved in the 
classification of naval vessels. Typically they cover the ship and ship 
systems, including stability, watertight integrity, structural strength, 
propulsion, fire safety and life saving. They do not cover the weapon 
systems themselves but do cover the supporting systems. A warship has 
to be 'fit for service' as does any ship. The technical requirements to 
make them fit for service will differ, as would the requirements for a 
tanker and for a passenger ship. In the case of the warship the need to 
take punishment  as a result of enemy action, including shock and blast, 
will lead to a more rugged design. There will be more damage scen- 
arios to be considered with redundancy built into systems so that they 
are more likely to remain functional after damage. 

The involvement of classification societies with naval craft has a num- 
ber of advantages. It means warships will meet at least the internationally 
agreed safety standards to which merchant ships are subject. The navy con- 
cerned benefits from the world wide organisation of surveyors to ensure 
equipment, materials or even complete ships are of the right quality. 

Lloyd's is international in character and is independent  of govern- 
ment  but has delegated powers, as do other classification societies, to 
carry out many of the statutory functions mentioned earlier. They carry 
out surveys and certification on behalf of more than 130 national 
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administrations. They also can T out  statutoQ' surveys covering the 
international conventions on load lines, cargo ship construction, safety 
equipment,  pollution prevention, grain loading and so on, and issue 
International Load Line Certificates, Passenger Ship Safety Certificates 
and so on. The actual registering of  ships is carried out by the govern- 
ment  organisation. Naturally owners find it easier to arrange registra- 
tion of  their ships with a government, and to get insurance cover, if the 
ship has been built and maintained in accordance with the rules of  a 
classification society. 

Lloyd's Register must not be confused with Lloyd's of London, the 
international insurance market, which is a quite separate organisation 
although it had similar origins. 

Impact of  rules and regulations on design 

A ship designer must satisfy not only the owner's stated requirements 
but  also the IMO regulations and classification society rules. The first 
will define the type of ship and its characteristics such as size, speed 
and so on. The second broadly ensures that the ship will be safe and 
acceptable in ports throughout  the world. They control such features 
as sub-division, stability, fire protection, pollution prevention and man- 
ning standards. The third sets out the 'engineering' rules by which the 
ship can be designed to meet  the demands placed on it. They will 
reflect the properties of the materials used in construction and the 
loadings the ship is likely to experience in the intended service. 

There are three basic forms the rules of a classification society may take: 

• Prescriptive standards describing exactly what is required, reflect- 
ing that society's long experience and the gradual trends in tech- 
nological development.  They enable a design to be produced 
quickly and do not require the designer to have advanced struc- 
tural design knowledge. They are not well suited to novel design 
configurations or to incorporating new, rapidly changing, techno- 
logical developments. Because of  this the performance standard 
approach is increasingly favoured. 

• Performance standards which are flexible in that they set out  aims 
to be achieved but leave the designer free to decide how to meet  
them within the overall constraints of the rules. They set standards 
and criteria to which the design must conform to provide the 
degree of  safety and reliability demanded.  

• The safety case approach which considers the totality of  risks the 
ship is subject to scenarios of predictable incidents. A formal safety 
assessment (FSA) involves identifying hazards; assessing the risks 
associated with each hazard; considering alternative strategies and 
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making decisions so as to reduce the risks and their consequences 
to acceptable levels. Put another way the designer thinks what 
might go wrong, the consequences if it does go wrong, the impli- 
cations for the design of reducing, or avoiding, the risk; making a 
conscious decision on how to manage the situation. Thus a 
designer might decide that although an event is of very low prob- 
ability its repercussions are so serious that something must be 
done to reduce the hazard. 

Mthough attractive in principle, FSA is an expensive approach and is 
likely to be used for individual projects only if they are high profile 
ones. It can be used, however, as the basis for developing future classi- 
fication and convention requirements. One problem, particularly for 
radically new concepts is foreseeing what might happen and under  
what circumstances. 

It is clear that probability theory is going to play an increasing part in 
design safety assessments and development. To quote two examples: 

When considering longitudinal strength the designer must assess 
the probability of the ship meeting various sea conditions; the 
need to operate or merely survive, in these conditions; the prob- 
ability of the structure having various levels of built in stress and 
the probable state of the structure in terms of loss of plate thick- 
ness due to corrosion. 
In considering collision at sea, consideration must be given to the 
density of traffic in the areas in which the ship is to operate. Then 
there are the probabilities that the ship will be struck at a certain 
point along its length by a ship of a certain size and speed; that the 
collision will cause damage over a certain length of hull; the state 
of watertight doors and other openings. Then some allowance must 
be made for the actions of the crew in containing the incident. 

Statistics are being gathered to help quantify these probabilities but 
many still require considerable judgement  on the part of the designer. 

Accident investigations 

The Marine Accident Investigation Branch (MAIB) (www. maib. dft.gov, uk ) 
The MAIB is a branch of DETR which investigates all types of marine 
accident. It is independent  of MCA and its head, the Chief Inspector of 
Marine Accidents, reports directly to the Secretary of State. The role of 
the MAIB is to determine the circumstances and causes of an accident 
with the aim of improving safety at sea and preventing future accidents. 
Their powers are set out in the Merchant Shipping Act. 
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The Salvage Association (www.wreckage.org) 
Another type of investigation is carried out by the Salvage Association. 
This association serves the insurance industry. When instructed, it car- 
ries out surveys of casualties to ascertain the circumstances, investigate 
the cause, the extent of damage and to assess the cost to rectify. On-site 
inspections are usually needed although thought is being given to 
using remote video imaging fed back to experts at base. The Asso- 
ciation aims to give a fast service, gMng preliminary advice within 48 
hours. 

SUMMARY 

It has been seen how a ship's principal geometric features can be 
defined and characterised. It will be shown in the next chapter how the 
parameters can be calculated and they will be called into use in later 
chapters. The concept and calculation of gross and net tonnage have 
been covered. The regulations concerning minimum freeboard values 
and the roles of the classification societies and government bodies have 
been outlined. 

Whilst all legal requirements must be met, engineers have a much 
broader responsibility to the public and the profession and must do 
their best, using all available knowledge. This underlines the import- 
ance of engineers keeping abreast of developments in their field, 
through continuing professional development. 
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