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Preface

Further updates have been made in this, the fourth edition, and additional .material
has been added to a number of chapters. A section on Fast Ferries has been included
in Chapter 1. In Chapter 3, Computer Aided Manufacture ha§ been updated and
material has been added on Launching. In Chapter 7, the material on Hatch Covers
has been revised and new illustrations added. The re-named Chapter 8 now also
deals with Roll-on-Roll-off ships and much of the text hgs been updated t(? reflect
legislative changes. Chapter 11 has been revised to 1ncomorate conmdergble
changes as new International Maritime Organisation Convent10n§ have come into
force. Chapters 12 and 13 have been revised to cover the tank coating requirements,
particularly for bulk carriers, in more detail.

This book is intended as an up-to-date review of current ship types, t.heir
construction, special features and outfit equipment. Various ship types are ctxammed
in outline and configuration, and current shipbuilding methods and techniques are
described. The ship as a stressed structure is examined, in relation to the effects and
constraints placed upon the structural members and their arrangements.

The major items and regions of structure are illustrated in detail, and the types and
methods of strengthening and stiffening are explained. The minor, but neverthe}ess
essential, steelwork items and the various items of outfit equipment are also detailed

and illustrated.

The statutory and regulatory bodies and organisations invoh./ed 'in shipping and
shipbuilding are described and their influence on ship construgmn is explained. The
final chapters deal with the corrosion process and the preventive me.thOQS employed
for the ship’s structure, and also with the examination of ships in drydock,
periodical surveys and maintenance.

It is hoped that this text will continue to assist students of naval architectu.re, marine
engineering, nautical studies and those attempting the various Certificates of
Competency. The non-technical language and glossary of terms should enable any
interested student to progress steadily through this book.

Dr David A Taylor
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1 The Ship—its Functions,
Features and Types

Merchant ships exist to carry cargoes across the waterways of the world safely,
speedily and economically. Since a large part of the world’s surface, approximately
three-fifths, is covered by water, it is reasonable to consider that the merchant ship
will continue to perform its function for many centuries to come. The worldwide
nature of this function involves the ship, its cargo and its crew in many aspects of
international life. Some features of this international transportation, such as weather
and climatic changes, availability of cargo handling facilities and international
regulations, will be considered in later chapters.

The ship, in its various forms, has evolved to accomplish its function depending
upon three main factors—the type of cargo carried, the type of construction and
materials used, and the area of operation.

Three principal cargo carrying types of ship exist today: the general cargo
vessel, the tanker and the passenger vessel. The general cargo ship functions today
as a general carrier and also, in several particular forms, for unit-based or unitised
cargo carrying. Examples include container ships, pallet ships and ‘roll-on, roll-off’
ships. The tanker has its specialised forms for the carriage of crude oil, refined oil
products, liquefied gases, etc. The passenger ship includes, generally speaking, the
cruise liner and some ferries.

The type of construction will affect the cargo carried and, in some generally
internal aspects, the characteristics of the ship. The principal types of construction
refer to the framing arrangement for stiffening the outer shell plating, the three
types being longitudinal, transverse and combined framing. The use of mild steel,
special steels, aluminium and other materials also infuences the characteristics of a
ship. General cargo ships are usually of transverse or combined framing
construction using mild steel sections and plating. Most tankers employ
longitudinal or combined framing systems and the larger vessels utilise high tensile
steels in their construction. Passenger ships, with their large areas of superstructure,
employ lighter metals and alloys such as aluminium to reduce the weight of the
upper regions of the ship.

The area of trade, the cruising range, and the climatic extremes experienced
must all be borne in mind in the design of a particular ship. Ocean going vessels
require several tanks for fresh water and oil fuel storage. Stability and trim
arrangements nmust be satisfactory for the weather conditions prevailing in the area
of operation. The strength of the structure, its ability to resist the effects of waves,
heavy seas, etc., must be much greater for an ocean-going vessel than for an inland
waterway vessel.

Considerations of safety in all aspects of ship design and operation must be
paramount, so the ship must be seaworthy. This term relates to many aspects of the
ship: it must be capable of remaining afloat in all conditions of weather; it must
remain stable and behave well in the various sea states encountered. Some of the

constructional and regulatory aspects of seaworthiness are dealt with in later chapters.
The develanment of chin tvnee will cantinne ag lone as there is a sufficient
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demand to be met in a particular area of trade. Recent years have seen such
developments as very large crude carriers (VLCCs) for the transport of oil, and the
liquefied natural gas and liquefied petroleum gas tankers for the bulk carriage of
liquid gases. Container ships and various barge carriers have developed for general
cargo transportation. Bulk carriers and combination bulk cargo carriers are also
relatively modern developments.

Several basic ships types will now be considered in further detail. The particular

features of appearance, construction, layout, size, etc., will be examined for the
following ship types:

(1) General cargo ships
(2) Tankers

(3) Bulk carriers

(4) Container ships

(5) Roll-on roll-off ships
(6) Passenger ships.

Many other types and minor variations exist, but the above selection is considered to
be representative of the major part of the world’s merchant fleet.

General cargo ships

The general cargo ship is the ‘maid of all work’, operating a worldwide ‘go
anywhere’ service of cargo transportation. It consists of as large a clear open cargo-
carrying space as possible, together with the facilities required for loading and
unloading the cargo (Figure 1.1). Access to the cargo storage areas or holds is
provided by openings in the deck called hatches. Hatches are made as large as
strength considerations will allow to reduce horizontal movement of cargo within
the ship. Hatch covers of wood or steel, as in most modern ships, are used to close
the hatch openings when the ship is at sea. The hatch covers are made watertight
and lie upon coamings around the hatch which are set some distance from the upper
or weather deck to reduce the risk of flooding in heavy seas.

One or more separate decks are fitted in the cargo holds and are known as tween
decks. Greater flexibility in loading and unloading, together with cargo segregation
and improved stability, are possible using the tween deck spaces. Various
combinations of derricks, winches and deck cranes are used for the handling of
cargo. Many modern ships are fitted with deck cranes which reduce cargo-handling
times and manpower requirements. A special heavy lift derrick may also be fitted,
covering one or two holds.

Since full cargoes cannot be guaranteed with this type of ship, ballast-carrying
tanks must be fitted. In this way the ship always has a sufficient draught for stability
and total propeller immersion. Fore and aft peak tanks are fitted which also assist in
trimming the ship. A double bottom is fitted which extends the length of the ship
and is divided into separate tanks, some of which carry fuel oil and fresh water. The
remaining tanks are used for ballast when the ship is sailing empty or partly loaded.
Deep tanks may be fitted which can carry liquid cargoes or water ballast.

Accommodation
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The Ship—its Functions, Features and Types
The Ship—its Functions, Features and Types

The accommodation and machinery spaces are usually located with one hold
between them and the aft peak bulkhead. This arrangement improves the vessel’s
trim when it is partially loaded and reduces the lost cargo space for shafting tunnels
compared with the central machinery Space arrangement. The current range of sizes

for general cargo ships is from 2000 to 15 000 displacement tonnes with speeds of
12-18 knots.

N\

Fore peak tank

Refrigerated general cargo ship

Centre tank

The fitting of refrigeration plants for the cooling of cargo holds enables the carriage
of perishable foodstuffs by sea. Refrigerated ships vary little from general cargo
ships. They may have more than one tween deck, and all hold spaces will be
insulated to reduce heat transfer. Cargo may be carried frozen or chilled depending
upon its nature. Refrigerated ships are usually faster than general cargo ships, often
having speeds up to 22 knots, and they may also cater for up to 12 passengers.

Tankers

Wing tank

The tanker is used to carry bulk liquid cargoes, the most common type being the oil
tanker. Many other liquids are carried in tankers and specially constructed vessels
are used for chemicals, liquefied petroleum gas, liquefied natural gas, etc.

The oil tanker has the cargo carrying section of the vessel split up into individual
tanks by longitudinal and transverse bulkheads (Figure 1.2).

The size and location of these cargo tanks is dictated by the International =
Maritime Organisation Convention MARPOL 1973/78. This convention and its
protocol of 1978 also requires the use of segregated ballast tanks (SBT) and their L
location such that they provide a barrier against accidental oil spillage. An oil tanker ot
when on a ballast voyage may only use its segregated ballast tanks in order to obtain
a safe operating condition. No sea water may be loaded into cargo tanks. The cargo
is discharged by cargo pumps fitted in one or more pumprooms, either at the ends of
the tank section or, sometimes, in the middle. Each tank has its own suction
arrangement which connects to the pumps, and a network of piping discharges the
cargo to the deck from where it is pumped ashore. Fore and aft peak tanks are used
for ballast with, often, a pair of wing tanks situated just forward of midships. These - s ot
wing tanks are ballast-only tanks and are empty when the ship is fully loaded. Small {r
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Figure 1.2 Oil Tanker
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the contaminated residue from tank cleaning operations.

Large amounts of piping are to be seen on the deck running from the
pumprooms to the discharge manifolds positioned at midships, port and starboard.
Hose handling derricks are fitted port and starboard near the manifolds. The
accommodation spaces and machinery spaces are located aft in modern tankers. The
range of sizes for oil tankers at present is enormous, from small to 700 000

deadweight tonnes. Speeds range from 12 to 16 knots. Oil tankers are dealt with in
more detail in Chapter 8.

E l
Aft peak tank
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Chemical tankers

A chemical tanker is a vessel constructed to carry liquids cargoes other than crude
oil and products, or those requiring cooling or pressurised tanks. Chemical tankers
may carry chemicals or even such liquids as wine, molasses or vegetable oils. Many
of the chemical cargoes carried create a wide range of hazards from reactivity,
corrosivity, toxicity and flammability. Rules and regulations relating to their
construction consider the effects these hazards have on the ship and its environment
with respect to materials, structure, cargo containment and handling arrangements.

The International Maritime Organisation (IMO) has produced the ‘Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk’.
This code provides a basis for all such vessel designs, and the IMO Certificate of
Fitness must be obtained from the flag state administration to indicate compliance.
Also, Annex II of the MARPOL, 73/78 Convention and Protocol is now in force and
applies to hazardous liquid substances carried in chemical tankers.

An IMO type II (see Chapter 9) chemical tanker is shown in Figure 1.3. A
double skin is used to protectively locate all the cargo tanks and even extends over
the top. The cargo tank interiors are smooth with all stiffeners and structure within
the double skin. Corrugated bulkheads subdivide the cargo-carrying section into
individual tanks. The double skin region of the double bottom and the ship sides are
arranged as water ballast tanks for ballast only voyages or trimming and heeling
when loaded.

Individual deepwell pumps are fitted in each cargo tank and also in the two slop
tanks which are positioned between tanks 4 and 5.

Deadweight sizes for chemical tankers range from small coastal vessels up to
about 46 000 tonnes with speeds of about 14—16 knots.

Liquefied gas tankers

Liquefied gas tankers are used to carry, usually at low temperature, liquefied
petroleum gas (LPG) or liquefied natural gas (LNG). A separate inner tank is
usually employed to contain the liquid and this tank is supported by the outer hull
which has a double bottom (Figure 1.4).

LNG tankers carry methane and other paraffin products obtained as a by-product
of petroleum drilling operations. The gas is carried at atmospheric pressure and
temperatures as low as -164°C in tanks of special materials (see Table 2.3), which
can accept the low temperature. The tanks used may be prismatic, cylindrical or
spherical in shape and self-supporting or of membrane construction. The containing
tank is separated from the hull by insulation which also acts as a secondary barrier
in the event of leakage.

LPG tankers carry propane, butane, propylene, etc., which are extracted from
natural gas. The gases are carried either fully pressurised, part pressurised—part
refrigerated, or fully refrigerated. The fully pressurised tank operates at 18 bar and
ambient temperature, the fully refrigerated tank at 0.25 bar and -50°C. Separate
containment tanks within the hull are used and are surrounded by insulation where
low temperatures are employed. Tank shapes are either prismatic, spherical or
cylindrical. Low temperature steels may be used on the hull where it acts as a

The Ship—its Functions, Features and Types

'1|b|

[}

1
r
1

1
1
]
1
1
1
1
T T
1 I
! {
! |
! |
| aacedts &
! I
! i
Ir l
: I
r===--4
' i
| ¥
]
1
-
1
1
|
1 4 ‘ l'{
— iy
I

E:;l‘:;lzzi_
Jd -

ol T
1 ! ]

TS Ko Rt T

e} Gla:d :_.J 1o

R

10, ] |

Rya1E, Fx3

1 i

1

Cargo tank

Cross section

=
X
a
x
c
T
B

Y

Water batlast

:

Cargo tank

Figure 1.3 IMO type II chemical tanker



The Ship—its Functions, Features and Types The Ship—its Functions, Features and Types

Displacement sizes for gas carriers range up to 60 000 tonnes, with speeds of
12-16 knots. Liquefied gas carriers are dealt with in more detail in Chapter 9.

Water
ballast

Bulk carriers

Fuel
ail

Bulk carriers are single deck vessels which transport single commodity cargoes
such as grain, sugar and ores in bulk. The cargo carrying section of the ship is
divided into holds or tanks which may have any number of arrangements,
depending on the range of cargoes to be carried. Combination carriers are bulk
carriers designed for flexibility of operation and able to transport any one of several
bulk cargoes on any one voyage, e.g. ore, or crude oil, or dry bulk cargo.

The general purpose bulk carrier, in which usually the centre hold section only is
used for cargo, is shown in Figures 1.5 and 1.6. The partitioned tanks which
surround it are used for ballast purposes either on ballast voyages or, in the case of
the saddle tanks, to raise the ship’s centre’of gravity when a low density cargo is
carried. Some of the double-bottom tanks may be used for fuel oil and fresh water.

No. 1 cargo

tank

:

ﬁ
y,

Al 8
Fx 8 The saddle tanks also serve to shape the upper region of the cargo hold and trim the
as o~ ; .
. ST cargo. Large hatchways are a feature of bulk carriers, since they reduce cargo-
== handling time during loading and unloading.
An ore carrier has two longitudinal bulkheads which divide the cargo section
) into wing tanks port and starboard, and the centre hold which is used for ore. The
& £ high double bottom is a feature of ore carriers. On ballast voyages the wing tanks
g g and double bottoms provide ballast capacity. On loaded voyages the ore is carried in
zé / g R the central hold, and the high double bottom serves to raise the centre of gravity of
22 03 H this very dense cargo. The vessel’s behaviour at sea is thus much improved. The
s cross-section is similar to that of the ore/oil carrier shown in Figure 1.6. Two
a longitudinal bulkheads are employed to divide the ship into centre and wing tanks
— which are used for the carriage of oil cargoes. When ore is carried, only the centre
tank section is used for cargo. A double bottom is fitted beneath the centre tank but

is used only for water ballast. The bulkheads and hatches must be oiltight.

The ore/bulk/oil carrier has a cross-section similar to the general bulk carrier
shown in Figure 1.5. The structure is, however, significantly stronger, since the
bulkheads must be oiltight and the double bottom must withstand the high density ore
load. Only the central tank or hold carries cargo, the other tank areas being ballast-
only spaces, except the double bottom which may carry oil fuel or fresh water.

Large hatches are a feature of all bulk carriers, to facilitate rapid simple cargo
handling. A large proportion of bulk carriers do not carry cargo-handling
equipment, because they trade between special terminals which have particular
equipment for loading and unloading bulk commodities. The availability of cargo-
handling gear does increase the flexibility of a vessel and for this reason it is
J sometimes fitted. Combination carriers handling oil cargoes have their own cargo
— ’ pumps, piping systems, etc., for discharging oil. Bulk carriers are dealt with in more
detail in Chapter 8. Deadweight capacities range from small to 150,000 tonnes
J depending upon type of cargo, etc. Speeds are in the range 1216 knots.

No. 4 cargo

Accommodation
tank

Transverse
section

Figure 1.4 Liquefied petroleum gas (LPG) tanker (W.B.; water ballast tanks)
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Figure 1.5 Bulk Carrier
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Lower
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[« 1 x| tank
' %% (water
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Qil fuel or water ballast Double-bottom tank
(oil fuel or water ballast)
|
Centre hold
(oil or ore)
Wing tank _____ 4 \ . Wi_ng tank
(oil) (oil)
Water Water g
k ballast | ballast )
Oiltight
' longitudinal
(b) bulkhead

Figure 1.6 Transverse sections: (a) bulk carrier (b) ore/oil carrier

Container ships
The container ship is, as its name implies, designed for the carriage of containers. A
container is a re-usable box of 2435 mm by 2345 mm section, with lengths of 6055,
9125 and 12 190 mm. Containers are in use for most general cargoes, and liquid-
carrying versions also exist. In addition, refrigerated models are in use.

The cargo-carrying section of the ship is divided into several holds which have
hatch openings the full width and length of the hold (Figure 1.7). The containers are
racked in special frameworks and stacked one upon the other within the hold space.
Cargo handling therefore consists only of vertical movement of the cargo in the
hold. Containers can also be stacked on the hatch covers when a low density cargo
is carried. Special lashing arrangements exist for this purpose and this deck cargo to
some extent compensates for the loss of underdeck capacity.
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The various cargo holds are separated by a deep web-framed structure to provid
the ship with transverse strength. The ship section outboard of the containers o, \ PR |
each side is a box-like arrangement of wing tanks which provides longituding i j % ' I ’ ’ ‘ ‘

i I
N

strength to the structure. These wing tanks may be utilised for water ballast and ca

be arranged to counter the heeling of the ship when discharging containers. ¢ 8

double bottom is also fitted which adds to the longitudinal strength and provide ’\
|

|

|
additional ballast space.

Accommodation and machinery spaces are usually located aft to provide th,
maximum length of full-bodied ship for container stowage. Cargo-handling gear
rarely fitted, as these ships travel between specially equipped terminals for rapi
loading and discharge. Container ship sizes vary considerably with container
carrying capacities from 100 to 4000 or more. As specialist carriers they ar
designed for rapid transits and are high powered, high speed vessels with speeds uj
to 30 knots. Some of the larger vessels have triple-screw propulsion arrangements A
Container ships are described in more detail in Chapter 8. Jﬁ'
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Bow thruster

D
7
T e
11

Ballroom
N \ L} : %
L\ ‘/(\, '><<\

Roll-on Roll-off ships (ro/ro)

This design of vessel was originally intended for wheeled cargo in the form of
trailers. Rapid loading and unloading is possible by the use of bow or stern ramps. A
loss of cargo carrying capacity occurs because of the vehicle undercarriages and thig
has resulted in the adoption of this type of vessel to either carry containers as a deck
cargo or its use as a ferry with appropriate accommodation provided for passengers
A r0/ro ferry is shown in Figure 1.8. The cargo carrying section is a series of
large open decks with vehicle hoists and ramps connecting them. A bow visor and
flap enables vehicles to leave or enter through the bow and a stern door provideg c
similar arrangements aft. §
The ship’s structure outboard of the cargo decks is a box-like arrangement of g
wing tanks to provide longitudinal strength. A double bottom extends throughou E
2}
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Figure 1.9 Cruise ship

the cargo and machinery space. A low height machinery space is necessary to avoid
penetration of the vehicle decks. The passenger accommodation extends along the
vessels length above the vehicle decks.

Ocean-going ro/ro vessels may be designed for the carriage of containers on
deck and with one or more hatches to load containers or general cargo in the vehicle
deck space. Sizes range considerably with about 16 000 deadweight tonnes (28 00(
displacement tonnes) being common. Speeds in the region of 18-22 knots are usual.
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Machinery space

Passenger ships

The passenger liner, or its modern equivalent the cruise liner, exists to provide a
means of luxurious transport between interesting destinations, in pleasant climates,
for its human cargo. The passenger travelling in such a ship pays for, and expects, 4
superior standard of accommodation and leisure facilities. Large amounts of
superstructure are therefore an interesting feature of passenger ships. Several tiers
of decks are fitted with large open lounges, ballrooms, swimming pools and
promenade areas (Figure 1.9).

Sky lounge
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Aesthetically pleasing lines are evident, with usually well-raked clipper-type
bows and unusual funnel shapes. Stabilisers are fitted to reduce rolling and bow
thrust devices are employed for improved manoeuvrability. Large passenger liners
are rare, the moderate-sized cruise liner of 12 000 tonnes displacement now being
the more prevalent. Passenger-carrying capacity is around 600, with speed in the
region of 22 knots.

Fast Ferries

The Fast Ferry, or high speed passenger vessel, has progressed so rapidly in recent
years that their size and numbers are intruding into areas once reserved for
conventional vessels such as passenger ships and roll on roll off vessels. Modern,
mainly catamaran, designs are currently available up to 127 metres in length which
can carry 1600 passengers and 375 cars at over 40 knots.

Hydrofoils were one of the earliest types of fast ferries, where fixed or
removable blades or foils were used to enable the vessel to lift out of the water and,
with reduced resistance, travel at speeds up to 40 knots. Hovercraft use a cushion of
air to lift the vessel out of the water and designs are in use which carry over 400
passengers and 60 cars at speeds of up to 60 knots.

The Ship—its Functions, Features and Types

The catamaran is, however, taking over with its ability to carry large numbers of

assengers and cargo at relatively high speeds. The catamaran currently accoupts

for more than 50 per cent of all fast ferries built, and about 40 per cent of the active
fast ferry fleet. . .

Welded aluminium alloy is usual, although some high tensile steel is now used.
A passenger carrying catamaran is shown in Figure 1.10. The large open deck area
enables large numbers of passengers to be accommodated in comfort. Propulsion
machinery is located in each of the twin hulls and waterjet propulsion is used.

The International Maritime Organisation (IMO) has been actively ensuring the
safety of those craft in operation by the Code of Safety for Dynamically Supporfed
craft produced in 1977. The major revision was the Code Of Practice for High
speed Craft, which was produced in 1996.
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2 Shlp St_resses and Longitudinal stresses
Shipbuilding Materials static loading

The ship at sea or lying in still water is constantly being subjected to a wide variety Consider a ship floating in still water. Two different forces will be acting upon it
Of st.resses and strains, which result from the action of forces from outside and along its length. The weight of the ship and its contents will be acting vertically
Wlthlf_l the ship. Forces within the ship result from structural weight, cargo downwards. The buoyancy or vertical cemponent of hydrostatic pressure will be
machinery weight and the effects of operating machinery. Exterior forces7includej acting upwards. In total, the two forces exactly equal and balance one another such
the hydrostatic pressure of the water on the hull and the action of the wind and hat the ship floats at some particular draught. The centre of the buoyancy force and
waves. The ship must at all times be able to resist and withstand these stresses and the centre of the weight will be vertically in line. However, at various points along
strains throughout its structure. It must therefore be constructed in a manner, and of the ship’s length there may be an excess of buoyancy or an excess of weight.
such ma}terials, that will provide the necessary strength. The ship must also ’be able Consider the curve of buoyancy, which represents the upward force at various points
to function efficiently as a cargo-carrying vessel. along the length of the ship, see Figure 2.2 (a). The buoyancy forces increase from

The various forces acting on a ship are constantly varying in degree and zero at the ends of the ship’s waterline to a constant value over the parallel middle
freq}lency. For simplicity, however, they will be considered individually and the body section. The area within the curve represents the total upthrust or buoyancy
particular measures adopted to counter each type of force will be outlined. exerted by the water.

The forces may initially be classified as static and dynamic. Static forces are due The total weight of the ship is made up of the steel structure, items of machinery,
to the differences in weight and buoyancy which occur at various points along the cargo, €tc. The actual weight at various points along the length of the ship is
length of the ship. Dynamic forces result from the ship’s motion in the sea and the unevenly distributed and is represented by a weight curve as shown in Figure 2.2 (a).
action _Of the wind and waves. A ship is free to move with six degrees of freedom— The weight curve actually starts and finishes at the extremes of the ship’s structure.
three linear and three rotational. These motions are described by the terms shown in At different points along the ship’s length the weight may N
Figure 2.1. or vice versa. Where a difference occurs this results in a load at that point. The load
. These.r static and dynamic forces create longitudinal, transverse and local stresses  diagram, (Figure 2.2 (b)), is used to illustrate the loads at various peints.
in the.: ship’s structure. Longitudinal stresses are greatest in magnitude and result in This loading of the ship’s structure results in forces which act up or down and
bending of the ship along its length. create shearing forces. The shear force at any point is the vertical force acting. It can

also be considered as the total load acting on either side of the point or section
considered. The actual shearing force at any section is, in effect, the area of the load
diagram to the point considered. A shear force diagram can thus be drawn for the

Feaving ship (Figure 2.2 (c)).
4 The loading of the ship’s structure will also tend to bend it. The bending
| _)Yaw'"g moment at any point is the sum of the various moments to one side or the other. The
bending moment at a section is also represented by the area of the shear force

Swaying

D M diagram to the point considered. A bending moment diagram is illustrated in Figure
ree—_—~— 2.2 (d), where it can be seen that the maximum bending moment occurs when the
Pitching Rolling shear force is zero.

y Since a bending moment acts on the ship then it will tend to bend along its
length. This still water bending moment (SWBM) condition will cause the ship to
take up one of two'possible extreme conditions. If the buoyancy forces in the region
of midships are greater than the weight then the ship will curve upwards or ‘hog’,

. ' (Figure 2.3). If the weight amidships is greater than the buoyancy forces then the
Figure 2.1 Ship movement—the six degrees of freedom ship will curve downwards or ‘sag’ (Figure 2.4).
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Excess ot buoyancy

(a) . ) "
Buoyancy Figure 2.3 Hogging condition

Excess of weight

Weight

(b)

Figure 2.4 Sagging condition

/\_____J\\'J\ /\'-"ad Dynamic loading
NV

If the ship is now considered to be moving among waves, the distribution of weight
is the same. The distribution of buoyancy, however, will vary as a result of the
waves. The movement of the ship will also introduce dynamic forces.
The traditional approach to solving this problem is to convert the dynamic
(c) problem into an equivalent static one. To do this, the ship is assumed to be balanced
on a static wave the same length as the ship.

Shear force If the wave crest is considered at midships then the buoyancy in this region will
be increased. With the wave trough positioned at the ends of the ship, the buoyancy
here will be reduced. This loading condition will result in a significantly increased
bending moment which will cause the ship to hog (Figure 2.5 (c¢)). This will be an
extreme condition giving the maximum bending moment that can occur in the ship’s
structure for this condition.

If the wave trough is now considered at midships then the buoyancy in this

(d) region will be redueed. With the wave crests positioned at the ends of the ship, the

buoyancy here will be increased. This loading condition will result in a bending

moment which will cause the ship to sag (Figure 2.5 (b)). Since the ship in its still

Bending moment Water condition is considered to hog, then this change to a sagging condition has

required a bending moment to overcome the initial hogging bending moment in

addition to creating sagging. The actual bending moment in this condition is

therefore considerable and, again, it is an extreme condition.

If actual loading conditions for the ship which will make the above conditions

Worse are considered, i.e. heavy loads amidships when the wave trough is amidships,
then the maximum bendine moments in normal oneratine service can he found.

<

Figure 2.2 Static loading of a ship's structure
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Figure 2.5 Dynamic loading of a ship's structure: (a) still water condition;
(b) sagging condition; (c) hogging condition
The ship’s structure will thus be subjected to constantly fluctuating stresses
resulting from these shear forces and bending moments as waves move along the
ship’s length.

Stressing of the structure

The bending of a ship causes stresses to be set up within its structure. When a ship
sags, tensile stresses are set up in the bottom shell plating and compressive stresses
are set up in the deck. When the ship hogs, tensile stresses occur in the decks and
compressive stresses in the bottom shell. This stressing, whether compressive or
tensile, reduces in magnitude towards a position known as the neutral axis. The
neufral axis in a ship is somewhere below half the depth and is, in effect, a
horizontal line drawn through the centre of gravity of the ship’s section. The
fundamental bending equation for a beam is:

where M is the bending moment,  is the second moment of area of the section about
its neutral axis, o is the stress at the outer fibres, and y is the distance from the
neutral axis to the outer fibres.

This equation has been proved in full-scale tests to be applicable to the
longitudinal bending of a ship. From the equation the expression:

A
17y

is obtained for the stress in the material at some distance y from the neutral axis.

The values M, I and y can be determined for the ship, and the resulting stresses in
the decl and hattam chall fran ha frairnd Tha watia

fn banmcran an e L il
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modulus, Z, when y is measured to the extreme edge of the section. The values are
determined for the midship section, since the greatest moment will occur at or near
midships (Figure 2.2).

The structural material included in the calculation for the second moment 7 will
pe all the longitudinal material which extends for a considerable proportion of the
ship’s length. This material will include side and bottom shell plating, inner bottom

lating (where fitted), centre girders and decks. The material forms what is known
a5 the hull girder, whose dimensions are very large compared to its thickness.

Transverse stresses

static loading

A transverse section of a ship is subjected to static pressure from the surrounding
water in addition to the loading resulting from the weight of the structure, cargo,
etc. Although transverse stresses are of lesser magnitude than longitudinal stresses,
considerable distortion of the structure could occur, in the absence of adequate

stiffening (Figure 2.6).

Deflection
of
plating

£

increasing
static :

:,i:iz,e::k/ _________ )
SIS

—+
Figure 2.6 Static water pressure loading of a ship's structure

Pt

The parts of the structure which resist transverse stresses are transverse
bulkheads, floors in the double bottom (where fitted), deck beams, side frames and
the brackets between them and adjacent structure such as tank top flooring or
margin plates.

Dynamic stresses

When a ship is rolling it is accelerated and decelerated, resulting in forces in the
structure tending to distort it. This condition is known as racking and its greatest
effect is felt when the ship is in the light or ballast condition (Figure 2.7). The
brackets and beam knees joining horizontal and vertical items of structure are used
loresist this distortion.
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Figure 2.7 Racking
Localised stresses

The movement of a ship in a seaway results in forces being generated which are
largely of a local nature. These forces are, however, liable to cause the structure to
vibrate and thus transmit stresses to other parts of the structure.

Slamming or pounding

In heavy weather, when the ship is heaving and pitching, the forward end leaves and
re-enters the water with a slamming effect (Figure 2.8). This slamming down of the
" forward region on to the water is known as pounding. Additional stiffening must be
“fitted in the pounding region to reduce the possibility of damage to the structure,
‘This-is discussed further in Section A of Chapter 5.

Pitching
Heaving \

Summer load
waterline

Wave profile Ship forced down

on to water

Poundh%A
region T 05L [ m—

0.25L or 0.30L —=#=

Figure 2.8 Pounding
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panting

The movement of waves along a ship causes fluctuations in water pressure on the
jating. This tends to create an in-and-out movement of the shell plating, known as
anting. The effect is particularly evident at the bows as the ship pushes its way

through the water.

The pitching motion of the ship produces additional variations in water pressure,
articularly at the bow and stern, which also cause panting of the plating. Additional
stiffening is provided in the form of panting beams and stringers. This is discussed

further in Section D of Chapter 5.

Localised loading

Heavy weights, such as equipment in the machinery spaces or particular items of
general cargo, can give rise to localised distortion of the transverse section (Figure
2.9). Arrangements for spreading the load, additional stiffening and thicker plating
are methods used in dealing with this problem.

Deflection of
- plating

Cargo

Figure 2.9 Localised loads tending to distort the ship's structs

Superstructures and discontinuities

The ends of superstructures represent major discontinuities in the ship’s structure
where a considerable change in section modulus occurs. Localised stresses will
occur which may result in cracking of adjacent structure. Sharp discontinuities are
therefore to be avoided by the introduction of gradual tapers. Thicker strakes of
deck and shell plating may also be fitted at these points.

Any holes or openings cut in decks create similar areas of high local stress.
Well-rounded corners must be used where openings are necessary, and doubling
Plates may also be fitted. In the case of hatchways the bulk of the longitudinal
strength material is concentrated outboard of the hatch openings on either side to
reduce the change in section modulus at the openings. This is discussed further in
Sections B and F of Chapter 5.
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Vibrations

Vibrations set up in a ship due to reciprocating machinery, propellers, etc., cay
result in the setting up of stresses in the structure. These are cyclic stresses which
could result in fatigue failure of local items of structure leading to more genery|
collapse. Balancing of machinery and adequate propeller tip clearances can reduce
the effects of vibration to acceptable proportions. Apart from possible damage tq
equipment and structure, the presence of vibration can be most uncomfortable tq
any passengers and the crew.

The design of the structure is outside the scope of this book. The varioug
shipbuilding materials used to provide the structure will now be considered.

Steel

Steel is the basic shipbuilding material in use today. Steel may be regarded as ay
iron—carbon alloy, usually containing other elements, the carbon content not usually
exceeding about 2 per cent. Special steels of high tensile strength are used oy
certain highly stressed parts of the ship’s structure. Aluminium alloys have
particular applications in the construction of superstructures, especially on
passenger ships.

Production

‘Acid’ or ‘basic’ are terms often used when referring to steels. The reference is to
the production process and the type of furnace lining, e.g. an alkaline or basic lining
is used to produce basic steel. The choice of furnace lining is dictated by the raw
materials used in the manufacture of the steel. There are three particular processes
currently used for the manufacture of carbon steel, namely the open hearth process,
the oxygen or basic oxygen steel process and the electric furnace process. In all
these processes the hot molten metal is exposed to air or oxygen which oxidises the
impurities to refine the pig iron into high quality steel.

In the open hearth process a long shallow furnace is used which is fired from
both ends. A high proportion of steel scrap may be used in this process. High quality
steel is produced whose properties can be controlled by the addition of suitable

alloying elements. b

In the oxygen or basic oxygen steel process the molten metal is contained in 4
basic lined furnace. A jet of oxygen is injected into the molten metal by an overhead
lance. Alloying elements can be introduced into the molten metal and a high quality
steel is produced.

In the electric furnace process an electric arc is struck between carbon electrodes
and the steel charge in the furnace. Accurate control of the final composition of the
steel and a high standard of purity are possible with this process.

Finishing treatment

Steels from the above-mentioned processes will all contain an excess of oxyge:
usually in the form of iron oxide. Several finishing treatments are possible in the
final casting of the steel.

Ship Stresses and Shipbuilding Materials

Rimmed steel is produced as a result of little or no treatment to remove oxygen.
In the molten state the oxygen combines with the carbon in the steel, releasing carbon
monoxide gas. On solidifying, an almost pure iron outer surface is formed. The
central core of the ingot is, however, a mass of blow holes. Hot rolling of the ingot
ysually ‘welds up’ these holes but thick plate of this material are prone to laminations.

Killed steel is produced by fixing the oxygen by the addition of aluminium or
silicon before pouring the steel into the mould. The aluminium or silicon produces
oxides reducing the iron oxides to iron. A homogeneous material of superior quality
{0 rimmed steel is thus produced.

Balanced or semi-killed steels are an intermediate form of steel. This results
from the beginning of the rimming process in the mould and its termination by the
use of deoxidisers.

Vacuum degassed steels are produced by reducing the atmospheric pressure
when the steel is in the molten state. The equilibrium between carbon and oxygen is
thus obtained at a much lower level and the oxygen content becomes very small.
Final residual deoxidation can be achieved with the minimum additions of
aluminium or silicon. A very ‘clean’ steel is produced with good notch toughness
properties and freedom from lamellar tearing problems (lamellar tearing is
explained in Chapter 4). \

The composition of steel has a major influence on its properties and this will be
discussed in the next subsection. The properties of steel are further improved by
various forms of heat treatment which will now be outlined. In simplified terms the
heat treatment of steels results in a change in the gram structure which alters the
mechanical properties of the material.

The steel is heated to a temperature of 850-950°C depending upon its
carbon content and then allowed to cool in air. A hard strong steel
with a refined grain structure is produced.

Normalising

Again the steel is heated to around 850-950°C, but is cooled slowly
either in the furnace or in an insulated space. A softer, more ductile
steel than that in the normalised condition is produced.

The steel is heated to 850-950°C and then rapidly cooled by
quenching in oil or water. The hardest possible condition for the
particular steel is thus produced and the tensile strength is increased.

Annealing

Hardening

This process follows the quenching of steel and involves reheating to
some temperature up to about 680°C. The higher the tempering
temperature the lower the tensile properties of the steel. Once
tempered, the metal is rapidly cooled by quenching.

Tempering

Composition and properties

Various terms are used with reference to steel and other materials to describe their
Properties. These terms will now be explained in more detail.

Tensile strength This is the main single criterion with reference to metals. It is a
measure of the material’s ability to withstand the loads upon it in
service. Terms such as stress. strain. ultimate tensile strenoth
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yield stress and proof stress are all different methods of
quantifying the tensile strength of the material. The two maiy
factors affecting tensile strength are the carbon content of the steg|
and its heat treatment following manufacture.

Ductility This is the ability of a material to undergo permanent changes iy
shape without rupture or loss of strength. It is particularly
important where metals undergo forming processes during

manufacuure.

Hardness This is a measure of the workability of the material. It is used a
an assessment of the machinability of the material and it

resistance to abrasion.

Toughness This is a condition midway between brittleness and softness. It i

often quantified by the value obtained in a notched bar test.
Standard steel sections

A variety of standard sections are produced with varying scantlings to suit their
application. The stiffening of plates and sections utilises one or more of these
sections, which are shown in Figure 2.10.

(@) (b) (c)

1L L

(d) (e) (f)

Figure 2.10 Standard steel sections: (a) flat plate; (b) offset bulb plate;
(c) equal angle; (d) unequal angle; (e) channel; (f) tee

Shipbuilding steels

The steel used in ship construction is mild steel with a 0.15-0.23 per cent carbofl
content. The nronertiee reanired nf a annd chinhiildina ctand awn. !
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(1) Reasonable cost.

(2) Easily welded with simple techniques and equipment.

(3) Ductility and homogeneity. .

(4) Yield point to be a high proportion of ultimate tensile strength.

(5) Chemical composition suitable for flame cutting without hardening.
(6) Resistance to corrosion.

These features are provided by the five grades of mild steel (A-E) designated by the
classification societies (see Chapter 11). To be classed, the steel for ship
construction must be manufactured under approved conditions, and inspected, and
prescribed tests must be carried out on selected specimens. Finished material is
stamped with the society’s brand, a symbol with L superimposed on R being used
py Lloyd’s Register. The chemical composition and mechanical properties of a
selection of mild steel grades are given in Table 2.1.

Developments in steel production and alloying techniques have resulted in the
availability of higher strength steels for ship construction. These higher tensile
strength (HTS) steels, as they are called, have adequate notch toughness, ductility
and weldability, in addition to their increased strength. The increased strength
results from the addition of alloying elements such as vanadium, chromium, nickel
and niobium. Niobium in particular improves the mechanical properties of tensile
strength and notch ductility. Particular care must be taken in the choice of electrodes
and welding processes for these steels. Low hydrogen electrodes and welding
processes must be used. Table 2.2 indicates the chemical composition and
mechanical properties of several high tensile steel grades. A special grade mark, H,
is used by the classification societies to denote higher tensile steel.

Benefits arising from the use of these steels in ship construction include reduced
structural weight, since smaller sections may be used; larger unit fabrications are
possible for the same weight and less welding time, although a more specialised
process is needed for the reduced material scantlings.

Cryogenic or low temperature materials are being increasingly used as a
consequence of the carriage of liquefied gases in bulk tankers. Table 2.3 details the
properties and composition of several of these cryogenic materials. The main
criterion of selection is an adequate amount of notch toughness at the operating
temperature to be encountered. Various alloys are principally used for the very low
temperature situations, although special quality carbon/manganese steels have been
used satisfactorily down to -50°C.

' Castings and'forgings

The larger castings used in ship construction are usually manufactured from carbon
or carbon manganese steels. Table 2.4 details the composition and properties of these
materials. Examples of large castings are the sternframe, bossings, A-brackets and
Parts of the rudder. The examples mentioned may also be manufactured as forgings.
Table 2.4 details the composition and properties of materials used for forgings.
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Table 2.4 Properties and composition of casting and forging materials
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The increasing use of aluminium alloy has resulted from its several advantages over g
steel. Aluminium is about one-third the weight of steel for an equivalent volume of 58 § é § g § g a g S
material. The use of aluminium alloys in a structure can result in reductions of 60 §
per cent of the weight of an equivalent steel structure. This reduction in weight, §
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an increased metacentric height. The corrosion resistance of aluminium is very | 3
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Figure 2.11 Aluminium alloy sections

Materials testing

Various qualities of the materials discussed so far have been mentioned. These
qualities are determined by a variety of tests, carried out on samples of the metal.

The terms ‘stress’ and ‘strain’ are used most frequently. Stress or intensity of
stress, its correct name, is the force acting on a unit area of the material. Strain is the
deforming of a material due to stress. When the force applied to a material tends to
shorten or compress the material the stress is termed ‘compressive stress’. When the
force applied tends to lengthen the material the stress is termed ‘tensile stress’.
When the force tends to cause the various parts of the material to slide over one
another the stress is termed ‘shear stress’.

The tensile test is used to determine the behaviour of a material up to its
breaking point. A specially shaped specimen piece (Figure 2.12) of standard size is
gripped in the jaws of a testing machine. A load is gradually applied to draw the
ends of the bar apart such that it is subject to a tensile stress. The original test length
L; of the specimen is known and for each applied load the new length L, can be
measured. The specimen will be found to have extended by some small amount Ly,-
L;. This deformation, expressed as:

extension Lz - Ll

— = is known as the linear strain.
original length L,

Additional loading of the specimen will produce results which show a uniform
increase of extension until the yield point is reached. Up to the yield point the
removal of load would have resulted in the specimen returning to its original size.
Stress and strain are therefore proportional up to the yield point, or elastic limit as it
is also known. The stress and strain values for various loads can be shown on a
graph such as Figure 2.13.

If the testing were continued beyond the yield point the specimen would ‘neck’
or reduce in cross-section. The load values divided by the original specimen cross-
sectional area would give the shape shown in Figure 2.13. The highest value of
stress is known as the ultimate tensile stress (UTS) of the material.

Within the elastic limit, stress is proportional to strain, and so:

stress

— = constant
strain

Ny
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Figure 2.12 Tensile test specimens: (a) for plates, strips and sections
(a = thickness of material); (b) for hot-rolled bar
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This constant is known as the ‘modulus of elasticity’ (E) of the material and has the
same units as stress. The yield stress is the value of stress at the yield point. Where a
clearly defined yield point is not obtained a proof stress value is given. This is
obtained by a line parallel to the elastic stress—strain line drawn at some percentage
of the strain, such as 0.1 per cent. The intersection of this line with the stress—strain
line is considered the proof stress (Figure 2.14).

Stress

Ultimate Fracture
tensile / '
stress /
Proof —] r
stress /
/
/
j
/
"
/
/
//
/
/ Strain

——>L }<— 0.1% strain

Figure 2.14 Stress—strain graph for higher tensile steel

The bend test is used to determine the ductility of a material. A piece of material
is bent over a radiused former, sometimes through 180 degrees. No cracks or
surface laminations should appear in the material.

Impact tests can have a number of forms but the Charpy vee-notch test is usually
specified. The test specimen is a 10 mm square cross-section, 55 mm in length. A
vee-notch is cut in the centre of one face, as shown in Figure 2.15. The specimen is
mounted horizontally with the notch axis vertical. The test involves the specimen
being struck opposite the notch and fractured. A striker or hammer on the end of a
swinging peft@ulum provides the blow which breaks the specimen. The energy
absorbed by the material in fracturing is measured by the machine. A particular
value of average impact energy must be obtained for the material at the test
temperature. This test is particularly important for materials to be used in low
temperature regions. For low temperature testing the specimen is cooled by
immersion in a bath of liquid nitrogen or dry ice and acetone for about 15 minutes.
The specimen is then handled and tested rapidly to minimise any temperature
changes. The impact test, in effect, measures a material’s resistance to fracture when
shock loaded.

Ship Stresses and Shipbuilding Materials

Striker

Specimen

Notch /

Figure 2.15 Charpy impact test

A dump test is used on a specimen length of bar from which rivets are to be
made. The bar is compressed to half its original length and no surface cracks must
appear. Other rivet material tests include bending the shank until the two enfis tough
without any cracks or fractures appearing. The head must also accept flattening until
it reaches two and a half times the shank diameter.

b




3 Shipbuilding

Building a ship is a complex process involving the many departments of the
shipbuilding organisation, the arrangement and use of shipyard facilities and the
many skills of the various personnel involved. Those departments directly involveg
in the construction, the shipyard layout, material movement and the equipment useg
will be examined in turn.

Drawing office

The main function of the shipyard’s design and drawing offices is to produce thg
working drawings to satisfy the owner’s requirements, the rules of the classificatiop
societies and the shipyard’s usual building practices. A secondary, but neverthelegg
important, function is to provide information to the production planning and contro)
departments, the purchasing department, etc., to enable steelwork outfitting ang
machinery items to be ordered and delivered to satisfy the building programme fo
the ship.

Closely following the basic design drawings will be the production of the lineg
plan. This plan (Figure 3.1) is a scale drawing of the moulded dimensions of the
ship in plan, profile and section. The ship’s length between the forward and after
perpendiculars is divided into ten equally spaced divisions or stations numbered 1 to
10. Transverse sections of the ship at the various stations are drawn to give g
drawing known as the body plan. Since the vessel is symmetrical, half-sections are
given. The station 0 to 5 representing the after half of the ship are shown on the lefi
side of the body plan with the forward sections shown on the right. The profile o
sheer plan shows the general outline of the ship, any sheer of the decks, the deck
positions and all the waterlines. For clarity, the deck positions have been omitied
from Figure 3.1 and only three waterlines are shown. The various stations are also
drawn on this view. Additional stations may be used at the fore and aft ends, where
the section change is considerable. The half-breadth plan shows the shape of the
waterlines and the decks formed by horizontal planes at the various waterline
heights from the keel. This plan is usually superimposed upon the profile or sheer
plan, as shown in Figure 3.1.

The initial lines plan is drawn for the design and then checked for “fairness’. To
be ‘fair’ all the curved lines must run evenly and smoothly. There must also be exacl
correspondence between dimensions shown for a particular point in all the three
different views. The fairing operation, once the exclusive province of a skilled
loftsman, is now largely accomplished by computer programs.

Once faired, the final lines plan is prepared and a table of offsets is compiled for
use in producing the ship’s plates and frames.
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Figure 3.1 Lines plan
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The traditional practice of drawing plans according to structural areas such ag
the shell, the deck, the double-bottom framing, etc., is inconvenient in many caseg
since the ship is nowadays built up of large prefabricated units. A unit may consist
of shell plating, some framing and part of a deck. An expansion of a ship’s shell ig
given in Figure 3.2, showing the positions of the various units. Plans are therefore
drawn in relation to units and contain all the information required to build 3
particular unit. A number of traditional plans are still produced for classification
society purposes, future maintenance and reference, but without the wealth of
manufacturing information which is only needed on the unit plans.

Figure 3.2 Shell expansion by units

The planning and production control departments require drawing information
to compile charts for monitoring progress, compiling programmes, producing
programmes for material delivery, parts production and assembly and finally unit
production and erection.

CAD/CAM

Ship design is now very much a computer-aided process and numerous computer-
aided design (CAD) systems have been developed by companies such as Kockums
Computer Systems (TRIBON), Senermar (FORAN) Proteus Engineering
(FastShip) and Autoship Systems Corporation (Autoship).The information provided
by these design systems has been integrated into computer-aided manufacture
(CAM) systems. Production information can then be provided directly for use by
computer numerical control (CNC) machines. The production process of cutting
plates and sections, panel assembly, etc., can thus be done automatically.

If the Kockums Computer Systems TRIBON family of applications is ‘
considered then most design and production requirements can be met. Applications
are available for Initial Design, Work Preparation, Hull, Piping, Cables,
Accommodation, Structures, Components, Equipment and Materials. TRIBON Hull
covers the entire process from initial hull design through to parts manufacture,
block assembly and erection for all types of vessels.

Production information is provided for plate nesting, NC and CNC machines

and the creation of templates and jigs. All the above programs operate on a variety
of mainframe computers, although some will operate on PCs. ‘

A shipyard can progressively build up the different programs as it gradually
converts or upgrades to CAD/CAM software.

Shipbuilding

plan approval

The fundamental design plans and basic constructional details must all receive

ssification society approval and, of course, the shipowner’s approval. Unusgal
I cts of design and innovations in constructional methods will receive special
2 ti;)n as will any departures from standard practice. Progress is not hindered by
attlteerélassiﬁcation societies, whose main concern is the production of a sound and
;afe structure. ' o . .

The shipowner will normally have clearly indicated h1§ requirements from the
design inception and his approval o.f plans is usualliy- stralghtforwgrd. Most .large
shipowning companies have a technlca}l staff whg utilise thc?lr practical experience
in developing as near perfect and functional a design as possible.

Plan issue

with plan approval the ordering of equipment, machinery, steel'section and plat.e,
etc., will begin and the plans will be issued to the various prgductlon depa.rtme.nts in
the shipyard. The classification society, the owners and their representatives in the
shipyard also receive copies of the plans. )
During the manufacturing processes, as a result of problems encountered,
feedback from previous designs, modifications requested by the owner, etc.,
amendments may be made to plans. A system of plan recall, replacement or
modification in the production departments must be available. This ensures that any
future ships in a series do not carry the same faults and that corrective action has

been taken.

Steel ordering

The ordering of steel to ensure availability in line with programmed requirements is
essential. It must therefore begin at the earliest opportunity, occasionally, where
delivery problems may occur, before plan approval. The steel ordering is a key
function in the production process, requiring involvement with the drawing office,
planning departments, production departments and the steel supplier. The
monitoring and control of stock is also important, since the steel material for a ship
is a substantial part of the ship’s final cost. Stock held by a shipyard represents a
considerable capital investment.

Loft work

Loft work takes place in a mould loft. The mould loft is a large covered area with a
wooden floor upon which the ship’s details are drawn to full size or some smaller
more convenient scale. Much of the traditional loft work is now done by computer
but some specialist areas still require wooden templates to be made, mock-ups to be
constructed, etc.

In the traditional mould loft operation the lines plan and working drawing
information is converted into full-scale lines drawn on the loft floor. From these
lines the fairing or smoothness of the ship’s lines is checked and a scrieve board
Produced. A scrieve board is a wooden board with the body sections at every frame
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Shipbuilding

constructed by joiners usually to about one-fiftieth scale. This model has the exacy
lines of the ship and is used to mark out the actual plates on the shell, giving all the
positions of the butts and seams.

The loftsman can now produce templates for marking, cutting and bending the
actual plates using the full-size scrieve board markings in conjunction with the plate
positions from the model. Finally, a table of offsets is produced for the varioug
frames and plates, giving manufacturing information for the various trades involveg
in production.

One-tenth scale lofting

With one-tenth scale lofting the mould loft becomes more of a drawing office with
long tables. Fairing is achieved using the one-tenth scale drawings. The scrieve
board is made to one-tenth scale, perhaps on white-painted plywood. One-tenth
scale drawings are then made of the ship’s individual plates. These drawings may
then be photographed and reduced in scale to one-hundredth of full size for optica
projection and marking of the plates. Alternatively, the one-tenth scale drawingg
may be traced directly by a cutting machine head.

Computer aided manufacture

Numerous integrated ship design, production and management information systems
are currently being developed and reference was made to some of these earlier in
the chapter.

Autoship Systems Corporation offers a suite of programs which include
Autoship for hull design and modelling, Autohydro for hydrostatics and stability
calculations, Autopower for resistance measurement and power prediction,
Autobuild for internal structural modelling, Autoplate for plate expansion, AutoNC
for milling, cutting and plate nesting, and Autoload for onboard stability and cargo
stowage. The focus of this text is to concentrate on the production and
manufacturing programs as relevant to the subject matter, however, a brief outline of
the design programs will be given for completeness.

Autoship is a hull design and surface modelling program which uses the
windows graphic interface. Three dimensional surfaces can be modelled and up to

four simultaneous views displayed. A preliminary check on hydrostatic data can be
obtained from Quick Hydrostatics. Autohydro is a complete hydrostatics and
stability calculation program, which provides all the information needed to meel
Classification and Administrative requirements. The Autopower resistance and
power prediction program uses a number of resistance prediction methods for
different types of vessels and hull shapes to enable the designer to meet specified
vessel speed requirements.

Once ship specification and design requirements have been met, Autobuild can
be used to model the internal hull structure and provide outputs for automated
production equipment to enable the construction of the vessel. Working drawings
and outputs for Numerically Controlled (NC) cutting machinery are available.
Internal structural members, such as bulkheads floors, frames and flats, can be laid
out and fitted to the hull form, see Figure 3.3. Material thickness and orientation of
a part can be specified and then the part fitted to the hull envelove. Standard

Shipbuilding

5 xtruded shapes can be used and made to follow a path through the structure,

creating pre-defined cut-outs in any materials encountered.

AutoSHIP BUILDER SN:1114 1.15

File Shell Report Settings Notes Help

e | ©
Rot 34

Frames ‘ Floors ‘ Bhds l Flats l Longs I Decks i Gen ’ None ] All I
roject: AFT

Figure 3.3 Autobuild internal structure modelling

The program keeps track of all weight and material changes, updating
information on the centres of gravity of all parts. Plating seams can be defined, hull
plating can be expanded with contour lines, and plate forming templates generated.
Parts or groups of parts can then be exported as files for use in design enhancement
or for computer manufacturing and production. Various views can be displayed to
aid visualisation of the construction process.

Autoplate takes plate expansion through to the plate processing stage. Plates
with compound curvature are readily expanded and curved panels can be developed.
Blank plates can then be marked with seam guidelines and initial plate nesting can
be done to estimate steel requirements. The program can indicate excessive strain, if
a plate has too much curvature. Edge margins can be user-defined, or default
settings used, depending upon the sophistication of plate forming machinery and
worker’s confidence in the system.

AutoNC takes computer generated information from Autoship and creates high
precision NC code to control torch, plasma, laser, waterjet and milling cutting
machinery. Plates can also be marked for identification purposes, where cutting
equipment utilises a marking cycle. A Nest Extension for AutoNC automatically
Places, orients and nests multiple part cutting outlines so that optimum use is made
of the steel sheet.
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Numerical control

A numerical control system is one where a machine is operated and controlled by
the insertion of numerical data. The numerical data is a sequence of numbers which
fully describe a part to be produced. In addition, the use of certain code numbersg
enables instructions to be fed into the machine to enable it to operate automatically,
A reading device on the machine converts the numbers into electrical impulseg
which become control signals for the various parts of the machine which produce
the finished part.
The input data for the machine is produced by a computer aided manufacture
system in an appropriate form e.g. punched card, paper tape or magnetic tape,
~ which will contain the numerical data. Where several parts are to be cut from a
single plate, they have usually been ‘nested’ or economically fitted into the plate
(Figure 3.4).

‘Nested’ part

Standard plate outline

Figure 3.4 Nesting of plates

Shipyard layout

The shipyard layout is arranged to provide a logical ordered flow of materials and
equipment towards the final unit build-up, erection and outfitting of the ship. The
various production stages are arranged in work areas or ‘shops’ and, as far as
practicable in modern yards, take place under cover. The sequence of events is
outlined in Figure 3.5.

Steel plates and sections are usually stored in separate stockyards and fed into
their individual shot-blasting and priming machines. The plates are cleaned by
abrasive shot or grit and then coated with a suitable prefabrication priming paint to a
limited thickness for ease of welding. The major areas of steel are therefore
protected from corrosion during the various manufacturing processes which follow.

The plates and sections follow their individual paths to the marking or direct-
cutting machinery which produces the suitably dimensioned item. Flame cutting or
mechanical guillotines may be used. Edge preparation for welding may also be done
at this stage. Various shaping operations now take place using plate-bending rolls,
presses, cold frame benders, etc., as necessary. The material transfer before, during
and after the various processes in shipbuilding utilises many handling appliances,
such as overhead travelling cranes, vacuum lift cranes or magnetic cranes, roller
conveyors, fork-lift equipment, etc.

Shipbuilding
Preliminary ship design
Drawing of detailed plans EEEE————————————) Steel.o'rdered
‘ Steel delivered

Approval of plans and issue

Loftwork and production table of offsets

Issue of steel and production begun

Material preparation—shot blasting and priming
Manufacture of plates and sections—marking, cutting, machining and shaping
Subassemblies and assemblies produced

Units fabricated and delivered to the berth

Units erected, faired and welded

Figure 3.5 Shipbuilding sequence of events

The various steel parts in plate and section form are now joined together by
welding to produce subassemblies, assemblies and units. A subassembly 1.s several
pieces of steel making up a two-dimensional part which, together with other
subassemblies, will join to form a unit. Subassemblies may weigh up to 5 tonn.es or
more and examples would be transverses, minor bulkheads and web frames (Figure

* 3.6). Assemblies consist of larger, usually three-dimensional, structures of plating

and sections weighing up to 20 tonnes. Flat panels and bulkheads are examples and
consist of various pieces of shell plating with stiffeners and perhaps deep webs
crossing the stiffeners (Figure 3.7). The flat or perhaps curved panel may form p.art
of the shell, deck or-side plating of, for instance, a tanker. Units are complex built-
up sections of a ship, perhaps the complete fore end forward of the collision
bulkhead, and can weigh more than 100 tonnes (Figure 3.8), their size being limited
by the transportation capacity of the yard’s equipment.
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Figure 3.8 Unit

The various subassemblies, assemblies or units are moved on to the building
berth or storage area until required for erection at the ship. At this stage, or perhaps
earlier, items of pipework and machinery may be fitted into the unit in what is
known as pre-outfitting. Once erected at the berth the units are cut to size, where
necessary, by the removal of excess or ‘green’ material. The units are faired and
tack welded one to another and finally welded into place to form the hull of the ship.

Materials handling

The layout of a shipyard should aim to reduce materials handling to a minimum by
appropriate location of work stations or areas. The building of large units and the
capacity to transport them will reduce the number of items handled but will require
greater care and mere sophisticated equipment. The building of a ship is as much
governed by the shipyard layout as the materials handling equipment and its capacity.

An actual shipyard layout is shown in Figure 3.9. The progression of materials
through the various production stages can clearly be seen. The various working
Processes which the plates and sections undergo will now be examined in more detail.
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Materials preparation

plates and sections received from the steel mill are shot-blasted to remove scale,
imed with a temporary protective paint and finally straightened by rolling to

omovVe any curvature.
it

Shot_blasting and priming

At ical machine will first water-wash then heat-dry the plates before descaling.
The plates are then simultaneously shot-blasted both sides with metallic abrasive.
The plate is fed in horizontally at speeds of up to 5 m/min, and around 300 t/h of
shot are projected on to it. Blowers and suction devices remove the shot, which is
cleaned and recycled. The clean plates are immediately covered with a coat of
riming paint and dried in an automatic spraying machine (Figure 3.10). A
thickness of about 1 mm of compatible priming paint is applied to avoid problems
with fillet welds on to the plating.
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Figure 3.9 Shipyard layout

Figure 3.10 Automatic paint-spraying plant
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Plate straightening or levelling is achieved by using a plate rolls machine (Figure
3.11). This consists basically of five large rollers, the bottom two being driven and
the top ones idling. The top rollers can be adjusted for height independently at each
end and the bottom rollers have adjustable centres. A number of smaller supporting
rollers are positioned around the five main rollers. The plate is fed through with the
upper and lower rollers spaced at its thickness and is subsequently straightened.
This machine is also capable of bending and flanging plate.
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Figure 3.11 Plate straightening

Cutting and shaping

Various machines and equipment are used for cutting and shaping the steel pas
which form the subassemblies, assemblies and units.

Contour or profile-cutting machine

This machine is made up of a robust portal frame for longitudinal travel which;
traversed by several burner carriages, some of which are motorised (Figure 3.12)..
motorised carriage can pull one or more slave carriages for congruent or mirrg
image operation. The burner carriages may be equipped with single burners or up|
three heads which can be angled and rotated for edge preparation in addition |
cutting, as shown in Figure 3.12. Fully automatic operation is possible wiq
punched paper tape input under numerical control. Semi-automatic operation can
achieved by a photoelectric tracing table using 1:1, 1:2.5, 1:5 or 1:10 sc
drawings. Complex shapes such as floor plates in double bottoms can be cut wil
these machines, and also plate edge preparation may be carried out while cutti
shell plates to the required shape.

Shipbuilding

“Ia me p/aner

ical flame planer can have up to three gantries which run on supporting
A P s. The gantries are traversed by one or two burner heads (Figure 3.13 (a)).
jrriaes ie-nozzle heads, cutting to size and edge preparation of one or more edges
i tf;}:e can take place simultaneously. The operation of the machine is largely
¥ar tic, although initial setting up is by manual adjustment. With a three gantry
,utort}ae ’the longitudinal plate edges can be cut to size and also the transverse
1121Chln(F’igure 3.13 (b)). The transversely cutting gantries will operate once the
Fdec” dinal gantry is clear. The flame planer can split or cut plates to a desired
e r width by straight-line cuts. The use of a compound or triple-nozzle head
feneth Osimultaneous cutting and edge preparation of plates. All straight-line edge
enab:;;tions, such as V, X, Y or K, are possible with this machine.
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Mechanical planer Gap o' ring press

Steel plate can also be planed or cut to size using roller shears, as in the mechanig ppe gap Of ring press is a hydraulically-powered press Whlcdh cold ‘;VOFkSl Stietl pla:;
planer. The plates are held by hydraulic clamps. Setting-up time is somewhat long rpe operations of bending, straightening, dishing and sv}vle bgl(rilg Od ts;ee P d(;is flre
than for flame planing, although the actual mechanical cutting operation is my gj1.be achieved by the USG.Of the different die blocks on tde €d and the tr'a:mth gthe
quicker. Modern machines use milling heads for edge preparation to produce ; 5 15). The gap press provides better access all round and is more versatile than

accurate high standard of finish far superior to gas-cutting techniques (Figure 3 plate rolls.

(a)). These machines can also achieve high speed shearing on the lighter gauges ) (b)
plating. The most complex edge preparations can be obtained by the use of @
rotatable head and assorted cutter shapes (Fi gure 3.14 (b)).
Ram .
Hydraulic Die
clamp blocks
Bed
Plate
Milling
Mitling _—1 motor
head ‘
(d) (e)
(a)
0- 35°\>,,
77777
WLl 220N

CLLL L LN
(i)

o % .
oo ?4 ,// Figure 3.15 Gap press operations: (a) edge curving; (b) plaleﬂatten.lng;
m // (c) plate flanging or bending; (d) plate straightening; (e) plate swaging
4| ®
(i w Piate rolls

This machine has already been described with reference to plate straightening. It is
also used for rolling shell plates to the curvature required. By adjusting the height of
(i) vi the top roller and the centre distance of the bottom rollers, large or small radius

(b) bends can be made. Bulkhead flanging is also possible when the machine is ﬁttc?d
with a flanging bar and bottom block. The various arrangements are shown in
Figure 3.14 Mechanical edge planer: (a) assembly; (b) mechanically cut edged Figure 3,16, Control of the machine is by manual settings and operations carried out

preparation—(i) single bevel without nose, suitable for batches of plates; (ii) single ™ from a console located nearby. A shaped metal or wooden lathe is used to check the
bevel with sheared nose 15 mm maximum or milled nose; (iii) double bevel and nose; | finichad ot......
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Roller centres
adjustable for
varying radn

‘ Ground level

Figure 3.16 Roll press operations: (a) sheer strake rolling; (b) half-round rolling for
masts, derrick posts, etc.; (c) 90-degree flanging; (d) bulkhead Sflanging

Punching and notching press

Air holes and drain holes required in many plates and sections can be cut on
profile burner or by a punching press. A fully automated press can be used to punch
round the elliptical holes, as well as rectangular and semicircular notches, at presel
pitches along a plate or section. The machine is hydraulically powered and fed
Setting up is against datum rollers on the machine. Manual operation is possible, i
addition to the automatic mode.

Guillotines

Hydraulically-powered shearing machines or guillotines are used for small jobbing
work. The plates are fed, positioned and often held by hand. Small items, such &
brackets and machinery space floor plates, may be produced in this manner.

Shipbuilding

Frame bender

ip’s frames are shaped by cold bending on a hydraulically-powered machine.
Three initially in-line clamps hold part of the frame in position. The main rams then
ove the outer two clamps forward or backwards to bend the frame to the desired
ape (Figure 3.17). The clamps are then released and the frame is advanced
it ough the machine by a motorised drive. The next portion is then similarly bent.
th;fse? bulb and angle bar plates can be bent two at a time, placed back to back. In
Slis way, port and starboard frames are produced simultaneously.
The machine can be controlled by hand and the frame bent to match a template
made of wood or steel strip. Modern machines are now equipped for the numerical

control of frame bending which enables fully automatic operation without the use of

templates,

Rotating clamp

Hydraulic ram

Handling _{ | |
gear
bottom
rolier

(@ (b) (c)

Figure 3.17 Frame bender operation: (a) bow flare bend;
(b) initial position; (c) bilge turn bend

Materials handling equipment

Between the various machines and during build-up of the plates and sections into
units, numerous items of materials-handling equipment are used.

Cranes of various types are used in shipyards. The overhead electric travelling
crane (OETC) will be found in burning halls and fabrication shops. This crane
traverses a gantry which is itself motorised to travel along rails mounted high on the
walls of the hall or shop. Using this type of crane the sorting, loading and unloading
operations can be combined and maximum use is made of the ground area. Lifting
is usually accomplished by magnet beams, vacuum devices or grabs.

Goliath cranes are to be seen spanning the building docks of most new
shipyards. Although of high first cost, this type of crane is flexible in use and covers
the ground area very efficiently. Some degree of care is necessary in the region of
the rails which run along the ground. Mobile cranes are used for internal materials
Movement, usually of a minor nature.

Special motorised heavy-lift trailers or transporters are used to transfer units and
large items of steelwork around the shipyard and to the berth or building dock.

fOFk-lift trucks, trailer-pulling trucks, roller conveyor lines and various other
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Panel lines

Most modern shipyards use panel lines for the production of flat stiffened panels. A
number of specialist work stations are arranged for the production of these panels,

The plates are first fed into the line, aligned, clamped and manually tack welde
together. The plate seams are then welded on one side and the plate turned over. Th
second side welding of the plate seams then takes place. Some panel lines use a ong
sided welding technique which removes the plate-turning operation. The panel i
now flame planed to size and marked out for the webs and stiffeners which are to b
fitted. The stiffeners are now injected from the side, positioned, clamped any
welded on to the panel one after another. The stiffened panel is then transferred
the fabrication area if further build up is required, or despatched directly to the ship
for erection. The process is shown in Figure 3.18.

Stage 5
Panel complete

Stage 4

Stiffeners welded Stiffeners

10 panel * injected
Stiffener clamping

and welding gantry

Stage 3

Panel cut to
finished size
and marked off
for stitfeners

Flame planer

Stage 2

Plate seams welded
one side, panel
turned over and
second side welded

Welding
1/ gantry

Panel

tifting — | T
Crane 5
Stage 1

Plates positioned and
manuaily tack welded Plate

/ seams

Figure 3.18 Panel line
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Shipyard welding equipment

he equipment required for the manual welding of a ship’s hull should enable the

erator to use high amperages with large-gauge electrodes and yet still have
0 .

adequate control of current for the various welding pogitions adopt.ed and the plaFe
thicknesses being welded. It should also be robust in construction and safe in
0 eration. ' . ' -
Multi-operator systems, in which a three-phase transformer supplies up to six
operators, are favoured in shipyard. Each operator has his own regulator and a
supply of up to 150 A. The regulator is fed from an earthed distribution box on the
qransformer and provides a range of current selections. The regulator should be
ositioned fairly close to the welder both to reduce power losses and the time taken
when changing current settings. Remote-controlled transformers, whose cuqent can
be altered by the welder through his electrode hol@er cz'lble, are now fitted in some
shipyards. The various welding processes are described in Chapter 4.

Robots and automated manufacture

Computers have been in use for ship design for many years and numerous computer

aided design (CAD) systems exist. Manufacturing has also benefited from computer

applications and computer aided manufacture (CAM) has resu]ted_ in considerable
savings in manpower and expenditure. Further developments continue and a more
specific computer integrated manufacturing (CIM) approach is now being
considered in many shipyards.

The computer support and control of many manufacturing and assembly
processes may be seen in the use of robots, the design of workst.ations, flexible
manufacturing systems and interfaces and links between various computer
controlled machines and applications.

Robots were initially developed for welding to replace equipment such as
gravity welders. Most now incorporate adaptive control whereby they can adjust to
certain environmental conditions, recognise and also track the joint using tactile
sensors or various forms of vision. The development of ‘off-line programming’ has
speeded up the learning process and avoided the need to lead the robot through its
operations before they are performed.

Robots designed for shipbuilding are generally large gantry structures or small
portable units. The smaller units may be manually transported, self-propelled or
even transported by another robot. Various shipyards have developed robots for such
diverse purposes a% flame cutting of shaped steel, welding, blasting and painting of
steel sheet and even ship block assembly.

The first installation of a robot in a UK shipyard took place in 1982. All major
shipbuilding nations now have robots in use and further development is progressing
rapidly. A robotic beam processing line developed by Oxytechnik of Germany is
shown in Figure 3.19. Work piece data is first loaded into the computer in the
planning department. An input conveyor then automatically measures and feeds
sections to a cutting robot. Cut-outs and edge preparation are made and then an

OUtput conveyor transfers the finished material to a storage area. Numerous different
CoOnfionratinna ~ne Tam cmiom e e A _OC 1¢ 1 e N . Fe . -
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Figure 3.19 Robotic section cutting

The one-off nature of much of today’s shipbuilding will perhaps limit the large.
scale application of robots in this industry. There still remain, however, many
unpleasant, dangerous and difficult production tasks that can be undertaken by
uncomplaining cost-effective robots.

Launching

Once completed, a ship must enter the water. This can occur either by launching or
floating out. Launching can be done from an inclined slipway, with the stem
entering the water first, or by side launching. Floating out can be from a dock or by
the use of a lowering platform.

Slipway launching

Inclined slipways enable a vessel to slide into the water under the action/of gravity
The units are erected on the inclined slipway with the vessel supported on block
known as Building Ways. Support structures are positioned along the length of th
ship. Two or more Standing Ways extend from the slipway into the water an
support blocks known as Sliding Ways are built onto these Standing Ways at variou
locations. Several brackets may be temporarily welded to the hull to hold th
Sliding Ways in position. Just prior to launching, the Building Ways will
removed and the vessel’s weight taken on Sliding Ways. Grease is applied betwe
the Standing and Sliding Ways and, when launched, the trigger mechanism release
the ship, which slides down the ways into the water. Some shipyards make use @
rail mounted carriages which carry the hull down the slipway under the controllé
action of wires from one or more winches.

r
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gide launching is achieved in a similar manner with a larger number of shorter
ways or carriages.

Floating out

Many Jarger shipyards make use of a graving or dry dock to build the ship and then
foat the vessel out when complete. The process is straightforward if only one vessel
is being built in the dock, however, special arrangements may be needed when two

The Synchrolift system enables a vessel to be built on a level berth and then
iransferred to a platform to be lowered into the water when complete. The transfer
system will also enable hull sections or units to be built in one location and
transfeffed to another for final erection. The ship is supported on a series of cradles
while being built on a berth in line with, but away from, the platform and can be
moved on rail mounted bogies to a side transfer pit (Figure 3.20). A side transfer
carriage is then used to move the ship into line with the platform. The ship is then
pushed out onto the platform and lowered into the water. Various arrangements of
perths are possible, such as to either side of the platform or a combination at the
sides and the ends, depending upon the physical shipyard layout.

Shore berths

Side transfer carriage

Figure 3.20 Synchrolift two-level transfer arrangement
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4 Welding and Cutting
Processes

In shipbuilding, welding is now the accepted method of joining metal. Welding i
the fusing of two metals by heating to produce a joint which is as strong or strongg
than the parent metal. All metals may be welded, but the degree of simplicity an(
the methods used vary considerably. All shipyard welding processes are of thg
fusion type, where the edges of the joint are melted and fuse with molten welg
metal. The heat source for fusion welding may be provided by gas torch, electric arg
or electric resistance.

Gas welding

A gas flame produced by the burning of oxygen and acetylene is used in thj
process. A hand-held torch is used to direct the flame around the parent metal ang
filler rods provide the metal for the joint (Figure 4.1). Gas welding is little useq|
having been superseded by the faster process of electric arc welding. Outfit tradeg,
such as plumbers, may employ gas welding or use the gas flame for brazing or silvey
soldering.

Oxygen supply

Oxygen valve \

/
#

Acetylene supply

Nozzle \\

Acetylene valve

Fitler rod
Weld direction
———

Weided joint

LLLLL IITIIEFIA

Figure 4.1 Gas welding with an oxy-acetylene torch

Electric arc welding

An electric arc is produced between two metals in an electric circuit when they at
separated by a short distance. The basic circuit is shown in Figure 4.2. The metal to
be welded forms one electrode in the circuit and the welding rod or wire forms the
other. The electric arc produced creates a region of high temperature which mel§
and enables fusion of the metals to take place. Electric power is supplied via variablé
voltage a.c. transformers which may supply one or more welding operations.

In the actual welding operation the welding rod and plate are first touched
together and quickly drawn apart some 4-5 mm to produce the arc across the gap.
The temperature produced is in the region of 4000°C and current flow between the
metals may be from 20 to 600 A. The current flow must be preset or adjusted:
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4CTOSS the arc affects the amount of penetration and the profile or shape of the metal

eposited. The current to a large extent determines the amount of weld metal
deposited- A high quality weld is produced with several thin layers of weld metal,
put it 1S less costly to use a single heavy deposit of weld metal.

Welding set

rFused = yransformer |

Wi ~ ! Current

| —_—/m\‘"j"— regulator
|

e Y
| —l +
S - Holder
Electrode
s 154 m]

Workpiece

Figure 4.2 Electric arc welding circuit

If excessive current is used weld spatter, i.e. tiny blobs of metal deposited
around the weld, may occur.

For a satisfactory weld, atmospheric gases must be excluded and the control of
the arc must be easily achieved. This is done by shielding the arc during the welding
process. A gas shield is produced by one of two basic methods, either by the burning
of a flux or the provision of a gas shield directly.

Processes using flux
Manual welding

In the manual welding process a consumable electrode or welding rod is held in a
holder and fed on to the parent metal by the operator. The welding rod is a flux-
coated mild steel electrode. The metal of the electrode is normally rimming steel.
This is a ductile material which does not contain silicon or aluminium, both of
which tend to affect the electric arc. The rod coatings are made up of cellulose,
mineral silicates, oxides, fluorides, basic carbonates and powdered metal alloys.
The particular constituents used are held together with a binding material such as
sodium silicate. The coating covers the length of the core wire, except where it fits
into the holder.

Electrodes are classified according to their flux coatings as given in the
International Standard ISO 2560:1 973(E). The two basic types are the rutile-coated
electrode and the hydrogen-controlled electrode. Rutile is an almost pure mineral
fOIm of titanium oxide and is the principal ingredient of rutile-coated electrodes. It
INCreases slag viscosity, decreases spatter and improves slag detachability. Rutile
electrodes are general-purpose, giving a good finish and a sound weld. Hydrogen-

fromrolled or basic electrodes deposit weld metal which is low in hydrogen content.
l’\ﬂ\r:\“‘, 1~ L1 1w ~ e - — - < s
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The coatings contain major proportions of carbonates and fluorides which are bakeg
on to reduce the water content of the coating to a very low level.

Manual welding may be accomplished in any direction, the three basic modeg
being downhand, vertical and overhead, and some combinations of these modes arg
shown in Figure 4.3. The correct type of electrode must be used, together wity
considerable skill, in particular for the overhead and vertical welding positions. Ay
far as possible, welding is arranged in the downhand mode.

lectrode Electrode
Electrode
Weld Weid Weld
{a) b} o
Weld
Etectrode Electrode
Weld
{d} e)

Figure 4.3 Welding positions: (a) horizontal or downhand; (b) horizontal/vertical;
(c) vertical; (d) overhead; (e) inclined

The gravity welder is a device consisting of a tripod, one leg of which acts as
rail for a sliding electrode holder (Figure 4.4). Once positioned and the arc struck.
the weight of the electrode and holder cause it to slide down the rail and deposil
weld metal along a joint. The angle of the sliding rail will determine the amount of
metal deposited. At the bottom of the rail a trip mechanism moves the electrode {g
break the arc. One man is able to operate several of these devices simultaneously.

Automatic welding

In the automatic machine welding process, travel along the metal takes place at 4
fixed speed with a flux-covered electrode fed on to the joint. The correct arc lengl
and metal deposition are achieved by the machine, the specially spiralled fluy
coating providing the shield during welding. Only downhand welding of horizontal
joints is possible with this machine.

The arc may be additionally sealed with carbon dioxide gas to permit highel
currents for high speed welding. A twin-fillet version is also available for stiffenef
welding to flat plates or panels (Figure 4.5).

Another automatic machine welding process, submerged arc welding, uses
bare wire electrode and separately fed granulated flux. The flux melts to produce
gas shield for the arc and a molten covering. Large metal deposits at high speeds
without air entrainment, are therefore possible in this very efficient process. The

nrocess ie chown diaorammatically in Fionre 4 Ala)
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Figure 4.4 Gravity welder
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Figure 4.5 Automatic flux coated electrode welding using a twin-headed machine

The unused flux may be recovered for re-use. This is a process for horizontal,
i.e. downhand, operation only and may be operated normally, welding both sides, or
as a one-sided welding process. In the normal process the downhand weld is made
and the plate is turned over, or an overhead weld is made from below. Some veeing
out of the joint may be necessary for the final run. In the one-sided process various
forms of backing plate can be used; one example is shown in Figure 4.6(b). Any
defects in the weld will then have to be repaired by veeing out the welding from the
other side. This process is limited to indoor undercover use and is unsuitable for use
on the berth.

Electroslag welding

The vertical welding of plate thicknesses in excess of 13 mm is efficiently achieved
by this process. Initially an arc is struck but the process continues by electrical
resistance heating through the slag. The weld pool is contained by cooled shoes
Placed either side of the plate which may be moved up the plate mechanically or
Manually in separate sections. Alternatively, shoes the height of the weld may be
fixed in place either side. The bare wire electrode is usually fed from the top
Ihnrhough a consumable guide and acts as the electrode of the circuit. Run-on and run-
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Direction of welding
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Figure 4.6 (a) Submerged arc welding; (b) backing plate
arrangement for one-sided welding

Electrogas welding

This process is particularly suited to shipbuilding since vertical plates of thicknesse
in the range 13-40 mm are efficiently joined. Cooled shoes are again used but
flux-coated electrode is now employed. Fusion is achieved by an arc between th
electrode and the metal, and a carbon dioxide gas shield is supplied through the
upper region of the shoes. The arrangement is similar to Figure 4.7 (electroslag
welding) with the carbon dioxide supplied through the top of the shoes.

Bare wire electrode

Electrode

/’ feed rolls
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/

Welding current

g O
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1
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5 ! _—é a‘—L Water
ag
e I{_ cvooled
Molten metal 45 | | fixed or
| — —  travelling
Eempe—t—d shoe
Weld —
i -—+——4_ _ Starting Shell plate
! | plate
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Figure 4.7 Electroslag welding
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stud welding

machine or gun as part of the electric circuit is used in stud welding. In one
ethod the stud is fed into the clutch and a ceramic ferrule is placed over the end.
nlhe stud is placed against the metal surface and the operation of the gun trigger
withdraws the stud to create an arc (Figure 4.8). After a period of arcing, the stud is
driven into the molten metal pool and welding takes place. The ferrule concentrates
the 21Cs reduces the access of air and confines the molten metal area. Flux is
cont‘dined in the end of the stud.
Another method uses a fusible collar over the end of the stud which conducts
electl‘iCity to create the arc and then collapses, forcing the stud into the molten metal
ool and forming the weld. Welded studs are used for securing insulation to
pulkheads and for other sheathings. Other types of stud, in the form of bolts, hooks
and 1ings, are also available.

Stud T

Ferrule

Stud
movement

Stud
movement

(a) (b) (c)
Figure 4.8 Stud welding: (a) stud and ferrule placed on plate;
(b) arc drawn; (c) weld completed

Processes using gas

These are welding processes employing a bare electrode or welding wire with a gas
shield. Automatic or semi-automatic operation is usual. With automatic operation,
once set the process is controlled by the machine. In semi-automatic operation
certain machine settings are made but the torch is hand held and the process is to
some extent controlled by the operator.

Tungsten inert gas (TIG)

This is a process for thin sheet metal such as steel or aluminium. A water-cooled
non-consumable tungsten electrode and the plate material have an arc created
between them by a high frequency discharge across the gap. The inert gas shield is
usually argon gas..The process is shown in Figure 4.9.

Metal inert gas (MIG)

A consumable metal wire electrode is used in this process and is fed through the
holder or torch from a feed unit (Figure 4.10). An inert gas is fed through the torch
10 shield the arc and the torch and plate are part of an electric circuit. The supply
source is usually d.c. and the process may be fully or semi-automatic in operation.
In steel welding using this process, carbon dioxide may be the shielding gas and

Plating of any thickness may be welded. Controls within the wire feed unit enable a
lange Of conctant wire fandc ralatad tn tha snreant fa ha calantad i ol
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dioxide gas, the arc characteristic changes with the current from a short-circuitip, plasma metal inert gas
(dip transfer) arc at low currents to a spray arc at high currents. Dip transfer alloy,
all positions of welding, but the spray arc is downhand only. Dip transfer is ideal],

Welding and Cutting Processes

This iS 2 further development of the metal inert gas process which incorporates a
. . . . . . : : ; g c. The plasma is an ionised stream of gas which
suited to thinner materials, since it produces less distortion effects. This process j plﬂéma arc around the MIG ar c p].dsm ont g 1C
being used increasingly in shipbuilding ¢ grrounds the MIG arc and concentrates its effect on to the metal. The plasma arc
g us : has its OWD set of controls for its electric circuit. It is initially ignited by the MIG arc
Electrode $ .ud with both arcs individually controlled the process can be finely ‘tuned’ to the

— ‘// cap material requirements. Automatic and semi-automatic versions are available. The
Sem]'.automatic version uses a dual-flow nozzle arrangement, as shown in Figure
Tungsten 4 11, with a single supply of gas, usually argon, as the shielding and the plasma
electrode "~ Welding current gases- The torch used is no heavier than a conventional MIG torch and the process
4 ;139 the advantages of higher weld metal deposition rates and the use of a narrower
vee preparation, which may be as small as 30 degrees.
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Figure 4.9 Tungsten inert gas process o
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This is a fusion process taking place as a result of the heat released in a chemical
Figure 4.10 Metal inert gas process Ieaction between powdered aluminium and iron oxide ignited by barium peroxide.
The parts to be welded are usually large sections, such as a sternframe, and they are
Positioned together in a sand or graphite mould. The molten steel and slag from the

Chemic;ﬂ reaction ic firet farmed in a crriicihle and than rin inta tha manld
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Welding aluminium

A number of processes for welding steel, as described earlier, can also be used to
weld aluminium, e.g. tungsten inert gas.

Stir friction welding is a new technique utilising friction to weld aluminium. The
material is clamped in a jig or fixture whereby a rotating probe is forced into the
aluminium under high pressure. The metal is heated by friction until it becomes Sofy
and unites behind the tool as it moves along the joint. The metal temperaturg
remains below melting point throughout the process. When metal plates are greatey
than 20 mm thick, the process is undertaken from both sides. Metals up to 30 mm
thick can be joined with a full penetration joint.

Welding aluminium to steel

The bimetallic joint where, for example, an aluminium superstructure joins a steg]
hull, was previously bolted with appropriate insulation to prevent galvanic
corrosion. Now, a welded joint is generally used with a transition bar fitted betweey
the two materials. The transition bar is an explosively bonded laminate of steel ang
aluminium alloy with pure aluminium used at the interface. Examples of these
materials are Kelocouple, Nitro Metal and Tri-Clad.

Taking Tri-Clad as an example, this is initially a ‘sandwich’ of aluminium alloy,
pure aluminium and steel, with polystyrene spacers between and a layer of
dynamite on top. When the dynamite is detonated the plates are forced together and,
in effect, welded into a single transition plate. After welding, or cladding as this
process is often called, the plates are flattened and 100 per cent ultrasonically tested,

The Tri-Clad transition plate is 35 mm thick and made up of 19 mm of A516gr55
steel, 9.5 mm of pure aluminium and 6.5 mm of sea water resistant Al/Mg alloy
5086. The ultimate tensile strength of the transition plate is about 100 N/mm?. This
material has been accepted for marine use by most classification societies.

In use the transition plate should be at least four times the thickness of the
aluminium plate that is to be welded to it. This is because of the low strength of the
plate and also to avoid problems at the interface when welding. The alloy plate
should always be positioned in the centre of the transition plate and preferably
welded first.

MIG equipment and techniques are preferred using argon shielding with a
current of 300 A and a potential difference of 27 to 29 V. Standard welding
techniques are acceptable for the steel side of the joint using low hydrogen, mild
steel coated electrodes. Typical joint arrangements using bolts with insulating
materials and the alternative transition plate are shown in Figure 4.12.

Corrosion is not a problem with transition plates as they form an extremely hard
and inert corrosion product; aluminium oxide hydrate. This acts as a seal at any
unpainted or exposed part of the plate and renders the system passive. Differential
expansion is also not a problem, as only a relatively small force will build up, evel
with a significant change in temperature.
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(a) (b)

Atuminium

Aluminium
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Figure 4.12 Joining aluminium to steel: (a) welding; (b) bolting
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Stee!

Types of weld

A number of different welded joints are used, depending upon their situation,
material thickness, required strength, etc. The depth of weld may require more than
one pass or run of weld to build up to the workpiece thickness. Reversing the
workpiece, gouging out and a final back-run will also be necessary unless a one-
sided technique is employed.

The butt weld is the strongest joint when subjected to tension and is illustrated in
Figure 4.13. The single-V type of preparation is used for the butt weld for plate,
thicknesses in excess of 6 mm up to a maximum of 20 mm. Below 6 mm, a square
edge preparation may be employed and for very thick plates a double-V preparation
is used. A U-weld preparation is also used which requires less weld metal and gives
a better quality joint in return for a more expensive edge preparation.

L I ) \/

(a) (b}

{d) Back-gouge
after initial weld

(e) Back-gouge
after initial weid
Figure 4.13 Butt weld preparations: (a) square butt joint; (b) single-V
hutt inint () douhle-V hutt inint- (A) douhlo-1] hutt inint
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Fillet welds are used for right-angled plate joints and lapped joints, as shown iy
Figure 4.14. Two particular terms are used in relation to fillet welds—the leg length
L, and the throat thickness, T—as shown in Figure 4.14(a). The leg length is relateg
to the thickness of the abutting plate and the throat thickness must be at least 70 Pey
cent of L. A full penetration type of fillet weld may be used where special strength j
required. A full penetration joint is shown in Figure 4.14(c). The abutting plate is of
V or J preparation to ensure full penetration when welding.

Leg length
[2

\’ . (bl
{al « Throat
thickness 7

L ]

(c}

Figure 4.14 Fillet welds: (a) fillet weld; (b) lap weld; (c) fillet weld
with full penetration preparation ‘

The fillet welds described may be arranged in a number of ways, depending on
structural requirements. Fully continuous welds are used in important strength
connections and for oiltight and watertight connections. Chain and intermittent
welds are spaced sections of welding and are shown in Figure 4.15. Some savings in
weight and distortion are possible for lightly stressed material which does not
require watertight joints.

Tack welds are short runs of weld on any joint to be welded. They are used to
initially align and hold the material prior to the finished joint. They are assembly
welds and must be subject to a full welding procedure. They should not be less than

75 mm in length to ensure a sufficient heat input, and should not be welded over.
Weld

Stiffener

Weld
=
g
1 I = r 1. [
(b) Plate
v T 1
\
Weld Stiffener

Figure 4.15 Non-continuous fillot welde- (1) intormittont vonldin.
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welding practice

he welding of the metal, because of the localised concentration Qf heat, gives rise
g areas of plating which first expand and later contract on cooling. Th'e effect of

.« and the difference in deposited weld metal and parent metal properties, results
Fhli{igtortion of the workpiece. The appearance of distortion may be in one or more
g thLe following forms—Ilongitudinal shrinkage, transverse shrinkage, and angular
Zf.;tortion. Figure 4.16 illustrates these various effects.
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Figure 4.16 Distortion effects

The cause of distortion may be attributable to several possible factors acting
individually or together. The concentrated heating of the welded area gnd i.ts
subsequent later contraction will affect the weld metal and the Workp1§0_6 in
different ways. As a consequence, stresses will be set up in the weld, the two joined
workpieces and the overall structure. ' '

The degree of restraint permitted to the welded joint will affect its dlStOft'lOI’L
Where welded joints are unrestrained their subsequent weld shrinkage will relieve
any stresses set up. Restrained joints, by virtue of the rigidity of the stru.cture or
some applied form of clamping, induce high stresses to the weld and cracking may
occur if the correct welding sequences are not adopted. .

The properties of the workpiece and the possible stresses ‘locked in’ it due to
manufacturing processes may be altered or affected by welding and lead to
distortion.

Distortion prevention

Good design should ensure as few welded joints as possible in a stru.ctl.lre,
Particularly when it is made up of thin section plate. Where they exist, welded joints
should be accessible, preferably for downhand welding.
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The edge preparation of the joints can be arranged to reduce distortion, as showy!

Welding and Cutting Processes

gmerical order and direction shown. A variation of this is ‘skip’ welding, which
n

in Figure 4.17. A single-V preparation Joint with four runs of welding will distort ag Fl?éhown in Figure 4.20, and likewise progresses in the numerical order and direction

shown. A double-V preparation joint welded with four runs in the order shown wilj

only exhibit slight shrinkage of the joined plates.

@ (b)

Figure 4.17 Edge preparation to reduce distortion: (a) single-V preparation

giving considerable distortion (1 Sirst welding run, 2 second welding run,

3 third welding run, 4 final welding run); (b)double-V preparation

giving only slight shrinkage

Restraint is the usual method of distortion prevention in shipbuilding. Where

units are faired ready for welding they are tack welded to hold them in place during
welding. The parts will then remain dimensionally correct and the rigidity of the
structure will usually restrain any distortion. Strongbacks or clamping arrangements
are also used on butt and fillet welds, as shown in Figure 4.18.
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Figure 4.18 Clamping arrangements

All welds “shrink’, so the use of the correct procedure in welding can do much to
reduce distortion. The fewer runs involved in a welded joint, the less will be the
distortion. Symmetrical welding either side of a joint with a double-V preparation
will produce a distortion-free weld. Simultaneous welding by two operators is
therefore a useful technique which should be practised whenever possible. Welding
should always take place towards the free or unrestrained end of a joint. For long
welding runs several techniques are used to minimise distortion. The back-step
method is illustrated in Figure 4.19. Here the operator welds the joint in sections in

is > n. Distortion may then be controlled by balancing the yvelding as much. as
shO“i/bi e and allowing the weld shrinkage to occur freely. Welding sequences taking
s

.« into account should be well thought out before welding commences.
this

Direction of
Lt f —fe— = i —f weld
7 9 3 1 2 3 T o Order of
. : ! : . : sequence
|
< Joint progression >
i
Figure 4.19 Back-step welding technique
|
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Direction
| {<e {<o =< of weld
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Figure 4.20 Skip or wandering welding technique

Distortion correction

Despite the most stringent methods to eliminate it, distortion can still occur. Where
the distortion in a joint is considered unacceptable the joint must be gouged,
grooved or completely split, and then re-welded. Strongbacks may be placed across
the joint to restrain distortion during re-welding. o

Straightforward mechanical means may be used, such as hydraulic Ja_lcks or
hammering on localised areas of distortion or buckling. Where such methods involve
straining the welds, they should be examined for cracks after correcn(_)n. Every effort
should be made to avoid mechanically straightening structures for this reason.

The application of concentrated heat from a gas-burning torch may be used for
correcting distortion in steels other than the higher tensile, quenched and _tempered
types. The process is shown in Figure 4.21. A small area is heated on the side where
the contraction would bring about an improvement. The steel is heated to a ‘red

heat’ and the torch slowly moved along a previously drawn line, at such a speed that
the ‘red hant’ dmnn wn .

M e b A

__________

mann wiolht thhana s T 4l n cnntnl Al
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Weld flush
at toe

expand, but is resisted by the surrounding material. The recrystallisation absorbs 0

expansion and, on cooling, contraction occurs which brings about a favourgy Reinforcement
!

distortion, thus correcting the original distortion structure (Figure 4.22). i ‘

! 4
() (b)

|

L —+—

]

| |
(c) (d)

Figure 4.21 Spot heating: (a) curved plate; (b) heated;
(¢) expansion; (d) levelled plate
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Figure 4.22 Distortion correction
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Figure 4.23 Examples of welds: (a) a good weld;
(b) a bad weld

Weld faults
The weld

Faults may occur in welding as in any other process. These faults may arise from
bad workmanship, incorrect procedures, wrong materials used, etc. A good weld is
illustrated in Figure 4.23(a). In such a weld a degree of fusion should have taken
place at the sides of the weld. There should be no overlap or undercut at the toe of
the weld. A slight reinforcement or build-up of material should be present at the top
surface and there should be root penetration along the bottom surface.

A bad weld is shown in Figure 4.23(b). The absence of reinforcement and root
penetration are the result of incorrect procedure or bad workmanship. Overlap is
infused metal lying over the parent metal. Undercut is the wastage of parent metal,
probably caused by too high a welding current. Porosity is caused by gases trapped
in the weld. Slag inclusion is the result of inadequate cleaning between weld runs.
Poor fusion or penetration between runs may be due to poor cleaning or incorrect
voltage or current settings. The result of a bad weld is a weak or faulty joint. A bad
weld can also be the starting point for a crack.

Lamellar tearing

Lamellar tearing around welded joints has become a problem as plate thicknesses
have increased and structures have become more rigid. Lamellar tearing is a brittle

Cracking in steel plate as a result of tensile stresses at right-angles to the plate. It is
Caused bv the contractioan af wald matal whan ranlina T amallae fansine in

ot
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likely to occur when thick plates, large weldments and high internal connectig
restraint are all present. The characteristic ‘tear’ occurs in the cross-plate of a y
configuration and may begin at the toe or root of a weld or at some point below the

weld (Figure 4.24).
Welded joint

Thick plate / ) [

Tearing Thick plate Tearing
N~ .
7 J { -“'_: l I

N P&
Welded joint

-

Figure 4.24 Examples of lamellar tearing

One method of reducing the problem of lamellar tearing is the use of ‘cleg
steels such as those produced by the vacuum degassed process. Other measurg
include the use of joint configurations which avoid right angle tensile stressing
the plate, or preheating the plate before welding.

Weld testing

Several non-destructive techniques are used in the examination of welded joing
These include visual examination, dye penetrants, magnetic particles, radiograph
and ultrasonic methods. Destructive testing of special test plates and their welde
joints is required for certain classes of work but most shipbuilding weld testing |
non-destructive.

The trained experienced inspector and surveyor can detect surface defects ay
flaws in welds by visual examination. He may also request more detail
examination of known problem areas or regions of high stress. His constay
vigilance and attendance during the welding up of a ship ensures good work an
satisfactory standards of welding.

Magnetic particle testing is a surface examination technique. A mixture of irg
filings in thin white paint is spread over a welded joint. The joint is then magnetis
by attaching a large permanent magnet to it. Discontinuities then show up
concentrations of iron filings, resulting from the distorted magnetic field.

Dye penetrants are spread over the surface of a joint and then wiped or wash
off. The weld surface is then examined using an ultraviolet light. Any crack wi
contain the luminous dye and be readily visible.

Radiographic inspection is a means of ‘photographing’ welded joints.
photographic plate is exposed to radiations from X-ray or gamma ray devices on
far side of the joint. Any inclusions or gas holes will then show up on
photographic plate.

Ultrasonic inspection uses pulses of ultrasonic energy which are reflected at ai
surface they meet. For the ultrasonic waves to initially enter the metal a couplil
medium is necessary. Cellulose paste has been found to be effective and peels @
easily after use. A cathode ray tube is used to ‘read’ the reflection patterns and Ve

r

Welding and Cutting Processes

G|assification society weld testing

ne Cmssiﬁcation societies require various tests, some of them destructive, in order
T 4pprove weld materials and electrodes. Joints made between the materials and the
[Tectrodes are then subjected to various strength, metallurgical and other tests.
&

Cutting jprocesses

¢ majority of metal cutting in shipyards utilises gas cutting techniques. Plasma

Tltl and gouging cutting techniques are also being increasingly used.
a
puring gas cutting the metal is, in effect, ‘cut’ by oxidising and blowing away a

PaITow band of material. The metal is heated by the preheat section of the flame and
then oxidised by a stream of high pressure oxygen which carries away the oxidised
metal. A Narrow gap with parallel sides remains along the line of the cutting
cocess, but large amounts of elements such as chromium may prevent this problem,
articularly with stainless steel.
Acetylene or propane is usually used as the preheating gas, in conjunction with
oxygen. A typical cutting torch is shown in Figure 4.25.

High pressure valve

High pressure cutting oxygen operating handles

'

!

Preheating oxygen and
acetylene mixture

H.._u
Ty

[
/;ZM

Acetylene

valve Gxygen

valve

Preheat holes

J

Plan view of nozzle

Cutting oxygen hole

Figure 4.25 Oxy-acetylene cutting torch

Automated arrangements of cutting torches are used in various machines for
edge preparation, flame planing, etc., as mentioned in Chapter 3. An edge
preparation arrangement of torches is shown in Figure 4.26.

Plasma arc cutting

The cutting torch consists of a tungsten electrode located in a water-cooled nozzle
Which acts as one electrode in the circuit (Figure 4.27). The material to be cut is the
Other electrode and the circuit is completed by a stream of ionised gas which will
conduct electricity. This ‘plasma gas’ is supplied around the tungsten electrode and
fonstricts the arc formed between it and the metal plate.
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N

Nozzle mounting block Scale

Plate

(b)

Figure 4.26 Edge preparation: (a) triple-nozzle head;
(b) plan view of nozzles showing order of operation
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Figure 4.27 Plasma arc cutting torch

A very high temperature region is created at the arc which melts the metal a
cuts through it. The gas is initially ionised by a short electrical discharge betwe
the electrode and the nozzle. Inert gases such as argon have been used but modé
developments have enabled air or oxygen to be used. This is an automated cuttil
process which is much faster than other methods.

Welding and Cutting Processes

water jetting

_ ditional metal cutting techniques using flame torches create edge distortions and
¥ ses in the plate. Thin plates in particular, are affected. The use of high pressure
Stz; jets has been found to give excellent plate edge quality, although the process
za little slow. _ . . ‘

The water jet process uses a very fine jet of water into which an abrasive

dium has been introduced. Water pressures as high as 2 000 to 4 000 bar are
111;(1 with the lower pressure being for transportable equipment and the higher
used

qalue for fixed production line equipment.

Goug|ng

Gouging steel plate by ‘arc-air’ or by a special cutter fitted to a gas tor?h is a way of
remOViﬁg metal for the ‘back-runs’ of a butt.weld. Qas or aan weldmg.processes
may be modified for gouging purposes. Arc—alr gouging consists of a solid copper-
clad carbon graphite electrode in a special holder whlch.has a compressed a}r pipe
attached. A stream of compressed air is blown from a J§t on to the workpiece to
oxidise and remove the molten metal at the point of cutting. Anothe?r arrangement
uses tubular electrodes to provide the high temperature arc. The air is blown down
the inside of the electrode. The electrodes are consumed in both these processes.
The solid electrode arrangement is shown in Figure 4.28.

Electrode
Electrode — , current
—'{“  § A
/ Compressed-
k air supply

e Cor_npressed
air jet

!
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- !
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Figure 4.28 Arc-air gouging
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9 Major Structural Items

SECTION A: KEEL AND BOTTOM CONSTRUCTION

The bottom shell construction consists of the central keel of the ship, with t
flooring structure and side shell plating on either side. Almost all vessels built tody
are fitted with a double bottom. This is an internal skin fitted about 1 m above t
outer shell plating and supported by the flooring structure.

Keel

Major Structural ltems

._qre 5.2). The keel plate and the tank top above the duct keel must have their
( 1g1t11mgs increased to compensate for the reduced strength of the transverse floors.
seatt

Continuous

longitudinal
Bracket Stiffener girder
% / 4

J
—— [ / w Longitudinal
g \ %L T stiffener
1 *

Solid j” A |

oot O J 1‘\ Flat bar

F] q G ﬁ stiffener
,// \

Keel plate Intercostal
longitudinal

The keel runs along the centreline of the bottom plating of the ship and for th
majority of merchant ships is of a flat plate construction. At right-angles to the il
plate keel, running along the ship’s centreline from the fore peak to the aft peg.

stiffener

Figure 5.2 Duct keel

bulkhead, is a watertight longitudinal division known as the centre girder or vertje,
keel. Where a double-bottom construction is employed, the centreline strake of tayf. pouble-bottom structure

top plating results in the formation of an I-section keel (Figure 5.1).

Centreline strake of
double-bottom plating
.

g HE N\, ‘E B Longitudinal
t v < stiffener

Centre girder

; Solid |- Flat bar
¢ floor ;
g 8 9
B

Keel plate

Figure 5.1 Flat plate keel

This provides considerable strength to the structure and resistance to bending
The flat plate keel or ‘middle line strake of plating’ is increased in thickness for
strength purposes and for a corrosion allowance, because of the difficulty i
maintaining paint protection systems in way of the docking blocks during the
vessel’s life. :

Some double bottoms have a duct keel fitted along the centreline. This is an
internal passage of watertight construction running some distance along the length
of the ship, often from the forepeak to the forward machinery space bulkhead. Use
is made of this passage to carry the pipework along the length of the ship to the
various holds or tanks. An entrance is usually provided at the forward end of the
machinery space via a watertight manhole. No duct keel is necessary in the
machinery space or aft of it, since pipework will run above the engine room double
bottom and along the shaft tunnel, where one is fitted.

The construction of the duct keel uses two longitudinal girders spaced not more
than 2.0 m apart. This restriction is to ensure that the longitudinal girders rest on the

docking blocks when the ship is in drydock. Stiffeners are fitted to shell and bottoi! |

nlatina at altarnata fancan o -

where a double bottom or inner shell is fitted it is watertight up tq the bi.lges, thus
roviding complete watertight integrity should thg outer shell be pl.erced in way of

" (he double bottom. The minimum depth is fieterqllned by 1yle requ1remegts for the
* size of vessel but the actual depth is sometimes increased in _places ton suit d(?uble—
pottom tank capacities. The double bottom may have a slopmg margin le‘admg to
the bilge radiused plating or a continuous double bottom extgndlng to the side shell.
The sloping margin construction requires the use of margin pla'tes to conneg up
with the side framing and provides a collecting bay or well for bilge wat§r (Flgure
5.3). The continuous tank top or flat margin must have bilg§ water collecting pmpts
or drain ‘hats’ fitted into it (Figure 5.4). The flat margin is cgnnegted to the s@e
framing by a flanged bracket. The flat margin type of construction is much used in

modern construction.
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Figure 5.3 Longitudinally framed double bottom:
() hennlbot Hane (b)) onlid Hanse




Major Structural ltems
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Figure 5.4 Transversely framed double bottom.
(a) bracket floor; (b) solid floor

The structure is made up of vertical floors which may be watertight, solid or of
bracket construction. The floor structure is continuous from the centre girder to the
side shell and supports the inner bottom shell. Side girders are fitted in the
longitudinal direction, their number depending on the width of the ship. These sid
girders are broken either side of the floors and are therefore called intercostal girders;

Watertight or oiltight floors are fitted beneath the main bulkheads and are alsg
used to subdivide the double-bottom space into tanks for various liquids. Solid plate
floors of non-watertight construction, usually lightened by manholes, are positioned
in other places as required to stiffen the structure. Between solid plate floors,
bracket floors are fitted. Bracket floors consist of plate brackets attached to the
centre girder and the side shell with bulb plate stiffeners running between. The
stiffeners are supported by angle bar struts at intervals and any side girders which
are present in the structure.

The arrangement of flooring will be determined by the type of framing systen
adopted, which may be either transverse or longitudinal.

Transversely framed double bottom

When transversely framed, the double-bottom structure consists of solid plate floors
and bracket floors with transverse frames. The bracket floor is fitted between the
widely spaced solid floors. It consists of transverse bulb angle sections stiffening the
shell and inner bottom plating. Vertical support is provided by brackets at the side
shell and centre girder, any side girders and intermediate struts. The number of

intercostal side girders fitted is determined by classification society rules. Solid and
hracket flaare far a trancsraeanles fananad - 1 B R _

e
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ongitudinally framed double bottom
L

.« is the system favoured as a result of tests and it provides adequate resistance to
T i'ion on ships of 120 m in length or greater. Offset bulb plates are used as
is[O'rtudinal stiffeners on the shell and inner bottom plating, at intervals of about 1
ot ;olid floors provide support at transverse bulkheads and at intervals. not

ut eding 3.8 m along the length of the ship. Brackets are fitted at the centre girder

il ide shell at intermediate frame spaces between solid floors. These brackets are

and Sld at the free edge and extend to the first longitudinal. Channel bar or angle bar
ﬂangéare provided to give support at intervals of not more than 2.5 m where solid
Smm~ are widely spaced. Intercostal side girders are again fitted, their number
ﬂooer;ding upon classification society rules. Solid and bracket floors for a
e

| ongitudinally framed vessel are shown in Figure 5.3.
t=

pMachinery space double bottom

The construction of the double bottom in the machinery space regardkss of .the
framing system, has solid plate floors at every frame space under the main engine.
;dditional side girders are fitted outboard of the main engine seating, as requlreq.
The double-bottom height is usually increased to provide fuel oil, lubrlcat.mg oil
and fresh water tanks of suitable capacities. Shaft alignment also requires an
increase in the double-bottom height or a raised seating, the forn}er method usually
peing adopted. Continuity of strength is ensured and malntalhgq by gra.d}lally
sloping the tank top height and internal structur'e to the requ1r§d posm{)n. Ad‘dmonal
support and stiffening is necessary for the main eng.mes, boilers, etc.;\to provide a
vibration-resistant solid platform capable of supporugg th.e cgncentrated loads. On
slow-speed diesel-engined ships the tank top plating is }ncreallsed to 40. mm
thickness or thereabouts in way of the engine bedplate.. ThlS.IS achieved by using a
special insert plate which is the length of the engine including the .thrust block in
size (Figufe 5.5). Additional heavy girders are also ﬁtte.d under t.hls plater@.ld in
other positions under heavy machinery as required. Plating and girder material in
the machinery spaces is of increased scantlings in the order of 10 perdeent.

F ~ VT

Heavy Continuous Flat
flat bar Drainage centreline Heavy plate seat ) bar
stiffener arrangement girder Z Girder /
/ Girder
\ \ \ \ /
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~*— Diesel oil tank *’<—><- Lubricating oil drain tank >l<—><'— Diesel oil tank -
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Double-bottom tanks

Access to the double-bottom tanks is usually by manholes cut in the tank top. The,
manholes are suitably jointed and bolted to be completely watertight when not i
use. Docking plugs are fitted in all double-bottom tanks and are a means

completely draining these tanks for inspection in drydock (Figure 5.6). Air pipes al ih
fitted to all double-bottom tanks to release the air when filling. Sounding pipes 4

also fitted to enable the tanks to be sounded and their capacity determined. Al
double-bottom tanks are tested on completion by the maximum service pressy,
head of water or an equivalent air test. !

Mild-steel pad
Bottom shell
plating

/
Docking plug, brass or stainless steel Twine and red lead grommet

[

Figure 5.6 Docking plug and pad
Structure to resist pounding

Pounding or slamming results from the ship heaving or pitching, thus causing thJ
forward region to ‘slam’ down on to the water. Additional structural strength myg
be provided from the forward perpendicular aft for 25-30 per cent of the ship\
length. The shell plating either side of the keel is increased in thickness, depending
upon the ship’s minimum draught. The frame spacing is reduced, full- and hy|
height intercostal side girders are fitted and solid floors are installed at every framg
space. With longitudinal framing the longitudinal spacing is reduced, intercosty
side girders are fitted and transverse floors are installed at alternate frames.

Single-bottom construction

In older oil tankers particularly, and in some smaller vessels, a single-bottor
construction is employed. The oil tanker bottom structure is detailed in Chapter §
The construction of the single bottom in smaller ships is similar to double—bottomL
construction but without the inner skin of plating. The upper edge of all plate floor
must therefore be stiffened to improve their rigidity.

—

SECTION B: SHELL PLATING, FRAMING SYSTEMS AND DECKS

Shell plating

The side and bottom shell plating provides the waterti ght skin of the ship. The shel
plating also makes the greatest contribution to the longitudinal strength of the ship®
structure. As a result of its huge area the shell plating is composed of many strakes
or plates arranged in a fore and aft direction and welded together. The horizontd

Major Structural ltems

lds are termed “seams’ and the vertical welds are termed ‘butts’. SeYera] strak.es
‘ Jating are usually joined together as part of a unit. A shell expansion by units

pghown in Figure 3.2. The thickness of shell plating is largely dependent upon
W?S ‘length and frame spacing. The final structure must be capable of withstanding
5111Pman;/ dynamic and static loads upon the hull, as discussed in Chapter 2. Some
eering off of shell plate thickness towards the ends of the ship is usual, since the

o =
e =

ending moments are reduced in this region. _ ‘ ’

The strake of side plating nearest to the deck is known as the shee.rst.rake . The
eerstrake is increased in thickness or a high tensile steel is used. This is because
5hf3 ; section of plating is furthest from the neutral axis and subject to the greatest
thbding stress, as discussed in Chapter 2. The region where the sheerstrake meets
bhe: deck plating is known as the gunwale. Two particular arrangements in this
[. jon are used and are shown in Figure 5.7. With the rounded gunwale arrangement
e welding is permitted on the sheerstrake because of the high stressing which
rlguld result in cracks emanating from the ‘toes’ of fillet welds. Such welds reduce
tche resistance of components to cracking. Where such structure is butt welded the
welding must blend into the parent plate. Towards the er{ds of the ship, as the cross-
section reduces, the various strakes of plating will taper in width. Where these plate
widths become small, a stealer plate or strake is fitted (Figure 5.8).
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Figure 5.7 Gunwale arrangements
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All' openings in shell plating must have rounded edges to avoid Strg
concentrations and usually some form of compensation to avoid a discontinuity, Gkt
strength. geam

knee _j

Framing systems

|
|
The bottom shell and side plating are framed, i.e. stiffened along their leng: T ]}
against the compressing forces of the sea. Two different types of framing, Ori - l

~H ]’r-
) ™

combination of the two, are employed. These are known, respectively, as transverxg L
longitudinal and combined framing and are shown in Figure 5.9. Capy zfgf; —1
5 . » . &
arrangements may influence the choice of framing systems but, generg]|,

considerations of longitudinal strength are the deciding factor. } ;‘i(’j‘;’f

|

Transverse framin f
g Margin ——

: . e . bracket ooolooo‘ooo[o oo ;\Z
Transverse framing of the shell plating consists of vertical stiffeners, either of byl —— Floor

plate or deep-flanged web frames, which are attached by brackets to the deck bean, ———— ) Eickt .
i ¥ - gitudina
and the flooring structure. The scantlings of the frames are to some exfe -l

] . Side e B e B B o i G S
dependent upon their depth and also on the nature of their end connectigy, girder —(IT LT TNA L
Particular locations, such as at the ends of hatches, require frames of increased / Fransere
[

scantlings. Very deep web frames are often fitted in the machinery space. b |
|
|

Transverse
trame

4

| Transverse
web

._:
1119

1111113313117

Frame spacing is generally not more than 1000 mm but is always reduced in ¢} centre
pounding region and at the fore and aft ends in the peak tank regions. Jr— gy

. « ” hulkhead
Longitudinal framing

Longitudinal framing of the side shell employs horizontal offset bulb plates wi

increased scantlings towards the lower side shell. Transverse webs are used |
support the longitudinal frames, their spacing being dependent upon the type of shy

™ transverse
.and the SC.CUOI’I modulus.ot the longltudlpals. This constru.ctlon is described ap Eﬁ]nic;umd o &Q.:LLT 1l o171 I rrrdrrrlorlorrly 1)3
illustrated in Chapter 8 with reference to oil tanker construction. i ’
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Bilge keel ] | I

LLL"LL

With a flat keel construction there is little resistance to rolling of the ship. A bil Deck __H—""" |

keel is fitted along the bilge radius either side of the ship to damp any tendency t i Zg::;gf;:ff&:)

ship has to roll (Figure 5.10). Some improvement in longitudinal strength at the bil TT T T T F T vt S
radius is also provided. The bilge keel must be arranged to penetrate the bounda knee
layer of water along the hull but not too deep to have large forces acting on it.

The bilge keel is fitted at right-angles to the bilge radiused plating but does n
extend beyond the extreme breadth line. It runs the extent of the midship section . | enserse
the ship and is positioned, after model tests, to ensure the minimum resistance 1
forward motion of the ship. Construction is of steel plate with a stiffened free edg N \'
or a section such as a bulb plate. A means of fastening to the hull is employed whi Q F o'’ O(lOJOJ oo o[: Ut I LTk Lcy
will break off the bilge keel without damage to the hull in the event of fouling S B e—— Bracket
collision. The ends are fastened to a doubling plate on the shell, since the bilé Side Gotess | Badtom

. - . 5 . girder girder longitudinals
plating is in a highly stressed region of the ship. (c)

s
pu

Figure 5.9 Framing systems: (a) transverse framing;
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Fliat bar Shell plating
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Figure 5.10 Bilge keel: (a) plan view showing arrangement at ends:
(b) section through bilge keel

Ice navigation strengthening

Ice class notations 1*, 1, 2 or 3 are assigned to ships which have addition
strengthening as required by classification society rules. Various means

additional stiffening by increased frame scantlings, reduced frame spacing a
increased plate thickness are required. The extent and nature of the stiffeni
reduces from 1%, which is the highest classification, to 3, which is the lowest. So
modifications to the stem and stern regions may also be required.

Decks

The deck of a ship is the horizontal platform which completes the enclosure of

hull. It must provide a solid working platform capable of supporting any lod
resting upon it, and also a watertight top cover to the hull structure. The deck Wi
its various forms of stiffening and its plating provides a considerable contribution

r
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. strength of the ship. Where the deck is pierced by hatches, special coamings or
urrOunds to the openings must be provided. These large openings require special
Z Ompensation to offset their effect on the structural strength of the ship.

peck plating

The deck plating is made up of longitudinal strakes of plating across its width. The
Jates OF strakes nearest to the deck edges are termed ‘stringer plates’. They are of

hicker material than the remaining deck plating since they form the important join

petween the side shell and deck plating. Towards the ends of the ship the deck
Jating. like the shell plating, is reduced in thickness.

The large openings in the deck for hatchways, engine casing, pump room
entrances, etc., require compensation to maintain the section modulus of the
material. The deck plating abreast of such openings is therefore increased in
thickness. The plating between the hatches of a cargo ship is thinner than the rest of
the deck plating and contributes little to longitudinal strength.

The plating of the weather decks is cambered towards the ship’s side to assist
drainage of any water falling on the deck. This camber is usually of the order of
one-fiftieth of the breadth of the ship at midships.

Deck stiffening

The deck plating is supported from below in a manner determined by the framing
system of the ship. With longitudinal framing, a series of closely spaced
Jongitudinals are used in addition to deep web transverses. With transverse framing,
transverse deck beams are used at every frame space. Where hatches are fitted to a
ship, continuous longitudinal girders are fitted over the length of the ship running
alongside the hatches.

Deck beams and transverses

Deck beams are fitted across the width of the ship and are joined to the side frames
by brackets known as ‘beam knees’. Continuous longitudinal girders which run
alongside the hatchways are fitted on the ship, and the beams are bracketed to these
girders. In this way the unsupported span is reduced. Deck beams are usually offset
bulb plates. For the length of the open hatch space the beams are broken and
bracketed to the longitudinal girder or hatch side coaming. The beams are likewise
broken and bracketed to the longitudinal girders in way of the engine casing. A
beam broken in this manner is known as a ‘half-beam’.

Deck transverses support the longitudinally framed deck. These are deep plate
webs with a facing flat or a flanged edge. They are bracketed to the side frames by
beam knees. Small tripping brackets are fitted between alternate longitudinals and
the transverse (Figure 5.11).
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Figure 5.11 Deck beam
Deck girders

Deck girders exist in a number of forms, depending upon their location. A flangeg
girder with tripping brackets will often be used as part of a hatch coaming. Suchg
flanged girder is referred to as unsymmetrical and must have tripping brackets fitte(
at alternate frame spaces. The symmetrical girder is often used, particularly asg
centreline girder. Brackets join the girder to the deck beams and are fitted at even

fourth frame space. At hatch corners these girders must be additionally support
either by pillars or transverse girders. The symmetrical and unsymmetrical types o
girder are shown in Figure 5.12. The combination of longitudinal girders wil
transverse beams is much in use in modern ships. The deck longitudinal girde:
extend as far as possible along the full length of the ship on the outside of th
hatches. This continuous longitudinal material permits a reduction in deck pla
thickness, in terms of classification society requirements.

Deck plating

2 a

R
\
/\ Deck beam

A

Deck beam /
-~ L A %
Girder Tripping bracket Girder Tripping
Face flat flat Gracket
{a) (b)
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The deck between the hatches must be supported by longitudinal or transverse
cams- Where side girders join transverse beams, particularly beneath hatch
nings, gusset plates are fitted (Figures 5.13 and 5.14).

op€
Hatch end
/ beam
Hatch gqirder
Gusset plate
Figure 5.13 Hatch corner gusset plate, viewed from below
Transverse Bracket

|

|/ ™ Transverse
|
|
Line of flat i

\,
\ |
\ I,
________ = <
L II
/’ /‘!4 \
/
/ |
Girder Gusset Brackel Girder
plate
Gusset plate viewed from below
Figure 5.14 Gusset plate used in machinery space construction
Local loading

On the deck, where concentrated loads are situated or likely, additional stiffening
must be provided. Machinery such as winches, windlasses, etc., will also require
seatings which are discussed in detail in Chapter 6. Also, any beams fitted in way of
deep tanks, bunkey tanks, etc., must have increased scantlings and perhaps reduced
spans to be at least equal in strength to the boundary bulkheads.

Discontinuities

A.discontinuity, as discussed here, refers to any break or change in section,
thickness or amount of plating material. Great care must be taken to compensate for
dny discontinuities in shell or deck plating, resulting from doors, hatchways, etc.
Where the loss of longitudinal material results, this compensation is of particular
'Mportance. Where changes in the amount of plating material occur, such as at
bulWElrkS. the chanee shonld he oradnal and well radineed
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' Well-radiused corners must be used and sometimes the fitting of doubling plagg, Ramp for hatch cover wheels Coaming
or thicker insert plates, at the corners of all openings. Any sharp corner can produyg _— corner Coaming
a notch which, after stressing, could result in a crack. Figure 5.15 shows an ingen ;oan"l(c'ntg bracket bracket :::f.:n,:g
. racke
plate fitted at the corner of a hatch opening. k \ |
. o
nsert I | j
Fore and aft olate ] : ! E!I &
/ s l \
| !
! lall
' Yt
- - o (
Frame space | Framie space /
- o< o Deck
760 mm plating ' Hatch girder Gusset plate Hatch end Tripping Deck
! beam bracket stiffener
_______’_ ) {a)
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Well
clear . ' Elliptical Half-round
of radius Radius = — corner bar at
/ (defined in i edge
1Butt to be f rules) N i e ) /
clear of R i e v
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Figure 5.15 Insert plate fitted at hatch corner ?::F;w)
(b}
Hatch coamings Figure 5.16 Hatch coaming: (a) elevation of hatch coaming (steel
hatch covers); (b) plan view of hatch coaming (steel hatch covers)

The edges of all hatch openings are framed by hatch coamings. On the weather de¢

the coamings must be at a minimum height of 600 mm according to the load li Oftset bulb plate ‘
regulations. This is to reduce the risk of water entry to the holds. Internal coaming ‘
e.g. those within the superstructure or holds, have no height specified and in twee

deck holds particularly are often made flush with the deck for uninterrupted car
_stowage. The weather deck coaming must be'a minimum of 9 mm thick, and wh
e s : ; . . Offset
the height is in excess of 600 mm it must be stiffened by a horizontal stiffener a angle | ,— Flange
vertical brackets must be fitted not more than 3 m apart. An edge stiffener must al bar
be provided which may be a preformed section where wooden hatch covers . Hatch | Y
& fitted (see Figure 7.1, later) or a half-round steel bar as in Figure 5.16. coaming Bracket / \
’ The side coaming plates, as an extension of the longitudinal girder, are of greal Flat _—
“thickness than the end coaming plates and are extended beyond the hatch opening| bar | © i 0
“the form of - b;ﬁckets (Figure 5.16). These brackets also serve to support Deck \
platforms used for the hatch operating equipment. Smaller vertical brackets plating

fitted around the remainder of the coaming structure to stiffen it (Figure 5.17)
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SECTION C: BULKHEADS AND PILLARS

Bulkheads

The vertical divisions arranged in the ship’s structure are known as bulkheag
Three basic types are found, namely watertight, non-watertight and oiltight or tank
bulkheads. Oiltight or tank bulkheads are watertight in their construction but gy
subjected to more rigorous testing than a simply watertight bulkhead.

The transverse watertight bulkheads subdivide the ship into a number g
watertight compartments and their number is dictated by classification sociel}‘
regulations. Oiltight bulkheads form the boundaries of tanks used for the carriage g
liquid cargoes or fuels. Non-watertight bulkheads are any other bulkheads such g
engine casing, accommodation partitions or stores compartments.

Watertight bulkheads

In addition to subdividing the ship, transverse bulkheads also provide considerabj
structural strength as support for the decks and to resist deformation caused by
broadside waves (racking). The spacing of watertight bulkheads, which is known g
the watertight subdivision of the ship, is governed by rules dependent upon ship”
type, size, etc. All ships must have:

(nH A collision or fore peak bulkhead, which is to be positioned not leg
: than 0.05 x length of the ship, nor more than 0.08 x length of the ship,
from the forward end of the load waterline.
2) An after peak bulkhead which encloses the sterntube(s) and rudde
trunk in a watertight compartment.
3) A bulkhead at each end of the machinery space; the after bulkhead may,

for an aft engine room, be the after peak bulkhead.

Additional bulkheads are to be fitted according to the vessel’s length, e.g. a shi
between 145 m and 165 m long must have 8 bulkheads with machinery midships
and 7 bulkheads with machinery aft.

Fitting less than the standard number of bulkheads is permitted in approvel
circumstances where additional structural compensation is provided. Watertight
bulkheads must extend to the freeboard deck but may rise to the uppermo
continuous deck. The aft peak bulkhead may extend only to the next deck above thi
load waterline, where the construction aft of this deck is fully watertight to the shell

The purpose of watertight subdivision and the spacing of the bulkheads is
provide an arrangement such that if one compartment is flooded between bulkhea
the ship’s waterline will not rise abovegthe margin line. The margin line is a lin
drawn parallel to and 76 mm below the upper surface of the bulkhead deck at t
ship’s side. The subdivision of passenger ships is regulated by statuto
requirements which are in excess of classification society rules for cargo ships, b
the objects of confining flooding and avoiding sinking are the same.
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‘ P struction of watertight bulkheads

Watertight bulkheads, because of their large area, are formed of several strakes of
jating- They are welded to the shell, deck and tank top. The plating strakes are
hoﬁzontal and the stiffening is vertical. Since water pressure in a tank increases
with depth and the watertight bulkhead must withstand such loading, the bulkhead.:
st have increasingly greater strength towards the base. This is achieved by
increasing the thickness of the horizontal strakes of plating towards the bottom. The
collision bulkhead must have plating some 12 per cent thicker than other watertight
pulkheads. Also, plating in the aft peak bulkhead around the sterntube must be
oubled or increased in thickness to reduce vibration. The bulkhead is stiffened by
vertical bulb plates or toe-welded angle bar stiffeners spaced about 760 mm apart.
This spacing is reduced to 610 mm for collision and oiltight bulkheads. The ends of
the stiffeners are bracketed to the tanktop and the deck beams. In tween decks,
where the loading is less, the stiffeners may have no end connections. A watertight
bulkhead arrangement is shown in Figure 5.18.

corrugated watertight bulkheads

The use of corrugations or swedges in a plate instead of welded stiffeners produces
as strong a structure with a reduction in weight. The troughs are vertical on
transverse bulkheads but on longitudinal bulkheads they must be horizontal in order
to add to the longitudinal strength of the ship.

The corrugations or swedges are made in the plating strakes prior to fabrication
of the complete bulkhead. As a consequence, the strakes run vertically and the
plating must be of uniform thickness and adequate to support the greater loads at the
bottom of the bulkhead. This greater thickness of plate offsets to some extent the
saving in weight through not adding stiffeners to the bulkhead. The edges of the
corrugated bulkhead which join to the shell plating may have stiffened flat plate
fitted to increase transverse strength and simplify fitting the bulkhead to the shell.
On high bulkheads with vertical corrugations, diaphragm plates are fitted across the
troughs. This prevents any possible collapse of the corrugations. A corrugated
bulkhead arrangement is shown in Figure 5.19. :

A watertight floor is fitted in the double bottom directly below every main
transverse bulkhead. Where a watertight bulkhead is penetrated, e.g. by pipework, a
watertight closure around the penetration must be ensured by a collar fully welded
to the pipe and the bulkhead.

Testing of watertight bulkheads

The main fore and aft peak bulkheads must be tested by filling with water to the
logd waterline. Subdividing watertight bulkheads are tested by hosing down. .
Oiltight and tank bulkheads must be tested by a head of water not less than 2.45 m
above the highest point of the tank. :
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e P A——— ] Pillars provide a means of transferring loads between decks and fastening together
19 o H the structure in a vertical direction. The pillars which transfer loads, as in the cargo

Bolds or beneath items of machinery, are largely in compression and require little or
10 bracketing to the surrounding structure. Pillars which tie structure together and

Ere Subjected to tensile forces are adequately bracketed at the head or top and the
Cel ar hattnma
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Hold pillars are usually large in section and few in number to redug
interference with cargo stowage to a minimum. Pillars are provided to reduce the
need for heavy webs to support the hatch girders or end beams. The use of pillay
also enables a reduction in size of the hatch girders and beams, since thej;
unsupported span is reduced. Where pillars are fitted between a number of verticy
decks they should be in line below one another to efficiently transfer the loads.

Hold pillar sections are usually a hollow fabricated shape manufactured frop,
steel plate. Typical sections are round, square and sometimes octagonal. Machiner}
space pillars are usually fabricated from sections and, while smaller in dimensiop
than hold pillars, a greater number are fitted (Figure 5.20). Additional structur
material must be provided at the head and heel of pillars to evenly distribute th
load. At the head a plate is used, often with tripping brackets to the surrounding

r

structure. At the heel an insert plate or doubling plate is used, with or withoy
brackets depending upon the type of loading (Figure 5.21). '
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Figure 5.20 Machinery space pillar arrangements: (a) sectional
elevation looking aft; (b) elevation looking outboard

Solid pillars may be fitted in accommodation spaces or under points ol
concentrated loading. Solid round bar up to about 100 mm diameter is fitted, agail
with head and heel plates to spread the load.

SECTION D: FORE END CONSTRUCTION

The forward end of a ship refers to the structure forward of the collision bulkhead
The forward end is designed to provide a smooth entry to the water and &
streamlined flow along the ship. As a result, resistance to motion is reduced to#
minimum. The stem is the most forward part of the ship and runs down to the keel

It is constructed in two parts—a bar stem from the keel to the load waterline and &

plate stem up to the deck. The plate stem usually rakes well forward providing
pleasing lines to the ship, an increased deck area and a readily collapsible region il
the event of a collision. The side shell plating is flared out to further increase the

Aanly avaa
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This arrangement also serves to deflect sea water and spray away from the ship in
peavy weather. The forward deck area or forecastle houses the windlasses and
winches required for anchor and mooring duties. The anchor chain is housed in a
chain locker beneath the forecastle. A bulbous bow may be fitted, i.e. a protrusion
pelow the waterline designed to reduce the ship’s resistance to motion.

¢ Girder Deck plating
Stiffener
Bracket Bracket
Head plate
|<#——— Pillar
(a)
Piltar Heel plate
\ﬁ/
Stiffener
(-
T Girder
(b)

Figure 5.21 Tubular pillar arrangements:
(a) pillar head connection; (b) pillar heel connection

Stem

The stem is the terminating point of the forward shell plating. It is made up of a
stem bar from the keel to the load waterline and a stiffened plate structure up to the
forecastle deck (Figure 5.22). The stem bar is a solid round bar which is welded to
the inside of the keep plate at the lower end. At its upper end the bar joins the stem’
plate. The shell plating is welded to either side of the stem bar.

The stem plate construction of curved plates is stiffened at intervals by
breasthooks which are small flange plates fitted horizontally (Figure 5.23). A
continuous bulb or flat bar stiffener may be fitted where the stem plate radius is
Considerable. Heavier than usual shell plating may be fitted at the stem plate region.
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Figure 5.22 Fore end construction
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Figure 5.23 Section through plate stem showing breasthook

Panting structure

Panting is an in-and-out movement of the shell plating resulting from the variations
of water pressure as waves pass along the hull and when the vessel pitches. Special
structural arrangements are necessary in the forward region of the ship to strengthen
the ship’s plating against this action. The structure must be strengthened for 15-20
per cent of the ship’s length from forward to the stem. This stiffening is made up of
horizontal side stringers, known as ‘panting stringers’, fitted at about 2 m intervals
below the lowest deck. Panting beams are fitted across the ship at alternate frame
spaces and are bracketed to the panting stringer. The intermediate frames are
connected to the panting stringer by brackets (Figures 5.24 and 5.25). A partial
wash bulkhead or a series of pillars is fitted on the centreline to further support the

Major Structural Items

tructure Perforated flats may be fitted instead of beams but these must not be more

(han 2.5 m apart. Perforations of at least 10 per cent of the plate area are required in
order 0 reduce water pressure on the flats.
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Figure 5.24 Transverse fore end section showing panting structure
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Bulbous bow

The  bulbous bow is fitted in an attempt to reduce the ship’s resistancg
Arrangements vary from a casting plated into the forward end to a fully radiuseg
plated structure, or in some cases a cylindrical shape plated into the forward eng,
The effectiveness of the arrangement is the subject of much discussion by
improved buoyancy forward is provided which will reduce the pitching of the ship
The construction shown in Figure 5.26 consists of a vertical plate web whig
stiffens the free edge of the breasthooks fitted right forward in the bulb. Deg
frames with panting beams are fitted at every frame space with a wash bulkhead o,
the centreline. The panting stringers consist of perforated plates running the fy]|

width and length of the bulb. Another vertical plate web joins the bulb to the for

end structure. A small stem casting connects the top of the bulb to the plate step,
above the load waterline. The numerous manholes cut into the structure permj
access to all parts of the bulb. The anchor and cable arrangements must ensure thy
the bulb is not fouled during any part of the operation.
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Figure 5.26 Bulbous bow construction
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anchors and cables

The forecastle deck houses the windlass or windlasses which raise and lower the
anchor and cable. Various items of mooring equipment, such as bollards, fairleads,
ofC., AT€ also arranged around the deck edge. The anchors are housed against the
forwafd side shell, sometimes in specially recessed pockets. The anchor cable

25S€S through the shell via the hawse pipe on to the forecastle deck. It travels over
the cable stopper and on to the windlass cable lifter drum. From the cable lifter it
Jrops vertically down into the chain locker below.

The main or bower anchors are usually of the stockless design in order to enable
the shank to be drawn fully into the hawse pipe. A typical stockless anchor is shown
in Figure 5.27. The entire head is able to pivot about the end of the shank. Thus
when the anchor strikes the sea bed the tripping palm chafes and causes the arms to
rotate and the flukes to dig in. If the recess in the head becomes choked with sea bed
material, the anchor may fail to trip and grip. It should, therefore, be washed and
checked after use.

t~—— Shank
Fluke
7’ /
)//
Arm
€ —)
‘—Xﬁf N
Tripping palm

Figure 5.27 Stockless anchor

The chain cable is made up of links of either forged mild steel or special quality
forged steel. The cable size is measured by the diameter of bar used for the links.
Studs are fitted across the centre of the links to prevent longitudinal stretching and
also prevent kinking of the chain. Cable is manufactured in lengths of 27.5 metres
called shackles and the various lengths are normally joined by a lugless shackle.

The lugless shackle is manufactured of nickel steel and is in four parts as shown
in Figure 5.28. The assembly is secured by a spile pin driven through the sides of
the link and the centre stud. The minimum diameter of the bar used is 1.25D, where
D is the size of the chain cable.

Anchors and cables are subjected to material tests determined by their weight

o7 [ L T [
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Stud

!

Spile pin

Figure 5.28 Lugless joining shackle
Hawse pipe

The hawse pipe is fitted to enable a smooth run of the anchor cable to the windlasg
and to maintain the watertight integrity of the forecastle (Figure 5.29). It should be of
ample size to pass the cable without snagging when raising or lowering the anchor,

Bow stopper

Anchor cable /

/ Doubling plate

Forecastle deck

—— Ship’s
side

= Anchor

Chafing
ring

r
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Construction is usually of thick plating which is attached to a doubling plate at

o forecastle deck and a reinforced strake of plating at the side shell. A rubbing or

;aﬁﬂg ring is also fitted at the outside shell. A sliding plate cover is shaped to fit
(c) ver the cable and close the opening when the ship is at sea.

cable stopper

The chain, cable or bow stopper is fitted on the forecastle deck in line with the run

 the anchor cable. It is used to hold the anchor cable in place while the ship is
fi Jing at anchor or the anchor is fully housed. In this way the windlass is freed and
isolated from any shocks or vibrations from the cable. The chain stopper is not
desigﬂed to stop the moving cable, but only hold it in place. One type is shown in
Figure 5.30 and consists of a fabricated structure of heavy plate with a roller which
the cable passes over. A hinged bar is designed to fall between two vertical links and
pold the cable in place. The chain stopper is welded or bolted on to a heavy insert
plate in the deck and is additionally stiffened by brackets.

windlass

The windlass is the lifting device for the anchor cables or chains and is also used for
mooring and winching duties. Various drums or barrels can be ‘clutched in’ to
perform the different duties. For raising the anchor, the cable lifting drum is engaged.
This is a barrel with specially shaped ‘snugs’ which the cable links fit into and
ass round before dropping into the chain locker via the spurling pipe. The anchor
cable is allowed to lower under its own weight with the lifting drum declutched,
while the brake band around it is used to control the speed of descent.

Chain locker

The chain locker is normally fitted forward of the collision bulkhead. It is of
dimensions adequate to house all the anchor cable and still leave a considerable
empty space above. Two lockers or a centrally divided single locker will be fitted for
the port and starboard anchor cables. The chain locker should be as low as
practicable to reduce the height of the centre of gravity of the considerable mass of
the cables. A perforated false floor or grating is fitted at the bottom to provide a
drainage well and keep the cable out of mud and water.

Figure 5.31 shows an arrangement of a chain locker. It consists of a plate
structure with vertical stiffeners around the outside. Plate webs which form part of
the ship’s internal structure are also utilised for stiffening. A raised perforated false
floor is fitted and supported by solid floors. The well thus formed is connected to the
bilge system and should be emptied every time the anchor is raised. The forecastle
deck forms the top of the locker with the spurling pipe at the centre. The spurling
Pipe is manufactured of heavy plate with a solid round bar as a chaffing ring on the
lower edge. Brackets radiate from the spurling pipe to the chain locker sides to
Stengthen the forecastle deck and the spurling pipe. A U-section plate welded to the
Side with footholes cut in provides access to the bottom of the chain locker from a
Watertight door at the upper deck. Provision is also made for securing the final link
of the anchor cable. The chain locker illustrated is one of a pair fitted port and
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Figure 5.31 Chain locker
£ clench cable assembly
i: \ ) / The final link of the anchor cable is secured to the ship’s structure by a clench pin.
€ e on most modern ships this pin is positioned on the outside of the chain locker and

can be released easily and quickly. A situation may arise where the safety of the ship
does not allow time to raise the anchor. By releasing the clench pin all the cable can
quickly pass out of the chain locker, leaving the ship free to proceed out of danger.
An arrangement is shown in Figure 5.32, where an insert heavy plate pocket is fitted
into the chain locker side with a vertical pin holding the final link of anchor cable. A
hand-wheel assembly on deck is used to raise the pin and release the link.

Side frame

Figure 5.30 Roller bow stopper
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Thrusters

A thruster is usually considered to be a device which assists in dockiy
manceuvring, or positioning of a vessel which is moving at a low speed. Some fo,
of propeller-type device is used to move water either freely or in a duct. Th,
propeller may be fixed or controllable pitch and complete unit may be retractable o
exposed, fixed in position or able to rotate (azimuth).

Probably the most common unit fitted on merchant vessels is the tunnel thruSter
using either a fixed pitch or a controllable pitch propeller. The fixed pitch unit woulg
require a reversible drive. A controllable pitch type thruster is shown in Figure 5.33
A non-rotating servo motor located in the gear housing is used to change the pitgj
of the propeller blades. The force on the servomotor piston is transmitted by 4
piston rod inside the propeller shaft to the crosshead and crank mechanism in the
hub. Water flow can thus be provided in either direction simply by changing the
blade pitch angle. Any non-reversing prime mover can therefore be used, eg y
single speed electric motor. The prime mover need not be stopped dun'ng
manceuvring operations since the blades can be placed at zero pitch when no thrug
is desired. The drive is obtained through a flexible drive shaft, couplings and bevyg|
gears. Special seals prevent any sea water leakage into the unit.

The complete assembly includes part of the athwartships tunnel through whic
water is directed to provide the thrust. Grids must be fitted at either end of the tunng|
and this can reduce the thrust to some extent. The actual tunnel location is usually
decided by model tests to ensure the minimum resistance when not in use. A tunng|
construction arrangement is shown in Figure 5.34.

Gill jet thrusters utilise a vertical axis propeller in a T-shaped tunnel. Water js
drawn in from both sides and leaves through the bottom of the hull. Rotatable gjj
fins direct the water in one of a number of fixed positions around a circle. The
hydrojet thruster has a similar arrangement but draws water in from below and
discharges it at the sides with vanes directing the thrust. Steering vanes in the
diverging liquid path can also be used to maximise the thrust to one side or the
other. Ducted jet thrusters operate somewhat similarly to a tunnel thruster excepl
that the duct is usually curved. This duct may be located either on the ship’s side o
the bottom shell and usually requires large openings.

An azimuth or rotating thruster usually consists of a ducted propeller which cai
rotate through 360°. The propeller may be fixed or controllable pitch. This unit i
particularly suited for dynamic positioning and some propulsion duties. When fitted
to ships, an azimuth thruster is usually retractable.

SECTION E: AFT END CONSTRUCTION

The aft end of a ship terminates the structure and is designed to provide a smootl
water flow into and away from the propeller. The propeller and rudder are also
positioned and supported at the after end and require certain structural arrangements
in order to operate satisfactorily. The after end construction involves an amount of
overhanging structure to accept the steering gear below deck and moorin
equipment higher up on the weather deck. This arrangement leads to larg
slamming forces in this after region, and an adequately stiffened structure 8

r
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Figure 5.33 Tunnel thruster unit
1. Tunnel section 13. Propeller shaft
2. Motor mounting stool 14. Propeller shaft thrust bearing
3. Input drive shaft 15. Spiral bevel wheel
4. Input drive shaft cartridge 16. Piston rod
5. Propeller shaft seal 17. Servo motor piston
6. Propeller blade 18. Servo motor cylinder head
7. Blade palm seal 19. Feed back linkage
8. Hub body 20. Servo motor cylinder
9. Crank pin ring 21. Servo motor end cover
10. Crosshead bearing housing 22. Spiral bevel pinion
I1. Taper roller thrust bearing 23. Drive shaft taper roller bearing
12. Crosshead 24. Gear housing

Two main types of stern construction have been used to date—the cruiser stern
and the transom stern. The cruiser stern is rarely used in modern construction but it
i still to be seen in a large proportion of the ships at sea. The transom stern, with its
Straight line form, lends itself well to current manufacturing techniques. It also
Provides a greater deck area aft and is currently much used for a variety of ship types.
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Figure 5.34 Bow thruster tunnel

Cruiser stern

The construction of the cruiser stern (Figure 5.35) ensures adequate resistance
any pounding stresses which may occur. Solid plate floors are fitted at every frap
space and a heavy centreline girder is fitted below each of the decks in the stern,
centreline web as a continuation of the centreline girder is fitted at the after end sheﬁi
plate and runs down to the centreline girder in the flooring region. Special framg
are radiused around the after end and are known as ‘cant frames’, since they are ¢
at an angle to the centreline of the ship. These cant frames join cant beams whig

support the deck at the radiused after end. Horizontal stringers may also be fitted ﬂ
stiffen up the structure by connecting it to the transverse frames further forward,

Transom stern

Deep solid-plate floors are also a feature of the transom stern construction, togethe
with a centreline girder (Figure 5.36). The flat plate of the transom ste
construction, however, allows use of vertical stiffeners around the shell plating.
vertical stiffeners are bracketed to the floor and to the deck beams which
transversely across the stern. A deep horizontal stringer can provide addition
stiffening to the shell plating if required. A deep centre girder runs beneath each
the decks at the stern and is bracketed to the deep web at the centreline of the aff
shell plating. This web is likewise bracketed to the various floors in the stern
finally to the solid-plate floor construction below.

Rudder trunk

The rudder trunk is an open section which is left in the stern for the entry of
rudder stock into the steering flat (Figure 5.36). A horizontal platform is sometimé
fitted midway up the trunk to fit a watertight gland. The trunking above is thed
constructed to be watertight and access to this upper section and the gland ¥
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Figure 5.35 Cruiser stern

Sternframe

The shell plating at the after end is terminated by the sternframe (Figure 5.36). This
is usually a casting, but fabrications and forgings are sometimes used. In single-
screw ships the sternframe has a boss on the centreline for the tailshaft to pass
through and an adequate aperture is provided for the propeller to operate in. If
Sufficient clearance at the blade tips were not allowed then serious vibrations would
be set up in the after end of the ship. The lower part of the sternframe may provide a
support for the rudder post or an overhanging section may provide gudgeons for the
fudder pintles. Figures 5.43, 5.44 and 5.45 show different arrangements. Various

Sections of the sternframe, particularly above the arch, provide connecting points to
the individnal flanre of the after end conctmetion The trancom nost and vibration
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post are two particular connections (Figure 5.36). Sound connections at these Poip,
ensure that propeller-induced vibrations are kept to a minimum. Twin-screw shi
have a sternframe which is only required to support the rudder pintles and is thy
much reduced in size. Larger sternframes, particularly those of cast constructj,
are manufactured in two parts with provision made for bolting together and, afy
careful alignment, welding at the suitably prepared joint. ‘

Centre girder

Poop deck
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Upper deck
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j post Steering
/ ) flat
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. Stern frame
Transom stern, looking forward

Figure 5.36 Transom stern

A-brackets and bossings

Twin-screw vessels with their shafts set away from the centreline require support for
the shaft overhang as it leaves the shell. Bossings are often used to increase the
vessel’s width and allow the shafts to remain within the hull while still retaining &
streamlined flow of water to the propellers. The shafting is protected and interndl
inspection is possible with this arrangement. These bossings are symmetrical abol
the ship’s centreline and give rise to the term ‘spectacle frame’ because of theil
appearance from aft of the vessel (Figure 5.37). Some modern constructions makeé
use of A-brackets set out from the hull to support the shafts (Figure 5.38). The findl
A-bracket in addition to acting as a bearing, must support the weight of the propellet

r

Both bossings and A-frames are led into the stern and solidly built into the

E/eyaliaﬂ,
Jooking aft

Plan view

Major Structural Items

Line of plating

Figure 5.37 Cast spectacle frame

Tank top

Floor Palm

Palm .
\ Longitudinal

Floor girder

N

\
000

0 |

A

T
|
I
|
|
1
!
I

i

|

|

|

i

3 g i
\ ek
Shell plating

t—— Strut

Boss

Fiouro 5§ IR A_Rvacrkot

A-Bracket
buiit into
structure



Major Structural ltems Meajor Structural Items

Sterntubes

The propeller shaft enters the ship through the sterntube which acts as the fip,
bearing and a watertight seal to the sea. Traditional practice saw the use of lignu:
vite and certain synthetic materials as bearing surfaces within the sterntube a

these were lubricated by sea water. The increased loadings, as a result of slow Speep. e
shafts and heavier propellers on more modern ships, has led to the widespreaq U r‘M /

of oil-lubricated whitemetal bearings. With this arrangement wear down in ser\,iq‘ .
is much reduced but there is a need for more accurate alignment and for sea]g, i
each end of the gterntube. An oil-lubricated sterntube arrangement is showp i P
Figure 5.39. ‘ 4 ;J

T

Aftermost bearing (whitemetal lined both top and bottom)

Tk
b

Propellers |

A propeller consists of a boss which has several helicoidal form blades. Whe,
rotated it ‘screws’ or thrusts its way through the water by giving momentum to the
column of water passing through it. The thrust is transmitted along the shafting
the thrust block and finally to the ship’s structure. The thrust block must therefo,
have a rigid seating or framework which is integrated into the ship’s structure 1 [
absorb the thrust. The propeller will usually be either of the fixed pitch
controllable pitch type. In addition some special designs and arrangements are i
use which offer particular advantages.

Forward seal

Fixed pitch propeller

Although described as fixed pitch, a solid single-piece cast propeller has a pitel
which varies with increasing radius from the boss. The pitch at any particular pojy
on a blade is however fixed and an average value for the complete propeller is usgl
in all calculations. A fixed pitch propeller is shown in Figure 5.40, where most (|
the terms used in describing the geometrical features are also given. It should fy
noted that the face is the surface farthest from the stern and is the ‘working” surfac
A cone is fitted to the boss to provide a smooth flow of water away from the
propeller. A propeller which rotates clockwise, when viewed from aft, is considerel
to be right-handed. Most single-screw ships have right-handed propellers. A twii
screw ship will usually have a right-handed starboard propeller and a left-handel
port propeller.

Cavitation is the forming and bursting of vapour filled cavities or bubbles anl
occurs as a result of certain pressure variations on the back of a propeller blade. Th
results of this phenomenon are a loss of thrust, erosion of the blade surface
vibrations in the afterbody of the ship and noise. It is usually limited to high-speed
heavily loaded propellers and is not a problem under normal operating condition’
with a well-designed propeller.

The propeller, when turning in the ship’s wake, is a potential source of vibratiol
excitation. To some extent this can be minimised by having the leading edg®
skewed back. Skew back is an advantage when the propeller is working in a varyifl
wake as not all the blade is affected at the same time. Variations in the thrust an
torque are therefore smoothed out. Since the vibrations are blade excited, then (¢
number of blades is significant and determines the vibration frequency. Whef

SN | N - 11

Figure 5.39 Oil-lubricated sterntube

Rope guard

Whitemetal lined bush direct into sternframe
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Figure 5.40 Fixed pitch propeller
Propeller mounting

The propeller is fitted onto a taper on the tailshaft and a key may be inserty
between the two; alternatively a keyless arrangement may be used. A large nut j;
fastened and locked in place on the end of the tailshaft. A cone is then bolted oy
the end of the tailshaft to provide a smooth flow of water from the propeller.

One method of keyless propeller fitting is the oil injection system. The propellg
bore is machined with a series of axial and circumferential grooves. High-pressure gj
is injected between the tapered section of the tailshaft and the propeller. This reduce
the friction between the two parts and the propeller is pushed up the shaft taper by
hydraulic jacking ring. Once the propeller is positioned, the oil pressure is releasg
and the oil runs back leaving the shaft and propeller securely fastened together.

The pilgrim nut is -a patented device which provides a predetermined frictiong
grip between the propeller and its shaft. With this arrangement the engine torque
may be transmitted without loading the key (where fitted). The pilgrim nut is, ii
effect, a threaded hydraulic jack which is screwed onto the tailshaft (see Figum
5.41). A steel ring receives thrust from a hydraulically pressurised nitrile rubbgs
tyre. This thrust is applied to the propeller to force it onto the tapered tailshaft
Propeller removal is achieved by reversing the Pilgrim Nut and using a withdrawa
plate which is fastened to the propeller boss by studs. When the tyre is pressured th
propeller is drawn off the taper. Assembly and withdrawal are shown in Figure 541

Controllable-pitch propellers

A controllable-pitch propeller is made up of a boss with separate blades mounted
into it. An internal mechanism enables the blades to be moved simultaneousl)
through an arc to change the pitch angle and therefore the pitch. A typic
arrangement is shown in Figure 5.42.

When a pitch demand signal is received, a spool valve is operated which controlt
the supply of low pressure oil to the auxiliary servo-motor. This moves the slidiné
thrust block assembly to position the valve rod which extends into the propeller hul!

T
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ne valve rod admits high pressure oil into one side or the other of the main servo-

otor cylinder. The cylinder movement is transferred by a crankpin and ring to the
rOpeller blades. The propeller blades rotate together until the feed-back signal
palances the demand signal and the low pressure oil to the auxiliary servo-motor is
gt off. To enable emergency control of propeller pitch in the event of loss of power,
e spool valves can be operated by hand. The oil pumps are shaft driven.

The control mechanism, which is usually hydraulic, passes through the tailshaft
and operation is from the bridge. Varying the pitch will vary the thrust provided and
gnce a Zero pitch position exists the engine shaft may turn continuously. The
plades may rotate to provide astern thrust and therefore the engine does not require
o be reversed.

Assemble

<«— Propeller boss

Seal ?l;tance Hydraulic
Connecting ML connection
stem Seal

S oy
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Figure 5.41 Pilgrim nut operation



Figure 5.42 Controllable pitch propeller
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SpeCia' types

qumber of specialised arrangements or types of propeller exist and have
‘arﬁcular advantages or applications. The Voith-Schneider propeller is a vertically-
Hfating device. The blades are vertically positioned around a disc and can be
rated Dy cams in order to change the blade angle at a particular point in each
l. Volution. This results in a thrust whose magnitude and direction is determined by
166 cams. Itis, therefore, in some respects similar to a controllable-pitch propeller in
nat the disc is driven and the blades can be positioned independently of the main
Jrive: This unit can effectively thrust in any direction and will respond rapidly to the
itch control mechanism. The complete assembly is unfortunately complex, noisy
in operation and considerable maintenance is necessary. It is often used for main

ropulsion in ferries and vessels requiring considerable manceuvrability. It may also
pe used as a thruster or propulsion device for drill ships or floating cranes which
jequire accurate positioning.

The use of a duct or nozzle around the propeller can result in an improvement of
the propeller performance. Furthermore the aerofoil shape of the duct can produce a
jorward thrust which will offset any drag it creates. The duct also protects the

ropeller from damage and reduces noise. It is usually fitted on ships with heavily
Joaded propellers, e.g. tugs, and has been used on larger vessels. One particular
patented design of duct is known as the Kort Nozzle.

The CLT (Formerly TVF) propeller is a recent special design which results in
much improved propeller efficiency. The blade tips are fitted with pieces at right
angles to the plane of rotation. The initial impression is that the blade edges have
peen bent over towards the face, i.e. away from the ship. The attachments at the
blade tips serve to generate thrust across the whole propeller blade and thus improve
the propeller efficiency. A nozzle surrounds the propeller and a tunnel structure
under the stern on either side is used to direct the incoming flow of water.

The Grim Wheel or vane wheel is mounted aft of the main propeller and is larger
in diameter. It is a freely rotating propeller with high aspect ratio blades which vary
from a coarse pitch at the boss to a very fine pitch at the tip. The wheel is rotated by,
and extracts energy from, the propeller slipstream and produces an additional thrust
from the tip region of its blades.

The contra-rotating propeller uses two driven propellers which rotate in opposite
directions. A special gearbox and shafting arrangement enables a single engine to
drive the two propellers. Significant efficiency gains have been achieved by the first
unit which was fitted to a bulk carrier.

Propeller boss cap fins convert the propeller hub vortex energy into additional
lorque and thrust which is transmitted back to the propeller shaft. The boss cap with
its short blades is fixed to the main propeller boss.

Rudders

The rudder is used to steer the ship. The turning action is largely dependent on the
drea of the rudder, which is usually of the order of one-sixtieth to one-seventieth of
the length x depth of the ship. The ratio of the depth to width of a rudder is known

Atha e a0 et a1l tou LA
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Streamlined rudders of a double-plate construction are fitted to all modern s;

and are further described by the arrangement about their axis. A rudder with g Line of

its area aft of the turning axis is known as ‘unbalanced’ (Figure 5.43). A rudder Wi srlneu N

a small part of its area forward of the turning axis is known as ‘semi- balanCe(i piaiing ‘

(Figure 5.44). When more than 25 per cent of the rudder area is forward of o 00 b L e Stermt
‘} ternframe

turning axis there is no torque on the rudder stock at certain angles and such a Budder ! !
%  nRuQger & __ _ _ 1 '

arrangement is therefore known as a ‘balanced rudder’ (Figure 5.45). lifting =Q)!
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Modern rudders are constructed with steel plate sides welded to an internd == ="== ST T
webbed framework. Integral with the internal framework may be heavy forging I I I Iy

which form the gudgeons or bearing housings of the rudder. The upper face of tht s e i ' | =
rudder is fgrmed into a, usually, horizontal flat palm which acts as the coupliff I I | ﬂ‘ll._

point for the rudder stock. A lifting hole is provided in the rudder to enable —=T == “—= /‘ /‘

vertical in-line lift of the rudder when it is being fitted or removed. A special lifting = et

bar with eye plates is used to lift the rudder. A fashion or eddy plate can be seend

the forward edge on the unbalanced and semi-balanced rudders shown in Figui® Drain ,,|ug/ﬂ

Horizontal web
e
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’

This is welded in place after the rudder is fitted to provide a streamlined water flo
into the rudder. After manufacture, every rudder is air tested to a pressure equivalen[
to a head of 2.45 m above the top of the rudder in order to ensure its watertigy
integrity. The internal surfaces are usually coated with bitumen, or some simily
coating, to protect the metal should the plating leak. A drain hole is provided at the
bottom of the rudder to check for water entry when the ship is examined in drydoc

Rudder pintles and bearings

The rudder, depending on its type and arrangement, will turn on either pintles o
bearings.

The balanced rudder in Figure 5.36 has a rudder axle fitted at its turning axjg
Upper and lower bearings are fitted in the rudder, as shown in Figure 5.46. T,
bearing consists of a stainless steel bush in the rudder and a stainless steel liner g
the axle. The stainless steel bush is spirally grooved to permit lubrication. Othg
materials are in use, such as gunmetal for the liner and lignum vita or tufnol for th
bush. The upper and lower pair of tapered bearing rings are fitted between th
rudder and the sternframe. These are fitted with a small clearance but may suppoy
the weight of the rudder should the carrier fail.

T
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of the rudder in the event of the rudder carrier failing. Both types of pintle are
hoW“ in Figure 5.43. Liners of brass or sometimes stainless steel are fitted to the
intle bearing surface. The bearing material is held in a cage in the gudeon and is
leua]ly tufnol or some hard- wearing synthetic material. Lubrication is provided by .
qca water which is free to circulate around the bearing surfaces of both pintles.

Rudder stock and carrier

The stock passes through a gland and a rudder carrier before entering the steering
compartment. The gland and carrier may be combined or separate items of
equipment.

The rudder carrier consists of two halves which provide an upper and lower
pearing surface (Figure 5.47). The upper part of the rudder carrier is keyed to the
stock so that they turn together. The major part of the rudder’s weight is transferred
1o the rudder carrier by either a shoulder, as part of the stock forging, or a collar
ftted between the tiller and the carrier. The rudder weight is thus transferred to the
jower bearing surface of the carrier which is grease lubricated. A flat or conical
pearing surface may be used depending on the particular design. The lower half of
the carrier is bolted into a heavy insert plate in the deck of the steering flat and is
chocked against fore and aft and athwartships movement.
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.. Sternframe {iner Rudder
‘ fshrunk v axle
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bush | or b - steel
N\ jumping bar e 7 s
Rudder K ‘ "[ ;
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ring Locknut Stop \

Sternframe
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Figure 5.46 Axle-bearing arrangements: (a) upper bearing arrangement;
(b) lower bearing arrangement

The semi-balanced rudder shown in Figure 5.44 turns on pintles. Arrangements
vary but the pintle consists of a bearing length of constant diameter and a tapered
length which is drawn into a similarly tapered hole on the rudder or sternfram
gudgeon. The pintle is drawn in by a large nut pulling on the threaded portion of the
pintle. The pintle nut is securely locked in place after tightening. A locking pintle
has a shoulder of increased diameter at its lower end which prevents excessive lift of
the rudder. A bearing or heel pintle has a bearing surface at its lower edge WhIC‘h

Stock
/
< Cone
ol »

Packing __ — Gland ring

ey Deck

Bearing faces
/ Base
- Keyway

Figure 5.47 Rudder carrier

A separate watertight gland is often fitted where the stock enters the rudder
unk. This arrangement provides access to a greater length of the rudder stock,
'*moves the need for a watertight construction of the carrier bearing and reduces the
Pnﬁupponed length of the stock (Figure 5.48). A combined type of watertight gland
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Figure 5.48 Watertight gland for rudder stock

It is essential for ease of operation of the rudder that the pintles and rudder stock
turning axes are in the same vertical line. Great care must be taken during
installation to ensure this correct alignment.
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geCTION F: SUPERSTRUCTURES AND ACCOMMODATION

pe superstructure is that part of the ship’s structure built above the uppermost
complete deck and is the full width of the ship. Deckhouses are smaller structures
ot extending the full width and one or more storeys high. They may be built on to
(he superstructure or at the base of masts, etc. The construction of superstructures
and deckhouses uses frames, plating, girders and brackets in a similar manner to the
pull, but of smaller scantlings. However, superstructures extending 15 per cent of
the ship’s length are considered to contribute to the longitudinal strength of the ship.
As such, they must have equivalent scantlings and strength to the main hull.

The most forward section of the superstructure is known as the ‘forecastle’. Any
section of the superstructure around the midships region of the ship is referred to as
a ‘bridge structure’. The deck area aft is known as the ‘poop’ and any superstructure
]ocated aft is likewise known. A raised quarter deck is a weather deck extending for
some portion of the ship’s length from aft and is positioned above the upper deck.
Most modern ships have most of the superstructure and accommodation situated aft
above the machinery space. The superstructure and deckhouses usually total four or
five storeys. Most of this space, excluding that lost to the machinery casing, is used
for crew accommodation.

Forecastle

All ships must be fitted with a forecastle or an arrangement to provide a minimum
pow height, as defined in classification society rules. It is usual to fit forecastles, and
where this is done they must extend from the stem a distance 0.07 L aft (where L is
the freeboard length). The side plating of the forecastle, being a continuation of the
shell plating, is thicker than the end plating. Adequate arrangements for stiffening of
the forecastle plating must be provided.

Bridge structure

Where a bridge structure exceeds 15 per cent of the ship’s length, the side plating
thickness must be increased by 25 per cent above that of other superstructures. A
heavily plated bridge front is required with the after end plating somewhat lighter.
Stiffener scantlings will likewise be increased at the forward end and reduced at the
after end. Web frames or partial bulkheads must be fitted to support structure above,
particularly at the corners of deckhouses above. House tops or decks in way of
davits must be strengthened and supported from below.

Poop structure

The poop front must be adequately plated and stiffened as for the bridge front. The
internal stiffening will include webs and partial bulkheads as required, particularly
Where deckhouses are located above. The after end of the poop, being exposed,
'equires a more substantial construction than that of the aft ends of other structures.
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Raised quarter deck

The raised quarter deck results in a greater depth of ship over its length. Increaseq P
scantlings must therefore be provided for the frames, shell, deck plating and beamg bulb plate

: : ; Flanged
Structures may be built on to the raised quarter deck as already described. st

bracket

Discontinuities Shell piating
The ends of superstructures represent major discontinuities in the structure of thg
ship. Longer structures such as bridges and forecastles require considerabjg
strengthening at the ends. Classification society rules require the upper deck
sheerstrake thickness to be increased by 20 per cent, except where the structure dogg
not extend to the side shell. Deck plating at superstructure ends is also increased iy
thickness. Side plating forming part of the superstructure is well radiused at the
ends towards the side shell (Figure 5.50).

Forecastle
Upper deck - deck

Watertight opening and doors

Where doors are fitted into structures above the freeboard deck they must be of
adequate strength and able to maintain the watertight integrity of the structure. The —_———————— ——

openings have radiused corners to reduce the stress effects of the discontinuity. A " " Upper deck
substantial framing is also fitted or additional stiffening to retain the strength of the

structure. Doors fitted to the openings are of steel suitably stiffened, with a rubber
gasket fitted to effect watertightness. The doors have securing clips or ‘dogs’ which
can be operated from either side. The dogs fasten on wedges which pull the frame
edge into the gasket, sealing the door shut. Details of the door construction and Offset bulb

closing arrangements are shown in Figures 5.51-5.53. = plate
% Shell

Accommodation plating - [ Flanges

. . : . _ brack
The superstructure will comprise several storeys of cabins, public rooms, offices, racket
navigation areas and machinery rooms. A typical arrangement of cabins and rooms
is shown in Figure 5.54. Stiffened steel bulkheads are used to support the structure Upper deck
above and provide subdivision for fire containment (see Chapter 11). Intermediate
partitions are used to create individual cabins. Plastic laminates either side of a fire Poop deck
resisting material core are used for the partitions. They are set into U-section light-

plate channels at the deck and the ceilings, as shown in Figure 5.55(a) and (b).
Ceiling panels are fitted on to wood grounds or battens between the partitions.
Typical floor coverings comprise a bituminous coating with vinyl tiles fitted 0
provide an easily cleaned hardwearing surface.

Coaming strips are fitted at the edges to complete the arrangement. The cabins
are provided with various arrangements of built-in furniture and fittings for crew
comfort, as shown in Figure 5.56.

Upper deck

Figure 5.50 Discontinuities. (a) forecastle deck plating break;
(b) poop deck plating break
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6 Minor Structural Iltems

Minor structural items are now considered which, while not contributing greatly "
the strength of the vessel, can nevertheless be considerable in size and ha\'e
requirements for strength in themselves.

Funnel

The funnel is a surround and support for the various uptakes which ensure the
dispersion of exhaust gases into the atmosphere and away from the ship. The shapg
of the funnel is sometimes determined by the shipowner’s requirements but moy,
often by smoke-clearing arrangements and the need for streamlining to redugg
resistance. The owner’s housemark or trademark is often carried on the outside of
the funnel structure.

The funnel is constructed of steel plating stiffened internally by angle bars of fly
p’l'atesﬁtted end on (Figure 6.1). Brackets are fitted at the stiffener connections to the
deck and the plating of the funnel is fully welded to the deck. A base plate may by
fitted between' the funnel plating and the deck. Internal flats are fitted to the funng
and are made watertight with scupper drains to collect any rainwater. The number of
" flats fitted is dépeﬁdent upon the height of the funnel. The various main engine anq
'auxi-liary' uptakes are fitted within the funnel casing, usually on sliding feet to permyj
expansion. Songe uptakes are arranged to stand proud of the funnel casing.

In the funnel shown in Figure 6.1 ventilation louvres are fitted on the after end
below the upper rainflat. These louvres disperse the exhausts from the various
ventilators“led up the funnel. Fire flaps are fitted in the airtight flat beneath these
" ventilators'and are used to shut off the air outlet from the engine room in the event of
a fire. A hinged watertight door is fitted in the funnel leading out on to the deck upon

which the funnel stands. Holes or grilles are cut into the forward face of the funnel

towards the top, and the whistle is fitted on a small seat just aft of the opening.
Ladders and platforms are also provided inside the funnel for access purposes.
Lugs are fitted around the outside top shell plating to permit painting of the funnel.

Engine casing

The accommodation or upper deck spaces are separated from the engine room or
machinery spaces by the engine casing. Access doors are provided at suitable levels
between the engine casing and the accommodation. The volume enclosed by the
casing is made as small as possible but of sufficient dimensions to allow
maintenance and machinery removal from the engine room. The casing leads up to
the upper decks, finishing below the funnel. Fresh air is drawn in through jalousies
or louvres in small fan rooms off the casing and passes down trunking into the
engine room. The hot air rises up the engine room into the casing and out of the
funnel at the top.

The construction of a typical engine casing is shown in Figure 6.2. The casing i
a lightly plated structure with closely spaced vertical stiffeners. These bulb plate or
angle bar stiffeners are fitted on the machinery room side of the casing to ensure
continuity. Swedged or corrugated bulkheads could also be used for the casing

Minor Structural ltems

ides- Stringers and brackets are fitted at various heights, where no flats exist, to
sides

¢ ther strengthen the structure.
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Figure 6.1 Funnel

The casing sides are also used to support seats for certain auxiliaries and as
securing points for pipe clips or hangars. The casing is supported on a deep girder
running around the engine room. This deep girder is in turn supported by the pillars,
transverse and bulkheads of the engine room structure (see Figure 6.2).

The casing top is of stiffened plate construction, with deep girders and brackets
around the openings for the uptakes. Heavy brackets connect the transverse beams
to the vertical stiffeners. This arrangement ensures adequate support for the funnel,
which sits on the casing top.

Shaft tunnel

Where a ship’s machinery space is not right aft an enclosed area or tunnel is
provided to lead the shafting to the after peak bulkhead. The tunnel must be of
Watertight construction to provide integrity should the shaft seal cease to operate
Correctly. The forward end of the tunnel is fitted with a sliding watertight door to
seal off the tunnel if necessary. The tunnel is made of sufficient proportions to
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Figure 6.3 Shaft tunnels: (a) curved-roof type; (b) flat-roof type
Bulwarks

Iwarks are barriers fitted to the deck edge to protect passengers and cre\]iv and
Bli)id the loss of items overboard should the ship roll exces:sw.ely. Bul\war S a;e
d:)/nsidered solid or open—the solid type being constructed principally of plate, the
C .
open type being railings, Figure 6.4(a).
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Figure 6.4 Bulwarks: (a) open bulwark or railing;
(b) arrangement of 'floating’ bulwark
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The bulwark makes no contribution to longitudinal strength and as such, in the
solid form, is of relatively thin plate supported by stays from the deck. The stays apg
set back from the deck edge and must not be welded to the sheerstrake. This avoig
the high stresses, particularly at the midships section, being transmitted to the
bulwarks and possible cracking occurring.

Where the solid bulwark meets the deck, freeing ports must be fitted to allow the
rapid drainage of any water shipped, which could seriously affect the stability of th,
ship. sometimes a ‘floating’ type of construction is used to provide a continuoyg
freeing port area, Figure 6.4(b). The depth of the freeing port must be restricted to
230 mm.

Open bulwarks consist of rails and stanchions supported by stays which agaip
are set back from the deck edge. The lower rail spacing must be a maximum of 230
mm, whereas the rails above may have a maximum spacing of 380 mm.

Bulwarks of both types are usually 1 m in height. Bulwark plating, particularly
in the forecastle region, is increased in thickness where it is penetrated by mooring
fittings.

Deep tanks

Deep tanks are fitted in some ships for the carriage of bunker oil, ballast water or
liquid cargoes such as tallow. The entrance to the deep tank from the deck is often Vvia
a large oiltight hatch; this enables the loading of bulk or general cargoes if required,
A deep tank is smaller than a cargo hold and of a much stronger construction. Hold
bulkheads may distort under the head of water if flooded, say in a collision,
However, deep tank bulkheads which may be subjected to a constant head of oil of
water must not deflect at all. The deep tank construction therefore employs strong
webs, stringer plates and girders, fitted as closely spaced horizontal and vertical
frames. Wash bulkheads may be fitted in larger deep tanks to reduce surging of the
liquid carried. Deep tanks used for bunker tanks must have wash bulkheads if they
extend the width of the ship, to reduce free surface effects of the liquid.

The construction of a deep tank used for bunker oil is shown in Figure 6.5.

The tank is one of two and extends for half the width of the ship. The strakes of

plating which form the oiltight bulkheads of the tank increase in thickness towards the
bottom of the tank where the loading is greatest. The after oiltight bulkhead is
stiffened by closely spaced vertical bulb plates. The forward oiltight bulkhead is
stiffened externally by a series of diaphragm plates. The diaphragm plates form a
cofferdam between the bunker tank and the oiltight bulkhead of the cargo hold
forward.

Three horizontal stringers are fitted across the tank, a transverse wash bulkhead
and a longitudinal wash bulkhead. The stringers are bracketed to the stiffeners at the
tank sides and to the wash bulkheads which they join. The whole structure is
therefore stiffened by a series of deep ‘ring’ girders in both a horizontal and vertical
direction. A very strong structure is thus formed with considerable restrictions to
liquid movement within the tank.

Corrugated or swedged bulkheads may be fitted to deep tanks, particularly those
intended for liquid cargoes which require the tank to be cleaned. Conventional
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ycilitate cleaning. Heating coils may be fitted in tanks intended for cargoes such as
glloW- Deep tanks must be tested on completion by a head of water equivalent to
(heir maximum service condition or not less than 2.44 m above the crown of the tank.

Oilught \
Oiltght deck
iy bulkhead Oiltight
Shell plating — N bulkhead
/ \ Stringer plate
| r~ N
7 A A Stringer plate
ransverse
wash O
bulkhead Stringer plate
k Longitudinal [ ) l Stringer plate
wash bulkhead ( J —
Oilught )O
butkhead SRS
Double bottom
e
(a) (b}

Figure 6.5 Deep tank: (a) plan view; (b) elevation looking outboard

Machinery seats

Main engines, auxiliary machinery and associated items of equipment are fastened
down on a rigid framework known as a seating or seat. These seats are of plate,
angle and bulb construction and act as a rigid platform for the equipment. They are
welded directly to the deck or structure beneath, usually in line with the stiffening.
The seat is designed to spread the concentrated load over the supporting structure of
the ship. It may be extended to the adjacent structure or additional stiffening may be
supplied in way of the seat. Steel chocks are often fitted between the seat and the
machinery item to enable a certain amount of fitting to take place and ensure a solid
‘bed’. The item can then be bolted down to the seat without penetrating the double
bottom or deck below.

Seats in the machinery space also serve as platforms to raise the pumps, coolers,
etc., to the floorplate level for easier access and maintenance. A typical pump
seating as used in an engine room is shown in Figure 6.6. It is constructed of steel
plate in a box-type arrangement for rigidity. A shell-mounted seating is shown in
Figure 6.7. *

Sea tubes and inlet boxes

Most valves having a direct inlet or outlet to the sea are mounted on a sea tube
Which is fitted into the shell. A sea tube is a thick-walled steel tube with a flange on
the inboard side which is machined flat to form a watertight joint with the valve.
The tube is let into the lower side or bottom shell and fully welded inside and out
(Figure 6.8(a)).
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A number of sea tubes may be fitted into inlet boxes which are usually fitted in
Seating top plate ¢ forward corners of the engine room below the waterline. a box-like structure is
|4 -ited to the shell and opens to the sea through one or more holes with grids fitted.
everal sea tubes can be let into this box, or valves can be mounted on to flanges
welded directly to the inlet box (Figure 6.8(b)).
Flateibracket The sea tubes or inlet boxes also serve to strengthen the shell plating around the

discontinuity resulting from the hole in the shell.
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Figure 6.8 Sea water inlet arrangements: (a) sea tubes; (b) sea inlet box.
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7 Outfit

Outfit items are usually equipment used in the operation of the ship and certajy
pumping and piping systems. This chapter also examines thermal and acousfj,
insulation.

Hatch covers

Hatch covers are used to make the cargo hatch watertight, protect the cargo ang
stiffen up the structure of the hatch opening. A variety of designs are Useq
depending upon the type of vessel. All are steel structures with various opening ang
closing arrangements to ensure watertightness. Hatch covers fit on top of hatey
coamings, which have been described in Chapter 5. The height of weather degy
coamings are determined by the Loadline rules (see Chapter 11). Tween degy
coamings are set flush or almost flush with the deck, to reduce interference wigy
cargo stowage in this area.

Patented steel hatch covers of a variety of designs are available from severy|
manufacturers. Most designs employ a number of self-supporting steel covey
which completely enclose the hatch opening. Opening and closing arrangements o,
general cargo or multi-purpose vessels may utilise a ‘single pull’ via a winch wig
or hydraulic or electric power. Bulk carriers often employ side rolling hatch cover,
while container ships have lift-off covers.

A MacGregor folding hatch cover arrangement, suitable for a general cargg
vessel, is shown in Figure 7.1. The separate sections are either hinged or joine(
together by chains. The hatch covers can be closed or opened by hydraulic power of
a winch-operated single wire pull. A trackway is formed for the hatch rollers by g
platform on top of the coaming. A vertical plate is positioned each side of the
coaming at the stowing end of the hatch on the coaming trackway. The upper rollers
on the hatch cover ride up on this plate and the cover then tips into the vertical
position. The covers are thus compactly stowed, clear of the hatch opening. The hatch
covers run on eccentric rollers which act as wheels in the raised position and are clear
of the coaming in the lowered position, to enable the covers to be fastened down.

Upper roller

Hatch coaming

Chain connecting
hatch sections

Fioure 7 1 Mar(Greoor <teel hateh cover

Outfit

Covers are made of fabricated steel plate with stiffeners or webs to strengthen
e structure. The ends of the covers overlap in the closed position. Grooves fitted
ith compressible packing surround the outside edges of the covers. When the
Lovers are fastened down by cleats onto a raised edge on the coaming, a watertight

al is formed. The athwartships joints between the covers are also provided with

aling arrangements.
1 side or end rolling hatch covers are used on dry bulk carriers and when used on
Ore/Bulk/Oﬂ or Ore/Oil carriers they must also withstand internal liquid loads. Side
olling hatch covers stow in the transverse position, while end rolling types are
towed at the ends of the hatches. Rolling covers are lifted to a rolling position and
moved using either a rack and pinion, or a rack and pinion and wire/chains. A single
anel can be moved onto one side of the vessel, or twin panels can be moved to have
one each side. Hatch coamings will deform, both in harbour and at sea, and open
web structures are used for the hatch cover to enable the torsion of the coaming to
pe followed and watertightness maintained. A twin-panel arrangement is shown in
Figure 7.2. The cover is opened by first unlocking the cleats and using the hydraulic
wheel lifters to raise the panels into their rolling position. The rack and pinion, rack-
wire or chain arrangement is then used to open the panels.

Wi

panel closed Panel raised and rolled open

LI

{ l i.»
ul'ﬂ“ ’

Quick acting cleats O

Rack and pinion drive

Centring device
" Quick acting cleats

Optional hydraufic cleats Hydraulic pot lift

|
Stowage rail
(detachable, if required)

Compression bar

Hydraulic motor
flexibly mounted to
the foundation

Figure 7.2 Side rolling twin panel hatch covers

Container ships, and some dry bulk carriers, use lift-away hatch covers on the
Weatherdeck. These may be single panels for a single or multiple openings
dthwartships, or multi-panel covers with longitudinal or transverse joints. A lift-
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are removed by lifting tackle or a spreader, using either the ship’s or a shore-baSe
crane. Panels may be stacked on the ship or on shore. The removal or replacemg

of the covers may be sequential, or non-sequential, depending upon the Crog,
jointing arrangement selected. A sequence cross joint requires the covers to be ﬁtte\
or removed in a specific order. Hydraulically or manually operated swing seals, o
pneumatically operated seals, permit non-sequential operations. The pneumaticanv
operated OMEGA seal is inflated and opens the seal prior to lifting. The vari()u'\
forms of seal are shown in Figure 7.4. ‘

Container foundation

Container Guides

Device for
container lashing

Lifting device for
container spreader

Guiding device -

Hold

Sequence joint

Swing seal. hydraulic Omega joint
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gealing between these larger hatch covers and the coaming is usually achieved
sing sliding rubber packing fitted into the panels and tightened against the top of
he coaming by cleats. Where relative movements between the hatch cover and
{Oammg are small, a compression bar on top of the coaming can be used. Where
. qrge heavy hatch covers are fitted and increased relative movements occur, special
oW friction sliding (Unipad) or non-sliding flexible replacement pads (Flexipad)
can be used. The various sealing arrangements are shown in Figure 7.5.

A~ Mating plate of special
\—Xstainless steel

Unipad

Balance rubber

Holder

.8

Unipad U

Adjusting plate

Stainless steel
nut and bolt

Flexipad

Figure 7.5 Bearing pad arrangements for lift-off hatch covers

Cleating arrangements are used to pull the hatch cover onto the coaming and
assist the sealing arrangement. Folding hatch covers have wheels which drop into
slots in the coaming plate prior to cleating and are raised hydraulically after
uncleating. Slidingsbars are fitted along the side and end coaming under the top rail.
Hooks are positioned at the cleating point and can pivot through a slot in the
coaming rail. Double-acting hydraulic cylinders move the bar to raise or lower the
hooks. In the raised position the hooks engage cleat lugs, which pull the hatch cover
section down onto the sealing strip. A torsion bar arrangement is used for transverse
cleating. Lever arms on the end of the torsion bar are pushed up as the hatch closes
Which rotate the torsion bar. This presses cleating lugs onto pressure pads on the
ends of the adjacent hatch section. Manually operated cleats have a lever handle,
Which is operated to force the hatch cover down onto the coaming top. Both types
are shown in Figure 7.6.
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Cleat lug

Coaming
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Figure 7.6 (a) Automatic peripheral cleating; (b) Manual cleat-type over
(¢) Manual cleat-type under

Tween deck hatch covers are usually folding and are operated by hydraulic
cylinders and link mechanisms. Flush or almost flush fitting is usual, and fittings
can be provided to position containers. For refrigerated cargo spaces, the hatch
covers will be insulated. Appropriate sealing arrangements are provided,
particularly for the carriage of cargoes in Controlled Atmosphere conditions.

Minor hatch covers

A number of small access openings, tank entrances, etc., are fitted with minor hatch
covers of steel construction.

r
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A typical small hatch cover is shown in Figure 7.7. The coaming edge is forced
oo 2 rubber gasket by a number of fastening clips or ‘dogs’ around the cover, a
Watertight seal being thus formed. The handles are arranged for internal or external

eration on accesses. A counterbalance weight is sometimes fitted to ease the
Openjng of the cover.
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(a) (b)
Figure 7.7 Small watertight hatch cover: (a) section through hatch;
(b) plan view of hatch cover

Mooring equipment and arrangements

The winches and windlasses positioned on the forecastle and poop decks and
sometimes the upper deck perform the mooring and warping duties required by the
ship when arriving and departing its various ports of call. Various fittings are
provided on the deck and around the deck edge to assist in the mooring operation and
provide a clear run or lead for the mooring and warping wires. Examples of these
fittings are bollards and the various types of fairlead which are found on board ship.

The windlass, as mentioned in Section D of Chapter 5, has warping ends which
are used when mooring the ship. One or more warping winches are fitted on the
poop deck aft for similar duties. Solid seatings, as mentioned in Chapter 6, transmit
the loads to the deck and also stiffen the deck. Larger vessels have mooring winches
fitted on the upper deck also. Bollards or mooring bitts are used to moor the ship
once it is alongside and are welded or bolted to the deck or to a box-like structure
which is welded to the deck, Figure 7.8(a). Adequate structural support must always
be provided in way of bollards and all mooring fittings, usually by additional
stiffening to the deck beneath.

Fairleads are used to guide the hawsers or mooring wires to the bollards or
mooring winches. Fairleads are attached to the deck, a raised seat or the deck and
the bulwarks. Several different types are to be seen, such as the multi-angled
fairlead, the pedestal fairlead, the roller fairlead and the panama fairlead. A multi-
dngled fairlead consists of two horizontal and two vertical rollers with the wire
Passing throueh the hole between the rollers. Fieure 7.8(h). A nedestal fairlead
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consists of a single horizontal or vertical roller mounted on a raised pedestal or Seg
Figure 7.8(c). A roller fairlead is one or more vertical rollers on a steel base Whiq;
may fasten directly to the deck or to the deck and bulwarks, Figure 7.8(d). Th
panama fairlead is an almost elliptical opening formed in a casting which is fi y
into a suitably stiffened aperture in the bulwark, Figure 7.8(e).
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The multi-angled fairlead is fitted at the deck edge and reduces the number of
qide rollers or other fairleads required to give a clear lead of wire to the winch. The
56d65t31 fairlead guides the wire across the deck to the winch clear of any
bstructions. The roller fairlead is used at the deck edge to lead in the mooring and
Ofarping wires. A panama fairlead is fitted in the foremost position in the forecastle
i glwark on the centreline of all ships which pass through the Panama Canal.
bﬂnama fairleads are also used in other positions around the deck edge as required.
for the various mooring and warping arrangements possible on a ship an
rrangement of leads’ drawing is provided. This shows the runs of the various
wires through and over the various fairleads and winch warping drums on the decks
of the ship. Such an arrangement for the fore end of a ship is shown in Figure 7.9.

Panama
farlead

Muiti-angled
fairlead

Guide
roller

Panama
fairlead

Pedestal
fairlead

Pedestal
fairlead

/'/'

Guide Botlard

roller

Bollard

Multi-angled
fairlead

Panama
fairtead

xnmannt ok loode



Outfit

Masts, derricks and deck cranes

Masts

The ship’s mast acts as a lookout platform and a mounting point for navigag,
equipment such as lights, radar, aerials, etc. Access to the upper platform is by
ladder which, depending upon the mast size, may be fitted externally or internally,

A foremast, as fitted to an oil tanker, is shown in Figure 7.10. Construction ig of
light plate stiffened by internal webs. A D-type cross-section is often used for j
streamlined, reduced-resistance form. The upper platform is additionally supporte
by brackets to the outer plating of the mast. The mast is fully welded to th
deckhouse on the forecastle deck and to the upper deck. A solid round bar is used i
stiffen each of the free edges of plating and before erection the mast is coatg
internally with a bitumen solution.

Aerials

Navigation

light Platform plan view

Section through mast

B

Section through mast

5 <a+—— Deckhouse
¢ Forecastle deck

) Upper deck

B £

Figure 7.10 Oil tanker foremast
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5amson posts

gome masts on general cargo ships also double as support posts for the derricks
gsed for cargo handling. Samson posts are also used more specifically for
Sllpporting derricks. Tied arrangements of samson posts, or bipod masts as they are
SOmetimes called, are also used. The scantlings and construction of masts and posts
gsed in cargo-handling work are given in the classification society rules and are
dependent upon the safe working load (SWL) of the derrick boom. Most masts are
Se]f-supporting by virtue of their construction and attachment to the deck. Only
Special heavy-lift derricks require wire stays or preventers between the post top and
he deck.

Samson post construction is of tubular steel section, stiffened internally by
webs. Thicker plating or doubling plates are provided where attachments are made
1o the post. Derrick booms are of seamless tubing usually with a greater diameter at
the middle region where the bending moments are greatest. The various goosenecks
and end fittings are welded inserts in the tube ends.

The post attachment to the deck varies but must always provide adequate
siffening and support. Mast houses are fitted at the base of some masts or samson
posts and may or may not assist in stiffening the structure. Some posts are let into
the tween decks or are attached to the corners of superstructure to obtain support.
The greater the derrick load the more stiffening is required, often by fitting
additional webs below decks and heavier than usual bulkhead stiffeners and
prackets below the mast or post.

Derrick rigs

The derricks used for cargo-handling work can be arranged or rigged in several
different ways to provide for different manpower requirements, cargo-lifting
capacities or lifting cycle times.

Union purchase

The union purchase rig is a much used arrangement for cargo loading and
discharging. Two derricks are used, one arranged to plumb the hatch and the other
to plumb the quay or over the ship’s side. The falls or wires from both derricks are
shackled to the same cargo hook. Thus, by using the two winch controllers
separately and together the hook is raised or lowered over the hold, travels over the
deck and can be raised and lowered over the ship’s side.

This arrangement is safe as only the load moves, and it requires two reliable
operators for the winches. It is, however, only suitable for light loads up to about 1.5
tonnes. A union purchase rig is shown in Figure 7.11.

Swinging derrick

The fastest and most reliable method of cargo handling is achieved by the swinging
derrick rig. A long derrick boom with a clear arc of swing is necessary for this
drangement. An adjustable span is usually arranged to facilitate the plumbing of the
hatch and the quay over the ship’s side. This is achieved by a topping wire and

Winch which is independent of the cargo winch. A swinging derrick rig is shown in
Fionra 7 19
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Figure 7.11 Union purchase rig
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Figure 7.12 Swinging derrick rig
Heavy-lift derrick

For loads heavier than the safe working load of a single derrick, two derricks
coupled together by a ‘yo-yo’ gear arrangement may be used, as shown in Figure
7.13. The derrick heads must be kept close together during operation and the central
travelling block which equalises the load must have a safe working load greater thai
the cargo being lifted. A special heavy-lift derrick is fitted to many general cargd
ships, with suitable rig and purchase gear for its designed safe working load.
Various patent heavy-lift derricks are available, one example being the Stiilkef
derrick shown in Figure 7.14. The Stiilken derrick has a safe working load up to 300
tonnes and is positioned between two outwardly raked tapering tubular columns
Several winches are provided for the various hoisting, slewing and topping duties
The controls are all arranged as levers in one console, which can be operated by on¢

man. This heavy-lift derrick can be arranged to serve either of the hatches forward
and aft of it Smaller derricke are alea ricoed from the thnlar colnmns for normil

P
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Figure 7.13 "Yo-yo' arrangement
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Deck cranes

Derricks have been replaced on many modern cargo ships by deck cranes mountg
on platforms between the holds (Figure 7.15). The deck crane provides a
immediately operational cargo-handling device with minimal rigging requirements
and simple, straightforward one-man operation. The safe working load of the Crapg
is determined by its cargo-handling duties, and designs are available from 3.
tonnes and up to 1015 tonnes as required. Double gearing is a feature of some of h
larger cranes to enable speedier handling of lighter loads. Three basic types of Crangy
are available —general cargo cranes, grabbing cranes and twin-crane arrangemeng

The general cargo crane is for use on cargo ships and bulk carriers. The grabbiy
crane is for use with a mechanically-operated grab when handling bulk materials
requires a multiple-wire arrangement for the operation of the grab. Twin crangg
utilise standard cranes which can be twinned or operated in unison to lift heavig
{oads such as containers, if required. A single operator is usual with this system, by
utilising a master and slave control system in the two cranes. The use of a commgy
revolving platform makes this arrangement possible.

Crane platform

The deck crane is located on a platform positioned some distance from the deck g
provide the crane operator with a clear uninterrupted view of the hold and the
quayside (Figure 7.16). The crane also revolves around this platform. The seat oy
which the crane rests is usually circular and of steel plate construction with closely
spaced vertical ribs or brackets. This seat is usually welded to or is an integral par
of the raised post or platform which is welded to the deck of the ship. Adequate
structural support and stiffening should be provided both around and under the seat

Pumping and piping arrangements

Various piping and pumping systems are provided for the many services required o
board ship. Some systems, such as bilge drainage and fire mains, are statutory
requirements in the event of damage or fire on board ship. Each of the various
systems will be examined in turn.

Bilge system

The bilge piping system of any ship must be designed and arranged such that any
compartment can be discharged of water when the ship is on an even keel or listed
no more than 5 degrees to either side. In the machinery space at least two suctions
must be available, one on each side. One suction is connected to the bilge main and
the other to an independent power-driven pump or ejector. An emergency bilge
suction must also be provided and is usually connected to the largest capacity pump
available. A diagrammatic arrangement of a bilge pumping system for a 26,000
deadweight tonnes bulk carrier is shown in Figure 7.17.

T

Hoisting
and
luffing
motors

Operator’s cab

Slewing motor

Turntable base

Figure 7.15 General cargo crane

Strum boxes are fitted on all but machinery and tunnel space suction pipes.
Perforations of 10 mm maximum diameter are made in the plate to provide a suction
drea at least twice that of the suction pipe. In the machinery and tunnel space bilge
lines, mud boxes are fitted. The mud box fits between lengths of piping and has a
Pefforated centreplate. The use of strum and mud boxes prevents the entry of large
Objects to the pipeline and safeguards the internal parts of the pump (Figuge 7.18).

Ouitfit
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Figure 7.16 Crane pedestal and seat *

Suction valves for the individual compartments must be of the screw-down non-
return (SNDR) type to prevent reverse flow. All other valves must be of the non-
return (NR) type. The port and starboard hold bilge valves are usually grouped in
distribution chests at the forward end of the machinery space. Bilge piping is made
up of the fore and aft mains and suction branches to the individual compartments,
Piping is arranged, where possible, in pipe tunnels or duct keels to avoid penetrating
watertight double-bottom tanks. Bilge pipes are independent of piping for any other b :
duties such as ballast or fresh water. Passenger ship bilge mains must run at least 20
per cent of the ship’s beam inside of the side shell; in addition, any branches further
outboard must have a non-return valve fitted.

Bilge pipe suction lines are sized according to an empirical formula. Minimum
branch and main sizes are 50 mm and 65 mm, respectively, and the maximum size i
100 mm for both. Bilge piping may be constructed of cast iron, steel, copper of
other suitable approved materials. It is usual to employ galvanised steel piping il .
bilge systems.

At least four independent power-driven pumps must be connected to the bilge
main. Most ships employ two bilge pumps and have bilge main connections on the
ballast and main circulating pumps. Where possible these pumps should be located
in separate watertight compartments. One bilge system pump must be capable of
operation under reasonable damage conditions. A submersible pump, remotely
controlled, would provide this facility. Pumps fitted to the bilge system must be self-
priming or connected to a priming system or device.
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Figure 7.17 Cargo hold bilge system
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Figure 7.18 (a) Bilge strum box; (b) bilge mud box ""‘F

Ballast system

Requirements for the ballast system of a dry cargo ship are largely similar to thogg
for the bilge system. There must be adequate protection provided against ballag
water entering dry cargo or adjoining spaces. Connections between bilge and ballag
lines must be by non-return valves. Locking valves or blanking arrangements muyg;
prevent accidental emptying of deep tanks or flooding. Where tanks are employgq
for oil fuel or ballast, effective isolating systems must be used.

A ballast pumping arrangement for a 26,000 deadweight tonnes bulk carrier i
shown in Figure 7.19.
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All passenger ships of 4000 gross tons and above must have at least three power-
driven fire pumps. All cargo ships in excess of 1000 gross tons must have at least oy \
two independently driven fire pumps. Where these two pumps are located in ong
area an emergency fire pump must be provided and located remote from the
machinery space. The emergency fire pump must be independently driven by a
compression ignition engine or other approved means. Water mains of sufficient
j diameter to provide an adequate water supply for the simultaneous operation of two
fire hoses must be connected to the fire pumps. An isolating valve is fitted to the
machinery space fire main to enable the emergency fire pump to supply the deck
lines, if the machinery space main is broken or the pump is out of action.
A diagrammatic arrangement of a fire and washdeck system is shown in Figure
7.20. The system is designed to supply valves with hose connections on all the
superstructure and upper decks. Relief valves are fitted at either end of the main 0 n
ensure that working pressure is not exceeded. The water may be supplied by the
machinery space fire pump, the fire and tank-cleaning pump or the emergency fire
pump located in the forecastle. Additional lines are led to the hawse pipe for anchor
washing and the garbage tank for flushing.
The emergency fire pump in this arrangement is supplied by a booster pump
fitted near the bottom of the ship. The booster pump is driven hydraulically from
one end of the emergency fire pump, the other end havmg another sea water pump

~oa PRI At Se o Rt L SRR PUSINE. (SNDRNL U TSR

1
Bl |

3
Figure 7.19 Ballast system for a bulk carrier
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Figure 7.20 Fire and washdeck system (H, hydrant; GV, gate valve)
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general services

Many other pumping and piping services are fitted in ships for the various domestic,
cargo and machinery requirements.

gcuppers

pirect drainage of the open decks above the freeboard deck is achieved by means of
scuppers. A typical arrangement is shown in Figure 7.21. In enclosed spaces, such
as bathrooms or galleys, the scuppers are led to the bilges. A scupper pot is fitted in
a deck and acts as the collecting point for water. A pipe is connected to the
gnderside to drain the water directly to the bilge (Figure 7.22).
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Figure 7.21 Deck scupper arrangement
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Figure 7.22 Accommodation scupper arrangement

Sounding pipes

Sounding pipes are fitted to all tanks to enable soundings to be taken and the depth
of liquid present to be measured. Reference to the tank calibration tables will then
Permit the quantity of liquid present in the tank to be found.
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Sounding pipes are made as straight as practicable and are led above the
bulkhead deck, except for certain machinery space tanks (Figure 7.23). A minimuIn
bore of 32 mm is required for sounding pipes. This may be greater where 2
refrigerated space is passed through to allow for icing up. Where the sounding Dipg
does not emerge above the bulkhead deck, some form of self-closing device shoy]g
be fitted, e.g. a weighted cock. This would prevent flooding, in the event of 4,
overflow, contamination due to the entry of other liquids or the escape of hazardoyg
gases from the tank. A striking plate is fitted at the bottom of an open pipe where the
sounding rod falls; alternatively, a closed pipe arrangement may be used (Figyg,
7.23). A number of patent sounding devices are available and may, with approvy]
be fitted instead of sounding pipes.
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cardo systems

argo pumps and piping systems are installed on tankers to discharge and load the
liC]Uid cargo. Separate ballast-pumping systems are also provided for ballast-only
anks which are filled during ballast voyages.

System choice and its flexibility depend upon the range of cargoes, the vessel’s
yrading pattern and what the owner is prepared to pay for. The standard system
employs several ring mains along the tank length with branches off to the individual
ranks. Other systems are in use, for instance, employing large sluice valves to empty
the tanks one to another. The pump suctions are then taken from the aftermost tank
with the vessel trimmed by the stern.

An example of a ring system for a very large crude carrier is shown
diagrammatically in Figure 7.24. Three mains are employed to serve the various
tanks. This arrangement also enables different grades of oil to be carried in the tanks
served by each main. Branches are led off into each of the centre and wing tanks
and are fitted with isolating valves. Cross-connections are arranged between the
mains, and direct-loading pipes from the deck manifolds join the mains. Two
stripping mains are also fitted and led forward with branches off to the various
tanks. The stripping lines are used to discharge the last few hundred tonnes of cargo
which the main suctions cannot handle.

The main cargo pumps are steam-driven horizontal or vertical single-stage
centrifugal pumps. For the system shown in Figure 7.24 one pump is provided for
gach main. The driving motor or turbine is located in the machinery space and the
drive passes through a gastight seal in the pumproom bulkhead.

The stripping mains are connected in the pumproom to two stripping pumps
which are usually of the positive-displacement type.

Deck pipework

A particular feature of tankers is the large quantity of piping seen on deck. A typical
arrangement is shown diagrammatically in Figure 7.25. The cargo pumps discharge
into mains which pass up through the pumproom and along the upper deck to
midships. The mains branch into crossovers to port and starboard and are fitted with
Y-pieces at the manifolds which are grouped near to the ship’s side.

Products tankers

More complex piping arrangements with independent lines are necessary on
products tankers te avoid contamination between the different cargo ‘parcels’. More
than one pumproom may be fitted on such ships, or individual pumps in all tanks
with no pumprooms. Arrangements for flushing lines using water or a portion of the
cargo may increase the flexibility of a particular system.

Ballasting arrangements

Many tankers operate in the ballast condition on every other voyage. A sufficient
Quantity of ballast sea water must therefore be loaded on board to provide the ship
with satisfactory seakeeping properties. Certain tanks are designated ballast only
and are filled by the ballast pump and piping system.
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jnsulation
Thermal insulation

A ship’s steel hull and structure will conduct heat very well. In way of heated tanks,
refrigerated spaces and exposed accommodation spaces some form of insulation is
e o 1 e pecessary to reduce the heat flow to an acceptable level.

" ! | Various materials such as glass fibre, cork and some foam plastics are in use as
: i insulation. Glass fibre matting or sheet is used in modern ships since it is easily
I 1
1 1
| |

|

|

-0
Fore peak
tank
(water ballast)

fitted, is fire resistant, does not rot and does not support animal life. The amount of
insulation fitted in a compartment is decided by the temperature which is to be
maintained or accepted in the compartment (Figure 7.26).

Fastening is now largely by random pinning, using a stud gun to fix the pins to
[ the steelwork. The pins penetrate the insulation, and caps fitted on the ends of the
: pins hold the insulation in place. Some slab insulation may be glued to the steelwork.
; Joins between sections of insulation are sealed, usually with an adhesive tape. In
i accommodation spaces, insulation will be behind decorative panels. In places where
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it is exposed to possible damage, a protective cladding or lining, such as galvanised
mild steel sheeting, may be fitted. Insulation on tank-tops must likewise be protected
from possible damage or be of a substantial nature in itself. Over oil tanks a space
must be left to avoid possible contamination of the insulation. This space is not
L required when a bituminous covering is placed over the steel surface.

! !\k ‘ Plugs over manholes in cargo tanks and also hatch covers must be insulated to
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avoid any areas through which heat might be conducted. Special scupper
arrangements are necessary to avoid heat transfer in refrigerated holds. This is
achieved by a brine seal in an S-bend trap. The bilges may thus be pumped out but

@_—_"V—‘ 74—@ the sealing liquid, although diluted, will not be removed (Figure 7.27).
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; Sound results from the movement of air particles and travels in the form of waves
S away from the source. There are many sources of sound on board ship, such as
' propulsion engines, auxiliary engines, large fans and ventilation plants. These would
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Figure 7.24 Cargo oil piping in tanks
Figure 7.25 Cargo oil piping on deck
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have a cumulative disturbing affect on personnel if allowed to continue unchecked.

Various countries now have either codes of practice for noise levels in ships, or
regulations relating to noise levels in ship spaces. Maximum noise levels are given
for particular spaces using a weighted sound pressure level or db(A) value. Most
Lo ships at sea, however, would not meet these criteria. New ship designs will require
consideration of noise levels in the very early stages if an acceptable noise
environment is to be obtained.

Two approaches are made to the solution of the problem. First, rooms and areas
—_— which are occupied for any length of time are fitted out in such a manner as to be as
/ sound absorbing as possible. The second method is to isolate or silence the sound
from occupied spaces.
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Figure 7.26 Insulation arrangements in accommodation spaces
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joints in PVC to be
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on wood grounds
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Figure 7.27 Refrigerated hold scupper trap

Increasing the sound-absorption capacity of a room is achieved by using a
yariety of sound absorbers. These include membrane absorbers such as thin panels,
resonant absorbers such as perforated ceiling boards and porous connections in
ducting, flexible mountings on machinery, and sound insulating the surroundings of
a noisy space. Air-conditioning plant noise can be eliminated by the use of duct and
paffle silencers and sound attenuating supply and exhaust fittings. Figures 7.28(a)
and 7.28(b) illustrate the problems to be found in a ship’s accommodation and the
various solutions that can be adopted.

Watertight doors

Watertight bulkheads are, of course, specifically designed and constructed to ensure
their watertightness. Where openings are necessary in these bulkheads special
watertight doors must be fitted. On cargo ships with a shaft tunnel, the tunnel
entrance will have a watertight door fitted. On passenger ships, with their large
areas of accommodation and access requirements, a greater number of watertight
doors will be fitted.

Where openings are cut into bulkheads they must be reinforced to maintain the
strength of the bulkhead. This is particularly so in the lower regions of watertight
bulkheads, where the greatest loading occurs. Where stiffeners are cut or increased
in spacing in way of a watertight door, adequate reinforcing is required. The
watertight door has a heavy framework which further stiffens the bulkhead in way
of the opening. The size of the opening is kept as small as possible.

All doors fitted below the waterline are of the sliding type, either horizontal or
vertical in operation. It is usual to use horizontal sliding doors, except where space
limitations require the vertical type.

The sliding door must be able to close against a list of 15 degrees to port or
starboard. It must be operable from the vicinity of the door, and from a point above
the bulkhead deck. The remote operating point must have an indicator showing the
door position.
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Figure 7.29 Horizontal sliding watertight door

Deck level
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Bulkhead deck
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!

.

e

Outfit

A horizontal sliding watertight door of Stone Manganese Marine Ltd
gnufacture is shown in Figure 7.29. A stout door frame is fitted directly into the
Iulkhead and provides the trackway along which the door slides. The door is moved
a hydraulic cylinder which may be power operated or hand pumped. A special
‘Olenoid spool valve which may be remotely or manually operated provides the
Lasis of the control system. Bridge operation, local manual over-ride operation and
jocal emergency control of the door are possible. Operating the hand pump together
with manual movement of the solenoid valve provides local or remote emergency
eration. Powered operation is possible from the bridge or by manual movement of
e solenoid valves at either the local or remote pumping stations.

Bridge operation is only usual on passenger ships where there may be a large

amber of watertight doors.

Watertight doors are pressure tested under a head of water corresponding to their
pulkhead position in the event of the ship flooding. This usually takes place at the
manufacturers’ works.

Above the waterline, in certain approved positions, hinged watertight doors are

ermitted. These will be similar in construction to the weathertight doors described
in Section F of Chapter 5.

stabilisers

The motions of a ship in a seaway can result in various undesirable effects,
examples of which are cargo damage and human discomfort. Only the rolling of a
ship can be effectively reduced by stabilisation. Two basically different stabilising
systems are used on ships—the fin and the tank. Both systems attempt to reduce
rolling by producing an opposite force to that attempting to roll the ship.

Fin stabiliser

One or more pairs of fins are fitted on a ship, one on each side (see Figure 7.30). The
size or area of the fins is governed by ship factors such as breadth, draught,
displacement, and so on, but is very small compared with the size of the ship. The
fins may be retractable, i.e. pivoting or sliding within the ships form, or fixed. They
act to apply a righting moment to the ship as it is inclined by a wave or force on one

A) Door-operating cylinder D) Hand pump

E) Stop valve (servicing)

F) Combined alarm closing limit and
indicator light switch

G) Opening limit switch

B) Door-control valve
(solenoid/manual operated)
) Power unit compriting:
Pump and motor unit
Motor starter H) Switch strikers
Door control valve (manual) J) Door stop sited behind door cylinder 'A'
Relief valve and pressure gauge K) Warning plate
Red and green light indication L) Alarm
Hand pump (emergency remote) M) Bridge controller/indicator
Supply tank N) Key-operated isolating switch
Level gauge (dipstick) (1 each side ofthe bulkhead)
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Outfit

side. The angle of tilt of the fin and the resulting moment on the ship is determipg
by a sensing control system. The forward speed of the ship enables the fing i
generate the thrust which results in the righting moment.

-

Finbox stiffeners are
aligned with ship's

framing
‘ House/extend
FORD cylinder
=)
Fin

Tail flap

Upper _J
trunnion Hydraulic
bracket ro‘{arv

actuator

bracket

Figure 7.30 Fin stabiliser

The operating system can be compared to that of the steering gear, in that a
signal from the control unit causes a movement of the fin which, when it reaches the
desired value, is brought to rest. The fin movement takes place as a result of a
hydraulic power unit incorporating a type of variable displacement pump.

The effectiveness of the fins as stabilisers depends upon their speed of
movement, which must be rapid from one extreme point to the other. The fins are
rectangular in shape and streamlined in section. The use of a moveable flap or &
fixed and movable portion is to provide a greater restoring moment to the ship fora
slightly more complicated mechanism.

The control system is based upon an acceleration sensor. This unit provides d
signal which after electronic integration provides a measurement of roll velocity
and angle. These various parameters are all used to bring about a suitable fin
movement which will oppose the roll.

Fin stabilisers provide accurate and effective roll stabilisation in return for d
complex installation which, in merchant vessels, is usually limited to passengel
ships. It is to be noted that at low ship speeds the stabilising power falls off, and

__— Float valve in open

position

Air transfer duct
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Figure 7.28 Air controlled tank stabiliser
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Tank stabiliser

A tank stabiliser provides a righting or anti-rolling force as a result of the dda}/ed
flow of fluid in a suitably positioned transverse tank. The system operation is
independent of ship speed and will work when the ship is at rest.

Consider a mass of water in an athwartships tank. As the ship rolls the water wil|
be moved, but a moment or two after the ship rolls. Thus, when the ship is finishjy,
its roll and about to return, the still moving water will oppose the return roll. Ty,
water mass thus acts against the roll at each ship movement. This athwartships tap
is sometimes referred to as ‘flume’. The system is considered passive, since th,
water flow is activated by gravity.

A wing tank system arranged for controlled passive operation is shown in Figyg
7.31. The greater height of tank at the sides permits a larger water build-up and thyg
a greater moment to resist the roll. The rising fluid level must not however fill tp,
wing tank. The air duct between the two wing tanks contains valves which g
operated by a roll sensing device. The differential air pressure between tanks j
regulated to allow the fluid flow to be controlled and ‘phased’ for maximum roj|
stabilisation.

A tank system must be specifically designed for a particular ship by using dag
from model tests. The water level in the system is critical and must be adjusteg
according to the ship’s loaded condition. Also there is a free surface effect resulting
from the moving water which effectively reduces the stability of the ship. The tank
system does however stabilise at zero speed and is a much less complex installatiop
than a fin stabiliser.

Oil Tankers, Bulk Carriers, Container and Ro-Ro Ships

g Oil Tankers, Bulk Carriers,
Container and Ro-Ro Ships

oil tankers, because of their sheer size and numbers at sea, are worthy of special
Consideration. These vessels require special forms of construction and outfitting
pecause of the liquid nature of their cargo. Container ships are likewise increasing
in size and numbers at sea. Large hatch openings and the need for structural rigidity
create special constructional aspects for these vessels. The bulk carrier, in its many
forms, is increasing in its unit size and numbers such that it too is worthy of
individual attention. Roll-on Roll-off ships, with their large open deck areas, need
special arrangements to ensure stability, partiularly in the damaged condition. This
chapter addresses these special arrangements.

oil tankers

Longitudinal and transverse bulkheads divide the cargo-carrying section of the
vessel into a number of tanks. In addition to separating different types of oil, the
individual tanks reduce the effects of the liquid’s free surface on the stability of the
ship. Since oil contracts and expands with changes of temperature, tanks are rarely
completely full and movement of the liquid takes place. The bulkheads, decks, etc.,
must therefore be oiltight even when stressed or loaded by the movement of the oil in
addition to the normal static loads. Longitudinal stresses are considerable in tankers
and great strength is therefore required to resist bending and stiffen the hull structure.

Fire and explosion are an ever-present hazard on tankers and special systems of
ventilation are necessary. Void spaces or cofferdams are also fitted in places to
separate the cargo tank section from other parts of the ship, such as pumprooms and
fore peak tanks. Cargo-handling equipment is provided in the form of pumps
located in a pumproom, usually positioned between the machinery space and the
cargo tanks. More than one pumproom may be fitted depending upon the cargo
carried or the piping arrangements. Suction pipelines run through the cargo tanks,
and discharge lines leave the pumproom and travel along the deck to the crossover
lines and manifolds situated at midships.

Two main types of oil tanker are to be found at sea today. The very large crude
carrier (VLCC) and the products carrier. The main difference is in size and the
products carrier has a larger number of tanks with a more complex piping system.
This enables the carriage of many different cargo ‘parcels’ on any one voyage. The
various aspects of fanker construction will now be examined.

Framing

All tankers are constructed using either the longitudinal or the combined type of
framing system. Ships greater than 198 m in length must be framed longitudinally.
A fully longitudinal system of construction will have longitudinal stiffeners along
the ship’s sides throughout the tank length. These longitudinals are usually offset
bulb plates of increasing dimensions towards the bottom shell of the ship. Built-up
Stiffeners, consisting of webs with symmetrical flat plate flanges, have also been

Uted Qida trancvarcac ara fittad in line with the hattam trancvarcac ta ciimnnrt tha
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Deck centreline girder Transverses
Deck \ / ]
| I LI [ PP |
/ D i Aanged bracket

on centre line

Stringers Oiltight transverse le Oiltight transverse
bulkhead bulkhead
\1 Transverses Q:ged bracket
A A A /3’ A___A
[ ] II/(ITTIIJIIE\IIIIIIIII I 1

Docking brackets Centre girder

Figure 8.2 Elevation at centreline of tank (longitudinal framing)

The combined framing system uses side frames with intermediate deep transvergg
webs. A number of longitudinal stringers are fitted, depending on the depth of the
tank. Brackets and knees are used to tie the side frames to the underside of the deck
the bottom plating and the stringers (Figures 8.3 and 8.4).

Deck centreline girder

Transverse
Deck l ‘[
4
B ¥ B8 T B |T |B T |8
\ 7
- Oiltight |
Deep web transverse —&{
on centreline bulkhead
Flanged
bracket
D |{T D (T D [T |D T |D D

Figure 8.4 Elevation at centreline of tank (combined framing)

Bottom structure

The bottom structure is longitudinally framed over the cargo tank length. Bulb

plates and built-up T-sections are usually employed. The bottom transverses provide

support and are spaced at intervals of around 3.8 m on smaller ships and up to 5 m
on longer vessels. The longitudinals are continuous and pass through notches cut in
the transverses (Figure 8.5). Flat bar make-up plates are fitted to the transverses
where the longitudinals pass through. At watertight bulkheads a fully welded colla
is fitted (Figure 8.6).

Oil Tankers, Bulk Carriers, Container and Ro-Ro Ships

Bracket or flat bar stiffener

Transverse

Make up plate

JAN

c ‘\ 3 Bottom shell plating

Bottom longitudinal

Figure 8.5 Notch arrangement

Bulkhead

stiffener

<e— Oiltight bulkhead

Flat bar stiffener

Bracket Bottom

Collar longitudinal

Welded joint Welded Bottom
in longitudinal butt in shell
bottom shell
Section at collar
% Collar
Longitudinal

=== Shell plating
Figure 8.6 Continuous longitudinal arrangement through a watertight bulkhead
The longitudinals are also bracketed to the transverses. The transverses are usually a

plate web with a heavier flat bar flange. Horizontal stiffeners are fitted where a
onsiderable transverse depth is employed (Figure 8.1).
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A centre girder is fitted, except where there is a centreline bulkhead. Varl()u
arrangements of continuous or intercostal longitudinal side girders are alg,
sometimes fitted. The arrangements used will determine the scantlings of th
members employed in the construction. The centreline girder is stiffened an
supported by vertical docking brackets fitted between each transverse (Figure 8 7 ).

A heavier plate flange is fitted at the upper edge of the centreline glrde
Additional stiffening of the centreline girder is provided either by horlzontal
vertical flat bars.

Centreline girder

Bracket Bracket

Horizontal flat bar stitfener

Plate make-up piece

Flat bar

. Bottom longitudinal
stiffener

Shell plating
Figure 8.7 Docking bracket
Underdeck structure

This is largely the same as that for the bottom structure, with transverses fitted in
line with those below. A continuous centreline girder and perhaps intercostal of
continuous side girders are fitted beneath the deck.

Bulkheads

Three types of bulkhead are found on tankers—Ilongitudinal, transverse and wash.
Longitudinal bulkheads

Flat stiffened or corrugated oiltight bulkheads may be employed. The stiffening is
largely the same as that of the side shell, i.e. horizontal stiffeners along the bulkhead
where longitudinal shell stiffening is used. Brackets fasten the stiffeners to the
transverse bulkheads at the ends. Where side transverses are fitted to the shell.
correspondingly positioned vertical webs are fitted at the bulkhead. Horizontal
stringers at the ship’s side are matched by horizontal stringers on the bulkheads. A
continuous ring-type structure of considerable strength is thus built up within the
tank space.

This ring-type structure is further braced by the use of beams known as cross-
ties fitted between the transverses or side stringers and the longitudinal bulkheads.

Where corrugated bulkheads are employed the corrugations must rul
horizontally. Vertical webs are fitted at every bottom transverse, in order to suppoft

s T MU, { O SR |

Oil Tankers, Bulk Carriers, Container and Ro-Ro Ships

fansverse bulkheads

qansverse bulkheads are similar in construction to longitudinal bulkheads and may
o flat with stiffeners or corrugated. Vertical websk must be fitted to transverse
u]kheads in line with the centre girder and may be fitted in line with side girders.
Corrugated bulkheads may have vertical or horizontal corrugations with stiffening
webs fitted at right-angles to the corrugations. Longitudinal stiffeners are arranged
Onunuously through transverse bulkheads and are attached by brackets.
Transverse bulkheads must not be spaced greater than one-fifth of the ship’s
ength apart. Where the tank length is greater than one-tenth of the ship’s length, or
j5m, a perforated or wash bulkhead must be fitted.

wash bulkheads

A wash bulkhead is similar in construction to a transverse bulkhead but is not
oiltight. Large holes or perforations exist in the plating. These holes, while allowing
ihe oil to move through, restrict the speed and force of its movement and provide
jdditional transverse strength to the ship.

pouble-hull and mid-deck tankers

MARPOL 73/78 details various construction requirements with regard to oil
ankers. These are outlined in Chapter 11. New tankers will now have to have
double bottoms and wing tanks extending the full depth of the ship’s side. Mid-
height deck tankers with double sided hulls or any other method of design and
construction may also be accepted, provided they offer the same level of protection
against pollution in the event of collision or stranding.

The US Oil Pollution Act of 1990 stipulated that any tanker ordered after 30
June 1990 or delivered after 1 January 1994 should be fitted with a double hull if it
is to enter US waters. Various designs and methods of construction to meet these
requirements are currently being proposed by shipbuilders throughout the world and
anumber of these are outlined.

A cross section of a double-hull VLCC design is given in Figure 8.8. Wing and
centre cargo tanks are provided within the double-hull. The double bottom and side
tanks are three metres deep, which is greater than the two metre minimum. This is to
permit better access and venting of these enclosed spaces. Various locations of the
stiffening structure are also being proposed. While enclosing the structure within
the double hull will improve cargo handling and tank cleaning, there may be
problems in relatioh to ship construction, corrosion protection and cleaning of these
Wwater ballast tanks. The general stiffening of the bulkheads and the structure will be
as outlined for single hull tankers.

The use of a mid-deck, rather than a double-hull, is claimed to reduce oil spills
in the event of high energy groundings, when compared with a double hull design.
IMO has accepted the mid-deck arrangement and a cross-section of one such design
s given in Figure 8.9. The concept is based upon the cargo oil pressure in the lower
lank being less then the external sea water pressure. If the bottom shell were
Penetrated, little or no oil would flow out. The side tanks are typically more than

hVP metrac wida thne oivino evtra callician nratectinn
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The position of the full-width mid-deck oiltight bulkhead must be carefully
determined and is normally below the minimum draught level to ensure an oil
ressure which is less than the external sea water pressure. The cargo lines, cargo
gent and inert gas lines, access trunks and fixed tank cleaning machines would be
Ositioned in the lower tank. Access trunks would be led to each lower tank forward
ond aft and could be used for various fittings and services, thus keeping the upper

Qil tight
mid-deck

. ;aﬂk clear.
. A consortium of European shipyards have developed the E3 tanker design, so
) \: o . called because it is European, Economic and Environmentally-friendly. The vessel
28 L gE 3 pas a cargo capacity of 2 million barrels and a maximum deadweight of 295,100
tBE [ 2= 3 onnes. The length is 3 1 8 m, breadth 57 m, depth 31.1 and the draught 22 m. Ballast
§§ . e e ] capacity is 106, 100 m?, about a third more than required under Marpol, which will
R - enable the vessel to sail in all weathers without storm ballast.
LARRRRARERALMMULLA LR SR LR LR LR The structural arrangements in the cargo tanks provide two longitudinal
E _:_ i pulkheads inside a double-skinned hull. The double sides are 4 m wide“, creating
r / \: - wing tanks of 13.94 m and a centre tank of 21.12 m, in the 57 m beam. The double
[ = = pottom height is 3 m and the effective tank depth 29.2 m. Both protective
. d C /\ . poundaries exceed Marpol requirements. The tank length of 32 m means no swash
% C - 3 pulkheads are needed and there are 24 cargo and two slop tanks.
E [ - 3 Numerous variants are being proposed by shipowners and naval architects
§ i - . around the world. One further patented design will be mentioned, which is the
< C - - ‘Coulombi Egg’ mid-deck tanker (Figure 8.10). Cargo oil is carried in the upper and
_i E . = 3 lower centre tanks and the lower wing tanks. Only upper wing tanks are used for
&% > %’ 5 T N '_" water ballast. The cargo in.the lower .wing tanks is considered to be protectively
;g = g‘g - :‘l } """" ) 1= Jocated and a hydrody.nar.mc automatlc_ cargo transfer' system is .pr0v1deq which
3 — g2 -1 bl works on the same principle as the mid-deck grounding protection provided by
5 E_, = EE: 1 o : ::.’. hydrostatic forces. A reception tank is provided to receive oil which is forced out of
S - == .{ g 2 HaZ] a holed cargo tank. Furthermore, the construction and stiffening arrangements for
= o L | 56 11 ;:.: the structure are considered to be much simpler than other proposed double-hull or
¥ CJ F-l &5 1= mid-deck designs.
.EG :.:."' - :-H- -: :: 7 The designs which are ultimately adopted will take into consideration building
E_-'l i ‘\ / : ::: costs, steel weight, corrosion protection, tank cleaning and maintenance
:-_-T \ / :3-:— -_-:‘-_-_ _-:-_ == considerations, in addition to the regulatory requirements of IMO as outlined in the
] X\ N —— il _:: : :-'F:':;'? : :_—_—: MARPOL 73/78 Convention.
Sia(J| Spepmion s ol o (i i 2 T, =
= IR = Framing at ends
- -l i, NN =
vl o3 -y :: f 3 '_:'_"_ Beyond the cargo® tank length the vessel may be transversely or of combined
2 E5x ] 5E c framing construction and must have certain additional strengthening fitted. A deep
] £5 i, 23 ul 3 tank or tanks is often fitted forward of the cargo tank space. Where transverse
.; N >3 /: o4 \ s / _— framing is employed, solid floors are fitted at every frame space. Intercostal side
% IR\ A :i A 2l N dm girders of depth equal to the floors are also fitted in line with every other bottom
b = oy —_—_—:&\ : 1 : : it : = shell longitudinal in the deep tank space. The deep tank is fitted with web frames
T T 'l"i'l"] : : :gl_ ot more than five frame spaces apart. A centreline bulkhead must also be fitted,

]
I Unless the main longitudinal bulkheads extend through the deep tank. With
longitudinal framing, transverses are fitted in the deep tank not more than 3 m apart.

Intercactal cida airdarc are alen fitted eithar cide of the npnhahnp Nn laraer vecenle
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the cargo tank structure may extend into the deep tank itself. Panting and poungj,
arrangements are also necessary and will be similar to those described in ChapterS

All modern tankers now have the machinery space and accommodation locay d
aft. Web frames are fitted not more than five frame spaces apart in the machipg
space, with fixed or portable beams across the casing opening. Transverse framin
of the bottom is usual in the machinery space and construction is similar to the
mentioned in Chapter 5. Transverse or longitudinal framing of the sides and dg,
may be used from the machinery space to the after end of the ship. Degy
longitudinals must extend into the machinery space a distance equivalent to opg_
third of the ship’s breadth. Panting arrangements are also fitted in the after peak, 2
described in Chapter 5.

Superstructures

These are of much the same construction as described in Chapter 5. The load [ipg
rules require protective housings around openings in the freeboard and other deckg
and a forecastle extending 7 per cent of the ship’s length from forward. Because of,
tanker’s high bending stresses extra care must be taken with discontinuities at the
superstructure ends.

General

Cofferdams are fitted between oil tanks and other compartments and must be at leag|
760 mm wide. Pumprooms or water ballast tanks may, subject to certain conditiong,
be accepted instead of cofferdams. Special arrangements are necessary in tanker
because of the reduced freeboard to clear the decks of water. Open rails are fitted for
at least half the length of the weather deck. Solid bulwarks are usually fitted only af
the forecastle and around the superstructure.

Hatches

Access to the cargo tank spaces is by oiltight hatches. Circular or oval shapes are
usually employed with coamings at least 225 mm high. Steel covers with suitable
oiltight fastening arrangements are usual, (Figures 8.11(a) and 8.11(b)). Patented
covers of other approved materials are also available. Other tanks and cofferdam
spaces may have similar hatches or manholes for access (Figure 8.12).

Ventilation
Ventilation arrangements are fully described in Chapter 10.
Inert gas plants

Inert gas plants are being fitted to an ever-increasing number of tankers to improve
their operational safety. The plant provides an inert gas blanket over the surface of
the cargo to stop the build-up of flammable vapours which might lead to explosion$

A typical system is shown in Figure 8.13. The plant uses exhaust gas which is
drawn from the boiler flue uptakes, where available, or from a separate combustiof
chamber. The gas enters a scrubbing tower via a water seal which is circulated by
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asses through a demister which removes water vapour. The inert gas which
contains less than 5 per cent oxygen is then pumped into the cargo tanks, using fan
gnits to drive the gas along the supply main. A deck-mounted water seal is fitted in
the main to prevent the back-flow of flammable gases from the cargo tanks.

Hinge and
. Counterbalance H
arrangement Hatc Clamping
cover
s \| / arrangement
: see Fig.8.11b
G e
Hatch
coaming
Deck plating
(a)
Hin
inge Clamping
] arrangement arrangement
- Hatch /‘K“ 7z
cover M ¥
!
(b

Handle

Hatch cover
Hinged
bar

Rubber packing

Hatch coaming

Figure 8.11 (a) Cargo tank hatch; (b) detail of hatch clamping c‘lrran_gemem
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Figure 8.12 Manhole cover: (a) plate; (b) detail of securing arrangement

During unloading the inert gas provides a positive pressure on the cargo surface

Scrubbing tower and demister
Figure 8.13 Typical inert gas installation

which assists discharging in addition to ensuring a safe operation. Inert gas is fed E
into tanks prior to loading and when full the fans are stopped. During loading the £a
high velocity venting valves are opened to vent the inert gas to atmosphere. When 1 @ U i %
loading is complete the valves are closed and inert gas is supplied to produce a 5 ;E',

slight pressure in the tanks. During loaded passage the inert gas pressure is l
monitored and maintained.

|
Water Discharge

Other outfit items

Special circular openings with removable gastight covers are provided for tank-
cleaning operations. A number of fixed or portable tank-cleaning machines are
lowered into the cargo space through these openings (see Figure 8.14). Hot or cold
water is then sprayed around the tank in order to clean oil from all the surfaces.
Many tankers now use crude oil washing where crude oil (cargo) is sprayed around
the tank by tank cleaning machines.

Tank sounding gauges, which give local and, often, remote readouts of liquid
depths, are fitted to each cargo tank usually on to a ‘pot” or cylindrical seat.

Heating coils are fitted in many tankers to improve the discharging of the oil:
Steam is passed through coils fitted on the tank bottom to heat the cargo prior 10
discharge. Gases will be released during heating and the venting system mus!t

1

b lotta vent valve
-, /
% Non-return vaive
P/V Breaker =]
A J
Deck water seal
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(a) (b)

Nozzle angle and
direction indicator

4 Rotating nozzlg
assembly

Rotating nozzie
assembly

Figure 8.14 Tank cleaning machines: (a) fixed tank washing machine;
(b) portable tank washing machine

A 1996 amendment to SOLAS 1974 requires all new tankers of 20,000 dwt and
above to be fitted with an emergency towing arrangement at either end of the vessel.
Existing tankers must be fitted with such an arrangement at the first scheduled dry -
docking after January 1st 1996, but not later than January 1999. .

One such device, which has been fitted to a number of VLCCs, is shown.ln
Figure 8.14.1. There are three main items, the towing bracket, the storage d‘rum with
towing wire, and the pick-up gear. The towing bracket, which also functions as d
fairlead, is of welded steel construction and has a rated strength of 100 tonnes fOf
vessels up to 50,000 dwt or 200 tonnes if larger. A storage drum holds the toWI.IlS
pennant wire and this can be located on, or under, the deck. The pick-up gear, whl?h
is normally stored in a grp container, includes two floating buoys with automatic
lichts which are activated upon contact with the water, a pick-up rope and 4
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Buoy with light Towing Bracket. Storage drum
Pick up rope Towing wire
Buoy withight Retrieval
Messenger rope wire

Drum
foundation

wire

Ship
side

Section A-A

cby
L
Gear and
centrifugal brake /
Removal [ N

airmotor
Figure 8.14.1 Emergency Towing System

The Emergency Towing System can be deployed by either a manual or remote
release from the storage container or, an air gun can be used to fire a line to a tug or
vessel providing assistance. The line is connected to the pick-up gear and the towing
wire is fed out by the other vessel’s movement. A dynamic braking system on the
drum limits the rendering speed to 50 m/min. The attachment of an air motor to the
braking system enables the towing wire to be retrieved and the system tested during
safety drills.

Bulk carriers

The bulk carriage of single-commodity cargoes has been a continually advancing
trend with the development of specialist types of ship to suit. The desire for
flexibility of operation has also led to various designs to enable different bulk
cargoes to be carried on different voyages. Such vessels have become known as
combination bulk carriers; oil/bulk/ore (OBO) and oil/ore (OO) are examples.

Some particular aspects of bulk carrier construction will now be examined in
detail. A transverse section through a general-purpose bulk carrier is shown in
Figure 8.15. The cargo hold is seen to be shaped by the upper hopper or saddle
tanks, the lower hopper tanks and the double bottom. A composite framing system
is used in common with most bulk carriers. Transverse framing is employed in the
machinery space, ¢he side shell in way of the cargo tanks, the saddle tanks or upper
hopper tanks, the main deck inside of the line of hatches, the forecastle deck and the
fore and aft peak tanks. Longitudinal framing is employed at the bottom shell, the
tank top and the upper deck outside of the line of hatches.

A section through a typical floor in a lower hopper is shown in Figure 8.16. The
longitudinal framing structure can be clearly seen. Above the hopper tank can be
seen the transversely framed hold with the bracket connecting the frame to the
hopper tank. At the ends of the hopper tank region a considerable change in section
occurs. The construction used to reduce the effect of this discontinuity is shown in
I:igure 8.17. A large tapered bracket is used which is connected to the surrounding
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Figure 8.15 Bulk carrier transverse section
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Figure 8.16 Solid floor arrangement in a lower hopper tank
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A section through an upper hopper tank or saddle tank is shown in Figure 8.18.
The longitudinal framing under the deck can be seen as well as the bracket
connecting the upper edge of the transverse frame to the tank. The side shell portion
of the tank is transversely framed by offset bulb plates with plate webs, as shown in (b)
Figure 8.18, fitted at every fourth frame. A deep-flanged bracket joins the inner tank
side to the hatch side girder. Fioure 8 17 Tanevino off of honner tank at after end- () nlan view on honner tank

\




