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THE USE OF WELDING IN MIRCHANT SHIP CONSTRUGTION.
& NEY NERCHANT SHTP TYPIS.
o REX C. ELLIS.

INTRODUCTICN.

Bome 50 years ago welding was to o small degree used in the
construction of certain ship components by Shivbuilders in Great
Britein . However, it was not until 1915 thet a determined effort
was made to use welding extensively and History waes indeed made by
the world famous yard of Cammell Loird & Co. Ltd.,, when in that
year work was commenced on the first sll welded ship the "Pullagsr'.
Although this ship was only 152 f+. long and of 425 gross
tons 1ts construction represented an achievement much grester than
its modest dimensions suggest when compared with Present day projects.

Today in Japan and the U.8, A, ,0i1 Tankers of 100,000 tons
desdweight capacity are being constructed snd it is reported thaot
Cammell Leird & Co. Ltd., of Birkenhecad, England have embarked on a
colossal reconstruction plan to lay out and equip their Shipyard for
the construction of large Buclear Povered 0il Tankers,

These considerable departures from the orthodox, together
wlth numerous other special ship types, have not been o gradual or
natural development of the Shipbuilding Industry. On +he contrary
the demand for such ships in recent years has come as s sudden
impact end has necessitated a new approach to the problems confront-
ing Designers, Builders, Classification Societies, Resecarch Bodies
and Harbour suthorities. Steel Manufacturers are being called upon
to produce larger plates and special sections of notch tough steel,

Shipbuilding in most maritime centres of the world is
flourishing., The Shipyards of Western Europe are well equipbed for
expeditiously effecting the most modcrn construction methods, Welding
is to the forefront in Ship Construction and some Shipysrds sre equip-
pred for welded construction exclusively,

The welded prefsbrication methods employed in an Australian
Shipyard are os modern as those in other Shipbuilding Centres. It ig
unfortunate, therefore, that in s time of World Shipbuilding prosper-
ity the instability of the Industry in Australia, with its associsted
economic hendicaps should hamper the progress of the industry and
preclude the installstion of the most modern equipment.,

THE WELDED SHIP,

Developments in Ship Design usually take their rise from
the rules of the Classification Societies who obtain their information
from Research Organisations and revise their rules from time to time
in the light of the reported behsviour of ships in scrvice the World

over, '

In 1918 Lloyd's Register of Shipping gave their approval o
the use of electric arc welding on main structural members, Where
such use of welding was made, however, the notations "Experimental"
and "Electrically Velded" sppeared in the Register Book,

The notation "Experimental" was removed from Lloyd's
Register in 1932 and whilst it was recognised that considerable
improvements wcre still necessary in design, construction
techniques and the quality of steel, it could be assumed that the
welded ship had proved to be o safe and relisble structure,

Little impetus was given to the development of welddng
until the last war when the tremendous output of welded ships was
undoubtedly one of the zrestest contributions +to its suecessful
conclusion. This achievement was realised however, irrespective
of cost or scilentific 'economic monagenment, .

The great boosy given to the welding of ships was unfortunately
nullified by the reported tracking and fougégring of a number of ships.
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COf a total of 1220 TIiberty Ships constructed during this
period, seven have since foundered due to Tfractures and 88 have
suffered cracks in mein structursl members,

The ovponents of welding mede great capital out of this
and indeed doubts wore raised in many peoples minds as to the seg-
worthiness of welded ships.

An exhaustive enquiry followed and it was disclosed that
in view of the adverse confitions under which the ships were
bullt it was considered that the fatalities were small in comparison
with the tremendous output achieved and further thot all could
be traced to very elementary causes,

4 lot of the cracking was attributed to "Locked In" stresses
caused by welding components together whilst in a condition of
high restraint. The terms "Locked In" and "Residual" stresses
can be somewhat misleading. ‘'Locked In" stresses contain "Residual"
stresses and present no problem while they remain locked in. It is
when these stresses sre released guitc frequently by the failure of
o member of seemingly minc: lmvorfance that the danger period occurs,

.

Fig (1) Fig (2)
Strains Experienced by ships Bquivalent Girder;
Structural R S= s

Unlike lond structurecs whore the acting forces are known
and by an estimztion of the induced stresses, the scantlings snd
connections can be avportioned +o keep thiem within safe limits, the
forces acting on a ship nearly all depend on the action of the sea
and vary continuously. In addition the hull structure is so complex
that it is impossible to assign definite stresscs to certain parts.

The riveted ship is subjected to the same reversals of
stress and the riveted joints which are known to be inferior in
strength to the welded joints have in most ceses withetood these
forces., Many cases have been recorded of cracked bulwark railgs
and fractures at the corners in superstructure openings in riveted
ships without further damsge 4o the ship,

: On welded ships cracks originating in similar positions
hgve been known to Lrsvel quickly across highly streszed deck sand
ships side plating.

It became increasingly cvident that design h2d not kept pace
with the rapid development and use of welding practice.

Welding in effect was being blsmed for s very creditable
accomplishment. It not oanly joincd individusl plates and secctions
together as did riveting but it transformed the many componcnts of
a ships hull into s completcly homogeneous envelope. :

When the impact ¢ welding was first felt in the Ship-
building industry most of the experienced Drsughtsmen were of the
"Riveting School", For ships of normal dimensions original strue-
tural design had been almos+t eliminated., The gscantlings were ex-
tracted from the Rule Book of the Coupetent Classification Society
and the drawings were turned out as though by 2 machine.

From the designers point of view the changes from riveted
to welded $hip structures were very considersble, His first task
was to arrange light scantling superstructures snd bulwarks in
such a way that they would not be highly stressed snd if by some
trick of the elements and the conditions of loading a crack d4id
develop in one of these members then the design should be such
that it would Dbe srrested before propogating into one of the main
strength members,

Fig (3)
MACHINERY & CARGO WEIGHT DISTRITUTION.
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Coincident with the introduction of welding on a large scale,
changecs took place in the general design of cargo ships. Speeds in-
creased, sccompanied by finer block coefficients, raked stems, cargo
forecastlecs and poops, and lighter machinery, all tending to increas
the hogging moment in the fully-laden condition. This has resulted
in a grester number of ships leaving port on sn ocean voyage with a
substantial still-water bending moment and, slthough strengthening of
the hull can be introduced to ensure reasonably low calculsted stres-
ses, 1t is considered good desisn to have the still-~water bending
momens a8 small a5 possible and this applics whether the ship is to
be welded or riveted,

- In "A" shows & profile of a common type of present day cargo
ship. The still-water bending moment in the homogeneously loaded
condition is quite substantial, particularly when the midship deep
tank .3 empty., With this arrangement, little can be done to reduce
the longitudinal bending moment without reducing the cargo capacity.
"B" is ship "A", but with the machinery placed at an intermediate
position aft, and "C" is the same ship with machinery space right
afs, The calculated bending moment in the homogeneously loaded con-
dition in ship "B" is less than half of that of ship "A", and that of
ship "C" is about one-eighth. The still-water bending moment in the
vallest condition is least in ship "A", but even in: the greatest, that

is in ship "C", the resultent stress is quite small,

rticular attention was given to the elimination of abrupt
chanzes in shape or section, sheorp corners in way of openings and
notching effects of any kind.

As the designs improved there was a noticeable reduction
1n the aumber of reported fractures.

A number of all welded Oik Tankers built during and immed-
foer the war had cracked arzrestors fitted in the main deck and

s
&

mzin deck stringer bars, sheor strake and bilge strake
be riveted.

acks had been known to occur in ships whilst berthed in
0o rs, Investigation revesled that this was due to the stecl
ninz T cteh Brittle! at low temperatures. Notch Brittlencss
perticularly acute in thick plating snd by virtue of the fact
thilp Owners were requiring new ship types such as large bulk
3 with wide hatchways and main deck plating of neceszsity to
Gn the reguired sectional ares became thicker snd thicker,

The Classification Socictics therefore amended their rules
to provide for the use of special notch tough steel in certain struc-—
tural members. In some countrics which experience low temporaturcs,
steel Tor all structural purposes is now produced to this formule by
the svesl Manufecturers. Little is hecard these days of "Locked In®
stressus, 1t belng generally contended that the working of the ship
reliecves vhese stresses after o short time in service. It is however
considered that no restraint other than its own weight should be
vpon a component end that it should be sallowed frec lateral
»% during wclding., From a prectical point of view it is also of
gresy inportonce that particuler care be exercised in burning proc-
esses thet the Jjoint prepsrstion be such as to minimisc the stress
in the joint and that a correct selection of electrodes be made for
the jJoining of various componcnts.

Fig. (4)

Agsembly of Prefabricated Sections.
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In countries where very low temperaturcs sre experienced
several instances are on record of c¢xtensive cracking during the
welding of heavy plates in the shipyerd. In most of them, the
welding was carried out while the atmospheric temperature was very
low, A contributory ceusc of this crecking is undoubtcdly the heat
gradient between the hot metal of the weld deposit and the comparat-
ively large mass of cold parcnt mgterial, resulting in a high rate
of coolling in the welds and in thc plates in their vicinity., Pre~
warmning to a temperature of not less than 50 deg, F in way of the
Joint is all that would normally be required to remove this risk of
fracture,

Fig. (5)
1,1/4" Thick Deck Plating Being Automstically
Welded,

Py

Wherever possible butt welding should be performed using
machine welding or heavy gauge electroics with high currents produc-
ing a gingle deep penetrating run from each side of +tho rlating with
2. square edge preparation. Apart from the msrked econony in weld-
ing production, optimum weid quality is obtained b using the moxin-~
um practicable current. Good workmanship is of parsmount importance.
Shoddy workmanship is not economical. Efficiency is the primary con-
sideration and in welded ship construction efficiency and economny

are synonymous.
Today for various recaescms Shipbuilders the World over are

introducing more and more clectric welding into the construction

of ships and their mschinery. In some countriecs the all welded ship

is quite commonplace.

Fig. (6)

Fabricated Stern Fraome.

In some cases Shipbuilders hove been compeclled to adopt
welding as the main joining medium because of the rapidly diminish-
ing number of riveters svailable to the industry. Thc depleted
ranks of moullers in the Foundrics resulting in protracted deliveries
of castings has neceszsitated the introduction of s considerable volume
of steel fabrication by Ship and Engine Builders.

The development of welded prefabrication teclmiques is

largely a problem of economics whilst the physical problems and
those related to prejudice are also formidable,

Fig., (7)

Prefabrication in Shipyard Shop
Units up to 25 tons weight constructed.

Fig, (8) Fig. (9)

Prefabrication of Units adjscent to 40 tons capacity
Travelling Crane.

In laying out a modern shipysrd the orovision of lerge
areas both undcr cover and adjecent to the Building 3erths for the
pre~assembly of units snd the servicins of these aress with adequate
cranage is of primary impertance.

The forced introduction of welding into some of the very
old Shipyards in the U.X. has adversely affected production costs s
they have neither the room nor the cranc power to cater for large
scale prefabrication and assembly. The piccemeal welding togethor of
plates and secctions on the building berth is not economical.
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~+ bypical cxample of the importonce of these facilities
yrovided in the asctusl experience of one of the older yrrs
the U.X, building medium sizcd Cargo Ships. This yard had three
iing berths and delivered thrce to four ships per year, ne
int*o Uotloa of 2 conmsiderable amount of welding did not increns
the outpuv. Isced with increasing Coantinental Comp@LlulOﬂ urgen
steps had to bo teken to improve production oubtput. The lmnediate

i 4 % to d vote one entire bullding besrth to The prefab-
cmbly of units ani to provide increszed cranagc
,e:ﬁau and asscenbly arcaes. In the ensulng twelve
nips were delivered from the two berths and an
of gix (6) to seven (7) ships has becn main-
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tained ecver since,

O] /"\c'r

o
[

S} anatu from the Design Office by the

form. Deck shoer may be eliminoted
orthodox deck camber coulo be replaced by
, knuckle at the hatch sidecs. An increase In
_ vide greater lvlgth of wparallsl body., ALl
items would facilitste prefabricated p@ﬁpl construciion

of trosce i
~nd aszist in the reduction of production costs

The Sklp Draughtsman of today is required to Tthink in terms
of welding and to femilierise himself with the practice chtaining
in ine pnlgyard, the facilities available and the disposition =nd

concity of Shipyard Cranes.

Tig. (10)

_35 Tons Bow Section Being FErected.

drawings fcr Sh 1py“fd use embody a great deal
than was the case with the orthodox built riveved
arly 1ﬂdlcubb the limits of the sections
weights and 1@ cases of drregular sections
re of gresvity for 1liffting purposes.

he sutcmatic :cgetition of the dictates of weldirg codes
joint wreparstion, 2lectrode size and number of runs

3 rge effects on D oéuctﬂon costs o the draughts-
specify on the drawings the fillet size and spac-
required by the Clﬂ?SlTlc“Jlon Soclety Rules.,
2 5ic or Manual welding and the c¢lectrodes ol be
dotermination by the Production Department,

.
U
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1 suberking upon a programme of welded ship counstruction
nts zre foced with consi“c rable risks. The cxpected saving
has to be belanced with the capital outlayed in welding
ing piant, Jjigs, fixturcs and llLtlnﬂ facilitics,

Tlost other countrics heve s distincet adventage over Australis
sgard, The large volume of orders placed oversess enables
uild~:s o cono»ntr@to their efforts on specific ship
preu end thus benefit grestly in so far as DLVQT&l ships are often
weil’ of the semc scrieve. Rolled steel sections specially designed
Toowelded %hlp structures and plates up to 12'0" in width are
2i%able To the industry. These sections are unobtainable in
. and pnlpbu1ld6fo are faced with costly improvisation or
o zort to riveting of bulb angles or channels in ordesr to
obtain the required section modulus.

Inverted angle stiffencrs, because of their large sur’lace
ren, kave been 1ouad to be in need of rencwal earlier in the 1lifeo
¢f = ship than stiffcners of bulb plate section. The latter is un-
nable 1in Austmalla.
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Whilst somc form of jig is neces:iry in the orofebrication
of panels the cost of producing one for uvvrf ghaocd unit such as
for shell plating would be prohibitive if 1% coull not bo spread

over a numboer of sister ships.

(11)

airing s Shell Panel Prior to Welding,

b

At the State Doo%yﬂrd a2 simple method for obtaining the

hape and checking the fairncess of a pnnb] during m,la ing hes been
ovolvcu without the use of COﬂlllc ted jizs. When the @hell plating
is temporarily fastened to the framcs it n”uu““llj assumes the
frame contour and is roughly the uired shope, The unit is turned
with.the frames downward onto the wolding toble 2nd . waterline bat-
tens, the dimensions of which oarc obtaincd from the Mould Loft by
mubsurlng from a vertical or Buttock 1ind into the shell plating ot
the various frames, are crected verticelly from the shell plating

The unit is then jacked or wedscd up until the tops of all the bmutcns
are in the one horizontal plane.

Due to the rapid advaonces being wade in burnlng, velding
and prefabrication techniques and the introduction of modern
automatic equipment demarcation codes and agreements beticen unions

of some years standing arec no longcr of much assistance to Manage- \
ments in the allocation of work. The craft of Shipbuilding is N

centurics old and established construction wothods hove been handed
down from gonoretlon to genceration. The prejudiccs against the
introduction of modern mothods and machincry vhilst undorstondable
to a degree heve to be firmly broken Jowm. Sonc tradcsmen e¢ron—

cously believe thet thelr craft is being belittled, that they s
becoming more robots that press buttons,

On the contrary the shipbuilders job in this modern age is
Deconing more and more scientific.

It is true thore is little aif
deposit weld metel and indced only =
required of o welder, This Oruotlcb resulting in some serious frac-
tures carncd for the welding industry = vory bod repubation which
hes teken some breaking down.

Rl

ficulty in learning how to
Tew years 2.g0 11**19 more wos

o v u(/z_._

Today the welder mwust apply sclentific knowledge to his job.
Firstly there is tue selection of the corrcet tyve “nd gauge of clec—
trode and welding current. Other sspects to be comsidered by the
welder sre '"Fit up", joint preparation and.above 21l scquence to
avoid "Locked In" stresses and to ninimisc distortion.

Bach welder engeged in the construction of a ship should
rcalize that the success of the Nuldlﬂg ultimately uJQ“Qdo on his
skill snd integrity. A ship may be in the niddle of the occan when
his particulzr contribution to the welding is by virtue of conditions
of loading and the elemcnts put to the test. When he makes a weld
he should be sure it will withstend this test as faulty workmenship
could result in the ship foundering with the loss of hundreds of
lives and hundreds of thousands of pounds worth of valuable cquip-
ment.,

It has becen said that the Managing Dircctor of o Shi
who securcs the contraCUQ, and directs the large scole opers
of the establishment is dependent for the succcess or Faoilur
efforts on the weldlder whose job it is to JOln $vi0 plvppo of meta
together. These 1s a lot of truth in this when it is cons;d:red
that the welder by the simple procosz of scleceting the correct
electrode size ond using the right ampsrage can, without working any
harder or longcer hours, quadruple his output.
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Is this mot more scientific then the old days when o
riveter wes responsible only Tor filling up holes with rivets?
Cen the Managing Director quadruple his ocutput :rithout extra
cffort? [This comparison is not made with the intention of
belittling the work of the Managing Dircctor whose busincss
acumen undoubtedly providces ; welder with his livlihood but
it serves to show how much the cconomical production of ships
today 1s devendent upbon the avolication of gcicntific knowlcedge
by individusl welders,

It is doubtful whother the costs incurred in any othoer
manufﬁcturlab process can be so vitally affected by Horscpower
23 can welding.

The prufubricction of ships requires 2 completely diff-
crent organi ation than construction by orthodox mcthods. The
vorking QTaNlﬂbS show the split up of units whether they be vanéls
or blocks and the moterisl is listed and oxrdered accordingly.

Termplates made in the Mould Lolt which are less in number
for this type of counstruction asre raclked in units =zs zxe the steel
nlates and sections when roccived from the Steelworks

it 5
oviral Boilermakers may be assigned

It used to be the practice for Boilormaker Marker-0ff
to be given o whole plan, e.g. a Deck Ql@ﬂ to maork off and he would
orogressively obtain all the ténplotes and all the steel for that
deck and by applying the templates to the steel, merk the whole
deck off, This often led to serious delays in heving the various
1
e

0
oomponanQ Tabricated. Today
to work on marking off = daeck, uach ﬂDVlﬂb an individual unit.
For cxample Boilcrqakrr "AM obteins the tvupLubuu and stecl for
ualt "P2" end Boiler npn Jo:h likewisce foxr unit "S5H",

Fig, (12)

Manually Tracing iround Scricve Lincs

s is the scricviag o@ vl~ floor plates,

bilge brackebs, ote., onto shoets of masonite For attschimont to a

large oxy~2.cCt] 7,ﬂb Profiling chine in thc rlJucxo shon. The

old method wos to tewonlate every floor or make a cumborsomnc "Banjo!
temnlate glving thoe sikanpe of scveral floors and in cach casce these

Semplabtes wire adolicd to the stocl and the relative informstion

snother develop

Pig, (13)

Two Floor Plgtcs Jeing Cut
simultancously.

Yith the profiling method no markings other then identif-
ication and ercction aids are required, the port and stbd. floors
being cut to shape simultanceously by tracing around the scrieve
llﬂ”” on the masonite. Int;rcost&ls, Boam Knees, and brackets of
which considerable numbers of the ssme dimensions are required ar
automatically cut to shape on the sanme wachine using 2 stecl Uuuglﬂte
ond o magnetic tracing head.

JJJJJ

o
@
w
.

Optical Drafting of Templa!




-8 -

On the Contincnt and in the Unitzd States of Amcrica g
further advencoment has boen mode in the Marking and Burning fields,
These processes are known =28 "Visual" or "Optical linrking® and
"Monopol!" cutting. These two methods ore identical up to & point
Most of the Establishments using thoise nmethods hevs climinated Loft

work and templating entirely. A new weorks drowing oflicc hes boen
set up 2nd pcocrsonncl traincd iIn the craf

£t of loifting mnow drow 1o

a one tenth scal: on preshrunk »lostic cloth or white pointed alunm-
inium or light utva nlating Tl 0i the information proviously
produced full size on thoe 10’* floozr.

drawings to w0ﬂ1bve thls m:gnlfylng g*¢ssvo viun 2 lO negnift—
ation are ““suenp& to the drawing »nens =nd pencils angz focuscd

onto their points.

The drawings are then ““Pupwudlj ohnotographed so that

the negative produced is cxactly one tenth thv gizme of the drawing
i.e, onec hundredth full size. Tho two procezses differ from hore
on,

For "Optical Iarking'" the negotive is placed in o projector
in a tower some 60 ft. above the plating to be marked which 1is
carried on a conveyor in o semi dsrk room. 3y remote control the
marker off oijusts the focus so thet thce projocted che marks are
correctly spoccd when meesured with = steel tope. He thon proceeds
to mark over the top of the lizht projected onto the dark plating.

The "Monopol" zas cutting machinc has a central control
carriage with an arm projecting from either side carrying the blow-
pipes. The one hundredth scele negative 1s placed in an electronic
head in the OOhbTOl C)frlumb. Then the mochanism is set in motion
the pentograph z~tion is wuuomotlcml‘ cularged one ﬂunﬁfed times

so that the plmulng ig cut to the resuired siz. and shape.

It is regretbttzble that thoe for 3;i¢s in this
country is =o Bumall thoat the canid involved in
acquiring suci: wodcrn aids to cco ‘OJQLﬁl“ﬂ would be unwar-
ranted.

(15)
Bulkhecad Being Turned in Mid Air using
Meoin & Auxiliary Crane Hocis.

Bxt nsive use ig wmic of Automstic and Semi-iutometic welding
at the State Dockyard and =23 much 28 possitle of the hendwelding in
the 5sembly of hp various units is siccuted in ths down hand
p031tlon which is kmown to bc most conducive 10 ecouzomy and effic-
iency.

Considerable cxperimcntal work has b cn perforned with
Automatic Telding and fnl the o2 e e vlating 1. 1/4” in

thickness has boen wolded with = 227D t tuu butt. In
the pest six months a technig hos perfeeted whereby two inch
thick plating has boen satisf;ctorily welded usling tde SAame NTrocess.
This type of joint whilst undoubtodly the moszt cconomical is also

stress in the Jjoint

favoured because of the resulting low
and the control of dist.ortion.

.t fow countrics could claim

Thers is 1little doubt ths e
¢ progress mnde in the field of weld-

pun11ty with Australis in th
ing.

Fig., (16)

Completcd Shell Poncls Erected after baing painted,
& Fitted with Svar Ceilings, Alr Tscapes, Etc.
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The size of units constructed is linitod only by the crane
power availoble and the practibility of crection. The aim being to
attain en irreducible minimum of wolds wade in situ on the building
berth, Before creccting all pipus, bollards, foirlcads, ceilings,
rigging fittings and the like are fitted to the relevant units and
where possible the units ocre pointced.

In joining toguther units of considerable welzht or in
welding "Inscert Plates™ whore "Locked In Stresscat may be involvod,
considcerable use is made of low Hydrozzn clectrodcs,

Fig, (17) .

Studs Being Fired to Fasten Timbor Grounds.

Stud welding has replacad Grilling and ta ping for studs,
or bolt fastening the mony thous:znds of ¢lectriecsl fittings, woocden
grounds, wood decking snd sundiry joinery and metal fixturcs.

Pig. (18)

Progressive Brection of Units for Bass Strait Ferry,

Fig., (19)

i Ship Almost Complete on the Building Berth

On an sdjaccnt Berth Prefobricsted Sections for g
Sistcr Ship.

Welded shiwvs arce apvrecizble lighter than rivetoed ships by
virtue of the fact that connceting flonges, ongles, =nd laps are
eliminated and the section modulus of the various componcnts is

!

utilised to the fullest oxtont.

This difference in welght betwoeen riveted 2nd welded
ships of the same dimensions represents the additional weight of
cargo that may be carried znd over the 1life of the ship the revenue
obtained by the ship owner frow this source a2lone isg considarable.

Damage to cargo due to spreng rivets and leaky scams is
now not cxperienced and the accumulation of rust in way of faying
surfaces resulting in high maintenonce cost has been considerably
reduced in the welded ship,

There have been numerous instances of welded ships suffering
underwater damage and i1t is reliably reported that thoe welding
has held and that thce damage hss been less than would have been
cxpected with a riveted ship.

INSPECTION & TISTS.

Radiographic inspection of ship welds is being extensively
practiced by the Admiralty.

There is no doubt that Rodiography is beneficial in the
training of welders and controlling the quelity of workmanship, In
Commercial Shipbuilding however caution should be excrciscd in the
use of Radiography bocause of the high cost involved snd the very
doubtful advantages,

In a2 10,000 ton corgo vessel there are some 13,500 individusl
plates and scctions to be joined and the length of main structural
welds emeluding bulkheads, floors, bosm knces, girder butts, ete.,
is in the vicinity of 26,000 f+t. It is doubtful therefore thet an
accurate selection of sections to be radiogrophed could be made.
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Even 1f the welds in the half length eamidships known to be
subjcect to normal Hogging aond Sagging strosses woere radiographed,

2 length of weld approximstely 1700 £4,,; would be involved,

In such cases where 2 faulty weld is discovered by radio-
graphy very thorough investigation of its cifect on the ship,
considered as a wholc should be mode before cutting it out as
the re-welding process, carricd out undcr conditions of high
rcestraint may produce stresses Ifar more dsngerous than the
original weld.

Tests of welded joints and electrodes should be in sone
way related to service rcogulrements.

The tcsting of deposited metal is futile unless considered
in conjunction with parent metal, and the quenchinz of welded test

pieces as rcquired by some codos could never be carvied out in
actusl shipbuilding practice

Fig. (20)

M.V, "KOOJiRila" returns to Port after

Undergoing sca trials.

With sound practical design, good ste.l and falthfull
workmanship welded prefabrication methods cnable the shipbuild
to effect greater turnover with c¢fficicncy and cconony and to
provide ship owners with cheapcr and stronger ships with o greoater
pay load capacity.

o SHIP TYPES,

Tehicular Passenger Ferrics,

Vehiculor Pasgssenger Ferries which have in recent years
been operating betwecn thoe British Isles, from U.K. to the
Continent, within the Contincnts sea ways and in the United
States and Canada cre becoming more and more popular. These
ships if propcrly dcsigned to attraet tourists with a studicd
balance of asccommodation for passcngers an’ vehicles and operat-—
ing on a '"Ferry" timetable zre proving to be a sound financial
investment to the Shipping Companies by which they arc operated
as well as providing o convenient intercontinental highwsy for the
motoring public.

In nmost cases particularly in the btourist sceson a cont-
inous service is oporsted 2and the maximum time spent at the
terninal points for unloading, loading, fueling snd victunlling .
is onc hour,

The following statistics published by the Danish Government
serve to illustratc the popularity and usage of this type of trans-
port on the Great Belt, A daily avcrage of about 1,000 Railway
Carriages, 1,600 autocars, motor cycles, cte., 400 bicycles and
motor-assisted cycles and 13,000 passcngers are ferried across the
Great Belt between Korsgr and Nyborg. Ivery ycar the ferries
of the Gremt Belt sail a distance corresponding to round the carth
twenty times.

An error in the estimstion of numbers of non vehicle
passengers has in the vast proved costly to some Shipping Companics
opcrating Perries. Some Ferries with capacity for 120 vehicles
have provided elaborate accommodation for 1000 passcngers when
service records have shown that they transport very few passenger
other than the occupsnts of the vehicles. Apart from the high
initial cost of providing the accoummodation for the psssengers and
sufficicnt crew to cater for them the maintensnce costs and loss
of revenue from spacc which could have been profitably employed is
considerable,
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People who do not wish to travel OJ car have a numbcr of
convenlent avenucs open to them tqQ cross the water, namcly by

.

air, regular passenger ship scrvices or by boat train.

ShlUs fitted to corry trains usually run on the ssme route
or a route parsllel to the cor ferrics. Some ferrics carry both
cars and trains.

Two kinds of train ferrics operate on overnight journeys,
Some are fitted with sewcrage disposal units between the tracks on
the train deck znd in these cascs the passengers do not leave the
train. On other services the passcngors disomborik from the train
and are accommodated abosrd the ship” during the crossing. '

The average mobtorist, be he touring or on a busincss trip
desircs the Ch@wpbot ricans of transporting his car, his passengzers
and himself across the sca. The most successful ferrics are
designed on this basis. By day the ship 1s a Restauront, a Lounge
and a Bar, by night it is a "Motel", A suall number of luxurious

suites are usually provided for those who desire them snd can afford
them.

The loading arrengemcnts for Vehicular Ferrics very consid-
erably, Some load through the Bow, oth\rs tiirough ships side doors
but the most modern tre ni is through the stern. In all cases prov-
ision has to be made at the tcrmin&l points for loading ramps which
mey be readily adjusted to teke core of the rise and fall of tide,
the trim and restricted 1list of tﬂ ship whilst loading.

Apart from the dctailed attention which musy be given to the
accommodation and ca bvrlﬁb requisites for passzngors and crew the
Naval Architect is confronted with some unususl vroblems associated
with stability, trim, displaccecment, drainaege, ventiletion and Fire
cxtinguishing.

Thesce problems may best bu bz 1ofly illustrated by reference
to a Vehicular Passenger Ferry at drcsent undsr construction at the
State Dockyord. This vesse wnon complutod wiil operate on a
service between Ielbourne, Victoria and Devonport, Tasmania e
distance of some 240 miles.

It is understood thst this will be the lonzest regular service
of its kind in the world, This couplced witih the fact that There
will be no other regular passenzer ship service constitutes a major
economic handicap. Fhilst it is considered that there will be a
constant demand for car and commercial ve 1 icle traznsport, the tour-
ist passengiér treffic without vehicles based on paest records will
be seasonal.

I~ m T

PRINCIPAL PARTICULARS OF BASS STHAIT FERRY.

Lienzth on L.%.L. 356t0"
Length Overall 370t0"
Breadth Moulded 2t Vehicle Deck PISAIOL
Breadth on Waterline 58101
Depth Moulded to Vehicle Deck 20t 9n
Depth Moulded to Upper Deck 36t 3"
Draught moulded 150"
Service speed obout 17% knots.
Cargo in Trailers and Motor Cors 550 tons
General Cargo in Hold 100 tons
Paszengers 400

This ship will be fitted with 2 direct drive "Hohab"
Polar main propulsion engincs each capable of developing 4,670 B.H.P,
at 250 R.P.1L.
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For manoeuvring -nd berthing purposes o "Voilth-Schnieder"
bow propeller will be installed and for the comfort of the passeng-
ers and the safety of the vehicles the hip will be fittsd with
"Denny Brown" stabilisers. ’

Stability, trim aond displacement are to a great extent
interdependent on one anothcr and to illustrate the problems encount—
ered in this particuler design brief reference will be made first
principles and comparisons msde with = bulk cargo ship of simila
ovcrall dimensions. ‘

STATICAL STABILITY.

Stability is o specisl problem since too D
will result in quick jerky rollin. .hich dous not uaaks forx
snd too little stability may be.dangerous. The provision o
happy medium between what is necessory for safety and what
able for confort is s major problem for the designer,

ign states that
-

A competent authority on passenger ship desi
ssels of 50 ft. becam

the @.M¥, should not excced 5% of the beam for ve
and 6% for sbout 100 ft. beam.

Although the G.l. cannot be determined until a vessel is
inclined, an early accurate assessuent has to be made in ships such
as this which are to be equipped with stabiliscrs.

Having detcrmined the vertical position of the centre of
gravity in the inclined position it is & comnaratively simple process
to calculate its position for verious conditions of loading.

If at this stage it is found that in a certoin condition
of loading the ship will be unstable action myst be taken to remedy
the fault,

ou
ta

It is quite often errdomcbusly believed that in all cases
a positive G.M. may be restored by the addition of vermanent ballacst
low down in o ships structure. In some cases this is true, in meny
instances the stabilising offect is negligible and in a few cases the
s5ddition of ballaest has made the condition werse,

Devendent upon the positioning of the b:llast and the con-
sequent trim of the ship, the moment of inertia of wa erplane may
slightly increase, remain the same or slightly decrecase.

Within the practical and cconomic limits of adding ballast
it may be assumed that tho moment of inertia of watorplane on mos’t
vessels will remoin about the same. Therefore, although the vessels
centre of gravity is lowored the B.M. is also reduced bccause the

volume of displacemsznt has been increassed.

The "Frecbosrd" of a vessel, having bcoen determined by the
competent authority the ship owner is naturally desirous of filling
the gap between 1light displacement and permissable full load displac-
cment with the maximum possible cargo pay load.

Permsnent ballast would thereforce deprive the Shipowncer of
the revenue scerucing from an equivalent welght of cargo carried
throughout the 1life of the ship.

“Attention ghould rather be-given to ways of rcducing top
weight, It is not unususl these days to find gxtensive use being
mede of aluminium alloys in the superstructurcs of passenger and
cargo shins.

-

In choosing the dimensions, designing the lincs and arrang -
ing the superstructur.s of the Bass Strait Ferry, %o effectively
cater for its specialised service, and to obtain cconomic power-
ing for the required spoccd left 1littls omorgin for crror in the
preliminary stability celculstlons.,
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The light ship displacement is designed at 3,590 tons when

floating at = mesn draught of 12'6"., Tucn losded to the maxinun
mean draught of 15'6" the displacement will be 4,590 tomns.

Most of the total deadweight of 1,000 tons will be made up
of vehicles and paszcngars which will increzsc the height of The
centre of grsevity and diucrease the GOl

A -bulk csrgo ship recently completed had the following
dimensions: _

Length betwaen perpendiculsrs 365 ft.
Breadth Moulded 52 ft.
Depth Moulded 28 £t.

This is a single screw Vv e
Diesel Engine of 2,800 B.H.P., giving a scrvice spcec
of 12.1/2 knots.

The light ship displacoment of 2,530 tong on a mean draught
of 7' 1.1/8" and the loaded displaocems i
draught is 23" 10.3/ ", The total deadweight in this instence 1is
therefore 7,150 tons.

The G.1M. in the light condition is 11.12 ft. and when loaded
to the maximum drsught with = homogenccous cargo the G.M. would be
2,133 ft, If o concentrated cargo of, say iron ore were carried
then the G.M. in the loaded condition vould be considerably higher.

It will be apprecisted therefore that although the overall
dimensions of the two vessels are similar the bosic designs are
radically different.

Fig. (21)

The Pine Linecs of the Bass Strait Ferry.

Fig. (22)
Double Bottor Units for the Boss Strait Ferry.

In order to maintain the maximum possible inertia of
load water plane and to arrive at the estimated displacercnt within
the specified dimensions has resulted in the lincs of the Tferry
being fine and yacht like, A full midship scection and fine linss
forward snd aft would result in "hollow" watcrlines and considerable
nflare" ot the ends which is undesirable for economic powering.
The fining must therefore originate from the nidship section and
consequently o very stecep rise of floor has becn introduced. This
item slone leads to complications in the comstruction of Double
Bottom Units.

The vehicle deck is kept as low as pos ible for stability
reasons and conscquently the main propelling mechinery must be of
a type which requires a minimum of head room,

DRAINAGE.

Adequate drainage 1s required on the vehicle deck as
there is no watertight subdivision throughout its length and the
stability could be endangercd by the incidence of free watcr over
such o large area. Some vessels of this type opcrating in shelt-
ered waters have freeing ports, others have scuppers discharging
overboard through screw down valves opcrated from above the Upper
Deck by extended spindles.

Neither of these methods is considered satisfactory for
vessels operating in open sea. There being 1little freeboard to the
vehicle deck, a list in the vessel caused by bilging could render
impossible the discharge of water through freeing ports or ship
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side valves., Drainage to pumps situsted in seperate watertight corp-
artments below the vehicle deck and discharging overboard is a posit—
ive way of dealing with the problen of flooding.

VENTIDATION.

As the vehnicles are driven on to this class of vessel and
contain petrol in their tonks throughout the voyage it is of
paramount importencc that sdcaunte provision be made for the dispos-
a1 of exhaust gases =nd petrol fumes. The vent ducts leading to and
from the vehicle compartuent must be fitted with quick closing velves
which may be operated from outside the compartment should a fire
break out, ’

FIRE EXTINGUISHING ARRANGFMEITS.

It is essentizl thet facilitics be svailobe for quickly
limiting the spread of = firc once storted and then extinguishing
it., Opinions vary considcrably as to the most practical method

of depling with this problem. Most Govornment Authoritics specify
some means of zoning the fire. This requircncnt can be met by the
installation of asbestos curtains, insulsted doors or spray curtains
to be operated tronsversely ot intorvels along the lensht of the
vechicle deck. Asbestos curtains ond insulsted doors are required by
rogulation to be closed during o crossing snd this considerably
complicatcs the loading and parking of vehicles and restricts the
nurber thet mey be carricd. Spray curtains should be operated at
1east once o day to prove their cfficiency.

Although cach of thesc methods satisfy the requirements
of the rcgulations by theoreticelly dividing the venhicle compartment
into zones, where a fire once atarted may be extinguished by a
sprinkler system it is doubtful whether ony one of them would be
very effective in practice., In fact it is felt that the spray curt-
ain which is gzining in favour because it csusecs the least obstacles
to the expeditious loading of the vessel ceould well be rcsponsible
for sproading a petrol fire instood of woning it as intended.

At lesst onc continental shipbuillder nas been successful
in Z2ining the necessary spproval to dispense with the zones and to
provide in liecw a foam cxbinguisher installation to cover tie cantire
vehicle deck,

TATLEE SHIPS.

on and off without primec novers instecad o

Troiler ships more cowuonly known as "Roll on Roll off™"
ships are beconing very populsr particularly in Amcrica. Dasigned
sinilarly to Vehicle and Trein Torrios the Trailer Ship is distinc-
tive from the Vehichlaw Ferry in so far o8 the trailors are rolled

7 peing driven on and ofd,

The succoss of those ferrics depends 1srzely on standard-
izotion and the control by ond authority of the ships and the road
transport. Standard trailcrs corrying various cargoes are hauled
to the torminal points by prime moOv.Is which are then disconnected
oand the trsilers rolled on to the ship. 4t the end of the journcy
the trailors arc rolled off the ship connectzd to othur primnc movirs
and driven to the consuricrs.

Most trailer ships arc cquipped with o heavy 1ift radial
or gantry crane SO ilers nay be losded and discharged at
ports where loading 1 src not aveilsbe, This method of load-
ing and unlozding is glower than the ramp method but still consid-

erably Tfastor then convential methols.

Troiler ships have similar arawbscks to the vehiclur and
train ferries particularly in that = high percentage of cubic snd
deadweight is wastods thore ar. however, nany advantages wvhich mske
this form of transport onu of tho most efficicnt 2nd cconomical
moshods of cerrying cergo:- ‘

(1) A larse veriety of goods can be hendled in the Standerd
trodlors and in the case of refrigerated cargo, without the special
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reefer boxes and eleborate dunnaging which would be required on a
conventional ship.

(2) Carryihg cargo in trailers climinstes some of the cargo
handling at both ends where the r0ll on roll off mcethod is employ—
ed there is no handling at all.

(3) Grods carried in trailers because they are not handled
are dellvered in good condition; this is especially desirable
when the cargo can be spoiled by hendling as in the case with
fruit,

(4) The highways are reclieved of a considerable volume of

heavy transport. In Australia whoere the highways arc not constreted
to cater for the huge number of trailcrs using them, a reduction in

this traffic would reduce the high annusl road maintenance bill snad

make the highways safer for motorists.

An analysis of the cargo handling costs of the T.M.T.
Trailer Ferry Inc., in the United Statcs of America reveals that
the basic costs using the '"Roll on Roll off" method are sbout two
(2) dollars per ton whereas the basic costs of cargo handling under
convential methods were twelve (12) dollers per ton.

As ploncers in the operation that has contributed most +to
the trensportetion industry in rccent years and for its success
in developing fast and efficicnt "roll on roll off" methods,T.H.T.
received the National Academy of Scicace award for 1955,

CONTAINER & PALLET SHICS,

Ships for the carrisge of Containers and Pallets should
be specially designed for the purpose and there is an cven zreater
necessity for stendsrdisation than with trailcr ships for the
gscheme to be a success.

In some cases cargoes for shipment sre delivered to the
vharf in the ncrmal manner and then loaded into containers before
placing =zboard ship. Altcrnetively the containsrs are vacked by
the manufscturcrs and the contents are not handled until they are
received by the consumer.

By this method losges through pilferaze of small valuable
items such as drugs, cosmetics, cigarcttcs, radios, watches, Jewelery
etc., are almost eliminsted and insurance rates on the cargo are
consequently reduced. '

The containcrs or pallets arc as a rule taken aboard ship
by fork 1ift trucks or tractors driven up ramps through ship side
doors., Unloading is similarly carried out,

A shipping company on the Great Lakces in Canada is operating
a regular service from Manufecturcr to consumer using Pallet ships.
The avcrage loading and unloading rate is 450 tons per hour. These
ships have flush deck with no hatches or cargo handling gear and
these are utilised for the carriasge of vehicles which arc driven up
ramps at the same time as the Pallets are being loaded.

Although there are certein disadvantages such as the
limitations on the type of cargo suitable for stowage in containcrs
and the loat deadweight of the containcrs themselves, (standard
container used in the United States takes up sbout 15 pcr cent
of the deadweight) the case for the unit package ship is becoming
stronger due to.the increasing costs of handling cargo by con-
vential methods,.
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INCREASING DEMANDS ON THZ NAVAL ARCHITECT,.

riven

From the brief description/of some of the special ship

types now in dewand it is ovident

mined effort is being mad

-

L o

that in nost countries o detor-

reduce sea transportation costs in

an candcavour to mewt the rising compotition of rond transportation.
Efficient road transport companics hove themzelve
denonstrated the cconomies of sea trensportotion by building
and operoating their own ferries.,
Shipping Companics look to the Naval Architects for the

complete answer to their problen,
number of factors influcncing the
Naval Architect has no control.

Port facilities, Rail Gouge, Haro

Unfortunately there are a
design of & ship over which the
These include such items as
our Depths, cte.

These matters have o vital bearing on ccononic ship
construction ani operaticn and devendent 23 we arc in this country
on shipping scrvices their effect on the nationsl ceonony cannodt

be too greatly emphasised,

Some figures recontly publ
Soclety of Naval Architccts and M
comparisons of evorage loading on
ship typcs and emphasisc the imvpo

ished in the U.S.A. by the

arine Engincers give interosting
d unloading tiucs of various
rtance of adequate port facilitiess-

Loading Unloading

Ship Type Losded by Tons per hour  Unlsoded by Tons per
’ four

Gencral Cargo Burtoning - L20 Burtoning .120
Ferry Roll on 3,000 Roll off 3,000
Ferry Crane 1,100 Crane 1,100
Ore Carrier Spouts 16,000 _ Grabs 1,000
Tanker Shore Pumps 3,000 to 5,000 Ships Pumps 2,800
Dry Bulk Cargo Shore Gear 4,000 to 8,000 Sclf unloader

STATISTICS.

At one stage in the 1890¢
output of nearly one million gros
of 211 morchant shioping launched
of the 20 th Century, British pre
rapid growth of foreign competiti
subsidies, In the period 1910 %o
averaged 1.6 million gross tons a

Conveyor 5,600

s the United Tingdom with an annual
s tons wos wroducing 82 per cent

in the World. 4t the beginning
dominance waos challenged by the

on, much of it assistcd by state
1914 United Xingdom output

year 2nd its shere of world

output has dropped to 62 pecr cent.

The output of various shipbuilding countries in more rocent
years is shown in the table hcreunder. At 30th June, 1957, 2 wmillion
gross tons of shipping were undcr construction in the United Kingdon
representing 23,5 per cent of world tonnasge.

Position of Leading Shipbuilding Countrics.

Tonnage Launchegd.

(Thous. Gross Tons)

1938 1949 1951 1953 1954 1955 1956 1957
Yorld® 3,036 3,132 3,643 5,096 5,353 5,317 6,674 8,500
U.K. 1,030 1,267 1,341 1,317 1,409 1,474 1,383 1,445
Other British
Commonwesalth
Countiies 30 102. 78 126 84 55 55
Germany 481 1, 2, 318 818 963 929 1,000 1,275
Sweden 166 323 404 485 544 526 489 680
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1938 1949 1951 1953 1954 1955 1956 1957

U.S. A, 201 633 166 528 477 73 169 340
Jepan 442 148 434 557 414 829 1,746 2,4€5
Netherlands, 240 169 217 341 411 397 450 510
France 47 155 22 235 267 326 299 425
Italy 94 99 112 263 162 167 353 510
Denmark 158 86 115 148 130 154 130

Norway 55 59 94 118 138 141 172

Other Countries 850

Source - Lloyd's Rezister Shipbuilding “Qturns.

i_..

Veszels of 100 gross tons and over

f\.)

Bxcluding countries where figures are not availabe — Chinae, Poland
and U.S.3.R.

Figures are not svailable.

Nedo
FUELING & PROPULSION.,

Cozl has been largely revlaced by oll as a source of power
for new ships. Only 7.7 per cent &f shipping afloat in the World
in 1957 used coal, compared With 51 per cent in 1935 snd 96 per cent
in 1914, Rather more than half the ShLDplﬂ“ under construction in
United Kingdom yards in June, 1957 consisted of motorships., The
Qu“anships now building are mostly being equipped with turhine
engines of various kinds.

NUCLEAR PROPULSIOIN.

As yet no ship Tfitted with nuclenr power and intended for
commercial operaticn has been buillt amrwhere in the world., It is
known that plans are underway Tor the production of nuclear powered

tankers ancd in the United Kingdon several important groups of
shipbuilders and merine engine builders have cntered into partner-
ships with a view to pursuing these far-reaching possibilities.
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