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1. INTRODUCT ION

Within a short span of two decades, Singapore has emerged as one of
- the nevwly industrialised countries in the Asian Pacific region.
The successfui development of the shiprepairing and shipbuilding
industry has a tremendous contribution towards this industrialisation
process not only in terms of visible economic earmings but in
providing the resources and opportunities for massive miunpower
training in various ‘echnological skills and managerial expertise
vital to the continuous growth of the industrialisation process.
Moreover, as a heavy engineering and "global" industry, it has a
large linkage and "gravitational™ effect and has attracted lhe
development of other related industries such as shipping, iron and
steel, machine, electric, eslectroric and chemical industries. It
has drought about the upgrading of a hest of supporting industries
like marime equipment, corrosion control, quality machinirg and
sutomation engineering. It has stimulated the further improvement
of essential infrastructure such as glodbal communication, Sanlng.
marine inspectiom and surveying services, port services, industc-ial

trajining facilities and rasearch,

This paper attempts to present the salient aspects of the status
. and the development of this vital industry and it is hoped that the
Singapore experience will prove a useful reference for others

engaged in the similar process of industrialisation.




A bdroad survey of the wmarine industry vill first be presented largely
comniled froms published sources of information, followed by a

close-up view of the various aspects of shiprepairing and shipbuilding.
™o writer will draw from his own experience end knowledge in a major
shipyard in vhich he spends his working career. The views and
observations expressed are therefore personal but cowing from an

angle within the industry itself., They WOpPc to have some relevance

to the topic of discussion for which this Group Mgeting has been

called.

The current problems facing the Singapore Marine Industry and the
countermeasures being underiaken are nexzt high-lighted. Finally the

proposals for co~operation among developing countries are presented.




3. BROAD SURVEY OF THRE MARINE NDUSTRY OF SINGAPORE

Singapore's marine industry consists of 3} main sectors: Shiprepairing,
shipbuilding and oil rig construction. The growta of the industry is
reflected in the revenue briskdowmn of the industry by sector between

1972 and 1982 as shown in Exhibit 1.

The industry employs scme )0,000 workers and is a significant foreign
exchange earner coatributing some 6% share of total GDP tovards the

Singapores economy in the peak year of 1081,

2.1 Shlzrxlrinn

The shiprepairing secter vas and still is the backbone
of the industry. Presently, there are 21 drydocks of
whica 2 are 400,000 dwt im size, 1 ef 130,000 dut and
another 3 of 00,000 dwt capacity each., 6 others cam
accammodate vessels betveea 90,000 dwt and 250,C00 dwt.
Exhibit 3 shows the statistics of drydocks and slipways

ia Singapore as at YOth June, 1983,

Along with the growth in scale, the repair technology
has further developed beyond routine surveys and damage
repairs to ship convarsions and sajor modifizations.
Conversions undertaken included those of cargo vessels

te livestock carriers, carge vessels toc fully celiuler
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containerships, tankers to mlti-petroleum product
carrier and storage vessels, bulk carrier teo
driliships, drillships to drilling tenders, cargo
ves3els to cement carriers, whale ships and floating
tisk faclories. Major wmodifications included
retrofitting of crude oil washing and inert gas
systems on tanker., upgrading sedifications of

LNG/LPG carriers and re-engine works,

Supported by & well-developed infrastructure comprising
specirlint contractors, mechanical, electronics end
electrical workshops and suppliers, the range of repair
servicos is also extended to offshecre structures,
underwvater cleaning and maintensnce, marine electronmics,

cammunications and automation.

3.2 Shipbuilding

The shipbuilding sector accounted for 20% of the .3tal revenue
in 1982, The types and number of vessels built betweem 1978

and 1982 are shown in Exhibit 3.

The biggest of the shipbuilders has a 200,000 dwt building dock
and has built in the 70's large ocean goinn vessels up te
90,000 dwt. Other nawbuilding facilities includa a 10,000 dwt

syncrolift dock, various slipways and some 50 building berths,




3.3

0l r14 constyruction

The o0il rig construction sector accounted for 3}4%

of the total revenue in 1982, In the peak year of 1981,
Singapore was the world's leading builder of Jack-ups and
second oaly to the U.S. in ¢f{l rig construction.

Exhibit & shows the varieties and mumber of oil rig

construction between 1970 to 1982,

Apart from rigs, the yards also construct allied offshore
structures. These comprise production platforms,
accommodation msodules, pressure wissols, vater infaction

platforms and single buoy moorin, ayrtems.




Yo CLOSE-UP ON THE VARIOUS ASPECTS OF SHIPREPAIRING AND SHIPBUILDING

The writer will nowv taxe the liberty to use Jfurong Shipyard as a
reference shipyard to relate the various aspects of shiprepairing

and shipbuilding.

3.1 Brief historv of jurong Shipyard

The history of Jurong Shipyard typifies the growth of
the shiprepairing an? shipbuilding industry in
Singapore. PFounded oa 25th April, 1963 as a joint
venture betwveen the Singapore Gerermment and the
Ishikawajina-Harims Heavy Industries Company Limited
(IN1) of Japan, it was the first major shipyard
establisied in Singapore after the var as part of the
industrialisatien drive ia the early 60's. Vhen it
first started, the island called Pulau Siamlun on wvhich
the shioyard was located vas a Malay Fishing Village

trengforwed for industrial use.

Though Jurong Shipyard Ltd (JSL) wan set up primarily as
a shiprepairing yard in the pinnaering days of the 60's,
it alsc undertoock shipbuilding of small vessels such as
tugs, coastal tankers and vessels up to 5,000 dwt. The
main purpose beiny te expose the workforce to systematic
rounds of training on shipbuilding technology whirh would

help upgrade their skille and maintain work stability.
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This raved the way for the estadlishment of the Newship
Division in 1971 (then knowm as the Jurong Shipbuilders
Pte Ltd) which degan by building a 14,300 dwt Freedos
zlass sulti-purpose dry cargo vessel and since then has
built mwerous similar vessels, three 91,600 dwt tankers,
the world largest offshore tin mining dredger, three
10,000 cergo vessels and undertaken numerous interesting

conversions.

In the meantime the shiprepairing facilities further
expanded vith the extension of the Ne. 2 repairing drydock
to reach 00,000 dwt capacity and the provisioa of ncw
mooring quay facilities at Tanjong Kling. Parallel with
the development programme, ‘he :r-kforce increased from
am initial number of 66 to 2,092 in 1973, reaching a
peak of 2,555 in 1981. Owing te the wor'ld recession the

workforce has deen reduced to some 2,000.

The layout and facilities of both the Newship and

Mupairsaip Divisions are showm in Exhibit 3,

The nature of ﬁiprop.irlng

The kind of facilities, technology and management style

required of a successful shiprepairing industry has a
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lot to do with the nature of the industry itself.
Exhibit 6 is an attempt to analyse the nature of
shiprepairing in a commercial environment and identify
key areas to which attention must be paid in order to
be successful. Seen in this overall perspective,
strategic location, facilities and technology only form
part of the ingredients for a successful commercial

enterprise. The various aspects will nowv be discussed.

Cotplexity of systems involved

A ship is an embodiment of coc.plex systems and structures.
While soma systems and structural arrangements sre common
to all shipc, different ship typas are characterised by
different specialised systems and structural pocuu‘uitlo-.

The cowplexity is thus multiplied.

Exhibit 7 shows the different types of vessels repaired

in JSL i{n t’ s year 1980.

The range and types of facilities required to undertake
such diversities and voluse of remair can be gauged from

the Exhibit showing the layout and facilities ef JSL.




It is impossible to relate the different skills involved

to meet the wide rangin: .epair and maintenance
requirements. Suffice to say that it is equally impossible
for any individual to be trained in all the skills invelved
and therefore effective transfer of knowledge and

technology sust take plzce at all levels of the workforce
through training as wvell as on the job experience.
Technology is therefore a shared and collective asset vested

in the workforce.

The transfer of technology in JSL has taken some 10 to 15
years as can be seen from Exhibit 8 showing the reduction
of Japaness secournded persornsl Irom the parent compony over

the years.

The training and development of employees, hovever, goes
ot wvith greater emphasis on job emJargement, unoo-rlnl

axd supervisory skills, impioveasen. of work attitudes and
teamwork., Per it has been rocognised that the human
factor, more than anything else is the most crucial element

and that veople are the most important asset of the company.

The kind of organisational structure sust be adequate to
cope with complexities but at the same time ‘trim’ snough
to response quickiy to changing and unexpected situations
characteristic of shiprepairing. The structure wmust be

such that a clear and quick communication lime can bde




effectively established for all parties concerned and

the various activities well co-ordinated at all timeas.

The organisation chart of JSL is as shown in Exkidbit 9. )

Exhibit 10 takes a closer look at the organisation of

the Repairship Division.

It is seen that under the Shipyard Manager, therc are six
"shop" Sertions and one shiprepuir Hanagers' office. The
division of the facilities and wvorkforce iato 6 "shop"

Sectinns is te cope with the whole range of shiprepairing

whick can be categorised as follows:-

1. Hull Construction H Full and steel repair

2. Dutfitting : 3 Hall fitting repair
such as various hull
piping systems, deck
machinery, ..ving

quarters, ete.

3. Machinery Fitting H Machinery overhauling .
and repair, shafting

and boilers, etc.




k. Blectrical Pitting : All electrical and

electronic repairs

Se Painting t Cleaning, shotblasting

and painting works.

6. Dock

re

Docking and mooring
operations, staging

and rigging works.

The Shop Sections are responsible for the coatrol! of
equipment and facilities, allocation of manpover and
averall planning of the activities under their respective

areas.

On the other hanG, the Shiprepair Managere' office plays

the very important role of contrel, ce-ordination asnd
commmication on a vessel (o vessel bdasis. Bach shiprepair
sanager is the centrs of control, co-ordination and
communication for a particulur vessel undor his charge.

He is responsible for the total planning, scheduling, coatrel
and safesty of the appointed vessel. He is the counterpart
of the vessel's chief repair superintendent and deals with
the ClLassixication Society's surveyors and all extermal
contacts. In this way, clear and quick commmication,

effective co-ordination within and without are achieved.




l.2.2

Heavy Eng}neerina

The sheer size of the hull, machimery te be serviced/
ha'idled means that safe, sfficieat material/transportationa
and handling system and techniques are keys to successful

operation.

This has a number of implications:

(1) In planning or in reviewing a shipyard's layout
the main aim is to achieve a logical flow of
material and te minimise distances of transportation
smong workshops, warehouses, docks, quays, etc.

unless unavoidable owing to geographical reasons.

(2) In planning or reviewing shipyard's facilities,
the choice of crane capacity, their nmwmbers, types
and locatisons is decisive as to the potential
capadilities of the yard in terms of production.
Therefore the choice of cranesage must be
commensurate wvith the production capability planned

and future capability envisaged.

Experience has proved the point that the larger the units
(be it steel blocks or machinery units) that can be
assembled on the ground, the more economical will be the

production cost. It weans greater crane capacity and




engineering planning to achieve the saximm possibdle

pre-asseabled units.

Exhibit 11 shovs the data of steel work efficiency

against amount of steel repaired for various vessels.

A detaliled analysis revealed that the drastic improvement

in efficiency of stesl repair with increasing steel weight

was largely attributed to the adoptioa of bigger block

construction technique as the frequsncies of its use

increased with bigger amount of steel renewal,

(3)

(%)

It is of utmost importance that workers must be
educated and trained in the safe and efficient
handling ef the material/equipment. In JSL the

needs for upgrading this particular aspect vas
realiscd in the sarly 1970's both for ntoty_ and
productivity reasons. As a result vorkers/supervisors
were trained for safe material handling sscthods and
techniques and only vorkers/supearvisors vho passed
the stundard test were alloved to handle material/

esquipment.

A preventive maintenance program of all lifting

facilities is essential from both safety and
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production puints of view. In JSL, all cranes

&re subject to regular checking and maintenancs.

Other lifting appliances such as chain dlocks
are subject to regular tests. ALl lifting wires
are checked monthly and colour coded for a

particular month.

(s) G-eater engineering planning must »e encouraged
for the full utilisation of existing lifting

facilities to increase production efficiency.

Te illustrate the possibility of the use of big blocks for
steel repair, a recent example of bottem damsge repair vwill

A 80,000 dwt tanker, sustained heavy bottom damage -an to
grounding. The extent of the damage amounted te 1,700 tons
and stretched almost the entire length of the vessel. Te
repair the vessel in a conventional way of remsval and
refitting piece by piece will be a leng labouriocus and
uneconomical process. It was decided that block constructiom
technique be adopted. The problem wvas then reduced te sne eof

scrap removal and block insertion.
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The extent of damage and the number of bottom blocks
plamned are shown in Exhibit 12. The maximm block
waight is about 90 tons. The average block dimensions

mihxh.

The method used for the removal and installat:iom ef
stecl blocks was by means of portatle wooden skid beams
arranged transversely at the dock bottom as showm im
Rxhibit 12. Top surface of the skid beams vas coated
wvith tallov and wax. Between the steel block and the
skid beams (twe transverse ring of block) wooden blocks

to a heipght of 200ms were arranged.

The block ta be installed was slided into posicion by

the pulling of the crane through wire. Once {n positienm,
the block was lifted uwp by crane through vertical vln
ropes. This vas made possible by cutting small buttervorth
size openings on deck at suitadle locations te sllow passage
of wire ropes. The use of a lifting spreader ensured that
the !ifting wires remained vertical. Wooden blocks were

then arranged underneath the lifted block for support.

The removal of scrapped blocks maximum about 60 tons was

done in the reverse procedure.
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Scrap removal process vas done in two stages. During
the first stage as much damaged otee: as could Le
removed without endangering ths ship ard dock bottoms
strengths wvas removed. The dock woodea blocks weras
pra-arranged to leave unobstructed those areas vhere
first stage cutting vas to be carried out. Additional
blocks being arranged to suppert other parts of the
hull unaffected by the first cutting. After the
installation of new blocks which wvere then supported
hy the wooden blocks, the cutting of the remaining

damaged area was allowed to proceed.

Heating coils, piping and other fittings wvere installed

at. the block stage and thus the efficiency of eutfitting

work was also greatly increased.

Cyclical fluctuation of job volumes

Shiprepairing is sudject to great fluctuatiom of jeb
volumes. There it alvays the element of unpredictabiliiy.
The impact of this fluctuation can be absorbed te a large
extent by the use of subcoatract labour. During the boom
times, the number of subcontractors could be as high as

60% of the shipyard's owm woirkforce.
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Hovever, the heavy reliance on subcontract labour has
its own drawbacks as experiencad by the Singapere

yards: -

(1) During the boom times, the subcontract workers
demand and often get unreasonably higher wages
and more jenerous emaployment terms than the
permanent workers. Thls leads te job hopping

among the permanent workers to join sub-contractors.

(2) The subcontiract workers often lack discipline and
display their vorst jod attitudes vhen they aras

needed most.

(3) Becauss of their mobility, subcontract workers
often receive little or ne formel training from
their trangient employers. BEmpleyers are alse
unwilling o invest in employses vho are not on
their permanent payrolls. Such a situatiea retards

productivity improvement.

Vhile the subcontracting system cannot be totally elimimated
Zor ecouomic reasons, the extent of reliance on subcontractors
can be ainimised by better plamning and greater utilisatiom of

own permanent workers. This is the direction currently being




3.2.4

folloved »vy the major yards in Singapore. Vorkors are
being sv ¢ ewatically trained to equip them for

multi-skills capability.

Short duration of remair and constant change of job specifications

Shiprepairing is characterised by shor% repair schedules. Most
routine and normal repairs seldom exceed two veeks. Those
sxceading one month will most probably be classified as major
repairs or conversions. The repair specifications are often
subject to constant changes as new items are added to the list,
To deal with such changes quickly and te complete the repairs

in time, the ship repair munager system is probabdbly best.

Hovever, this sust bs complemented by strong front-line
supervisory personnel whe are able te carry out the instructions,
delegate and supervise works properly and have accurate daily

feedback of the job progress.

In a constantly changing situiation such as shiprepairing,
simple but effective scheduling technique such as bar chnrtg
is probably best. On the higher level the ship repair manager
will prepare his overall schedule vith broad manpower plamning

to be followed by the various sections concermed.
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This overall schedule is subject to daily reviuw to
assess job progress and to detect likely delays. In
line with the overall schedule, the varioug sections
in turn will have their own detailad schedules and

manpowe:r planning to meet the various datelines.

The overall dock and quay schedule which decides the
critical events of sach vessel's movement such as ‘
arrival, docking in, docking out, mooring, unmooring
and delivery, is prepared by the yard manager who has

to keep up to date the overall perspective.

The important thing is not the form and technique of
scheduling but the judjement and thought behind it.
In thig respect there is no substitute for knowledge

and experience to arrive at sound judgement.

Although in shiprepairing, meterial accounts for about
25% of the total cost, the avanilability of material in
stock or quick procuremsat from the local werket
(sometimes overseas) is important on account of the

short schedule.

Adequate stocks should be kept of basic materials such
as steel plates and sections. welding electrodes, pipcs,

valves, flanges, etc. Care should be taken {n selecting
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the kinus and quantities of material so that they
represent the mcst commonly used standard materials
to avoid creating non-moving stock. The temdency of
"gtockpiling™ should also be dlscouraged. In other
words, only keep minimum stock commensurate with

smooth operation. -

3.2.5 Global competition and service oriented industry

Shipping is very much an international buginess and so is
commercial shiprepairing. So good commumication
infrastructure mich as efficient internationszl felephone

and telex facilities is indispensidle. QOverseas

marketing offices or agencies im key areas fer business

contacts and apportunities are sssential.

To the -hipovnﬂ:-. lb.ipl are tov costly an imvestment te de
spent idling. So not only the cost ef repair but the tise
taken and the gquality of the repair are all important
factors for the owner's evaluation. All things being
nearly <qual, the owner is likely to award his repair
contract to the yard he is msost comfortable with, in other
words to the yard who has established a good vorking
relationship and won his confidence. Therefore good and
consistent marketing and business attitude is just as

important as good marketing and business strategy.
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It is important to impart to the staff and enployee

this service oriented philosophy.

Incidentally, the quality control sector of JSL is placed
under the direct control of the Production Controller
intending to ensure that good and impartial standard of

quality can be maintained.

‘Potcnthl Hazards

Last but not least, the importance of safety cannot be
overemphasized. The shiprepairing yards in Singapoce
have gone a long wvay to arrive at the present level of
safety consciocusness and eanvirommert. 3Still there is
much room for further improvement. Of particular
importance is the prevontion of fire and oxplollo.- in
hazardous and confined areas onboard ships and elsevhere.
It is now a legal requirement to strictly isplement a
safe code for gas freeing and hot work precedure. Such
a procedure is shown in the ce-ordination chart and the

checking system illustrated in Exhibit 14,

The procedure is tc establish a system cf clear communication
and co=ordination where hot work (of open flame or spark

producing nature) is involved ir hazardous areas such as a
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cargo oil tank, even though the tank has been certified
gas free. (It is a legzsl requirement for all ships
coming for shore repair to be certified gas fread dy
the Govt. Chemist before port entry can be granted).

The following is a brief description of the procedurs.

1. Ship'. Job Specification and Generai Arrangement

F X 24y TP T TR Y S PR P R Y D L L P T L]

The Business Section after receiving confirmatioa
of the job specifications from the owner of the
vessel shall provide a copy of the specification
to the Safety 3e ion. The shiprepair manager
who alz0 receives copies of the specification
from the Business Section shall indicate om the
General Arrangement Plan for the vessei when hot
work shall be carried out. A copy of this
general plan shall then be given to the Safety

Section.

TL.e Safety Section shall then ensure the necessary
requirement in the specification are strictly

adhered to.

2. Cleming of area for hot work

The shiprepair manager shall be responsible te arrange
the cleaning of the area vhere hot work is to be

caryried out.

BY A
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Goverrment Chemist - Hot Work/Gas Free Certificate

coeecsveacanencscesaaa ceeeeac

When it is judged that the cleaning is adequately
done, the shiprepair manager shall contact the
Govermment Chemist for inspection to obtain the

hot work certificate.

Certificate Di:&sibutlon

The copies of the hot work certificate shall be
distributed to the section concermed (the sectionmn
who will be carrying out the hot work) and the

Safety Section respectively.

Eocation and Time o!_Hot Ubr!

The section concerned shall inform the Safety Section

of the location and time of het work everyday.

The engineer or foresan of the section concerned
who will carry out hot work in the area will have to
inform the shiprepair sanager before the starting of
hot work or oily works such as opening of pipes and

overhauling of valves.
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6. Safety Section

Seowaoe en e soee

After receipt of copies of hot work and gas free
certificate, the Safety Section shall then despatch
a safety promoter to the vessel to verify that the
area for hot work is safe. A daily check by a
safety promoter shall be made of the area where hot

work is carried out.

The daily gas checking report (supplement) should be
submitted by the safety promoter to the shiprepair
manager, the captain of the vessel and the section

managers of the various sections once or twice a day.

- If the safety promoter finds the area to be unsafe
be is authorised to stop the hot work immediately
and inform the section manager or engineer-in-charge
of the dangers. The area shall them be cleaned eond
all unsafe acts removed before hot work can cosmence.
The safety promoter shall at the same time inforw

the Safety Officer.

3.3 The Nature of Shipbuilding

Shipbuilding is a st.p up the technological ladder compared

with shiprepairing. Many fundamental aspects of shiprepairing
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are equally applicable to shipbuilding. However, there
are also distinct differences between the two which call

for different considerations.

Exhibit 15 "Differences between shiprepairing and

shipbuilding industries”" highlights the differences

between shipbuilding and shiprepairing.

Sporadic works versus assembly flow line

One of the marked differences between shiprepairing and
shipbuilding is that shipbuilding lends itself readily |
to the modern concept of assembly line productioa. |
Infact modern shipyards are planned along an assembly
1ine production sequence in which there is a logi_cal

flow of msaterials to assembly areas and an orderly flow
of assemblies to the building site. As the larger the
units that can be assembled, the more ecomomical will be
the p:oduction, the crane capacity is usually wuch larger
than is required for a purely shiprepairing yard.
Mechanisation and rationalisation of precess can be
readily introduced at the various work statiems along

the flow line. Thus,while shiprepairing is rather limited
in the extent of mechaniritiom due te its sporadic work

nature, shipbuilding has almost unlimited wechanisation |
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possibilities. However, over-sechanisation vhich means
high capital investment can also run into econocaic
difficulties if there is no suatained production demand
to match the production capacities. Therefore the
desired degree of mechanisation is not only a question of

technoelogy but of economy.

Exhibit 16 illustrates the wvork flow for newbuilding and
conversion at Newship Divisioa. Exhibit 17 gives tke
physical locations of the various stages. The production

flow will now be bdriefly explained.

1. Steel Material Storage (Bay Ne. 1)

Steel material falls inte twe categeriee:

Steel plates and sectioms. They are usually wunleaded
directly from ships which come alengside the wmleading
quay (North Quay). Each shipsent may be up te 5000 tems.
the wnloading is carried out using the sheore 20T jig
crane oate a conveyor system wvhich transports most of
the material into the covered storage area (Bay No.1)
and the rest te the open storage areas. The material
is arranged inte piles of about 200 tons each accerding
te the types of fabrication te be undergone. It is
usual te arramgs then ia "dleck” wmits and in & patiern
wihich will suit ths shetblasting and fabricatien

sequence. As the material hae te be handled freguemtly
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and qulickly, two overhead cranes of 20t and 10t
are installed. Exhibit 18 shows the overhead rranes

facilitias of thé various hull shops.

Surface Treatment (Bay Vo. 1)
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Fcr better anti-corrosiom protection and coating
effect, the material is then gome through the
shot-blasting and painting machine ingtalled in the
storage area tc rsmove dust, mill scale and other
particles and coated vith guitable shop primer. The
maxismum plate width vhich can be accommodaced by the
wmachine is m. Low lying sections where ths height

does not exceed 200wm can also be treated by the

machine in batches.

Fabrication (Bay No. 3_and Ne. 3)

Steel material is transportsd through a transverse
conveyor to the fabricatiom shops (Bay Ne. 2 and
Bay No. 3) next to Bay Ne. 1. There are several

lines of fabricatiom process as outlined in Exhibit 19.

Line No. 1 is primarily for the fabrication of skin
plates. Gas cutting and edge preparation for submerged
arc joining process (s normally done by flame planner

in Bay No. 2 for speed and accuracy. Where plates are




- 30 -

required to be bent, they are transferred to the
bending and press area in Bay No. ] through transverse
conveyor for pressworkX and line heating. The
fabricated plates are then transferred to their
respective storage areas. The flame planner has

a rail span of 7 and length of 35a. It is equipped
vith & sets of asulti-noxzzle gas cuttars for edge
preparation and 10 sets of cutting torches for flat

bar cutting.

Line No. 2 is primarily for the fabrication of
internals. Marking is done om a conveyor chain line
installed in Bay Mo. 2 leading to a sta:iionary gas
cutting statiom eqmipped vith semi-automatic cutting
machines. The speed of the conveyor regulates the
speed of the marking and cutting process. Cyt pieces
are them cleared awvay and sorted into ardeily piles.
Umranted scraps fall automatically into a scrap pit
for poriodiq clearing. Pieces such as flanged
brackets, face plates vhich require beading work are

sent to Bay Ne. 3.

Line Ne. 3 in Bay } is for the marking and gas cutting
of curved plates and sections in statiomary beds. The
cut pieces are cleared away and sorted into orderly
piles, where bending work is required, the pieces are

sent to the bending bay for treatment. All markings
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are done manually by means of full scale moulds
and tapes prepared by the mould loft which alse
issues the nesting plans (cutting plans) for maximum

utilisation of materials.

Bending (Bay Ne. 3)
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As described earlier, plates and sections which require
bending are sent to the bdending and press station in

Say No. 3.

Plates for bending are usually treated by the vertical
oil hydraulic press of 500t capacity. For more
complicated bending, finishing is done by line heating

to attain the desired curvaturs.

Flanged brackets are pressed by the hydraulic press
while sections and face plates by a horizontal flame

bender. Finishing is done by line heating.

The wooden bending moulds required for the bending

process are prepared by the mould left.
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Sub-Assembly (Bay No. 2 and No. 3)
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Between the assembly and fabrication stages, it is
generally considered tyv be sore effic _ent to
introduce another intcrmediate stage where mmaller
units, panels, built-ups, etc can be pre-assembled
before reaching the asgembly urea. Hence the

sub-assembly stage.

In the process of sub-asseably, larger members such
as wab plates, panels are usually laid horizontally
and smaller pieces such as stiffeners, brackets and
face plates are arranged, fitted and welded onto the
larger sembers. The asserbdled units ars thea
overturmed onto a raised open jig platforu where
welding distortion is eliminated by ‘ine heating

and the pieces for the reverse side are then fitted
and walded. Bach unit so assembled is unsually less
than 20 tons. They are then stored on the pallets

for easy storage and transportation.

Exhibit 20 illustrates a typical process of sub-asseambly,

The sub-assembly plams are prepared by the mould loft.
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Submerged Arc Welding Station (Bay No. 2)

This is the area vhen joining of flat skin plates

are carried sut by the submerged arc welding process.
The plating is usually overturned for submerged arc
welding on the reverse gide. Therefore high headroom

is necessary for the overturning process.

The welded panel which is the full extent of an
assembiy block is then marked as a whole by

"finished marking tapes” prepared dy the mould loft.

Asgembly (Bay No. 2_and Ne. 3)

This is ‘he heart of the entire assembly line process.
The assembly blocks can be classified into the following

brcad categoriess-

1. PMat block (e.g. parallel parts).
2. Semi-flat block (e.g. engine room double bottom block).
3. Curved block (e.g. side shell blocks).

4. Cubic block (e.g. fore and aft parts).

The aim being to assemble the largest possible units

subject only to handling and space limitations.



Difrfeient processes of asseuadbly are chosen te suit

the different categories;.

Exhibit 21 - fllustrates the different
methods wvhich cam be adopted

for asseabling flat blocks.

Exhibit 22 - illustrates one method of

assembling semi-flat blocks.

Exhibit 23 - fllustrates one method of

assembling curved blocks.

Exhibit 24 - illustrates one method of

assembling cubie blocks.

The assembled blocks are them transported out to the
blocle storage area by trailers o a hydraulic jacking
and buggy system wvhich has a carrying capacity of

300 tons and is linked via rails to the erection site

adjaceat to the building dock.

Pre-erection (Outdoor)
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This stage 3ay or may not be required depending om

the building circumstances., This is an intermediate
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stage between assembly and erectiom vhzireby two or
wore assembly blocks are combined together into
yet bigger units so that the erection work and
schedule can be reduced. Anoth:r advantage of
this system is that surplus labour which is brought
about from the early and later stages of erection

can be utilised for the pre-erection work.

Advanced mtfitting System

Along with the hull construction flow, outfitting is
also organised according to the sequence of assembly
blocks productiom so that pipe pileces fittings and
equipment that go into a purticular block €8a be
palleted and fitted on the assembled blocks on the

ground before reaching the erection stage.

Large items such ¢¥ main engine, boilers and wvindlasses
are handled as wnit items, But pipe pieces, fittings
and ths like are handled in bulk. This bulk is called
a pallet. But a pallet here ne¢ed not sean a phyvical
container. It is the term given to a collection of
fitting saterials needed for a particular dlock. In
practice, the item way be contained in a pallet as in
the case of pipe pieces, or the item may be picked up

from the storage area and palleted while loading ontc
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the transportation vehicles.

Palleting is therefore a highly organised activity,
It is aided by the 30 called MLF Lists prepared bHy
the Design Department. A MLF list gives a breakdown
of the items required for a particular block's
outfitting requirement, The MLF list serves as an
important control document as far as outfitting

activities are concerned,

Fittings tlat cannot be done at the assembly stage
are palleted for the erection stage in a similar

sanner.

Palntin!

Vhea an assembled block is complated and inspected,
surface cleaning and preparation is carried out and the
block painted accordingly te the Painiing Specifications.
The eraction joints and areas that need to be pretected

from painting are suitably covered.

This process reduces considerable ameumt of painting

work that needs te be carried out at the erectioan stage.
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Exrection

The erection of the assembled blocks {s carried out
on a building dock. Before thz ommencement of
fabrication, the block erection sequence must be
decided, for this is the basis on which assemdly
blocks saquence, sub-assembly and fabrication
sequence are plamned. The supporting woodem blocks
are also arranged to bear the weight of the assembled

blocks to be loaded.

Prior to block erection, lifting eye pieces,
scaffolding, fittings must be arranged for the
convenience of the srection process. The blocks are
thea lifted by the level luffing cranes (80t and
150t capacities) installed on each side of the
building dock. HNeavier blocks wvill need the
combination of both cranes fer lifting and loading

oa the actual lecations on the building dock.

After loading, the block is adjusted and fitted te
the adjacent block. The welding of the erectiom

Joints follows closely after.
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The so-called semi-tandem systea of buildinrg vas
adopted wvhen freedom series were constructed. In
this method of building, the first ship and the
aft half of the second ship are built at the time
in the single building deck of 3})5a x 56m x 11m.
The aft half of the second ship which comtains ths
engine room is being built next to the foreside of
the first ship. VWhen tlie first ship is launched
the aft half of the second ship is shifted to the
same position previously occupied by the aft half
of the first ship and the rest i{s built. At the
same time the a{t.hnlt of the third ship is built
next te the second ship. In this way proper
balamnce of outfitting work and hull construction
work is maintained leading te higher operational

efficiency.

Afloat Outtittin'_

When the erectiom work {s coapleted, the ship is
flocated out of the building dock and transferred
to the outfitting quay. Remaining ocutfitting works

and accommodation works continue until :ompletion.
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Short schedule versus lonl schedule

Shiprepairing is characterised by short schedule during
which there is a great concentration of sanpower and
activities to finish the repair in the shortest poasible
time. This sense of urgency has a self motivating
effect on the workicrce and helps to keep the schedule

in check. At the same time there are periods of relative

slackness vhen the work tension is eased.

As shipbuilding works to & schedule of several sonths or
longer for aach new vessel, this psychelogical sense ef
urgency is less except perhaps towards the end of the
building process vhea the ship is about te be launched or
delivered. Added te this is a monotonous work routine as
apposed te varieties in shiprepairing. There is therefore
less motivation and a tendemcy for the workforce te slack
until the last moment. Om the other hand a long schedule
has the advantage of flexibility im planning te even out

the werkload.

Two other major factors, namely, the dravings and the
materials/equipment have a direct bearing om the overall

schedule as well.,
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Therefore an effective scheduling and control systea
sust take into consideration the above semtioned factors.
Usually the scheduling and control techniques should

follow the op down system as follows:-

First, the Master Building Schedule must be decided by the
top production executive such as the General MManager or
the Yard Manager. This serves as the blue plan for the
entire productiom operation. This master building

schedule is mecessarily brief and contains only the major
principal events for the ships to be built such as contract
signing, the cosmenceament of Z:bricetion, keel laying,

launching and delivery of each vessel.

Although the master building schedule comsists of the
barest ocutlines, it is based oa past performence and on
appropriate production parameters determined from a
long-range viewpoint. It has takem into account the
production capacity of the facilities, the capacity of

ths wvorkforce, the shipowner's requirement, the time needed

for the preparation ef drawings and material procurement, ete.

Second, based on the principal dates of the master building
schedule, the block erection schedule is next estadlished
(in other wvords the dates and loading sequence of the

assembled units on the building dock) by the hull erection,
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This then serves as the basis for the preparation forwvard
of onboard outfitting schedule, and backwards of bdlock
assembly schedule, sub-assembly schedule, fabrication
schedule, drawing scheduie and on dlock ocutfitting
schedule by the individual sections concerned. All
schedules being geared towards meeting the target dates

as stated in the Master Building Schedules.

Next, other minor detailed schedulas such as the daily
crane usage schedule, pipe fabrication schedule may then

be drawn up for daily and wesekly control.

In this system of top-down Scheduling Control, a systom
is established by vhich the schedules are drawn up,
beginming with the major schedules and then the minor
schedules, When draving up minor schedules, the major

schedules are not to be altered.

In order te monitor the work progress at various stages,
weekly check should be made against the respective
schedules and countermeasures taken to rectify delay.
Apart from scheduling other production sonitoring
yardsticks can be used to wonitor progress and efficiency
such as production weiqght per moath, the man-hour achieved

per ton of production. The establishment of such tangible
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targets such as the production weight per month and the
man-hour per ton help to challenge the workforce and

instil a sense of motivation.

Labour Cost Versus Yaterial Cost

Although shipbuilding is also labour intensive the cost
of the material /machinery components that go into making
the ship is by far the larger crst component., The cost
of the material portion is in the region of 70% - 80%
as compared to some 15% - 20% in shiprepairing.
Therefore material cost is the added element the control

of which is of paramcunt impertance. The successful

shipyar@ must incorporate into its prodection contrci

system an effective means of material centrol.

Material cost control should be exercised throughout the
entire shipbuilding cycle starting with the basic desigm

of the vessel.

The material cost control strategies should include the

following:-

1, Material cost (Production cost) - oriented design

©.g. Optiinmm choice of basic materials/machinery
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leading to saving in cost without sacrificing
functions intended. Simplication of systems.

Rationalisation of structural systems.

Setting up a production design stage between key
design and production to rationalise production in
terus of aaterial and labour.

e.). Rationalisation of piping anA fitting

arrangesent.

Setting up of a material cost budget and momitoring

system.,

Material saving measures during preduction such as

reducing material scrap percentage, welding

electrodes wastage.

Developaent of a strong procurement department.

Towards saterial standardisation.

The long-term cost control strategy however msust involve

the development of a strong local ships components

supporting industry in order to cut down the imported

content of the materials and equipment.



3.7.4 D.-iE is an essential element

As the normal routine in shiprepairing is overhauling
or replacement, little design activity is invelved.

In mnsl caeere 3 few staff who are alsn pa=t of s~
inspection group will suffice for producing repair
plana. Steel repair can also be adequately handled by

the mould loft.

Por shipbuilding and for major conversions, a design
capability is essential from both marketing and production

points of view,

There are ) levels of design activities:-

1. Basic Design
3. Key Plan Dulpu

3. Production Design

1. Basic Dol!gg

This is the highest level of dosign activities vhich
deals with feasibility studies, economic parameters,
initial cost estimation, the determination of basic
ship types, principal diwensions, basic arrangsment

and configuration, powverimg requirements, etc.
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In other words, the fundamentals of ship design.

Basic design has 3 phases namely Conceptual,

Preliminary and Contractual.

The conceptual phase is largely exploratory,
translating the mission requirements into naval
architectual and engineering alternatives and
possibilities. Essentially it deals with

technical feasibility studies to deterwine such
fundamental elements of the proposed ship as the
principal dimensions, powering, basic arrangemseat

or alternative sets of characteristics, all of wvhich
meet the required speed, carge cubic and deadweight.
The initial cost estimates follow to enable the most
economical soiution te be chosen. This phase is
usually summarised into a brief outline specification
and an ocutline general arrangement or specifications
(wvhere there are alternatives) ia which only the most
fundamental and cost imfluencing elements will be
reflected. They are accompanied by initial cost

estimates for the various alternatives.

Once a particular cencept design is selected, the

preliminary design phase carries the study a step
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further to coafirm and further refine the major

ship characteristicc affecting cost and performance.
For example, the preliminary hull form is now defined
to enable speed, tris and stability, capacities etc.

to be checked. The general arrangement will now
incorporate more features. The structural Midship
Section amd Steel Scantling Plan and profile vwill

take shape. This phase of the design is usually
summarised by a preliminary specificatiom which provide
a precise definition of the vessel. It may also beo
accompanied by supplementary drawvings and calculations
such as the Midship Section, steel scantling plan and
profile, preliminary trim and stability booklet, power
and speed prediction, capacity plan and selected piping

diagrams.

The preliminary design forms the basis for .;rlw-

cost estimation on the part of ‘he shipyard and further
evaluation om the part of the ship owvner. As

successful bid will lead te be contractual design phase
in which a further refinement is made oa the preliminary
design loop and slight modifications made te incorporate
comments arising from the latest evaluation. The
specification and general arrangement which develop will

nov forw an integral part of the ship contract document.
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Basic design requires design know-"ow, a wealth

of data, research and high calibre staff with
innovative ideas who are capable of sound theoretical
analysis and have beem exposed to a wide range of

fundamental desiqn problems.

This is an area >f expertise wvhich represents the
last "stronghold” of technology transfer and the
acquisition of which is an invaluable asset and will
put the shipyard on an independant footing and
enhance its flexibility as to the range of ship trpes

that can be markited and built.

However, most developing shipyards are usually limited
by the experience and resources in developing a
credible bglic design capadbility within a relatively
short time. For the initial stages, it is t‘arotor.
necessary teo reiy on foreign or imported bdasic design
or emter inte a technical tie-up with sowe consultant

fimms.

Every attempt however must be made S enter into the
realm of basic design for the development of which

holds the key to greater engineering capabliiitiee.




a. Key Plan Jasign

Key plan design works within the frasework of the

basic design. The design parameters determined

in the basic dersign process are not altered.

Key plan design has the following functions:-

3.

Further refinement of the basic design

loop in the light of design development.

The amount of refincaent to be done

depends largely on the quality of the

basic design. This process of refinement

is brought to its completion at the completion
of the vessel wvhen the inclining experiment
and deadweight weasurement is carried out and
when the performance cf the vessel is tested
at the sea trial. The final results are
analysed, documented and used te produce the

final trim and stability booklet.

Study into the technical and functiomal
aspects of the various systems and sub-systems
net covered by the Basic Design. Preparatioa
of basic arrangements anda Schematic drawings

for piping, ventilation, eir:trical cabling,

etc. not covered by the Basic Design.
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J. Purchase ordering specifications for raw

saterials, equipment amd machinery items.

The key plan design process involves on the
one hand external parties such as the owmer,
the Classification Society and the equipment
manufacturers and on the other hand internal
parties such as the production ard purchasing
departments. For this reason, it is strongly
recommended that the key plan design be
handled by the shipyard's design team who
know the shipyard's production and purchasing
requirements and therefore are in a better
position to preparc production-orieated

dravings and co-ordinate with external bodics.

Production D--l!!

Production design has deen termed detailed design.
But it is infact sore than detailed design. It is
design for production. Therefore production design
convey a better meaning. Por an assembly flow line
type of production, production design (or yard plans)
is indispensible. Production design embodies the
technological acgpect of design, "how te build". It

sust take account of the shipyard's facilities and
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building system and explore the best way of building.
For an assembly flow line system, the fundamental
decision is the vay in wvhich the ship is to bde
assembdled. This is then reflected in the assembly
block arrangement drawing indicating how the ship is
to be divided into assembly units and the block
loading sequence at the srection stage. Hull
construction drawings are cthen produced to suit the
block divisions and construction techniques

(e.g. sub-divisionm of an assembly block to suit
sub-assewbly units). Piping and fitting arrangeaent
drawings are produced to suit the block coastruction
technique, so that advanced outfitting can be done
at the assembly stage following after the assembly
blocks production sequence, Por this purpose pipe
plece drawings, fabrication drawings of fittings and
the MLF lists are produced in advance to suit the

production schedules.

Good and timely production drawings lead to a smooth
flow of production and results in considerable saving
in material and labour costs, Therefore design

should be treated as part of the preduction process.
In the Plamn-Do-See cycle, Design is the "Plan" stage,
production is the "Do" stage and review and feedback
is the "See" staje. Constant co-ordination and review
between the piraoduction and design will result in
better design vhich in turm lead to better

production.
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4, CURRENT PROBLEMS AND COUNTERMEASURES

The phenomenal growth of the marine industry in Singapore is not
wvithout its shortcomings and with the present world-wide econoamic

recvssion there are challenges to be surwsounted.

9 | Current Prablems

Some of the shortcomings can b: identified as follows:-

1. The decade of rapid growth has led to an
over-expansion of shiprepairing facilities.
On the other hand, the sharp increases in
crude oil prices in 1973 and 1978 and the
sluggish economic growth has triggered
irrevocable structural changes im the
shipping industry. For example, there is
an absolute decline in the tanker repair
market from a permanent reduction im worldwide
oil consumption, In other words there is an
over-supply and shrinking demand situation as

far as shiprepairing is concerned.

a. The rapid economic growth has led to escalating

vages and at the same time the heavy nature of

the industry leads to increasing difficulties in

- r ey g
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attracting fresh emplovees as there are more and

more other emp!.yment opportunities elsevhere.

3.  In the course of rapid progress, there vas less
tima anl attention speut un .eview, yathering
and compilation of data, setting up of yard's
standards, etc. which are needed in order to
consolidate the technical base. There is still
a lack in t- {C design and engineering capability

which limits the scope of operations.

Counter Measures

The countermeasures being taken seriously by the marine
industry in Singapore as a wvhole are sainly directed towards

the above weaknesses.

They accordingly can be summarised inte a })-prong

strategy: -

1. Towards divereification
2. Towards higher productivity

3. Towards greater design capability
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Towards diversification

To make full use of facilities and manpower, sany yards
have diversified or are in the process of diversifying
their operations into related steel fabrication and
engineering activities e.g9. onshore and offshore steel
structures, offshore production and accommodation

modules, fabrication of crane structures, marine terminals.

Tovards greater productivity through husan

resource development and mechanisation

To combat escalating wagas and scarce human resources,
there are only two posszibilities, namely more efficieamt

use of the human resource and mechanisation.

As was pointed out earlier, shiprepairing is labour-intensive
and has linited mechanisation possibilities. Though
shipbuilding process can be highly mechanised the level of
machanisation should be synchronised with the wage and
efficiency level 2f the labour force to achieve cost
effectiveness. Therefore the human resource remains the

key factor, This is the area that has been given the most

attention by the shipyards in Singapore.
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The Singapore Government has actively encouraged the
upgrading and training of employees through the Skill
Development Fund which was set up srecifically for the
promotion of such trainings wvhich lead to the upgrading
of skills of the employees. The shivyards have been

able to utilise this Fund for the development of
multi-skill workforce (job enlargement), supervisory

and managerial skills of the managerial staff. The
Quality Control Circles movement wvhich has had tremsendous
success in Japan is being experimented here as well., This
is potentially a powerful movement wvhich if implemented
with success vill lead to self-motivation of employees

towards higher quality and productivity.

On the aspect of mechanisation, the present level of
mechanisation is considered adequate for shiprepairing.
Bven in shipbuilding substantial mechanisation as a total
system is not anticipated in the near future since the
ships to be built are likely to be small and medium,
specialised and varied. Therefore the growth strategy

{8 in minor mechanisation measures to

a) Increase work efficiency by means of better tools,
equipment.

e.g. Gravity welders, co2 welding, suomerged

arc welding, jigs & fixtures for in-situ
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machining work., Flame Planner.

b) Improve safety and working environment.

e.0. Steel scaffolding, travelling stages

for painting iam drydock.

Towards Greater Design Capability

As pointed out earlier the design capability is essential
from both marketing and production view points for
shipbuilding and conversions. The marketing capability
of a shipyard will be greatly enhanved if it can assist
shipowners in feasibility studies and offer projects on
a turn-key basis. The productivity will be greatly
enhanced with improved production design capability.

The short-turn strategy calls for the followings:-

a) in-house training of existing staff to upgrade

their skills.

b) the recrujitment of hiqh calibre staff

(local and foreign).
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€) the setting up of the yard's internal standards

of msaterials, quality, ete.

d) technical tie-up with consultamts, higher

institutions.

The long-ters strategy will involve the industry as a
whole im collective and ce—ordinaisd efforts to develop
a technology and research centre. A Marine Development
Centre has actually been conceived and proposed as joint
effort in this direction. The proposed scheme outlined

the following as the main functions:-

1. Informatioa

a) To set up and maintain a computerised
technical data bank, Input will come from
shipyards, other local sources and may even
be purchased from abroad. It will include
information on ship and rig designs, building
and repair techniques, and marine and offshore

equipment and machinery.

b) To set up a technical livrary with lending and

reference facilities. At present, this basic

facility is lacking.
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To assist the industry to keep abreast of
technological advances and arrange for the
disemination of such information through
technical bulletins, seminars, talks, films

and demonstrations.

Design Service

a)

b)

To undertake design projects for the industry
and assist yards in dev2loping new ship types
to suit specific trade/route requirements.

This will include feasibility studies.

To assist shiprepairers in undertaking c.nversion
and modification projects o a turn-key basis

e.g. re-engining of ships.

Productivitz Services

coeoeovececechescsccvsce=

a)

b)

To determine how productivity may be measured
and iaproved and set realistic targets for the

industrv,

To assist shipyards in {dentifying shipbuilding
and rig construction processes where isprovements
are possible. These will include yard layout,

orgarisation flow, planning and scheduling and

quality control.
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Se PROPGSALS FOR CO-OPERATION AMONG DEVELOP ING COUNTRIES

The foregoing is an attempt to present the Singapore experience in
the development of its shiprepairing and shipbuilding industry. It
is hoped that the experiemce itself will prove a useful reference
for other developing countries engaged in the similar process of

industrialisation.

Singapore has benefitted from the technology transfer of shiprepairing
and shipbuilding expertise from developed countries. BEgpecially in
shiprepairing, the technology and facilities are well developed and
established. Such transfer of technology was invariably achieved
through joint ventures with the developed countries. In a similar
manner Singapore can inturn transfer its technology through joint
ventures to other developing countries. The case for technology
transfer from a developing economy to another is stronger since the
technology has already undergone an adaptation process to lﬁit an

developing enviromment.

Short of a joint venture there are other possibilities through which

the Singapore experience can be sharcd such as:-

1. Technical and management consultansy and assistance

in the setting up and operation of a shiprepairing and

shipbuilding yards.
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On the job training in management, supervisory and other

skills at established yards in Singapore.

Study team to investigate the relevant aspects of the

Singapore Marine Industry.

The proposed Marine Departmant Centre could be extended
to provide design and engineering services on a regional

level.

The development of the shiprepairing and shipbuilding industry on

an international scale cannot be viewed in isolation of other economic

and social factors. Rsgional balance msst also be considered to

avoid the situation of duplication of facilities to the detriment of

all parties involved. There is therefore a need for complementary

regional development rather than independent development.

A comprehensive survey of the domestic market demands of the countries

concerned and future trends of regional shipping will be required before

a complementary strategy can be mapped out.
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EXHIBITS
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STATISTICS OF SLIPWAYS

SLIPWAYS IN SINGAPORE AS AT 30 JUNE 1983 *
CAPACITY (TONNES) | NO. TOTAL TONNAGE
Below 199 5 680

200 - 399 3 800

400 - 5¢€9 7 3,300

600 -799 1 600

800 - 999 3 2,400
1,000-1,199 - -

1,200 - 1,399 5 6.250
1,400- 1,599 3 4,400
1,600-1,799 - -

1,800 - 1,999 1 1,800
2,000 and above 6 42,000*
TOTAL 34 62,230

Note: *2 units of 2000 dwt

each for new building.




AND__DRYDOCKS _AS AT JUNE 1983

DRYDOCKS iN SINGAPORE AS AT 30 JUNE 1983
DWT NO. | TOTAL DWT REMARKS
Below 5,000 1 4,000
5,000 - 43,000 One 10,000 DWT (F)*
29,999, One 10,000 DWT (S)*
30,000 - 4 140,000 One 30,000 DWT (F)*
49,999 One 40,000 DWT (F)*
50,000 - 1 90,000
99,999
100,000 - 1 100,000
149,999
150,000 - 3 470,000 | One 150,000 DWT (F)*
199,999
200,000 - 4 1,180,000
399,999
400,000 2 800,000
and above
TOTAL 22 2,827,000

Note: F* : Floating dock

S* : Syncrolift




STATISTICS OF SHIPBUILDING (1978 -1982)

B »
VESSELS LAUNCHED: 1978 - 1982

1978 11979 1980 1981 1982

Type of Vessel (No. [Total No. |Total No. |Total No. |Total No. | Total
GRT GRT GRT GRT GRT

Barges 98| 71,753|125| 69,943{317|172,604{315(211,226(229|163,298
Tugs | 401 3,603} 24| 2,419| 32| 6,716| 40| 9,054, 41 9,925
Cargo Vessels | 21| 41,786 9| 20,172| 6| 13,619] 10| 13,848 6| 16,629
Tankers 31 31,080, 2 1087 3| 1,854, 2| 4,487 - -
Supply/Utility - | ‘
Vessels 15| 3,006 9| 35,096 14| 5830{ 17| 9,441 29| 16,965
Patro! Craft 4 700| 5 2911 3 274 1 - 1 492
Landing Craft | 17| 10,422| 8| 4,902| 12| 2,233 6| 3,400| 13| 5,231
and Dredgers | ‘
Femes/Launches/ 15| 1,674 12| 2,248| 18| 9,047| 11 6,086 12 2,762
Others
TOTAL 213]|164,024|194{104,158|405|212,177/402|257,542{331|215,302

_€9...



(4]

TATIST! | - 1982)
: OIL RIG CONSTRUCTION — YEAR 1970 7O 1982
TYPE 0]71! 72{ 73| 74|75[76]|77178]79| 80 {8182 |[TOTAL
Jack-up | 1] 1 3| 2| 4| 7|1 81 4| 2] 9111 {1616 | 83
[ DrilingYender (- 1| 1| - 1 2] i -1 1] -1 11 3] 2] 13
Drill Barge - -1 -] 1{ -] 1] - - -1 -] - 2
— Submersibie =T =1 - [ -/ - - -1 -[-I"-1T-1- 1
- [SemiSubmersible[-| -1 - -] 2] -1 -T1[ -1 -1 -1-1 - 3
Drill Ship -1 -1 - -1 -1 2{ 1] - -] -] 1*| 5
| Semi-Submersible
Accommodation (-| -| - | - | -| -] -| - -]~ =] -] 1 1
Unit
TOTAL 11 2 4, 4| 71111/ 6| 31 9| 12|18| 20( 108

*Conversion from a bulk carrier to a drillship.
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JHE NATURE OF

- 66 -

SHIPREPAIRING

NATURE OF SHIPREFATRING

KEY AREA INFLUENCED BY SUCH N~TURE

(1)COMPLEXITY OF SYSTEM INVOLVED

=W N

N

RANGE OF FACILITIES

. PROJECT MANAGEMENT MUST SUIT COMPLEXITY
. MANPOWER SKILLS TRAINING AND UTILISATION

COMMUNICATION AND CO-ORDINATION

. SUPPORTING SERVICES AND SPECIALISED SERVICES

RANGE OF MATERIAL (PROCUREMENT AND STOCK)

{2)HTAVY ENGINEERING INVOLVING
HEAVY COMPONENTS

p—-

LAYOUT AND FACILITIES
TECHNOLOGY CF MATERIAL/EQUIPMENT HANDLING
SAFETY

(3)CYCLICAL FLUCTUATION OF JOB
VOLUMES

. MANPOWER PLANNING AND UTILISATION

SUBCONTRACTING SYSTEM

3. DIVERSIFICATION

(4 )SHORT DURATION CF REPAIR &
CONSTANT CHANGES OF JOB
SPECIFICATIONS

. STRONG FRONTLINE SUPERVISORY PC..

. PROJECT MANAGEMENT MUST SUIT FLEXIBILITY AND

EFFECTIVE FEEDBACK

3. COMMUNICATION AND CO-ORDINATION

AND CONTROL

4. AVAILABILITY OF MATER.A ROCUREMENT AND
STOCK
(5)GLOBAL COMPETITION & SERVICE- 1. MARKETING AND BUSINESS STRADEGY AND
ORIENTED INDUSTRY PHILOSOPHY
2. COST, QUALITY AND TIME OF REPAIR

3. COMMUNICATION

. SERVICE INFRASTRUCTURE

(6 )POTENTIAL HAZARDS

. SAFETY AND HEALTH

a——




TOTAL NUMBER AND TYPES OF VESSELS REPAIRED IN JSL (1980)

TYPZ OF VESSEL GROSS TONNAGE NoéEgiI;ESSEL
1. TANKERS ABOVE 100,000 14 (1)
50,000-100,0." 27 (8)
20,000~ 50,000 30 (8)
BELOW 20,000 14 (2)
2. BJLK CARRIER 20.000.- 50,000 12 (1)
BELOW 20,000
3. CARGO VESSFLS BELOW 20,000 44 (5)
4. 1.NG CARRIER 50,000-100,000 3 (5)
S. CAR CARRIER 17,612 1
6. TUG 2,970 1
7. DRILLING VESSEL 6,134 1
8. FLOATING CRANE 6,443 1
9. FLOATING DOCK 3,500 1
10. FISHING BOAT 934 (TOTAL) 2
11. BARGE 8,751 (TOTAL) 7
TOTAL 7.6 .855 167 (30)

() INDICATES REPAIR AT ANCHORAGE

_Lq_
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JURONG SHIPYARD LIMITED
ORGANTSATION CHART
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REPAIRSHIP DIVISION

RSD SHIPYARD MANAGER
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" MACHINERY SHIPREPAIR
CONSTRIETION I FITTING PAINTING l:mc.ens OFFICE
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80,000 DWT_TANKER BOTTOM DAMAGE REPAIR PLAN
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BLOCK INSTALLATION TECHNIQUE FOR 80,000 DWT TANKER
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14
CO~ORDINATION CHART FOR HOT WORK
SHIPREPAIR
MANAGER
(1) SHIPS GENERAL
ARRANGEMENT & SHIP
SPECIFICATION
PAINTING E LR AIR .
SECTION (2)FOR CLEANING 5
2
™ HULL
E & CONSTRUCTION
7] v,
GOVT. CHEMIST & 2
EEHE%&%F ETY (3) JEST FOR E ﬁ s%'l(on
E@cmc v <)
)
(a]
3 PRINTING
(4) INFORMATION OF - SECTION
RESULT
VARIOUS SECT. EROCE?)E
TIME OF

WORK

VARIOUS SECTION'S CHECKING SYSTEM

: CONFIRMATION BY
SECTION'S GOVT. CHEMIST
ENGINEER HOT WORK CERTIFICATE
INFORMATION
FOREMAN OR
CHARGEHAND
HECK HOT WORK AREA
INCLUDING THE OPPOSITE SIDE)
A\ ]
N OK | START :
WORK
INFORMATION

JEST FOR CLEANING v
SREETS SEOTTon SECTION MR
FIREMAN STANDBY OR ENGINEZER
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DIFFERENCES BETWEEN SHIPREPAIRING AND_SHIPBUILDING INDUSTRIES

SHIPREPAIRING

SHIPBUILDING

Sporadic wor<s carried out
simultaneously (limited degree

of mechanisa:zion)

Short schedule per repaired

vessel

Labour is the main cost component

No or little design involvement

l. Assembly flow line concept
(high degree of mechanisation

possibility)

2. Leong schedule per building

vessel

3. Material is the main cost

component

4. Design is an essential element

_gL_
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WORK FLOW OF SHIPBUILDING PROCESS
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i 17
J PHYSICAL FLOW PLAN OF SHIPBUILDING |
PROCESS IN NEWSHIP DIVISION OF JSL
. %% = ,_,]
| ] |
. i T O 9 {}
4 | D
/ PRE-
ERECTION
- ]
- \ d - ASSEMBLY ASSEMBLY
- . F (FLAT (QRvED
g% suocks) ||| meocks) BAY
| \ Pl d
J 2 1 ,,J .
U e i
WELDING
i
4= b 3 b ={> ¢ 4= [
If—q’;———gp N
ASSEMALY ASSEMBLY
|—1 ? : :
i] BENDING |
i <l | e
A1 o || mocx = |
/ SToRAGE r 1 1l
MATERIAL ABRICATION FABRICATI N
: STORAGE (PLATES) | (SECTTCNS)
L Jl Jl
1l & ==:>{?=4> '
e ]
. SHOTBLATT ]
MATERIAL _l_‘—lr :
il | |
- r: : [
=20 | P
1 g Jz“f‘%
/47/”




NSD FACILITIES - HULL SHOP OVERHEAD CRANES 18
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DIFFERENT LINES OF FABRICATION PROCESS

_79_

1l FLAME PLANNER LINE

MANUAL

MARKING OF P

PLATES

GAS CUTTING
OF EDGES BY
FLAME PLANNER
OR P/MACHINE

ELATE STORAGE
—»— FOR SURMERGED
ARC WELDING

BAY NO.2 (FLAME PLANNER)

— — o — —

“BAY NO.3
NDIN
EE},T;I;EGB‘QF REMARKING OF STORAGE FOR
| PRESS AND ™| BENT PLATES BENT PLATES
LINE HEATING
2 GAS CUTTING CONVEYOR LINE
MARKING OF GAS CUTTING OF PIECES I®™1 1urERNALS
PLATES STATION INTO ORDER
BAY NO.2(CONVEYOR CHAIN) L
BaY RO 3 ' """""""""
BENDING AND STORAGE FOR
PRESSWORK FLANGED
BRACKETS ETC

3 SECTIONS & CURVED PLATES CUTTING LINE

MENCAL
MARNING OF
SECTIONS &
CURVED PLATES

GiS CUTTING

—»1 BY PORTABRLE

MACHINE

i—.)—l

SORTING OUT

STORAGE FOR

BAY NO. 3 (MARKING &
CUTTINS EEZDS)

L

OF PIBCES P sperions
INTO ORDER
ZNDING OF -
= STORAGE FO
CURVED PLATES Src?m\.g "
& SETTIONS SR

4

FEMARFING OF
BENT FLATES

STORAGE FOR
EENT FLATES
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TYPICAL SUB-ASSEMBLY SEQUENCE
JOINING OF WER FITTING OF STIFFENERS,
PLATES BRACKETS ETC.
r::—__>
|
(e o)
(@}
|
OVERTURNING FOR FAIRING
AND FITTING OF BRACKETS
ON REVERSE SIDE \)Il
’ o ]'lu

A

STORAGE IN PALLET




(1) SYBMERGED ARC WELDING
OF PLATING

SUBMERGED ARC WELDING FINISHED MARKING
OF PLATING A8 A GROUP
ooooo

7 //I//I//I//’

:
/
H _— —_— il
r
/ //// e gy
' /i, '

PLATING

l//l//l//ll//‘ | .
| l//l///////'l/'

1907

FITTING AND WELDING OF
INTERNALS TO PLATING

(2)

ASSEMBLY_OF FLAT BLOCK (EXAMPLE). 21
FINISH.D MARKING OF FITTING OF INTZIRNALS WELDING OF INTERNALS TO
TO PLATING PLATING




OF SEMI-FLAT BLOCK (EXAMPLE)

ASSEMBLY

FITTING OF INTERNALS

SUDBMERTCED ARC W DTNG FIMISHFD MARK1ING OF
OF TANF TOP PLATING PLATING

COVERING OF ROTTOM
PLATING
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-

ASSEMBLY OF CURVED BLOCK (EXAMPLE)
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ASSEMBLY OF CUBIC BLOCK (EXAMPLE ) U
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