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ABSTRACT

This report conceras the project SI/YUG/79/804 "Reconstruc-
tion of the Shipyard "Veljko Vlahovi&" Bijela, Ioaten;gro"
‘and is the result o the mission SI/YUG/79/804/11~02/31.9.D
performed during the period from 5% to 13%h August 1981. The
purpose of the missicn was tha';valuaCion of the present state
of reconsitmction of ““he shipyard, damaged 'during the earth-
quakes occured in April and May 1979, ds well a.s8 the analysis

‘of design and comstruction works which should allow first of all

to reach the original productive capacity.

The report dcalas specifically with following three problems
being the objzctives of the missicn:

‘1. Existing, permanent and temporary, shiprepair and steel

- congtruction facilities and the possible increase of their

production capacity.

2. Reconstruction and development programme and the possible
changes allowing the future extension.

3. Present staté of construction of shiprepair and steel
constructions facilities and the possible changes-allowing
the decrease of costs and shortening of the building period.

Bollowing main conclusions and fecommendations have been

.drawn:

1. It ie necessary to increase the contractors activity
on the site to hand over as soon as possible all main trans-
portation means i.e. transportatiou.roads and access platform
to the floating dock.

2. Necessary financial svpport should be guarrantied to
speed the construction works and purchasing of different equip-~
nent and tools.

3. It 1s recommende@ to increase the efective length of
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mooring berths to assure the predicted increase of amount of ship-
repair works.

4. It is recommended to shorten the docking time for repaired
vessgels through the introductidn of a very efficiency equipment
for cleaning and painting of hulls of ships being drydocked.

S. To increase the efficiency of the reconstructed shipyard
it is proposed to make changes in the genenk lay-out among others
tirough shifting the repair shops nearer to the floating docks.

6. The steel constructions fabrication yard should be the

subject of future investigations tc perform a profitable produc-
| tion programme for the facilities already existing and plarmned
in the future.

7. 1t is recommended to perform adequate analyses, investi-’
- gations and calculations to change tixe structural solution of

the foundatica slabs of the floors for repair, workshops R,
and Rj.

8. It is recommended to introduce as soon as possible opera-
.tional planning and operational execution of all reconstruction

and develnpment works. '
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INTRODUCTION

The shipyard "Vellko ViahoviS" in Bijeia, Montenegro, was
founded in 1927 with the main activifies in the repair and con-
struction of small wooden and steel vessels. After the Second
World War the shipyard exranded its production facilities and
production programme which included two main profiles: ship-
repairing of considerably large vessels and manufacturing of
steel structures, pipelines and other equipment fcr the chemical
and petrochemical industry.

As a result of earthquakes on 15 April and 15 May 1979 the
shipyard nearly lost al). workshops, including machine tool-equip~-
ment, tools and parts of vessels which were under repair. Other
facilities were also damaged or comapletely destroyed, including
250 m of quay wall equiped with a jib crane of 10 ton capacity,
and 120 m of quay wall withbut a crane., The total damage, in-
cluding {ue damage of main store of raw materials and spare parts
as well as heud office with possessed documentation, is estimated
at US 8 120 ailion.

Immediately atter the earthquakes an action was taken to
reconctruct the shipyard and to reach at least the original pro-
duction capacity. The rehabiliitation programme is organized by
the Federation whilst the financial support is quarrantied by
Republics involved in the programme. Also a UNIDO SIS assistance
programme has been introduced, comprizing among cther short-term
consultations in the field of preparation and execution of the
reconstruction programme. Tad mission teing subject of this report
is one ot the performed conmsultations and concerns mainly the-
final stage of planing and the continuation of the reconstruc-
tion works,

In the repor~ all references are mede to general rlan




(Situationt plar Brodogradiliete - idejno resenje) dated 01.4981
and performed by R.0. za Projexicvanje "FREDNAFREGNUTI BETON"
Reograd. This plan is included in the project Er. 0779 as drawing
.e1. Due to local restriction this plan could rot de attached

to the present report.

)
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I. SHIPYARD FACILITIES AND PRODUCTION CAPACITY BEFORE EARTH-
QUAKE |
The shipyard before the 1979°s esrthquakes has had the
fblléving shiprepair facilities:
1. Ploating dock of 33 000 t lifting capacity equiped with
two 12 t.Jib cranes.
2. Floating dock of io 000 t 1ifting'capacity equiped with
two 7 t jib cranes. | |
3. uey walls: 20C m (west side) equiped with one 10-t Jib
€rane and 120 m (south side) without cranmes.
" 4. Pier of 600 m mooring length equiped with one 25 t jib
craae,
5. Repair workshdps equiped with necessary machines and
having the total area about 4000° sqm includings
a) Mechanicalshdp - - 700 sqm
b) Equipment xepair shOp - 900 sqm ( pumps, séparators etc)
¢) Ebgine shop - 600 Bqm
d) Electrical shop - 600 sgm
e) r.pingshop - 400 sqm
‘The relatior between the total mooring length and the total
length of the flecating docks was for this stage 850 : 363 & 2.34.
The steel structures fabrication tcok place in a steel
fabrication hall cf the total area of 2500 g2qm equiped with two
overhead travelling cranes of 20 and 5 t 1ifting capacity. This
hall was connected {irough an ussembly aree equiped witn one jib
crane 25 tvcapacity with a place ended by launching berths.
The total smount of ships repaired in the yesr 19/8 and the

amount ot used working hours were as followss
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[ Type of repair lamount of | Amount of |
: ; vessels ; labour hours
Repair in the harbour% 8. | 16000 | 2.3 '
Repair in the yard i 57 570 000 80.7
Clase repair g 6 - 120000 ! 2.0
Collisions ' - - . i | -
| Rebuilding ‘ {1 - - -
Total | 69 706 000 100

The amount of eamployees 820, including workers spd technicai
' personnel as well as administration.
The steel structures fabrication shap has delivered in 1978
about 8000 t steel construction and was employing 100 workers
and 40 perﬁonnel (also adminigtration).

Fronm the above amcunt of steel comstruction 150Q t was used -

for shiprepair (rebuilding of ships) and 4000 t for new floating
units e.g. pontoons. The rest, it is about 2500 t was used for
pipelines, piles etc. '

- For further corsiderstions it .s assumed that the amount of
workers reaches about 60% of the whole amount of personnel i.e.
round 492 persons. It should be mentioned that the data coﬁ-
cerning the period before earthquake nre not available due to
the luss of all inventary documentation. However, the rough
estimation gives for 1978 a yearly number of hours for one

worker of about 1434 hours.
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ITI. SC. TARD FACILITIES AND PRODUCTION CAPACTTY AT THE PRESENT
STAGE OF RECONSTRUCTION

At the time of the mission the repair works are proceeding
on the basis of following facilities:
1. Ploating dock of 30 000 t with two 12 t jib cranes.
2. ‘Floating dock of 10 000 t with two 7 & Jib cranes.
~ 3+ Fler of 600 m mworing length with one-25 t jib crané.
_ &, Repair workshops in provisionally errected sheds with
total area 3100 squ including:
a) Mechahical shop 375 sqm
b)Electrical shop 375 aqq"
c) .Equibment repair shop 375 saqa
d) Engine shop 3/5 sqm
e) Piping and lock-smith shop 1600 sqm
The relation.between the totel mooring Length and the total
length of the floating docks is recently 600 : 263 = 1.65.
In comparison to the situation before the earthquake following
tw> main machines are still not available, nemely the large swing

.lavke and the bowuing mill,

In addition it should be mentioned that a certain amount of
machines is. already ordered with considecrably long delivery
periods, whilst these machines 'hiéh are iu operation are tempo-
rary placed in the worksho s what causes settlenénts, bendings
etc.

This creates great diffi-ulties in execution of certain re-
‘pair works which in sﬁbh case maj Ye .done only in cooperation
with a otler repair shipyard. Neverthless *he followirg amount
of 3hips have veen repaired during the first half of the year 1981.
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! Amount of | Amoust | N
. uans ol - un '

- Type of repair | vessels Jabour bours *
Repair in the harbours 6 | 18000 | 4.1
Repair in the yard . 18- 270 000 | 61.6

i

7 Class repair SREERN 1150 000 | 34.3

] . i

* Collisions St - - | -

| Rebuilding | - - -

b
.‘l Total | -2° 438 000 | 100

The amount of workers 449, amount of other emplopes 305
"including administration. Total number of employees 754.

The atéel fabrication shop after repair-is also recently
in fuliy operation. The deliveries of steel structures in the
first half of the year 1981 amounted to 2000 t whilst the amount
of recently employed workers is 100 persons and personnel) 40
persons. The amount of steel structures used fo; sh cepoir is
approximately 500 t, i.e. 25%. However, at the day of misaion
the slipway allowing lasunching of floating vessels is ste 1l out
of use due to damage during the earthquake. This forces to change
the productica programme. |

The comparison of the yearly production capacity in ship~
repair before earthquake and at the time of the missior in the
terms of labour hours show an increase of 24% (before ~ 706 COO ' ‘
recently ~ 876 000 hours).

This i3 a considerably increase when taking additionally
lin consideration the condition in which tue repair work is per-
formed. First of all a very big hinderarce create transportation
problems, namely, from the workshops to the floating docks
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(recently through pontoons and auxiliary vessels), inside the

.shipyard and to the repair and outfitting piler. It:shall be

mentioned that on the site the civil engineering works-are in

full progress what causes a considerably hinderance in evalus-

“ticn of a «lear ship-repair technology. This, however, does not

mean that effords should not be made to increase the recent
shiprepair capacity of course in connection with the total Te-
construction programme. ?olldwing~suggestion can be made in this
field:

1. Increase the contractors activity to’finish as soon as

possible the civil engineering works connacted with protection

~ of the slope along the main yard road.

2.- Change the time schedule of the construction of the access

" platform to the floating docks so that it should be nanded over

to the shipyard in g&ssible shortest time.
" Je change the plaiihg and time schedule of preparation of

the area and subsfrata for main.transportation fbads‘in the ship-
yard. The existing situation dbeg not quarantee a smooth trans-
portation and materials fléw between different workshops and
wori<lsg places. A temporary pavemeat may be here also recommended.

4. Increase the activity in purchasing and soonest installa-~
tion of following equipment necessary for the increase of repair
capadity in the reconstruction condiﬁions: |

a) Mov.ble units tor ship-hull cleaning and pa;nting'placed
in the floating dock during docking of the repaired vessel.

b) Compressor station which cou;d serve all the shiprepair

" and steel construction workshops and working places and substitute

the existing temporary one seriously dameged duringrbarthquake.
Taking, however, into consideration the fact that the in-

crease of shiprepair capacity i3 fully dependend on the amourt
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of work dcne in the reconstruction range, one shall state that

' the improvement of sniprepair technology apd facilities is the

function of the time of delivery of different civil engineering
structures and buildings as well as deliveries and installation
of necessary equipment. Thus one general suggestion or p;opersal
may be presented, namely, that the involved parties should make
efforts to change the blanning in such alway that the necessary

‘finarcial support will be available to sktorten as mch as logically

possible the pefiods of civil engineering works, periods of order
and delivery of equipment and periods of its installation. This

.may mean also to involve additional contractors e.g. for road

construction. T1e present situation ipdicates that the shipyard
will not reach the foreseen stage of reconstruction in the planned
time. |

Concerning the steel fabrication shop one can state that re-
cently there are no hinderarces which could lower the production
capacity in relation to this which was before earthquake. When
analyziig the wprking possibiiities,however,Aone can also rise
question concerning transportation'means. Thus also here a fast
reconstruction of roads should be suggested. in addition it seems
reasonable to recommend the purchase of a transportation platform
of e.g. 100 ton lifting capacity (e.g. Scheugyle type) which mey
be used for transportation not only of steel structures from the
assembly area to outside transportation means, but also for trans-
portation of sections, engines etc. belonging to vessels under
rebuilding.

A general remark has to be made in connection with steel
fabrication-shop, nemely, that all heavy equipment as presses ete.
have a very low;using factor. Thus it may be suggested to in-~ |

vestigate to increase the production capacity trough the use cf
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‘these eqn;pment during two or three‘shirts and thus prepare work
for larger amount of workers during the basic shift. This may
concern mainly the execution of structures on assembly areas

on which only_welding brocesses are limiting the efficiency of

the steel structures fabrication works. In any case it is recommen-
ded to analyse the existing production programme for steel struc-
tures mainly due to the fact that recently the dimensions and
weight limits of final structures are not exactly defined.

’




- 143 -

1£I. RECONSTRUCTION AND DEVELOPMENT PROGRAMME

The reconst:uction and developmert programme for the ship-

. repair and steel structures fabrication activities had been pre-
pared on the basis of following assumptions:

1. Existence of two floating docks 10 000 and 30 000 t capa-
city limiting totaly the docking capacity of the yard.
-2« Existence of energy station 35/10 kV limiting the situation

~of electrical energy delivery plant.

On the besis 02 previous local experiences and statistical
consideration a total amount 6f working hours per annum has been
introduced as the limit value for employment and production capa-
city. This amount is estimated to be 1 200 000 hours. Assuming
considerably high »mount 5f hours for one worker per year of about
1500 hours it gives the poscibility to employ about 670 workers.

'Additionally it is stated that from the 1 200 000 hours 1 020 60C

will be used in shiprepair and 179 400 in steel works for ships.
It is roﬁgly 15% of the whole capacity. One'shall here mention
that the shipyard has recently ah assembly hall for steel struc-
tures of the area 2500 sqm in which the éteél construction works
for ship.repair may be witho. a problem done.

As stated before, taking into consideration the local axperien-
ces and the'market requirements mainly based on the analysis of |
the harbours in Bar and Ploée and shipping companies in Dubrownik,
Bar and Kntor, the following distribution of repair in the final
stage of reconstruction is plamed and assumed as the basic data
for all other ra2construction activities.

The assumed amount of vessels and labour hours may be of
course a subject of wide discussion particularly that in some
repailr shipyarde about 20% shiprepair activity concerns the repsir

due to collisinns. However, one may assume that the above data
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are the result of local statistical investigations and thus
accept them for further considerations. _

Taking however into consideration the existing recentiy labour
hours consumption per ;ne vessel one can easily_state that the
presented above figures are considerably low. This coull mean
that the ships being under repair are more damaged thar before.
However, this means also that the umount of labour works for
reaching the plarned amount of vessels uay be considerably raised.
This means also that one should take into consideration the need
of additional repair berths with a possible increase of capacity
of the two existing floating docks.

The above statements and the planned relation between the
total mooring length and total length of floating docks (A~ 2.2)
allow to drew following very important conclusionss

1. To assure the necesiaary increase of labour hours on ships
being repaired the reconstruction of the yard should be made in
such a waey that in the future additional berthing places for re-
paired ships may be found. These places can be obtained by:

a) Construction of the North gquay wall (10 on general plan)
as a outfitting quay. The introduced structure of this quay allow
the increase not only of the depth but also of the surchange
which for shiprepairyards may be of the range 1.5 to 2.0 t/m°.
Necessaﬁy fenders, bollards and crane tracks may be foreseen in
the reconstruction period.

b)Finalize as soon as possible the idea to use the mooring
dolphins of the floating docks as mooring dolphins of repaired
ships, However, it should be checkeé if i% would not be neces-
sary vo place two additional mooring dolphins for mooring ropes
of the stern and bow of considerably large ship. This would allow

to moore all sizes of vessels. 1t has to be here stated that the
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planned berthing length ta the total length of the floating docks
due to erection of the new pier will be 808 : 363 = 2.22, it is

- less than before the earthquake.

Due to the fact that the floatipg docks are the limiting
facilities of the shiprepair capacity iﬁ is recommended to check
if it is not possible to place on.the floating dock walls addi-
-tiohal Jib cranes vith considerably large outridge. This would
allow first of all to speed the cleaning and painting works of
the hull and th;s shorten the docking time as well as repair the
ekips which are mSored slong the mcoring doiphins of the floating
docks. In the present situation it will be very difficult to keep
the planned average 4 days period for one dry docking: '

The increase of the efficiency of the reconstructed shipyard
may require rolloving'changes’in the 1aqiout q: the shipyard:

a) Shifting of the administration head office (7 on general
plan) and the sanitar& and lavatory house (5 on genéral plan) in
the area laying along the fence connected to gate Nr 1 (1 on gené-
ral plane). Additionally all the above functions may be easily
combined in one building particularly that a final design of the~
se buildings is not available.

b) Shifting in the area 5,7,9 (on the general plan) ship=-
repair facilities which thus will be much nearer the floatiang
docks and other repair faéiILties. This concerns the paintef‘s
shop (63 on genefal plan), rigging and sailmakers’ shop (36 on
gensral plan) and carpenters’and joiners’shop (58,59,60,61 on
generai plan). '

¢) Shifting the transportation facilities (53 on gcneral
plan) in the area used by carpenters and Joiners shop (58,59,60,
61 on genefal plan) using a separate gate for connection with out-

side. Here also should be the parking area for shipyard trans-
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d) Connection of the scrab area (62 on genersl plan) with
the outside gate mentioned in point c.

Iﬁdependently.it is recommended to.redesign the building

which recently is foreseen as nuclear shelter and cantine for

workers. It is very near the repair area and thus taking a very
important and vzluable space. Taking into consideration the real
distances in the shipyard which are considerably small it =may be
suggested that the nuclear shelter could be placed under the
repair building (14 on geg?ral plan) yhilst'the cantine can be

 easily combined in the qnin'bntlding mentioned under point a.

The same concerns the fire brigade which could be placed on the
West side of the main bqilding ﬁaving gates also available from
outside in the case when it is needed for ; fire in the sur-
rounding villages. The thus obtained area may be used for loca-
tion of other facilities which now may be have gﬁall space e.g.
a new proposition -to this given in point b is thus possible.

Analysing the location of the emergetic sources one can have
doubts that they are so far from the repair shops; Taking, how-
ever, into consideration the main assumption of the reéonstruc-
tion design, namely, the unchangeable location of the electrical
power station, one can accept the proposed solution as reason-
able.

Concerning the two main repair shops 81'and'32 following re-
marks can be made:

1. The size of the different shops shows only in some cases
big differences between the area which they have before the
earthquake and the area now designed. The comparison is as
follows:

mechanical shops ~ 700 sqm before and 940 sqm now
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equipment repair shop - 900 szm before and 840 sqm now

engine shop - 600 sqa before and 1340 sqm now
electrical shop - 600 sqm before and 1170 sqa now
piping shop - 400 sqm before snd 780 sqm now
locksaith shop = 1600 sqm before and 1170 sqa now

maintenance shop -~ 450 sqm before and 480 sqm now
This means that the main workshops have now san area which

-1s sbout 1700 sqm larger than the area before tbe sarthquake.

The increase is sbout 36% what seems to be in coincidence with
the amount of labour bhours im the two periods ( ~ aa%). Thus, one
should accept the proposed solution taking however, into con-

sideration the fact, that the areas of different -orkshops.are

estimated only on the basis of experiences of the shipyard staff
without detailed calculations based on detailed repair programme

obtained from the market analysis and taking into consideration
- cost/benefit calculations not only for the whole programme but

also for its parts and stages. _

Ope additional question may be, however, pointed namely the
question of engine repair shop (machine shop) equiped with heavy
machines as large swing lethe, bofins mill and heavy overhead
crane. The’ planned distribution of repair shows only two colli-
sion repairs during year. Other repairs which may regquire heavy
machines may be included in the group of ships for class repair.
Assuming about 10% of the planned amount of these ships to be
repaired using the heavy machines one may obtain 4 ships which
could need these tools. However, the data given in point II and
I1I dces not show that the shipyard has repaired in the last time
any ships damaged due to collision. Thus doubts may arise if
the engine repair shop (machine shop). must have really such big

area and if it hac to be equiped with the foreseen heavy aacnines
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particularly that it is connected with high investaent and cpera-
ting costs. Iu addition it should be stressed that the -shipyard
has a good practice in cooperation with other shipyards what
could also m@an that this part of work may be done in these
shipyards. However, taking again into gonsideration the general
programre of reconstruction and development of the shipyard

and the fact that some repair shipyards in the world use 20%

of their production capacity for repairs of ships damaged in

collisidns, oné may accept to construct the buildings ¢t the fore-

seen area, but to shirt the purchasing of the heavy equipment to
the time wiem it vould be necessary i.e. after considerable
change of the repair programae. From the other hand this area
may be recognised as the extension area for the future increase
of shiprepair activities in the shipyard.

The second main problea concerns the steel construction

- facilities. These facilities betore the earthquake were limited

$0 an assembly hall of the area of sbout 2500 sqm, however, with-
out storage fdr plates.ahd profiles and 'ithout'cleaning.and
grouting facilitieg. As mentioned before the-deliveries of steel
structures in 1978 have reached 8000 t from which 1500 t.was
used for ahiprepaif and 4000 t for new floating units. The re-.
cently presented programme for the steel comstruction yard is
based on delivery of 15 000 t steel structures per year of whick
3000 t have to be used in shiprepair. There is, however, no
specialisation foreseen what would mean a prﬁduction of general
steel structures. However, the possibilities ot constructinn

of floating units as barges and pontoons should be also foreseen.
This requires above all the reconstruction of the launching fa-
cilities i.e. launching berths what should be made as soon as
possaible.




Concerning the nuwber of workers invoived in the future in
s> eel fabrication an amount of 15 000 - 60/1800 = 500 workers is
foreseen. The ghiprepair, however, needis more working hours for

~one tonne of steel strucvures. Therefore an addition of 40 hours

per tonne is planned what gives additionall& 67 workers. However,
this work is anticipated to be performe’ hy cooperation with other
shiprepai> yards.

An anslysis of the whole steel constructions fabrication yard
together with connected assembly areas ghows that totaly about
83 250 sqa of prodnction srea may be ongaged for this production
in compsrison to about- 55 590 sqm 1n ahiprepair This allows in
the future to study a separate production programme e.g. offshore
units. However, for to day it is recommended to safe the whole
possesed area, clean and level it in such a way that it can be
in the future immediately used when necessary.

Concerning the existing produc%ion line comprising the steel
fabrication hall-(46 on general plan), the assembly area of aboub
19 000 sqm (44 on general plan) which is ended by a launching
berth, one should recommended to install here an additional jib
crane placed on the crane track of the existing one. Also the
construétion of the plate and profile storage plants (49 and 48
on géneral plan), the cleaning and grouting plant (51 on general
plan) as well the extension of the production hall (47 on general
plan) is fully recommended.

Doubts m-aybe raised if the storage areas for plates and
profiles are nct to large (8150 and 4875 sqm respectively). One
can state that it is too large for the hither-to foresgen
15 000 ton 8teel construction production. But, taking into con-
sideration the fact that in the future the steel production may

rise significantly thArcugh the involment f the area (52 on generai




plan)'noasnring about 30 000 sqm, and that tye costs does nct
rise significantly with the slight increasaz of the span of the
magnetic overhead crane, the presented solution may be recogniﬁed
as reasonable at time being.

Generally speaking it is necessary té start as soon as poss
sible to investigate the market conditions to have the possibility
to prepare a final profitable production programme for the steel
constructions fabrication yard taking of course into consideration
the available production areas which are much ;arser: than these
foreseen for the shiprepair yard. This programme should be in any
case supported by a cost-benetit‘calculﬁtion showing above all
positive results for the company. The problexz of elongation of
ships may be here investigated. .

~ In the above mentioned investigations the problem of the

- gantry crane should be analysed. One cam here state that a gantry

crane may be a profitable mean when it is fully used and neces-
sary for the production works. Such a situation may take place
in the case of production of long series of units comprisircg
either blocks or sections of the weight corr esponding to the
lifting capacity of gantry crane or final products with consider=
ably short ereetion periods also of the same weisht. In other
cases Jjib cranes with various lifting capacities are more economi-
cal. This means that the planed erection of gantry crane should
be also a éubject'of future investigations in connection with
the pérformance of the total production programme for the whole
steel corstructions fabrication’ yard and also partly of the ship-
repair yard when taking into consideration the repair workshop
e.g. for ship covers of Mc Gregory type.

All tke presented ccnsiderations indicate that the whole re~

construction and development programme i.e. concerning the ship-
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.repair yard as well as the steel constructions fsbrication yard

. snyuld be the subject of permanent investigations which should
&llow to make necessary corrections not only of the amount of
construction works hut also of the whole production programme.
Particularly a continuous study of the existing market is recom-
mended for a contimuously delivery of data which could have the
influence on changes which in the reconstruction period are still
possr~ible and necessary. Basing on own experience may not always
deliver ¢ optimal solution.




i¥. CIVIL - ENGINEERING WORKS

Civil-engineering works are performed on the basis of detail
designs made by the design office R.0. za Projektovanje "
“PREDNAPREGRUTI BETOR" in Beocgrad. The whole design is based )
on the report on earthquake in the area of Bijela pertcimed by
Republi&ki Seizmolofki Zawod - Titograd under the title "Seiz-
micke i seizmotektonsice karakteristike Lokacije Brodogradilista
*Yeljko.V1ahoviE" = Bijela)Titograd 1979. According to this report
the malv.i-mur earthquake which can occur in the area in considera-
tion can not be higher than 9° MCE. This means, however, that all
buildings and civil engineering structures have to be designed
for the intensity of 10° in XcS.

A general analysis of the designed structures shows that
these conditions have been fully introduced ﬁQrticularly by
choosing the majority of structures on steel end bearing piles
reaching with the tips a rock layer which is reported on the depth
of about 40 m under the mezn sea level. The use of piles should
quarantee the stability of these structures for the existihg
soil conditions which are seperally characterised by a sand
layer underlayed by a clayey weak layer and compacted gravel
layer. Due to the earthquake a possibility of liquefaction of
the upper sandy layer and sliding of the underlayed weak soils
layer have to be taken into consideration. The analysis of the
movenents of soils and structures during the last earthquakes
shows that such phenomena took place causing a horizontal move-
ment of the existing concrete blocks quay ﬁall and sinking of
the s0il and building laying on the area along this quay. This
analysis however shows also that it is a complex problem and
thet the existence of piles may cause a significant hinderance

to evaluate such a state mainly due to lowering the settlezents
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value and due to the creation of a kind of barier disturbing
a8 free sliding of the upper layers on the weak nearly friction-
less clayey layer. _ '

In the design the West quay wall is substituted by a protec-
ted slope with a necessary statical stability. In the case of
earthquake the stability of this slope is however much higher

‘than the stability of a vertical wall made of not joined concrete

blocks what means that a horisontal movement of the liguefacted
sand may have also considerable hinderances. This may mean that
the slope protection is a kxind of stability factor and may be
as such one taken into consideration.

~ The above consideration may be the basis for a review of the
design of the floor of the two repair workshopg R1 and Rz. Accbrd-
ing to the existing design these two floors have to be made as
heavy reniforced concrete slabs resting on ﬁiles, read founda-
tions not ﬁensitive to earthquakeé. This solﬁtion 18 of course
very good but “also very expensive and not profitable when ahalys-
1n3.fhe whole investment costs..Thus, to lower the costs, a recé-
pmendation is made to iniestigate-additionally the soil (lique-~
faction potentia})and to redesign the floor constructing it as
a set of reinforced concrete slabs placed directly on compacted
£ill with the floor level on the level of foundation for columns
of the steel construction of the workshop halls. One should leave
of course between these foundation and flpor slabs necesgsary ex-
pansion joints. This solution has the necessary horizontal stabi=-
1ity in the case of horizontal movement of the substrata. The
problen remains still with the vertical displacements. However,
it is propogei to perform here adequate séttlement calculations
taking into consideration the thickness of the compacted fill,
the thickness of the éand layer under liquefaction and the ex-

[,

o




istence of vertical and inclined steel end bearing piies which

may act here as a composite piles using the phenomenon of negative

gkin friction. It is of course questionable if a liquefacted sand

has the properties of a friction material, but in the case of

a complex horizontal and vertical movement not only of the lique-~
| facted sand but also of the £ill and underlayerd clayey layer

such 7ssumption may be made and recognised as possible.

Taking into consideration all the above facts it is recommen-
ded to perform the adequatecalcalations taking into account the
re_al. stratygraphy of the soil underlaying the R1 and R?_ work-
shops floors. If the calculated settlement in the case of the
maximum intensity of: the earthquake will be not larger than the
difference tetween the highest water level in the soil and tre
level of the floors so it will be reasonoble to nse a revised
solution of the foundation slabs of the floors of R, and R, work-
Srops.

The next provlem -concern the time schedule of civil engineer-

ing works. Pollowing delivery times have been foreseen:

South Pier (66 on general plan) 31.03.1982
Access platform to floating ¢ .cks (75 on general plan) #.0: 982
Crane (33 on geueral plan) 31.12.1982
Crane repair (34 on general pian) 31.12.1982
Central storage (11 on general plan) 30.09.1981

It is reported that these structures will be delivered on tinme.
Problems arrise, however, wi h the repair workshops R,1 and Rz
with delivery time in 31.12.1981, which are delayed due to founda=~
tion problems. Taking into consideration the fact that the as-
sexbly ot the steel structures will take abdut 5 to 6 monthswith
the execution of the fouxzdations Jt 1s recommended to start as

soon a8 possible with the revision of the foundations design as




suggested above.

‘In connection with the civili-engineering works a more complex

. problem have to be mentioned, namely, the problem of existence

of & operative time schedule or delivery progfamme. In the case '

of reconstruction and development of two more or less independent

.factories as shiprepair yard and steel constructions fabrication

yard it is necezsory to have a operational planning and reporting
showing daily increase of works and daily distrepances between
the pl nned and realised time schedule. This operational coordina-
tion o0 c¢ivil engineering works, purchases, delive:és, settings
in opergtion should be made.by a coordination teanm repofting to
tﬁa shipyard and governemental authorities all delays, needs of
financial or general supports etc. In addition this operational !
planning, coordination and supervision should first of all allow
to put into operation in proper time sll new workshops, assembly
areas etc. without a considerably production hinderance. Onme. shall
here state that without such a body and its proper work the total
reconstruction and development progreamme can not be properly
realised thus causing not only delays but also grouping of different
works in the same time. Therelorz it is recommended to introduce as
soon as possible this operational performance of the whole re--

struction and development programme.

The next problem concerns the levels of the different areas
in the shiprepairyard. In the design it is foreseen that between
the piers and surrounding areas a difference in height about
1.1 m will exist. It is a considerably ninderance in transporta-
tion particularly of heavy platforms. One should of coursde take
into consideration the fact of additional loading of the soil
sensitive to earthquake anéd the costs of delivery of additional
f£ill. Neverthless the problez will still exist. Therefore to obey




some of the unconvenienties it is proposed to finish the new
South pier in such a way that the surface of the area near the
pier will meet the coping étructure of the pier under construc-
tion. This réquires an adequate construction of the undersea slo-
pe (e.g. steeper inclination and heavier protection) but in any
case it is recommended for execution due to many profits whi 4

such a solutlion contains.

At the end of the analysis of the civil-engineering works
it shall be stressed that the works are made of a good quality
with fbllowina of all rules concerning the necessary measurements,
investigations etc.
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V. CONCLUSIONS AND RECOMMERDATIONS

The report deals specifically with following three problems
being the objectives of the mission, namely:

1. Existing, permanent and tenyarari shiprepair and steel
cbnstruction'facilities and the_.possible inérease ot their pro-

" duction capacity.

2. Reconstruction and development programme and the possible
changes allowing the future extension. A

3. Present state of construction of shiprepair and steel
constfuctions facilities and the possible chanses allowing the
decrease of costs and shortening of e bullding period.

In this report adequate analises have been performed allowing

~ Yo present answers to all above mentioned questions and to draw

some more general conclusions and recommendations. However it is
found unnecessary to repeax all these conclusions and recommenda—
tions particularly that 1t is necessary to know the background

of all these statements. Therefore it is proposed to go through
the total report and make on its basis own analysés and state-
ments if necessary or discuss these which are presented. Neverth-
less following main conclusions and recommendations may be mentio-
ned, nsamely:

1. It is necessary to increase the contractors activity on
the site to hand over as soon as possible all main transporta-
tion means i.e. transportation roads and access platform to the
floating décks. These uay cause alconsiderably inc:ease of the
recent production czpacity of the shiprepair yard.

2. Necessary financial aupport should be quarrantied to
speed the cConstruction works and purchasing of different e juip=-
ment and tools.~fhis should allow to reach the final capacity

in shortest possible time.
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3. It is recommended to increase the effective length of

mooring berths to assure the predicted increase of amount of

ship repair works and the necessary relation between the total
mooring length and the total length of the floating docks.

&, It is recommended to shorten the docking time for repaired
vesgels trough an introduction of a very efficiency equipment
for cleaning and painting of bhulls of ships being drydocked.

5. To increase the gfticieQCy of the reconstructed shipyard
it is proposed to make changesjin the general layout among others
trough shifting the repair shops #earer to the floating docks
and outfitting piers.

6. The steel coastructions fabrication yard should be the
subject of future investigations'to perform a profitable pro-

duction programme for the facilities already existing and planned

in ehe future.
7. It is recommended to perform adequate analysis and calcula=-
tions to change the structural solution of the foundation slabs

‘of the floors for repair workshops 81 and R?. rhis should allow

to meat the foreseen delivery programme and lower siénificantly
the investment costs.

é. It is recommended to intoduce as soon as possible opera-
tional planning and eiecuyioﬂ of all reconstructiog and develcp~
ment works!

As mentioned before the whole material of this reports con-
tains proposition of changes, analyses etc. Thus is sbould be
read totaly to obtain the indication of all proposed conclusions

and recommendatiorns.







