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PRIMJENA SISTEMSKOG INZENJERINGA U PLANIRANJU
LUCKIH TERMINALA

IMPLEMENTATION OF SYSTEM ENGINEERING IN PORT
TERMINAL PLANNING

SAZETAK

Lucki terminali imaju obiljeZja proizvodnih sustava
gdje je potrebno u procesu planiranja i projektiranja
utvrditi optimalnu konfiguraciju pojedinih komponen-
ti radi ostvarivanja funkcionalnosti cjeline. Primjenom
sistemskog inZenjeringa u planiranju, uzimajuci u ob-
zir Citavi Zivomni ciklus terminala, utvrduju se kriteriji
za vrednovanje sistemskih radnih svojstava radi izvrse-
nja transportne usluge.

Kriteriji za ocjenjivanje radnih svojstava luckog termi-
nala svrstani su u dvije grupe: kriterije funkcionalnosti
i kriterije tehnicke kvalitete. Rasclanjivanjem kriterija
unutar glavnih grupa funkcionalnih zahtjeva dobiveni
su objekti sistemske analize te njihovi atributi koji po-
blize opisuju funkcionalne zahtjeve.

U sklopu sistemske analize, na primjeru analize sluca-
ja planiranja luckog kontejnerskog terminala, identifi-
cirano je 14 objekata i 49 atributa kojima se opisuju
kriteriji funkcionalnosti te 8 objekata i 36 atributa ko-
jima se opisuju kriteriji tehnicke kvalitete. Primjenom
analitickih metoda, izvrSen je proracun vrijednosti naj-
vaznijih atributa u odnosu na planirani lucki kontej-
nerski terminal te su utvrdena dva praga funkcional-
nosti s obzirom na ocekivani Zivotni ciklus terminala.

Kljucne rijeci: planiranje i projektiranje luckih terminala,
sistemski inZenjering, sistemska analiza, upravljanje
Zivotnim ciklusom, kriteriji za vrednovanje radnih svoj-
stava, funkcionalnost luke, funkcionalni zahtjevi

SUMMARY

Port terminals have characteristics of production sy-
stems posing the need for optimal configuration of par-
ticular components to be determined for the purpose of
the system functionality. By applying system enginee-
ring and considering the entire life cycle in terminal
planning, port performance criteria are set-up for the
evaluation of the system functionality performing tran-
sport services.

Criteria for the evaluation of the port terminal perfor-
mance are grouped in functionality and technical qua-
lity criteria. System analyses carried out inside major
functionality requirement groups have produced
objects and their attributes describing functional requi-
rements in more detail.

Within the case study of a new container terminal in
the Primorsko-goranska County, 14 objects and 49
attributes of the system are identified describing the ter-
minal functionality criteria. Further 8 objects and 36
attributes of the system describe the terminal technical
quality criteria. By using analytical methods, the most
important attributes have been evaluated and two fun-
ctionality thresholds have been determined with res-
pect to the terminal’s estimated life cycle.

Key words: port terminal planning and design, system
engineering, system analysis, life cycle management,
performance criteria, port functionality, functionality
requirements.
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1. UVOD

Lucki terminali mogu se promatrati kao mje-
sta na kojima se odvija slozeni proizvodni pro-
ces koji primarno ukljucuje transport tereta ili
putnika. Obiljezje tog procesa nije samo kreta-
nje materijala i predmeta prijevoza vec i kreta-
nje transportnih sredstava, informacija i doku-
menata. Za njegovo odvijanje potrebno je
osigurati dovoljan broj resursa: energije, alata,
pomoénih materijalnih sredstava, uredaja i lju-
di. Isto tako potrebno je uspostaviti mehanizme
kontrole odvijanja procesa i garantirati njegovu
pouzdanost kroz politiku odrzavanja tijekom
¢itavog zivotnog ciklusa.

Navedena obiljeZja jesu obiljezja proizvod-
nog sustava pa je u postupcima planiranja i pro-
jektiranja luckih terminala potrebno razmotriti
primjenu metoda koje se koriste pri planiranju
proizvodnih i industrijskih sustava.

Obiljezje konvencionalnoga nacina planira-
nja je njegova usmjerenost na pojedinacne ele-
mentarne dijelove sustava. Specijalisti u pojedi-
nim podrucdjima izraduju projekt nezavisno na
temelju nedovoljno poznatih ulaznih parameta-
ra. Cesto izostaju saznanja o utjecaju koje ce
pojedino tehnicko rjesenje imati na funkcional-
nost sustava, u konkretnom slucaju na funkcio-
nalnost luckog terminala. Ukoliko na samom
pocetku ne postoje to¢na saznanja o zahtjevima
korisnika i nisu jasno utvrdeni tehnicki i funkci-
onalni zahtjevi, sustav ne¢e moci zadovoljiti
ocekivanja korisnika. U tom slucaju posljedice
mogu biti znatni dodatni troSkovi zbog potreb-
ne prilagodbe projekta ili smanjeni radni uci-
nak.

Za razliku od konvencionalnog pristupa pla-
niranju, sustavni pristup uzima u obzir zahtjeve
cjeline tehnoloskog procesa te se na temelju di-
menzioniranja sustava odreduje sastav i dimen-
zije pojedinih dijelova, tj. elemenata. S obzirom
da lucki terminali imaju obiljeZje proizvodnih
terminala, njihovom planiranju i projektiranju
treba pristupiti na sustavni nacin, tj. primjenom
metode sistemskog! inZzenjeringa. U ovom radu
to je glavna hipoteza koja ¢e se obrazloziti i po-
tvrditi kroz sistemsku analizu na primjeru pla-
niranja novog kontejnerskog terminala na po-
drucju Primorsko-goranske Zupanije.

! Rijedi sustav i sistem su istoznacnice (prema lat. systema,
engl. system). U ovom radu koriStena su oba termina sukladno
hrvatskoj znanstvenoj praksi.

1. INTRODUCTION

Port terminals may be observed as sites with
an on-going complex production process in-
cluding in the first place the transport of car-
goes and passengers. The process is not fea-
tured just by movement of the objects of
transport but also by movement of the trans-
port equipment, information and documents.
Its performance requires sufficient resources to
be provided in terms of energy, tools, ancillary
material assets, equipment and human resourc-
es. It also requires process performance control
mechanisms to be established and its reliability
to be guaranteed through the life-long mainte-
nance policy.

These are production system features and,
therefore, it is necessary for port terminal plan-
ning and design procedures to address the im-
plementation of methods used in the produc-
tion and industrial system planning.

One feature of the conventional planning
method makes it oriented toward individual el-
ementary parts of the system. The design work
is carried out by specific field experts independ-
ently, on the basis of scarce input parameters.
Often without any awarness of the impact that
particular technical solution may produce upon
the system functionality, in this particular case
upon the port terminal functionality. Where
the user’s precise requirements are missing at
the initial stage and technical and functionality
requirements have not been clearly defined, the
system will be unable to meet the user’s expec-
tations. As a consequence, either the significant
additional costs may be incurred by the need
for project adjustment or the reduced perform-
ance efficiency.

In contrast with the conventional approach
to planning, in the system approach, require-
ments of the transport system are taken into
consideration and, based on the system dimen-
sioning, the composition and dimensions of
particular elements are then determined. Con-
sidering port terminals as production systems,
their planning and design work should be ap-
proached systematically, i.e. by using system en-
gineering methods. This is the main hypothesis
in the paper, that will be explained and con-
firmed through system analysis on the case
study of the new container terminal develop-
ment in the Primorsko-goranska County.

190 POMORSTVO e Scientific Journal of Maritime Research * 25/1(2011) * str./pp. 189-207



N. Grubigi¢, C. Dundovié: IMPLEMENTATION OF SYSTEM ENGINEERING IN PORT TERMINAL PLANNING

2. SISTEMSKI INZENJERING

Sistemski inZenjering primarno se vezuje uz
proizvodni proces i napredne tehnologije poput
informatike i robotike. No za njegovo razumije-
vanje najprije je potrebno utvrditi njegove bitne
znacajke.

Prema NASA prirucniku, sistemski inZenje-
ring oznacava metodoloski pristup projektira-
nju, realizaciji, tehnickom upravljanju, opera-
tivnim procesima i povlacenju nekog sustava iz
eksploatacije. Sistemski inZenjering je drugim
rijecima “logicki nacin razmiSljanja” [7, 3]. Pri
tom je vazno sagledavanje cjeline procesa kako
bi se ostvarila ocekivanja interesnih grupa ili
korisnika u smislu funkcionalnih zahtjeva koji
su postavljeni prema sustavu u planiranom raz-
doblju.

Bit sistemskog inZenjeringa je sustavni pri-
stup 1 njegov metodoloski karakter. Slozenost
procesa zahtijeva primjenu sustavnog misljenja
tijekom citavog Zivotnog ciklusa, posebno u fazi
planiranja i projektiranja. “Bit sustavnog mi-
Sljenja je sagledavanje funkcije i cilja postojanja
promatranog predmeta, pojave ili organizcije, a
ne samo njihove strukture i vanjskog izgleda”
[4, 30].

Blanchard istice u prvi plan svrhu sistemskog
inZenjeringa. Pri tome se naglaSava znanstveni
pristup i znanstvene metode u njegovoj primje-
ni kako bi se ostvarila funkcionalnost sustava,
operabilnost i kompatibilnost razli¢itih eleme-
nata sustava. Svrha je kvalitetno osmisljen i teh-
nicki razraden projekt u kojem ce se transfor-
mirati operativni zahtjevi u funkcionalni opis i
parametre ucinkovitosti, te kroz znanstvene
metode osigurati optimalnu konfiguraciju su-
stava. Bitna obiljezja sistemskog inZenjeringa
prema tome su sljedeca [1, 16]:

e pristup “od vrha prema dnu” s naglaskom
na funkcionalnost cjeline

* orijentacija na Citavi zivotni ciklus sustava’

* pocetna sveobuhvatna identifikacija sistem-
skih zahtjeva i njihova transformacija u pro-
jekt

* interdisciplinarnost i timski rad.

Uloga sistemskog inZenjeringa je vodenje
procesa inzenjeringa kompleksnih sustava. Vo-
denje podrazumijeva upravljanje, a inzenjering

2
3

engl. Top-Down
engl. System Life-Cycle

2. SYSTEM ENGINEERING

System engineering is primarily related to
the production process and advanced technolo-
gies such as information science and robotics.
However, to understand what it is, it is neces-
sary to determine its characteristics.

According to the NASA manual, system en-
gineering means a methodological approach to
design, development, technical management,
operational processes and system withdrawal
from exsploitation. In other words, system engi-
neering is a “logical way of thinking” [7,3]
which requires to see the big picture of the
process as a whole in order to met the expecta-
tions of the stakeholders in terms of system
functionality in the planned period.

The system approach and the methodologi-
cal nature are essential features of system engi-
neering. Complexity of the processes requires a
systematic consideration during the entire life
cycle and particularly during the phase of plan-
ning and design. “The essence of systematic
consideration is to percieve the function and
purpose of the object, phenomenon or organi-
sation observed, rather than their structure and
external appearance only”. [4, 30]

According to Blanchard, the purpose of sys-
tem engineering is to be attached primary im-
portance. Further emphasis should be put on
the scientific approach and the scientific meth-
ods used in its implementation, aimed at
achieving functionality, operability and com-
patibility among different system elements. The
purpose is a well structured and technically
elaborated project for operational require-
ments to be transformed in functional descrip-
tion and performance criteria. The optimum
system configuration should be achieved by us-
ing scientific methods. Therefore, the main
characteristics of the system engineering are
the following: [1, 16]

* “Top-down” approach with the emphasis on
functionality of the whole,

» “System Life-Cycle” orientation,

* initial comprehensive identification of system
requirements and their transformation in
project,

* interdisciplinarity and team work.

It is the role of system engineering to carry
out complex system engineering processes.
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kao proces obiljezava koriStenje znanstvenih
metoda u prakticne svrhe. Inzenjering obuhva-
¢a postupke planiranja, projektiranja, izgradnje
i nabave te operativne postupke nakon Sto je
postrojenje izgradeno. Prema [5] bitno obiljezje
sistemskog inzenjeringa je kompleksnost susta-
va, pa se postavlja pitanje kod kojih sustava je
pozeljna njegova primjena.

Kompleksnost pretpostavlja Siri opseg djelat-
nosti i struka koje je potrebno ukljuciti u proces
planiranja i projektiranja sustava. Kod projekti-
ranja luke i luckih terminala to ukljucuje grade-
vinski projekt radi izgradnje luckih gradevina,
uredenje operativnih povrsina, izgradnju objeka-
ta, zatim projekte energetskih mreza, tehnicke
specifikacije transportnih sredstava, maritimne
studije kojima se procjenjuju rizici i definiraju
uvjeti sigurnosti uplovljavanja, isplovljavanja i
boravka broda u luci, te napokon tehnoloski
projekti koji definiraju tehnologiju rada i tehno-
loske procese. Osim tehnicke i tehnoloske razi-
ne, kompleksnost luckog sustava ocituje se 1 u
potrebi izrade modela funkcionalnosti na razini
organizacije i prometne logistike.

Sistemski inZenjering je pozeljno primijenji-
vati kod proizvodnih sustava koji imaju sljedeca
obiljezja [5, 11]:

* proizvod ili usluga zadovoljava unaprijed de-
finirane potrebe

* razli¢ite komponente stvaraju medusobne
slozene korelacije zbog cega je potreban
multidisciplinaran pristup projektiranju

* koriste naprednu tehnologiju za obavljanje
primarne funkcije $to Cesto implicira znatne
troskove i povecanje rizika.

Lucki terminali razlikuju su po svojoj speci-
ficnoj namjeni no svi oni moraju udovoljiti
funkcionalnim i tehnickim kriterijima prema
zahtjevima korisnika i tehnickim standardima.
Velicine kriterija razlikuju se u ovisnosti o vrsti
broda, vrsti i koli¢ini tereta, nacinu distribucije
tereta, sigurnosnim zahtjevima za pojedine ter-
minale i sl.

Nadalje, komponente luckih terminala obje-
dinjene u funkcionalnu cjelinu stvaraju pretpo-
stavke za obavljanje tehnoloskih procesa na
terminalu. Njihovo projektiranje zahtijeva spe-
cijalisticki i multidisciplinarni pristup pri cemu
uvijek treba imati na umu krajnji rezultat —
ostvarivanje pune funkcionalnosti sustava. Tako
je na samom pocetku prije projektiranja luckih

Leading implies management, and engineering,
as a process, denotes utilization of scientific
methods for practical purposes. Engineering
comprises planning, design, development and
procurement procedures as well as operational
procedures following plant construction. Ac-
cording to [5], in the core of the system engi-
neering is the system complexity, and thence
the question what systems will make its imple-
mentation desireable.

Complexity implies a wider range of activi-
ties and lines of work required to be included in
the process of system planning and design.
Where port and port terminals are involved,
the requirements include development of the
preliminary and main design in respect of the
construction of the port structures, surfacing,
facility construction, electric power grid project,
technical specifications for transport equip-
ment, maritime safety studies dealing with risk
assessment and safety conditions in respect of
the vessels’ arrival, departure and stay at port,
and finally transport technology projects defin-
ing material handling processes. Apart from
the technical and technological level, the port
system complexity is also reflected in the need
for the functionality model to be elaborated at
the level of organisation and transport logistics.

It is desireable for the system engineering to
be implemented in the production systems of
the following features: [5, 11]

e product or service meeting predefined re-
quirements,

* complex correlations created by and between
different components require a multidiscipli-
nary approach to design work,

* advanced technologies used for the perform-
ance of primary function often imply signifi-
cant costs and risk increase.

Port terminals vary by their specific purpose,
but all of them must comply with the functional
and technical performance criteria in accord-
ance with the users’ requirements and technical
standards. Performance criteria dimensions de-
pend on the type of vessel, type and quantity of
cargo, cargo distribution mode, particular ter-
minal safety requirements, etc.

Integration of the port terminal components
into a system is the only way to make it possible
for transport processes to be carried out. A
properly component design requires specialist
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gradevina potrebno izvrSiti hidrografska mjere-
nja, geotehnicka istrazivanja, utvrditi promet-
no-sigurnosne uvjete, itd. Analitickim postupci-
ma sadrZanim u sistemskoj analizi potrebno je
utvrditi veli¢inu pojedinih kriterija te njihove
vrijednosti koristiti kao ulazne podatke za gra-
devinske konstrukcije, nacin skladiStenja i veli-
¢inu skladiSnog prostora, izbor prekrcajne
opreme i transportnih sredstava, izbor razine
automatizacije i informatizacije, odabir nacina
odrzavanja itd.

Lucki terminali dio su prometne infrastruk-
ture s obiljezjima dugog trajanja zivotnog ciklu-
sa 1 visokim investicijskim troSkovima. S druge
strane transportnu djelatnost prate visoki za-
htjevi u pogledu funkcionalnosti i kvalitete teh-
noloskih procesa Sto takoder implicira koriSte-
nje opreme visoke vrijednosti i tehnoloske
razine. Rizik je u takvim okolnostima povecan s
obzirom na vecu vjerojatnost nastajanja pro-
mjena u transportnoj potraznji tijekom Zivot-
nog ciklusa i mogucénosti promjena u funkcio-
nalnim zahtjevima korisnika. Osjetljivost je tim
veca ako se radi o terminalima koji imaju prete-
Zito tranzitnu funkciju za odredenu regiju.

Moze se zakljuciti da lucki terminali s relativ-
no visokom potrebnom razinom automatizacije
i informatizacije zahtijevaju punu primjenu si-
stemskog inZenjeringa. Takvi terminali izloZeni
su vecim pritiscima od strane korisnika i suoce-
ni su s potrebom optimizacije koristenih resur-
sa. Slozenost same strukture terminala, od
morske, obalne i kopnene infrastrukture, ure-
daja, objekata i opreme do organizacije rada i
odrzavanja funkcionalnosti, potvrduje tezu da
su lucki terminali kompleksni sustavi kod kojih
je potrebno primijeniti metodoloski pristup si-
stemskog inZenjeringa.

3. PLANIRANJE LUCKOG
TERMINALA PREMA LCM*
KONCEPTU

LCM koncept predstavlja metodoloski pri-
stup planiranju kod kojeg se uzima u obzir Cita-
vi operativni vijek terminala ili drugim rijecima
njegov cijeli zivotni ciklus. Proizvodnja tran-
sportne usluge planira se i provodi po postupci-
ma sistemskog inZenjeringa pri ¢emu se osigu-

4 LCM - engl. Life Cycle Management — Upravljanje Zivot-
nim ciklusom

and multidisciplinary approach to achieve full
functionality of the system. Before the design,
it is necessary to carry out various preliminary
works, such as hydrographic measurements, ge-
otechnical investigations, transport safety con-
ditions, etc. By using system analysis, particular
criteria dimensions should be developed and
their values calculated using analytical tools.
Those values are used as input data for design-
ing building structures, storage area, selection
of handling equipment, selection of automation
and ICT technology levels, type of mainte-
nance, etc.

Port terminals are integral parts of the trans-
port infrastructure characterized by long life cy-
cle and high investment costs. On the other
hand, transport today has high functional and
quality requirements, which imply the utiliza-
tion of high-tech and high value equipment. In
such circumstances, the risk is higher due to a
greater probability for changes in transport de-
mands during the life cycle and for changes in
the users’ functionality requirements to take
place. Risk sensitivity is even higher for termi-
nals with a dominant transit role for particular
regions.

It may be concluded that port terminals, with
a relatively high level of automation and infor-
mation technology requirements, will require a
full implementation of the system engineering.
Such terminals are one more pressure from the
users to optimize the resources used. The com-
plexity of the terminal structure ranging from
maritime and land infrastructure, facilities and
equipment, to operation and maintenance or-
ganisation, confirms the thesis that port termi-
nals are complex systems requiring implemen-
tation of the system engineering.

3. PORT TERMINAL PLANNING
IN ACCORDANCE WITH THE
LCM (LIFE CYCLE
MANAGEMENT) CONCEPT

The LCM concept represents methodologi-
cal approach to planning whereby the entire
operational life of a terminal or its entire life
cycle is taken into consideration. Transport
services are planned and performed in accord-
ance with the system engineering procedures,
thus providing a higher degree of functionality
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rava veci stupanj funkcionalnosti i kvalitete uz
optimalno koriStenje resursa.

U okviru LCM mogu se izdvojiti Cetiri kljuc-
ne etape:

1. projektiranje

2. izgradnja i/ili nabava opreme
3. eksploatacija i odrZzavanje

4. recikliranje ili prenamjena

Etapa projektiranja ukljucuje izradu koncep-
tualne razvojne studije ili tzv. “master” plana
luke, idejnog projekta, studije izvodljivosti, stu-
dije utjecaja na okolis te glavnog projekta. Vaz-
no je, medutim, naglasiti da su u ovoj etapi sadr-
Zzane 1 sve aktivnosti koje prethode izradi
projektne dokumentacije ili se odvijaju u sklopu
njezine izrade. Te aktivnosti ukljucuju elemente
sistemskog inZenjeringa: sistemsku analizu, defi-
niranje eksploatacijskih zahtjeva, funkcionalnu
analizu i sl

Kod projektiranja luckog terminala naglasak
treba staviti na funkcionalnost. Terminal treba
biti funkcionalan i u slu¢aju neocekivanih doga-
daja Sto znaci da treba imati spremnu rezervnu

and quality control with the optimal utilization
of resources.

There are four key stages within the LCM:
1. planning and design
2. construction and/or procurement
3. operation and maintenance
4. withdrawal and recycling or upgrade

The design stage includes the port conceptual
development study or master plan, preliminary
design, feasibility study, environmental study,
and detail engineering. It is important to point
out, however, that this stage also comprises all
activities preceding or going on within the design
documentation draw-up. Such activities include
system engineering elements: system analysis,
operation requirements set-up and functional
analysis.

In designing a port terminal, the emphasis
should be put on functionality. The terminal
must be functional even in the case of unex-
pected events, meaning that an alternative op-
tion should be activated in case the system pri-
mary elements should fail. Such reaction is
attributed to the relocation of resources.
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Slika 1. Glavni elementi proizvodnog sustava luckog terminala
Figure 1 Main components of the port container terminal system
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varijantu u slucaju ispadanja primarnih eleme- Primary elements are those related to the
nata sustava. Ta reakcija svodi se na preraspo- performance of the main transport operation —
djelu resursa, bilo infrastrukturnih, tehnickih, cargo loading/unloading and storage. This
ljudskih ili informacijskih. process includes resources necessary for the

operation: infrastructure, port cranes, handling
equipment, operating software, operating per-
sonnel and energy supply. Secondary elements
serve the maintenance of the system functional-
ity. The resources necessary for the mainte-
nance consist of staff maintenance, testing and

Primarni elementi jesu oni kojima se odvija
glavni tehnoloski proces — prekrcaj i uskladisSte-
nje tereta. To ukljucuje resurse koji su potrebni
za odvijanje procesa: infrastrukturu, lucke dizali-
ce, transportna sredstva, operativni softver, rad-
nike, te energetske resurse. Sekundarni elementi

su oni kojima se odrzava funkcionalnost sustava. measuring equipment, control software and
Resurse potrebne za odrzavanje funkcionalnosti spare parts.
¢ine radnici na odrZavanju, oprema za testiranje While the purpose of the system analysis is to
i mjerenje, kontrolni softver i rezervni dijelovi. define functional requirements, within the sys-

Dok se sistemskom analizom definiraju funk- tem operational management and system main-
cionalni zahtjevi, za operativno upravljanje pro- tenance management, the number, position,
izvodnim sustavom i odrzavanje njegove funk- and importance of particular resources need to
cionalnosti potrebno je definirati broj, poziciju i be defined. This procedure, within the frame of
vaznost pojedinih resursa. U okviru sistemskog the system engineering is known as functional
inzenjeringa ovaj postupak se naziva funkcioi- analysis. Its primary goal is to define and ana-
nalna analiza. Njezin prvenstveni cilj je defini- lyse processes and procedures in order to set up
rati i ra§¢laniti tehnoloske procese radi utvrdi- and allocate the required resources necessary
vanja potrebnih resursa za obavljanje redovite for normal production and system mainte-
eksploatacije i za odrzavanje funkcionalnosti nance. Functional analysis is related with the
sustava. Funkcionalna analiza vezuje se uz au- automated processes requiring predefined op-
tomatizirane procese za koje je potrebno una- erational procedures. Once the procedures
prijed definirati procedure djelovanja. Kada su have been so defined, the optimization process
procedure tako definirane moguce je optimizi- becomes possible by using any optimization
rati proces nekom od metoda optimizacije. Pri- method. An example of the container terminal
mjer strukture funkcionalne analize kod kon- functional analysis structure is presented in
tejnerskog terminala prikazen je na slici 2. Fig. 2.

2 s s
1 o oy ) —— el g —

Definiranje operativnin Integracia i testiranje /
zahtjeva / Define systom System integration and Montaza, testiranje /
requirements test Assembling and testing
3

6

Projektiranje Prilevoz kontelnera

infrastrukiure i objekata / fegradnla Iresukre! Odrzavanje / ‘Skladiste-Pristan /

Design inrastruture and Meintenance Container handing
infrastructure

equipment (Storage-Berth)

8.3.1 833 834 835 8.36

Priprema za operacije Preuzimanje kontejnera / Prievoz do pristana / Predaja na ukrcaj / Povratak i proviera
Preparation for operation »Taking over the cargo P Transport to the berth > Deiver P! stanja  Retum-checkout
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Prijevoz kontejnera
Skiadite-Pristan/ |
Container handling

(Storage-Berth)

8.3.2
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Proparation for stand-by

REF Provjera sigumosnog Komunikacia s
Spremnost za operacie Kontrolnim centrom / Dobivane instrukcia
prirema za cporace | | stia/ Perom safety | TGl Tl P Communcaonwitn || Rocahs insiicion
Preparation for operation mmunication v

Slika 2. Struktura funkcionalne analize — kontejnerski terminal
Figure 2 Functional analysis structure — container terminal

Izvor / Source: Autor prema [1] / Author according to 1]
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4. KRITERIJI ZA VREDNOVANJE
RADNIH SVOJSTAVA

Primjenom sistemskog inzenjeringa i LCM
koncepta u planiranju i projektiranju luka i ter-
minala utvrduju se kriteriji za vrednovanje nji-
hovih radnih svojstava radi izvrSenja transpor-
tne usluge. Kroz te kriterije vrednuje se
funkcionalnost luke i terminala kao proizvodne
cjeline.

Prema [6, 8] kriteriji se svrstavaju u dvije gru-
pe:
* kriteriji funkcionalnosti
* kriteriji tehniCke kvalitete.
* Kiriteriji funkcionalnosti

Funkcionalnost predstavlja razinu ostvariva-
nja glavnih funkcija za koje je terminal izgraden
prema funkcionalnim i operativnim zahtjevima
korisnika. Pri tom korisnici mogu biti razlicite
interesne skupine. Prvenstveno su to brodari,
lucki operateri, logisticki operateri, prijevoznici
i drugi.

Kriteriji funkcionalnosti mogu se rasc¢laniti
na tri glavne grupe:

* primarni zahtjevi
* usluznost
* raspolozivost ili dostupnost.

Unutar glavnih grupa potrebno je funkcio-
nalne zahtjeve detaljnije utvrditi. Rasc¢lanjiva-
njem ovih grupa kriterija dobiveni su objekti si-
stemske analize koji poblize opisuju grupu
funkcionalnih zahtjeva. U objekte sistemske
analize spadaju:

* transportna potraznja
* vrsta i dimenzije brodova
* dubina mora

* prometno-tehnicka obiljezja plovnog puta i
akvatorija

* opterecenja i nosivost obale

¢ tehnicko-tehnoloska
uredaja

svojstva  prekrcajnih

* konfiguracija terminala
* povrSina terminala
* propusnost kopnenog prometnog podsustava

* vrijeme trajanja eksploatacijske faze u okviru
LCM-a.

4. PERFORMANCE CRITERIA

The implementation of the system engineer-
ing and the LCM concept in port and terminal
planning and design requires the lay down of
performance criteria. By doing that, it is possi-
ble to evaluate the terminal operational per-
formance and the level of functionality.

In accordance with [6, 8], there are two
groups of criteria:

* functionality,
* technical quality.
* Functionality

Functionality represents the level of per-
formance of main terminal functions in accord-
ance with the users’ operational requirements.
The users may be represented by different
stakeholders. They are in the first place ship-
ping companies/owners, port operators, logis-
tics operators, hauliers and others.

Functionality may be divided into three ma-
jor groups:

* primary requirements,
* serviceability,
* availability.

Functional requirements may be further di-
vided into objects of the system analysis, giving
a closer description of each particular group.
Objects of the system analysis include the fol-
lowing items:

* transport demand,
* vessel type and size,
* sea depth,

* navigational characteristics of fairway and
port basin,

* quay load and capacity,

* technical characteristics for the loading/un-
loading equipment,

* terminal configuration,
e terminal surface,
* inland transport system capacity,

* duration of the operation phase within the
LCM.

Primary requirements may also include other
dimensions depending on the type of terminal.
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Primarni zahtjevi mogu ukljucivati i druge
veli¢ine ovisno o specifiCnosti pojedine vrste
terminala. Pojedini objekti sadrze atribute koji
pobliZe opisuju pojedine funkcionalne zahtjeve,
kao §to su primjerice dubina prilaznog plovnog
puta, povrsina akvatorija, duljina pristana, itd.

UsluZnost predstavlja funkcionalni zahtjev s
obzirom na kvalitetu usluge i kvalitetu lucke in-
frastrukture. Kriteriji koji odreduju razinu usluz-
nosti odnose se na razliite tehnoloske parame-
tre: vrijeme Cekanja na vez, intenzitet
opsluzivanja, produktivnost terminala, jednostav-
nost pristupa i koriStenja pristana, kompatibil-
nost infrastrukture te luckih objekata i uredaja,
itd. Promjene veli¢ine brodova mogu utjecati na
sniZzavanje razine usluZnosti terminala Sto moze
biti razlog za podizanje prethodno utvrdenog
praga funkcionalnosti i redizajniranje sustava.

Raspolozivost predstavlja kriterij kojim se
vrednuje kvaliteta odrzavanja terminala u funk-
cionalnom stanju tijekom citavog Zivotnog ci-
klusa. Osim potrebe minimiziranja zastoja u
radu zbog odrZavanja, bitna je brzina reakcije
na izvanredne dogadaje koji mogu nastupiti
uslijed utjecaja izvana, npr. vremenskih i kli-
matskih promjena.

Kriteriji tehnicke kvalitete

Tehnicka kvaliteta predstavlja razinu udovo-
ljavanja tehnickim zahtjevima i standardima te
zahtjevima zastite okoliSa i druStvene prihvatlji-
vosti. U ovom slucaju tehnicki zahtjevi se odnose
na zahtjeve interesnih grupa koje nisu direktno
uklju¢ene u osnovni tehnoloski proces — tran-
sport tereta.

Objekti sistemske analize koji se odnose na
kriterije tehnicke kvalitete jesu [6, 40]:

* sigurnost i zastita

* hidroloski uvjeti

* klimatski uvjeti

* trajnost gradevina, objekata i uredaja
* nacin odrzavanja

* drustvena i ekoloska prihvatljivost

* mogucnost prosirenja ili dogradnje

* mogucénost uklanjanja ili prenamjene.

Kod planiranja i projektiranja luke nije do-
voljno proizvesti tehnicki korektan projekt vec
taj projekt mora biti konceptualno odgovaraju-

Particular objects contain attributes describing
functional requirements in details, such as fair-
way depth, port basin dimensions, quay length,
etc.

Serviceability denotes a functional require-
ment related to conveniences of services and
port infrastructure quality. The developed cri-
teria for the serviceablity level measurement
refer to different transport technology parame-
ters: waiting time, service rate, berth and termi-
nal productivity, berth accessibility, compatibil-
ity of infrastructure with port facilities and
equipment, etc. Changes in the vessel size may
lead to a lower level of serviceability through
timeline. Consequently, this requires the in-
creament of the original functionality level and
the system to be upgraded or redesigned.

Availability denotes the quality level of main-
tenance for the terminal to keep its functionali-
ty through the timeline of the life cycle. Apart
from the need for minimization of the system
breakdown time due to maintenance works, it
is very important to reduce time for reaction
when an unexpected event caused by external
conditions occur.

Technical quality criteria

Technical quality represents the technical re-
quirements level and standards as well as envi-
ronmental protection and social acceptability
requirements are met at. In this case, technical
requirements refer to requirements posed by
stakeholders not directly involved in the basic
transport process.

Objects of the system analysis concerning
technical quality criteria: [6, 40]

* safety and security,
* hydrological conditions
e climate conditions,

* durability of structures, facilities and equip-
ment,

* maintenance type,

* social and environmental viability,
* possibility of extension or upgrade,
* possibility of removal or disposal.

In the port planning and design, it is not
enough for a technically correct project to be
produced but also to be properly designed with
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¢i s obzirom na funkcionalnost i ocekivanja ko-
risnika. Funkcionalnost se mora ostvarivati
kroz Ccitavi Zivotni ciklus terminala. Problem
predstavlja Cinjenica da se zahtjevi korisnika
povecavaju tijekom trajanja zivotnog ciklusa
(primjerice, zahtjevi za prihvatom veéih brodo-
va). Postepenim povecavanjem funkcionalnih
zahtjeva kroz odredeno razdoblje, u jednom
momentu dostize se granica funkcionalnosti
prema kojoj je terminal projektiran. Da bi se
udovoljilo zahtjevima korisnika potrebno je po-

respect for functionality and the users’ expecta-
tions. Functionality should be achieved for the
entire life cycle of the terminal. The problem is
that the users’ requirements keep growing dur-
ing the life cycle (eg. requirements for accom-
modation of larger-size vessels). As functional
requirements gradually grow during the time-
line, at a certain moment they reach the de-
signed functionality limit. In order for the users’
requirements to be met, it is necessary to set-up
a new, higher functionality limit which usually
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staviti novu, vecu granicu funkcionalnosti §to
obi¢no znaci modernizaciju gradevine, objekta,
tehnologije ili nekog podsustava terminala koji
ima grani¢nu funkcionalnost.

Tijekom eksploatacije terminala dolazi do
troSenja infrastrukture i tehnickih sredstava te
vremenom pocetna razina kvaliteta opada usli-
jed potrebe za ¢eS¢im odrzavanjem. Prije nego
tehnicko stanje dosegne dopusteni minimum za
operativnost terminala potrebno je podiéi razi-
nu tehnicke kvalitete. To znaci azurirati posto-
jeci projekt, izvrSiti adaptaciju ili nadogradnju
pojedine komponente.

5. ANALIZA SLUCAJA NOVOG
KONTEJNERSKOG TERMINALA
NA PODRUCJU PRIMORSKO-
GORANSKE ZUPANIJE

Projektiranje terminala primjenom sistem-
skog inZenjeringa i LCM-a moguce je rasclaniti
na tri glavne etape:

* definiranje korisni¢kih zahtjeva (zahtjeva
brodara, “inland” operatera, itd.),

» formiranje kriterija funkcionalnosti i tehnic-
ke kvalitete,

* pretvaranje funkcionalnih zahtjeva u projek-
tna rjeSenja, odnosno izrada maritimnog,
tehnoloskog, gradevinskog, energetskog i in-
formatickog projekta.

Prva etapa u projektiranju terminala je defi-
niranje korisnickih zahtjeva. Osim zahtjeva u
ovoj etapi potrebno je identificirati interesne
grupe, tj. korisnike. Vazno je doznati kakva su
ocekivanja korisnika, u kojoj mjeri im je luka
vazna i u kojoj mjeri ju namjeravaju koristiti.

U konkretnom primjeru, kao glavni korisnici
identificirani su lucka uprava, lucki operateri,
brodari te Zeljeznica. U korisnike je potrebno
ubrojiti i vrste brodova koji se o¢ekuju na ter-
minalu s njihovim tehnickim specifikacijama.

Nakon toga slijedi formiranje kriterija funk-
cionalnosti, analiti¢ki proracun te pridruZivanje
vrijednosti pojedinim atributima. U primjeru se
analiti¢ki proracun odnosi na odredivanje dulji-
ne pristana, konfiguraciju i povrSinu terminala
te propusnost sucelja prema kopnenom tran-
sportu. S obzirom na ocekivani Zivotni ciklus
terminala predvidene su dvije razine funkcio-
nalnih zahtjeva. PolaziSte za utvrdivanje grani-

implies the upgrading of a structure, facility, ma-
terial handling equipment or any other system
component of a marginal functionality.

Terminal exploitation involves wear and tear
of the infrastructure and handling equipment
so that, with the passing of time, the initial
quality level is reduced as more frequent main-
tenance becomes necessary. Before reaching
the minimum allowed for technical condition to
secure a terminal operation, it is necessary to
increase the quality level. This means having
the existing design updated and, particularly,
component upgraded or extended.

5. CASE STUDY OF THE NEW
C/T WITHIN THE PRIMORSKO-
GORANSKA COUNTY

The terminal design, using system engineer-
ing and the LCM concept, may be divided into
three main stages:

* defining the users’ requirements (owners, in-
land operators, etc.),

* creating functional and technical perform-
ance criteria,

* converting functional requirements to design
solutions, i.e. drawing up maritime safety,
material handling, civil engineering, energy
supply and information technology designs.

The first stage in the terminal design is con-
cerned with defining the users’ requirements.
Apart from requirements, this stage is also con-
cerned with the identification of stakeholders.
It is important to know what are the users’ ex-
pectations regarding the scope of the port utili-
zation and of the importance they attach to the
port.

In this case study, the principal users have
been identified among the port authority, port
operators, shipping companies and inland op-
erators. The users should also include vessels
according to her type, size and technical char-
acteristics that are expected at the terminal.

After that, performance criteria have been
set-up, calculation performed, and values at-
tached to particular attributes. In this case, cal-
culation refers to the determination of the quay
length, terminal area configuration as well as
the inland transport interface and capacity.
Considering the expected life cycle of the ter-

POMORSTVO ¢ Scientific Journal of Maritime Research * 25/1(2011) * str./pp. 189-207 199



N. Grubisi¢, C. Dundovié: PRIMJENA SISTEMSKOG INZENJERINGA U PLANIRANJU LUCKIH TERMINALA

Tablica 1. Potrebna duljina pristana za o¢ekivani promet kontejnera

Table 1 Length of the quay for the expected terminal throughput

Q [TEU] k. q I p N n_ 1 L
355,000 0.5 25 2.7 0.67 350 1.88 280 631
637,000 0.6 25 2.7 0.67 350 2.81 300 1,011

1,200,000 0.7 27 4 0.67 350 2.83 320 1,088

1,800,000 0.8 30 4 0.67 350 3.35 320 1,286

2,500,000 0.8 30 5 0.67 350 3.72 350 1,563

gdje je / where:

Q - ocekivani godiSnji promet na terminalu (TEU/god) / expected annual throughput (TEU year)

k - faktor iskoriStenja veza / berth occupancy factor

q - produktivnost prekrcajnog mosta (c/h) / crane productivity per hour (c/h)

r - prosjecni broj ruku (dizalica) po jednom brodu / average number of gangs (cranes) per vessel

p —prosjecni dnevni udio vremena rada terminala na tjednoj bazi / fraction of operation time for a week

N - ukupni broj radnih dana godis$nje / number of annual working days

n , — broj vezova / number of berths
1. — duljina broda / ship length

b
L, - duljina pristana / quay length.

ce funkcionalnosti bila je ocekivana prometna
potraznja koja je postavljena na razini od 1,2
mil TEU-a i 1,8 mil. TEU-a.

Vecinu kriterija tehni¢ke kvalitete potrebno
je utvrditi tijekom postupka projektiranja. Ovi
kriteriji dijelom proizlaze iz tehnickih i sigurno-
snih standarda, a dijelom su izbor planera i pro-
jektanta, tj. predstavljaju projektne zahtjeve
koje u uzem smislu definira investitor, a u Sirem
smislu interesne grupe.

U konkretnom primjeru, kriteriji tehnicke
kvalitete pretpostavljeni su i generalizirani te su
primarno navedeni u kontekstu razumijevanja
primjene metoda sistemske analize i sistemskog
inZenjeringa.

Odredivanje broja vezova i duljine pristana

Broj vezova n ovisi o ukupnom ocekivanom
godiSnjem prometu na terminalu, faktoru isko-
riStenja veza, produktivnosti prekrcajnog mo-
sta, prosjecnom broju ruku (dizalica) koje izvo-
de ukrcaj/iskrcaj po jednom brodu, prosjecnom
dnevnom udjelu vremena rada terminala na
tjednoj bazi, te ukupnom broju radnih dana go-
diSnje.

S obzirom da se ocekuje da ¢e terminal op-
sluzivati brodove razli¢itih veli¢ina preferira se
izvedba pristana u liniji, a ne u L ili T izvedbi.
U tom slucaju povecava se faktor iskoriStenja
veza iznad 0,7 jer je brodove razliCite veliCine
moguce tada bolje prostorno-vremenski raspo-

minal, there have been two functionality levels
provided for. The baseline for the determina-
tion of the functionality limit was the expected
transport demand set at the level of 1.2 mil
TEU and 1.8 mil TEU respectively.

The majority of the technical quality criteria
need to be determined during the design proc-
ess. Those criteria are partly derived from tech-
nical and safety standards, and partly are se-
lected by planners and designers, i.e. they
represent the design requirements which are in
a restricted sense defined by investors, and in a
wider sense by stakeholders.

In this case, the technical quality criteria
have been presumed and generalized with the
main purpose to understand the implementa-
tion of the system analysis and system engineer-
ing methods.

Estimation of quay length and number of berths

The berth number n depends on the total an-
nual turnover expected at the terminal, berth
occupancy factor, shore crane productivity rate,
average number of gangs per vessel, terminal
operating hours on a weekly basis, and on the
total number of working days annually.

The terminal being expected to handle ves-
sels of different sizes, preference is given to the
construction of straight line berths rather than
an L or T-shaped ones. In this case, the berth
occupancy factor exceeds 0.7 because different-

200 POMORSTVO e Scientific Journal of Maritime Research * 25/1(2011) * str./pp. 189-207



N. Grubigi¢, C. Dundovié: IMPLEMENTATION OF SYSTEM ENGINEERING IN PORT TERMINAL PLANNING

rediti po pristanu. U slucaju linijskog pristana
broj kontejnerskih vezova nije fiksno odreden,
vec se pozicije odreduju dinamicki ovisno o ve-
li¢ini broda. Stoga veli¢ina n ne mora imati cje-
lobrojnu vrijednost ve¢ moze biti realni broj. U
primjeru je koriSten model prema [9, 33], a re-
zultati su prikazani u tablici 1.

Odredivanje povrsine i konfiguracije
kontejnerskog terminala

PovrSina terminala izracunava se tako da se
zbroje povrsine pojedinih zona. Ukupnu povrsi-
nu terminala Cine:

* obalna operativna povrSina (A4 ,)
* povrsina slagaliSta ukljucujuci prometne po-

vriine za manipulacije (4,,,)

* cestovno-zeljeznicka

(“A,,)

* povrSina za zeljeznicu (A)

operativnha povrsina

* povrsina parkiraliSta za kamione (4, ).

Ukupna povrSina kontejnerskog terminala
(bez povrsina za usluge s dodanom vrijednoscéu)
dobije se iz izraza [2, 295]:

Ag=A4,+A4,+A4, +A4 + Apark [ha].

Obalna operativna povrSina (4 ,) predstavlja
povrsinu na kojoj se obavlja ukrcaj/iskrcaj kon-
tejnera s broda te prijevoz kontejnera do i od
slagaliSta. PovrSina slagaliSta (4,,) definirana je
veli¢inom i brojem blokova za slaganje kontej-
nera. Pritom je najvaznija veli¢ina povrSina
kontejnerske pozicije’, koja odreduje jedinicnu
povrsinu za 1 TEU jedinicu (A,)), a izracunata
je na temelju analitickog modela [2, 295].

S obzirom da proracun povrsina ovisi o tran-
sportnoj potraznji, napravljen je izracun za dva
scenarija, tj. za promet od 1.200.000 TEU/god i
za promet od 1.800.000 TEU/god. Ovi scenariji
predstavljaju dvije razine funkcionalnih zahtje-
va (Slika 3). Za svaku razinu uzete su u obzir tri
razli¢ite tehnologije rada na terminalu: tehno-
logija sa “straddle carrier” prijenosnicima, teh-
nologija s RMG prijenosnicima u kombinaciji s
AGV automatskim vozilima te tehnologija s
ASC dizalicama i “shuttle carrier” prijenosnici-
ma.

sized vessels may be better accommodated
along the quay both in terms of space and time.
In case of straight line berths, the position of
the container berths is not strictly fixed, but dy-
namically determined in dependence on the
vessel size. Thus, n does not have an integer
value and may be a real number instead. In our
example, the used model was in accordance
with [9, 33], and results have been displayed in
the table 1.

Configuration and estimation of the container
terminal surface area

The terminal area is calculated as the sum of
the surfaces of certain zones. The total terminal
area consists of:

* the ship-to-shore handling area (A4 ,),

* the storage area including paths for material
handling equipment (4,,,),

¢ the inland transport handling area (4, ),
* the railway station transfer area (4,),
* the parking area (4, ).

The total container terminal area, without
the commercial zone, can be calculated accord-
ing to [2, 295]:

Ag=A4A,+A4, +A4 +A + Apark [ha].

The ship-to-shore handling area (4,) is a
surface where loading /unloading operations
from ships are performed, preparing containers
for the transfer to the storage area. The storage
area (A, is defined by the size and number of
blocks for stacking, where the most important
dimension is a container slot surface area'. The
container slot surface area can be calculated
according to the model specified in [2, 295].

Since the calculation depends on the trans-
port demand, two scenarios have been devel-
oped, first for a turnover of 1,200,000 TEU/
year and second for a turnover of 1.8 million
TEU/year. These scenarios represent two levels
of functionality (Figure 3). For each level, three
different handling technologies for the storage
operations were taken into account: straddle
carriers, Rail mounted gantry cranes (RMG) in
combination with Automated guided vehicles
(AGV) and Automated stacking cranes (ASC)
with shuttle carriers.

5> kontejnerska pozicija ili engl. slot je prostor za smjestaj
1 TEU jedinice.

! Container slot area represents the area for the storage of
1 TEU.
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Odredivanje odnosa punih i praznih kontej-
nera potrebno je zbog ovisnosti o broju i konfi-
guraciji kontejnerskih slotova na terminalu. U
ovom slucéaju pretpostavljen je odnos 60/40 u
korist punih kontejnera. Polazna zadana velici-
na je godisnji promet kontejnera koji predstav-
lja potrebni dinamicki kapacitet terminala. Da
bi se dobio potreban broj slotova za kontejnere
mora se odrediti prosjecno vrijeme zadrzavanja
kontejnera na terminalu. U ovom slucaju te vri-
jednosti su procijenjene na 5 dana za pune, od-
nosno 14 dana za prazne kontejnere. Dobivena
vrijednost minimalnog statickog kapaciteta
mora se uvecati za tzv. prostorni “buffer”, tj. re-
zervni kapacitet koji je potreban kod vrSnih op-
terecenja koja se javljaju u obalnom prekrcaj-
nom procesu. Za vrijednost rezervnog
kapaciteta empirijski se uzima umnozak duljine
pristana i ocekivanog udjela punih kontejnera
uvecan 10 puta. Dobivene vrijednosti potreb-
nog statickog kapaciteta terminala prikazane su
u tablici 2.

Nakon §to je odreden staticki kapacitet ter-
minala, potrebno je utvrditi konfiguraciju blo-
kova za slaganje kontejnera i povrSinu slota, te
izracunati potrebnu povrsinu slagaliSta za svaku
od varijanti tehnologije rada na terminalu. Za
dobivanje ukupne povrsSine kontejnerskog ter-

The ratio of the full and empty containers
have to be calculated in order to deterimine the
configuration of the container slots on the ter-
minal. In this case, it was assumed a 60/40 ratio
in favor of a full containers.

The starting point for the terminal surface
area calculation was the expected annual
throughput at the baseline functionality level
representing the required capacity of the termi-
nal. In order to obtain the required number of
container slots (minimum holding capacity),
the average dwell time of containers at the ter-
minal should be determined. In this case, these
values are estimated to be 5 days for a full, or
14 days for empty containers. The resulting val-
ue of the minimum holding capacity obtained
after calculation have to be multiplie by the
peak loads factor (spatial buffer) in order to
eliminate the capacity bottlenecks during peak
loads in the ship-to-shore handling process.
The values of a minimum holding capacity of
the terminal are shown in Table 2.

After the holding capacity has been calculat-
ed, it is necessary to determine the configura-
tion of the stacking blocks and storage area for
different handling equipment and stacking
technology to be used for the storage operation
on the terminal. To obtain the total area of the

Tablica 2. Izracun potrebnog stati¢kog kapaciteta terminala

Table 2 Holding capacity required for the C/T

GodiSnji promet (TEU) /
Annual throughput (TEU) LALOLLY
t (dwell)

Puni (TEU) / Full (TEU) 60,00% 5 720.000
Prazni (TEU) / Empty (TEU) 40,00% 14 480.000
Minimalni staticki kapacitet (TEU) / Minimum holding .
capacity (TEU) Puni / Full 9.863
Minimalni stati¢ki kapacitet (TEU) / Minimum holding .
capacity (TEU) Prazni / Empty 18.411
Rezervni kapacitet (TEU) / Reserve capacity (TEU) Puni / Full 6.528
Potrebni kapacitet terminala (TEU) / .
Terminal holding capacity required (TEU) Puni/ Full 16.391
Potrebni kapacitet terminala (TEU) / .
Terminal colding capacity required (TEU) Prazni [ Empty 18411

minala potrebno je pored povrsine slagaliSta
izracunati i povrSine ostalih operativnih zona
terminala. U tu svrhu koriSteni su analiticki
modeli prema [2, 295]. Zbirni rezultat proracu-

container terminal, it is necessary to calculate
the surface area of all other terminal zones. For
this purpose, analytical models were used by |2,
295]. The summary of the calculations for the
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na pocetne razine funkcionalnosti prikazan je u

tablici 3.

Po istom kljucu izraden je proracun povrsine
i utvrdena konfiguracija za promijenjenu (viSu)
razinu funkcionalnosti.

ble 3.

Tablica 3. Proracun povrSina za zadani godi$nji promet od 1.200.000 TEU
Table 3 Surface area calculation based on annual throughtput of 1,200,000 TEU

baseline level of functionality are shown in Ta-

The same principle is used for the calcula-
tion of a higher level of functionality.

Tehnologija rada / Material handling equipment
Vista kontejnera/ sC RMG/AGV ASC/Shuttle
Container type
Broj pozicija (TEU) / Number of slots (TEU)
Puni / Full 14.752 14.752 14.752
Prazni / Empty 18.411 18.411 18.411
Visina slaganja kontejnera / Stacking height
Puni / Full 3 4 5
Prazni / Empty 5 5 5
Povrsina kontejnerskog slota u m?*TEU /
Container slot surface area in m*/TEU
Puni / Full 37,61 26,37 26,37
Prazni / Empty 21,47 21,47 21,47
Potrebna povrsina slagalista u m?/
Storage surface area in m?
Puni / Full 184.944 97.239 77.791
Prazni / Empty 79.074 79.074 79.074
Ukupna povrsina slagaliSta kontejnera uklju¢ujuci prometne povrsine za
manipulacije na slagaliStu / Total storage surface area including traffic paths
for material handling equipment
A, [m?] 264.018 | 176.313 | 156.865
Obalna operativna povrsina / Ship-to-shore handling area
L [m] 1.088 1.088 1.088
W_ [m] 76 145 145
A, [m?] 82.688 157.760 157.760
Cestovno-zeljeznicka operativna povrsina / Inland transport handling area
L [m] 1.000 1.000 1.000
W, [m] 40 125 125
A, [m?] 40.000 125.000 125.000
Povrsina za Zeljeznicu i Zeljeznicki prekrcaj / Railway station transfer area
L [m] 1.000 1.000 1.000
W [m] 45 45 45
A [m?] 45.000 45.000 45.000
Povrsina parkiraliSta za kamione / Parking area
Nnarlc 30 0 0
W, [m] 7.2 0 0
L. [m] 30 0 0
A [m?] 6.480 0 0
' Ukupna povrsina kontejnerskog terminala (bez logisticke/komercijalne zone) /
Total surface area for container terminal (without commercial zone)
A, [m?] 438.186 504.073 484.625
A, [ha] 43,82 50,41 48,46
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Tablica 4. Kriteriji funkcionalnosti za novi kontejnerski terminal na podruc¢ju Primorsko-goranske Zupanije
Table 4 Functional criteria for the new C/T in the Primorsko-goranska County

Objekt / Object

Atribut / Attribute

Zahtjev pocetne razine
funkcionalnosti /

Promjena razine
funkcionalnosti /

KRITERII FUNKCIONALNOSTI / FUNCTIONAL REQUIREMENTS

Primarni zahtjevi / Prime requirements

Original requirements Increment of functionality
otekivana potraZnja / transport forecast 1.2 mil. TEU 1,8 mil. TEU
Transportna potraznja / ;:dnos punih i préznlh kor?tejneraf 60/40 60/40
Transport demand uh‘-grr":pty contiamers. ratio : :
prosjeéno zadrZavanja kontejnera na terminalu /
) 5/14 5/14
average dwell time
vrsta bredova / ship class <= suezmax <= suezmax
Vrsta brodova, dimenzije /  |duljina / LOA 398 m 410m
Type of vessels, dimensions |Sirina / beam 56,4 m 50 m
gaz / draught 15,5m 18 m
dubina prilaznog plovneg puta / channel depth 20m 20m
Dubina mora / Sea depth  |dubina akvatorija / water depth 20m 20m
dubina ispred pristana / depth alongside berth 20m 20m
Prilazni plovni put / Fairway éirinzj.plovnog pu::a ! channel width n/a n/a
povrsina akvatorija / water surface area n/a n/a
Nosivost obale u zoni dopusteno opterecenje u zoni prekreaja / 2 2
prekrcaja / Quay load max loading alongside quay 30 kN/m 30 kN/m
nosivost ispod spredera / 50-60 1 651

Prekrcajni mostovi - svojstva /

bearing capacity under spreader

dohvat / outreach

22 rows (54 m)

24 rows (89 m)

brzina podizanja / hoisting speed

75/150 m/min

90/180 m/min

Cranes characteristics brzina kolica / trolley speed 210 m/min 240 m/min
brzina kretanja / gantry speed 45 m/min 45 m/min
opterecgnje nfa prednjoj traénici / 815 KN/m 850 kN/m
front rail loading
duljina pristana / quay length 1.100 m 1.300m

Konfiguracija terminala /
Terminal configuration

staticki kapacitet terminala / holding capacity

16.391/18.411 TEU

22.595/27.616 TEU

visina slaganja kontejnera na slagalistu /

stacking height 4/5rows 4/ 5 rows
dubina teritorija / fand span 460 m 500 m
tehnologija raga na slggallstu/ RMG RMG
storage handling equipment

razina automatizacije / level of automation WLAN/DGPS WLAN/DGPS

dinamicki kapacitet terminala /
terminal throughput

1,1 mil /0,5 mil TEU

1.5 mil / 0,8 mil TEU

Povrsina terminala /

obalna operativna povrsina /
ship-to-shore transhipment area

15,7 ha

18,8 ha

povréina kontejnerskog slota /
container slot area

26,37 /21,47 myTEU

26,37 / 21,47 m¥TEU

Terminal area povrsina slagalista / storage area 17,6 ha 252 ha

cestovno-Zeljeznitka operativna povrdina /
) . 12,5 ha 15 ha
inland transport operational area
povrsina za Zeljeznicu / railway area 4,5 ha 54 ha
parkiralista za kamione / fruck parking area n/a n/a
oFinos ko‘pngnlfpomors‘kl prekrca! ! 80/20 80/20
direct shipping-transhipment ratio

Propusnost kopnenog odnos Zeljeznica/cesta / rail-road modal split 50/50 60/40

prometnog podsustava /
Inland transport capacity

koli¢ina otpreme viakovima, broj viakova /
rail shipping, number of trains

480.000 TEU/year,19/day

864.000 TEU/year,34/day

koli¢ina otpreme kamionima, broj kamiona /
truck shipping, number of trucks

480.000 TEU/year,667/day

576.000 TEU/year,800/day

sustava / recovery readiness upon shutdown

Produktivnost na vezu / faktor iskoristenja veza / berth occupancy 0,70 0.80
2 Berth performance faktor zagusenja / berth congesting factor 0,23 0,33
'§ . intenzitet oPsquwnJa po kanalu / 57 chh 20 ch
8 Prekrcaj tereta / crane service rate
E Cargo handling maksimalni broj dizalica po brodu / 3 5
@ cranes per ship
7 udaljenost izmedu lica bokobrana i prednje
s : ; traCnice dizalice / distance between fender face 5m 5m
= Prihvat broda na pristanu / .
= Ship access to centre of front crane rail
2 vrsta bokobrana / fender type n/a n/a

vrsta bitvi / bollards type n/a n/a
vrijeme potetka faze eksploatacije /

e‘? " ) start of operation period 3.year 10.year
3 Eksploatacija / Operation — - —
3 vrijeme zavretka faze eksploatacije /
3 ] ) 40.year 40.year
2 end of operation period
-1%. postqtak p-une funkcionalnosti gpdlsnje / 95% 95%
g functionality rate on yearly basis
] . zastoji uslijed vremenskih prilika /
_g_ Zastoji/ Shutdowns shutdown due to weather condition (days/year) 0 10
© brzina reakcije uspostavljanja funkcienalnosti
= n/a nia
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Tablica 5. Kriteriji tehnicke kvalitete za novi kontejnerski terminal na podrucju Primorsko-goranske Zupanije
Table 5 Technical quality criteria for the new C/T in the Primorsko-goranska County

Objekt | Object

Atribut / Attribute

Zahtjev pocetne razine
funkcionalnosti /
Original requirements

Sigurnost i zastita /
Safety and security

Sigurnost / Safety

sigurnost prilaza i maritimna sigurnost /
maritime safety

u skladu s maritimnom studijom /
according to maritime safety study

broj i poloZaj hidranata za protupozarnu zastitu/
fire fighting & hydrant eugipment disposal

pristan/100 m / alongside quay/100 m

staze za kretanje vozila i pjeSaka /
pedestrial and service lanes

pjesacka, Sirina1,5m/
pedestrian lane 1,5 m wide

duZina i visina obalnog rubnika /

u cijeloj duZini pristana visine 15 cm/

Hidroloski uvjeti /
Hydrology

quay edges alongside quay 15 cm height
rasvjeta na terminalu / prema standardu /

lighting according to standard
ograda/ prema ISPS standardu /
fencing according to ISPS standard
sustav nadzora / monitoring & control systems CCTV control system / GPS+CCTV
morske mijene / fides <1m

morske struje / sea currents <0,5 knots

Klimatski uvjeti /
Climate condition

Vanjski utjecaji /
External impacts

utjecaj vjetra / wind speed

<20 m/s 95% year

utjecaj valova / waves impact

minimalan, bez zastitnih gradevina /
minimum, no protection required

utjecaj leda / ice impact

bez utjecaja / w/o impact

Trajnost / Durability

[ TECHNICAL QUALITY CRITERIA

standardi zastite ¢elika / steel protection

katodna zastita /
cathodic protection system

standardi zastite betona / concrete

osnovni standard / basic standard

tip konstrukcije / construction type

piloti'masivna /
sheet piles/gravity wall

dozvoljeno opterecenje na trup / vessel impact

400-500 kN/m?

blok koeficijent (Cg) / block coefficient 0,60~0,80
koeficijent dodatne mase / 0.31
added mass coefficient ‘
sigurnosni faktor za bokobrane / 15
safety factor for fenders '

tip bokobrana / fendlers type super cone

frikcijski sloj bokobrana / friction facing panel

UHMW-PE (0,10-0,15 1)

razmak izmedu dva bokobrana /
distance between adjacent fenders

<18m

Tehnigki standardi / Technical standards

Odrzavanje / Maintenance

KRITERUI TEHNICKE KVALITETE

pristup gradevini radi pregleda tehniékog stanja/
approach to facility for technical inspection

osigurati servisni prilaz obali /
service approach to shoreline should
be provided

strategija odrZavanja / maintenance strategy

izraditi program odrZavanja i program
pregleda / maintenance and
inspection program should be

Drustvena i ekolo$ka prihvatljivost /
Social and ecological feasibility

Utjecaj na okolis / Environmental
consideration

provided
povrsina iskopa / excavation size 38 ha
povrsina nasipavanja / leveling area 33 ha
odlaganje iskopanog materijala / moguce Koridtenje za gradnju /
disposal of dredged material used for construction

rizik od onegidéenja s brodova /
risk of pollution from vessels

u skladu s maritimnom studijom /
according to maritime safety study

razina ekoloske zastite /
environmental protection level

u skladu sa studijom utjecaja na okoli$
!/ according to EIA study

utjecaj na krajobraz / visual impact

prirodna vizuelna barijera na kopnenoj
strani / natural landscaped bund at the
land side

Mogucnost dogradnje, prosirenja /
Upgrade or extension capability

prosirenje luckog podrucja /
extension of port area

50 ha dodatnog prostora /
50 ha of additional space required

produbljivanje akvatorija / sea dredging

odrZavanje prirodne dubine /
keep natural depth level

Prenamjena ili uklanjanje /
Withclrawal-remove ability

Prenamjena prostora /
Upgradability

namjena nakon isteka Zivotnog ciklusa /
purpose upon life-cycle completion

javna uporaba, drustveni sadrzaj /
public use

jednostavnost uklanjanja / ease of removal

nije predvideno / n/a

moguénost recikliranja materijala /
recycling ability

nije predvideno / n/a
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Propusnost kopnenog prometnog podsustava

Funkcionalni zahtjevi prema cestovnom i Ze-
ljeznickom prometu odnose se na dimenzioni-
rani dinamicki kapacitet kontejnerskog termi-
nala. Prognozirani promet od 1,2 mil. TEU-a za
pocetnu razinu funkcionalnosti moze se raspo-
dijeliti u odnosu 80% u kopnenom prometu
(960.000 TEU) i 20 % u pomorskom prometu
(transhipment). Raspodjela Zeljeznica/cesta
(modal-shift) kod pocetne funkcionalnosti pro-
cijenjena je u omjeru 50/50, odnosno 60/40 u
korist Zeljeznice za viSu razinu funkcionalnosti.
U apsolutnim vrijednostima to iznosi priblizno
480.000 TEU/godis$nje za pocetnu razinu funk-
cionalnosti. Navedeni promet uz prosjecni ka-
pacitet blok-vlaka od 70 TEU/vlak generira
srednju vrijednost od 19 blok-vlakova dnevno.
U cestovnom prijevozu generira se promet od
preko 660 tegljaca dnevno.

Konac¢ni rezultat sistemske analize objedi-
njen je i prikazan u tablicama 4. i 5. U prvoj ta-
blici prikazani su kriteriji funkcionalnosti s
utvrdenim objektima i atributima te njihovim
vrijednostima dobivenim analitickim proracu-
nom. U drugoj tablici prikazani su kriteriji teh-
nicke kvalitete koji su ocijenjeni vaznim za dalj-
ni postupak projektiranja. Utvrdene veli¢ine
kriterija predstavljaju rezultat sistemske analize
1 direktno se mogu primijeniti kao ulazne veliCi-
ne u postupku formiranja projektnog rjesenja.

7. ZAKLJUCAK

U sklopu sistemske analize, na primjeru anali-
ze slucaja planiranja luckog kontejnerskog ter-
minala, identificirano je 14 objekata i 49 atributa
kojima se opisuju kriteriji funkcionalnosti te 8
objekata i 36 atributa kojima se opisuju kriteriji
tehnicke kvalitete, u skladu sa zahtjevima intere-
snih grupa. Primjenom analitickih metoda, izvr-
Sen je proracun vrijednosti najvaznijih atributa
kojima se opisuju funkcionalni zahtjevi u odnosu
na planirani lucki kontejnerski terminal.

Brojnost kriterija funkcionalnosti i njihova
meduzavisnost opravdava potrebu sustavnog pri-
stupa planiranju stavljaju¢i u prvi plan funkcio-
nalnost samog terminala prema zahtjevima kori-
snika. Bitno obiljezje sistemskog inzenjeringa,
koje je primijenjeno u radu, je pristup “od vrha
prema dnu” gdje se na temelju identificiranih
kriterija vrednovanja radnih svojstava terminala
obavlja projektiranje pojedinih infrastrukturnih

Throughput of the inland transport system

The functional requirements for the road
and rail transport are related to the container
terminal capacity. It is expected that 80% of the
total forecasted traffic or 960,000 TEU/year
will be shipped by the inland transport. Modal-
shift for the inland transport is estimated at a
ratio of 50/50 for the original functionality lev-
el, and at a ratio of 60/40 for the higher func-
tionality level in the favour of railway. In abso-
lute terms, this amounts to approximately
480,000 TEU/year for the original functionality.
Therefore, this generates a mean of 19 block
trains per day with an average capacity of a
block train of 70 TEU. Road transport gener-
ates a turnover of over 660 trucks a day.

The final result of the system analysis has
been consolidated in Table 4 and Table 5. The
first table shows the functionality criteria with
specified objects and attributes and their values
obtained by analytical calculation. The second
table shows the technical quality criteria that is
considered important for the design. Perform-
ance criteria values are the result of the system
analysis and can be used as the input in the de-
sign process and for the evaluation of alterna-
tive design solutions.

7. CONCLUSION

Within the case study of the new container
terminal in the Primorsko-goranska County, 14
objects and 49 attributes of the system are iden-
tified describing the terminal functionality cri-
teria. Further 8 objects and 36 attributes of the
system describe the terminal technical quality
criteria. All performance criteria are adjusted
in accordance with the stakeholders’ require-
ments. By using analytical methods, the most
important performance criteria have been cal-
culated and evaluated according to the estab-
lished terminal functinality levels.

A considerable number of the performance
criteria and their interdependence justify the
need for a systematic approach to the container
terminal planning, putting the users’ require-
ments in the first place. The main feature of the
system engineering process, implemented in the
paper, is the “Top-down” approach, whereby the
output of the process should be used for the port
infrastructure design, material handling equip-
ment selection and resources assignment.
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elemenata luckog sustava, vrSi odabir transpor-
tnih sredstava, odabire tehnologija rada na ter-
minalu te utvrduju potrebni resursi za rad.

Vaznost provedene sistemske analize je i u
definiranju stupnja funkcionalnosti s obzirom
na ocekivani Zivotni ciklus terminala. Nakon
dostizanja maksimalnih vrijednosti kriterija
funkcionalnosti ili maksimalnih vrijednosti do-
zvoljnog odstupanja od tehnic¢kih standarda,
pocetnu razinu funkcionalnosti treba podignuti
na viSu razinu prema utvrdenim vrijednostima.
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