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Abstract

“ the average container is idle or undergoing empty repositioning for ove%560f its life
span..” (CRINKS Paul, 2000) High volume @&mpty container movements and low container
productivity are the main problems of the container logistics. “i& all trucking companies,
whether they will admit or not, we don’t know where all our trailare..” (Brown, lke. Co-
owner of National Freight CompanyJhe high dynamism, complexity and myriad of delays
render the logistics structure more difficult to manage and confitw. alterations in the demand
generate fluctuations in the behavior. On the other hand, the high dynamism anextympl
make it difficult to envisage the whole mental picture of the logisiructure. A generic
simulation model of an intermodal logistics system is created to thiswmental picture and
System Dynamics aspect led us thorough this high dynamic and complex lpatimain
shortcomings of the structure are simulated, the causes of the shiadsame analyzed in detalil
and possible policies are developed for the cure.

KEY WORDS: Container; Empty Container Flows; Intermodality; Harbor Operations;
Container Cycles, Inland Transportation.



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

CHAPTER 1

1. Introduction

Container logistics system is a very high dynamidesyiswith many delays and blind spots. It
contains very different transportation modes as welthis paper, this structure is named as an
intermodal system, as a container logistics systeas @ container chain. This intermodal system
gives the managers various kinds of choices and posswilvhile making decisions. The delays
and the blind spots render the system difficult to hanch&trol and manage. Currently it is
almost impossible to have 100% control over the sysiEme. increased technology and the
studies done in this field increase the control and redécevélak points of the logistics system.
Although those studies and the high technology detectibms,manifest that the productivity
level is not satisfying yet. To illustrate, the empty eguent transportation is still considerably
high; therefore the cost of the empty equipment tramapon still constitutes a big percentage in
the budget. Studies demonstrate that this percentage isdaB®d6. Instead of the increased
technology and container tracking systems, the emptyamer level is still around at a 20%
level, besides there are some empty container flosstp keep the system in balance. For
instance, from harbor A to B and from harbor B to Apéy containers are transported at the
same time to keep the system in balance. These kirelmptly flows are named as bi-directional
empty container flows. The high level of bi-directiomahpty equipment flows are one of the
negative impacts reducing the productivity of the contdowgstics system.

The delays in the system and the high uncertainty nfekéransportation companies keep high
level of container inventories as well. Studies dematestthat a container is idle 50% of its life
span. High container inventory levels create unproductveainer utilization. A basic container
price is around 2000$, when the number of idle containedstla price of a container are
considered, it is concluded that the companies are payingamgant of money for their idle
assets.

The container logistics system contains many deciltases as well and it gives the managers
many decision initiatives to fulfill the transportatitasks. Therefore the system is so dependent

on the managers and it is so vulnerable to the possibleg decisions of the managers.
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In this study, a cycle of a container with all the @pens for a successful transportation is
scrutinized; i.e. a picture of a container cycle awdr by creating a dynamic simulation model.
The model is build upon some main assumptions. For irsténis assumed that the containers
complete their cycles in a shorter time and deliverdéwand, this logistics system is managed
better and has a higher productivity. The harbor operatindsharbor productivity have effects
on the container cycles. A transportation company dodsame a control on the harbor
operations and harbor management systems; but theaa ®bvious causality between the
container flows and the harbor. To make the effedhefharbor productivity on the container
cycle time more clear, the dynamic simulation mod&ust up as if the transportation company
had control on the harbor operations as well. Thia iay give new insights to the intermodal
transportation structure for the future ownerships andagement characteristics

First of all, the deep-sea container logistics sysiemainly explained. Information about the
management types in container logistics is given, thgeneric simulation model of a deep-sea
container logistics system that the containers ifigvbetween three harbors is built.

The model is consisted of twelve main modulddODULE-1) Calculating Number of the
Containers Required for the Demand for Freight Trarapon, MODULE-2) Empty Container
Loading Pre-Planning at Harbor AMODULE-3) Full Container Loading Pre-Planning at
Harbor A, (MODULE-4) Ship Capacity Effect on Full Container Loading Planning,
(MODULE-5) Full Container Unloading PlanningifODULE-6) Empty Container Unloading
Planning at A, MODULE-7) Filling Rate Planning at Harbor A According to the Ship Caga
Equipment Capacity and Work Capacity (Resource Planning at(M(Q)DULE-8) Harbor
Productivity Module, MODULE-9) Idle Container Ratio, MODULE-10) Empty Container
Ratio, (MODULE-11) Network Module at Harbor A (Number of Ships Arriving & Dejpay),
(MODULE-12) Inventory Level Effect on Transportation Selectiondé at Harbor A.

The container logistics model is built according lte general container flow structure and the
model is modified as to give the expected behaviors ssieicand 20% empty container flows,
50% idle container time, and around 80% harbor productivity.efenally, new policies are
developed and introduced to increase the container prodydiwiteducing the empty equipment

flows.
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1.1 BRIEF PROBLEM STATEMENT

With the advance of containerization in 60’s the transpion process gained a more dynamic,
faster and fast growing characteristics. The contaagoin will go on growing and according to
the contemporary situation it is assumed to go on g@wiith an increase around 7% per year
until the year 2015.
Ocean carriers currently spend close to $ 100 billion ear gperating their container assets, and
industry analysts estimate that approximately $16 billiotinaf is directly attributable to the total
cost of repositioning empty equipment to the point of &sticargo. Due to information gaps or
“pblind spots” along the transport chain, equipment is orgyble to carriers between 60 and 80
per cent of the time. These blind spots prevent contaperators from realizing all the
equipment management options currently available to theam as interchange or triangulation,
that result in more efficient equipment usage. (Crifksset Management in Global Container
Logistics Chain, 2000). The reports say that the blind spdtsei container logistics chain occur
especially while moving via truck, rail or in inland termmal at shipper/consignee premises.
The container logistics chain contains many delayssistructure. These delays create a structure
difficult to handle or control. The problem lies iretbelicate structure of container logistics. As
to some of those delays: Inland terminal — Origin Harlavetd time, terminal stuffing time,
container loading/unloading time, origin harbor-departunddratravel time, berth time, ship
catastrophe time, pilotage and mooring time, weathawydeport delays, departure harbor-inland
terminal travel time, customer container keeping tinoatainer damage surveying time and etc.
Container damage surveying establishes a good precedentdfelaya Interchanges are very
important for the container sector. The increased darmaaglerepair in some lines are big
disadvantages. The line has difficulty controlling ttenmages. So that, no interchange occurs
without the container being surveyed by an independent survyibris not possible at that
location, the container is transported to the nedoestion for survey. In stead of completed in
hours, this process takes 3 days to conclude. Accordidgktd@ &l Club shows that for the years
1987-1990 the average for major cargo claims:

o 23% due to bad stowage

o 8% due to bad handling
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o 2% due to fraud
o 1% failure to collect cargo (Alderton, 2005, pp. 206)

The logistics chain contains many stocks, inventoriek aitlenecks. The bottlenecks and the
delays create a delicate structure difficult to hanttls. a high dynamic structure and it is

difficult to see and understand the whole picture. ©martcoming in one of these bottlenecks,
inventories or facilities may create unenviable consequandbég system. It's better to explain

the delicacy of the logistics chain with an exampleefemplified before, due to the high delay
and delicate structure, the desired situations in theraysigy easily change. A delay due to the
bad weather conditions or a technical problem on the ship mmake the manager change the
desired situations.

20

Desired Stock Acaquisition Rate

16 adjust rmert

E 111 - 'gt-:-cl-; E i for Stock - . ]
+ 3 _-PLDSS Rate
00— 12
T T T T 1D T T T T
o 2 4 Dﬂ},‘s G & 10 a z 4 Days & =] 10
Figure-1.1 Figure-1.2
20% Increase in the Desired Situation Amplificatis in the Production Rate

Figure - 1.1 depicts a 20% change in the desired situation. To illestrathere is a 20 %
increase in the demand it means that there should be aidease in the number of the
containers we need; in other words an increase is eghunrthe number of the containers we
order routinely. Exemplifying the graphs above would be comduo understand how delicate
and difficult it is managing the stocks. For instance,were keeping 100 containers as a stock
and ordering 13 containers everyday to keep the inventodgsied level. In the case of an
increase in the demand creates a 20% of increase ongiheddstock of containers. To keep the
stock in the balance there should be an increase muthéer of the containers we order. On the
other handFigure - 1.2depicts that increasing 20% the number of the conwinerorder daily

is not enough to increase the stock 20% and to keep thetonyaem balance; i.e. by increasing
the orders 20% it is not possible to catch the 20% isexkdesired situation. There will always

be an oscillation, and after that amplification gystem will catch the balancEigure - 1.2

10
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depicts this amplification, and there is a ratio fhbis tamplification. To reach the balanced
situation in a case of 1% increase for a desired tuatine ratio is 2.65; i.e. if we increase the
desired situation 1% we have to increase the orderdfaté 2.65 = %2.65 in the beginning, and
this amplification ratio has a decreasing tendency, aedd#sired situation is reached, the
amplification disappears. In a case of 20 % increase tlvould be an amplification of 20 * 2.65
= 53% (Pal Davidsen, GEO-304 Course slides, slide no: 43-44-45).

As for the container logistics chain, containing manjayke and stocks in the structure, the
system is very sensitive to the amplifications; becahsse amplifications create a dynamic
structure very difficult to manage and handle.

The problems of the container logistics are listed as:

O

High level of empty equipment flows

o High level of bi-directional empty equipment flows

o Long cycle times of containers

o High level of container inventories

o High level of idle asset or equipment

The tracking factor of containers increased with the ldpugg information technologies. Instead
of these developments, it is concluded that the comtdoggstics system has not reached the
satisfying level of productivity. High level of empty egunpnt flows, high level of bi-directional
empty equipment flows decrease the productivity of thetesys As mentioned before,
approximately 30% of the budgets of the container shipping ramddortation companies are
allocated for the empty equipment movements and asdahee moment harbors are sending
empty equipment mutually. The structure needs balancing esgpigment flows to survive.

A container begins its journey from the origin harboewhthe demand for the transportation is
received, and sails from the origin harbor to the dastn harbor where the customers are, and

from the customers the container flows back to thgirotharbor to fulfill its new duty. A

11
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container cannot complete its cycle in a desired timetdubke delays during its transportation,
the logistics structure should keep more containers ta theepossible demand for freight
transportation or should postpone transporting the freigtil the containers finish their cycles
and be ready for a new journey to transport the neight of customers. As long as the container
has a slow circulation; i.e. if the container hasrglcycle time, it is assumed that the container
has a low productivity. To overcome the problems in mgetie possible customer demands for
freight transportation, the managers prefer to keep lagél lof containers and this tendency
creates structures having very low container productiVihe idle assets or the container being
idle 50% of its life time is one of the consequendethis tendency. A container is productive as

long as it is moving.

12
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CHAPTER Il

2. THE CONTAINER SHIPPING LOGISTICS STRUCTURE

As mentioned before, this paper is created on the agget@ystem Dynamics”. Container
logistics system is scrutinized and a dynamic simutatiwodel is built-up with the system
dynamics aspect. Containers flow around the whole waoegteveen the harbors. The container
logistics structure is huge, high dynamic and complexetbee it is not possible to create the
identical intermodal structure. “Only a part of the nealld is reflected in a model, and the real
system behavior can only be predicted within certaintdimi{Cast, 1989). In this chapter,
information about how the intermodal logistics struetand the container sector are working is
given. A picture of a container cycle is drawn, andnadel is built-up according to the
information given in this chapter. Besides, definitionssofme management types are given as
well; and these definitions are expected enlighten ukewleiveloping policies i€hapter 5

2.1 What Is Logistics and Liner Shipping? Liner Shipping Related Tes and

Management Types

Logistics is an optimization process of the locatimoyement and storage of resources from one
point of origin, through various economic activities tee tfinal consumer. With advent of
containers and other intermodal devices, liner shippinglldhao longer be considered simply
part of sea transport, but as an internal part of #tiog or system approach to transport.”
(M.Alderton, 2005) The simplest process, transport procass be depicted as H-T-H, as
Handling-Transport-Handling. The purpose of the transportegeoss said to be to bridge the
space between sources and sinks. The handling process enustlutled at least twice in
transport process. (Hulten, 1997)

Shipping Lines are the links between the global supply chainer kervice is the backbone of
international trade in manufactured goods. Liners, sadimgegular schedules along established

13
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ocean trade lanes, move vast quantities of consumer idughd military commodities.
(Helmick, Jon S, 2001)

The Liner Shipping and the containerization is a fast gr@wsector. Containerization
International Yearbook reports that the total port hagdinovements in 2002 were 276.5 million
TEU, and it is forecasted that this volume will in@eaup to 576.4 million TEU by the year
2015. This implies an annual average growth rate over thedpef 6.9 per cent per annum,
which is somehow higher than the rate at which theajlodntainerized cargo market is expected
to grow. Excess capacity is likely to be a featuranarlshipping for the foreseeable future. This
will continue to place a pressure on operating margind,provide strong incentive for shipping
lines to minimize logistics costs of which empty comtaimovements are major component. At
the same time, increasingly sophisticated containekitg@nd management procedures should

provide opportunities for realizing economies in this area.
(www.unescap.org/ttdw/Publications/TES pubs/pub_2398/pub 2398 ch5.pdf)

The systems (Container Systems) are characterizedhigyh aegree of uncertainty in the demand
for transport, in processing times when the contagm@ot under the carrier’s control and in the
availability of external resources. Since the demauncdtdhtes and the supply cannot be easily
changed, this means that if the service level shall ¢ &nd transports not rejected, then the
capacity must be adapted to the highest demand. As & oéseHtensive service competition,
Janson and Schneerson (1987), Stopford (1992) there has beioiup of excess capacity, e.g.
large container fleets to prevent shortages. (Hulten, 1997)

The port can be viewed as a complex system containingaseadities. The physical entities
include: port space, channels, warehouses, equipment, t@chsigps, cargoes, passengers,
manpower, transportation means, gates, companies, agjesmaiecustoms. The financial entities
include: cost and revenue. Other entities that affectqpatations are: environments, control and
inspection, planning, administration, research and develofym&npower training, pollution,
security, communications, regulations, operating methodpadalitts (Hassan, 1993)

14
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2.1.1 Pooling Systems and Pooling Companies

A liner shipping company may own all its own equipmemd emanage all these assets while
doing its business. When there is an expected shortage itontainer inventory the company
may lease or purchase these equipments. If a contem@hi@tage occurs in one of the harbors
or chains, the equipment manager has three optiosslte the problem: a. Interchanging the
container (Leasing contract is transferred from onetlinanother) A container is borrowed by
another liner shipping company on the same line. 2. Nevait@ns can be leased from a leasing
company. 3. New containers purchased from a containerfasuatng company.

The pooling companies are supposed to develop in two phasesad-easi Neutral phase. In
leasing phase, if a liner shipping company is part of a pgp@ystem, there are equipment pools
that the company can use in a case of shortage. Theshipgring company is charged according
to the service served. In the neutral phase, the dinipping company owns no equipments. All
the equipments they use are owned by the pooling compattyis way, no extra effort used to
manage the equipment, and the company focuses only oshipping and transportation
facilities.

2.1.2 Third Part Logistics (3PL) or Contract Logistics

3PL is the supply chain practice where one or moretiogifunction of a firm outsourced to a
3PL provider. Typical outsourced logistics functioms:anbound freight, customs and freight
consolidation, public warehousing, contract warehousimderofulfilment, distribution, and
management of outbound freight to the client’s custemer

3PL Provider manages and executes these particular lodistitsons using its own assets and
resources, on behalf of the client company. The purpose render the firm competitive by
keeping it without owning many assets, allowing it to focus niche areas and to reduce
operational costs. Third part logistics is also refétee“Contract Logistics”.

15
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2.1.3 The Ship’s Agent

The ship owner need a “mister fix it” or ship’s husbangctSa person will need to know every
aspect of the port. In other words, the agent has tableto find an answer to all problems
concerning the welfare and smooth running of the ship and dugimg its stay in port. The

owners prefer two agents in the harbor: Looking afterdwner’s interest and the other taking

care of the charter’s interests.
2.1.4 Forwarding Agent

Forwarding agent is a logistics expert who traditignadlvises the cargo owner on the best way
to move the cargo from A to B and to assist in the pegjoa of the necessary documentation.

2.1.5 Equipment Management in Liner Shipping Companies

Error! Objects cannot be created from editing fizddes.

Figure - 2.1
Basic Decision Process Model of the Liner Equipment Manager

Figure - 2.1denotes the decision process of an equipment maraghipping line. He receives
data constantly from the agents, dispatchers and fr@amEtfuipment Management System
(EMS). EMS is a computerized system which gives the outesel of the equipment level and
equipment location. Mainly it has 7 modules: Tracking,iftémance and repair, contracts,
billing, forecasting, optimization and booking.

The shipping agent is responsible for the inland transport raotting. Dispatcher (logistic
manager) is responsible for the logistics in each niakelepartment. He receives reports from
the sales department and container tracking systenkedps his file on container needs. If
containers are not available for the demand, he chbeksdarest location. He can consider and
allocate the containers for demand. He makes estimatvhich containers are the most
economical to use. If there is a shortage in the line dispatcher gets in touch with the line’s
equipment manager and interchange is made after cdmsulteith equipment manager. The

16
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dispatcher tries to create a mental picture of tmeeat container situation since the computer
does not provide any graphic information. The dispatcpesspone their decisions as long as
possible in order to take into account the latest inftioma Otherwise the decision might be
based on a state of the system which was no longa& wélen the decision is implemented
(Hulten, 1997)

Dispatchers have to make decision under certainmRhe tracking system database they can
get information about the last recorded event for a pdaticcontainer or latest recorded stock
levels in depots. Another source of uncertainty is léwel of detail in the information. If a
container is stored at a depot, the exact location idéipet may not be given by the tracking
system. Uncertainty is also due to that the dispataamsot be sure that all containers scheduled
for transport with a ship actually shipped since in casaci&fof space or time (Hulten, 1997)

2.1.6 Container Operations Management and Container Logistics Manageim

While developing new policies for the logistics systeimyould be conducive to know with

which policy recommendation what kind of management iypl®ne. Thus, we can classify each
of our policy recommendations. Mainly two kinds of mamagets are done in a container
logistics system: Container operations management andigenlogistics management. Both of
those managements are closely related with contfietr management, network management

and demand management.

2.1.6.1 Container Fleet Management

Container fleer management is concerned with the probfesnpplying containers for transport
services at the least possible cost while complying wghstandards and reaching goals for the
system’s performance. In long term container flegtnagement is part of the network
management and in short term the fleet managementited by the structure of the network.

2.1.6.2 Network Management
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Network management is determining the structure of téwesport network. The main goal is
developing the least possible cost transport network. tBeit consequences how much the

network is efficient can be evaluated in long term.

2.1.6.3 Demand Management

Demand management is concerned with influencing the defoaricansport. The goal of the
demand management is in the long term to promote d@kde ttevelopment and in the medium to
short term to maximize the profit given the total dedhor the transport.

As for the container operations and container logistmanagement, container logistics
management concerns with the demand management, whienbainer operations management

concerns not (Hulten, 1997)

2.2 Container Flows’ Characteristics and the Empty Containeofls

The containers flowing between the global supply chaars lme characterized mainly in two
types: Full Containers and Empty Containers. Typidallystics managers’ main concern is the
transportation of loaded containers. They would predeighore empty containers completely,
but this is not possible since real world container nekevasually require empties to account for
imbalances in loaded flows. If empty containers aremanaged carefully, the entire shipping
network will operate inefficiently.

In the current containers circulation, the contairemes moving as two main flows: full and
empty containers. The harbors are sending and receanmgty and full containers; i.e. the
harbors are importing and exporting full and empty coetai constantly. On the global level
there is an extensive positioning of empty containers andany areas, empty containers are
both imported and exported (Drewry, 1992). The empty onesllackaccording to the demand
and the capacity features of the harbor. To keep thedmpping system in balance, the harbors
are importing and exporting empty containers in botkatlions to each other. These kinds of
container flows are named as “Bi-Directional Emptyntaaner Flows” consist a considerable
part of “Empty Container Positioning”. Bi-directionampty container flows constitute the
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inefficient part of the container flow structure and thepty positioning is the benefit or
efficiency reducing part of this system.

25.0%

20.0% +
15.0%

10.0% 7 i

5.0%

Empty share of total port containers handled

1990 1991 1882 1862 1804 1005 1908 1087 1988 1890 2000 2001 2002 2003 2004 2005 2006 2015

0.0%.

Source: Drewry Shipping Consultants
Figure-2.2
Empty Share of Container Movements (1985-2006, 2015)

Figure - 2.2shows the ratio of empty containers to total coetaimandled in ports over the last
20 years and the expected, estimated volume of emptyimenstdy the year of 2015. Until the
year of 1996 the trend was on the wane in the rationptyeto full containers, for the increased
sophisticated container logistics works, the number optgncontainer movements reduced
gradually. In 1998, the ratio increased to well over 20 per Gdas was due to the emergence of
very pronounced imbalance in the two main Asian traddsBuirope and North America caused
by the Asian currency crises. This imbalance has pedsibbugh to see present day. (Choong,
Cole, Kutanoglu, 2002)

Crainic, Gendreau, and Dejax in their study estimatetl firaa major European container
shipping company the land movements cost approximately U.Srfi0n and of these 40%
were empty truck movements (University of Rutgers, Freport of 2007)

For the liner operators, containers are a classimpleaof a commodity. Competition is thus
vigorous because the service provided is usually very sifoitaall the liner companies. Prices

are as a result low and margins very slim. Understgnthe real cost of every operation and
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choosing the right policies can make the differenbesween failure and success for a
containership liner company (Wei; Hoon, 2004).

A major component of a shipping company’s total operating isogssociated with relocating

empty containers around its many ports. Due to the imbalainitte international trading, some

areas are export dominant and some are import dominhrst.ifibalance has created certain

challenges in the management of empty containers; (Wé&in, 2004).

2.3 What is a Container?

In liner shipping the majority of the general cargo is medi as the most common unit load
device (ULD) in shipping is the container. A containethis most successful unit for integrating
cargo packaging so far. Consequently, the container dle@tthe container ships are the most
important means of transport in the international cartgaffic (Wei; Hoon, 2004).
Containerization International Market Analysis (1996&)ganted the following data for mid 1995.
The total fleet of containers surveyed was at 9.2 onillTEU (Twenty Foot Equivalent Unit)
equaling approximately 4.5 million units. Of the containenyeyed 96.3% were 20 feet or 40
feet containers, and of these 99.5 % had maritime Speedins.

2.3.1Container Classifications and Capacity Qualifications

The Containers are mainly classified in two: Generalg€aContainers and Specific Cargo
Containers. General Cargo Containers are: 1. GenearpbBe Containers 2. Specific Purpose
Container. Specific Cargo Containers are: 1. Thermoat&ners 2. Tank Containers 3. Dry Bulk
Containers 4. Named Cargo Types.

Most Common container sizes are 20, 28, 40, 48 feet corga@ther sizes for example 10 feet
is especially for military purposes. Typical Contaimeright is 8 feet and 6 inches. Standard

width of containers in international commerce is 8.feet

Recommended Load ValdBLV)
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RLV
0 20'=1170 cft 33.131 cbm 1000 cft 28 cbm 24,000kg
0 40'= 2385 cft 67.535 cbm 2050 cft 58 cbm 30,480kg
0 40" HiCube=2690 cft 76.172 com  2350cft 66 cbm 30,480kg

2.4 Intermodal Concept

The prevailing definition of intermodality is the movemefitgoods in one and the same load
unit between two destinations utilizing more than one moféramsport. (UNECE et al,
2001)

The emergence of intermodality has been brought aboutrinopaechnological development
(Hayuth, 1987). A number of transshipment technologies baea developed over the last 30
years (Woxenious, 1998), but the major driving force foermbdality is the advent of
containerization. The containerization process athih the maritime sector in 1960’s as a
response to a trade increase has facilitated the atiegamong different modes since.

Each transport mode (i.e. air, sea, rail, and road)itsaswn comparative advantages and
disadvantages with respect to parameters such asifeaddosts, environmental impact and
capacity. For example air transportation is tradalbnused for time-sensitive, low density, high
value goods, while rail is normally reserved for high dgrgoods of low value with limited time
constraints (Lumsden et al, 1998)

The logistics aim of transportation is that it shomldet a goal mix, consisting of demands for
cost and quality. (Christopher, 1992) The theoretical piisgibf fulfilling this goal mix by
combining the comparative advantages of traffic modes tiransport chain is the fundamental
idea behind intermodality ( Guthed et al. 2005)

Guthed et al (2004) have developed a framework for analyzingetfermance of a physical
goods flow through a surface-bound intermodal transport clRarformance is defined as a

composition of five parameters: transit time, frequemelability, information management and
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agility. Public/political factors are also added to emptiee legal structure in which the transport
companies operate (Zuo, 2006).

Theoretical intermodal concept is focused on the teartdfload unites between transport modes.
However, practitioners acknowledge the transfer of m&diron and responsibilities between
involved companies as key issues (Guthed, 2005). The perforrodnoelti-mode transport
chains should depend on the coordination of activitied) Woth technical and organizational
implications (Guthed 2005).

Guthed et al's paper (2005) shows a growing attention to gm@bhssociated with the inter-
organizational coordination intermodality. Through twoeasive case studies in the North-
Europe, Guthed et al proposed three key areas that areelated closely and essential to attain
effectiveness and efficiency in an intermodal assignmmmérfaces, chain integration, and
resource utilization, including both technical and orgdimural aspects to reflect the
characteristics of intermodality. He found that highorgce utilization is necessary for being
cost effective whereas the intermodal performance rdép®n the interfaces and the chain
integration (Zuo, 2006). A more appropriate description adrmbdal transportation could be
technical, legal, commercial and management framewarkdoasporting goods in an unbroken
ITU (Intermodal Transport Unit) by successive modes ofspartation.

2.5 Container Terminal Productivity and Productivity Definitions

Production may be regarded as a transformation fromstate of the world to another. More
generally, production may be defined as any activity, therewtlt of which is to increase the
degree of compliance between the quantity, quality andildison of products and a given
preference pattern. Productivity may vary, however dueseteeral differences such as (i)
differences in production technology, (ii) differencesha efficiency of the production process,
and (iii) differences in the environment in which produttazcurs (Lovel, 1993)

Productivity is the measurement of the volume handledipierof time. It is in the choice of the
volumes, and in the amount of time used as divider thes mliffer. The usual productivity
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indicators: Ship productivity, the divider is the duratafrthe call in the port, which is usually
either the total turn-round time, or the time at bectane productivity, the divider is the number
of net gross or net crane hours.
There are different ways of calculating the produgtieit the harbor. In a specific period of time
an optimum number of loaded or unloaded containers can teendleed. By comparing the
current number of loading and unloading operations wighapstimum number of operations it
can be determined that how far away we are from thenapt level or another single factor can
be an indicator for the productivity of the terminaljllastrate the optimum number of the labor
can be determined according to the time spend for eadmdganloading operation by each
container loading/unloading crew for each containet,anomparison can be made according to
the optimum and current total number of crew workingtfar loading/unloading operation. But
it should never be neglected that the levels specifiedperiod of time can vary according to the
technology, political situation, environmental situatsom etc.
Productivity is affected by several factors, severahef being quite obvious:
o Berth congestion creates delays before berthing, dBegethe ship productivity
measured against the total turn-round time, even if berttuptivity is correct
0 Availability of equipment is another factor, higher pratitty being achieved by
using several gantries on a ship, if the charactesisticable it (PMAESE-
Operation Committee, Port Productivity Analyze,
(http://www.pmaesa.org/Operations/PORT%20PRODUCTIVITY%20ANALS .dog

For the determination of the optimization numbers enminal productivity, a number of
measurements have been undertaken using either an enginagpra@ach or an economic
approach. A definition of the two optimum throughputs evmted by Talley (1988, pp.328-329)
o A port’s engineering optimum throughput is the maximum thrpughhat can
physically be handled by the port under certain conditionsa specified time
period.
o A port’'s economic optimum throughput is the throughput thatisfees an
economic objective of the port for a specified timeique (Song; Cullinane; Roe;
2001). The economic objectives and the productivity determicedrding to

those economic objectives are dominant in a terminalaged by a private port.
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As for a public port, maximizing the throughput with a ZEROaikebér a ZERO
profit object can be dominant.
In this study the determining variables are dominantly edlavith those variables: Berth

occupancy ratio, service time, waiting time, dwell titperth utilization.

1 2 3 4 5 6 7
A A A A
Pre-berthing|time
Operational time at berth
< >
Service time
< >
° < Time at berth >e

® < Time in port > o

Figure-2.3

The Variables for Evaluating the Harbor Productivity

Number | Event

Arrival at port (outer anchorage for instance)

Pilot on board

Ship at berth (end of mooring for instance)

Start of operations

End of operations

Departure from berth

Departure from the port (pilot dropped for instance)

Figure-2.4
Harbor Operations

N[OOI WIN|EF

a Ship’s time in port (or turn-round time) =7 -1
a Service time =7 - 2
0 Time at berth =6 — 3

a Operating time at berth=5- 4

(PMAESE-Operation Committee, Port Productivity Analyze,
http://www.pmaesa.org/Operations/PORT%20PRODUCTIVITY%20ANALS.doc)
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2.5.1 Historical Data for Port Productivity

Figure 2.5, 2.6, 2.7, 2.8lepict the historical data. The data is conducive in makingpaasons
to evaluate how much the model is successful. The gap &etive data and the behavior of the
model demonstrates how much the harbor model is realigts mentioned before, the
productivity of the harbor can be calculated by differasatys. Total weight as tonnage per
worker, total weight as tonnage per crane, loading amdading speed of cranes, annual
throughput per hatch, cargo handling speed and the ship sizetancan be good indicators
while making evaluation about how much the harbor modekistic.

Port productivity
3000

2500 -

20006 A

1500 A

1000 +

Tons per man per year

500 1

O T T T T
1920 1930 1940 1950 1960 1970
Year

Figure-2.5
Historical Data for Productivity

Figure-2.5 shows the historical data for productivity. It demoaisis that productivity was
relatively stagnant from around 1930 to 1960. From the 1960'’s, atiotizin its various forms,
the increasing use of specialist ships and the carriagargb in bulk, has encouraged large
increases in port productivity (Alderton, 2005, pp.206)
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Figure-2.6
Historical Data for Each Crane Loading/Unloading Capacity
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Containers loading/unloading speed are virtually the s&mpeed in boxes per hour per crane =
10-50 (Average 30 for good port). For large mother shipscantainer center port, 80 moves per

hour should be expected.

Tons per hatch per day
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Figure-2.7

Ton Per Hatch Per Day

Correlation between ship size and
cargo-handling speed
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Figure-2.8

Correlation Between Ship Size and Cargo Handling Speed

2.5.2 Port Productivity Definitions
Berth Occupancy Ratias the ratio of the time the berth is occupied to tilvee the berth is

available during a considered of time
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Thetim= the berth is ocoupied
B erth O ccupancy Ratio:

Theti mea the berth isawsilable during a considered of time

Service Time (TS)s the period of time during which a vessel is berthed port whether the
ship works or not. The service time will include the working aon working periods.

Waiting Time (WQ)is the time a ship is waiting for an available berth.

Waiting Ratiois the ratio of waiting time to the service time

Wig

Wanting Ratio :
TS

Berth Utilization is the ratio of service time to possible working days

TS
B erth Utilization :

Fossible Working Days

For a general purpose berth with an occupancy ratio af@dndould be considered about right.
(Alderton, 2005, pp.134)

One of the most commonly used statistics is Berth Ocayp@atio. This ratio is obtained by the
time a berth or group of berths has been occupied dividéoeltyme the berth or group of berths

available during a considered time.

i The time a berth or group of herths has heen ocoupied
Berth Occupancy Ratio:

The tine: the berth or group of berths available during
a considered time

Berth Utilization Ratiois the ratio of the occupancy time to the working tiffi@is ratio can be a

useful productivity indicator as well.
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Gcoupancy time
Berth Utilization Ratio :

Working time

For each crane or “Cargo-handling gateway” measureuhwer of boxes per crane in both the
total ship time on the berth time and the working stmgeton the berth can be a useful indicator
or the number of people employed in the terminal concewiddcargo handling can also be

measured per equipment. Therefore annual number of hopxegperson and per piece of

equipment per annum can be measured.

The Length of Berththe ratio of berth length to the number of cranesusedul indicator.

Berth Length /Humber of Cranes = 350m I Vessel Capacity < 1500 TEU

B erth Length (Humber of Cranes = 130m K Vessel Capacity > 1500 TEU

The Ratio of TEU to the total terminal area
This ratio seems to vary between 0.53 and 2.1

The Number of TEU / Terminal Area in Squares

Average Vehicle Turnaround Time, The time of each vehicle in the terminal when
receiving/delivering containers. For an efficient portakierage should lie between about 20-30

minutes.

Number of Boxes per Person Annuallijhere is no average yet available, but one million boxes
per person is a good ratio, or 2500 ton per person is a gbod r

2.6 Container Cycle Time

A container flows during its whole life span. The flean be described shortly as a route Origin
Terminal Loading-Terminal Destination-Inland CenterS\arehouses- Customer-Inland Center-
Terminal Loading. From the inland inventories the containeves to harbor by one ways of the
transport modes. Arriving at the harbor, the freighb&led and the container is placed to the
ship by the loading operations. The containers wait insthip according to the ship capacity.
Because the ship owners wouldn't like to leave withbeir ship is full. Therefore the ship waits
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as possible as much. Then the container sails withHipeto the destination harbor and when the
container arrives at the destination harbor the coataibegin the inland journey according to
delivery locations. From the harbor by a barge, truckyorail the container moves to the main
delivery centers in the inland. Arriving at the inland eesit the customers receive their products
and keep the container according to the time they lboeesd or according to time stated in
agreement between the freight company and them. Thiagguhe containers make between
different lands and harbors is regarded as cycle tinlleeodontainers.

Blyth, on the East Coast of the U.K, it is estindatieat only about 20% of the arriving containers
drive straight out of the port, the rest goes into @nether of the port facilities for unpacking,
storage, repackaging, or stacking onto pallets for onwandbdisbn (Alderton, 2005, pp. 148).

The turnaround time for a container transport systemedst two areas as the time from when a
container is sent to a shipper for stuffing, to wherag heturned to the same area and is ready
once again sent to a shipper for stuffing or begins anyeoysrseas transport (Jarke, 1981).
Mencl and Krenkel (1987) studied the inland cycle times andé¢hevoyage separately. They
define an inland cycle as commencing when a containesabaliged and ending when it returns
to the port for export. The waiting time in the portdse the vessel departs is not regarded as
belonging to the inland cycle. (Hulten, pp. 69, 1987)

2.7 Pre-Shipment Planning

The demand for freight transportation to another landasbor is received, the planning facility
begins. The equipment, the operations, the operatiom, ¢hee stowage plan are done; i.e. a
resource allocation work is done in each time when tineadd is received. One of the major
problems facing a large container terminal’'s managemsaeducing unproductive and expensive
container movements within the terminal. This is quenplex, for instance export containers
have to be sorted by:

a The Ship

0 The port of discharge

a The type of container, e.g. TEU, FEU, Reefer etc.
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a The weight of container into heavy, medium or light
o Dangerous cargo

The stowage plan should be flexible as some containgramsge late and errors are made in the
movement of containers through the terminal. An examgpbted in Lloyd’s List in August 1998
for a large container ship loading in Far East, demaestithat around 10% changes in stowage
plan were necessary, mostly in the latter stagesasfing. Such last minute changes can cause
serious problems for the ship’s officers as the stghilit container ships need to be carefully
checked and the ballast adjusted for any changes in toptwkig reasonable pre-shipment plan
isn't perpetrated, there can be observed long queues oftrodeliver their freight waiting in
front of the harbor or there can be observed many staisg docking. All these factors reduce
the productivity of the harbor, and increase the costasfsportation, reduce the quality of the

cargo shipment by delayed deliveries to the customers.

2.8 Land Management and Land Productivity for the Terminal and Harbor

Area
In the countries where the land is expensive, high land ptieiiyds required. Land productivity
has a vital impact on container stowing style. If tedlis cheap and if there is no limitation in
the space low height of stacking and stowing is prederom the contrast where the land is
expensive high height piles and stowage is required. Hagkisg of containers will probably
mean more unproductive lifting and moving of containerse Thntainer stacking style has
another important effect on the productivity of the bardnd on the speed of loading/unloading

operation.

2.9 Estimating Land Required for Container Stacking Area
Annual Throughput: Ty

Daily Requirement: Dr Dr= Ty/365

Dwell Time: Dt Expressed in days or fraction of days

Peaking Factor: Pf An allowance for peak conditions. Oftassumed
to be 0.75

TEU ground areas: 15.25 m?
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Stacking area: TGS (Twenty feet ground slots)
Stacking Height: Sh
TGS: (15.25 * Dr * Dt) / Pf/ Sh

Global Yard Area/Total TGS Area =e
Total Container Stacking Area in m? = Total TGS Area * e

Approximate e factors for

Straddle Carriers: e=1.38
Transtainer: e=13
Front Loader: e=3.9
Reach Stacker: e=23 (Alderton, 2005, pp. 139)

2.10 Required Space on the Vessel

To find the space required by any consignment, the weigtheotargo is multiplied by the
stowage factor, on conversely the space divided bysttwage factor gives the weight that
might be put in that space.

Space Required on the Vessel: Weight of Cargo * Stowage Factor

Weight: Space / Stowage Factor

Stowage Factor of any commodity is the number of cud®t fcubic meters) which a ton of that

commodity will occupy in stowage.
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CHAPTER Il

3. LITERATURE REVIEW

The intermodal logistics is a big dynamic structures®tudy is done to see and draw the current
and the future aspect of this complex system. The studiestfie basic mathematical models to
the high dynamic simulation models are reviewed to depist complex mental picture. As
mentioned before, the intermodal system is consisteliffefent transportation modes. Some of
the studies focused on one mode and these studies triechoosteate the effect of one mode on
the whole system, whereas the other studies focuséteomhole chain or transportation modes
as a generalized aspect.

Dejax and Crainic (1987) carried out a review of problemedl&ad the transportation of empty
equipments, or vehicles, such as containers for reatidiz, separately or jointly with the
transportation of loaded containers.

H.Raman and G.Ramkumar in their study “Simulation mddelanalyses of waiting time of
ships and berth occupancy in ports” scrutinized the waitmg of ships and berth occupancy.
The model analyzes the sensitivity of waiting time oe-perthing time of ships and berth
occupancy with respect to duration of detention at bartie lost due to wave height constraint
for the tugs in the turning basin and increase in numberssele calling the port. Reduction in
detention time at berth can be achieved namely by improk@gnethods of cargo handling and
increasing the manpower of servicing of ship at berths.

In 1989 Thalenius-Adolfsson (1989) studied the flows of cargoymg equipment and
introduced term “Opertaional Imbalance”. The total flolthe loaded and empty containers, rail
cars and semi-trailers in Swedish international tE@&2, 1984 and 1986 was reported.

In 1990 the container shipping is studied by Chadvin. He focusetieocost and capacity of
container terminal operations. He emphasized the impmetaf the terminal time in his study.
Drewry (1992) studied “Global Empty Positioning of Contaiheffie study based on the port
statistics assembled from Containerization Internalio’earbooks, reveal in 1991 21% of all

container movement is empty container movement. Amgie of simulation tools to assist fleet
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management is a model developed for a shipping line bytli(@995). The model is used to
determine policies for a port to port repositioning, on affehiring of leasing containers and
container inventories by port. A two step heuristic iglusesearch for the best policy.

In order to understand the complicated interconnected pertibons better, we can divide the
port operation generally into four categories: ship partsmode operation, cargo handling
operation, warehousing operation and inland transpontatbpe says Said Ali Hassan in his
study which he created a port activity simulation (1993) sklasreated modules to replicate the
port operations, and with those modules he measuredfttierey and made analysis for the
current and future state of the harbor expanding accorditigeteconomic realities. For example,
with the Port Management Decision Support Tool (PMD®E€) gauges the current port
performance and future state of the harbor. In shertréated a general simulation model which
replicates most of the harbor facilities. In thisdst Said Ali Hassan’s main classification in
interconnected port operation was taken as a main reteren

Luca Maria Gambardella studied on the forecasting, plansmbsimulation integration in the
intermodal container terminal in his study “Simulatemd Forecasting in Intermodal Container
Terminal” (1996)

Lars Hulten (1997) studied the Container Logistics and Mamagt. In his study he explained
the liner shipping structure and created a management nfmddletter container logistics
management. In his study he emphasized the importanttee ahformation about the current
situation of the logistics system. He created a icglabetween the term of entropy and the
contemporary situation of the system. The entropy dseck in a system, the system begins
working more properly; i.e. the more the information lveeve about the contemporary situation
of the system, the less entropy the system has irthatothe system can be managed more
efficiently. If we have more letters we can underdtanestimate more about the whole meaning.
(Hulten, 1997).

Fleischmann et al (1997) and Fleischmann (2001) published a reviguaofitative models for
reverse logistics. They discussed the various dimensibtie reverse logistics context and they
analyzed works pertaining to reverse distribution, invgnomntrol in systems with return and
production planning with reuse parts and models.
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De Brito et al (2003) have published a review of case studies/erse logistics. They analyzed
over 60 cases, pointing out the variety of real lifeiadibns, and have presented comparison
tables explaining how the reverse logistics activitieesundertaken.

The term of cycle time of a container was studieddel (1981), and specific case studies were
done later, to illustrate, transports in Scandinaviafoarrier serving in North Atlantic trade.
Simulations have widely been used and applied for planning andgement of the port system.
(Borovits and Ein-Dor, 1990; Hassan, 1993; Collier, 1980; Merkusteal., 1998; Greet and
Janssens, 1998; Gambardella et al., 1998). Nilsen and Abdus-§E7dY provide a thorough
justification for modeling port operations through discretent simulation rather than through
analytical queuing models. A port simulation model cauged for determining the effects of
changes in throughput, and various operational, technalpg@nd investment options (Hassan,
1993).

The importance of the integration of simulation, plannimgl dorecasting in the intermodal
container terminals were studied by Gambradella, Bontehaglard, Roanego, Raso, Piermari
in the year of 1996 and this study is named as “Simulatiod, Forecasting in Intermodal
Container Terminal’. In order to solve the unpredicigbibf the imported and exported
container flows and the optimized resource allocati@y created a system composed by three
strictly connected modules: Simulation, forecasting alagirpng. The simulation module was
created to replicate the entities and the processes atecbonstantly going on in the container
terminal. The forecasting module was created to cofladt analyze the historical data to make
estimation and prediction for the possible future stae, the planning module was created to
optimize the whole processes and operations in thertatrand the container locations. This
study shows how this goal (One major goal for the manageaiean intermodal terminal is to
increase the productivity and decrease the costs at @iges&ent) may be pursued by integrating
methodologies of artificial intelligence, simulati@md production management (Gambradella,
1996)

Ramazan Mat Thar and Khalid Hussain made a case stutig ¢tetand Container Terminal and
created a container terminal operations simulation inadae year of 2000. The model had two
main functions: The berth allocation and the cramktha prime mover allocation functions. Mat
and Hussain re-organized the arrivals and departures diifeeaccording to the berth, container
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quantity and the berthing ship characteristics. They cosdpde statistics showing the potential
capacity of the Kelang Container Terminal.

Gambardella, Zaffalon and Mastrolilli created a covgaiterminal operations simulation model
in 1999 in their study “Simulation for the Evaluation of @pzed Operations Policies in A
Container Terminal”. In this study the resource aliora(RA) and well managed terminal
operations were related to each other. The main purgdbes study was to create alternative
scheduling policies in the harbors. A simulation modeida#ly consisted of three modules:
arrival generator which creates the container inflawplicating the trucks arriving and bringing
full or empty containers; ship planner which allocates tranes shifts, the crane allocation
according to the expected import and export containers, assigning the destinations for
unloading and delivering the export containers; and the yamnet module to manage the
container allocation to provide optimized crane performawgeh the computer assist study 30%
of resource saving was achieved. Simulation results dhatvthe application of computer
generated management policies could improve the ternpagbrmance, making possible
allocation of fewer resources, thanks to a better ushtfee yard cranes (Gambardella; Zaffalon;
Mastrolilli, 1999)

A study indicating the long time planning horizon genegphatter empty container management
consequences was done by Sook Tying, Michael H. Colebgprierhan Kutanoglu in 2002. A
mathematical model to minimize the total cost of enguigtainers and satisfying the customer
demands was created. The main functions of this model Wrerempty container flows from the
supply customer to the demand customer, the empty cenféows from the container inventory
to the demand customer, the number of available consainghe container inventory and the
number of containers leased, borrowed or purchased botside of the current system.
Although the appropriate length of the planning horizon depemd the network under
consideration, a longer planning horizon can give bettgty container distribution plans for the
earlier periods. The longer horizon allows better mamege of container outsourcing and

encourages use of slower cheaper transportation modeg(Ople; Kutanoglu, 2002).
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Figure-3.1
Mathematical Model Generated by Tying, Cole and Kutanoglu

Figure-3.1 depicts an optimization under some realistic restristosim represents the

cost per container. The gist of this mathematical mdigldo minimize the costs under the

assumptions such as stock of empty containers at aigenpool at the end of a period cannot

exceed the storage limit of the container pool. Theag® capacity is represented3k in the

model.Vj indicates the initial inventory. Compared to this matherahtimdel, cost function is

excluded from this study of intermodal logistics simwlatimodel and some realistic
constrictions depicted oRkigure - 3.1 are inspired and utilized for the intermodal logistics
simulation model in this study.

The container deployment problem was studied by Sun Wei amnd $in Hoon in the
year of 2004. A mathematical model was created accorditigetoonstraints in forecasting and
demand balance, according to the constraints in planningtis¢ beneficial-economical route,
and according to the constraints in the terminal antércapacity. The goal function of this study
was created according to the maximum profit minus mininoosts. To achieve the goal the
shipment routes were re designed and the most econamitas were created. This study can be
regarded as a “Fleet Management” study.
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CHAPTER IV

In Chapter-1an introduction to methodology of this paper is done thiedmain
problems of the container logistics system are introduced dslwé&hapter-2,
the characteristics of the container logistics system isaggd in detail,
numerical formulations are introduced and historical data is giverChHapter-
3, the studies and the researches in empty container logisticscaunized as

" Literature Review.”
4. MODEL BUILDING

In Chapter - 4 the empty container flow problem is evaluated and defineoh fthe point of
“System Dynamics” aspect. The boundaries of the modddaiwn, and a reference scenario is
created; i.e. a big intermodal logistics system is ggad as a scenario There are three harbors
sending empty and full containers in the reference siceriBhe harbor facilities, the inland
transportation and warehousing operations are included. Tdractéristics of the intermodal
logistics system is defined according to the numeritufea given inChapter — 2 i.e. a
simulation model compatible to the characteristicsoohiiced inChapter - 2and replicating the
reference data of empty container volumes and idlptyroontainer level is generated in
Chapter — 4 The simulation model is consisted of 12 modules.|y,asalidation is done to

evaluate how much the model is compatible to the reatstidition.
4.1 Defining the Empty Container Movement ProblentthvS.D Aspect

Containers are flowing constantly between harborsh Bacbor has a desired empty container
inventory level Figure — 4.1shows the inflows and outflows of the empty containgentory of

the harbor. Each harbor is receiving demand for fraigimsportation from one harbor to another.
The demand is received, the planning facility begins aachtimber of the containers required
for this transportation demand is calculated; i.e. theatel for transportation is converted into
the number of containers. From that time on, the ddnmmegarded as number of containers.
Empty and full containers are leaving by being shipped fromhénbor and these departures
constitute the outflow of the empty container inventof the harbor. At the same time, each
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harbor is receiving empty containers from the warehodsem inland and full and empty
containers from the other harbors. These contam@nmstitute the inflow of the empty container
inventory in the harbor. More than 80% of the contaifierging from the other harbors are full.
The full containers sent by the other harbors anweat at the destination harbor can be used
after they are transported to the inland warehouseseda to the clients and sent back to the
harbor. The empty containers sent by the other haeatsarrived at the destination harbor can
be used at once when they arrive at the destinatioooham this study, the full container
deliveries to the clients in the harbors are negledtes. assumed that all the full container

arrivals are transported directly to the inland and dediy¢o the clients in the inland.
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/ from from o
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~—~___ 1  |._..-- --Harbor Sl
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Outflow__.--~

/ """"""" )

Discrepancy

Figure — 4.1
Inflows and Outflows in the Harbors

The net container flow is calculated according to Wiodume of the container arrivals and
departures; i.e. the net flow is calculated accordingh® volume of the empty containers
transported from the inland, the volume of the empty fal container arrivals from the other

harbors and the volume of the full and empty contashggments from the harbor. It would be
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better to underline that the full containers shipped ftbm other harbors and arrived at the
destination harbor cannot be used at once when theg atrthe destination harbor.

Each harbor is sending demand for empty container tretasipo to the warehouses in the inland
according to the discrepancy between the desired anéntuavel of the empty container
inventory level in the harbor. The volume of the engagtainers transported from the inland is
not enough to close the gap between the desired and camgty container inventory level in
the harbor, demand for empty container shipments isteghe other harbors. The gap between
the desired and the current empty container inventory f@weh cannot be closed by the inland
empty container supply is the origin of the empty cmetamovements and flows between the
harbors.

Moreover, empty container flows are reducing the pratierefore empty container flows are
regarded as a probleraigure — 4.2depicts the origin of the empty container flow problesraa
CLD. Although there are three harbors in the refereceaasio, the origin of the empty container

problem is simplified and depicted by containers flowing leetwtwo harbors.

Discrepancy Between

the Desired and L
CurrentEmpty | Empty Container Flows
Container Levelin | - ; B3 from Harbors B to A-
Harbor A

Empty Container
Inventory in
Harbor A

Empty Container
Inventory in
Harbor B

Discrepancy Between

Empty Container Flows the Desired and
from A to Harbor B- B5 - Current Empty
Container Level in
Harbor B
Figure — 4.2

Origin of the Empty Container Flows
The discrepancy between the desired and the current esoptginer inventory level at A

increases, the volume of the empty containers shipped Havbor B increases. The volume of
the empty containers shipped from harbor B increaseslisheepancy between the desired and
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the current empty container inventory level at A deglirihis causality creates a balancing loop
at harbor A. The discrepancy between the desired anentwempty container inventory level at
B increases, the volume of the empty containers shifppadharbor A increases. The volume of
the empty containers shipped from harbor A increasegiskeepancy between the desired and
the current empty container inventory level at B declifidnés causality creates a balancing loop
at harbor B.

The empty container inventory level at A increases,discrepancy between the desired and the
current empty container inventory level at A declines. diserepancy between the desired and
the current empty container inventory level at A decliries, volume of the empty container
flows from harbor B to A declines. The volume of #rapty container flows from harbor B to A
declines, the empty container inventory level at B ire@eaThe empty container inventory level
at B increases, the discrepancy between the desireduaraht empty container inventory level
at B declines. The discrepancy between the desiredusreht empty container inventory level at
B declines, the volume of the empty containers shippad frarbor A declines. The volume of
the empty containers shipped from harbor A declines, th®yeoontainer inventory level at A
increases. This causality creates a reinforcing loopdrsystem. The empty container flows are
the outcome of these two balancing and reinforcing loops.

Nunber of Shipped

Containers from
4
Empty Container Flows -Gapin Desired" B2
from A to Harbor B Container Inventory at A
A - +
Container | Container e

Invertory on - Invertory on B (;ap in Desired
Nurber of + Harbor A @ | HarborB Container Invertory at
Transported /‘
Containers to A + - +
+
@ - y Empty Container
Wareho Number of Containers Flows Harbors Bto A
arenouse Shipped from B
Container
Inventory at A

Figure — 4.3
CLD on Figure — 4.3Wider Picture of the Empty Container Problem

42



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

Figure — 4.3 gives a broader aspect to evaluate the empty contaioeements. The empty
container inventory of warehouse A and the volume o&thpty containers transported from the
inland are included. The more the containers from thehearses transported, the less the gap

between the desired and the current empty container owyeevel is.

Gap in the Containe
Inventory on the Harbor

@ Transportat|on + Cycle Time

T|me
Volume of Empty
Inland Transportation Containegs

Capacity Ship Serwce Time Conjunction Time for
+ Berthing
+
+
B3

Technology in Capacity of Ship Number of Ships

Shipping Secto
¥ { _ Cost +

Capacity of
Capacity of Loading Cranes - B 2
Unloadin Cranes k

Productivity On
Harbors

Figure — 4.4
Factors Affecting the Empty Container Flows

Figure — 4.4shows the causality between the other factors aneértigty container flows. The
technology increases, new methods and new equipmentieaeloped and these new techniques
increase the loading/unloading capacity in the harborsedserin capacities renders the harbors
more productive. More productive harbors reduce the transiportosts; the costs decline, the
income of the harbors increases; therefore more meeneye invested on new technology.
Technology increases, ships having bigger transportationitiepaze designed. The increase in
ocean carrier’s capacity decreases the number ahibs. Instead of owning ships having small
carrying capacities, the ship owners prefer to own oceanecs having bigger carrying
capacities.

Before berthing, each ship has to wait for the other shipg. It is called berthing conjunction
time. The average waiting time is assumed to be 1400 houuslnfAlderton, 2005, p.135).
“In 1992 at Singapore the average containership wait fah lvess 2.3 hours”. (Alderton, 2005,
p.198). The more the number of the ships berthing and saileyghe more difficult to control
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the shipping network is. Therefore, the number of the shipise system increases, the berthing
conjunction time increases. Berthing conjunction timegases, the ships wait more to berth and
concomitantly the transportation time increases. §partation time increases, it takes more time
to supply the harbors with containers; thus, the volomempty container flows increases. The
increased volume of empty containers increases the.cbisé costs increase, fewer ships for

transportation can be afforded.

4.2 Model Boundaries

Figure — 4.5shows the boundary of the model.

EXCLUDED EXOGENOUS INDOGENOUS
* Berthing Conjunction Time * Container Inventories
* Total Number of Ocean * Inland Transportation
Carriers Capacities
* . * * H
Profit Demand Empty Container Flows
Labor Loading/Unloading
Crane Capacity
*

Transportation Costs
* Ocean Carrier Capacity

*

Investment in Technology

*

Container Cycle Time

*

* Ship Service Time Productivity of Harbor

*

Container Cycle Time

*

Idle Container Ratio

*

Occupancy Ratio

Figure — 4.5
Model Boundary
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4.3 The Methodology Used for Creating the Reference Scenario |

The methodology how the reference scenario is creiatedplained here briefly. A detailed
explanation about reference scenario is dorghiapter — 5 (See Chapter - 5, part 52

Three harbors sending empty and full containers aretetteas a scenario. All the
loading/unloading crane structure, the empty container ioviest harbor operations, inland
transportation facilities, warehousing operations,t@ioler management planning facilities are
defined and formulated and a model is built according teetfuesnulations.

Previously it was mentioned that the empty contairmevdland high idle container level were the
main problems of the container logistics. The modpLisinto equilibrium and it is assumed that
in equilibrium the system is in its most desired coadititherefore there is no empty container
flow in the equilibrium. Moreover, historical datadsllected about the volume of the empty
container flows and the idle container levelQhapter - 2it was given that the empty container
movements constitute 20% of all the container movesnentaveragerigure — 2.2shows the
historical data of the volume of the empty containevements. As for the idle container level
problem, historical data shows that 40 - 50 % of the coertsiare idle during their life time; i.e.
each container’s productivity is around 50- 60% in general.

The demand for freight transportation in equilibriumnisreased until the model creates 20%
empty container volume and 40-50% idle container ratice €ondition that the model is
generating 20% empty container volume and 40% idle comtéamel is accepted as reference
scenario.

Figure — 4.6shows the average empty container volume generatedebmadidel in reference
scenario Compared to the graph depicting the historical data oémhgty container volumes on
Figure — 2.2 Figure — 4.6 shows that the model is generating empty containersflm the

amount that is compatible to the historical data.

0 } Z}U } JU } ;U } ;U } IAU } 1;0 } lle } 1}60 } 1;10 } ZAU } Z;U } ZJIU } zéo } zz:o } 3(}10 } 3;0 } 3‘110 } 3}60
Figure — 4.6
Average Empty Container Ratio in the Model.
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Figure — 4.7 depicts the number of empty containers shipped by each harb@ference
scenario.Figure — 4.7 is calculated according to the average volume of thgtyeontainers
shipped from the harbors.
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Figure — 4.7
Volume of Empty Containers Shipped from Each Harbor in Refiace Scenario
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Figure — 4.8
Average Idle Container Ratio in Reference Scenario

Figure — 4.8 shows the idle container level in the scenario. ganed to the historical data,
Figure — 4.8shows that the idle level of the containers in therszfce scenario is compatible to

the historical data of 40 — 50% idle container level.
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4.4 General Information About the Harbor And Transportation Structuin the

Scenario

HARBOR CRANE FACILITY
STRUCTURE
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Figure - 4.9
Crane Installation Structure of the Harbors in the Refaree Scenario
A container shipping company facilitating between threeedbfit lands and harbors was

simulated. Three different harbors, three differeriand facilities are compounded to the
simulation model. A container shipping company which ha®sl identical structural features in
three different lands was created for this study. itdacluded that creating a company that
facilitating between three different lands, having eglisttances between three harbors, having
identical loading/unloading capacities in each harbor,hgeting low productive profile is the
most propitious way to demonstrate the internal dynanfittseacontainer logistics system.

4.4.1 Inland Transportation Modes and Inland Transportation Capacity Feasir

Inland Transportation Modes
Barge (10 Days) Rail (6 Davs' Truck (3 Days’
From Harbors From Warehouse§ From Harbors |From Warehouses From Harbors From Warehouseg
to Warehouse: to Harbors to Warehouse: to Harbors to Warehouse: to Harbors
62 Containers 62 Containers 305 Containers 105 Containers 209 Containers 209 Containers
A per Day per Day per Day per Day per Day per Day
162 Container 62 Containers | 105 Containers | 105 Containers 209 Containers 209 Containers
B per Da per Da per Day per Day per Da per Da
62 Containers 62 Containers 105 Containers 105 Containers 209 Containers 209 Containers
c per Day per Day per Day per Day per Day per Day
Figure — 4.10

Inland Transportation Times and Inland Transportation Capacities
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On all the lands of A, B and C, the inland transportai®rfulfilled by three 3 different
transportation modes. The containers arrived at théndé@en harbor are transported to the
inland by rail, by barge and by truck. Transportation bygéabetween the harbors and
warehouses is 10 days on A, B and C. Transportation Bydays between all the harbors and
warehouses at A, B and C. Transportation time by tseééndays at A,B and C.

Figure — 4.10shows the transportation capacities.
4.4.2 Crane Installation Structure and Capacity Features

The operations in the harbors are classified as: ngadnd unloading container operations.
Besides, each loading and unloading operation can be @dsatcording to empty container
flows and full container flows as well. Thus; foulaim operations are taking place in all the
harbors.

o Full Container Loading Operations
o Empty Container Loading Operations
o Full Container Unloading Operations

o Empty Container Unloading Operations

4.4.3 Container Loading Structure in the Harbors
Hatch-1

Figure - 4.11
Container Loading Structure of the Harbors
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There are two main hatches in each harbor in theascenn two main hatches there are seven
cranes installed. Hatch-1 is used for loading operatams Hatch-2 is used for unloading
operations.Figure - 4.11 depicts the installation of the cranes used for loadperaiions in
Hatch-1.Figure — 4.12shows that all the capacity and utilization techniquesdaetical in the
harbors. The cranes are numbered and labeled as CPA,G3A and etc...C1A stands for the
1% crane in harbor A, C3A stands for th8 &ane in harbor A. Four of the cranes are mainly
allocated for loading operations and three of thenaboeated for unloading operations. Crane-1
is the crane used for empty container loading operatiotbe harbors. Its unloading/loading
capacity is 250 containers per day. Crane-2, Crane-3 an@&-@rhoading are allocated for full
container loading operations. In all the three harhties Joading/unloading capacity of Crane-2
and Crane-3 is 250 containers per dagure — 4.12shows the loading/unloading capacities of
the cranes in the harbors. The total container lgaclpacity is 1000 containers per day.

Crane -1f Crane-2| Crane-3 | Crane —4{ Crane-5 | Crane—6 | Crane —7 | Total Loading Total
. . . . . . . ; Unloading
Loading Loading | Loading Loading | Unloading| Unloading| Unloading Capacity Capaci
pacity
per Harbor ner Harhn
C1A 250 C2A 250 C3A 250 C4A 250| C5A 250 C6A 250 C7A 250 ) .
Container pef Container pef Container pef Container peContainer pef Container pef Container pe 1000 Containgr 750 Containe
Dav Dav Dav Dav Dav Dav Dav Per Day Per Day
C1B 250 C2B 250 C3B 250 C4B 250( C5B 250 C6B 250 C7B 250 . 750 Containe
B - ] ] ] ; ; 1000 Containgr
Container pef Container pef Container pelf Container peContainer pef Container peff Container pe Per Day
Per Day
Dav Dav Dav Dav Dav Dav Dav
C1C 250 C2C 250 C3C 250 C4C 250( C5C 250 C6C 250 C7C 250 1000 Containgr 750 Containe
Container pef Container pef Container pef Container peContainer pef Container pef Container pe Per Day Per Day
Dav Dav Dav Dav Dav Dav Dav
Figure — 4.12

Daily Capacities of the Cranes in the Harbors

CRANE-4 MULTI FUNCTIONAL

-
CRANE
. . A llocated Container Loading®
Loading Capacity of Crane—< — Burden For Crane—<

/ 180 Container
Excessive Capacity of - .
Crane-< Unl ding C it
Crane 4 for Loading rane nloadmg Capacity

120 Container Crane< Unloading Capacity

300 Container

Figure - 4.13
Multi-Functional Crane-4
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As represented oRigure - 4.13Crane-4 is a multi-functional crane and is used for lmdding
and unloading operations. Its capacity is shared betweedoading and unloading facilities.
Therefore, Crane-4 is named as “Crane-4 Loading” amdri€4 Unloading”. There is excessive
capacity of loading operations for Crane-4, Crane-4 isiapmbas Crane-4 Unloading and it is
assisting in the unloading operations if there is a gap en uhloading capacity. Crane-4
Unloading can be defined as the excessive loading capaciiyané-4 Loading.

EXCESSIVE CAPACITY ALLOCATION OF
EMPTY CONTAINER LOADING CRANE
(CRANE-1)

Empty Container Loading

Crane /’

i i

: i

| i

i 3 i .

i i

;

; i

E—g
120 Centatner
40 Contamer 40 Contamer

Crane-3

Crane-4

40 Container

Empty Container Crane Loading Container Demand
Capacity

300 Container

180 Container

Excessive Capacity of Empty Container Loading Crane
120 Container

Figure - 4.14
Crane -1

The volume of the demand for empty container transpontas smaller than the daily empty
container loading capacity of Crane-1 (250 containers pgr thee excessive capacity of Crane-1
is utilized for full container loading operations. As wfedl onFigure - 4.14,Crane-1 alleviates
the burden of each full container loading cranes of CParterane-3 and Crane-4 Loading. Even
though it seems as the excessive capacity of Cranetllized by each full container loading
crane, this extra job is fulfilled by Crane-1. The tdtaight loaded/unloaded by each crane is
used while calculating the productivity of the harbd®ed Chapter — 4, part 4.6.8Nhile
calculating the total weight or freight loaded/unloade@&gh crane, this extra capacity which is
utilized from Crane-1 is subtracted from the total througHpatled by each loading crane
utilizing the excessive capacity of Crane-1, and is addedetdotal freight loaded/unloaded by
the Crane-1.
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4.4.4 Container Unloading Structure in the Harbors
Hatch-2

Figure - 4.15
Container Unloading Structure of the Harbors

Figure - 4.15depicts the unloading cranes’ installation. Crane-4 UmhgapdCrane-5, Crane-6
and Crane-7 are used for unloading operations. Crane-7 osat@tl for empty container
unloading operations. Crane-5, Crane-6 and Crane-7 have aading capacity of 250

containers per day. The total container unloading ciapiaci50 containers per day.

EXCESSIVE CAPACITY ALLOCATION OF
EMPTY CONTAINER UNLOADING CRANE
(CRANE-7)

Container Crane Unloadin; Container Freight Arrived

Capacity

300 Container

[Excessive Capacity of Empty Container Unloading Crane ! ’ J
120 container ‘ : K. -

Emn;

180 Contamer . .
Empty Container Unloading

Crane

120 Container

/LN

40 Container 40 Container 40 Container

Crane 4 Crane-5 Crane-6

Figure - 4.16
Crane -7

The excessive capacity utilization is illustrated Eigure — 4.16. For instance, if Crane-7’s

capacity is 300 containers per day and if the number adrtipty containers arrived at the harbor
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is 180 containers, an excessive capacity of 120 consaioecurs.The number of empty
containers arrived is smaller than the unloading capadit@rane-7, the excessive capacity is
utilized by each full container unloading cranes of Craénaloading, Crane-5 and Crane-6.

4.4.5 Container Transportation Routes between the Harbors

The shipping routes are classified according to the nunfbdredberthings that the ship does
between the origin harbor and destination harbayure - 4.17 shows the classification of the

shipping routes.

Shipping Directions

AN

Shipping Direction Including One Berthi Shipping Direction Including Two Berthin
A-B A-C A-B-C
B-C B-A B-A-C
C-A CcB C-B-A
Figure - 4.17

Shipping Directions According to the Number of Berthings

Nine main shipping directions originating from harbomharbor B and Harbor C are designed for
the reference scenaridvioreover, each harbor has priorities for supplying anmottebor;
therefore priorities are generated for each shippingtaires each harbo(See Figure — 4.63)

1% Priority 2" Priority ~ 3rd Priority

o Shipping Directions Originating from harbor A: A-C A-B, A-B-C
o Shipping Directions Originating from harbor B: CB- B-A, B-A-C
o Shipping Directions Originating from harbor C: AC- C-B, C-B-A
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4.4.5.1Shipping Directions From Harbor A

Shipping
Direction A-B

Shipping

Direction A-B-C
Harbor A Harbor B

Shipping
Direction A-B-C-
Shipping
Direction A-C

Harbor C

Figure — 4.18
Shipping Directions from Harbor A

Figure - 4.18depicts the shipping routes from harbor A. Three mawaowds from harbor A are:
direct A-B Route, direct A-C Route and A-B-C Route. Tefahe routes originate from harbor
A: route A-B and route A-B-C. Route direct A-C origimatieom harbor B. A-B depicts the
departure and arrival of the transportation locatioes,departure from harbor A and arrival at
harbor B. The containers loaded to the ship in harbaeAransported directly to harbor B.
Route A-C is the continuation of route B-A-C. As menéd previously, it originates from
harbor B. The ship sails from harbor B by loadingftleéht to the destination harbor of C. After
sailing from harbor B the ship berths at harbor A anthout unloading any containers, the
demand from harbor A to harbor C (Demand for transportdbor A-C direction) is loaded.
Loading at harbor A for A-C direction is constrictedthg remaining capacity of the ship loaded
at harbor B. The ship was loaded previously in harbdorBhe route B-A-C; the maximum
amount that can be loaded to the ship for route A-Gasrémaining capacity of the ship after
being loaded at harbor B for route B-A-Gee 4.6.4MODULE-4 Ship Capacity Effect on Full
Container Loading Planning)

Route A-B-C originates from harbor A. In harbor A& tthemand for transportation is received, the
number of the containers for the transportation ic€ualed, the freight is loaded and the
containers are shipped to harbor C. After sailing, thye barths at harbor B. In harbor B, the
demand for transportation from B to harbor C is loaggzbrding to the remaining ship capacity

factors.
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Route direct A-C can be regarded as an express trartgpodaroute A-B-C. The transportation
time from harbor to harbor takes 17 days by route A-Centihi¢é transportation takes 34 days by
route A-B-C.

4.4.5.2ShippingDirections from Harbor B

Shipping
Direction B-A

Shipping e,
Direction A-B-C
Harbor A Harbor B

Shipping
Direction B-A-C-

Shipping
Direction B-A-C

“ElHarbor C

Figure - 4.19
Shipping Directions from Harbor B

Figure - 4.19depicts the routes from harbor B. Three main roatesdesigned from harbor B:
direct B-A route, direct B-C route and B-A-C routehM¥ route B-A-C originates from harbor B,
route B-A and route B-C are not originating from B. RoBtA is the continuation of route C-B-
A. Route B-A originates from harbor C. Route B-C he tcontinuation of A-B-C route, and
originates from harbor A.

B-C route is an express or fast alternative forthee of B-A-C.

4.4.5.3ShippingDirections from Harbor C

Shipping
Direction C-B-A

’/Shipping

Direction A-B-C
Harbor A Harbor B

Shipping
Direction C-B -A*~

Shipping

Direction C-A Harbor C

Figure - 4.20
Shipping Directions from Harbor C
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Figure - 4.20depicts the transportation routes from harbor C. Thhai networks are designed
in harbor C: C-A route, C-B and C-B-A directions. Tdref the routes are originating from
harbor C.

4.4.6 One Container Cycle

The container is waiting idle and empty in the harbart@oer terminal in time ZERO. The
company receives the demand for freight transportati@npknning facilities begin, the number
of the containers required for the freight transpartais decided and then the containers are
being filled at the filling stations. In the referencerso®, there are 10 filling stations on each
harbor and filling each container takes 0.01388889 day; i.takés 20 minutes to stuff a
container. The filling stations’ total filling capacityneach harbor is 2,160 containers per day.
The container stuffing operations are done, the fultaioars are loaded to the ship with the
loading cranes. The containers stuffed, wait in the ship the ship is full; therefore the ship
carrying capacity has an effect on the waiting time entérbors. The ship is full, the containers
are shipped to the destination harbor. As mentioned previdhhjtransportation time by ship
between the harbors is 17 days equally. The containak®drat the destination harbor, the
unloading and discharging operations begin. It is assunadththe arrival of the containers,
the ships directly berth and right after the dischay@perations begin; i.e. it is deemed that the
pre-berthing time is ZERO and there is no conjunctioberthing with the other ships. Arriving
at the harbor the ship berths and the unloading operdiegis.

Containers arriving at the destination harbors aresp@ted directly to the inland. The deliveries
in the harbor site are neglected in this study. Theéaoogrs arrived at the warehouses are taken
over by the clients. It is assumed that a clientlesep a container delivered to him for 4 days. In
each inland, it is assumed that the company has 50 obm$itnts to whom 10 containers are
delivered per day; i.e. it is assumed that the warehousése inlands has a 500 container
delivery capacity per day. On each land, an interchanggasing site is installed. There is need
for container to lease, it takes 1 day to receiveldased. Besides the leasing and interchanging
locations, a disposal and new container buying siteistalied on land C. It is assumed that
everyday 73 containers are filling their life span areldisposed from the land C. Besides, it is
assumed that 73 containers are in the need to be repaisedMiahe containers filling their life
span and all the containers in the need of repairransgorted to the land C. On land C, newly
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bought containers are entering into the system. Theyeogpttainers shipped from the harbors
are not transported to the inland. They are unloadeteoddstination harbors, they directly join
the empty container inventory of the destination harAo empty container loaded, completes its
cycle by flowing from the origin harbor to the destinatharbor and flowing back to its origin
harbor. Arriving at the destination harbor a full cameéa goes on its journey to the inland of the
destination harbor land. Then the container goes onirfgpfvom the destination harbor to the
warehouses and then back to the destination harbars. the destination harbor, the container is
sent back to the origin harbor. Arriving at the origindeauthe container completes its cycle.

The shipping route may include one or two berthing@ee(Figure — 4.2aAndFigure - 4.29 For
instance, the containers sent to A-B, C-A, B-A died include just one berthing on the
destination harbors. But the containers sent to A-B-@-C or C-A-B directions include two
berthings on two different harbors. A container cyclach including just one berthing can be
described as a flow between origin harbor-destinatianbdr-warehouse on the land of
destination harbor-destination harbor-origin harbor.

A container cycle in a shipping route including two bekican be described as a flow between
the origin harbor- the harbor the ship berthed befoeed#stination harbor-destination harbor-
warehouse on the land of destination harbor-destmatarbor-origin harbor(SeeFigure -
4.22).

While calculating the ratio of idle containers, @neerage circle time is calculated according to
the sort of the shipment including one or two berthirigse full containers sent to the route
including one berthing is calculated as: the loaded comtéiiaasportation time by ship from
origin harbor to the destination harbor (17 days) +spartation time from the destination harbor
to the warehouse by rail (6 days) + client container ikgepme (4 days) + transportation time
from warehouse to the destination harbor by rail (6 daydyansportation time from the
destination harbor to the origin harbor (17 days). Consetye¢he cycle time for the route
including one berthing is 50 daySdeFigure - 4.21)
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17 Days Harbor B (The Harbor

that the Ship Berths

Before the Destinatio
Harbor)

17 Days.

Harbor A Harbor B
(Giigin (Destination Harbg
6 Days
arbor Harbor C
17 .Days ' ays
Client Warehouse B 17 ooy i
(Warehouse at the DR " rohouse
\_{ Final Destinatior} Clent Mvgreh};uge atihe
4Days Harbor) M Flna:_'[a)\rf(t):’r;allon
Figure - 4.21 igdre - 4.22
Container Cycle Time of a Full Container Container Cycle Time of a Full Container in a
Shipping Direction Including One Berthing Shipping Direction Including two Berthings
(A-B-C Shipping Direction) (A-B-C Shipping Direction

There are three inland transportation modes of barg@n@ transportation time is 10 days), rail
(Inland transportation time is 6 days), truck (Inland trartspon time is 3 days)
(See Chapter — 4, 4.4.2 While calculating the average cycle time, the ayeranland
transportation time from the harbors to the warehoasdsfrom the warehouses to the harbors is
assumed as 6 days. 6 days is the average value of thhesetrimsportation times; thus it is
assumed that the freight in inland is transported liy tnsaverage.

The cycle time of the full container sent to thateoincluding two berthingsSgeFigure - 4.21)

is calculated as: the transportation time by ship froendahgin harbor to the harbor the ship
berthed before the destination harbor (17 days) + #msportation time between the harbor the
ship berthed before the destination harbor and the destirfzarbor (17 days) + transportation
time from the destination harbor to the warehouseby6 days) + client container keeping time
(4 days) + transportation time from warehouse to thetirdg®n harbor by rail (6 days) +
transportation time from the destination harbor toathgin harbor (17 days). The cycle time for
the shipping route including two berthings is calculated ada§®. But the route requires two
berthings in two different lands. Therefore, flexibilayound 10% is added for a possible delay.
Consequently, the container cycle time for the shippingterancluding two berthings is
calculated as 75 days instead of 67 days.
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17 Days
17 Days
I_-Ia_lrbor A Harbor B
(Origin Harbor (Destination Harbof)
Harbor A Harbor B
(Origin Harbor (Destination Harbof)
17 .Days) 17 Days.
Harbor C
17 .Days (Destination Harboy)
Figure - 4.23 igdre - 4.24
Container Cycle Time of an Empty Container in a Container Cycle Time of an Empty Container in a
Shipping Direction Including One Berthing Shipping Direction Including two Belitigs
(A-B-C Shipping Direction) (A-B-C Shippimgrection)

As for the empty container cycles, an empty contahgment including one berthing is defined
as: the flow between the origin harbor-destinatiorbtia origin harbor. The empty containers
are not transported to the inlandsgure - 4.23 shows the empty container cycle time of a
shipping route including one berthing. It is calculated as:tthnsportation time between the
origin harbor and the destination harbor (17 days)+ p@mation time from the destination
harbor of the origin harbor (17 days). Consequently, tywe time for an empty container
requiring one berthing is 34 days.

Figure - 4.23shows the empty container cycle time of a shippingerculuding two berthings.
An empty container sent to a shipping direction including berthings is defined as the flow
between the origin harbor- the harbor the ship bertledord the destination harbor-destination
harbor- origin harbor. The cycle time for empty camtaishipment including two berthings is
calculated as: the transportation time between tliginoharbor and the harbor ship berthed
before the destination harbor (17 days)+ the transpartaiioe between the harbor the ship
berthed before the destination harbor and the destinatidvor (17 days) + The transportation
time from the destination harbor to the origin harlfg? days). Consequently, the empty

container cycle time for the shipping direction inclygimo berthings is 51 days.
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4.5 General Assumptions for Loading & Unloading Operations
The model is built based on some assumptions.

4.5.1 First Loaded Last Unloaded

Some assumptions are done to calculate each crandsnbior loading/unloading.

FREIGHT UNLOADING
(First L.oaded Last Unloaded)

Freight Loaded at Harbor A

Freight Loaded at Harbor B

Figure 4.25
First Loaded Last Unloaded

Figure - 4.25 depicts the assumption that the containers loaded diestunloaded last. For

instance, on the route A-B-C, firstly the containensA-C direction (from harbor A to harbor C)
are loaded. Then the ship sails from harbor A and $etlnarbor B for loading the demand of
freight transportation from harbor B to harbor C@BDirection). The containers from harbor B
are placed on the containers having been loaded intharbbhe ship berths at the destination
harbor (Harbor C), the last containers loaded in haBbare on the top side; therefore they are
unloaded firstly.
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4.5.2 Load Is Shared Among the Loading/Unloading Cranes Equally

LOAD IS SHARED BY EACH
LOADING/UNLOADING CRANE EQUALLY

IF Total Demand= 600

Container

IF each container capacity
is 200 container/day

200 Containers

200 Containers 200 Containers
canbe
canbe can be
Loded/Unloaded Loded/Unloaded Loded/Unloaded
by Crane Number 1 by Crane Number 2 by Crane Number 3
Figure - 4.26

The burden is Shared Equally Among the Cranes

Figure - 4.26 depicts an example of how the burden is shared amongddind/unloading
cranes equally. The example &igure - 4.26 shows that if the demand for transportation
requires 600 containers and if there are three cranels,ceane’s loading/unloading burden is
200 containers. If each crane’s loading/unloading capasit300 containers, there won't be
neither excessive capacity, nor a gap in loading/unloacapaaity. Likewise the burden, the
excessive loading/unloading capacity and the gap in loading/unépedpacity is shared equally
among the cranes as well. Each crane has a 200 corltsdéeng/unloading capacity; i.e. if the
total loading/unloading capacity is 600 containers, andeifddmand for freight transportation
requires 450 containers, the total excessive capacity iedri@iners. The excessive capacity is
shared equally among the cranes; therefore the excesgiaeity of each crane is 50 containers.
The main idea is that the loading/unloading cranes haveaime capacity, they begin and finish
the loading/unloading operations at the same time. Iasa of 150 container total excessive
loading/unloading capacity; i.e. 50 container excessive ¢gdac each crane denotes that each
crane finishes its job earlier than the scheduleé.tifneach crane loading/unloading capacity is
200 containers in 24 hours, each crane spends 6 hours forgledoading 50 containers. So
that, the cranes finish their job 6 hours earlieraircase of 150 containers total excessive
loading/unloading capacity. On the other hand, if theeegap in loading/unloading capacity, the
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gap is shared equally by each crane as well. To illustfatee demand for freight transportation
requires 750 containers, the gap in total loading/unloadingcitgps 150 containers. The gap is
shared equally among the three cranes; i.e. the gaploteatainer’s loading/unloading capacity
is 50 containers, and if each crane’s daily loading/unf@adapacity is 200 containers, there will
be a delay. Each crane spends more time to fulfill thading/unloading operation.
Loading/unloading 50 containers takes 6 hours; thereforedtiay is 6 hours and the
loading/unloading operation is fulfilled in 24 hours + 6hofligstra working time for filling the
gap) = 30 hours.

45.3 Stocks

Three main empty container inventories in three diffetearbors named as A, B, and C are
created. Each empty container inventory has 59,375 corgaiDestances between the harbors
are equal, and from one harbor to the other it takEs day journey by ship. In each land two
warehouses are installed and each of them is named asndviva. W1A shows the first
warehouse at A, W2C shows the second warehouse oranded. As mentioned before, a
company facilitating in three different lands having @dmidentical logistics features is built.
While compounding more details and putting the model int@djodibrium some of the capacity
features are modified. While W1A and W2A initial emptyeantory level is 7,125 containers,
W1B and W2B initial empty container levels are 7,000 aoeta. Besides, W1C initial empty
container level is 7,000 containers, and W2C initial eroptytainer level is 6,848 containers.
The model is consisted of 11 stocks in each harbor, i.est®&%s in 3 harbors are created. Six
types of flows including all the transportation routes veithpty and full containers are designed.
Therefore six arrays are created on each stock.

61



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

Empty Containers Arriving from C-B-A (2)
Empty Containers Amiving from C-4 (1)
Empty Containers Aniving fromB-A ()

Containers by rail from W-24 Empty Container Flow to A-B Route (&)
~

>

Containers by truck from W-2.4
Ceontainers by barge from W-24
Centainers by rail from W-14

Coeontainers by truck from W-14
Centainers by barge from W-14

Empty Container Flow to A-C Rc;ute )

Empty Container Flow to A-B-C Route
> @

Empty lonta

3
[
3

Filling Rate for A-B Route (3)
Filling Rate for A-C Route (1)
Filling Rate for A-B-C Route 2)

Figure - 4.27
Empty Container Inventory in Harbor A

Empty Container Inventory at AEmpty Container Inventory is showed Bigure - 4.27.The

initial value of the stock is 59,375 containers. The arrays atalleds as {10000, 10000,
9791.66666666667, 9791.66666666667, 10000, and 9791.66666666667}. Six arrays, nine
inflows, six outflows are designed. Although the sixamf$ from warehouses don’'t have arrays,

the other inflows and outflows are designed as arrdgsk3 designed with arrays and if a flow
without any arrays is flowing in the stock, this flosvdivided by the number of arrays in the
stock and is added to each array division in the stdakid an outflow, the value is subtracted

from each array division in the stock. The situai®axemplified orFigure - 4.28

-
Inlow Rate/Mumber of Array Divisions
120/6=20 contamners added
to each array division
Figure - 4.28
Arrays, the Inflows and the Outflows

In flow

120 Container/day
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The example depicted dfigure - 4.28.shows that if there is an inflow (120 Containers/Day),
and if the stock is designed with arrays (6 Arrays),itflew is divided by the number of array
divisions (6 Arrays), and this amount (20 container/day)dkided to each array division on the
stock. On the contrary, if there is an outflow, #zne calculation is done by subtracting this
amount from each array division in the stock.

The planning facility is done, the container stuffing @pens begin. “Filling Rate A-B Route”,
“Filling Rate A-C Route” and “Filling Rate A-B-C Routehaw the filling operations. Moreover,
empty containers are sent to the other harbors as Emjbty container loading operations are
simulated with empty container flows of A-C, A-B aneBAC.

Containers from both warehouses at A are arrivingraloog to the desired level of the inventory
level. The demand for empty container transportatioseig to the warehouses and the empty
containers are transported by three different tranapomt modes from the warehouses: by rail,
by truck and by barge. The desired empty container leverioor A is 60,000 containers.

Empty containers from the other harbors are arrivirigaabor A. To keep the empty container at
the desired level, the daily demand for empty contaisbipments is sent to the other harbors.
Containers arriving according to this demand are simulaigdthe flows of empty containers
arriving from C-B-A, C-A and B-A.

Direct A-C Route Filling Rate
A-B-CRoute Filling Rate
4B ReuteFilling Rate

C 2.4 Loading Rate

Y

3 A Loading Rate

Y

< 4 A Toading Rate

 J

Full Container Inventory at A

Figure - 4.29
Full Container Inventory in Harbor A

Full Container Inventory at A:Full container inventory simulates the containeestiwg to be
loaded to the ship when the stuffing operation is ovee Aigh level of the inventory gives us
hints about the unproductivity of loading operations. As detnated orfFigure - 4.29three
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inflows and three outflows are designed. Three inflowsotkethe filling operations, the outflows

simulates the loading operations.

Full Containers Shipped from &

< 2 A Loading Rate Full Container Flow Rate

from & to B

3 A Loading Rate

C 4 A Loading Rate

)

B-ACRoe (D)

Full Containers from

Full Cortatrer Flow Direct From Ato C

Figure - 4.30
Full Containers Shipped from Harbor A

Full Containers Shipped from AThis stock is consisted of four inflows and two outflowhis
inventory depicts all the full containers shipped in ds¢ L7 days, i.e. it shows all the containers
on the way to the destination harbors.

The flow of B-A-C route arrives at A as a full comir flow, but harbor A is not the destination
harbor of this flow $ee 4.4.6.2 Shipping Directions from Harbor B); therefore it goes on
flowing. This container flow is labeled as number “1” in #reay division of the Full Containers
Shipped from A. A-C takes number “1” in the array divisiord dabeled as B-A-C as well.
Because route A-C is the continuation of the flowaafte B-A-C. The ship in harbor B is loaded
with the freight for B-A-C direction, the ship saffem harbor B and then berths in harbor A to
pick up the freight from harbor A for A-C directionh& loading operation at A is fulfilled
according to the remaining capacity of the ship loaded fatr Bhe B-A-C direction$ee 4.6.4,
MODULE-4 Ship Capacity Effect on Full Container Loading Planning These two flows
cohere and go on flowing as a single flow with the nafrfeFaill Container Flow Direct from A
to C".

C2A, C3A and C4A cranes are loading the stuffed dneta according to the destination
harbors. Outflow of “Full Container Rate from ABJ is consisted of two flows: containers sent
to Route A-B and Route A-B-C.
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Full Contamer Rate Arrived ot
B from C-B Route

Full Containers Arrived at B

-

Full Container Flow Rate from & toB

€4 B Unloading Rate

C 5B Unloading Rate

C 6 B Unloading Rate
C-B-A
A-B-C

Figure - 4.31
Full Containers Arrived at B

Full Containers Arrived at B:As showed orrigure - 4.31this stock is consisted of two inflows
and five outflows. The flow of “Full Container Flow &arom A to B” is consisted of two flows:
containers flowing from route A-B and A-B-C. Full Gamer Rate Arrived at B from C-B route
is consisted of two flows as well: full containerswing from C-B route and C-B-A route. The
containers arrived at the destination harbors: floB And flow C-B are unloaded by unloading
cranes of C4B, C5B and C6B. The flows of A-B-C and @-Bre going flowing on their routes.
These flows are flowing directly to the stock of fsttlipped containers at B; i.e. the ship carrying
these containers berths and without unloading any cersginew containers are loaded for the
destination harbor. Therefore these flows are the ifl@i “Full Containers Shipped from
Harbor B”. They are ready to be shipped but they aréngaat Harbor B for the new containers

being loaded for the destination harbor.

C 8B Unloading Rate

C 5 B Unloading Rate 1B Rail Transportation Rate o
I Ll

C4 B Unloading Rate >
W1E Truck Transportation Rate o
Ll

4 W2B Rail Transportation Rate
L |

W2B Truck Transportation Rate WI1E Barge Transportation Rate o
-

r'y

V2B Barge Transportation Rate

F 3

Unloaded Full Containers at B

Figure - 4.32
Unloaded Full Containers at B

Unloaded Full Containers at B: Figure - 4.3ihdicates the containers arrived at the destination
harbor. This stock is consisted of three inflows and silaws. The containers unloaded by the
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full container unloading cranes of Crane-4 Unloading, €&&and Crane-6 are transported to the
inland warehouse inventories to be delivered to the cliéfts. six outflows are the main
transportation directions to the warehouses from habdihe transportation to each warehouse
is fulfilled by three different transportation modes todnsportation by rail, transportation by
truck and transportation by barge.

Container Returning Rate W1B
Container Client Borrowing Rate W1B

Inland Container Rate at B Erom‘?\rarehouse 1 by Truck

Leasing Rate at W1B [nland Ceontainer Rate at B from Warehouse 1 by Rail

-

Inland Container Rate at B from Warchouse 1 by Barge
>

g g £
= = fat]
(s} (s}

= = g
= = =
£ & 5
2. 2. &
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& & =
= T
& g &
s a m
= £ =

Figure - 4.33

W1B Warehouse-1 at B
W1B: Figure - 4.33depicts the inventory level of Warehouse-1 at B. Tlosksis consisted of

five inflows and four outflows. The containers are arrivimgrail, by barge and by truck. Each
transportation mode has a daily carrying capacthge(Figure — 4.10,Inland Transportation
Times and Inland Transportation CapacitipdVoreover, the containers are being sent from the
warehouses according to the desired level of empty cantaiventory of B. Each transportation
mode’s capacity has constrictions on these flows. Aydddmand for empty container
transportation is sent to warehouse-1 according to theedelevel of the empty container
inventory in harbor B. There is a leasing and interghansite on land B. The desired empty
container level is 7,000 containers at warehouse-1Bvadlene of the containers transported by
barge, by truck and by rail is not enough to keep the empttaicer inventory at its desired
container level, leasing or interchange operations are é W1B.“Leasing Rate at W1B”

simulates this facility. But there is a daily contaiteasing capacity as well. Not more than 150
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containers per day can be leased or interchanged. \Whaecision is made for leasing or
interchange, it is assumed that this operation idladfin one day.

“Container Client Borrowing Rate” represents the dela®rio the clients in the inland. It is
assumed that the company has 10 constant clientsdmV@® containers delivered daily. The
client container keeping time is 4 days. “Container Retgr Rate” represents the containers

being sent back to the company by the clients aftemiineday container keeping time.

g Rate W2B

Contamner Client Borrowing Rate W2B

Container Returnin;

d

o6

Inland Container Rate at B froin Warchouse 2 by Truck
Ll

Leasing Rate at WIB Inland Centainer Rate at B from Warehouse 2 by Rail
»

-

h 4

Inland Centainer Rate at B from Warehouse 2 by Barge
-
-

[
L
.
>
-
>

WZB Rail Transportation Rate
W2B Barge Transportation Rate
W2B Truck Transportation Rate

Figure - 4.34
Warehouse - 2 at B

W2B: Figure - 4.34depicts the empty container inventory at warehouse-2 &loBtainers are
arriving at the W2B from the harbor B by three differgainsportation modes. Harbor B sends
demand for empty container transportation from W2B @nttainers are transported from W2B.
The volume of the containers transported from W2&alsulated according to the desired empty
container inventory level in harbor B. It is assumed teageryday 50 containers are delivered to
10 clients in the inland of B; i.e. the volume of ttaly deliveries is 500 containers. Containers
are returning back 4 days later after the delivery to tketsl
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Figure - 4.35
Empty Container Inventory in Harbor B

Empty Container Inventory at B: Figure - 4.38epicts the empty container stock in harbor B.
The initial level of this stock is 59,375 empty contain€sntainers were allocated to each
division as: {10000, 10000, 9791.66666666667, 10000, 9791.66666666667, and
9791.666666666670} <<Containers>>.

The desired level of the empty container inventory irbéaB is 60,000 containers. Demand for
empty container transportation from the warehousesanirtland is sent to the warehouses to
keep the empty container inventory in harbor B at the etd@vel. Containers are transported
from the warehouses by using three different transpomtatiodes of rail, truck and barge.
Transportation capacities of each transportation madestrict the volume of the empty
container transportation from the warehous8se(Figure— 4.10,Inland Transportation Times
and Inland Transportation Capacities)

A daily demand for freight transportation is receivéey number of the containers required for
this transportation is calculated and the planning faciitgone. Then the container stuffing
operations begin. “Filling Rate for B-A Route”, “Filly Rate for B-C Route” and “Filling Rate
for B-A-C Route” simulate the container filling opeats. Harbor B receives demand for empty
container shipments to the other harbors as well.nQuthe planning facility, volume of the

empty container shipments is calculated and empty cwnsiare sent to the other harbors.

68



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

Shipping empty containers is simulated with the flows'Erhpty Container Flows to B-A-C
Route”, “Empty Container Flows to B-A Route” and “Emgigntainer Flows to B-C Route”.
Moreover, empty containers arrive at harbor B. Thevalg are demonstrated with the flows of
“Empty Containers Arriving From C-B” and “Empty Contaisé\rriving From A-B”.

Empty Containef® Shipped from A

Empty Container Flow Rate A-B & A-B-CRoute
C 1A Empty Container Loading Rate at A (] b

(AC, AB, ABC)
3, 6 .4 O

\ &

3

Empty Container Rate Direct from A-C

v

Figure — 4.36
Empty Containers Shipped from A

Empty Containers Shipped From AThe stock of “Empty Containers Shipped from A” is
depicted byFigure - 4.36 This inventory level gives us the number of empty coetai shipped
from harbor A and the containers which are on the veayhe destination harbors. Empty
containers are loaded in harbor A according to the ddradempty containers which sent by the
other harbors. The containers shipped to A-C direction pdkee as number “3” in the array
division in the stock; containers shipped to A-B directake place as number “6” and the empty
containers being sent to A-B-C direction are numbaet4” in the array division. The number
of containers loaded and shipped to A-C direction is debteuhiby the remaining capacity of the
ship sailing from harbor B for the B-A-C directioikde 4.6.4MODULE-4 Ship Capacity Effect
on Full Container Loading Planning).Empty containers of A-C combine with the flow of B-A-
C. As demonstrated above, the empty containers se®tG combines with the flow of B-A-C
and go on their journey as a single flow named as “E@ptytainer Rate Direct from A-C” and
this flow takes place as number “3” in the array divisibhe other empty containers sent to A-B

and A-B-C routes go on flowing with a single flow whiclnmed as “Empty Container Flow Rate
A-B & A-B-C Route”.

69



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

ABC @
CB-A Q)

EmptyCantainers Arvived ft B

C7 B Empty Container
Empty Contamer Flow Rate A-B & A-B-C Route Thnloading Rate at B
(6 , 4 3 (C-B , A-B)
> ) _
L

g
DRl
G B A
£ol
&
FE
(ST
52850
LA
ti]

Figure - 4.37

Empty Containers Arrived at B

Empty Containers Arrived at BAs demonstrated origure - 4.37 the containershipped from
harbor B are arriving as a single flow named as “Empipt@ner Flow Rate A-B & A-B-C”.
The containers on the route of A-B-C take place asban “4” on the array division in the stock.
(See Figure - 4.28 The containers on the route of A-B-C arrive at haiobut harbor B is not
the destination harbor of the empty container flovAd-C. Therefore, without being directed to
the unloading operations the flow is going on flowing bgkpig up the empty containers
shipped from harbor B for B-C route. Moreover, thgggntontainers shipped from harbor C are
arriving as the flow named as “Empty Container Flow fi©ro B”.

Empty Container Flow Rate From C to B is consistetivaf main flows: route C-B-A and C-B.
C-B-A is going on flowing to harbor C without any unlaaglioperations (Harbor B is not the
destination harbor of the empty container flow of C-B-&nd flow C-B arrives at its destination
harbor.Figure - 4.37showsthat the flows arriving at the destination harbor directed to the
unloading operations. The containers shipped from the rdudeBoand C-B (Harbor B is the
destination harbor of empty container flows of A-B a@B) are unloaded. Empty Container

unloading operations are demonstrated as “C 7 B Empty Centdmoading Rate at B”".
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Figure - 4.38
Full Container Inventory in Harbor B

Full Container Inventory at B: The filling rate is planned, the container stuffing operetio
begin. From harbor B, containers are being sent te tthifeerent routes: B-C, B-A-C and B-A
directions. The stuffed containers are loaded to thgsshihe loading operations are fulfilled by
the loading cranes of Crane-4 Loading Crane, Craned3aane-2. The loading operations are
showed orFigure - 4.38as “C 4 B Loading Rate”, “C 3 B Loading Rate” and “C 2.@ading
Rate”. The inventory level of this stock gives us thenber of the containers waiting for the

loading operations on the terminal.
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B-A-C (1)
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Diract Full Container Rate
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Figure - 4.39
Full Containers Shipped from Harbor B

Full Containers Shipped from BBeing stuffed, the full containers are loaded by thelitun
cranes at B. The loading operations are showed as 1@2Hing”, “C3B Loading” and “C4B
Loading” onFigure — 4.39 Each loading crane loads all the stuffed containerhédoships
sailing to three main directions of B-C, B-A-C and BB-C route is the continuation of the
route A-B-C (Takes place as number “2” in the arraysibw of the stock); therefore B-C (Takes
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place as number “3” in the array division of the stamd)eres with the flow of A-B-C, and then
goes on its route as a single flow named as “Diretit Goantainer Rate from B-C”. This flow
includes both the flows of B-C (3) and A-B-C (2). (Theagrdivision numbers of the flows are

showed with parenthesis)
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Figure — 4.40
Full Containers Arrived at Harbor A

Full Containers Arrived at A:*Full Container Flow Rate from B to A” arrives atrbar A; but
harbor A is not the destination harbor of the floinBeA-C. Therefore, flow B-A-C is going on
its route as an outflow of B-A-C (1) which is showed Bigure - 4.4Q Arriving at their
destination harbor, the containers arriving with the floivBeA and C-B-A are unloaded.
Moreover, the full containers flowing from the rowe C-A reach at their destination harbor;
thus these containers are directed to the unloading taperas well. The unloading operations
are simulated by “C4A Unloading Rate”, “C5A Unloading Ratatl “C6A Unloading Rate”.

Full Containers Unloaded at A
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>
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Figure — 4.41

Full Containers Unloaded at Harbor A
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Full Containers Unloaded at AThe unloading operations fulfilled by the three unloadiramnes

of C4A Unloading Crane, C5A and C6A unloading cranes tehbtwed above on
Figure — 4.41. The containers unloaded in harbor A are transported by ttiféerent
transportation modes from the harbor to the warehoois®$1A and W2A. The transportation
time by truck from the harbor to the warehouses is 3 dagdransportation time by rail is 6 days
and by barge the transportation time is 10 days. Eacbpaation mode has a capacity, and the
containers flow according to these capacity conginstSee Figure — 4.1 The transportations
from harbor A to warehouse-1A, are simulated with flbevs of “W1A Rail Transportation
Rate”, “W1A Truck Transportation Rate” and “W1A Barge Tramigu@mn Rate” on Figure

— 4.41 The containers transported from harbor A to the h@wee-2A are demonstrated as
“W2A Rail Transportation Rate”, “W2A Truck TransportatioRate” and “W2A Barge
Transportation Rate”.

Contamer Cliert Borrowing Rate W1A

Container Returning Rate W14

Inland Container Rate at A from Warehouse 1 by Truck
>

Inland Container Rate at A from Warehouse 1 by Rail
Leasing Rate at W1A >

Inland Container Rate at A from Warehouse 1 by Barge
L

W1A Rail Transpottation Rate
W1A Barge Transportation Rate é
W14 Truck Transportation Rate

Figure - 4.42
Empty Container Inventory of Warehouse 1 at A

W1A: The initial empty container inventory level of Warehed®\ is 7,125 containers.
Containers are arriving at harbor A by three diffeteabsportation modes and containers are
leaving from the warehouselA to harbor A by three diffeteansportation modes. The desired
level of W1A is 7,125 containers. There is a gap betwleendesired and current empty container
inventory level, new containers are leased or intergbd. This facilily is simulated with
“Leasing Rate at W1A” ofrigure — 4.42
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Harbor A sends demand for empty container transportétion the warehouses to the harbor.
The volume of the demand is determined by the discrepbeiwyeen the desired and current
level of the empty container inventory in harbor A. Bfere; containers are transported from
WI1A to the harbor A by truck, by rail and by barge. Thality is simulated with the variables
of “Inland Container Rate at A From Warehouse 1 A BygB3 “Inland Container Rate at A
From Warehouse 1 A By Rail “, and “Inland Container RatteA From Warehouse 1 A By
Truck”. Transportation time by barge from warehouse-1 Aartodr A is 10 days, transportation
time by truck is 3 days and transportation time by rd&l agays.

It is assumed that the container company has 50 magmtsko whom 10 containers delivered
everyday constantly on land B. The container delivawilify is simulated with “Container
Client Borrowing Rate at W1A”". The client can keep toatainer for 4 days. Four days later
after the delivery, the containers are returned batkeéa@ompany. Therefore, there is a flow of
the containers returning from the clients. This facistghowed as “Container Returning Rate at
W1A”.

Container Client Borrowing Rate WA

4l
|

Container Eeturning Eate W1A

Containers at Clients at W 1A

Figure — 4.43
Containers at Clients at Warehouse 1 at A

Containers at Clients at W1AWI1A is the container inventory showing the volumetlod
containers delivered to the clients and being kept by lieats currently. The outflow of the
inventory is the containers returning back to the companyyd Bder after the delivery. The
inflow of “Container Client Borrowing Rate W1A” simates the containers delivered to the
clients.
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Empty Container Inventory of Warehouse 2 at A

W2A: Warehouse-2 A is one of the main container supply inveasaf harbor A. The other
major container supply inventory is warehouse-1A. Thaainnventory level of W2A is 7,125
containers. Containers are arriving at harbor A by tldiferent transportation modes and
containers are leaving from the warehouse 2 A to harbam three different transportation
modes. The desired level of W2A is 7,125 containers. Tlseeegap between the desired and
current empty container inventory level, new contarae leased or interchanged. This facilily
is simulated with “Leasing Rate at W2A” éigure — 4.44

Harbor A sends demand for empty container transportétion the warehouses to the harbor.
The volume of the demand is determined by the discrepbeivwyeen the desired and current
level of the empty container inventory in harbor A. Bfere; containers are transported from
WI1A to the harbor A by truck, by rail and by barge. Thality is simulated with the variables
of “Inland Container Rate at A From Warehouse 2 A BygB§ “Inland Container Rate at A
From Warehouse 2 A By Rail “, and “Inland Container RatteA From Warehouse 2 A By
Truck”. Transportation time by barge from warehouse-1 Aaitdr A is 10 days, transportation
time by truck is 3 days and transportation time by rdil days.

It is assumed that the container company has 50 magmtskto whom 10 containers delivered
everyday constantly. The container delivery facility ssnulated with “Container Client
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Borrowing Rate at W2A”. The client can keep the coma for 4 days. Four days later after the
delivery, the containers are returned back to the compBmgrefore, there is a flow of the

containers returning from the clients. This facilitysisowed as “Container Returning Rate at
W2A”.

Contawner Client Borrowing Rate W2A

Container Returning R ate W2a

Containers at Clients at W 2A

Figure - 4.45
Containers at Clients at Warehouse 2A

Containers at Clients at W2AW2A is the inventory indicating the number of the camtas the
clients are holding. The inventory has one inflow and outflow. The inflow is the containers
delivered to the clients and the outflow of this stocthés containers sent back to the container
company 4 days later after the delivery.
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Figure — 4.46

Empty Containers Shipped at B
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Empty Containers Shipped at BAs depicted orFigure — 4.46this stock shows the empty
containers on the way to their destination harfbe empty containers are loaded, they are sent
to their destination harbor. Route B-C is the contilmmaof route A-B-C. Therefore route B-C
and A-B-C cohere and go on flowing as a single flow rhage“Empty Container Flows from B

to C". Moreover, the flow of C-B-A coheres with tlilew B-A; because route B-A is the
continuation of route C-B-A. The containers on tbetes of C-B-A , B-A and B-A-C flow
together as a single flow named as “Empty Contair@w Rate from B to A and C”.

& &
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B-AC (3)
C 7 A Unloaded Ermpty

Container Rate at &
(C-A CB-A B-A)
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(1

Empty Container Flow Rate
from B to & and C
[ C-B-&  B-A  B-A-C)
4 2, 3, ]

>

Ermpty Containersrrived at 4

Empty Container Flow Rate
FromCto 4

Figure - 4.47
Empty Containers Arrived at A

Empty Containers Arrived at A:As depicted orFigure - 4.47 the containers flowing on the
routes of C-A, B-A-C and B-A are arriving at the destion harbor. The containers arriving at
the destination harbor are unloaded by the C7A unloadingecrdnloading operations are
simulated with “C7A Unloading Empty Container Rate at Alie containers on B-A-C route are
going on flowing, because harbor A is not the destinatarbor of B-A-C flow. The containers
going on flowing without being directed to the unloading ofi@na are demonstrated as B-A-C

on Figure - 4.47.
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Figure - 4.48
Empty Container Inventory in Harbor C

Empty Container Inventory at C:Figure 4-48shows the empty container inventory in harbor C
There are three main directions that the containerskaEpped from harbor C: C-A, C-B-A and
C-B route. The initial level of the empty containaventory in harbor C is 59,375 containers.
The desired inventory level is 60,000 containers. Empty cwrgaare shipped from harbor C
according to volume of the empty container transporatiemand sent by the other harbors. It
was explained that the volume of the empty contagigpments is determined by the other
harbors sending the empty container shipment demand.vdlbene of the empty container
shipment is determined by the discrepancy between theedesmid the current empty container
level of the harbor sending the empty container shippingaddnilhe harbor calculates that the
volume of the containers transported from the inlandot enough to close the gap between the
desired and the current empty container level in thebdmarit sends empty container
transportation demand to the other harbors. The engpttaimer shipments arriving are showed
as “Empty Container Flow to C-A”, “Empty Container Wido C-B-A” and “Empty Container
Flow to C-B”. Besides, harbor C sends demand to theeheases for empty container
transportation from the warehouses to the harborvohene of the demand is determined by the
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discrepancy between the desired and current level afrtipgy container inventory in harbor C.
Therefore; containers are transported from W1C and W2Ge harbor C by truck, by rail and
by barge. The empty container transportation from thendhia simulated with “Containers by
Truck from W2C”, “Containers by Barge from W2C”, “Contaiseby Rail from W2C”,
“Containers by Truck from W1C”, “Containers by Barge fromd@, “Containers by Rail from
W1cC”.

Harbor C receives demand for freight transportatiowels The planning facility is done and the
number of the containers required for this transportaisocalculated and the containers are
stuffed and filled. The stuffing operations are demotetravith “Filling Rate C-A Route”,
“Filling Rate C-B-A Route” and “Filling Rate C-B Routeh Figure - 4.48.

Direct C-A Eoute
Filling Rate
Filling Rate
Route C-B-A
Filling Rate Route C-B

C 2 C Loading Rate

C 3 C Loading Rate

C 4 C Loading Rate

Full Container Inventory at C

Figure - 4.49
Full Container Inventory in Harbor C

Full Container Inventory at C:Figure - 4.49depicts the full container inventory in harbor C.
This stock shows the number of containers having beefedtahd waiting to be loaded to the
ships. The stuffing operations are done according to #msgortation directions. The stuffing
operations are simulated with the inflows of “DirectACRoute Filling Rate”, “Filling Rate
Route C-B-A”, “and Filling Rate Route C-B”.

The stuffed containers are loaded to the ships by thenlpaanes of C2C, C3C and C4C

Loading Cranes.
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Figure - 4.50
Full Containers Shipped from Harbor C

Full Containers Shipped from CFigure - 4.50depicts the full containers shipped from harbor
C. This stock shows the loaded containers on the wdlgetio destination harbor. The stuffed
containers being sent to the routes of C-A, C-B-A @rAH are loaded by the loading cranes of
C2C, C3C and C4C Loading cranes. The containers shippebdefalirection of C-A simulated
with the flow of “Full Container Flow Rate from © A”. The containers shipped for C-B-A
route cohere with the containers on C-B route ama tbgether between harbor C and harbor B.
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Figure - 4.51
Empty Containers Shipped from C
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Empty Containers Shipped from CThe empty containers loaded are shipped to two main
directions. Empty containers shipped to C-B-A and C-Bdflions are simulated with the flow of
“Empty Container Flow Rate from C to B”. This flow laodes two flows: C-B-A and C-B.
The flow of C-B-A takes number “2” in the array divisjoand C-B takes number place as

number “3” in the array division.
The containers sent to the C-A direction is simwaatath the flow of “Empty Container Flow

Rate from C to A”.

C 4 C Unloading Rate Full Containers Arrived at C

A

C'5 C Unloading Rate

F 3

Direct Full Container Rate
from B-C

C & C Unloading Rate (&-B-C,BC)
cz ., 33

¥ 3

F 3

B-AC,AC)
13

1,

Full Contamer Flow
Direct From A to C

Figure - 4.52
Full Containers Arrived at Harbor C

Full Containers Arrived at C:Full containers shipped from the origin harbor and arghat their
destination harbor are unloaded by the unloading cranes otlJdit@ding, C5C and C6C. The
unloading operations are simulated with “C4C Unloading R&a@5C Unloading Rate” and
“C6C Unloading Rate” oifrigure - 4.52

The containers shipped for A-B-C route combine with thetadoers shipped for B-C route.
Therefore, the flow of “Direct Full Container Rdtem B-C “is consisted of two flows.

The containers shipped for B-A-C route combine with tbatainers shipped for A-C route.
Although the flow of “Full Container Flow Direct frorA to C” is consisted of two flows this

combination takes as number “1” in the array divisiotha flow.
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Figure - 4.53
Unloaded Full Containers in Harbor C

Unloaded Full Containers at CThe unloaded full containers are sent to the inland warelous
of W1C and W2C. There are three transportation modesemading the full containers from
harbor C to the inland. Each transportation mode’s dgphaits and transportation time are
showed orfFigure — 4.10 Each outflow orFigure - 4.53simulates the containers transported by

each transportation mode between harbor C and thénauzses.
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Figure - 4.54

Empty Container Inventory of Warehouse 1 at C

WI1C: Figure — 4.54 shows the empty container inventory of warehouse 1 afTke initial
empty container inventory level of Warehouse-1C is 7,000agmars. Containers are arriving at
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harbor C by three different transportation modes andtagmers are leaving from the
warehouselC to harbor C by three different transportatiodes.

Harbor C sends demand for empty container transportibom the warehouses to the harbor.
The volume of this demand is determined by the discrepbatween the desired and current
level of the empty container inventory in harbor C. Ef@re; containers are transported from
W1C to the harbor C by truck, by rail and by barge. Thigitiacs simulated with the variables
of “Inland Container Rate at C From Warehouse 1 C Byg®a “Inland Container Rate at C
From Warehouse 1 C By Rail “, and “Inland Container RatéC From Warehouse 1 C By
Truck”. Transportation time by barge from Warehouse-1 Ratbor C is 10 days, transportation
time by truck is 3 days and transportation time by rd&l agays.

It is assumed that the container company has 50 magmtskto whom 10 containers delivered
everyday constantly. The container delivery facility ssnulated with “Container Client
Borrowing Rate at W1C”. The client can keep the coetaifor 4 days. Four days later after the
delivery, the containers are returned back to the compEmgrefore, there is a flow of the
containers returning from the clients. This facilgysimulated with “Container Returning Rate at
W1cC”.

Contamer Returning Rate W1C
<
-+

Containers at Clients at W1cC

Container Client
Barrowing Rate W1C

Figure - 4.55
Containers at Clients at W1C

Containers at Clients at W1CThis stock depicts the number of the containers being kefhteby
clients. The inflow of this stock is the containers d&=kd to the clients and the outflow of the
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stock depicts the containers returning back to the compadtgys later after the delivery. As

explained previously, the time that a container can pelixea client is maximum 4 days.
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Figure - 4.56
Empty Container Inventory of Warehouse 2 at C

W2C: Compared to the other warehouségrehouse-2C at C has a different characteristias. Th
containers filling their life span must leave the systard must be disposed. It is assumed that
the container life time is 10 years. Everyday 77 coetaiare disposed according to the life time
of a container.

The containers need to be repaired are sent to répaiassumed that 0,0002665 per cent of the
whole container inventory that the company has aretedrd repaired everyday; i.e. everyday 75
containers are sent to be repaired, and in total, ewe s containers are leaving the container
inventory of the company due to the disposal or repair. rEpair and disposal facility is
simulated with the flow of “ Repair, Leasing and CormtRate at W2C”. Moreover, the initial
inventory level of W2C is 6,848 containers, and the desimeehtory level is 7,000 containers.
There is a gap between the desired and current emptyireniaventory level, containers are
leased or interchanged; therefore, a leasing and istegahg site is built here.The daily capacity

of leasing or interchanging is 250 containers per day.
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Harbor C sends demand for empty container transportibom the warehouses to the harbor.
The volume of the demand is determined by the discrepbeivwyeen the desired and current
level of the empty container inventory in harbor C. Ef@re; containers are transported from
W2C to the harbor C by truck, by rail and by barge. Thigitiacs simulated with the variables
of “Inland Container Rate at C From Warehouse 2 C Byg®a “Inland Container Rate at C
From Warehouse 2 C By Rail , and “Inland Container Raté€C From Warehouse 2 C By
Truck”. Transportation time by barge from warehouse-2 Gatbdr C is 10 days, transportation
time by truck is 3 days and transportation time by rd&l agays.

It is assumed that the container company has 50 magmtsko whom 10 containers delivered
everyday constantly. The container delivery facility ssnulated with “Container Client
Borrowing Rate at W2C”. The client can keep the coetaifor 4 days. Four days later after the
delivery, the containers are returned back to the compEmgrefore, there is a flow of the

containers returning from the clients. This facilgysimulated with “Container Returning Rate at
wacC”.

B
L

7 M, B9 ST Jaequo )

Container Client
Borrowing Rate W2

Containers at Clients at wW2C

Figure - 4.57
Containers at Clients at W2C

Containers at Clients at W2CThis inventory depicts the containers being kept by thetslie
There are two main flows: the containers delivered ¢ocifents are demonstrated as an inflow

and the containers returning back to the company 4 daysaf&te the delivery are demonstrated
as an outflow offrigure - 4.57.
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Ceorruption Rate of Containers
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Total Contawler Inventory

Containier Buying Rate

Figure - 4.58
Total Container Inventory

Total Container Inventory:Figure - 4.58depicts the total number of the container inventory of
the company. This inventory is created according to the tataiber of the containers the
company has in the inventories on land A, B and C.ds®&imed that a container life time is 10
years; therefore 77 containers are being disposed dksly. containers are bought to keep the
container inventory at the desired level. The initiakleof “Total Container Inventory” of the
company is 281,605 containers. The desired level of the inveist@B81,605 containers. 77 new
containers are bought daily. The buying facility is showsdContainer Buying Rate” and the
disposal facility is showed as “Corruption Rate of taoers”

There are three more stocks created for the sironlatodel:

o Interchanging Site at A

o Leasing Company at B
o Interchange & Leasing Site at C

These stocks are exogenous and we don’t have controttmem; these stocks are used just to
supply our stocks that we can manage.
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4.6 Modules

Until now, the dynamic container flow structure ieated; i.e. the network the containers
flowing in is built. In this part the conditions confiniige empty and full container flows are
created. The modules of harbor A is exemplified andagxgd. Mainly, 12 main modules are
built for each harbor:
o MODULE-1 Calculating Number of the Containers Required forRbenand for
Freight Transportation.
o MODULE-2 Empty Container Loading Pre-Planning at Harbor A
o MODULE-3 Full Container Loading Pre-Planning at Harbor A
o MODULE-4 Ship Capacity Effect on Full Container Loading Planning
o MODULE-5 Full Container Unloading Planning
o MODULE-6 Empty Container Unloading Planning at A
o MODULE-7 Filling Rate Planning at Harbor A According to the Ship Caga
Equipment Capacity and Work Capacity (Resource Planning at A)
o MODULE-8 Harbor Productivity Module
o MODULE-9 Idle Container Ratio
o MODULE-10 Empty Container Ratio
o MODULE-11 Network Module at Harbor A (Number of Ships Arriving &
Departing)
o MODULE-12 Inventory Level Effect on Transportation Selection ddoat
Harbor A

4.6.1 MODULE-1 Converting the Demand for Transportation into Number Gbntainers

The demand for freight transportation is classifiedoading to the locations or shipping
directions of the deliveries. There are 3 shipmentters originating from harbor A: A-C, A-B

and A-B-C; therefore 3 sorts of demand for freight $pamtation are received at harbor A. The
total demand for the freight transportation is the cawed value including the demand for
transportation to three shipment directions from hafoo The demand for freight transportation
is received as tonnage, a planning facility begins toutate the number of the containers

required for the transportation. IMODULE-1 the demand for transportation received in
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tonnage is converted into the number of containers ditgpto the container maximum carrying
and dimensional capacity.

It is assumed that, the company is shipping all tbalfit with 40" containers. The maximum
tonnage that a 40" container can carry is 30,480 kg and maxa®uni equal staff can be loaded
into a 40 container. See Chapter-2, 2.3.1Container Classifications and Capacity
Qualifications)

The demand in tonnage is converted into the number o&ioens according to the maximum
carrying capacity of a container and this calculatisrsimulated with the variable of “Number of
Containers According to Tonnage from A for ... Route”.eTthemand for transportation is
converted into m3 unit according to the stowage fa@wwage factor of any commodity is the
number of cubic feet (cubic meters) which a ton of tlmhmodity will occupy in stowage.
Converting the demand for freight transportation intoumgt is simulated with the variable of
“Total Demand in m3 for .... Route”. The value in m3 unitcisnverted into the number of
containers according to the maximum dimensional capatia 40" container and this calculation
represented by the variable of “Number of Containers Ating to m3 to ... Route”.

Firstly, the total demand for freight transportatisnconverted into m3 and tonnage. Secondly,
these two values converted into the number of contaareasrding to the container carrying and
dimensional capacity. Consequently two different valaess calculated. These two values are
represented by two variables of “Number of Containersofging to Tonnage from A for ...
Route”, “Number of Containers According to mé to ... Rdute

It would be useful to exemplify what these two varialdee indicating: “If you are planning to
send this amount of freight according to the dimensionzdaty of a container, 100 containers
are required and for the same transportation 80 corgaarerrequired according to the weight
carrying capacity of a container.” The final decisiontfie number of containers required for the
transportation is the maximum of these two values. &Vitile transportation requires 80
containers according to the carrying capacity of aainet, if the same transportation requires
100 containers according to the container dimensionalctgp# means that the freight is not
heavy but it requires more space. The calculation obgsihg the maximum value is done with
the variable of “Indicated Number of Containers to ..The number of the containers required

for the transportation is determined, each containemsght is calculated. Tracking each
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container’s weight is conducive in tracking the totalgheiloaded/unloaded by each crane while

calculating the productivity of the harbor.

4.6.2 MODULE-2 Empty Container Loading Pre-Planning at Harbor A

The harbors are sending empty container transportdgamand to each other according to the
discrepancy between the desired and the current leeshpty container inventory in the harbor.
As mentioned previously, there are three main empty oantanventories in three harbors of A,

B and C. Each container inventory has 59,375 containeiallinitThe desired level of each
empty container inventory is 60,000 containers for harbhoB And C. In the model, additional
variables of “Effective Empty Container Inventory at, AEffective Empty Container Inventory
at B” and “Effective Empty Container Inventory at Qeecreated. Effective empty container
inventory is the inventory which the containers being exgoetd arrive in the next three day
period included to. All the containers being expected tweafrom inland inventories and from
the other harbors are included to this amount.

It is assumed that if a container flow arrives &t larbor, the next three days the same volume of
container flow from the same directions is expediedarrive; thus the expected amount of
container arrival is the three times multiplied antoafithe daily arrivals. These calculations are
represented with the variables of “Effective Empty @aorer Inventory at A (Included 3 days
Containers on the Way)”, “Effective Empty Container dntory at B (Included 3 days
Containers on the Way)” and “Effective Empty Contaiheventory at C (Included 3 days
Containers on the Way)".

In MODULE-2, the volume of the demand for empty container shipsnémtm the other
harbors is calculated according to the gap between #s&red level of empty container
inventories and the effective empty container levélse(volume of the containers arriving in 3
days is included). For instance, “Empty Container Demar-€ Direct Route at A” is the gap
between the Effective Empty Container Inventory ain@ the desired level of empty container
level at C. Harbor C calculates the volume of tbetainers arriving in the next 3 days and adds
this amount to the current level of empty container inmgntand after that harbor C calculates
what is the gap between the desired level and the ceddudamount. There is a gap, harbor C
sends empty container demand to the other harbors. “Empttai@er Demand to A-C Direct
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Route at A” depicts that harbor A received this emptyt@imer demand from C and according to
that demand harbor A is sending empty containers to h&b®he same calculation method is
applied to the other routes of A-C and A-B-C. “The Té&mpty Container Demand at A” is the
total value of the empty containers shipped for three tabires

As explained previously, Crane-1 is allocated for loadingetimpty containers and its loading
capacity is 250 containers per day. While planning the nunflibe @mpty containers to ship, if
the volume of the total empty container demand for eroptyainer shipment is larger than the
capacity of Crane-1, empty container shipments aretegleor postponed. The rejection or
postponing is done according to the priority of the rewatethe harbors. Each harbor has its own
priority for shipping directiondSee Chapter 4, 4.4.6 Container Transportation Routes Between
the Harbors) For instance, the®Ipriority in harbor A is route A-C, the"®priority is route A-B
and the last priority is route A-B-C. It means thathere is a gap in empty container loading
capacity, some empty container shipments are rejeetestly, the demand for the route A-C is
shipped. Secondly, the empty container shipment demandudte A-B is fulfilled according to
the remaining empty loading capacity of Crane-1 andylas empty container shipment
demand for the route A-B-C fulfilled if Crane-1 has eynpdntainer loading capacity.

Crane-1's empty container loading capacity is 250 coettaiper day. For instance, the demand
for empty container shipment for A-C direction is 150 eowdrs and for A-B direction the
demand for empty container shipment is 120 containergrtipty container shipment for A-C
direction is fulfilled firstly; because shipment ditien of A-C has the L priority. The empty
container shipment for A-C direction is fulfilled, ethemaining empty container loading capacity
of Crane -1 is 100 containers. (Crane-1 Empty Containedibg Capacity — Volume of the
Shipment to A-C Direction). Although the demand of emptgtainer shipment for A-B route is
120 containers, 100 empty containers of 120 empty contaimemsht demand can be fulfilled
due to the remaining loading capacity of Crane-1. This eamebarded as a reduction or a
selection in the demand the company received for empitaic@r shipments. The volume of the
empty container shipments after the elimination is igreed by the variables of “Effective ....
Route Empty Container Demand”. Each Effective valuethef demand for empty container
shipment is sorted according to its shipping directiome“Effective Demand” can be regarded
as the volume of the empty container shipments accdptette company for each shipping

direction. Each accepted volume of empty container sippns converted into a ratio according
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to Crane-1 empty container loading capacity and Craneyityecontainer loading capacity is
allocated among the three routes.

The excessive empty container loading capacity is Gkedillaccording to the total effective
demand (Effective Demand for A-C+ Effective DemandAeB+ Effective Demand for A-B-C)
and this excessive capacity is allocated among the otheofuainer loading cranes in the case
of a full container loading capacity gap.

4.6.3 MODULE-3 Full Container Loading Pre-Planning at Harbor A

One of the functions created in the simulation maglehlculating the harbor’s productivity. The
productivity of a harbor is mainly related to the throughgfuthe harbor; i.e. the total amount of
the freight or the total number of the containers l|daddoaded by the cranes. Each
loading/unloading crane’s productivity has a considerable ingrathe total productivity of the
harbor.

Crane-1 is allocated for empty container loading operatand Crane-7 is allocated for empty
container unloading operations. In a case of low emptyainer demand for empty container
shipments or low volume of empty container arrivalg;essive capacity occurs for the crane
allocated for the empty equipment loading/unloading. &oder the simulation model more
realistic, an excessive capacity function is added andceitisssive capacity can be used by the
other loading/unloading cranes. The utilization means@nahe-1 or Crane-7 has an excessive
capacity due to the low volume of loading/unloading enaptytainer operations, these cranes are
allocated for assisting in the full container loadingdawling operations. The utilization of
excessive capacity of Crane-1 or Crane-7 alleviates tmeleb of each full container
loading/unloading crane. While loading the empty containérere is low level of empty
container demand for shipment, Crane-1 finishes begrlier than usual. Therefore the crane is
allocated for assisting in the other full containeadimg cranes of Crane-2, Crane-3 and Crane-4
loading. The same allocation and appointment method s fdorCrane-7 as well.

The number of the containers loaded/unloaded for each sbighiection in each harbor is
calculated for tracking the productivity of each cranesides, the total weight loaded/unloaded
to each shipping direction by each loading/unloading craneaiculated. Therefore, a very
detailed classification is done to track how many coetai are shipped and arrived; how much
weight is loaded and unloaded according to each shippingtiditeand according to each

loading/unloading crane. Moreover, each utilization afessive capacity, each capacity gap for
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each direction and each capacity for each cranelassifted and tracked in detaMODULE-3

is built to make these detailed classifications andutations.

It is assumed that for each direction the “Init. Caya&llocated for A-C, A-B etc... Route” is
250 containers equally. The initial capacity gap and exeessipacity is calculated according to
the gap between the received demand for freight transportédr each route and the initial
capacity allocated for each direction. (For instatioe demand for freight transportation for A-C
is 200 container, the initial capacity allocated for ASC250 containers. 250 containers-200
containers = 50 container excessive capacity and O oentaitial capacity gap).

“Total Gap for Loading Capacity” is calculated by suttireg each route’s excessive capacity
from each route’s initial capacity gap and cumulatindhezadculated value.

For instance, the demand for freight transportationXe€ is 200 containers, for A-B 250
containers and for route A-B-C 300 containers. Forad#C (250-50 = 50 container excessive
capacity and O container initial capacity gap. For R&ute, 250-250 = 0 container excessive
capacity and O container initial capacity gap. For A-B250-250 = 0 container excessive
capacity and O container initial capacity gap. Total GiEp Loading Capacity =
Max(0O<<container>>,((0+0+0) - (50+0+0)) =0 container.

Total gap for loading capacity is classified according dhipping routes and each route’s gap
is named as “Capacity Gap for Direct A-C Route”, “GapaGap for A-B Route”, “Capacity
Gap for Direct A-B-C Route” etc...

The excessive capacity utilized by each crane is tracked ctassified, too. Therefore,
“Excessive Capacity C1A” is allocated among the shippingctions according to the capacity
gap of each shipping route. As mentioned previously, in eadiohthe shipping directions are
sorted due to the priorities. In harbor A, route A-Qizds the excessive capacity of C1A firstly
due to the first priority of route A-C, and due to the g8pcondly, route A-B utilizes the
remaining excessive capacity of C1A and lastly route-8-Baving the % priority utilizes the
excessive capacity of C1A.

The function generated MODULE-1 is enabling us to track each container’s weight accgrdin
to each shipping direction. After the excessive capasillocated among the loading cranes,
this utilized amount is converted into tonnage. To itatst if there is 150 container excessive
capacity of C1A, and if 30 containers of this capaciglliscated for route A-C, 45 containers for

A-B and 75 containers for A-B-C route and if the avenageht of the containers being shipped
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to A-C direction is 20 ton, the average weight of ¢batainers shipped to A-B direction is 25
ton, and if the average weight of the containerpped to A-B-C is 30 ton, C1A loads 20
ton/container*30container for A-C route, 25 ton/corgaitd5 container for A-B route and 30
ton/container *75 container for A-B-C route by assisiimghe loading cranes of C2A, C3A and
C4A Loading. Variable of “Excessive Container Capacitylizéd from C1A by each loading
crane” demonstrates the excessive capacity utilized €am by each loading crane as number
of containers in <<container>> unit and the variabléEodcessive Capacity Utilized of C1A by
each loading crane as tonnage” denotes the same vakitbanage; i.e. in the unit of <<ton>>.
Explaining the variable of “Filling Gap at A” would be chtive to understanMODULE-3.
Previously it was explained that some container shipsnentere rejected according to the
capacity constrictions. The rejection and eliminatisndone, the filling operations begin.
“Desired Filling Rate at Harbor A” denotes the volumehe demand for container shipments
before the elimination is donésee MODULE-7)

There are three main factors affecting the “FillingeRait A According to the Crane Capacity and
Demand”:

o Filling Capacity from Work and Equipment at A
o Effective Filling Capacity from Empty Containers
o Effective Total Full Container Capacity at &ee MODULE-7)

“Filling Rate at A According to the Crane Capacity andniand” is the minimum value of
“Filling Capacity from Work and Equipment at A", “Effee¢ Filling Capacity from Empty
Containers” and “Effective Total Full Container Capypeait A”.

“Filling Capacity from Work and Equipment at A” is thapacity constricted by the number of
filling stations, number of working days and each contditiing operation time.

“Effective Filling Capacity from Empty Containers” iset capacity constricted by the level of the
empty container inventory in the harbor.

“Effective total full container capacity at A” is thetal loading capacity that the excessive
empty container loading capacity of Crane-1 is includedcdBsive Capacity of Crane-1+
Crane-2 Loading Cap. +Crane-3 Loading Cap. +Crane-4 hga@ap.) By cumulating the
received demand for freight transportation for each yab&e“Total Demand at A” is calculated.
( Demand for A-C+Demand for A-B+Demand for A-B-C). TVariable of “Total Full Container
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Loading Capacity at A” is calculated by cumulating elxdding capacity of Crane-2, Crane-3
and Crane-4, “Total Loading Capacity Gap at A” is the lgajpwveen the “Total Demand at A”
and the “Total Full Container Loading Capacity at A'there is a gap in total loading capacity
and if there is an excessive capacity of Crane-1 engottainer loading crane, the full container
loading system reduces its full container loading gap lyguthis excessive capacity. After
utilizing this excessive capacity the loading capacity irsgeand the full container loading gap
declines. “Effective Total Full Container Capacity ati#’the full container loading capacity that
Crane-1 ‘s excessive loading capacity is included.

“Filling Gap at A” is the gap between the “Desired FilliRgte at Harbor A” and the “Filling
Rate at A According to the Crane Capacity and Demanel’;this gap denotes the volume of
shipments rejected due to capacity restrictions in thiohaihe elimination for shipments is
done according to priorities of the shipment directidhshere is a gap, i.e. if some shipments
have to be eliminated, the elimination begins with theal® for transportation which should be
shipped to the harbor having the last priority. This catooh is a kind of gap allocation. If there
is a gap in loading capacity, the gap is allocated acaptdirthe shipment direction priorities.
Route A-B-C has theBpriority in harbor A. Therefore, if there is a gap imtiner loading
capacity, the elimination begins with route A-B-C. &adly, if there is still a gap, then the
remaining gap is allocated to the route having the secoadtypriLastly, the remaining gap is
allocated to the route having the first priority. Thitca&tion has the main purpose of rejecting
or postponing minimum volume of demand of shipmentHerrbute having the first priority.
Effective demand is the demand after all the calculatiand planning, eliminations and
rejections are done. “Effective Demand” is calculdigdubtracting the volume of the rejected or
the postponed demand from the initial demand of eacbtdire The demand in initial state for
each route is converted into a ratio. The rejectedostponed demand is calculated as a ratio,
too. “Ratio Utilized from A-B-C Route”, “Ratio Utilizefom Route A-B”, “Ratio Utilized from
Route Direct A-C” denote the rejected amount of theat&thas a ratio.

Consequently, Effective Demand A-B-C” is equal to ‘DegiContainers to Be Filled at Harbor
A*('Ratio of Demand A-B-C'-'Ratio Utilized from A-B-Route).
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4.6.4 MODULE-4 Ship Capacity Effect on Full Container Loading Plamg

Firstly, the number of containers and their averag@ghteis calculated according to each
shipping direction. Secondly, the empty container shiprp&m is done according to the empty
container shipment demand sent by the other harbornslly;Hihe full container loading is done.
In MODULE-3 the demand for freight shipment was reduced by rejectingostponing some
shipments according to the capacity limits and restrsti&cven though having the capacity to
fill the containers, if the company doesn’'t have enoogllihg capacity to load the containers to
the ship, the company doesn’t accept the amount that chenoaded to the ship. That is to say
that the company doesn’t keep full containers on theagueitterminal. The company accepts the
demand that can fill into the containers and load tskies on the same day.

In MODULE-4 one capacity constriction is added to the model. Uati,nthe capacity from
work and equipment, the loading capacity of the cramek the level of the empty container
inventory in the harbor had caused constrictions offiltimg and loading operations. Capacity of
the ship berthing at the harbor is creating anothenagstr on the model witiMODULE-4.

It is assumed that all the ships sailing and berthing inribeel have 3,000 container capacity.
As explained before, on each harbor there are the#e shipping directions.

While harbor A is the origin harbor for the shippingediion of A-B-C, B-C is the continuation
shipping direction of A-B-C. Firstly, in harbor A tllemand for empty and full container
shipments is loaded to the ship sailing for the directioA-B-C. Harbor A is the origin harbor
of route A-B-C. While loading the demand to the ships,dapacity of the ship has a restriction
on the loading operations and the loading operationdare according to these capacity factors
in the origin harbor. When the ship sailing from the ro#tB-C berths at the harbor B, the
number of the containers that can be loaded to the shigharbor B is confined with the
remaining capacity of the ship loaded in the harbor AHerrbute A-B-C. If 1,000 containers
were loaded to the ship for A-B-C direction in harboraAgd if the sailing time is 17 days from
harbor A to harbor B, the capacity of the ship thatdbntainers can be loaded in harbor B is the
remaining ship capacity of A-B-C loaded in harbor A with7aday delay, i.e. the ship which has
2,000 remaining container loading capacity sailing from hafbis the capacity that can be used
17 days later when the ship berths in harbor B. Thexefodelay information function of 17 day
delay is created for this assumption.
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In MODULE-3 the demand for freight transportation was reduced ajustad according to the
crane, work and loading capacities and the adjusted wafrthe demand for freight shipment
was named as “Effective Demand ...” If the loading takasgyon the origin harbor, for instance
for A-B route in the harbor A, the variable of “Capg Allocated for Full Containers for A-B
Route After Ship Capacity Calculation” compares thealde of “Effective Demand A-B” to the
variable of “Ship Capacity Graph for A-B Route” and “Capaéllocated for Full Containers
for A-B Route After Ship Capacity Calculation” is theinfmum value of this comparison.
“Capacity Allocated for Full Containers for A-B Routdter Ship Capacity Calculation” is the
final decision in the number of filling and loading full ¢aimers. The variable of “Full Container
Capacity Allocated for A-B Route” is exactly the sanagiable of “Capacity Allocated for Full
Containers for A-B Route After Ship Capacity Calcwatithat named differently.

After the final calculation is done for the full comter loading operations, a planning for the
empty container loading operations begin. NMODULE-2, the pre-planning for the empty
containers was done. The calculated pre-planned variatdes named as “ClA Capacity
Allocated for A-B-C Route”, “C1A Capacity Allocated fé+-B Route” and etc... IMODULE-4
the ship capacity effect and the empty container leffecteon the empty container loading
operations are created. The full container loading ptenis done the remaining capacity of the
ship is allocated for the empty containers. Another pyiois created here. Shipping full
containers is our priority and then the demand for eroptytainer transportations is shipped
according to the remaining capacity. The variable of “®emg Ship Capacity for Empty
Containers for A-B Route” is calculated by subtracting number of the full containers loaded
to the ship from the “Ship Capacity”. The variable of p@aity Allocated for Empty Containers
for AB Route After Ship Capacity Calculation” compareg tariable of “Remaining Ship
Capacity for Empty Containers for AB Route” to theiable of “C1A Capacity Allocated for A-
B Route” and chooses the minimum value. The remainipgay of the ship for the empty
containers is smaller than the pre-planned “C1A Capailibcated for A-B Route” another
elimination for the demand for sailing empty containerdane by reducing the empty container
demand for transportation according to the remainingppcity.

The effect of the empty container level on empty ametr planning which is created as a table
function in MODULE-7 is used inMODULE-4. The effect of the empty container inventory

level on empty container loading is named as “EffecEpfpty Container Inventory at A on
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Shipping Empty Containers to the Other Harbors”. The grophtainer inventory declines to a
critical level, the empty container shipment is reduced.
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The Effect of the Empty Container Level On Empty ConteirPlanning

As demonstrated ofigure — 4.59the empty container inventory level declines to 80%, the
empty container shipment is reduced 20%. The empty contsimement is reduced to 70%,
50%, 20% and to 10% according to the empty container invefaeey. If there is no empty

container in the inventory, no empty container shipngedbne.

4.6.5 MODULE-5 Full Container Unloading Planning

MODULE-5 is consisted of two sub-modules: “Full Container UningdPre-Planning at Harbor
A”, “Full Container Unloading Planning at A” (According tihe Expected Full Container
Arrivals)

The full container loading planning is done, the empty eéoatdoading planning begins. As
explained before, Crane-5 and Crane-6 have an unloadingityaph250 containers per day.
Capacity of “Crane-4 Unloading” crane is equal to the ssiwe capacity of Crane-4 loading.
Therefore, calculating the excessive loading capasityonsiderably important. In the second
sub-module, the unloading capacity of each unloading cimr@librated according to the

expected arrivals of full containers. The capacitgcated for each crane is reduced once more
by this calibration.
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In the part of 4.2.3 it was explained that all the burdehexcessive capacity is shared equally
among the cranes. “Total Full Container Loading CapaatitA” is calculated by cumulating the
three loading cranes’ capacities. “Allocated Total LingdCapacity at A” is calculated by adding
the excessive capacity of Crane-1 empty containelirigad the “Total Full Container Loading
Capacity at A“. As explained previously this was the ptedontainer loading planning phase.
The ship capacity, work and equipment capacity were tekenconsideration, and the demand
was reduced or adjusted according to these capacity fatfotal Excessive Loading Capacity
is calculated by subtracting the adjusted final loadiqacy from the “Allocated Total Loading
Capacity at A” and this excessive capacity is allocatedllgqgaimong the three loading cranes
once more to determine the Crane-4 unloading capacity.eXtessive capacity of Crane-4 is the
C-4 Unloading crane’s unloading capacity.

“Total Full Container Unloading Capacity at A” is thenawiated capacities of Crane-4 unloading
capacity, Crane-5 and Crane-6 unloading capacity.” Totalbdumf Full Containers Expected to
Arrive at A” denotes the expected total number of fudhtainers from the other harbors.
“Unloading Capacity Gap at A” is the gap between thesevaviables. Moreover, the excessive
capacity of crane-7 is calculated according to the naelwf the empty containers expected to
arrive and according to the capacity of C-7 empty loadirape. Crane-7 has an excessive
capacity, “Unloading Capacity Gap at A” is reduced by uhlizithe excessive capacity of
Crane-7. Variable of “Utilized Excessive Capacity fromAddy Unloading Crane” fulfills this
function. The excessive capacity of Crane-7 is alestaqually among the unloading cranes.
“Total Extra Capacity Used for Each Crane for Unloadipgeration at A from C7A “denotes the
allocated excessive capacity of Crane-7 among the threadin§ cranes. The equally shared
capacity is added to each unloading crane’s unloading capabéeffective unloading capacity
of each crane is created by adding the equally sharedseseeapacity to the unloading capacity
of each unloading crane.” Effective C5A Capacity”, “Etige C6A Capacity”’, “C4A Effective
Unloading Capacity after Excessive Capacity Utilizdtiare the effective capacity variables of
each unloading crane in the harbor A.

In the second sub-module of Full Container Unloadirapfhg at A (According to the volume
of expected full container arrivals), the expectedundd of full containers to arrive and the
excessive capacity of Crane-7 are classified accordingstigping directions. The each

classification due to the shipping routes are convertedatios. The ratios are created according
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to the “Expected Total Number of Arrivals”. In harborthe arrivals are expected from C-B-A,
B-A and C-A routes. The volume of the expected cortaamriavals from C-B-A takes place as
number “5” in the array divison of the C-B-A flow. “Ba of Expected C-B-A” is created by the
ratio of the expected amount of arrivals from C-BeAite to the “Expected Total Number of
ArrivalsTotal” which demonstrates the expected amotiatriava in total. The same calculations
are done for each container arrivals coming from eacival shipping route. The excessive
capacity of Crane-7 allocation among the three ardirattions is done according to the ratio of
each expected number of containers. For instance,% 8@ the total arrivals are the containers
from C-A route, the 30% of excessive capacity is atleddo the arrivals from C-A shipping
direction.

The effective capacity of each crane is classifiedoating to the shipping directions by
multiplying each ratio with the effective capacity otkainloading crane. Variables of “C5A
Capacity Allocated for C-A Expected Demand”, “C5A Capaddlocated for B-A Expected
Demand”, “C5A Capacity Allocated for C-B-A Expected Dmrd” denote the classification of
“Effective Capacity of C” according to the shipping routé®sr instance, “C5A Capacity
Allocated for C-A Expected” is calculated by “Demandi®atf Expected C-A” * “Effective C 5

A Capacity”. These calculations are done for eachadhfg crane and each of these varaibles

are the outcomes of the final container unloading planning.

4.6.6 MODULE-6 Empty Container Unloading Planning at A

In MODULE-6 the capacity of C-7 empty container unloading crandlasaded and classified
according the expected arrivals and shipping routesM@DULE-5 the excessive capacity
utilized from Crane-7 by each full container unloading craas tracked and classified according
to arrivals and the shipping directions. The same catsgam is done in MODULE-6 as well.
C-B-A, C-A and B-A are the directions that harbor eeeives containers from. The containers
arriving from C-B-A route takes place as number “2” in &hey division of “Empty Container
Flow Rate from B to A and C”. The containers arrivingni B-A route takes place as number
“6” in the array division of “Empty Container Flow fafrom B to A and C” and the containers
arriving from C-A route takes place as number “1” in &ngy division of “Empty Container
Flow Rate From C to A”. The variable of “Ratio offiected C-B-A at A”, is created by the ratio
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of the volume of the expected container arrivals ingnfrom C-B-A shipping direction to the
total volume of the expected empty containers cominm fedl three shipping directions. The
same calculations are done for each container &noraing from the shipping routes.(“Ratio of
Expected B-A at A” and “Ratio of Expected C-A at A”). & bapacity of Crane-7 is categorized
and allocated according to the shipping routes by multiplyirah ed these ratios with the
capacity of Crane-7. “Capacity of C7A Allocated to theé&cted Empty Container from CBA
Route” is the capacity of Crane-7 allocated for thetgrarrivals coming from the shipping route
of C-B-A. “Capacity of C7A Allocated to the Expected mnContainer from B-A Route” is the
capacity of Crane-7 allocated for the empty arrivaisicg from the shipping route of B-A and
“Capacity of C7A Allocated to the Expected Empty Comaifrom CA Route” is the capacity of
Crane-7 allocated for the empty arrivals from the shippoute of C-A.

Consequently, the full container loading, the empty doetaloading, the full container
unloading and the empty container unloading planning are done ifirsh six modules until

now.
4.6.7 MODULE-7 Filling Rate Planning at Harbor A

The demand for freight transportation is converted intolver of containers according to the
dimension and carrying capacity of a container Wl@DULE-1. “Order Receive Rate at A”
denotes the daily volume of the demand for the fretigintsportation received by the harbor. The
received orders are evaluated and a planning facility is ddmeevaluation and planning facility
takes 1 day. Variable “Container Planning Time at A” denttesplanning time. During this
time the full container loading, empty container logdifull container unloading and empty
container unloading planning are done and the demand is adjostee capacity limits of the
system. Some demands for transportation are reject@dstponed according to the capacity
factors. The filling rate is determined according to @adgisted demand. "Order Execution Rate
at A” denotes the number of containers loaded/unload#deinharbor. “Desired Received Orders
at A” represents the desired number of orders. The defoatdnsportation is exogenous.

The orders are received, a 1 day planning facility is doddlsncontainers are filled and loaded
according to the capacity limits. The stock of “Plan&mhtainer Orders to Transport at A”
represents the number of orders not fulfilled yetthis stock represents the orders rejected or

postponed.
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In MODULE-3, it is explained that the demand is accepted accorditigetoapacity factors; not
all the orders received can be fulfilled; therefosene shipping orders are rejected or postponed.
The capacity factors are:

o Filling Capacity from Work and Equipment at A

o Effective Filling Capacity from Empty Containers
o Effective Total Full Container Capacity at A.

It is assumed that there are 30 container stuffingpoa&in the harbor and the harbor works 24
hours. Each container “Filling Operation Time” is 0.01388889 dayt takes 20 minutes to fill a
container. “Filling Capacity From Work and Equipment ati®\2,160 containers per day.
Moreover, it is assumed that the level of empty doetainventory has an effect on container
filling and loading operations. The main idea is: the engaiytainer inventory is reduced to
some critical level, the container filling and loadiogerations slow down due to the critical
inventory levels. A non-linear effect is created with variable of “Effect Of Empty Containers

On Capacity”.
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Effect of Empty Container Inventory Level in the Harborndhe Container Filling Operations

Figure — 4.60shows thathe inventory level reduced 20% , the filling rate reduced afébsthe
inventory level declined to 60% of the desired inventoryljeate filling rate is reduced 20% and
etc... The variable of “Effective Filling Capacity fmoEmpty Containers” is created according to

the effect of empty container inventory level.
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“Effective Total Full Container Capacity at A” whiagé calculated by the total loading capacity
of Crane-1, Crane-2, and Crane-3 and Crane-4 loading |simeg in detail ifMODULE-3.

“Filling Rate at A According to the Crane Capacity andraead” is the minimum value of the
variables of “Sum Filling Capacity from Work and EquipmeantA”, “Desired Filling Rate at
Harbor A", and “Effective Filling Capacity from Empty @@iners”.

A kind filtration methodology is used while creating gimulation model. The demand and the
flows are reduced step by step according to the capasitjcteons; by this way the simulation
model is rendered more realistic step by step.

Consequently, “Filling Rate at A” is the minimum valok“Filling Rate at A According to the
Crane Capacity and Demand” and “Calculated Allocated Ggpadter Evaluating Ship
Capacity”. The ship capacity is applied as the lasticéstn to the filling rate.

The desired number of containers in the harbors isileaéd according to the area factors. It is
assumed that the average dwelling time of a containéO islays, and the stacking area is
determined according to each container's ground area astdgev stacking height. The peak

factor is assumed to be 0.75.
4.6.8 MODULE-8 Harbor Productivity

Harbor productivity is measured by two means:
o  The Productivity Calculated with the Cumulated Loaded/Utddal onnage in the Harbor

o  The Productivity Calculated with the Cumulated NumbeConftainers Loaded/Unloaded
in the Harbor.

The total freight loaded/unloaded by each loading/unloadingecsacalculated annually. The

annual throughput is calculated by two means: as numbeonvéiners and as tonnage. Each
container’s loaded/unloded freight is categorized accotditige shipping directions.

First of all, the cumulated number of loaded/unloadedjffteis calculated as unit of <<ton>>.

The excessive capacity utilization from the Crane-1 arah&7 is calculated by subtracting the
excessive utilized amount from each Crane of Cranerdanez3, Crane-4 loading, Crane-4
unloading, Crane-5 and Crane-6 and adding the utilized amoutiitet@rane the excessive

capacity utilized from. Exemplifiying this calculation wdube more conducive to understand.
For instance, the demand for empty container shiprnseb80 containers, and the full container
loading capacity gap of Crane — 2, Crane — 3 and Crane —4llg & containers. The excessive

102



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

capacity of Crane-1 is 120 container (Crane-1 Empty Cantdinading Capacity(250)-The
demand for empty container loading(130) = 120 container esiesesmpty container loading
capacity). The gap in the loading capacity is 60 contaifdrere is enough excessive capacity to
close the gap in the full container loading capacity dmd dystem allows the full container
loading cranes to utilize the excessive capacity. Moessive capacity utilized from Crane-1 is
totally 60 containers; i.e. each crane of Crane-2, €&Barand Crane-4 Loading utilizes 20
container loading capacity of Crane —1; i.e. Crane — 1 emdaach loading cranes’ burden 20
containers. In total, Crane-1 assisted in the full logdiranes by loading 60 full containers. If
Crane-1 excessive empty container loading capacity is @8taioers, it means that Crane-1
loaded 130 empty containers before. Crane-1 assisted adendocranes in loading 60 full
containers as well. Therefore Crane-1 loaded 130 (Emptyra@pContainers.

The “Cumulated tonnage by Crane 1 A Hatch” is catedleby each variable of “Excessive
Capacity of C1A Utilized A-B Route”, “Excessive Capg®f C1A Utilized by A-B-C Route”,
“Excessive Capacity of C1A Utilized by Direct A-C RoutéC 1 A Empty Container Loading
Rate at A” doesn’'t add anything; because “C 1 A Empty Comtdinading Rate at A” is an
empty container flow and empty containers are acceédtan. The only weight d loaded by
crane-1 is the weight when Crane-1 accomplishesobsearlier due to the lack of empty
container demand and when crane-1 is appointed to assist dbther loading cranes in sharing
their loading burden.

“Cumulated Tonnage by Crane 2 A Hatch” is calculateddmheontainer flow being shipped to
and by each container’s average weight. “C 2 A Loadiate'Ris the loading rate of Crane-2.
Crane-2 is loading and sending containers to threeeliffalirections: A-C, A-B and A-B-C. The
function enabling us to calculate each container'sages weight according to the shipping
direction is created iMODULE-1. To get the cumulated tonnage, the number of contagsat

to each direction are multiplied with each contds@verage weight. Moreover, if Crane-1
assisted Crane-2 in loading operations, i.e if Cranelizadiexcessive capacity from Crane-1,
the amount of the excessive capacity utilized by Craresiltracted from the total cumulated
tonnage of Crane-2 and added to the total cumulated tomfig@eane-1. All the other cranes’
total cumulated tonnage is calculated by the same mdtgdds explained previously, all the
excessive capacities and gaps are shared equally amoergutes. Therefore, excessive capacity
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utilized from Crane-1 by each loading container is catedl by dividing the total excessive
capacity by the number of cranes.

“Cumulated Tonnage by Crane 3 A Hatch” is calculateddmheontainer flow being shipped to
and by each container’'s average weight. “C 3 A Loading'Ra the loading rate of crane-3.
Crane-3 is loading and sending containers to threeeliffalirections: A-C, A-B and A-B-C. The
function enabling us to calculate each container'sages weight according to the shipping
direction is created. To get the cumulated tonnage,ntimber of containers sent to each
direction are multiplied by each container’s averag@t. Crane-1 assisted Crane-3 in loading
operations, i.e if Crane-3 utilized excessive capacttgnfCrane-1 , the amount of the excessive
capacity utilized by Crane-2 is subtracted from the miaiulated tonnage of Crane-2 and added
to the total cumulated tonnage of Crane-1. The sancellaibn is done for the Crane-4 loading
as well.

The “Cumulated tonnage by Crane 7 A Hatch” is caledldiy each variable of “Total Extra
Capacity Utilized for B-A Route fromC7A”, “Total Extr&apacity Utilized for C-A Route
fromC7A”, “Total Extra Capacity Utilized for C-B-A éute fromC7A”. “C 7 A Crane
Unloading Rate as tonnage” doesn’t add anything; because “@ildaded Empty Container
Rate at A” is an empty container flow and empty aowrs are accepted as 0 ton. The only
weight unloaded by Crane-7 is the one when Crane-7 acchepiis job earlier due to the lack
of empty container arrivals and when Crane-7 is appoimtexbsist the other loading cranes in
sharing their loading burden.

“Cumulated Tonnage by Crane 6 A Unloading Hatch “is cateal by each container flow being
shipped to and by each container's average weight. “C 6raneCUnloading Rate” is the
unloading rate of Crane-6. Crane-6 is unloading containemingo from three different
directions: C-A, C-B-A and from C-B. The functionadaing us to calculate each container’s
average weight according to the shipping direction rsated inMODULE-1. To get the
cumulated tonnage, the number of containers arriviogn feach direction are multiplied by
each container’s average weight. For instance, Crfassisted Crane-6 in unloading operations,
i.e if Crane-6 utilized excessive unloading capacity fromn€f7 , the amount of the excessive
capacity utilized by Crane-6 is subtracted from the miaiulated tonnage of Crane-6 and added
to the total cumulated tonnage of Crane-7. The sameallatitms are done for the Crane-4

unloading and Crane-5 as well.
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As for calculating the productivity of the harbor accogdito the number of containers
loaded/unloaded, “Cumulated Number of Containers by CrafdeHatch” is the cumulation of
the variables of “C 1 A Empty Container Loading Raté\gt” Excessive Capacity of C1A
Utilized A-B Route”, “Excessive Capacity of C1A Utilzeby A-B-C Route”, “Excessive
Capacity of C1A Utilized by Direct A-C Route”.

“Cumulated-Number of Containers by Crane 2 A Hatch'cadculated by subtracting the
variables of " Excessive Capacity of C1A Utilized A-BWRe”, “Excessive Capacity of C1A
Utilized by A-B-C Route”, “Excessive Capacity of C1A lited by Direct A-C Route” from
from total number number of full containers loaded bgr@r2.

“Cumulated-Number of Containers by Crane 3 A Hatcltakulated by subtracting the amount
of loading work done by Crane-1 from the total number bicfontainers loaded by Crane-3. As
explained previously, each excessive capacity utilizatioredsh loading crane is the loading
operation done by the Crane-1. Crane-4 loading crane’saarthroughput as number of
containers is calculated with the same methodology.

Crane-7 is assisting the unloading cranes of Crane-4 untpa@rane-5 and Crane-6 if there is
an excessive capacity of Crane-7 and there is a gap @ading capacity. To calculate the
cumulated annual throughput of Crane-7 unloading, the exceszpaxity utilized by each
unloading crane from Crane-7 is added to the total numbeomhiners loaded/unloaded by
Crane-7, i.e. “Cumulated Containers by Crane 7 A Hakshhe cumulation of the variables of
“C 7 A Unloaded Empty Container Rate at A”, “Total EBxCapacity Utilized for B-A Route
fromC7A”, “Total Extra Capacity Utilized for C-A RoaitfromC7A”, “Total Extra Capacity
Utilized for C-B-A Route fromC7A”".

The productivity of the harbor is calculated in two ddéfiet ways: the productivity calculated
with tonnage and the productivity calculated with the nunolbeontainers. While calculating the
productivity in the unit of “Ton” the number of containeage multiplied with “Tonnage Per
Container to ... Route”.

Loading cranes are installed on Hatch-1 and the unloadamgs are installed on Hatch-2. “Max
Container Loading Capacity of C 1 A” is calculated hyitiplying the daily maximum container
loading capacity with 365 (365 days), i.e it represents #@va@mum number of containers that
can be loaded by Crane-1 annually. “Max Container LoadeggaCity of C 2 A” and the other

loading/unloading crane’s annual maximum capacity is cakxila the same way. Each hatch’s
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annual loading/unloading capacity is calculated and nametMas. Container Capacity of
Hatch-1 A” and “Max. Container Capacity of Hatch-2 A¢carding to the annual maximum
loading/unloading capacities of loading/unloading cranes.

Total cumulated throughput of the harbor is defined by catimg each crane’s cumulated
annual throughput and named as “Cum. Annual Throughput as Nwhlé&ntainers at A”.
Moreover, each loading/unloading container’s cumulatesual throughput is divided by the
“TIME” and the average number of containers loaded/unloageshch loading/unloading crane
is defined and named as “Average Number of ContainerS fbiA per Day”, “Average Number
of Containers for C 2 A per Day” and etc...The cunadavalue of the average number of
containers loaded daily by each loading crane is naméduassber of Containers per HATCH 1
per day at A”. The cumulated value of the average numbeontainers loaded daily by each
unloading crane is named as “Number of Containers per HAPGier day at A”.

The ratio of “Number of Containers per HATCH 1 per agdyA” to the “Max Container
Capacity of Hatch-1 A” is the “Average Productivity ofra@es at HATCH-1 A as number of
Containers”.

“Average Number of Containers under operation per Hagclhday” is the average of “Number
of Containers per HATCH 1 per day at A” and “NumbeCohtainers per HATCH - 2 per day
at A”.

“Average Number of Containers per ship per day” is caledldy “ multipliying the “Average
Number of Hatches Working at A” by the “Average NumbéiContainers under operation per
Hatch per day”.

“Total Number of Ships Arrived Sailed at Harbor A” Isettotal number of ships sailed and
berthed in the harbor. Dividing the “Cum. Annual ThroughpuNamber of Containers at A” by
the “Total Number of Ships Arrived Sailed at Harbor Ahe average number of containers
carried per ship is calculated. Variable of “AverageoTighput per ship as Container” represents
this calculation.

“Average Service Time as number of Containers” iswdated by dividing “Average Throughput
per ship as Container” by “Average Number of Containerspigrper day”.

The ratio of each ship’s container capacity to théhetotal loading/unloading capacity of the
harbor gives us the maximum number of ships that carasdilberth to the harbor daily. The

variable of “Number Ships that can berth and sail per daptesents this calculation and
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“Occupancy Ratio” is the ratio of “Average Service Timg number of Containers” to the

“Number Ships that can berth and sail per day”.
4.6.9 MODULE-9 Idle Container Ratio

In MODULE-9 the idle ratio of containers is calculated. Theiag#ion is based on the idea: if a
container is moving it is doing its job; therefore, asglaas a container is moving it has a
productivity. But sometimes the containers are moving dall sometimes they are moving
empty. In the simulation model, the idle time is clted according to the both empty container
movements and according to the full container movésndiwo kinds of calculations are done
due to empty container movements and full container mews; but the policy development

phase and analyses are done according the full contameéements; i.e. the container flowing

full is assumed as productive while developing policies.

Firstly, the cumulated number of containers moved frbenthree harbors of A, B and C in a
specific period are cumulated. It is expected thatdhie of the number of the containers moved
(“Cumulated Number of Containers Moved from the thrsgbors”) to the total number of the

containers on the three harbors gives us how mantaioens are currently idle. The whole

empty container flows from three harbors are curedland named as “Cumulated Number of
Empty Shipped Containers” and the containers moved f@l amulated and named as
“Cumulated Number of Containers Shipped Full” and theatde of “Cumulated Number of

Containers Moved from the three Harbors” is createdumulating these two variables.
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It would be conducive to exemplify the assumptions inusatmg. To illustrate, there are three
container inventories A, B and C. Inventory A has 100 aasts, B has 300 containers and C
has 400 containers. The travel time between these onehtire showed on tifegure - 4.61 It

is assumedhat the system is in equilibrium. The daily demand fidB is 30 containers per
day, from B-C the demand is 50 containers/day and fromt@eAdemand is assumed to be 20
containers/day. Under these conditions, the dailytainers moving from each harbor is 10
containers per day and the system is in equilibrium.

Under these assumptions 1 container completes 1 cydé aays. In 10 days 100 containers
from A-B, 100 containers from B-C, 100 containers fromA @iove. In 1 cycle time of 10 days,
totally 300 containers movements occur. In 10 days 100 censaleave from A, 100 containers
leave from B and 100 containers leave from C. If weedlvide the total number of containers
shipped from each by the each container inventory, it detrates that 100 containers of
inventory A flowed in 1 cycle time of 10 days. 100% of thatamers at A are used according to
the ratio of 100/100, i.e. there is no idle container.at@® containers of 300 container inventory
B flowed in 1 cycle time, i.e 1/3 of the inventory flowadther 2/3 percent of the container
inventory of B is idle. As for inventory C, 100 containefghe inventory flowed, it means that
100/400 containers were not idle, and 300/400, i.e ¥ percemsanventory is idle. Inventory B
constitutes 300/800 part of the total inventory of A, B andh@ntory C constitues 400/800 of
the total inventory and inventory A constitutes 100/800 of oh&l inventory. As demonstrated
on Figure - 4.62the Idle Ratio of the system is calculated by cubtmdaeach idle ratio of

container inventory.

(1I-Number of Container Movements/Inventory A) Ratio of Inventory Idle Ratio

to the whole Inventory
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The cycle times were classified according to the sbghipping directions.See Chapter - 4,
4.4.1 One Container Cycle)rhe demand for freight transportation is received timtaioers are
shipped to a direction for delivery. As explained befe&ch shipping direction has a certain
cycle time. For instance, if a container is sent 8 Mirection, this container is expected to be
ready in the harbor 50 days later. If a containeemnt # the direction of A-B-C, this container is
expected to be back in 75 days. “Average Cycle Timearstistem” is calculated according to
number of demands for the freight transportation arel djxcle time of each demand. A
cumulated number of container days are calculated btiptying the volume of the demands
for transportation by the cycle time of each comaiior transportation route. Each direction’s
cumulated number of container days are named as “Cuedufiimber of Containers Flowing at
A”, “Cumulated Container Days for Full Flows A-C'Empty Containers Flows from B to C”
and etc...All these cumulated container days of eacherare cumulated once more and
“Cumulated Number of Container Days at A” is calcedthat Moreover, all the container
movements are cumulated for each harbor and namé@uansulated Number of Containers
Flowing at A”, “Cumulated Number of Containers FlowingBit “Cumulated Container Days
for Full Flows B-C”. Dividing the cumulated number aintainer days of each harbor by the
cumulated number of container movements of each hardwerage Cycle Time at A’
“Average Cycle Time at B”, “Average Cycle Time at @fe calculated. The average value of
these three values is the “Average Cycle Time in ystes”.

“Average Number of Cycles Per Full Container’b@&sed on the assumption that “Only a full
container moving is productive”. It represents the ratid@imulated Number of Containers
Shipped Full” to the “Total Number of Empty Containers the Harbors “. “Average Number
of Cycles Per Full Container” represents the ayeraumber of cycles completed by full
containers.

“Average Number of Cycles According to Both Full & Emptgrainers” represents the average
number of cycles calculated according to all contamervements regardless of a container
moving is full or empty. “Maxiumum Number of Cycles peyrfainer” represents the number of
maximum cycles that can be done according to the dedivedian.

“Average Productivity Level of Each Full Container” comgm the value of “Maximum
Number of Cycles per Container” to the “Average Nembf Cycles Per Full Container”. The

current number cycles done by full containers are cordpaceording to the maximum number
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of container cycles. This comparison represents therage productivity of a container
according to the full container movements.

“Average Productivity Level of Each Empty and Full Congglincompares the value of the
“Maximum Number of Cycles per Container” to the “Averdgember of Cycles According to
Both Full & Empty Containers”. The current number cgctione by both empty and full
containers are compared according to the maximum nuraber container cycles. This
comparison indicates the average productivity of a contaitmording to the both empty and full
container movements.

The productivity value indicates how many times a contav@s moved, i.e how much the

container is not idle.
4.6.10 MODULE-10 Empty Container Ratio

In MODULE-10, a simple ratio is created. It was explained thathiktorical data shows that the
empty container flow ratio is aronud 20%, i.e 20% of ¢batainer flows are empty container
movements. The cumulated value of empty movements t@tihe cumulated value of full and
empty container movements gives the “Empty ContairsioRPer Day”. “Cumulative Average

Empty Container Ratio” is the cumulation of dailyggncontainer ratio, i.e. it is the cumulation
of “Empty Container Ratio Per Day”; and “Average Em@ontainer Ratio” is the average value
of the empty container ratio. The empty containeiorsé represented with the variable of
“Average Empty Container Ratio” and all the analysesedl#o the empty container ratio are
done according to this variable.

4.6.11 MODUL-11 Network Module at Harbor A ( Number of Ships Aiirig & Departing)
_ DEPARTURE ARRIVAL

A-C C-A

HARBOR

A A-B C-B-A (2)

A-B-C B-A-C (1)

B-A c-B

B-C A-B
HARBOR
B

B-A-C A-B-C(1)

Cc-B-A 1)

Figure - 4.63
Shipping Directions and Arrivals in the Harbors
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Figure - 4.63represents the arrivals and departures in the harll®@&ULE-11 calculates the
cumulated number of ships arrived and departed in the hatbdrss study only the productivity
of harbor A is analyzed. Therefore, the assumptiodslamillustrations are based on harbor A.
The shipping directions include one or two berthings. igtance A-C shipping direction
includes one departure from harbor A and one berthing inléknation harbor of B. The ship
sailing for A-B-C direction departs from harbor A ribes at harbor B, sails from harbor B and
berths in its destination harbor of Harbor C; i.e simgmlirection of A-B-C includes 2 berthings.
Harbor B is the first berthing of route A-B-C. Berthiagthe destination harbor of C is the 2nd
berthing of route A-B-C. Shipping directions of B-A-C andB&A include two berthings as route
A-B-C. The numbers in the parenthesis in the shippingesorepresent the number of berthings.
For example, B-A-C (1) represents that the ship berthetkdirst berthing harbor of A; i.e now
the ship berthed at harbor A; but harbor A is not theirdegin harbor. The ships arriving at the
destination harbors are represented as number 2, for ex&@vptA (2), B-A-C (2) and etc...
C-B-A(2) represents that the ship berthed in its 2nd drarte. the ship is in its destination
harbor of harbor A.

In harbor A, there are 3 arrival shipping directionsd & departure directions. The departure
shipping directions are A-C, A-B and A-B-C. The arridakctions are C-A, C-B-A and B-A-C.
Route A-C originating from harbor A is the continuatiof route B-A-C. Route B-A originating
from harbor B is the continuation of route C-B-AouRe B-C originating from harbor B is the

continuation of route A-B-C.

O

Curnulated Number of Ships Sailed from B for

Ship Sail Ag Rate at B-A-C ROLte

Transportation Time
Between Harbor &
and B

3 5 1

Ship arrival Rate at Cumulated Mumber of Ships Arriving at A for
B from B-A-C #-C [REuEE

Figure - 4.64
The number of Ships Sailed and Arrived (Route B-A-C is Exdifigal)
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Figure - 4.64shows the calculation of the number of the shipsngaitom B-A-C and arriving at
harbor A.Harbor A is the origin harbor of the shipping direct@nA-B-C. The ship is loaded
with the freight for A-C shipping direction at harborafad sails. The remaining capacity of the
ship loaded at harbor A for A-B-C direction determinies volume of the freight that can be
loaded at harbor B for B-C direction. The capacitytled ship berthing at harbor B for B-C
direction is the remaining capacity of the ship loadedadtdr A with a 17 day delay.

The ship sailing from harbor B for the route B-A-C g 17 days later at harbor A to load the
freight for A-C route from harbor A. After the loadiroperations the same ship sails for A-C
route from harbor A. It is assumed that the shipirgaifrom harbor B for B-A-C is the ship
berthing 17 days later at harbor A to sail for A-C rofuten the harbor A. The assumptions in
calculating the number of the arrivals and departuréseitarbors are exemplified and simulated
in a simple way. The travel time is assumed as 4 daythe simplified simulation on
Figure - 4.64while the travel time from B to A is 17 days in the reahditions. It is assumed
that everyday 1 ship is sailing from harbor B; i.e. th sailing from harbor B arrives at the
harbor A on the 8day. On the second day th¥ ghip is sailing from the harbor B and this ship
arrives at the harbor A on th& @lay. The ship arrived at harbor A is the ship sailed 4 dgp
from harbor B.Figure — 4.65justifies that the methodology in simulating theuasgtions of the

arrivals and sailings in the harbors is realistic angtassful.
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Figure - 4.65
Analysing the Simple Simulation Model Built on Figure —4.8dr the Assumption for Calculating the
Number of Ships Arrived and Sailed in the Harbors.
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“Ship Capacity Graph of Ships for B-A-C Route” is createdording to the assumption of each
ship has a 3,000 container-carrying capacity. Containerfaded according to this capacity.
The ratio of the freight loaded to the ship capacity @ispghiow much per cent the ship is filled.
The demand for transportation requires 1,500 containers #@ship has a carrying capacity of
3,000 containers, the ship waits for 2 days in the harlmbaathe end of the second day the ship
sails or everyday 0.5 per cent of the ship sails. In begtiraptions 2 days later the number of the
ships sailing from the harbor is 1 ship. “Counting Ship abBB-A-C Route” simulates this
assumption. The variable of “Ship Departure Rate B-A-lives the number of ships sailing
every day, “Cum. Number of Ships Sailed for B-A-C Routethe cumulated number of ships
sailed from the harbor B for B-A-C.

“Ship Arriving Rate from B-A-C” shows that the arrivaddé harbor A is the 17 day delayed
departures of harbor B; i.e. variable of “Ship DepartusteRB-A-C” with a 17 day delay.
“Number of Ships waiting for loading operation” shows thanber of ships berthed in the
harbor A and waiting for the loading operations or undegthe loading operations. The ship is
in this stock as long as the loading operation contindégbeldemand to load is high then the
ship waits more in this stock. The ship completed thditggoperation sails from the harbor and
“Ship Departing Rate for A-C” represents the numbethgissailing daily from the harbor A.

The variable of “Number of Ships Sailing from harbor A’cieeated on the assumption that
number of ships in the ratio of the demand to the slppaty sails everyday from the harbor. To
illustrate, if the demand for transportation to A-Cteois 1,375 containers per day and if the
remaining capacity of the ship loaded in harbor B for B-AsQ,750 containers, then 1,375
containers per day divided by 2,750 containers per ship, besthips per day sails from the
harbor.

“Cumulated Number of Ships Departed from Harbor A for AiCthe cumulated number of
ships sailed from the harbor. “Number of Ships arrivedl tom B-A-C Route” is the cumulated
number of ships arrived at the harbor A from harbor B.
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DEPARTURE ARRIVAL
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Figure - 4.66
The Arrivals and Departures in Harbor A

The ship sailing from B-A-C route arrives at harbor Al goes on sailing for A-C direction after
loading the freight transported to A-C direction. Tlmmtainers shipped from C-A and C-B-A
arrive at their destination harbors. In real condgitime ship arriving at the destination harbor
waits for new freight to load and sails agdtigure - 4.66is conducive in evaluating how much
the model realistic. After berthing and unloading thegfigithe ships sailing from the routes of
C-A and C-B-A are vacant and there are two shipping tiires the freight is shipped to:
direction A-B and direction A-B-CFigure - 4.66 shows thatarriving from C-A and C-B-A
directions, the ships are appointed to transport neghtréo the directions of A-B-C and A-C.
Arriving at the destination harbors, ships sailing fraoate C-A and C-B-A go on sailing by
loading the new demand from harbor Agure- 4.66 shows that there is no vacant network in
harbor. A

O Cumulated Nirgber of Unloaded Shimm@ Cumulated Number of
Py by i sailing C-A - ships Sailed for A-8 at
Ships Arriving at adingrRate for 4 A

Ship Arrival Rate C-4 £ from C-f Route o

L
L d Loading Time for A-
Unloading Time for B
Ships Sailing from
C-A,

Figure — 4.67
Operations in the Harbor

Figure — 4.67represents the process of the operations of a shipgs&bm C-A route
and arriving at its destination harbor A. Ship arrival iatde 17 day delayed ship departing rate
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of harbor C. The ship arrives at A from harbor C, tidbading operations begin. “Unloading
Time for Ships Sailing from C-A” is calculated by dividirgetvalue of the ship capacity sailing
from C by the value of the number of containers unloadedllustrate, if daily 500 containers
are unloaded and if the ship has 3,000 container capacikes 6 days to unload the ship. The
unloading operations are done, the ship sailing from C-Alasaded for the shipping direction
A-B. Therefore, the ship is loaded with the freightgort to A-B direction. The loading time
for A-B is calculated by dividing the ship capacity by ttaily volume of demand for
transportation for A-B route. The loading operatiores@done the ship sails from the harbor.

4.6.12 MODULE-12 Inventory Level Effect on Transportation Selectidviode at Harbor A

There are three sorts of transportation modes in irtl@msportations: by rail, by barge and by
truck. Each transportation mode’s capacity and tranapont time was explained beforgSee
Chapter — 4, 4.4.2 Inland Transportation Modes and Inland Transportatiorap@city
Features) The effect of the container inventory of the harborsthe transportation mode
selection is created IMODULE-12; i.e., if the container inventory reduced a critical levieé¢
system chooses a faster transportation mode to trdnspatainers from in land. Each inland
transportation mode has a numeric effect of “1” onitiend container flows. The level of the
container inventory reduces to a critical level, the megy begins to affect each transportation
mode by constricting the slowest transportation modeanisportation by barge. The container
inventory reduces to its 85% level, the volume of thaaioars transported by barge is reduced
15% and the volume of the containers transported b tsuacreased 15%.

A table function is created and named as “Effect aft@oer Demand on Inland Transportation
Rate at A”.Figure- 4.68represents thisaon-linear relationship between the inventory level and
transportation modes.
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Figure - 4.68
Effect of Container Demand on Inland Transportation Rate at A
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4.7 Validation

No model has ever been or ever will be thoroughly valdtlat®&seful,” illuminating”,
“convincing”, or “inspiring confidence” are more apt descops applying to models than
“valid” (Greensberger, Crenson, Crissey, 1976, p. 70-71). Tdweins tested with structural
assessment, dimensional consistency, extreme condistsrdnd with sensitivity analyses.

4.7.1 Extreme Condition Test

« Demand = 0.0000000000000000000000001<<ton>>
The model is sensitive to the value of ZERO. In capaaibcation calculations, the variables
are divided by the demand. The demand is equal to ZER®atlables in the model are divided
by ZERO. The numbers divided by ZERO create errors imibeel; thus the extreme condition
test is applied by reducing the demand for freight transfimmtto a level very close to ZERO.

container
60,000-r

59,8004

59,6004 A

—C

59,400+

59,2004

59,000 +—+—+—+—+—+-+—+—+—+++—++—++++—++++ 1t
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Figure — 4.69
The Container Level Of Harbor A, B And C After The Modkl Subject to Extreme Condition Test As
Demand for Freight Transportation = 0.0000000000000000000000001<<ton>>

The demand is reduced to ZERO, the inventories of harb& a&gd C increase to their desired
inventory levels and then no containers movements oceuthe demand reduced to ZERO, the
harbor operations stop; but the inventories go on recetfieagcontainers transported from the
inland until the inventories reach their desired levElgure — 469 depicts thathe inventory
levels in three harbors are stable after reaching tlesired levels.
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* All Loading/Unloading Cranes’ Capacity = 0<<container>>

The loading/unloading operation time is increased to:
100000000000000000000000000000000000000000000000000000000000000000000<<DAY>>.

Crane Loading/Unloading Capacity = 1 Day / One Contdinading/Unloading Operation Time

One Container Loading Operation Time = 5.76 minutes = 0.094 da

Crane Loading Loading Capacity = 1 Day/ 0.00Z58 Container.

Figure — 4.70
Capacity of a Loading/Unloading Crane

Figure - 4.70 shows that the crane loading/unloading capacity is mhgted by a container
loading/unloading operation time. The loading/unloading craragmcity is reduced to ZERO by
increasing a container loading/unloading operation time.

The desired level of each empty container inventory irhdreors is 60,000 containers. On the
equilibrium, each container inventory level in harbor Aafl C is 59,375. Therefore, even the
cranes’ loading/unloading capacities are reduced to ZEROwd#nehouses go on transporting
empty containers to the harbors until the empty coetanventory in each harbor reaches the
desired container inventory of 60,000 containéigure — 4.71shows that the inland container
flows go on until the inventory levels in the harboms equal to 60,000 containers.

container
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Figure —4.71
Empty Container Levels of Harbor A, B and C (All Loading/Unloadj Cranes’ Capacity = 0<<container>>)
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Figure —4.72 Figure — 4.73
Full Containers Shipped from Harbor A, B and C Full Containers Unloaded in Harbor A, B and C
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Figure — 4.72depictsthat no container is loaded when the loading capasigubjected to the
extreme condition tesEigure — 4.73depicts that the container unloading operations go oh unti
the containers in the inventories of “Unloaded Full Cmeta at A, B and C” are equal to ZERO

and then the unloading operations stop.

4.7.2 Sensitivity Tests
» Capacity of Each Ship Reduced to 1,000 containers
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Figure —4.74 Figure — 4.75
Average Ship Capacity in the System Number of the Shipghe System

Each ocean carrier's capacity is 3,000 containers in éffierence scenario; therefore the
throughput transported by each ship is 3,000 containers on avé@itageimulation model is
subjected to the sensitivity test and the capacitie®oefan carriers’ are reduced to 1,000
containers. As showed drigure — 4.74the model is sensitive to this modification and the
throughput per each ship reduces to 1,000 containers on average

The ship capacity declines, the number of ships incredadessame amount of freight can be
carried by more ships having less carrying capaé€ityure — 4.75depicts the increase in the
number of ships due to the capacity decline. The inclieasgional to the amount of the decline
in the capacity. The model is subjected to the sensitiyitgecreasing the average ship capacity
to the 1/3 level; i.e. the ship capacity is reduced from 3,00@amers to 1,000 containers. The
capacity declined to 1/3 of the capacity of the referegemario, the number of ships is expected
to increase 3 times. The cumulated number of ships sailedally is 213 ships in the reference
scenario Figure — 4.75shows that the model is subjected to the test, the lat@unumber of
ships increases to 642 ships. These two values are comffaedtio is exactly 3 and the result
is exactly compatible to the expected value.
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» Capacity of Each Ship Reduced to 5,000 containers
The model is subjected to the sensitivity test by irgingathe average capacity of each ocean

carrier to 5,000 containers.

container/ship
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Figure — 4.76 Figure — 4.77
Average Ship Capacity in thet8ys Number of the Ships in the System

Compared to the reference scenario the average capdcihe ships is increased 60%, the
number of ships is expected to decrease 60%; i.e. the nahtiee ships is expected to decline
to 3,000 ships and the average carrying capacity of the shipgested to increase to 5,000
containers.

The number of the ocean carriers is 213 in the refersc@eario and the average throughput per
ship is 3,000 containers. The average ship capacity is iect&®o, the number of the ocean
carriers expected to decline to 127 ships and the average thuuggr ship is expected to
increase to 5,000 containefsgure — 4.76depicts that the capacity increased 60%, the average
throughput per ship increased to 5,000 contairféggire — 4.77depicts that the ship capacity
increased 60%, the number of ships declined 60% and the nuiniter ghips in the reference
scenario is 213. The model is subjected to the test of iB@#%éase in the ship capacity, the
number of the ships decline to 127; i.e. the number of tips ghithe reference scenario declines

60% and this amount of decrease is exactly compatiltleetexpected values.
. Occupancy Ratio of The Harbor

Conjunction in berthing time is excluded from the modek BEssumed that the shipping network
is designed flawless. The carrier arrives at thedratierths without waiting. Harbors constitute
100% occupancy ratio according to ZERO conjunction in beyttime. The model subjected to a
reduction in the average carrying capacity of the shipsntimeber of the ships is expected to
increase but due to the assumption of no conjunction itinibgrtime, the occupancy ratio is
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expected not to changeigure — 4.70shows that the capacity or the number of the ocaarecs

increased or decreased the harbor occupancy ratio dokanie.
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Figure — 4.70
The Occupancy Ratio of Harbor A
Under the Sensitivity Test of the Average Ship CapaistiReduced to 1,000 Containers

Subjected to the extreme condition test of ZERO loadimgAding capacity, no berthing, no
sailing facilities and no harbor operations are expedtggure — 4.71vindicates there is no
berthing or sailing if the loading/unloading capacity declioeZERO.
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Figure —4.71
The Occupancy Ratio under the Extreme Condition Test of

ZERO Loading/Unloading Capacity

4.7.3 Dimensional Consistency

The model is tested according to the dimensional consigtd he software settings are adjusted
as unit dependable while building the model; therefore, gase of a unit inconsistency the
software gives caution scripts before running the model.nd@el doesn’t give any monitions.

Therefore it is concluded that the model is succesafabrding to the dimensional consistency

test.

120



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

4.7.4 Structural Assessment

The model is subjected to the structural assessmentstddks and no flows should be in
violation of real conditions according to this testere should be no negative stocks or no
negative flows.

The three main stocks are the empty container invexstami the harbors. These inventories are
consisted of six arrays, and in the beginning initiaicktvalues are allocated to each array
division. To illustrate,
{10000,10000,9791.66666666667,9791.66666666667,10000,9791.66666666667}<<container>>
exhibits the initial values of each array divisidh.function is created while creating an outflow,
and the outflow is restricted with the total numbercohtainers in the stock according to that
function. The total number of containers in the stxlequal to ZERO or below ZERO the
outflow is ZERO. The formulation is done:

IF(ARRSUM('Empty Container Inventory at A')<=0<<container>>,0<<conta@én/DAY>>
In some cases it is observed that some array dngsieduce to below ZERO. For instance:
{5000,-100Q3000,10000,9791,10000}<<Container>>

This situation is tested several times and it was gbdethat there is no inviolation of real
conditions. This negative value shows that tffeaPray division utilized 1,000 containers from
another array division. But total stock level of thapey container inventories doesn’t decline
below ZERO level.

The model is subjected to the tests, 33 stocks are segrdtiaind it is concluded that the model
generated the behaviors compatible to the expected valhessénsitivity tests and extreme
condition tests approve that the model is realishieréfore the simulation model can be regarded
as “Realistic”.
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CHAPTER V
5. POLICY DEVELOPMENT

In Chapter-I the general characteristics of the container logistics, taenrproblems and the weak
points of the container logistics structure were explainedak given that the high volume of empty
container movements and the high container idle time wezenthin problems of the container
logistics. The ratio of the empty container movements to voddirtiee total container movements
was regarded as “Empty Container Ratio”. The volume of the continaing idle was regarded as
“Average Idle Level”. The idle level is evaluated as unproditgtof a container. A container is
productive as long as it moves or flows. Two sorts of “Average l@vels” are calculated
according to two different assumptions: only a container which isahdl moving is productive,
regardless of being full or empty if a container is moving it is privdeicThe variable of “Average
Idle Level per Full Container” represents the idle containevdl calculated by the full container
movements; and mostly this variable is utilized for the analyses

In Chapter-Il, it was given more information about the container logistics in datallthe logistics
structure with numerical relations was introducéa.Chapter-Ill a general literature review was
done.

In Chapter-IV a container logistics structure including the inland transportation and inland
facilities were generated. Three harbors named as A, B and C meated. 7 cranes are installed in
each harbor and 9 shipping directions were creatédgure- 5.1 depicts the shipping directions
from each harbor andrigure- 5.2 depicts the crane installation structure in each harbor. Four of
the cranes are allocated for loading operations and three of them areadtbdor unloading
operations. Crane-1 and crane-7 are allocated for empty container apesaCrane-| and crane-7
are used for full container loading/unloading operations unless there aiptye container
movements; i.e. the empty container movements reducesiltheoritainer loading/unloading
capacity by allocating two of the cranes for loading/unloading empty corgaiAesimulation
model consisted of 12 modules replicating the harbor facilities anthmer flows were generated.

A-B A-C A-B-C LOADING OPERATIONS UNLOADING OPERATIONS
N A
. ™ e N
B-A B-C B-A-C
CRANE CRANE CRANE CRANE CRANE CRANE CRANE
1 2 3 4 5 6 7
C-A C-B C-B-A
Figure- 5.1 Figure- 5.2
Shipping Directions Crainstallation Structure in the Harbor

A harbor receives empty containers from the inland. The dematéfsportation and for shipping
is received in tonnage and this volume is converted into the numbentiiners according to the
dimensional and carrying capacity of a container. The demand is receivedhanglanning
facilities are done, the containers are stuffed to be shippé&dlassumed that stuffing operations are
done only in the harbors. Full and the empty containers shipped from therteard, full and empty
containers are being received from the other harbors. The fullbowrs shipped from the other
harbors are directly sent to the inland warehouses when they arritheatlestination harbor.
Delivery to the customers in the harbor site is neglectetl deliveries to the customers are done
only in the inland. Therefore the full containers arrived athhebor cannot be utilized unless they
are transported to the inland, delivered to the customers and senttdabke harbors from the
inland. Thus; no full containers are kept in the harbors and therg¢f@reontainer inventory in the
harbors are regarded as “Empty Container Inventorifigure- 5.3depicts the inflows and outflows
in the harbor. The empty containers arrived from the other harbors aredatideetly to the empty
container inventory in the harbor and they are ready to be utilizee Wiey arrive.
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Inflows and Outflows in the Harbor

Each harbor calculates all the expected empty container flmws fnland. Each harbor sends
empty container demand to the other harbors if the expected voluime @fpty containers from
inland is not enough to keep the empty container inventory at shediéevel. The empty container
demand is generated by the discrepancy between the number of cordaiivex$ and the number
of containers shipped from the harbor. It is emphasized thatisiceepancy between the inflow and
outflow of the empty containers in the harbor is the origin okthpty container flows.

First of all, the model is put into equilibrium. Secondilge current scenario is created and
analyzed in this chapter. The system in equilibriumteseao empty container flows. That's the
most desired, yet utopian situation. The most desiredtisituis generated with a stable demand
for shipping. There are three shipping directions in dchor. It is assumed that the demand for
shipping is 22,860 ton/day in each harbor. The number oficensarequired for the shipping is
calculated according to the stowage factor of the nateribe transported, and according to the
carrying and dimensional capacity of a contairi®ee Chapter 4, MODULE-122,860 ton/day
demand for shipping requires 750 container shipments per daghnharbor. The number of the
containers required for the shipment is regarded as Odmand for the Containers”, i.e. the
demand for the containers is the transportation demamebcted into the number of containers.
In equilibrium, the total demand for shipment is 68,580 tonidalyree harbors.

5.1 Equilibrium

The demand is stable in each harbor in equilibrium. Bugposed that each harbor receives
demand for freight transportation to three differeneaions (See Chapter-4, 4.4.6 Container
Transportation Routes between the Harbor3)he total demand for freight transportation each
harbor receives is 22,860 ton per day. The demand for tlghtfreai transport is converted into

the number of containers in the planning phase. In hab@60 containers per day are required

124



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

for shipping the freight to A-C direction. 500 containpes day are required for shipping the
freight to A-B direction and 250 containers are requfier A-C direction every day. In harbor B,
250 containers per day are required for each shipping dmeofid-A, B-C and B-A-C. In
harbor C, 250 containers per day are required for eachispigpection of C-A, C-B and C-B-

A.  Figure — 5.4and Figure — 5.5show each empty container level in harbor A, B and C in

equilibrium.
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Figure — 5.4 Figure — 5.5
Received Demand for Transportation in Tonnage Empty Container Inventory Level in Harbor
in Harbor A, B and C in Equilibrium A, B and C in Equilibrium

It was explained that the discrepancy between themwlaf the empty containers the harbor
receive from the inland and the volume of the contaistipped from the harbor is the most
important factor generating the empty container movesnémtthe equilibrium there is no empty
container shipment and the volume of the containkigped from the harbor is equal to the

volume of the containers arriving at the harbor froetlarehouses.
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Figure — 5.6 Figure — 5.7

Inland flows at A in Equilibrium Full Container Flovs Shipped
from Harbor A in Equilibrium State

Figure — 5.6 and Figure — 5.7 represent that the volume of the containers shippedtfand

volume of the containers arrived at the harbor apgak There is no discrepancy between the
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inflow and the outflow of the container inventory in tar A, harbor B and harbor C. Thus, no

empty containers flow between the harbors.
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Figure — 5.8
Empty Container Flows in Equilibrium

Figure — 5.8shows that there is no empty container flow in thelibgum. The empty container
volume sent by each harbor is ZERO in the graph.
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Figure — 5.9
The Level of the Empty Container Inventories of the
Warehouses at A, B and C in Equilibrium

Figure — 5.9depicts that all the stocks of the inland warehousesnaequilibrium. The inflow
and the outflow are equal.
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5.2 The Reference Scenario

The reference scenario is generated by increasing thandenihe increase is applied by two

means:

o Increase with &tepfunction: the demand is increased 22.2% with a step funcliee total
demand in the three harbors is 68,580 ton/day in the equitibrfhe demand for freight
transportation is increased to 83,820 ton/day with a stepidanétigure — 5.10represents
the 22.2% step increase in the total demand for transporta

o Increase with &®@andomfunction: the demand fluctuating with a 10% standard deviasion
increased averagely 22.2 % with a random function; i.e.igene generated in the total
demand.Figure — 5.11represents that the demand for freight transportahah ihcreased
22.2% and fluctuating with a 10% standard deviation. The gneerhFigure — 5.11shows
the average increase with the demand.

In the equilibrium, the system is not utilizing itdl ftapacity. With a 22.2% increase the system

commence to utilize 100% of its capacity. While no cmetais sent to A-B-C direction in the

equilibrium, in the reference scenario all the shippietyvorks and shipping directions are being
utilized.

In equilibrium, the demand for freight transportation AeB route requires 500 container

shipments per day; to A-C direction the demand requirex@btainer shipments per day and to

A-B-C direction 250 container shipments are required pegr ldaharbor B, 250 containers/day

are required for each direction of B-A, B-A-C and B4A. harbor C, 250 containers/day are

required for each shipping direction of C-A, C-B and @B
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Figure —5.10 Figure — 5.11
10% Step Increase in the Total Demand Noise in the Total Demand
for Transportation (Demand is Increased 10% @&nBluctuating with a

10% Standard Deviation)
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Figure — 5.12 Figure — 5.13
The Empty Container Ratio with Empty Container Rain Reference Scenario
a 10% Step Increase in the Total Demand with a Noise Application on the Demand

In reference scenario, the reference demand forhiréignsportation to A-B route requires 550
container/day, to A-C direction the reference demandires 275 container/day and to A-B-C
direction the reference demand for freight transpioriatiequires 275 container/day. In harbor B,
275 containers/day are required for each direction of B#-C and B-A. In harbor C, 275
containers/day are required for each shipping direaiio@-A, C-B and C-B-A in reference
scenario.

The outcomes of these two applications on the demanshawed offrigure — 5.12and Figure

— 5.13. 22.2% step increase and a noise in the demand generaté¢ #Himesame behavior in
empty container flows. However, a demand fluctuatingasenmealistic and more compatible to
the realistic situationTherefore, a noise with a 22.2% average increase iddhands used to
generate the reference scenario. But, the 22.2% incratsestep function is also used while
analyzing the behavior of the moddtigure — 5.13shows the average empty container ratio in
the reference scenario. While there is no empty flowheequilibrium, the ratio of the empty
container volume to the total number of containersvifig is around 20% in the reference

scenario.
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Figure — 5.14 Figure — 5.15
Container Inventory Levels of Each Harbor in Average Empty Container Ratio in the
the Reference Scenario Reference Scenario
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Figure — 5.14 depicts each empty container level of harbor A, B &nhdnd the graph
demonstrates that harbor B is the most vulnerable @ieet vicissitudes in the demand in the
reference scenario. Harbor A establishes a robustatkastic when the harbor is subjected to an

increased demand.
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Figure — 5.16 Figure — 5.17
Average Idle Level of Containers in the Reference Average Idle Level of Containers in the Refecen
Scenario (Calculated According to the Full Container &mario (Calculated According to Both Empty and
Movements) Full Container Movements)

Figure — 5.16 andFigure — 5.17demonstrate the average idle level (unproductivity leak§
container. The idle container level is around 29% inettpailibrium. The full containers moving
are assumed as productive, the average idle (unproductigitg) increases to 37% in the
reference scenario. In the equilibrium there is napty container flow. With the increased
demand and increased discrepancy between the inflow andvouitil the harbor, empty
containers begin to flow in the reference scenaridhénequilibrium, the cranes allocated for the
empty equipment loading/unloading operations are allodatedsist in the other full container
loading/unloading operations as well. Therefore thedofitainer loading/unloading capacity is
high during there are no empty container flows, and matecontainers are loaded/unloaded
when there are no empty container flows. On the dthed, the volume of the empty equipment
flows increased, the cranes allocated for assistinghen full container loading/unloading
operations stop assisting in the full container loadiniglading operations and commence to
load/unload empty equipment. Therefore the volume of ftitle containers loaded/unloaded
declines. The full container movements are acceptedoalsictive, the productivity declines with
the increasing volume of empty containers and the delcin®ime of full container movements.
Figure — 5.16depicts the decline in average container productivity (&szdn idle container

level) generated by the increased empty movements.
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Regardless of being full or empty all the containersingare assumed as productive, i.e. if all
the containers flowing full or empty are assumed aslymtive, the productivity increases (ldle
container level of a container decreases) with theeased number of empty container
movements in the reference scenafgure — 5.17 depicts the declined idle container levighe
volume of empty container movement increases inréference scenario. Although the full
container movements declined, the increase in the engpthaioer movement is almost 20%
(Figure — 5.13) The unproductivity declines from 29% to 20% because of thedse in the
empty container movements. The assumption of “Emptfulyrif a container is moving it is

productive” justifies this increaseS¢e Figure — 5.1
5.3 Analyzing the Empty Container Inventories in the Refece Scenario

Three empty container inventories of harbor A, ha®@nd harbor C are analyzed. Variable of
“Gap” represents the discrepancy between the volumiheofcontainers shipped to the other
harbors and the volume of the containers flowing ftheninland to the harbors.

- N

Gap = (Volume of the Containers Flowing From the Iman/olume of the Empty Containers the Harbor Reog¥rom the Other Harbors)

We of the Fulbftainers Shipped From the Harbor + Volume ofEhgpty Containers Shipped from t@or)

 Oufow

Figure — 5.18 Discrepancy between the Inflow and Outflow

First of all, the graphs representing the inventory ler gap, and the graphs demonstrating all
the inflows and outflows in each harbor are put togethecafdlly, the graphs representing the
empty and full container shipments from each harb@atth shipment direction are put together.
The empty container level in each harbor is analyzeditliging all these graphs. Moreover,
empty container inventory of harbor B is analyzed by teans: a random increase is applied to
the demand and a step increase is applied to the demand.

The variable of average gap is calculated by dividingctiraulated volume of the gap by the
TIME. The average gap between the container inflows and oentautflows gives a general
aspect in evaluating the level of the inventories.
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5.3.1 Inventory A

The inventory level in harbor A is analyzed in threesgisa
o DayO-Day?9

o DayO - Day 38
o After day 38
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Figure — 5.19
Outcomes of the Discrepancy between the Received angp8Hi Container
Volume and the Empty Container Inventory at A
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Day ZERO — Day 9

In equilibrium, the transportation demand for A-C direatrequires 500 containers/day, for A-B
direction 250 containers/day and for A-B-C direction @tamers/day. In the reference scenario
the number of the containers required for the A-Cctiba is 550 per day, for A-B direction 275
containers/day and for A-B-C direction the numberheftontainers required is 275 per day. The
increase in the demand on day ZERO generates the refa@eaio. The demand increased on
day ZERO with the random function.

On day 1 the gap increases around 290 containers. ThenpliegaesFigure — 5.19shows
that between day ZERO and day 9 the gap between the iaflomoutflow is positive; i.e. the
outflow is larger than the inflow; therefore the invamytof empty containers in harbor A declines
between day ZERO and day 9.

The desired empty container inventory level in each masb80,000 containers. Each harbor is
sending empty container demand for empty containerspiwaasion from the inland to keep the
inventory in the desired level. The increase in the demaihsmmore container shipments from
the harbor and more container transportation fromirtfaand to the harbor to keep the empty
container inventory in the desired level. The increéasbe demand reduces the empty container
inventory and the empty container inventory declinesstoadir on day 9.

The graph "Container “Arrivals from Inland’See Figure — 5.19emonstrates the containers
transported from the inland. Due to the increased comtdiemand, Harbor A increases the
volume of the demand for empty container transportdtom the inland. During day ZERO and
day 9, the volume of the containers transported froenittand increased by the increased
demand.

The volume of the empty containers shipped from thedng®ee Figure — 5.19)s ZERO on
day ZERO. The increased demand increases the volume ety container shipments to 250
container/day level with a 1 day delay. After day 1 tmpty shipments are stable.

On day ZERO the full containers shipped from the haibot,000 and it declines to 750
container shipments/day on day 1. The full containeprsénts are stable after day 1.
(Figure — 5.19).There is a 1 day delay in the empty and full containgonsénts; but it is
difficult to recognize the delay oRigure — 5.19;therefore the full and empty shipments are
demonstrated on kBigure — 5.20andFigure — 5.21in a 5 day time horizorfigure — 5.20and
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Figure — 5.21show that the demand increases on day ZERO, the emptiukcontainers are
shipped 1 day later; i.e. the harbor reacts with a 1 diay de the alteration in the demand. The
delay is the outcome of the empty and full containermséig planning time. The harbor received
the demand for the full and empty containers shipmeanpse-shipment planning facility is done.
It is assumed that the planning facility takes one day. piése is simulated with a one day 7
order material delay. Each pre-shipment planning in eaddohaas the same characteristics and

creates the same delay.

Empty Containers Shipped from Harbor A Full Containers Shipped from Harbor A

container/DAY )
300 4 container/DAY

1,000+
250 4+
8001

t t t t 1 ' ' ' '
0 1 2 3 4 0 1 2 3 4

Figure — 5.20 Figure —5.21
Empty Containers Shipped from Harbor A Full Containers Shipped from Harbor A

Day 9 — Day 38

Between day 9 and day 38 the gap is below ZERO; the oudlemaller than the inflow; i.e. the
volume of the containers arriving at harbor A is larpan the volume of the containers shipped
empty or full from the harbor. Therefore, the negatjam causes an increase in the empty
container inventory of harbor A. On day 38, the gap is egquaERO the empty container
inventory increases between day 9 and day 38. On day 38 #wany level reaches a peak.

The harbor receives empty containers from the otlebors. The graph of “Unloaded Empty
Containers” demonstrates these empty container ariBatween day 9 and day 38 the volume
of the empty container arrivals is increasing. The engptytainer arrivals reach a peak on day
38. On day 38, the empty container inventory reaches a peskitee sudden decline on day
ZERO. It is concluded that the peak of the empty contamventory is caused by the peak of the
empty container arrivals on day 38.

Empty and full container shipments are stable betweg® @ad day 38.

After Day 38

The gap increases over ZERO after day 38 and reachgeak on day 40 after the sudden
increase on day ZERO. The gap is around ZERO between dayd38lay 210. Therefore the

empty container inventory level is roughly stable betweerB8agnd day 210. The gap increases
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above ZERO on day 210 with small fluctuations. Therefdwe émpty container inventory

declines slowly after day 210.

Average Gap at A
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Figure — 5.22
Average Gap at A

Figure — 5.22shows the average gap at A. The average gap gives algesgeat about the
empty container inventory level at A. In general, thp g A is around ZERO. Therefore, the
empty container inventory at A doesn'’t fluctuate vattillations.
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Figure — 5.23
Volume of the Empty and Full Containers Shipped From Harbar

Figure — 5. 23shows the volume of the empty and full container skipisifrom harbor A. Each
shipment is classified according to the shipment doastifrom A. It is assumed that each
harbor supports another harbor by prioritizing one ofhipresent directions. Among the three
harbors of A, B and C, harbor C is the one whichthaamost priority in harbor A. Therefore the
shipment direction of A-C has thé' priority in harbor A and the shipment direction of Br&s
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the T' priority in harbor B. The container shipment direns from harbor A are: A-C, A-B and
A-B-C. Figure — 5.23demonstrates that full containers are shipped from hakhor A-C and
A-B directions constantly. There is no full con&irshipment to A-B-C direction. The demand
for the freight to transport to A-C direction requirB00 containers/day, to A-B direction the
demand requires 250 containers/day and to A-B-C diredtmdémand requires 0 containers/day
in the equilibrium. In the reference scenario the demaonreases and the reference demand
requires 550 containers/day for A-C direction, 275 coatalday for A-B direction and 275
containers/day for A-B-C direction. Totally the demamquires 1,100 containers for the full
container shipments. On the other hand, the demandergty containers is around 250
containers/day in the reference scenario. The kodaling capacity is 1,000 containers per day
(See Chapter 4, 4.4.4 Loading Structure of the Harborghereas the transportation demand
requires 1,350 loading operations and 1,350 containers per laengfdre, some demands for the
transportation is rejected during the planning schedule. €festion is done according to the
priorities of the shipment directions. Shipment digetof A-B-C has the "3 priority in harbor
A; thus the demand for the freight to transport to tinection of A-B-C is rejected during the
pre-planning phaséigure — 5.23shows that there is no full container shipmenhtdirection
of A-B-C due to the lack of loading capacity.
Between day 30 and day 70, empty containers are shipped talife&ion instead of A-C
direction although A-C direction has thé& friority. It is concluded that those shipments are
related to the empty container level of harboF@ure — 5.28shows that the empty container
level of harbor C is almost at its desired level. Gadther handfFigure — 5.24depicts that the
empty container inventory of harbor B declined more than 16%den day 30 and day 70.
Therefore, harbor A sends empty containers to harbast®ad of harbor C between day 30 and
day 70. After day 70, harbor A stops to ship empty contaieeharbor B and it commences to
ship empty containers to harbor C.
5.3.2 Inventory B
Inventory B is analyzed in for phases:

o Day ZERO — Day 37

o Day 37 —Day 72

o Day 72 — Day 92

o After Day 92
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Figure — 5.24
Outcomes of the Discrepancy between the Received angp8HiContainer
Volume and the Empty Container Inventory at A
(Discrepancy is Generated with a Noise in the Demand)
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Figure — 5.24depicts all the inflows, outflows, the discrepancy lestwthe inflow and outflow
and the level of the empty container inventory of B.

Day ZERO — Day 37

On day ZERO the gap is ZERO. In the reference seetiaei demand increases on day ZERO
and the gap increases on day 1. This delay was explained ysigvaes an outcome of pre-
shipment planning timgSee Figure — 5.20 and 5.2Between day ZERO and day 37, the gap is
above ZERO,; i.e. the outflow is larger than the wfloherefore the empty container inventory of
Harbor B is declining between day 1 and day 37. On day 3@&apes equal to ZERO. The
decline in the empty container inventory commences onlddwye to the pre-shipment planning
and on day 37 the empty container inventory reaches itsleaell.

The number of the container arrivals from inland B39 container/day between day ZERO and
day 37. On day 37 the arrivals from inland B declines to ZERG situation is related to the
empty container level of harbor C. Harbor C has its¢ priority among the shipment directions
in harbor B. B-C shipment direction has the first ptyo Figure — 5.28 shows the empty
container level of harbor C. The empty containerlle¥darbor C between day 37 and day 72 is
almost at its desired level; therefore harbor B stagsliag empty equipment to harbor C
between day 37 and day 70. Full containers shipped from h&rigof50 containers/day between
day ZERO and day 37.

Empty container arrivals from inland B is 750 contasfday between day ZERO and day 37.
Unloaded empty containers in harbor B is roughly ZERO betdwagrzERO and day 37 and the
volume of the unloaded empty containers increases otay

Day 37 — Day 72

The gap at B is below ZERO between day 37 and day 72. fheegdines below ZERO on day
37 and then on day 72 the gap is equal to ZERO again. This gagative between day 37 and
day 72; i.e. the inflow is larger than the outflow; refere the empty container inventory
increases between day 37 and day 72. On day 72, the emp&mneontventory of harbor B
reaches the peak. Between day 37 and day 72 the volume efriity container shipments is
ZERO. ZERO empty container shipment is related to thk ldvel of empty container inventory
in harbor C. The volume of the full container shiprsastincreasing between day 37 and day 72.

This situation is related to the loading capacity. En(poyitainer level in harbor C reaches its
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desired level between day 37 and day 72; therefore theme smpty container shipment to
harbor C between these days. Due to ZERO demand foly emptainers, no empty equipment
loading operations are done between day 37 and day 72. dadsd capacity is utilized for full
container shipments; i.e. more demand for transpomtasicaccepted, more full containers are
required and more full containers are loaded between dan@tay 72 (See Figure — 5.24,
Graph of Full Containers Shipped from Harbor BYOn day 72, the volume of the full containers
shipped declines to 750 container shipments per day.

The volume of the unloaded empty containers in harbocases on day 37 and it reaches its
peak on day 72. Empty containers unloaded in harbor B is otte ahain inflows in harbor B;
therefore the peak in the volume of the unloaded emptiaicens causes an increase and a peak
in the empty container inventory level in harbor Bday 72.

Day 72 — Day 92

Between day 72 and day 92, the gap is above ZERO,; i.eutfievwois larger than the inflow in
harbor B between day 72 and day 92. Therefore the emptgigentevel declines between day
72 and day 92.

The volume of the empty container arrivals is stawid is around 750 per day between day 72
and day 92. The volume of the empty containers unloadearbohB declines between day 72
and day 92. It is concluded that this decline causes the datlithe level of empty container
inventory in harbor B between day 72 and day 92.

The volume of the empty container shipments increas@80 per day between day 72 and day
80, and on day 80 the volume declines to 120 container shipfem®50 shipments per day.
The decline in the volume of the empty container shigsnbatween day 80 and day 92 causes
an increase in the full container shipments in haBbbetween day 80 and day 92. The volume
of the empty containers shipped declined; the loading dgpadllocated for more full container
loading operations. Therefore more full containerssangped from harbor B between day 72 and
day 92.

After Day 92

The gap in harbor B is over ZERO between day 92 and dayi.25€he outflow is larger than the
inflow; therefore the empty container inventory in harBodeclines between day 92 and day
250. The gap declines decreasingly. After day 250, the gapctsidting around ZERO and is
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close to ZERO. Thus; empty container inventory in haf®aeaches a new equilibrium point
after day 250.

The volume of the empty containers shipped from harbocEases between day 87 and day 95.
Between day 87 and day 95 the volume of the empty contashgped from harbor B is below
250 shipments per day; therefore the volume of the engmtiamer shipments below 250 is
utilized by full container loading capacity. It is camdéd that the empty container loading
capacity is utilized by full container loading capacityween day 87 and day 95; therefore
between these days more full containers are shippetbaddd and this situation is depicted on
Figure — 5.240n the graph of “Full Containers Shipped from Harbor 8tWeen day 87 and day
95.

The volume of the empty container arrivals is stdlgeveen day 92 and day 135. On day 135,
the volume increases from 750 to 800 container transmorttom the inland per day; i.e.
containers transported from the inland are increased yiA 2@ This situation is related to the
empty container level of harbor B. On chaptg6ée Chapter 4, page 121 and Figure - 4.11)
was explained that the container inventory declined tocakilevel, the inland warehouses
commence to prefer faster transportation modes to wuppl empty container inventory in
harbor.Figure - 4.71shows that the empty container inventory declines below, 808¢'Effect

of Container Demand on Inland Transportation Rate” agp#damneans that the effect reduces the
volume of the containers sent by barge which requiresa$® gurney; and the reduced volume
is added to a faster transportation mode. Therefore cwort@iners are arriving and the system is
utilizing more transportation capacity. On day 135, the grophtainer level declines to 47,250
container level. This level is almost 20% below of tesired container inventory level and
defined as a critical level; therefokODULE-12 (See Chapter 4, page 12ihdFigure - 4.71)
commences to effect the inland transportation.

Volume of the unloaded empty containers declines afigr92 and on day 165 the volume is
equal to ZERO. This situation is related to the volumihefempty container arrivals from inland
B. Due to the critical empty container inventory level harbor B the empty container
transportation volume increasgblee Chapter 4, page 121 and Figure - 4.ahy that increase is
concluded as to be enough to reduce the discrepancy betweeeuntflow and inflow.  Figure

— 5.24shows that the gap commence to decline slightly on dayth8kefore harbor B is not

sending demand for empty containers to be shipped from ttiex bdarbors. The harbor is
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supplied by the inland after the day 165 and the volume ofitteaded empty containers in
harbor B is ZERO on the same day.
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Figure — 5.25
Volume of the Empty and Full Containers Shipped From HarbBr
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Figure — 5.25shows that harbor B is shipping full containers t€BB-A and B-A-C directions.
The situation is different from the situation in harbA. Although there are three shipping
directions in harbor A, due to the high volume of demandransportation from A, some of the
transportation demands were rejected during the pre-shtgmenning phase. The rejections are
done according to the priority of the shipment directioBfipment direction of A-C has th& 1
priority in harbor A, and the demand for transportati@mfrharbor A to A-C direction is very
high. The demand for transportation from harbor A tB-& direction is turned down because of
A-B-C direction having the"3priority.

In harbor B, the volume of the demand for transpomat®m B-A, B-C and B-A-C directions is
equal. Therefore the volume of the demand rejected adl.dfgure — 5.25shows that the full
containers shipped from harbor B to B-C and B-A directi® roughly 250 containers/day;
whereas the volume of the full container shipmesitaround 200 per day for B-A-C direction.
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This situation demonstrates that the harbor rejectee swansportation demands to B-A-C
direction due to lack of loading/unloading capacity; s@me demands for transportation to B-A-
C direction were rejected because the shipment direofi@-A-C having the 8 priority.

Figure — 5.25shows that harbor B is supplying harbor C with emptytaioers. The graph
“Shipped Empty B-A Direction” depicts that harbor B shipp@dp/ containers to harbor A
between day 30 and day 40. This situation is related tortip¢yecontainer level of harbor C.
Figure — 5.28shows that between day 30 and day 40 empty containéiolelrarbor C is almost
at its desired level; therefore the empty containeessaipped to harbor A. After day 72, the
empty container level of C declinélsigure — 5.2§ therefore harbor B commence to ship empty
containers to harbor C after day 72.
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Figure — 5.26
Average Gap at B

Figure — 5.26shows that the average gap is over ZERO. Thereferertipty container inventory
of B declines. The high level of the average gap demonstitadt the discrepancy between the
outflow and inflow is high and the outflow is larger thae inflow; and this causes a decline in

the empty container inventory in harbor B.

Inventory B is Analyzed with a Step Increase Application oe themand

The demand for freight transportation is increased wititep function and the behavior of the
empty container inventory in harbor B is analyzed. The #sterease is applied on day 10.
Figure — 5.24shows the behavior of the empty container inventotyarbor B with the random
increase application on the demand; i.e., the saneeerefe scenario is generated with a step
increase instead of a random functiigure — 5.26shows the behavior of the empty container
inventory in harbor B with a step increase applicatiarthe demand. In this paRigure — 5.24

andFigure — 5.26are compared and analyzed.
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Figure — 5.27
Outcomes of the Discrepancy between the Received angp8HiContainer
Volume and the Empty Container Inventory at B
(Discrepancy is Generated with Step Increase in theraad)

Figure — 5.27the graph of empty container inventory shows that the tovgis in equilibrium
between day ZERO and day 11. The step increase is appligalyal0.Due to the pre-shipment

planning time which is 1 day, the empty container inventi@glines on day 11. The decline in
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the inventory begins on day 11 and the decrease contintiegay 47. Between day 47 and day
82, the empty container inventory in harbor B increasesvd&mn day 82 and day 102 there is a
slight decrease in the empty container inventory d&y 11, day 47, day 82 and day 102 are the
critical days for the empty inventory of harbor B whiblk step increase is applied to. Day 1, day
37, day 72 and day 92 are the critical days for the empttac®r inventory of harbor B which
the random increase application on the demand is appli€8ete Figure — 5.24)

The reference scenario created by the random inc(Eagee — 5.24)compared tdhe reference
scenario created by the step increéiSgure — 5.27, the empty container inventory in the
reference scenario created by the step increase teplit&8 empty container inventory in the

reference scenario created by the random increasawbhday delay.
5.3.3 Inventory C

Empty container inventory in harbor C is analyzetbur phases:

o Day ZERO - Day 38

o Day 38 - Day 73

o Day 73 - Day 93

o After Day 93
Figure — 5.28depicts the empty container inventory level, the emptytainer arrivals from
inland, the empty container arrivals from the otharbbrs, the full containers shipped from
harbor C and the empty containers shipped from harborh€.empty container arrivals from
inland, the empty container arrivals from the otheibes are the inflows. Moreover, the full
containers shipped from harbor C and the empty contast@pped from harbor C are the
outflows of the empty container inventory in harbor The graph “Gap at C” shows the
discrepancy between the outflow and the inflow in hafho

Day O - Day 38

In reference scenario the reference demand increaséayoZERO. The gap increases with a 1
day delay. It was explained that the pre-shipment planniitifyas simulated with a 7 order 1
day material delay. Gap at C declines between day 1 and daydléh day 12 the gap is equal to
ZERO. The empty container inventory declines with tleedased gap and the decline end on day
12 when gap is equal to ZERO.
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Figure — 5.28
Outcomes of the Discrepancy between the Received angp8HiContainer
Volume and the Empty Container Inventory in Harbor C

Between day 12 and day 38 the gap is stable; thereforntpty container inventory is stable.
On day 38 the gap declines to below ZERO,; i.e. the vohirtiee inflow increases on day 38.
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On day ZERO and day 38, the volume of the empty comtast@pped from harbor C is 250 per
day. On day 38 this volume declines to ZERO.

Day 38 —Day 73

Gap declines to ZERO on day 38. It is concluded that thisngeis| related to the decline in the
empty container shipments from harbor C. Harbor C iginly supplying harbor A.
Figure — 5.19shows that on day 37 the empty container inventory ibdnak reaches a peak.
Therefore the volume of the empty containers toHyeped to harbor A declined to ZERO. The
decline in the empty container shipments decreases faie outflows of the empty container
inventory in harbor C; thus the gap declines. The gap flletula¢tween day 38 and day 73;
however the gap is around ZERO and below ZERO in genenalefore the empty container
inventory in harbor C keeps roughly the same level betweeB&land day 73.

Day 73 — Day 93

The gap is fluctuating and is over ZERO and around ZEfRérefore the empty container
inventory declines very slightly between day 73 and day 98.doncluded that the fluctuations
in the gap is related to the volume of the empty coetaarrivals from the inland at C.
Figure — 5.28depictsthat thevolume of the empty container arrivals from the inlatdC
fluctuates between day 73 and day 81. The fluctuations on #ph gf “Empty Container
Arrivals from the Inland at C” orFigure — 5.28 showsthat the volume of the containers
transported from the inland declines. The decline in tbkime of the empty containers
transported from the inland reduces the volume of thewndf the empty container inventory in
harbor C; because the volume of the empty contain@nsported from the inland is one of the
inflows of the empty container inventory in harbor Cusithe gap increases. On day 93 the gap
begins to fluctuate very strongly between ZERO emptyainer transportation and 300 empty
container transportations per day.

After Day 93

On day 93 the gap begins to fluctuate very strongly betidddRO and 300 empty container
transportations. The volume of the gap is over ZERG@wanage. Therefore the empty container
inventory declines after day 93. It is concluded that tlengtfluctuation in the gap is related to
the empty container arrivals from inland at C. “Emptyntamer Arrivals from the Inland at C”
on Figure — 5.28shows that the volume of the containers transportad the inland begins to

fluctuate on day 93. The fluctuation in the volume of thwetainers transported from the inland is
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scrutinized. The container inventory levels of WarehousedlVdarehouse 2 are examined. The
fluctuation in the volume of the empty containers sparted from the inland is related to the
empty container inventories of the warehousgégure — 5.29andFigure — 5.30depict the empty

container inventory levels of the warehouses at C.
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Figure — 5.29 Figure — 5.30
Empty Container Inventory of Warehouse 1 at C Empty Container Inventory of Warehouse 2 at C

While empty container inventory level of Warehouse 2 nigoslt at its desired level, the empty
container inventory level of Warehouse 1 declines vapngty in a short time; and after day 93
the empty container inventory is 500 containers. Whigevtflume of the containers Warehouse 1
transports to harbor C declines, Warehouse 2 goes on suppigrbor C. The volume of the
empty containers transported from the inland is an impoihflow of the harbor. After day 93,
empty container inventory of Warehouse 1 declines tatigadrlevel. The main object of the
warehouse is delivering the full containers to the custs. It is assumed that everyday on each
land of A, B and C each warehouse delivers 500 contai@mseach land there are two
warehouses and on each warehouse area it is assurngeethare 50 clients whom delivered 10
containers everyday constantly; i.e. on each land 1¢00@ainers are delivered to the clients.
Therefore each warehouse has to have minimum 500 cer#taim its container inventory to
fulfill its mission. At the same time, the harbansls demand to the warehouses for empty
container transportation from the warehouse to thiedna Due to the critical level, Warehouse 1
at C keeps the minimum volume of containers to futflldeliveries and cannot transport empty
containers to harbor C everyday. Warehouse 1C canesaptly containers to the harbor when
the volume of the containers in the empty contaimezntory is over 500 containers; i.e. the level
of the empty container inventory of Warehouse 1 is 60€), it transports containers to harbor C.
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That creates the fluctuation on the volume of the grmpntainers transported from inland C.
The declines and fluctuations in the volume of the empityateers transported from the inland
decrease the inflow of the empty container inventorigarbor C; thus the discrepancy between
the inflow and outflow increases and the empty contamentory level in harbor C declines.
The decline is increasing between day 93 and day 200 and thdedinee decreases after day
200. The decrease in the decline on day 200 is related to theedas the volume of the
containers shipped full from harbor C to C-B-A direntiae. the decline in one of the outflows.
(See Figure — 5.31)
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Figure — 5.31
Volume of the Empty and Full Containers Shipped From HarbGr
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Harbor C is shipping full containers to C-A, C-B and @\Blirections. In the reference scenario,
the volume of the demand for transportation to C-A, @dd C-B-A from harbor C directions
requires 275 containers/day equalygure — 5.31shows that the full containers shipped from
harbor C to C-A and C-B direction is roughly 250 conteinavhereas the volume of the full
container shipments is around 200 for C-B-A direction.sT$ituation demonstrates that the
harbor rejected some transportation demands to C-B-Actdin; i.e. some demand for
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transportation to C-B-A direction was turned down duéats of capacity. The volume of the
demand rejected is subtracted from the transportationawigno direction C-B-A. The
subtraction is done from the shipment direction becafi€eR»A having the 3 priority.

Figure — 5.31shows that harbor C is supplying mainly harbor A ethpty containers.
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Figure — 5.32
Average Gap at C

Figure — 5.32shows that the discrepancy between the inflow andoouifi above ZERO; i.e.
the outflow is larger than the inflow and this discrepacauses the empty container inventory of

C to decline.
5.4 Policies Applied to the Model

It was emphasized that the main problems of the amt#ogistics are the high volume of empty
container movements and the high level of idle coetaiatio(See Chapter I, 1.1 Brief Problem
Statement.)All the policies are applied to the reference sdenar decrease the high volume of
empty container movements and the idle container.r&t@eover, harbor A’s productivity is
calculated in detail. The productivity of harbor A isatdhted by two means: annual throughput
loaded/unloaded is calculated as tonnage, annual throughplédioaloaded in harbor A is
calculated as number of containers. The consequeridbese applications for low container
movement, low idle container level and higher harpooductivity level are analyzed by
comparing the outcomes of these applications to theerefe scenario.
The policies applied to the reference scenario:
o Policy-1 :Inland Transportation Capacity Increased 10%
» Policy-1.1 Ramp Function
» Policy-1.2 :Step Function
o Policy-2 : Loading/Unloading Capacity Increased 10%
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5.4.1

Policy-3 : Customer Container Holding Time is Reduced to 3 Days

Policy-4 : Oversea Transportation Time is Reduced 1 Day by Degjdgraster Ocean
Carriers

Policy-5 : Unloading Cranes’ Capacities Increased by Purchasing ac2b8ircer
Unloading Capacity Crane

Policy-6 : Ocean Carriers Carrying Capacities Decreased to 1,008iwens

Policy-7 : The Number of Containers and the Demand Increased 7% KEnhgy
Container Inventories in the Harbors Increased wihegp Function)

Policy-8 : The Number of Containers and the Demand Increased 7% KEnhgy
Container Inventories in the Warehouses Increasedangtep Function)

Policy-9: W1C is Supplied by Leasing Containers.

Inland Transportation Capacity Increased 10%

The reference scenario is subjected to a 10% inland traasporcapacity increase. The purpose

for the increase is closing the gap between the nunflmemtainers shipped from the harbor and

the volume of the containers arrived at the harbomfthe inland. Two sorts of increases are

applied to the reference scenario: the inland transporteapacity is increased 10% with a step

function, and an increase beginning on the day ZERGpaa#ling at 10% on the day of 365 is

applied.

An increase beginning on the day of ZERO and reaching at @08t on the day of 365 is

concluded to be more compatible to the realistic stnaff his aspect replicates a more realistic

situation. However, the outcomes of this applicatiom lsa recognized with a long time delay.

Therefore, the outcomes are evaluated in two timézdws: 750 days and 1500 days. The

increase beginning on the day of ZERO and reaching at 1@%dauhe day of 365 is generated

by aRAMP function.Figure — 533 represents that the increase in the capacity begitiseearay
ZERO and ends up on the day of 365.

The formulation is done:
(IF(TIME>=365<<@day>>,RAMP(0<<1l/day>>*1<<container/day>>,STARTTH}+335.5<<
container/day>>,305<<container/day>>+RAMP(0.083561643835616438361<<1/day>>*1<<co
ntainer/day>>,STARTTIME)))+0<<container/day>>
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Figure — 5.33
Each Inland Transportation Mode’s Transportation Capacity is Increas&0%
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Policy - 1.1 : Average Empty Container Ratio
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Figure — 5.35
Policy - 1.1: Average Idle Container Level (750 Day Period)
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Figure — 5.35demonstrates the outcomes of this policy applicatio@50 days period. The
results are compared to the reference scenario. Vidrage empty container ratio is 22.014% in
the reference scenarimland capacity increased 10%, the ratio declines to 18.16%.

The average idle level of containers is 37.86% in thereete scenario. Inland capacity
increased 10%, the average idle level of containers declme34.25%(SeeFigure — 5.35)
Figure — 5.34shows that outcomes of the policy application areenadavious from day 640 on.
This situation is concluded as: the outcomes of theaseren the capacity should be evaluated in
long time horizon. Therefore, the policy is simulated500 day time horizon

In a 1500 day period,
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Figure — 5.36
Policy - 1.1: Average Empty Container Movements
(1500 Day Period)

Average Idle Level (According to Full Container Movement)
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Figure — 5.37
Policy - 1.1: Average Idle Level of Containers (1500 Day Bdji
Figure — 5.36and Figure — 5.37showthe outcomes of a 10% inland capacity increase in a 1500
day time horizonFigure — 5.36compares the empty container ratio in reference scettatlte
10% capacity increased situatidfigure — 5.36depicts thathe empty container ratio level of
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22.014% declines to 11.48% 1500 days later, Rigdire — 5.37 depicts thatthe idle ratio
declines from 39.76% to 26.98%.

Policy - 1.2:Step Function Increase

The inland capacity is increased with a step functiorstef increase is useful to observe the
outcomes in a very short period. Therefore a 10% suddeease is created with &TEP
function. The step increase occurs on day 2.
305<<container>>+STEP(30.5<<container>>,2<<day>>+STARTTIME)
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Inland Capacity Increased 10% with a Step oli€y - 1.2 : Average Empty Container Ratio
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Figure — 5.40
Policy - 1.2 : Average Ildle Level of Containers

The results are compared to the reference sceffagiare — 5.39shows that the average empty
container ratio is 22.014% in the reference scenario. @¥ease is applied to the inland
capacity with a step function, the average empty co@tairatio declines to 12.27%.

Figure — 5.40shows thathe average idle container ratio declines from 37.86% to %.01
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Consequently, a capacity increase can be a feasibley pwliceduce the empty container

movements. It should be underlined that, the outcomemnahcrease in inland transportation

capacity should not be evaluated in a very short timégeThe expectations should be

evaluated at least in 2 year period.

5.4.2 Policy — 2 :10% Inrease in the Loading/Unloading Capacity

10% increase in loading/unloading capacity is applied as a&ypdl is assumed that the

loading/unloading capacity is increased by purchasing new equipsi#eh as new cranes.
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Figure — 5.41
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Policy — 2 : Average Idle Level
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Figure — 5.43
Policy +~Rarbor Productivity
(Harbor Productivity is Calculated According
to the Number of Containers Loaded/Unloaded)

Figure — 5.41shows that the loading/unloading capacity increasesgethpty container ratio

increases 1.45 %-igure — 5.42shows the average idle container level. The loadingadiihg

capacity increases 10%, the average idle container tlakases from 37.83% to 36.08%.

While the empty container ratio (volume of the empbytainer movements) increases, the
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average idle level of containers (unproductivity of emmérs) declines. It means that the number
of the full containers moving is increasing when the ilogidinloading capacity increases. Due to
the increase in the loading/unloading capacity, more dematepted and more full containers
are shipped.

The idle level of containers are calculated by two meeanly a container moving full is
productive, regardless of being full or empty, if a comaiis moving it is productive. The
average idle level ofrigure — 5.42is calculated according to the assumption that jufstila
container moving is productive. Therefore, the averagdadtd of the containers decreases with
the increased number of full container movements. Maeahe empty container ratio increases
with the increased loading/unloading capacity, because ntieber of empty containers
loaded/unloaded increased with the increased loading/unloeairagity.

Consequently, capacity increase precipitates the cemtanovements and this decreases the
average idle level (increases the container productiaity;it is not a solution to attenuate the
volume of the empty container flows.

Figure — 5.43 shows the harbor productivity calculated according to ttdtal number of
containers loaded/unloaded annugBee Chapter 4, 4.6.8 MODULE-8 Harbor Productivity)
The productivity of a harbor is calculated by two meamrsoaling to the total number of
containers loaded/unloaded and according to the throughpubresge loaded/unloaded
annually. The harbor productivity based on the total nurobeontainers loaded/unloaded gives
more accurate results and shows more fair valuesefthmerthe productivity based on the total
number of containers loaded/unloaded is used as a reder€he loading/unloading capacity
increases, the harbor productivity decreases; but this isatamor as to be neglected. Therefore,
it is concluded that the capacity increase doesn’'t haverafiscant impact on the harbor
productivity. Harbor productivity is more likely depending d&wow much efficiently the
resources, the equipments and the capacities are aticaad utilized.

5.4.3 Policy — 3: Customer Container Holding Time is Reduce® tDays

A customer can keep a container for 4 days in refereceeaso. At the end of this time the
container should be hand in back to the company. Itsisnasd that withPolicy — 3application,

the company commences to rule a more strict policyomtasner keeping time by reducing this
time to 3 days. In this part this reduction is applied asliaypand the outcomes are evaluated
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according to the average empty container rate, the oentadle level and the harbor

productivity.
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Figure — 5.44
Policy — 3 : Average Empty Container Ratio

Figure — 5.44shows the average empty container ratio when themestcontainer keeping time

is reduced to 3 days. The container keeping time reduceddags3 the average empty container

ratio declines from 22% to around 21%.

Average Idle Level (According to the Full Container Movements)

.5 T

L4 1 ’_'_'_,___,__——-————'_'_—_

.3 T

— Current
Reference

Figure — 5.45
Policy — 3 : Average Idle Level (According to the Full Gamer Movements)

The customer container keeping time reduced to 3 daysytrage idle level increases and the

empty container ratio decreases. Outcomdadity — 3 application is showed ofigure — 5.45

and a comparison is made with the reference scerRolwy — 3applied, the average idle level

increases from 37.83 % to 41.26%. A decrease in the empimentatio (volume of the empty

container movements) and an increase in the idle ioenti@vel at the same time (unproductivity

of a container) seem to be contradictory. A decraasieei empty container ratio occurs in a case

of a decrease in the volume of empty containers shippeel.number of the empty containers

shipped decreased, the number of full containers shippegested to increase. Therefore the
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Cumulated Number of Empty Shipped
Containers (container)

Cumulated Number of Containers Shipped Full
(container)
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Figure — 5.46
Comparing the Cumulated Number of the Containers Shipped (Bothgfy and Full)
to the Reference Scenario

idle level of containers is expected decline. Becalisadle level is calculated based on the full
container movements. A decline in the empty containevements should increase the full
container movements and subsequently the idle leveboffainers should decrease. However,
Figure — 5.45 shows a direct contrary situation. In the beginning #swevaluated as a
shortcoming of the model and a detailed analysis is dooe more to find out the reason for this
contradiction. The cumulated number of the contaishbijgped empty and full is calculated and
this cumulated number is compared to cumulated numbemnpty and full containers shipped in
the reference dat&igure — 5.46shows this comparison. The cumulated values of theaceans
revealed that after the application of @icy - 3the number of the containers sent full or empty
from each harbor declines. The cumulated volume offiuHecontainers shipped declines to
763,000 containers from 800,000 containers and the cumulated vaii@pty containers
declines from 226,000 containers to 204,000 containers simultdneBigsire — 5.46depicts the
decline in the cumulated volume of empty and full shipmenhtge decline in the volume of the
full container shipments is around 40,000 containers annwailg the decline is around 22,000
containers in the volume of empty container shipmente decline in the amount of full
container shipments generates an increase in theadtainer ratio. The more the full containers
shipped, the less idle the containers are. Moreoverdékline in the volume of empty container
shipments generates a decline in the empty container Tagofew the empty containers shipped
are, the less the empty container ratio is. As rnestl before, the containers are more productive
with a decreased idle ratio, i.e. it means thatsiyfstem sends and receives more full containers.

156



INTERMODAL LOGISTICS SYSTEM SIMULATION MODE L
&
THE EMPTY CRTAINER FLOWS

Therefore the empty container ratio is expected decline empty volume is decreasing and
simultaneously the volume of the full containers shibge declining as well. The container
keeping time reduced to 3 days, the harbor is expected to stgmifyfaster from the inland
warehouses, therefore the harbor is expected notetml slemand for empty container
transportation to the other harbors; i.e. few emptiyals and few empty shipments are expected.
It is concluded that the decline in both full and empmtgtainer shipments is related to the empty
container levels in the harbors. The empty containanitory levels decline to critical levels, the
harbors reduce the number of empty and full containgsnsmts. The level of the empty
container inventories has an impact on the filling, ilogdand unloading container operations
(See Chapter 4, 4.6.10 MODULE-7 Filling Rate Planning at Harboy A

Reducing the client container keeping time renders thstlogisystem more dynamic, and the
inventories in the harbors decline to critical levetgréfore the “Effect of Empty Containers On
Capacity at A” and “Effect of Empty Containers on SimgpEmpty Containers at A” begin to
constrict the empty and full container loading ratkee Tevel of the empty container inventory
declines, the volume of the filling, loading and unloadipgrations declines. The productivity of
the harbor declines with a declined loading/unloading capasiwell.Figure — 5.47shows the
decline in the harbor productivity of harbor Rigure - 4.52shows that the empty container level
declines to critical level, the volume of the congaifoading/unloading operations slow down
and reduced by the empty container inventory in the harAbhough having the same
loading/unloading capacity the harbor cannot load/unload cmmsaidue to the low level of
container inventories and the restrictions on theaioneat operations; thus the productivity of the
harbor declines.

DAY

0.900 7= i \

0.895 —

—— Current
Reference

Figure — 5.47
Policy — 3 : the Harbor Productivity
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Consequently, ruling in a stricter customer policy by re@dyuthe customer container keeping

time to 3 days is not the best cure for reducing themelof the empty container movements and

for reducing the container idle level. It is concludeat Bolicy — 3is not useful.

5.4.4 Policy — 4: Oversea Transportation Time is Reduced bydhasg Faster Ocean Carriers

The average transportation time between the harbd&days. It is assumed that faster ships are

designed with the increased technology and the transporttthe is declined to 16 days.

Outcomes of this decline are analyzed in this part.
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Figure — 5.49

Policy — 4 : Average Idle Container Level

Figure — 5.48 showsPolicy - 4 application and the empty container ratio. It is codetl that
decreasing the transportation time by designing faster shipst the best cure for reducing the
volume of the empty container movements.

Figure — 5.49 showsPolicy - 4application and the idle level of containers. Itasduded that
only decreasing the transportation time by designing fakips is not the best cure for reducing

the idle level of containers.

5.4.5 Policy — 5 : Unloading Capacity Increased by Purchasing a @@xainer Unloading
Capacity Crane

In the reference scenario the containers arrivingaabdr A and B constitute a container
accumulation problemEigure — 5.53shows that big volume of containers are waiting in the
ocean carriers to be unloaded in harbor AfRigdire — 5.55shows that big volume of containers
waiting in the ocean carriers to be unloaded in harbdm@ volume of the cumulated number of
containers waiting to be unloaded in each harbor is agepatFigure — 5.53 Figure — 5.54and
Figure — 5.55 The problem is not caused by an inefficient shipping ndétwesign; the problem
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is caused by the low unloading capacity of the harbors. Qeehga the loading capacity, the
unloading capacity is almost 25% smaller. The gap betweeioading and unloading capacity
creates this accumulation.

By Policy — 5application, the unloading capacity increased 25% by purchasiew &rane and
the outcomes of the policy application are analyzed.

S
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0.15 0.61T
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0.05+ 0.2
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Figure — 5.50 Figure — 5.51
Policy — 5: Empty Container Ratio Policy — 5vexage Idle Container Level

Figure — 5.50 shows the outcome of increasing the unloading capacity 29%.empty
container ratio declines from 22.04% to 21.57% with the as@e The discrepancy between
these two values is negligible.

Figure — 5.52shows the empty container inventories in the harbbeoicy — 5is applied, the
level of the empty container inventory in harbor B dexdito 52,000 containers. Moreover, the
empty container level in harbor B is around 39,000 containette reference scenario. It is
concluded thatPolicy — 5 generates a more robust empty container inventory tihohaB.
Figure — 5.53 Figure — 5.54and Figure — 5.55depict that the unloading capacity increases
25%, the volume of the containers cumulated in thbdradeclinesto ZERO.

Consequently, it is concluded that increasing the unloadipgcts isn’t a cure for reducing the
empty container ratio and the idle container rdtiowever, this policy application reduces only
the accumulation of the containers waiting to be unloatedemonstrated dfigure — 5.53
Figure — 5.54andFigure — 5.55
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Policy — 5 : Each Empty Container Inventory Level in Harbéy;, B and C
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Figure — 5.55
Number of Containers Waititmbe Unloaded in Harbor C

5.4.6 Policy — 6: Reducing the Ship Carrying Capacity to 1,000 Go&rs

The average ship carrying capacity is 3,000 containers irretleeence scenarioCarrying
capacities of the ocean carriers are reduced to 1,00@icers and the outcomes are analyzed.
Figure — 5.56, Figure — 5.5And Figure — 5.58show the average empty container ratio, the idle

container ratio and the harbor productivity.
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Figure — 5.58
Policy — 5: Harbor Productivity Level.

Figure — 5.56, Figure — 5.5andFigure — 5.58demonstrate that the model is not sensitive to the
modification in carrying capacities. Because “Harbor Baghtonjunction” factor is excluded
from the model. It is assumed that there is no waitime to berth, a ship arriving at the harbor
berths at once; therefore the capacity of the shiggt@nnumber of the ships sailing and berthing
don’'t have any impacts on the system. Thus; fulfilling tf@sportation with ocean carriers
having smaller carrying capacities is not a cure to redoeevvlume of the empty container

movements and the idle container level.

5.4.7 Policy — 7: Number of Containers in the Harbors and the Ced for Transportation are

increased 7%

It is assumed that the demand for transportation wilbigovith an increase around 7% per year
until the year 2015(Helmick, Jon S, A 21st century status report, 20@blicy-7 is applied

according this expectation. The demand and the contaimentories are increased 7%. Each
empty container inventory level of harbor A, B and C5%375 containers in the reference
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scenario and each harbor’'s empty container inventorgased 6,570 containers withSEIEP
function on day 2.

The total volume of the demand for transportation is 83t8AQper day(See Figure — 5. 11)
The demand for transportation increased 7% on day 2 &s wel

Figure — 5.59andFigure — 5.60depict the empty container ratio and the average wtamer
level. Figure — 5.59show thatPolicy — 7application decreases the volume of empty container
movements, but the decrease is very small and nelgligib
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Figure — 5.59 Figure — 5.60
Policy — 7 : Empty Container Ratio Policy — 7Average ldle Level

Figure — 5.60show thatPolicy — 7application decreases the average idle level of auergibut
the volume of the decrease is very small and thatiatrman be neglected.
It is concluded thaPolicy — 7is not a cure to reduce the volume of the empty caartain

movements and the idle container level.

5.4.8 Policy - 8: Number of Containers in the Warehouses anel lemand for Transportation
is increased 7%

Warehotise-1| Warehotise-?2
Warehouse 11Warehouse -2

A 10,45( 10 AR(

A 7,125 7,125
B 10,300 10,300

B 7,000 7,000
c 10.30( 10,147

C 7,000 6,847

Figure — 5.61 Figure — 5.62
Empty Container Inventory Levels of the Warehouses Policy — 8 : Empty Container Inventory
in Reference Scenario Levels of the Warehouses
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The number of containers in the warehouse inventoridstiae demand for transportation is
increased 7%Figure — 5.61depicts each warehouse empty container inventory levelein th
reference scenariigure — 5.62depicts each warehouse empty container inventory levehwh
Policy— 8is applied.
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Figure — 5.63 Figure — 5.64
Policy — 8 : Empty Container Ratio Policy — 8 : Auage Idle Level

Figure — 5.63shows the volume of the empty container movemantd-igure — 5.64shows the
average idle container levéligure — 5.63demonstrates that the demand and the volume of the
empty containers in the warehouses increase, the vohiniee empty container movements
declines, but this value is very small and negligiBigure — 5.64demonstrates that the demand
and the volume of the empty containers in the warehounsesase, the average idle container
level declines, but this value is very small and negkgib

Consequently, it is concluded tHablicy — 8doesn’t establish a solution to reduce the volume of
the empty container movements and the idle contaavet. |

5.4.9 Policy — 9: Empty Container Inventory of Warehouse — 1 C Supplied with Leasing

Containers

While analyzing inventory C it was revealed that Warehdusé C declines very strongly and
has difficulty to supply harbor ¢SeeFigure — 5.29).lt was concluded that the strong decline in
the empty container level of Warehouse 1 C generatatiens in the volume of the empty
containers transported from warehouse-1 C to harbdrh€.oscillations in the volume of the
empty containers transported from the inland to harbocdclirres on day 9@&eeFigure — 5.28
Graph of “Container Arrivals from C” and Graph of “Gap at C”). Policy -9 is applied to
reduce the volume of the empty container movemengsatikerage idle container level and the
oscillations in the volume of the containers transgbfitem Warehouse 1 C to harbor C.
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Figure — 5.65shows the oscillations in the volume of the gap betvike inflow and the outflow

in harbor C in reference scenari®olicy — 9applied, i.e. Warehouse 1 C is supplied by leasing
containers, the oscillations declines obviously Biglire — 5.66demonstrates the decline in the
oscillations. MoreovefFigure — 5.67shows the volume of the empty containers movements.
Compared to the volume of the empty container movementshe reference scenario,
Figure — 5.67demonstrates that the volume of the empty containeisrdevhenPolicy — 9is
applied. The decline is around 1%:igure — 5.68shows the idle container levd®olicy — 9
applied,the idle container level declines. The decline in the ¢ontainer level is around 1%.
Consequently, it is concluded tHawlicy — 9successful in reducing the oscillations in the volume
of the empty containers transported from WarehousealHatbor C. On the other hand,

Policy — 9doesn’t cure the problems of high volume of empty coataimvements and the idle
container level. The amelioration in these two praisles around 1% whdpolicy-9is applied.
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CHAPTER VI

6. CONCLUSIONS

This study attempted to draw a mental picture of theéasoer flows and the internal dynamics of
structure that the containers flow in. The intermodglsiics structure has a big dynamism and
the behavior of the system is far beyond complex tognex. System Dynamics aspect is used as
an usher while leading through this complex and dynamic path

Harbor productivity is created based on two assumptionstai@ throughput as container
number and the total throughput as tonnage. It is obsenaedhie calculations based on the total
throughput as container numbers is more sensitive.u8ecdhe calculations depending on the
tonnage are neglecting the empty container movemeéhesefore; while the harbor productivity
is around 90% according to the throughput as container nuntberngroductivity is around 70%
when the total throughput is calculated as tonnage.

First of all, the internal dynamics of the contaitagistics system is revealed and the mental
picture drawn is evaluated. It is observed that theretwoemain cycles in the system: the
container cycles, the ship cycles. These two cycles e depicted as two telescopic cycles.
Figure — 6.1depicts this picture.

Container Cycle
Inland Transportation
m e Productivity

-

Harbor Productivity

Figure — 6.1
Mental Picture of the Cycles in the Logistics System
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The container cycle and the ship cycle effect eackrsthmovement reciprocally. If the ship
cycle slows down the container cycle slows down, and versa. The harbor productivity and
the inland transportation productivity have a braking effecthese two cycles. This assumption
is depicted orFigure - 6.1 If the harbor productivity is low then it slows dowhetcontainer
cycle movement due to the increased harbor operati@s t&nd the ships waiting for the loading
operations wait more; therefore the ship cycle timeremses as well. For a successful
transportation, the ship cycle time and the contaigelectime should b& synchronized and
managed in optimum. The productivity problem has a chaircteflene declined productivity
reduces the container productivity and the ship productiveythe owner of the containers and
the ships cannot use their equipments properly. The odistafeature of this system is that the
system is as much fast as the slowest flow in tkéesyor it is as much productive as the lowest
productivity level in the system. This state resemblegpa fhat the water is flowing through.
The speed or the amount of the water is determined byahewest part of this pipe; i.e. the
flow in the whole pipe is as fast as the water flowtimpugh the narrowest point and the harbors
and the inland facilities are these narrowest pomtke water pipe.

Inland Transportation Productivity

Harbor Productivity

Figure — 6.2
Mental Picture of the Harbor and Inland Operations in the Lagics System

The narrow parts (Harbor and Inland) defined with SystemaDycs aspect according to the
mental picture drawn above. The empty container movesreme one of the consequences of
these narrow parts of the pipe. It is concluded thatiritand transportation structure and its
productivity are the main reasons for the empty contdioes.

Nine policies are applied to the model and the outcomeg\aluated. It was observed that all
the policies related to increase the container prodtyctin the inland or all the policies

increasing the speed of the containers in the inland, eedine volume of the empty container
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flows. The policy increasing the inland capacity, and thepoéducing the customer container
keeping time verify this assumpti¢B8ee Chapter 5, Part 5.4.1 Policy-1 and Part 4.3.
Policy-3). Accordingly, the studies focusing on increasing the inlapdrations’ productivity
should intensify. On the other hand, all the compaweking in the logistics sector work with
high profession profile. Namely, the companies are workirlg a productivity level very close
to their optimum capacities or logistics abilitieseféfore new techniques focusing on increasing
the inland operations productivity should be generated. Diegignew ships and harbor
equipments with new technology or purchasing new techgodogipments require very high
costs. The optimum way and the outcomes that cdrabested in the shortest period lie in the
inland structure. Therefore the studies focusing on thandnlstructure constitute of big

importance.
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