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Abstract 

First issue that this thesis tries to address is setting up a practical framework of foliated 

transportation network. Scope of this thesis limited to several cities in Sweden to illustrate that 

this organization can be set up and it can perform under corresponding regulations. Beside the 

possibility of performance it was of high importance to consider its positive effects on whole 

network factors from both social and industrial perspectives. For this purpose a comparison 

between network results for different truck fill rates carried out but practical use of results is 

completely dependent of the stakeholder who is going to utilize them. 

Keywords: Foliate transportation networks, Network optimization, Hub and spoke, Direct 

transportation  
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Definitions used in this study 

Before start, it is important to clarify some of the terms and expressions used in this research. 

Definitions here are those which correspond to the purposes of the study and mostly 

interpreted from prominent references. 

Hauler 

In this thesis hauler can be referred to both a real or legal entity like a company who has the 

responsibility of transporting goods and consignments with his facilities and the capacity 

provided to perform this task. 

Consignment 

Here consignment is volume of goods ordered by a client to the hauler to transport it. 

Homogenous consignment 

It is a kind of consignments which has no extra ordinary physical dimensions and can be 

carried with ordinary shipment facilities. 

Business Model 

It is a model which encompasses plans for financial issues. The way incomes can be obtained 

and financial policies for conducting various situations and interacting with different 

customers are directed in this model. 

Origin 

Origin in this thesis is the city or the terminal from which trucks leave to the destinations. We 

do not consider any other points before this terminal which consignments may pass through 

them. 

Destination 

Like above destination means the terminal or the city to which consignments have to reach. 

No other delivery points in the destination considered in this thesis. Consignment orders can 

be generated both in destinations as demand or in origins as orders. 
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1 Introduction 

This chapter covers the background and motivation of the study. Some limitations during the 

study and review of remainder of the thesis also mentioned. 

1.1 Background 

Nowadays, transportation plays a very significant role in industrial fields. Transportation is a 

part the process of providing goods and services to customer, which most of its costs should 

be pay by the buyer. In customer eyes it is a non-value adding part but it is not a waste, since 

it is an essential part of the process. In current state of every day increasing and diversifying 

customer needs, deliveries are becoming more frequent and in smaller volumes which should 

maintain the product quality in a satisfying level as well. Therefore having an efficient and 

low cost transportation networks is becoming more critical. This will become emphasized 

when the development of transportation infrastructure is not equal to increasing 

transportation needs. It seems like the current infrastructure will be insufficient to handle 

transportation demand (Kalantari 2007). Foliated transportation system is a solution for this 

problem. Foliated transportation system is a simultaneous use of direct shipment system and 

hub and spoke system. It benefits from characteristics of both of them. Many studies have 

done so far to develop and compare the results of this type of transportation system, but the 

lack of an operational system is still sensible. In this research it is tried to model a foliated 

transport network and generate optimal or near optimal solutions for that. Aspects concerned 

here are resource utilization, fleet size, transport and traffic work while it can have directions 

for both society and industry in order to modify it toward their practical usage of the system. 

1.2 Purpose and objectives 

Main purpose of this research was mainly to propose and introduce a practical and 

operational system for foliated transportation networks in Sweden.  Main task of this network 

is to decide and schedule transport orders, either through direct or hub and spoke network. 

Transport provider by using this system should be able to estimate upcoming transport orders 

and decide how to fill the trucks. In this way transport provider can prioritize orders and 

deploy differentiated prices for various routings. In this way provider can negotiate with 

customer for the price; simultaneously balance its fleet filling rate and maximize resource 

utilization. Consequently he can obtain higher level of efficiency with smaller needed 

number of resources. 

1.3 Limitations and Demarcations 

Limitations to this study were mostly recognized during the practical and computational 

calculation parts. Main limitation was the absence of systematic implemented foliated or 

mixed transport network in real world which we could verify or compare our results with. 

There were also limited number of previous research in this field, and also some unpublished 

resources which despite the fact of being useful and up dated it wasn’t possible to refer to 

them as a reference. 

Finding a suitable simulation package also was a challenge. Arena version 10 was used to 

perform this research but some limitations were encountered such as license, accessibility 

and general acquaintance of instructors to this software. 
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Anyway for the first step, important thing was to fully identify an understandable model and 

then show that it works.  Two major models could be introduces under foliated or mixed 

transportation network arrangement. First model is considered as basic model and arranged 

to be as the efficient model. In this model efficient traffic work by considering environmental 

issues were in focus. The other one which is out of the scope of this study is referred as the 

business model as with which the hauler tries to maximize its profit. This model described 

more qualitatively in this study. 

1.4 Outline of the thesis 

Chapter 2 Theoretical frame of reference 

Theoretical and practical background and logic of the study explained and different methods 

used for such researches briefly overviewed.  

Chapter 3 Methodology 

Methodology used for conducting this study discussed in depth with the summary of the 

literatures reviewed for deciding on the methods. As it is explained in chapter 3, two 

different methods and literatures used for conducting the modeling of the system and 

generating the results of performance. 

Chapter 4 Model 

Model used to conducting this study described and its parameters and the planning 

procedures are explained. Empirical issues considered in planning and modeling also 

mentioned in this chapter. 

Chapter 5 Simulation model description 

Coded model for simulating the model in excel completely described and the logic and 

assumptions, upon which model attributes are interacting with each other are introduced. 

Chapter 6 Results and analysis 

Analysis of the system performance results and their interpretations for different situations 

are presented in this chapter. 

Chapter 7Business implication 

Several business models can be constructed upon the model which defined in this study, 

introduced in this part. 

Chapter8 Conclusion  

Concluding lines of obtained results are mentioned in this chapter. Some future study 

potential areas are also directed at the end. 
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2 Theoretical frame of reference 
Physical components of the system introduced, and different methods used to direct such 

studies mentioned in this chapter. 

2.1 Components of a foliated transportation network 

2.1.1 Hub and Spoke system    

In a Hub and spoke setup all origins and destinations in the network are connected to a 

central terminal called “Hub”. All goods should arrive to the hub terminal from each origin 

(departure side). Consignments would be unloaded in the hub and usually stored until other 

consignments arrive to the terminal. Afterwards those goods that are belonging to a same 

destination can be consolidated with each other and sent by one truck. Therefore different 

items produced and used at different times and locations can be combined into single truck 

loads (Hall, 1987). This will increase the resource utilization and decrease the total number 

of required trucks in the network. Also some value adding activities may be done in the 

terminal, for example packaging and labeling could be done in the terminal.  

In hub and spoke set up, central terminal is called Hub and the directions are called Spoke, 

(figure 1). Following advantages can be obtained from using Hub and Spoke System: 

 Increased resource utilization.  

 Reduction in number of links among the nodes. 

 Higher carrier filling rates, because the transportation flow is concentrated in fewer links.   

 Possibility of higher travel frequencies between nodes.  

 Reducing negative transportation effects on environment. 

 

 

 

 

 

 

 

 

 

 

 

2.1.2 Direct transportation network (point to point network) 

Lumsden et al. (1999) defines a direct shipment network as follow: 

The most immediate way to connect a number of points located in different geographical 

positions (production factories, distribution centers, warehouses, transit points, etc.) is 

through a direct connection system. This system corresponds to a “point-to-point” 

network, where each pair of nodes is joined by a specific link from the departure node to 

the arrival node. 

Hub Spoke

s 

Figure 1 Hub and Spoke setup 
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2.2 Theoretical background 

Mathematical modeling is an approach in solving these problems and for generating optimal 

or near optimal solutions. Routing problems usually conducted by using heuristic algorithms 

but in most of previous research there were not so many parameters interfering especially for 

the practical use of model. Although heuristic solutions try to find the solution in a dynamic 

manner, solutions they provide are highly dependent on previous data on hand and the way 

they have presented to the model. Since for foliated transport system this research was 

suffering from lack of live systems and verifiable data, and on the other hand there were 

many setups that the model could be organized accordingly and many parameters developed 

which some of them were just working under some specific surroundings; simulation seemed 

as the best way to conduct illustration of the system performance. 

2.3 Simulation 

Kelton et al. (2007) introduces simulation as follow: 

Simulation refers to a broad collection of methods and applications to mimic the behavior 

of real systems, usually on a computer with appropriate software. 

Carson (2005) also talks in support of simulation and mention some of its usage areas: 

Simulation is a powerful tool for the evaluation and analysis of new system designs, 

modifications to existing systems and proposed changes to control systems and operating 

rules. Conducting a valid simulation is both an art and a science. 

Discrete – event model 

Carson (2005) identifies a discrete – event model as: 

A discrete-event model is one whose state changes only at discrete times called event 

times. When an event occurs, it may trigger new events, activities and processes. 
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3 Methodology  

Various methods for conducting this research were analyzed regarding the affecting 

variables. This chapter presents methods used in previous studies and the procedure decided 

to follow in current research. 

3.1 Literature study  

First step in conducting this research was to fully recognize what have been done before, 

current situation, needs, and modeling a network which corresponds to goals of this thesis. 

For this purpose, a range of literatures have studied about need for foliated transportation 

systems, mixed delivery systems, and methods used for optimizing such networks. 

The concept of combining a Hub-and-Spoke System with Direct Shipment has been 

introduced and analyzed in different contexts in the literature before. Roy and Crainic (1992); 

Aykin (1995); O'Kelly and Bryan (1998); Lumsden et al. (1999); Zäpfel and Wasner (2002); 

Liu et al. (2003), and etc. studied mixed transportation networks. Most of these literatures are 

dealing with the possibilities of network optimization and the way links in a network making 

the network more efficient by rerouting and shortcutting.    

Improvement in SKF shipment system was discussed by Lumsden et al. (1999). They used an 

efficient Hub and spoke system. They indicated that if the system changes in a way to use 

hub and spoke and direct shipment simultaneously, the result would be reduction in the fleet 

size needed and increase in resource utilization. 

Consequences of replacing a direct shipment system with a hub and spoke one is discussed 

and quantitatively analyzed by Lumsden and Kalantary (2005). They measured the 

improvement according predefined KPIs. Among those, filling rate and total required fleet 

size improved while transport work and mean time between nodes increased.  

In order to introduce a practical framework for foliated transportation network, a network 

was extracted from a large scale network in Sweden. This setup tries to show that such 

arrangements can work and bring results which are totally making the network more efficient 

rather than pure networks. Figure 2 depicts how the pure networks combine in a foliated 

transport system. 

                                                                    
Figure 2 Foliated transportation network, source: Persson and Lumsden (2006) 

3.2 Simulation 

As mentioned before, for second part of this research simulation was choose for 

demonstrating results and illustrating system performance. Before making this decision some 
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of the literatures in field of hub and spoke systems and foliated transportation networks were 

studied and their methods for optimization of the network were analyzed. There were so 

many researches tried to propose models and solutions for hub and spoke systems and mixed 

systems. Marianov and Serra (2003) proposed a location model for a hub and spoke system 

for air industry in which they used heuristic on tabu search to solve the model. Ebry et al. 

(2000) also modeled for hub location based on integer linear programming and solved it with 

heuristic algorithm with shortest path. Ernst and Krishnamoorthy (1996) also did some same 

job for hub location of an incapacitated p-hub median problem. They used linear 

programming and developed a heuristic solution based on simulated annealing to solve it. 

They used simulated annealing upper bound to develop a LP-based branch-and-bound 

solution method. Smith et al. (1996) used previous research findings and proposed the 

Hopfield neural approach to locating the hub in the network. They concluded that speed 

advantages which can be attained when implementing neural networks in hardware make the 

Hopfield neural network a very attractive potential alternative to the existing solution 

techniques. Elhedhli and Hu (2005) used non linear programming to model hub and spoke 

system and used lagrangean heuristics to solve it. Liu et al. (2003) also developed a heuristic 

model to solve a routing problem for trucks in a foliated transport network with milk run 

deliveries. They used the heuristics to determine the mode of delivery. All of these researches 

included computational calculations to prove research questions and hypothesizes. 

This study in some ways is different from those mentioned above. Here the problem or the 

aim of the study is not finding the hub location, nor routing of the truck. Of course routing is 

an issue but it is defined in such a way that doesn’t need optimization in the way other 

studies did. Here first goal was to demonstrate a foliated transportation network and show 

that it works. Network scope, hub locations, timing and many other issues decided by 

agreements achieved through expert interviews. 

3.2.1 Why simulation 

Simulation is applicable in some specific circumstances. Carson (2005) mentioned some 

occasions in which simulation can be applied. Here is the list of those most corresponding to 

this study’s goals. 

Designing a new system, considering major changes in physical layout or operating rules in 

an existing system, or being faced with new and different demand. 

You are considering a large investment in a new or existing system, and it represents a 

system modification of a type for which you have little or no experience and hence face 

considerable risk. 
You need a tool where all the people involved can agree on a set of assumptions, and then 

see (both statistically and with animation) the results and effects of those assumptions. That 

is, the simulation process as well as the simulation model can be used to get all members of a 

team onto a (more) common understanding. 

There is no simple analytic model, spreadsheet model or “back of the envelope” calculation 

that is sufficiently accurate to analyze the situation. 
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Simulation in supply chain was studied by Cope et al. (2007). They described supply chain 

environment as uncertain, dynamic and distributed. They considered simulation as a risk free 

method to model processes and events flexibly in such environments with the desired level of 

complexity. Interrelation of system sections and affecting factors can be easily demonstrated 

in a simulation model and flexibly can be changed while under lying logics changes for 

testing different levels of complexity and alternative models. 

Therefore according to what said here it is decided to use simulation for conducting this 

study. 

3.2.2 Simulation software 

At first Arena version 10 choose for simulating this model. Although it is simulated and it 

worked properly in this software, due to the limitations for accessing this software and 

license issues all simulation model recoded in Excel spreadsheet.  
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4 Model  

In this chapter the model used for this study is theoretically explained and some of the 

assumptions used for conducting the research also mentioned. 

4.1 Scope 

Four cities in Sweden choose as departing and receiving terminals. One of them has the role 

of hub also. Chosen cities are named Point A, B, C, and D where Point D is the hub terminal. 

Distances between these points and scope of the research is shown in table 1 and figure 3 

respectively. Real names of the cities can be found in appendices. 

Table 1 Distance between cities 

 Point A Point B Point C Point D 

Point A - 468 230 146 

Point B 468 - 456 324 

Point C 230 456 - 134 

Point D 146 324 134 - 

Points A and B are big cities with very frequent transport demand. Point D is located 

somehow in central part of southern Sweden which was therefore selected as hub, and Point 

C is a relatively small city and it is choose to have a city with lower amount of transport 

demand in the primary model to analyze the effects of it. Here all transportation done by 

trucks. 

 

 

 

 

 

 

 

 

 

4.2 How the model works 

As mentioned before in this research simulation method was used to control the system 

performance. How simulation works for this model will be discussed in next sections, but the 

important issue for simulation is not to perform modeling and simulation coding 

Figure 3 Model scope 

Point B 

Point D (HUB) 

Point C 

 

Point A 
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simultaneously. Agreed upon model, scope, width and depth of the model, and assumptions 

should be prepared and documented in real language and then translated to simulation 

software package for coding and simulation (Carson, 2005). Therefore here the way system 

works, assumptions, variables and attributes are explained.   

Beginning time for work in a day assumed 7:00. Orders for each destination comes trough 

whole day to each origin. Since there is no figure for incoming consignments in early 

morning, the hauler uses forecasts to estimate amount of transportation order comes through 

the day. Hence, a statistical distribution was applied to forecast amount of incoming 

transportation demand in terms of consignment volume.  Three periods can be distinguished 

during a day. First, (1), up to a specific time all trucks should be filled 100% for a specific 

destination. During this time or at the end of it, these full trucks go directly toward 

destinations. Second period, (2), is hub period which also called hub time. During this period 

hub trucks leave origins to transport those portions of goods which were not making a full 

truck load. These trucks transport all consignments for all destinations to Point D, in order to 

unload and reconsolidate them with consignments coming to hub for each final destination. 

 After hub period till the last time, (3) is the third period, in which trucks go directly to 

destinations. Therefore transport order should be anticipated and routing should be done in 

such a way that these trucks also be as full as possible. Figure 4 shows how the model looks 

like. 

Other result of this system would be that the transport owner knows at the end how much 

resource he would have to promise coming orders during the day and charge them 

accordingly. 

 

 

 

 

 

 

 

 

Here with an example system performance and the way hauler can use the system is showed. 

Since in Sweden usually goods must not arrive destinations later than 5:00, they have to 

leave origins in such a way that can arrive on time at the destinations. Therefore it is assumed 

that at the end of the day, last truck should leave a specific departure at 24:00 regarding the 

distance and the time it takes the truck reach the destination on time. Assume, for that day 

hauler forecasts that he will receive 420% of order volume for a specific destination. 

Obviously those 20% should be combined with other destinations’ orders and go through the 

7:00 17:00

0 

22:00

0 

24:00 

Figure 4: Model illustration (Times are just for clarification) 

(1) & (3) 

(2) 

(2) (1) (3) 
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hub. For these orders hauler may charge lower prices since it takes a longer time to deliver 

them.   

Assume the hauler has already received 300% of order volume until 17:00. From 17:00 

hauler send the full trucks by considering that there can be a 100% full truck at the end of the 

night. So up to 320% of the orders will be loaded and delivered till 22:00. From 17:00 to 

22:00 the hub truck which is also almost full leaves the origin. 22:00 is the last time for hub 

trucks that can leave according to the time it takes they reach the destination. From 22:00 to 

24:00 hauler delivers those last 100% with a higher price. Actually higher prices can be 

performed according to the arrival time of the consignments to the origin terminal. 

During the hub period hauler sends each truck when it gets full. The only truck which may 

not be full in this period is the last hub truck, since this truck should anyway leave the origin 

due to travel time. 

4.3 Model attributes 

Consignment volume here presented as percentage of truck capacity. Customer orders the 

volume of the consignment that should be transported. This volume may also demanded by a 

client in the destination site. 

The consignments arrive to each origin; have two attributes; inter arrival time and the 

volume.  The travel time between each two points is almost constant, and the time in the hub 

is depending on some stochastic factors. To model the system it is necessary to define these 

attributes. 

4.3.1 Inter arrival time 

In order to find the inter arrival time distribution the best way would be gathering data by 

sampling and find the distribution of the sample data based on statistical goodness tests. 

Since there weren’t so many foliated transportation networks out there, inter arrival time was 

estimated by considering current regular networks and consulting with experts. Since the 

arrival of each consignment to each point is independent of the time, so the best distribution 

could be exponential distribution. 

4.3.2 The volume of consignment, 

The normal way to find the volume distribution is sampling and estimation based on 

statistical goodness tests but, there is the same problem that the sampling needs a real and 

tangible system. Although the real foliated system does not exist; there are many regular 

systems working without the Hub. Since the Hub does not affect on the volume of 

consignments arrive to each origin, historical data of existing systems used to estimate the 

distribution of volume of each consignment. Here we assume that the consignment volume 

follows Normal distribution. 

4.4 Planning 

A consignment arrives by volume 𝑉𝑖𝑗 . Volume of the consignment is V which arrived to 

origin (i) and going to destination (j). Truck fill rate is𝑉𝐿. Now routing of the transportation 

should be decided. From economical point of view it would be more profitable and efficient 

if one or more full trucks send directly from (i) to (j), but if the volume of consignment is not 

enough to be considered as a full truck it is not send to the destination directly, instead it goes 
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through the Hub. Obviously there would be some other consignments with volumes less than 

a full truck to be transported from origin (i) to other destinations. They would be 

consolidated in a same truck in order to achieve a full truck load to the hub. As soon as the 

consolidated volume reaches a one full truck, it leaves the origin to the Hub.  

Hub Planning, 

During the hub time some consignments from each origin arrive to the hub to consolidate for 

same destinations. For example there is a truck from Point A to the Hub. In this truck there 

would be some consignment for Point B and some for Point C. Also there would be some 

consignment for Point D as the Hub as well. Simultaneously there is a truck coming from 

Point C to the Hub which contains a consignment for Point A and Point B. There is also 

some transportation orders for Point B from Point D. The task is to consolidate the 

consignments for Point B from Point D, Point C and Point A and then send them from the 

Hub to Point B as soon as it reaches a full truck volume. Figure 5 depicts this situation. 

 

 

 

 

 

 

 

 

Therefore, as a consignment arrives to the Origin (i) by the volume𝑉𝑖𝑗 , the number of trucks 

that are sent directly to the destination (j) is determined by: 

 
𝑽𝒊𝒋 

𝑽𝑳
  = 𝒏𝒊𝒋                                                                                                   Equation 1 

The portion of the consignment that would not make a full truck is also equal to: 

 𝑽𝒊𝒋-   
𝑽𝒊𝒋 

𝑽𝑳
  . 𝑽𝑳 = 𝑷𝒊𝒋                                                                              Equation 2 

𝑃𝑖𝑗  is the amount of consignment that remains from direct transportation before the hub time 

and it would be added to the direct transportation after the Hub time. On the other hand 

amount of consignment received during hub time by each origin defined by 𝑉𝑖𝐻 , which means 

volume of order received by origin (i) and goes to the hub.  

After the hub time there is a shorter time window for direct transportation which would be 

dedicated to incoming consignments after hub time and those remaining from before the hub 

period. 

Point A 

Point C 

Point D 

Point B 

Figure 5: Hub Planning 
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4.4.1 Empirical issues 

Limitation for the last direct truck comes from the time, consignments should reach the 

destination. It is common in Sweden to provide goods for each destination terminal not later 

than 5 o’clock in the morning. Therefore, for direct transportation, the last truck should not 

leave the origin later than a specific time e.g. 24:00 (B to C). Transportation through the Hub, 

on the other hand, takes more time since the consignment should wait in the Hub for 

consolidation. In this study consolidation time in the hub supposed as 2 hours. It is achieved 

by consulting with experts and it is very common for consolidation. So, the last time for each 

origin that the hub truck can leave can be calculated simply by considering these times. 

Figure 6 shows the times it takes for each truck to reach its destination in each track. Table 2 

also shows last times that trucks can leave each origin either for direct transport or through 

the hub. Average speed here considered 90 Km/h. 

 

 

  

 

 

 

 

 

Times indicated in right part of the table 2, are calculated according to the longest trip time. 

This is because of the nature of the hub trucks which contain consignments for all 

destinations. 

4.4.2 General study assumptions 

In order to define problem domain and some simplification for modeling the problem, some 

assumptions made. These assumptions made in such a way that not to alter the substantial 

logic upon which the system is working, but simultaneously make the system as simple and 

as understandable as possible in order to fit in this study regarding the goals and the results 

which this research is going to present. Assumptions are as follow: 

 This system includes only one hub. 

 No cost considered in this research. 

 Transportation orders are for homogeneous goods. This assumption is for simplicity in 

calculations. For example none of the consignments need special trucks. 

 Trucks are also homogenous and there is an infinite supply of trucks. 

 None of the consignments need more than one truck. This also simplifies the model 

development and volume of calculations. It means the maximum size of every 

consignment is equal to truck capacity. 

 

Point A 
Point D 

Point C 

Point B 

5:15 

2:45 

1:45 

1:30 

3:45 

5:00 

Direct Truck 

Hub Truck 

Figure 6: Travel times 
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Table 2 Last times to leave origins 

Direct Transportation Hub Transportation 

Track 

Time for 

sending full 

trucks before 

hub 

Last time for 

direct 

transport 

Track 

 

Beginning 

time for 

through the 

hub 

Last time 

for through 

the hub 

A to B 17:00 23:45 A to Hub (D) 17:00 21:30 

A to D 17:00 03:15 C to Hub (D) 17:00 21:45 

A to C 17:00 02:15 B to Hub (D) 17:00 21:30 

B to D 17:00 01:15 

 B to C 17:00 24:00 

C to D 17:00 03:30 

 

 There is a restriction in delivery time i.e. the goods that are belonging to the same 

destination should be arrived to the destination not later than a specific time either 

shipped through hub or direct shipment. According to empirical data it is 5 am in 

Sweden.  

 Departure time for those trucks which leaves each origin for the hub is identified 

according to the longest trip time to destination. This assumption is especially important 

for the last hub truck. In other words for a truck which is going to go through the hub, 

this is the longest trip time of the goods that the truck is shipping, that identifies if it is the 

last hub truck in that direction or not.  

 The probability of amount of transport order in the departure side is distributed normally 

and it is unique for all origins. Because not only Normal Distribution is the most 

compatible logically but also based on Central Limit Proposition the probability 

distribution of samples from demand follows Normal distribution.   

 The amount of demands is independent from each other, in other words the correlation is 

zero between origins. This assumption is to simplify calculation and formulation part of 

the problem solving process. 

 Transportation network in this research is comprised only from first tier origins, hub and 

first tier receivers. 

 There are only two possible routes to transport. One is the direct transportation route, 

which it is unique between each departure side and each arrival side; other is transport 

through the hub.  

 Transport time between origin (i) and destination (j) is always constant. 
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5 Simulation model description 

In this part coded model for simulation in excel is explained. It encompasses tables, data 

entry, ways results interacting with each other, and all the logics and assumptions used in 

modeling this system. 

5.1 Table of incoming consignments 

For each city a table generated that its first row starts with the beginning time for simulation 

(t₀). Since the same pattern for tables used for different cities here simulation model 

explained by using tables of Point A. Beginning time for simulation is 7:00 and end time 

depends on the city and the last time trucks can leave that city. These times are previously 

calculated in table 2. Figure 7 depicts the incoming consignment table for Point A. Column 

(C) is the simulation time which generated with Poisson distribution and mean of 30 minutes. 

It indicates those times in which an order or consignment came in for any destination. 

Column (B) is the cumulative simulation time. By considering this time, different time 

periods are recognized. For example in figure 7, direct transport from Point A before hub 

time is until 17:00 (t₁). This pattern is similar for all cities but from hub time to the end of 

simulation time, different time periods are defined according to distances and the table of last 

deliveries for each city.  

Column (E) is the volume of incoming consignments. It is randomly generated with Normal 

distribution with mean of 30% and standard deviation of 7%. These figures are illustrated by 

percent of a full truck, but it is assumed that each 1% as a unit of consignment volume, and if 

needed it can be separated from the consignment to be rejected or transported by another 

truck. 

Column (F) is a random number between 0 and 1, generated via Uniform distribution. 

According to this number destination of the consignment is decided. In next three columns a 

criterion defined for each destination which results in 1 if the number in column (f) matches 

that criterion. Each time just one of the destinations can be 1 and others would be 0. In figure 

7 this criterion for Point C is less or equal to 0.29, for Point D it is between 0.3 and 0.59 and 

for Point B it is bigger than 0.6. In other words an incoming consignment goes to Point C in 

about 30% of times and it goes to Point D and Point B in 30% and 40% of times respectively. 

In columns (J) to (L) result of multiplying consignment volumes by numbers generated in 

columns (G) to (I) is reported. In this way each destination’s consignment shown in its proper 

column which is essential for future calculations.  

Under incoming consignment table four parts can be seen. First part is for calculations of 

direct transportation before hub time. Figure 8 shows this part. In the first row total ordered 

consignment depicted for each destination which is resulted by summing consignment 

volumes in each destinations column. This column can be recognized in figure 7 for Point C 

with a circle around it. 
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Figure 7: Table of incoming consignments (for point A) 

In the second row number of needed trucks for delivering the consignments resulted in the 

first row is calculated. These numbers are integer values of total consignment volumes in row 

1. For example if the total consignment is equal to 250% the number of trucks  needed would 

be 2 means 200% of the consignment would be delivered at this time directly. The remaining 

volume depicted in the third row under the name of “Remaining less than full truck”. These 

volumes will remain to deliver during or after the hub time period.  

t₀ 

t₁ 

t₂ 

t₃ 

t₄ 

t₅ 
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Figure 8: Direct transport before hub calculations 

In the fourth row total transported consignment until 17:00 (t₁) is calculated. Logic used here 

is that if the total consignment volume would be less than a full truck; it would be considered 

as less than full truck and not delivered directly before hub. This situation can be seen for 

Point C in figure 8, indicated by a circle. 

In order to decide to send remaining less than full truck volumes either during the hub period 

or after that, two tables are generated at the upper right hand side of the incoming 

consignment table, (figure 9 a) and b)). First table is to decide how much of the volume 

should go through the hub and how much should go after that. Since the goal is to have full 

direct trucks after the hub period, hauler or transport owner forecasts the incoming 

consignments until the end of the night by using incoming consignment volume table. In 

figure 9 a), first row gets its data from the third row of the table depicted in figure 8, 

highlighted by (Vr). Second row is the total amount of consignments coming during the hub 

time. This part is depicted in incoming consignment volume table between t₁ and t₂. Third 

row is the sum of incoming consignment volumes coming after the hub time till the last time 

at night (t₂ to t₅). Fourth row depicts the amount of free space in the last direct truck after the 

hub. If this space would be less than the amount of remaining consignment from before the 

hub time, then a portion of that consignment will be dedicated to fill this space and the other 

portion would go through the hub. Portion going through the hub calculated in the fifth row. 

If the free space was more than the whole volume remaining from before the hub, then all of 

that volume would remain to make the last truck as full as possible. 

 

Figure 9: a) calculations for remaining less than full truck volumes, b) regenerated hub time table 

Sixth row shows the amount of consignment should go directly after the hub after the 

respective portion of consignment added. If there would be still some free space in the last 

direct truck then hauler may transfer some of hub time consignment to after hub in order to 

(Vr) 

(Vr) 

t₁ - t₂ 

t₂ - t₅ 
(Vf) 

(Vr - Vf) 

∆₂ 

∆v 

∆₃ 

(∆₃ + ∆v) 
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make direct trucks full. Row seven shows amount of needed consignment which should be 

deferred from hub time to after hub to make the direct trucks full. In some cases it may not 

possible to defer any consignment from the hub time. Row eight shows the amount of 

volume can be transferred from hub period. 

Figure 9 b) is the hub time incoming consignment table in which portion of consignment 

volumes which should go through the hub is added to regular incoming consignments and 

those volumes which should deferred to after the hub are subtracted. This table is the 

reference of the calculations for the hub time. 

Second part under incoming consignment table is for calculations during hub time, (figure 

10). In the first row total consignments coming for each destination calculated by summing 

corresponding columns in the hub time table. This column for example for Point B is circled 

in figure 9 b). Since during hub time all consignments for any destination can go to a same 

truck, total incoming consignment during hub time period calculated in second row by 

summing figures of the first row. Third row is calculation of needed trucks which is 

formulated in a way that if the total consignment volume was an integer value, number of 

trucks would be that integer value otherwise it would be the integer value plus one truck. 

Logic behind this formula is that all the hub consignment will be delivered during hub time 

even if there would be unused capacity on some trucks. 

 

Figure 10: Hub time calculations 

Forth row is resource utilization which is resulted by dividing total transported consignment 

by total capacity of all trucks used for transportation. Final row is the unused capacity of the 

last truck which is leaving the origin. Other hub trucks are 100% full since they leave the 

origin as they get full and only the last one can has some free space since it has to leave due 

to time limitations of the destination. 

Third table under incoming consignment table is for direct transportation after hub time, 

(figure 11). This period has divided into three sections each corresponds to times trucks can 

leave origin to different destinations (t₃, t₄, t₅). These sections are defined according to the 

time it takes a truck reaches a specific destination. For example in figure 7, trucks cannot go 

to Point B after 23:45 (t₃) due to distance, but they can go to Point D until 3:15 (t₅). 
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Figure 11: Direct transportation after hub 

In the first row total incoming consignment for different destinations calculated. It is resulted 

by summing incoming consignment figures in each destination’s column. This column is 

shown for Point C in figure 7 by a dashed circle. In these columns formula for each 

destinations column is set in such a way that if after a specific time; delivery was not allowed 

to a destination, then consignment volumes automatically become zero in that part of the 

column. For more clear understanding in figure 7, see Point B column after 23:45 (t₃) and 

Point C column after 2:15 (t₄). 

In second row portion of less than full truck volumes from before the hub time (Vr) added to 

total incoming consignment after the hub time. Third row is the total consignment volume 

after adding those portions deferred from the hub time (∆₃ + ∆v). Number of needed trucks 

for delivering these volumes is calculated in the fourth row. Logic here is that all the 

consignments should be delivered, and if the total volume was less than a full truck, one 

truck would be dedicated to transport all of that volume. Fifth row shows the total 

consignment delivered. 

Fourth part is the calculations of transport and traffic work for each destination, (figure 12). 

In the first row distances to different destinations are reported. Transport work is calculated 

and showed in row two. It is calculated by multiplying the sum of total transported 

consignments of different time periods by the distance. Note that total transported volume for 

Point D includes also hub time delivery to Point D. Dimension of transport work is ton.km. 

 

Figure 12: Transport work and traffic work 

Third row is the calculation of traffic work which resulted by multiplying sum of the number 

of trucks used for each destination by the distance to each of them. Dimension of the traffic 

work is Km. At the end of the rows total transport and traffic work also calculated. 

On the right hand side of the incoming consignment table several tables can be recognized. 

These tables give information about the hub time delivery. First table which is shown in 

figure 13 a) is the cumulative volumes of incoming consignments during the hub time. This 

table generated to see in which times the total incoming volume forms a full truck load.  

(ton.km) 

(km) 
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Figure 13: a) Cumulative hub time volumes, and b) Delivery times of hub trucks 

Figure 13 b) shows the next table which uses previous table’s data to depict times in which 

hub trucks is getting full and leave the origin. It is formulated in a way that whenever the 

cumulative volume in other table reaches a full truck load it reports the corresponding time 

from the same row in incoming consignment table. As it can be recognized number of 

reported times is usually equal to the number of needed trucks for hub delivery calculated in 

hub calculation part (figure 10).  There is a situation when these numbers can be unequal and 

that is when the consignment forming a full truck comes at the end of the hub time. In this 

situation last semi full truck and the full truck leave the origin simultaneously and therefore 

just one time would be reported for both of them. 

Next three tables, shown in figure 14 a), b) and c), give information about the times that 

consignments processed in the hub. Times in which trucks reach to Point D simply resulted 

by adding travel time to Point D, to truck delivery times shown in figure 13 b). These 

information reported in figure 14 a). 

 

Figure 14: a) times trucks reach Point D, b) times in which consolidated trucks are ready to leave the hub toward 

final destinations, and c) consignment volumes to each final destination after consolidation 

In figure 14 b) a table shown that depicts the times in which consignment are consolidated 

and ready to deliver to final destinations. It is calculated by adding 120 minutes to the times 

trucks reached to the Point D as it is previously assumed that hub consolidation would take 2 

hours.  

Third table which is depicted in figure 14 c) is showing the consignment volumes ready to 

deliver to each destination. As it is easily can be seen in the first column same times of the 

pervious table reported but the exact volume of consolidated consignments also calculated 
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for each destination. Data of this table would be used in calculating total consignment 

volume to each destination from Point D. It is explained in next few paragraphs.  

5.2 Calculations for Hub 

Until now calculations and tables for non hub cities explained. Same pattern as explained 

above for Point A repeated for Point C and Point B, but tables and calculations for Point D as 

a hub is a bit different. First of all it is assumed that hub terminal can work 24 hours a day 

and the only limitation for truck delivery would be the last time that trucks should be in each 

destination which is 5:00 here. Main incoming consignment table for Point D follow the 

same logic as explained before with the difference that there is no hub time period. This table 

is partially shown in figure 15.  On right part of this table there are several columns that get 

their data from the table shown in figure 14 c). In these columns origin and destination of 

consignments and the time they are ready to leave Point D are reported. They are placed in 

such a way next to the main table that their delivery times correspond to simulation time of 

main table, (figure 16). 

 

Figure 15: Partially depicted incoming consignment table for Point D, which follows the same logic of the incoming 

consignment table of other cities. 

Consignments shown in figure 16 a) should be consolidated with incoming consignments to 

Point D for each destination. So volumes generated in last three columns of figure 15 would 

be added to corresponding volumes of consolidated consignments for the same destination. 

Final results or in other words total incoming consignment volumes of Point D reported in 

last three columns of the table which depicted in figure 16 b). 
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Figure 16: a) Delivery times of consolidated consignments to each final destination, b) total consignment volumes of 

Point D to each destination 

At the bottom of the main table calculations for Point D are shown in another table which 

depicted in figure 17. First row is for calculating total consignment incoming for each 

destination. Second row shows the calculation for number of needed trucks. It is calculated in 

such a way to deliver all consignments. Third row is depicting the free space remaining on 

the last truck leaving Point D. 

 

Figure 17: Calculations for Point D 

Forth row reporting the total consignment delivered from Point D. These numbers are used to 

calculate transport work in the other table which since it is exactly the same as the table 

previously explained it is not shown here again. 

Last table in the sheet is the summary of results for whole network. Figure 18 shows this 

table. As it is indicated in the first row total number of needed trucks is reported which is the 

sum of all number of trucks calculated for different cities in different time periods. Row two 

is the sum of all transported consignments in whole network.  
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Figure 18: Summary of results 

Network resource utilization calculated in third row by dividing total transported volume by 

the capacity of total used trucks. Rows fourth and fifth are reporting total transport and traffic 

work respectively in whole network. 

5.3 Different fill rates 

Whatever explained until now is for trucks with fill rate of 100%. In other words trucks in all 

calculations explained, can be filled up to 100%. Since in real world it is very hard to have 

100% full trucks and also in order to figure out which fill rate suites the model best, 

regarding the resource utilization and rejected consignments, all of these calculations 

repeated for different fill rates in different sheets. Fill rates considered here are 95%, 90%, 

85%, and 80%. Important issue which should be noted here is that different fill rates are just 

for direct trucks after the hub time.  

 

Figure 19: Summary of all results for different fill rates 

In the last sheet named results a whole summary of all results for different fill rates presented 

(figure 19). As it can be seen in the figure as the fill rate reduces, number of needed trucks 

increases and this is to maintain the same amount of total transported consignment. To get a 

better understanding of the results, simulation performed for about 2500 days and results 

analyzed in Minitab software.  
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6 Results and analysis 

This chapter is reporting the results achieved from the simulation and their interpretations. 

All of the results achieved from the model analyzed in Minitab software by fitting to normal 

distribution. According to the outcomes all results were following normal distribution with a 

very good approximation. Here for each figure for each fill rate, mean and standard deviation 

of the simulation results reported, which can be considered as network results in long run.  

6.1 Fleet size required 
Table 3 Number of needed trucks 

Fill rate* 100% 95% 90% 85% 80% 

Number of needed trucks 53 54 55 55 56 

Standard Deviation 1.656 1.727 1.756 1.768 1.791 

* Fill rate = Fill rate of direct trucks after hub 

Number of needed trucks for the network increases while fill rate decreases. This happens to 

maintain the same transported consignment for different fill rates (table 3). 

6.2 Total transported consignment 

Total transported consignment remains almost the same. For having better understanding of 

changes and better comparison, model logic should have been regulated in such a way that 

more or less transported volumes remains constant. The small difference in figures is due to 

different consignment volumes transported during hub time and with last direct trucks. The 

interesting issue here is that transported consignment for fill rate of 80% shows a higher 

volume with lower figure for standard deviation than the other less than 100% fill rate 

results. It would be much higher difference in bigger networks with multiple terminals. There 

may be a turning point between 80% and 85% fill rates. 

A benefit can be considered for lower fill rates than the 100%, is that they can handle 

variations better. The less the fill rate is, the higher would be the robustness of the network 

toward variations. By looking at the standard deviation of fill rate of 80% in table 4, it is 

obvious that at most 144% extra consignment may needed to transport which means one full 

truck and 44% extra. Most of this 44% or all of it will be absorbed by the direct trucks filled 

80%. This situation is impossible in 100% fill rate. Other ways to fill free space in lower fill 

rates discussed in business implication chapter.  

Table 4 Total transported consignment 

Fill rate 100% 95% 90% 85% 80% 

Total transported 

consignment 
4972% 4952% 4955% 4949% 4952% 

Standard Deviation 140.3% 145.6% 148.1% 145.9% 144.4% 
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6.3 Resource utilization 
Table 5 Network resource utilization 

Fill rate 100% 95% 90% 85% 80% 

Network resource 

utilization 
94.29% 92.54% 91.62% 90.57% 89.53% 

Standard Deviation 1.546% 1.507% 1.495% 1.448% 1.428% 

 

Network resource utilization decreased by decreasing fill rate by about 4% and reaches to 

89% for 80% fill rate. On the other hand standard deviation of this figure reduced 

significantly which means it is more robust and reliable in face of variations. The advantage 

of lower fill rates is that hauler can fill the extra capacity with various consignments coming 

in different times and priorities and benefit from the financial advantages while improving 

resource utilization. Of course these issues belong to managerial aspects and different kinds 

of models which can be built upon this model and will be theoretically discussed in future 

study section. 

6.4 Transport work 
Table 6  Network transport work 

Fill rate 100% 95% 90% 85% 80% 

Network transport work 13146 13132 13112 13086 13060 

Standard Deviation 546.8 559.3 546 567.1 545.7 

 

Transport work is usually considered as anti-environmental issue, and from the society point 

of view it is preferred to be as low as possible. Reason for which, current model called 

efficient model is that it tries to transport goods directly, as much as possible. Here transport 

works for different fill rates slightly decreases while the fill rate declines. If the hauler wants 

to use the extra capacity on lower fill rates; he should first use capacities of direct trucks. In 

this way increase in transport work would be in its most efficient way. 

6.5 Traffic work 
Table 7 Network traffic work 

Fill rate 100% 95% 90% 85% 80% 

Network traffic work 13799 14014 14160 14325 14500 

Standard Deviation 593.5 610.8 605.2 638.5 623.5 
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Obviously traffic work increases significantly due to larger fleet size needed for lower fill 

rates. From industry perspective increase in this way will result in lower efficiency and 

higher costs but if free capacity utilized properly this increase would result in financial 

advantages. 

For better comparison, summary of results presented in figures 20 and 21. Reason for which 

they depicted in two charts is that scales of the first two results were very different from the 

other three.   

 

Figure 20 Comparison of fleet size and resource utilization 

 

Figure 21Comparison of transported consignments, transport work and traffic work 
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7 Business implication 

This chapter introduces the business models can be built on the basis of foliated 

transportation network. 

Several business models can be built upon foliated transport network, with which hauler can 

improve the efficiency of monetary flow within the business. Four models presented here. 

7.1 Filling hub truck with extra consignment 

In the basic model usually there is some free capacity on the last hub truck which lost since 

the hub truck should leave the origin due to time limitations. If hauler tries to fill this 

capacity by extra marketing then efficiency of the network would be improved and from 

financial perspective hauler uses full capacity (figure 22). This marketing should be done 

before the hub time closes. 

 

 

               

 

 

 

  

7.2 Pulling consignment from direct truck to the hub truck 

In the previous model if the hauler cannot gather enough consignment orders to fill the hub 

truck he can pull some consignment from the direct trucks after hub time in order to no to 

lose the capacity on hub trucks. Then he will do the extra marketing for the direct trucks. He 

can also charge higher prices for last trucks in the night. Figure 23 depicts the situation after 

transferring consignments from after the hub into the hub period.  

 

 

             

 

 

 

 

Figure 22 Efficient model, last truck is always full but hub truck may go not 100% full 

Figure 23 Business model, hub trucks go full, and last truck can has some excess capacity 

1 

2 
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7.3 Ramp cargo into hub truck  

Ramp cargos are those consignments in the terminals which are waiting for cheap delivery. 

These consignments would be delivered when there is an excess capacity on the trucks in 

order to improve the resource utilization and delivered cheaply. Ramp cargo can be used in 

two ways. One is to fill less than full trucks during the hub time with ramp cargo to improve 

the resource utilization and add a source of income for the capacity which was going to lose. 

 

 

        

 
 

 

 

 

 

7.4 Ramp cargo into last direct truck  

Another way to use ramp cargo is to fill the direct trucks. Since naturally hub transportation 

is cheaper than direct deliveries, it would be better to send ramp cargos through the hub in 

order to preserve financial benefits of direct delivery after hub. Figure 25 depicts the 4
th

 

business model.  

 

          

 

 

 

 

 

 

 

Figure 24: Using ramp cargo to fill hub trucks 

Figure 25: Using ramp cargo to fill the last direct trucks 

3 

4 
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7.5 Feasible choice 

Summary of all business models is depicted in figure 26 against the time line during one day. 

Choosing most feasible model or combination of them is depending on the hauler and the 

clients he negotiates with. Usually ramp cargo results in lower financial income but in 

situations that market doesn’t have the potential for providing orders for occasional excess 

capacity in small time windows, it would be a way to improve financial resource utilization. 

Other preference of ramp cargo over customer ordered cargo is that it exists at the terminal 

site and could be added to the truck at the very late time before the deadline, but for general 

cargo hauler should decide for marketing and receiving orders in a longer time period before 

the deadline reaches (figure 26).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Direct Transportation 
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Hub Period Direct Transport after Hub 
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Figure 26 Summary of different business models against time line of a day 
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8 Summary 

Concluding highlights are directed with possibilities and areas for future studies.  

8.1 Conclusion 

First goal of foliated transportation networks, if they can properly used in practice is to 

benefit from positive attributes of both classic ways of transportation, direct and hub and 

spoke. It is actually a tradeoff between some loses while combination occurs and overall 

benefits can be obtained from such networks. Losses can be higher transport work and longer 

travel times as the hub and spoke system added to the direct transportation, but on the other 

hand lower traffic work due to smaller fleet, higher resource utilization, service diversity, and 

overall environmental efficiency can be considered as network benefits. 

By modeling a foliated transport network first aim of this research almost covered although 

authors do not claim that every affecting factor, relationship, and complex details are 

considered in this thesis work. The goal which was much in focus was to show that such 

setup can work and give results. There is no universal optimized combination for such 

networks as solution, but it directly depends on the business environment, complexity of the 

network, factors which are interacting with each other and many various issues relating to 

system users and clients of the network. Simulation exactly used to provide the ability of 

changing variables, setup, complexity, and breadth and depth of the model; flexibly. 

Therefore results presented here for different fill rates have to be prioritized by the party who 

is going to use them in its working environment and to make the final arrangement upon 

them. 

Other issue that has to be noted here is that in this study financial issues of setting up such 

networks and cost of fleet and storage didn’t considered which obviously have powerful 

effects during feasibility studies. There would be another tradeoff facing transport haulers 

especially when the network or fleet size is small. 

8.2 Suggestions for future studies 

Suggestions for future studies can be presented in two parts; suggestions for current network 

model and suggestions for alternative models. 

8.2.1 Current model 

As mentioned many times current network, modeled in this study simplified and limited in 

various dimensions to cover first purpose of the study. It can be used as a base line for 

simulating bigger networks with multiple terminals. For this aim networks of big companies 

in Sweden can be utilized. On the other hand statistical distribution of simulation attributes 

which currently assumed based on expert interviews can be extracted from live systems to 

achieve more credible and reliable data and results.  

Number of hubs can be increased and location of them could be found by various methods 

previously introduced by other researchers. Some of them reviewed in the methodology 

section.     
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Costs, in different kinds and from various perspectives can be added into the model. Of 

course while the setup costs are not the main concern, models can be built much simpler with 

more focus on technical issues such as timing and routing of the fleet.  

8.2.2 Alternative models 

Business model is the main alternative model can be introduced against the efficient model. 

The important point here is that the business model encompasses variety of models which try 

to look at the system from the industry point of view. It considers various plans to maximize 

the efficiency and effectiveness of the network in order to maximize the profit. Each of these 

plans or combination of them can be considered as a business model. 

The model described in this study considered as efficient model. It is efficient since through 

this system goods are transported directly as much as possible. Trucks are also as full as 

possible. This model may consider as better system from society perspective due to 

environmental issues. In this model the free capacity on the hub truck would not be utilized 

since hauler tries to push the consignments toward direct trucks. Several alternative business 

models described in the business implication section with which hauler utilize the hub truck 

free capacity and fill direct truck in such a way that has financial benefits for him. 

Other models, 

Other models to demonstrate results can be the extensions of current model in form of 

combination with city delivery models like milk run delivery systems, or merge in transit 

systems for collecting consignments. For each of these models although the under lying logic 

of current system would remain unchanged, but many new factors and considerations will be 

added to the model. This is more likely in the latter one since loading procedure of the trucks 

and its routing will be changed substantially within the foliated system.  
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Appendix A: Study Scope 

 

 

Point A Göteborg 

Point B Stockholm 

Point C  Växjö 

Point D  Jonkoping 
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Appendix B: Excel Tables 

Point A: Gothenburg 
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Point B: Stockholm 
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Point C: Växjö 



38 
 

 

 



39 
 

 

Point D: Jonkoping (Hub) 
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Network results for fill rate of XX 

  

Result summary for all fill rates 

 


