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LIST OF DEFINITIONS 
Cycle Time: Average time which is taken to complete one cycle of a process or the time 
interval between successive outputs coming off a process.  
 
Competitive Priorities: They represent the strategic emphasis that a firm places on certain 
performance measures and operational capabilities within a whole value chain.  
 
Concept: A concept is an abstract, universal mental entity that serves to designate 
a category or class of entities, events or relations. Designed layouts were called concepts 
which referred to different alternatives within the study. 
 
First In First Out: It refers to the material that coming first to organization must be served or 
sent first. The main focus is on time of arrival job (Collier and Evans, 2008).  
 
Process: A process is a sequence of activities that is intended to create a certain result, such 
as a physical good, a service or information (Collier and Evans, 2008). 
 
Processing Time: The time it takes to perform some task (Collier and Evans, 2008). 
 
Scenario: It refers to processes with their supportive activities, such as resources, constraints 
etc. (Tompkins et al., 2003). 
 
Unit Cost: The price which is paid for purchased goods or the internal cost of producing 
them. 
 
Utilization:  is the fraction of time a workstation or individual is busy over the long run 
(Collier and Evans, 2008).  
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LIST OF ABBREVIATIONS 
FIFO:  First in first out 
 
IDEF0: Integration definition for function modeling 
 
IEEE: Institute of electrical and electronics engineer 
 
MCDM: Multi criteria decision making 
 
ROA:  Return on assets  
 
TPL: Third party logistics 
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1. Introduction  
This chapter gives a general overview of the study, including background, discussion and 
presentation of the problem, problem formulation and purpose of the study. Furthermore, 
reader will be high lightened by the relevance, limitations, delimitations and time frame of 
this study. 
 
 

1.1. Background 
Nowadays in industrial environment it is crucial to face logistics challenges and facility layout 
problems to be able to survive within regarding industry. It is unavoidable for companies to 
define their competitive priorities as well. Cost, quality, time, flexibility and innovation are 
major priorities to make them superior than the others (Collier and Evans, 2008). Through 
high technology and fast communication skills, companies can track developments, which 
include new strategies and wide-perspective applications, easily. When it is examined from 
this view, facility planning has grown up, as a new strategic thinking, for last two decades, 
according to Tompkins et al. (2003). He also states that a good facility provides smooth 
production processes without waste. It helps companies to utilize their resources more 
effectively. On the other hand, as Bhatnagar (1999) and Geraldes (2008) emphasized that, 
well organized logistics performance, as a wide-perspective application, cannott be neglected 
and it needs to balance reducing overall supply chain inventory and lead times with the 
economical indicators in logistics activities, such as warehousing and transportation.  All 
these activities with respect to utilized space, time and optimum cost, establish a trade-off 
situation and serious matter for companies success. Hence, they usually put their efforts on 
their core activities such as production, quality, maintenance etc., leave logistics activities for 
third party logistics (TPL) companies. By providing services in a high interval from specific 
tasks, like transportation, to general tasks, like covering whole supply chain activities; TPL 
companies take an important place within the global industry. Gagliardi (2007) also states that 
locating products and allocating appropriate space for each item and managing lead time 
should be covered by companies, in order to satisfy their customers. On the point of tackling 
all these responsibilities, design of the logistics centre becomes a vital issue for the companies 
(Hassan, 2002). Since it is necessary to take into account space requirements, arrangements of 
functional areas, material flows and receiving-shipping zones, facility design should be well 
organized with its layout. That is the reason to search and assess alternative facility plans 
from different perspectives and make the facility layout planning as efficient as possible 
(Tompkins et al., 2003; Ueda et al., 2002). 
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1.2. Problem Discussion 
Recently, logistics centre design has been paid attention since it is one of the key factors that 
help companies to compete in the market. However,  according to Hassan (2002) there are 
some factors that make designing of layout a complex issue, he states that there are big 
amount of design desicion criterias and most of them are depend to each other.Thus, it makes 
diffucult to solve problems optimaly. Moreover in layout there are many operations and 
factors such as shipping, demand, delivery time and registeration, that affect the tranportation 
time, material handling cost and movements. Additionally, there are interactions between 
these operations and factors therefore in the designing step all these aspects should be 
considered. On the other hand, designing a logistics centre also requires to be examined based 
on utilization of resources, such as; space, equipment, labour, accessibility and protection of 
all materials (Tompkins et al., 2003, Ueda et al., 2002). Furthermore, in warehouses and 
layouts attendence of productivity and efficiency has a big impact on space allocations for 
satisfying customer and stakeholders needs (Geraldes et al., 2008). Thus, it has to be covered 
within the design criteria that another cricual factor is assessment of these aspects should be 
taken into consideration with all over organization levels which are strategical, managerial 
and operational level. Another critical issue to provide changeable market requirements 
companied with the increasing demand is flexible techniques which have to be progressed at 
operational level. Since layout is an expensive investment for the companies, to have a well-
designed layout, based on above aspects, can lead to remain profitable. Therefore, the optimal 
cost effective layout is needed to be designed and verified before implementation. 
 
 

1.3. Presentation of Problem 
According to Hassan (2002) there are many methods to design a logistics centre layout, 
aiming to have an effectively utilized facility area with smooth and well organized operations. 
Also he indicates that although there are many methods for planning layout, most of them 
look into design from general perspective. However, design of layout needs combination of 
analytical skills and creativity. The lack occurs due to the fact that most of the researchers 
isolate problems from practical thinking, while most of practical problems can not be defined 
easily and divided into isolated sub-problems ( Geraldes et al., 2008). Hassan (2002) presents 
a framework to look into layout design from analytical point of view with investigating layout 
comperehansively and look into problems with its sub-problems, while Eneyo and 
Pannirselvam (1998) suggest to design layout including interfaces between industry and 
creativity.  Eventhough they analyze layout from acceptable aspects there are still missing 
points while handling a layout design process, since neither of them has a combination of 
creative and analytical approaches. On the other hand, competitive costs for production and 
delivery time also should be taken into consideration while designing a layout, as Al-Najjar 
(2005) mentions that they have enormous impact on customer satisfaction and profitability of 
the companies. Furthermore, dynamic market forces companies to have flexible and cost-
effective layouts. Therefore, integration of analytical skills and creativity with including time 
and space utilization at facility operational level achieves cost-effective solutions in layout 
planning. 
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1.4. Problem Formulation 
The study will progress according to the problem formulation which is framed by problem 
discussion and presentation; 

• How to design a cost effective logistics centre layout on operational level with respect 
to time and space utilization? 

 
 

1.5. Purpose 
The purpose of that study is: 

• to develop a creative and analytically integrated model in order to utilize time and 
space at facility operational level. 

Following that model, solutions will be driven, when time and space utilizations are the 
most crucial parameters that are considered through existing problem. 
 
 

1.6. Relevance 
There are several convenient researches that consider plant layout problem with its crucial 
factors for logistics layout design. Even though, many of them focus on design stage from 
different perspectives, still there is a lack of assessment criteria while presenting results (Lin 
and Sharp, 1996).  Moreover, there is also lack of handling facility layout planning from 
analytical skills and creativity point of view at the same time (Geraldes et al., 2008). This 
study is relevant to give a developed model on layout design for third party logistics 
companies, who tackle new tasks in near future. It helps them to design their layouts with the 
help of creative and analytical skills. Within the scope of design, time and space utilization 
ratios are the main issues which are targeted to be maximized simultaneously with increasing 
money saving. Arrangements through operations, regarding to smooth and effective process 
flow will be constructed. Thereby, the model will provide a systematic understanding of third 
party logistics layout design. 

 
 

1.7. Limitations & Delimitations 
There are some causes that they are natural limitations for this study, i.e it is obvious that ten 
weeks time is precisely the most critical one.  
 

• The location of new facility is assumed to be determined by the case company, so it 
will not be handled. 

Some of delimitations are also identified by the authors, where this study takes place. They 
can be seen in the following;  
 

• The company has excessive number of components and materials. That amount of 
variables is not needed to validate the model. Therefore, the study will cover the 
needed number of materials from warehousing and sequencing.  
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• Even though case company performs the activities of a TPL company, warehousing 

activity will be handled in details to validate the model. 
 
 

1.8. Time Frame 
Time frame of the thesis is constructed in Ms Project. Thus, specified study period could 
orient authors during the study. It can be seen in below Figure 1.1. 

 

Figure 1.1 Time frame of the study 
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2. Research Methodology 
In this chapter, reader finds explanations of relevant research methodologies on which this 
study constructed and short definitions of other research methodologies in order to 
distinguish the differences. 
 
 

2.1. Research Perspective 
According to Karlsson (2009), case study requirements orient the research to have a positivist 
perspective, since the study is built on scientific basics and the results are investigated to be 
convenient to these bases. System will be handled independent from human factors as well. 
To be able to combine the variables within the system in one possible solution, some 
assumptions and communities between variables will be used. Systems theory is expected to 
give a better understanding to entire study area. 
 
 

2.2. Research Approach 
Deductive approach refers to testing the theory and checking general rules and claims that it 
describes a specific situation. Inductive approach interests in data collection and analysis from 
a number of observations, moreover it also searches the reliability of observations which are 
examined in analysis and tries to generalize the results. On the other hand, deductive approach 
takes shorter time than inductive approach; this because of merging of data collection and 
analysis in inductive research is done gradually in a longer period of time. In case study 
research generally uses a comprehensive approach, called abductive, this is combination of 
the deductive and inductive approach (Karlsson, 2009). This approach is one of the columns 
of this research, because this study tests its results which are formed by analyzing methods 
and compares its results with theoretical concepts. The framework for the three approaches is 
shown in the Figure 2.1below. 
 

Logic of Argument 

Components 

Rules Observations Results 

Arguments 

Deduction Induction Abduction 

Rule 
 
 

Observation 
 
 

Result 

Observation 
 
 

Result 
 
 

    Rule 

Result 
 
 

Rule 
 

 
   Observation 

Figure 2.1 The Logic of Argument (Karlsson, C., 2009) 
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2.3. Research Method 
There is mainly three methods while conducting a research; quantitative, qualitative and 
mixed method as a combine of both qualitative and quantitative methods. These vary within 
the frame that they use to handle data according to requirements through research. 
Quantitative method refers to numbers rather than words and examines the process 
statistically using measurable parameters. It investigates the relationships between variables 
by asking close-ended questions. Close-ended inquiry leads to have a close-related report 
structure to the classic format lies on the introduction, literature, methods, results and 
discussion parts. Hence, it was used to be the common form of social science researches till 
the middle of the 20th century. However, as its leading new approaches by its open-ended 
questions and providing more flexible structure for a report, qualitative method has increased 
since that time. Since it is a case study, qualitative method is chased to understand and 
analyze the problem in this study (Karlsson, 2009). 
 
 

2.4.  Research Strategy  
According to Yin (2002), there are many research strategies and the most commons are case 
study, history, experiment and surveys. Each strategy has different methods and 
understanding. Moreover, each strategy has its own collecting and analyzing methods which 
has different disadvantages and advantages.  
 
Most of these strategies are used according to type of research. If the research has exploratory 
phase, most common and relevant strategy is case study, if the investigation has descriptive 
phase, then surveys and histories are usually suitable method or when research has 
explanatory or casual phase at this time the most appropriate method is experiment strategy 
(Shavelson and Townes, 2002).  
 
However, according to Yin (1981), each strategy can be used for these three phases which are 
exploratory, descriptive and explanatory. Moreover there are many examples of descriptive, 
explorative case studies. There are three different conditions which distinguish the type of 
research strategy these are; types of research question, control requirements of behavioral 
events and situation of contemporary events. Figure 2.2 shows how these three conditions are 
related with each strategy. There are five different types of research questions these are; 
“Who”, “What”, “Where”, “Why” and “How” questions almost all each strategy has “How” 
and “Why” questions the distinguish point is control over and access to current behavioral 
events. These two steps generally determine the types of methods.   
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Strategy 
Form of Research 

Question 
Requires Control of 
Behavioral Events? 

Focus on 
Contemporary 

Events? 

Experiment how, why Yes Yes 

Survey 
who, what, where, how 

many or much No Yes 

History how, why No No 

Case Study how, why No Yes 

 

Figure 2.2 Relevant situations for different research strategies (Hedrick, et. al,1993) 

 
Furthermore, case study method is used when the research applied in small or limited group. 
This event can be people, person, organization or situation. Case study begins with general 
perspective and then struggles with to increase the data collection as much as possible. 
Interviews and direct observation are done in case study by researcher. This case study deals 
with explanatory and descriptive purposes, since it involves linear-analytic, comparative, 
chronological applications.  
 
Experiment study is mostly used in laboratory settings in which scientist studies one or two 
separated variables. Survey method needs a big and unlimited group and it also contains some 
questions that needed to answered by these groups and starts with who, what, where and how 
(Yin, 2002). 
 
The objective of this study is to help a company to design its warehouse with respect to some 
aspects. So the research strategy is chosen to be case study, the study begins with general 
perspective with facility layout planning in a case company  and then to get more clear 
picture, data will be gathered as much as possible.  
 
 

2.5. Data Collection Methods 
Data collection simply refers to gathering information and materials as much as needed in 
order to use this information for conduct a project work (Saunders, 2007). According to Yin 
(2002) there are six different commonly methods that can be used in case studies for data 
collection. These are; direct observations, participant observations, documentation, archival 
records, interviews and physical artefacts. 
 
Documentation comprises from newspapers, letters, agendas, written reports of events, 
proposals, etc. These method contains stable, exact and detailed information also it can be 
reviewed every time but sometimes to reach information is not very easy in this method. 
Access of the documents can be blocked or lowered in special situations. Data, which is 
usually collected from computer files and records, is called archival records. There are many 
examples of archival records such as; maps, list of names, dairies, calendars, organizational 
charts, etc. Interview is the one of most common method of case studies and it usually done 
by conversations. So when this method is used all questions should be well organized and 
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defined in advance moreover, it is usually applied when the collection of data gathered from 
limited group.  In addition to these methods there are two different types of observation 
method direct observations and participant observation. Direct observation is done when 
company is visited and data gathered directly by researcher on the other hand, in participant 
observation the researched done by attending in the events being studied.  When the data 
gathered from a technological device, a physical or cultural artefact this method is called 
physical artefacts (Yin, 2002). 
 
Furthermore, there are also different data collection methods from Yin (2002) perspective. 
Literature review is also one of the most important data collection methods. It covers studies 
from books, magazines and scientific journals and the most advantage of this type is reaching 
of needed information can be performed in short time (Saunders, et al, 2007). 
 
In this report data will be gathered from literature review in order to compare the result and 
analysis with theoretical concepts also interviews, direct and participant observations will be 
done in order to understand and analysis the current situations. Moreover documentation and 
database will be searched in order to get clear picture of existing situation. 
 
 

2.6. Validity and Reliability 
In many researches, construction of validity, which uses appropriate research method in order 
to reach the objectives of the research, usually has some problems. According to Yin (2002), 
validity is to set up operational measures to meet with objectives of study. Furthermore, when 
doing research, in order to improve validity of study there are three different strategies; first 
strategy is to use different sources during the data collection, second strategy is to set up an 
order and interactions between different data collection methods and last strategy is to have a 
plan by key words while presenting result of study. Validity can group into two areas which 
are internal and external validities. Internal validity concerns to plan research and check 
accuracy of collected data. External validity set up a study finding which can be generalized.  
 
Reliability concerns to check that if a following researcher can perform the same case study 
and reach the same outputs by the previous research methods. The aim of reliability is to 
reduce the errors and biases in a study (Yin, 2002). 
 
The purpose of this case study is using correct different data collection method, associating 
these collected data with a big ground of theory and good knowledge about the investigated 
problem and lastly presenting a compositional result. Furthermore, result of study will have 
integrity and unbiased of outputs. 
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2.7. Summary of the Designed Research Methodology 
Figure 2.3 gives the overview of research methodology chapter. 
 
          

 

Figure 2.3 The Frame of Research Methodology 
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3. Theory 
This chapter presents and clears up theoretical subjects, which are often used within whole 
study. Related issues, start from logistics centre as the main topic and go through its subtitles 
are explained to provide a better understanding to the reader. See Figure 3.1.  
 
 
Theoritical Frame 

               

Figure 3.1 Outline of Theory  

 
Figure 3.1 presents the headlines of the theory chapter and headlines is divided into three 
main sections these are; 
� Section 1 contains the main areas that used in the study. 
� Section 2 indicates the methods and tools for analyzing. 
� Section 3 schematizes decision tools and aspects.   
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3.1. Third Party Logistics 
Logistics is management of flow and storage of raw materials, finished goods and related all 
information with its marketing channels in overall organization. Logistics provide to 
companies many advantages by supplying efficient services in term of to meet with customer 
with right product at right time in a right place so that it has a significant role in this 
competition world logistics covers combinations of transportation, warehousing, inventory, 
material handling, packaging and sometimes security ( Marasco, 2007). 
 
 According to Choy (2008), organizations have required the third party logistics (TPL) in 
order to improve their supply chain logistics since the 80s. It is all about developing 
organizations in the changing market conditions. The main concept of TPL is to involve the 
whole diversities of logistics and TPL is generally related with suggesting multiple services. 
An external company performs all or some of necessary logistic activities instead of a sender 
and includes at least the procurement of management of multiple logistic services see Figure 
3.2. These activities are suggested in an integrated way, not on an independent level 
(Marasco, 2007).  
 
The relationship between sender and receiver companies should be close and long-term to 
have more secured supply chain, because the TPL service supplier support supply chain 
(Lambert et al., 1998). There are two parties in TPL which are shipper and buyer in the 
supply chain. Logistic activities are outsourced to TPL provider which stands at the middle in 
this relationship. The contract between TPL companies and main organizations has taken into 
more consideration in the last years in order to guarantee high quality (Hertz & Alfredsson, 
2003). 
 

            
 

Figure 3.2 Relationships among the TPL Organizations (Hertz and Alfredsson, 2003) 
 
 

3.1.1. Facility Planning  
Recently, Facility planning is getting a very important challenging dimension among the 
companies to be ahead of their competitors (Klein, 2003). However in the past this topic was 
known only a science but last 20 years companies with facility plans are getting very 
important advantages with continuous improvements to compete with the others. Therefore it 
can be accepted as a strategy or method which determines in order to reach companies’ main 
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objectives how they should use their property and resources in a more efficient way. 
Furthermore, facility planning helps company to reach success in supply chain excellence to 
have effective and efficient production system and continue to improvements to competing 
against the competitors. This excellence has six steps these are link excellence, collaboration, 
business as usual, visibility, synthesis and velocity (Tompkins et al., 1996).  
 
The main purposes of facility planning are to reduce the cost and increase the supply chain 
profitability with examine all logistics activities; increase the customer satisfaction by 
answering the customer needs quickly and fulfil whole the customer requirements; improve 
return on assets (ROA) by decreasing inventories with maximizing inventory turns between 
raw materials and end product; supplying safety and job satisfaction for employee; combining 
the supply chain with partnerships and communication (Tompkins et al., 2003). In order to 
reach the excellence in facility planning process and productivity the most effective way is 
elimination of non value all activities that do not add any worth to the customer and product. 
This task can be achieved by reducing inventories, increasing the quality and participating 
employees, improving all equipments and material handling system lastly the most important 
issue to done these activities with continuous improvements (Tompkins et al., 2003). 
 
 

3.1.2. Warehouse Planning 
Tompkins et al. (2003), puts warehouse operations into ten basic subtitles; receiving, 
identification and sorting, dispatching to storage, placing and storage, storage, removing from 
storage, order accumulation, packing, shipping and record keeping. Regarding to optimize 
these operations and aiming customer satisfaction with the design, to maximize 

• Space utilization, 
• Equipment utilization, 

• Labour utilization, 
• Accessibility of all materials, 

• Protections of all materials are the goals of a well-designed warehouse. 
 
 

3.1.3. Facility Location 
Location is the physically place of operation with reference to input resources, customers or 
other processes with respect to supplier, customer and other facilities that interacts and refers 
to each others. Location of facility should be constructed in a strategic point close to 
interaction of different aspects in order to respond effectively to market demand (Tompkins et 
al., 1996). 
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3.1.4. Facility Design 
Facility design process is to get ability about understand how to place this process in the 
context of a facility life cycle; because of its vital objectives such as maximizing speed of 
customer response, reducing cost, increasing the profitability etc. every time needs 
continuously improvements. Due to the changes in market and customer needs, also 
technology developments this hot topic gets extremely important issue for companies. 
Therefore, facility has to be renewed and improved according to these objectives and 
improvements.  
 
According to the traditional engineering design process can be implemented to facility 
planning as follows (Tompkins et al., 2003): 
 

1. Define the problem: In the beginning objective of new facility or improved one should 
be described related with its problem. Later primary and support activities that support 
to reach the objective of facility should be specified and described.  

2. Analyze the problem: Interaction and relations between primary and supportive 
activities should be determined also these interrelations should be both quantitative 
and qualitative.  

3. Determine the space requirements for all activities: Firstly needed space for all 
materials, employees, machines, operations and products had to be decided. Later 
alternative facility scenarios or plans should be generated.  

4. Evaluate the alternatives: according the objectives and accepted criteria how these 
alternatives affects the facility should be evaluated. 

5. Selection of best facility plan according the success criteria.  
6. Implement the preferred facility plan (Tompkins et al., 2003). 

 
 

3.1.5. Material Handling and Material Management 
Material handling consists of moving, storing, checking, controlling and protecting materials. 
According to Coyle et al.( 2002) material handling needs serious effort which takes 25% of all 
employees, 55% of all factory space and 87% of production time. It also takes between 15% 
and 70% of total cost of companies. According to Tompkins et al. (2003) material handling is 
still very crucial topic for organizations and it is obvious that decreasing or eliminating of 
unnecessary movements can gain company a lot of advantages; hence it is a practical goal of 
most of companies. In addition, improvements in material handling can raise the efficiency of 
organizations. The main task in material handling is to supply the right amount of the material 
for the right place, in the right position and condition with right cost by the right method 
(Tompkins et al, 2003). 
 
There are different types of material handling equipments. These are; containers and unitizing 
equipment such as pallets stretch wrap; material transport equipment such as conveyors, 
forklifts, trans pallets, industrial vehicles; storage and retrieval equipment such as block 



Layout Design of Third Party-Logistics Centre: A Case Study                                                        
                              

- 23 - 
 

stacking, bin shelving, picking cart; automatic identification and communication equipment 
such as bar coding, voice headset, etc. (Coyle et al. 2002). 
 
Material management is one most important activity in facility design it is also part of 
logistic. The relation between facility planning and material management is vital for compete 
in the market. It gives ability to organization respect to and struggle with quality control, 
procurement, storage and control of spare parts. Material management is vital issue for facility 
planning in manufacturing companies a small mistake or lack of needed material in this 
important topic can affect overall production and cause serious problems (Chase, 2006). 
 
 
Order Picking 
One of the crucial factors for providing more efficient warehouse operation is creating proper 
shelf or storage systems for picking areas. According to Kong and Masel (2008) order picking 
is vital activity in warehouse operations in order satisfy customer needs in right time and 
condition with finding proper item from the storage and fulfil the needs. Also they indicate 
that order picking activity cost almost 50 % of total cost because usually it is labour intensive 
based for traditional manual warehouses. Because of fact that choosing best solution for item 
picking can decrease a big amount cost in storage operations. There are a lot of different 
methods for order picking one of these methods is pallet racking system see Figure 3.3 for an 
example of pallet racking. Moreover, there are a lot of pallet racking systems that used in 
pallet operations. It is determined by number of pallets that picked per day in organization. 
Furthermore, suitable pallet racking system can provide many advantages for organizations. 
Some of these advantages are;  

• Provide easy control in daily demand order and storage according to FIFO principles 
which is refers to taken out the first in goods. 

• Provide efficient combination of shipping items at docks. 
• Decrease travel times. 

• Increase the productivity. 
 

                            
Figure 3.3 An example of pallet racking system 
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Sequencing 
It refers to make decision about the order in which tasks or jobs are processed. Organizations 
can apply to sequencing activity when several activities for instance delivering packages, 
manufacturing products, servicing customers and so on, use a common resource. Moreover, 
sequencing process can be used when scheduling is important and in this time period process 
needed to perform in a given set of job. Its objectives are achieving high equipment utilization 
and resources by getting all jobs out of facility quickly and in a given order (Collier and 
Evans, 2008). 
 
 

3.2. Facility Layout 
Layout planning includes wide investigation, which covers optimally placing equipment, 
materials, people, infrastructure and data collection points to minimize movement, material 
handling and travel distance and labour while increasing overall productivity. In planning 
layout firstly before planning the layout the strategic relationships between manufacturing and 
facility planning, marketing and distribution should be investigated. It is obvious that facility 
planning in a long period of time will affect whole components of company. After that in 
order to accomplish with physical relationships between different activities it is vital to 
generate different alternatives. It helps to facility to have different advantages and according 
to objectives the best result can be found (Tompkins et al., 2003). Furthermore facility plan 
must be designed based on different aspects such as product, schedule design, personnel 
requirements and relationships between different activities. There are four different types of 
layout these are fixed material location departments, production line departments, product 
family departments and process departments (Tompkins et al. , 2003).   
 
According to Tompkins (1996) there are two different methods about developing facility plan 
which are construction and improvement methods. Construction type means to build a new 
layout instead of old one. On the other hand improvement method works with existing layout 
in other words make some improvements in existing one. In addition selection of material 
handling system in same time with layout is very important in order to measure the 
effectiveness of the material handling methods. 
 
 

3.2.1. Activity Relationships 
Activity relationships is investigation of the relations in all over company aspects, it is very 
useful in providing the basis for many decisions in the facility planning. There are many 
relationships that provide a lot of advantages in aspect of facility planning. Tompkins (2003) 
examines six of important relationships. Space relationships have to be examined at the 
beginning of the design process. Organizational relationships are generally indicated formally 
by an organizational chart. On the other hand, in order to decide the activity relationships for 
an organization, informal organizational relationships are used. Moreover, flow relationships 
represent movements of products, materials, information, employees and energy for vital 
decisions of facility planning. Control relationships examine materials control in terms of 
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centralized and decentralized, control batch inventory against real time, control shop floor and 
levels of automation and integration. Environmental relationships consider safety and covers 
temperature, noise, fumes, humidity and dust in aspect of ergonomics. Beside these, process 
relationships include floor loadings, water refinement needs, chemical processing and special 
situations. 
 
 

3.2.2. Measuring Flow   
In the adjustment of departments within a facility, one of the critical factors is flow among 
departments. A measure of flow should be generated so as to evaluate alternative 
arrangements. These flows can be stated as quantitative or qualitative. Quantitative 
measurements includes pieces per hour, moves per day, etc with including a large flow of 
materials, information, and personnel moving among departments. Qualitative measurements 
are used when the facility has little actual movement of materials, information and personnel 
flowing between departments. Moreover, it also can be used when the facility has 
organizational interrelations and significant communication (Tompkins et al., 2003). Activity 
relationship chart, relationship diagram are the techniques to measure the flow. 
 
 
Activity Relationship Chart  
Activity relationship chart can include both quantitative and qualitative variables. It can also 
illustrate relations within the quantity of moving goods per shift and per hour, the turnover 
rate of inventory, the number of documents processed per month and monthly expense for 
labour and materials and, importance of activities (Tompkins et al., 2003). An example of 
activity relationships chart can be examined in following Figure 3.4. 
 

 

Figure 3.4 An Example of Activity Relationships Chart (Tompkins et al., 2003) 
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Relationships Diagram 
Relationships diagram is generated according to activity relationship chart and understanding 
of relationships. It basically shows the location of different activities and departments. It is 
usually illustrated two dimensional by lines that shows connections, but it can be developed 
three dimensional for some special cases (Tompkins et al., 2003). Figure 3.5 shows an 
example of relationships diagram. 

      

Figure 3.5 An Example of Activity Relationships Diagram (Tompkins et al., 2003) 

 
 
 
Space relationship diagram 
Space relationships diagram is generated from space relationships chart and activity 
relationships chart. It shows place, needed space and relationships of different departments 
(Tompkins et al., 2003). See Figure 3.6. 
 

 

Figure 3.6 An example of space relationship diagram 

 
 

3.2.3. Flow Patterns 
Flow patterns are used to identify flow environment in a general way in terms of material 
flow, physical distribution and logistics. In addition, flow patterns group into as flow within 
workstations, flow within departments and flow between departments. Flow within 
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workstations considers motion studies and ergonomics in order to create an effective working 
environment for the workers. The working environment should be designed according to 
workers movement and proper to their body. Flow within departments just based on the type 
of department. The flows are different in each department. In facility planning, flow between 
departments is a crucial consideration to design departments. Entrance and exit points have a 
big impact in connection of departments (Tompkins et al., 2003). 

 
 

3.3. Activities on Operational Level 
Activities on operational level involve core activities in the company such as, planning, 
production, maintenance and activities which take important place while integrating activities 
and specifying the interactions between processes. Hence, elimination of wastes on 
operational activities is an efficient mean to reduce costs while providing productivity. 
According to Al-Najjar (2005), having competence resources at operational level and using 
them in a proper way play an important role on customer satisfaction. The resources can be 
counted; personnel, equipment, production area, procedures and techniques. The usage of 
resources and co-ordination between activities are key factors to accomplish the internal 
targets as well (Bowersox and Closs, 1996). To reach that achievement, applications at 
operational level can be attempted in a lean way.  
 
 

3.3.1. Time & Space Utilization 
The goal of a multi-functional logistics centre is to respond its customers’ orders with 
accurate amount of right material on time. To be able to achieve that goal, logistics centres 
have to take into account their layout design. When designing a logistics centre layout, after 
determining space requirements for the needed operations, it is essential to have a 
systematically placed layout to drive operations with no lack of space (Lin & Sharp, 1999). 
Conservation and limitations of space regarding to accessibility of the materials have to be 
considered simultaneously with design. The following Table 3.1 can be used to determine the 
rate of utilization and also the calculation for space utilization is; 
(Occupancy / Design Capacity) X 100 = Utilization Rate 
 

Table 3.1 Utilization categories and codes for warehouse 

Utilization Categories and 
Codes 

Warehouse 

1-Over Utilized >85% 
2- Utilized 50-85 % 
3- Under Utilized 10-50 % 
4-Not Utilized <10 % 

 
 
To utilize time, as well as space, needs to increase the proportion of value-added time within 
the processes. Lead time optimization on a space utilized layout is a matter of material 
handling (Tompkins et al., 2003). 
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3.3.2. Flexibility 
Flexibility is the skill of adapting to changes of requirements quickly and effectively. There 
are two types of flexibility which are goods and service design flexibility and volume 
flexibility. Goods and service design flexibility refers to developing a big range of customized 
products or services in order to meet different and varying customer needs.  Volume 
flexibility refers to responding very fast to types of demand and changes in the volume. 
Flexibility objectives are adapting to changes quickly and making easy to performing specific 
activities (Collier and Evans, 2008). 
 
 

3.3.3. Cost Effectiveness 
In development of a system or product the vital and first objective is to develop cost 
effectively it in the frame of constraints (Blanchard, 1986).  
 
Cost effectiveness becomes more an issue in facility layout design, since it is fundamental for 
companies to construct their systems lying on. Lin and Sharp (1996) underline a set of factors 
that are used to evaluate the results when handling a layout design problem. Given factors 
which are included in three headlines are cost, flow and environment criteria group. It is 
agreed that effective facilities planning expenses at least by 10 to 30% (Tompkins et al., 
2003). It is also stated that in United States, each year 8% of the national wealth has been 
spent on building new facilities, that ratio doesn’t include rearrangement expenses though. 
 
 

3.3.4. Simulation 
Simulation is a conceptualization of a real system running over time, J. Banks at al. (2005). A 
simulation model, by the same authors, is called to be the treatment of the system 
simultaneously with its development. Simulation model is constructed on some logical, 
mathematical and symbolic relationships between entities and operations of the system and it 
is a cost-effective tool to see the system characteristics of designed layout. Senko and Suskind 
(1990) claim, that simulation visualizes the changes of impacts on the system, without 
physically building and without interruption to working system. Effectiveness of the designed 
layout can be validated by simulation as well. Simulation can be used in wide area for such 
as; in manufacturing applications semiconductor activities, logistics, supply chain, 
distribution applications, facility planning applications and so on.  
 
Advantage of simulation (Banks et al., 2005); 

1. New applications, decisions, organizational procedures, material flows, production 
processes, and so on can be analyzed without real system operations. 

2. Layouts, transportation systems, new system designs could be tested without being in 
real processes. 

3. “How” and “why” questions or hypothesis can be checked and analyzed. 
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4. Relation of variables can be understood. 
5. Affect of variables on performance of system can be tested. 
6. It can also check how much the time about investigated system can be increased or 

decreased. 
7. In processes, transportation, information, and so on it can easily analyzed which part 

is slowest activity in other words bottleneck analysis can be done. 
8. Value and non-value added activities can be tested by help of simulation. 

 
Important modules in Arena are: 
 

          

         

      

        
 
 

3.3.5. Used Assessment Tool: Multiple Criteria Decision Making  
MCDM is an approach, used in the assessment step as a decision support system, where some 
evaluation factors are needed to choose the best among the constituted alternatives (Korhonen 
et al., 1992). It is a descriptive approach due to the fact that it needs the assessment criteria to 
be defined by the researcher in quantitative indices. 
 
 

3.3.6. Used Modelling Tool: IDEF0 
IDEF0 is a method to construct a model in a logical and user friendly way. This method can 
be used in to analyzing the decisions, processes and activities of a system. It is firstly used in 
United States Air Force in order to improve communication between analyst and customer. It 
analyzes the function of system with controls and mechanisms tools it also shows the 
interfaces of a function between its inputs and outputs. It mostly used in functional analysis. 
General structure of IDEF shown in  
 from IDEF representation it can be seen the function name, what is required in order to 
perform this function and also it shows the output of function 
(http://www.idef.com/IDEF0.htm). 

Create: Defines entering of entities to the system. Entity 
name, type and frequency of arriving to the system are 
defined. Each system starts with create module. 
 
Process: Defines the processes which entities go 
through. Process name, time, needed resources for 
the process and if there is delay are defined. 
 
Decide: Decision points are figured with this module. 
Decision is identified, it is assigned to be true or false 
and probabilities are defined for these possibilities.  
 

Dispose: Indicates the entities which leave the system. 
Each system has to end with that module. 
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Figure 3.7 General structure of IDEF0 
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4. Model Development 
Reviewed literature regarding to layout design, fixed shortages through existent studies, 
justification for the need of generated model and steps of generated model is given in 
following.  
 
 

4.1. Literature Review 
Articles were searched in online data bases to be able to see whether there had been previous 
studies regarding to warehouse layout planning and simulation applications on layout design. 
Used data bases were IEEE, Emerald and Science Direct. Some keywords were used to find 
appropriate researches. These keywords were “Warehouse”, “Simulation”, “Layout 
Planning”, and “Facility Layout Design”. Number of examined articles according to these 
keywords, were placed in Table 4.1. After scanning the articles a few of them were found in 
parallel with this study. 
 

Table 4.1 Examined articles through the study 

Keyword Investigated 
Articles 

Reviewed 
Articles 

Authors 

“Third Party Logistics”” 4 1 Hertz & Alfredsson (2003) 
 

“Facility Layout Design” 
and “Simulation” 

8 2 Eneyo & Pannirselvam, (1998), 
Karaginaki & Oakshott (2006) 

“Warehouse”, 
“Simulation”, “Layout 
Planning” 

3 1 Gagliardi et al. (2007) 

“Warehouse”, “Layout 
Planning” 

6 3 Hassan (2002), Carla et al. (2008), Lin 
& Sharp (1997) 

 
Among searched and examined articles, two of them, which were written by Hassan (2002) 
and Eneyo & Pannirselvam, (1998), were found very relevant with the purpose of this study. 
While the others considered layout problems from general perspectives, these two were 
looking into problems from creative and analytic perspectives. Moreover, in order to see the 
principles of facility planning, Facility Planning by Tompkins et al. (2003) took an important 
place among sources for this study. 
 
As it was emphasized above, most of the researches handled layout planning in general 
perspectives, used many tools in order to design layout in effective way. Though, neither they 
answer specific questions regarding different aspects nor specify the used tools for specific 
solutions which are seek through studies. When main reference of facility planning Tompkins 
et al. (2003) was criticized, it was found out that, even though he concentrated on generation 
and implementation of layout design alternatives, implementation of his results in real 
systems became weak because of his wide perspective towards design.  
Hassan (2002) suggests a framework to design warehouse layout. He has an analytical skilled 
framework, handles many constraints and space allocations in warehouse but there are some 
shortages in this research. Firstly there is lack of control- mechanism in steps and it does not 
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have any creative approaches in order to test end result with some tools such as simulation or 
any types of algorithm. Also shortage of continuous improvement can be seen in this 
framework. Moreover, it only faces with warehouse layout design analytically. 
 
Another relevant research with this study is Eneyo & Pannirselvam’s (1998) research. It 
presents a model which is simulation oriented in facility layout design. It has a creativity 
application in industrial environment and it also takes into consider company suggestions 
inside the model. However, there are some shortcomings in this research too. For instance, 
when it handles facility layout, it cannot analyze the layout analytically like Hassan’s (2002) 
framework. It only faces with specific problem of facility expansion. In addition to these 
problems there is not any feedback mechanism and continuous improvements after last step. 
 
 

4.2. Model Development 
Model development was derived from comprehensive literature review. After evaluation of 
literature it was found out that there had been still lack of a model which included both 
creative and analytical skills to deal with facility layout design from practical and academic 
point of view. When creative and analytical factors were taken into consideration, especially 
Hassan’s (2002) and Eneyo & Pannirselvam’s (1998) researches investigated facility layout 
design from similar aspects. But as mentioned before, Hassan’s research highlighted 
warehouse design extensively with its supportive activities and examined problems in overall 
layout of warehouse perspective in fourteen steps without using any promotive tools, on the 
other hand Eneyo & Pannirselvam’s (1998) research examine the problem mostly based on 
simulation without going into through the processes deeply. Table 4.2 shows the steps of 
these two studies. Developed model of this study will be generated from integration of these 
two researches and also it will also cover shortcomings in these two studies.  
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Table 4.2 Steps of Two Reference Studies 

     
 

 
Developed model was identified step by step. It was aimed to be easy understandable by 
IDEF0 method, since that method has a common usage area within indicating the decisions, 
actions that are taken through complex systems analysis.  Developed model can be seen in 
Figure 4.1. 
 

 HASSAN'S (2002) 
FRAMEWORK 

 1 Defining the type and 
purpose of the study 

2 Understanding the capacity 
of warehouse and demand 
analysis 

3 Creating operating polices 
4 Determining storage levels 
5 Class formation 
6 Specifying departments and 

the general layout 
7 Partition of reserve and 

picking spaces in storage 
8 Design material handling 

and storage 
9 Determining the number and 

size of aisles 
10 Estimating space 

requirements 
11 Determining input/output 

rate in locations 
12 Designing docks 
13 Adjustment of storage 
14 Zone generation 

 ENEYO & 
PANNIRSELVAM'S (1998) 
MODEL 

1 Data collection and analysis 
2 Simulation of current system 
3 Simulation of alternative 

expansion models 
4 Design of new facility 
5 Selecting alternative layouts 
6 Implementation of the 

recommended alternative 
layout 
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Figure 4.1 Developed Model  

4.2.1. Define Operation Strategy 
At the beginning of a layout design; learning vision, mission and objectives of company have 
a significant importance on becoming familiar to their system and thinking. It makes process 
more complicated, if an effort on knowing the company perspective neglected at the 
beginning. Unless the company and researcher deal in a good way and they are 
understandable to each other, the step to solve the problem is quite late and may cause 
unpredictable results, such as an unexpected layout of the study. Accepted inputs for the first 
step lead to define operation strategy of the company. In order to manage and use resources 
effectively company’s route on their objectives should be defined clearly.  
 
 

4.2.2. Define Current Scenarios 
Processes and available space in a facility are definitely main constraints for a layout design. 
Thereby, defining current processes, their spaces, catching relations, concurrencies and 
overlaps among operations and related spaces lead the researcher to have a clearer picture of 
the layout. Material handling is one of the constraints that should be concerned about as well. 
Participant observation and interviews with the employees is a good way to clarify the needed 
information to define current processes and spaces. When requirements and constraints are 
named, design criteria starts to come to light naturally. At this step, company manager should 
take a role as a control mechanism not to let researcher get lost within the system. 



Layout Design of Third Party-Logistics Centre: A Case Study                                                        
                              

- 35 - 
 

4.2.3. Investigate Current and Suggested Layout 
Suggested layout gives researcher a chance to have a reference point during the research. 
Especially if that suggested layout comes from the company, any descriptions about the 
expected study couldn’t be more useful than having such kind of a draft. Since, company has 
already much experience about its applications and knows the deficiencies of its current 
layout, these knowledge and experience should be taken into consideration by the researcher. 
All reasons and considered steps should be justified with the help of concerned company 
personnel. Thus, this step will provide a preliminary approach to both academically and 
practically problem and by the help of this step priority of design criteria will be defined. 

 
 

4.2.4. Redesign Suggested Layout 
Relations among departments, material flow and material handling design criteria, which are 
provided by observations and interviews, come from investigation of current and suggested 
layout. Charts and diagrams based on relations among activities and spaces are the means to 
catch the required characteristics. Space requirements should be specified according to 
expected work load in the new facility. Once the clear picture comes to light, activity 
relationship chart, relationship diagram and space relationship diagram are shaped as the 
outputs of this step. 
 
 

4.2.5. Design Scenarios and Generate Alternative Layouts  
New flows for materials and processes are determined at previous step. According to changes 
on redesigned layout, scenarios, including new process flows and their supportive activities 
should be designed. Scenarios describe processes and activities which influence the actual 
processes within the system, such as material handling design, resource utilization capability. 
Needed space for operations, process time, material handling and process requirements are the 
inputs of this phase as being constraints while generating alternative layouts.  
 

4.2.6. Simulate 
Simulation is used to run processes through designed layout and get the results of designed 
scenarios. It helps to see the sequential and parallel functions, prerequisites, constraints and 
resources of the functions, bottleneck operations and their influences on the whole system. 
When the system parameters cannot be defined in a proper way, it gives the opportunity to 
have assumptions to be able to get approximate results within the limited running time. Here, 
assumptions of the designer comes more of an issue to get reliable inferences. To have an 
effective and user friendly simulation tool is also suggested to verify obtained scenario 
results.     
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4.2.7. Assess and Select 
Assessment criteria definitions are determined by researchers and priority of these criteria are 
requested from the company, as they are the inputs for last step of the model. They are 
converted into standardized assessment units and evaluated with assessment tools, such as 
MCDM. These tools give the most appropriate layout regarding to searched characteristics.  
 
When selected layout is critisized, if there are any unmatched characteristics to company's 
expectations, it is needed to go back to step four and go through redesign of suggested layout 
in the content of continuous improvement.   
 
 

4.3. Model Features and Relevance 
• Standardize the modelling method: Generated model is standardized by IDEF0 

modelling technique. That reduces effort to understand the whole concept of the 
model. 

 
• Logically sequenced: Steps, which are included in the model, are logically 

sequenced. Each step is the prerequisite of the following step.  
 

• Company user friendly: It is easy to follow the flow in the model and since it takes 
into account suggestions and participation of the company authority, company can 
utilize the model into its practical problems.   

 
• Continuous improvement: Model gives chance to go through its steps and make 

corrections, improvements on the selected layout according to dynamic needs of the 
company. For instance, changes in demand or product type might be adoptable in the 
model easily. 
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5. Empirical Findings 
Figure 5.1 shows the outline of the empirical findings chapter. Chapter starts with the 
description of the case company and its external stakeholders. Later, reader can find 
information about problem background. After problem background, material groups and 
processes that case company has are presented. In addition to this information, resources for 
layout design also exist in this chapter. Lastly, scenarios that refer to processes which are 
performed in case company are described. 
 
 

 
Figure 5.1 Outline of Empirical Findings 

 
 

5.1. Case Company 
Intralog is a Third Part Logistics Company which exists in Sweden. It is a sister company of 
Scania, which is one of the pioneer companies in automobile industry, provides a supply of 
service for Scania, it is also one of the biggest warehouses of Scania. The company has three 
facilities in Mjölby, Oskarshamn and Södertälje. There are 160 employees in total, currently 
60 employees are employed in Oskarshamn facility. The centre of the company takes place in 
Södertälje, see Figure 5.2 for organizational structure. 
 
The main research has been done in Intralog Oskarshamn Facility which has 60 employees in 
the total and performs some tasks in order to support Scania’s supply chain. These supportive 
activities are sequencing of items to the assemble lines of Scania, separating and storage of 
pallets, the washing of plastic boxes, and warehousing of a lot of items that are sent by 400 
suppliers.     
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Figure 5.2 Organizational structure of Intralog 

 
 

5.1.1. External Stakeholders 
Intralog is responsible for its functions to its main customer Scania and to its suppliers whose 
number reaches to 400 in total. It has a significant role among them as being the key 
organization within supply chain and it requires much more caution when taking action to 
balance the needs of the stakeholders. 
 
It has to satisfy Scania by feeding the production on time with the sequenced material; it has 
to repack the needed material as well while reassembling the pallets and collars to send to 
suppliers back. Due to that critical mission most of the functions and decisions are affected by 
external stakeholders. The need to new facility has also raised after Scania’s decision about 
over loading Intralog with new and increasing numbers of materials. 
 
 

5.2. Problem Background 
Company has a serious problem with planning the placement of its materials into warehouse 
area, since it has deficiency in both available space and layout management. Due to fact that 
logistics centre has functions more than being just a storage, material types increase 
simultaneously with the increasing expectations of stakeholders. When Scania customizes its 
products that bring more work load to sequencing operation in Intralog, following leads the 
increase in types of materials to be stored within the company and types of packaging items 
reassembled to be shipped to suppliers. Shortage in planning of the warehouse causes lack of 
space utilization, problems in material handling, consequently in delivery time and ultimately 
cost. 
 
Though, Scania still has a warehouse, since common parts for the products come directly 
from its suppliers. The management wants to get rid of this warehouse and they are planning 
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to put in charge Intralog with all of Scania’s warehousing activities. Thereby, it has become a 
matter for Intralog to manage warehousing and operations within the existing facility, since 
increasing number of tasks and demand requires an effective management of layout. Current 
facility doesn’t have a good planning regarding to layout and they suffer from inadequate 
space as well. According to get this over tasks in a proper way with the help of having a well-
designed warehouse Intralog is going to move to a new facility where this study aims to 
design its layout.    
 
 

5.3. Company’s Function 
Company plays a critical role among Scania and its suppliers, since it trades the material from 
supplier-to Scania and packaging items from Scania-to suppliers off. TPL activities which are 
currently accomplished are explained in following. 
 
 

5.3.1. TPL 
Intralog is in a position between its suppliers and customer, that it acts the requirements of 
being a TPL company. Functions of Intralog from TPL company overview see Figure 5.3 

          

Figure 5.3 Functions of Intralog 

 
1. It gets components from suppliers. These components are sequenced, warehousing and 

repackaged for Scania’s production.  
2. It delivers the sequenced and repackaged components to Scania. 
3. It gets empty packages from Scania. Empty packages are reassembled. 
4. It delivers the reassembled empty packages to suppliers. 

 
 

5.4. Materials & Package Groups 
There are over 2500 types of material and 20 packaging items which pass through the facility 
today. It is a huge number to control stored material randomly. Thereby, it requires 
classifying the material types to control. As it is investigated, there are two ways to classify 
items within the company. They are grouped according to the packaging items (pallets and 
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special racks) in which they are.  Sequencing operation is another distinguishing point to 
group the materials. See the packaging items table in Appendix I. 
 
 

5.4.1. Packaging Items 
Packaging items for covering and handling of materials vary. Packages which are used to 
cover and protect materials are called collars, boxes and lids. It was observed that nine kinds 
of protection packages were actually being used during the visit to the company.   
 
On the other hand, there were twelve kinds of pallets in different sizes which are used to 
handle material with its protection packaging item. See example of different packaging items 
in Figure 5.4. 
 

                            

Figure 5.4 Different packaging items 

The list which indicates the sizes of material handling and protection packaging items can be 
found in Appendix II. 
 
 

5.4.2. Sequenced Materials 
Sequenced materials are the ones which are processed in sequencing. In sequencing, incoming 
materials are put into order according to the list of Scania’s production, they are placed into 
appropriate packages and shipped to Scania within four hours after getting order. Thus, 
assembly worker in Scania doesn’t need to look for the suitable component to assemble on the 
product, saves time in production. 
 
Currently, the number of actual sequenced components is six. These are door sides, electrical 
parts, steering wheels, instruction books, middle panels and driver control unit (DCU). As it is 
planned for new facility, DCU unit will be moved and cross beam will be sequenced instead. 
Furthermore, sequenced materials number is expected to go up as much as possible in the new 
facility. 
 
Table 5.1 shows current sequenced materials with their packaging items and their daily 
demands for Scania.  

E-Pallet with two collars 

H-Pallet with one collar 

Special Rack 
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Table 5.1 Current sequenced materials with their packaging items and their daily 
demands for Scania 

Sequenced 
Material 

Packaging 
Item 

Load per 
Pallet 

Load per 
Container 

Pallet 
per day 

Amount per 
day 

Collars 
per 
pallet 

Door sides E-Pallet 8 8*8 42 340 5 

Middle Panel Special 
Pallet( same 
size with E) 

6 6*8 21 170  

Steering 
wheel 

Special 
Pallet( same 
size with E) 

16 16*8 21 170 3 

Instruction 
Books 

E-Pallet 32 32*8 21 170 2 

Electrical 
Parts 

Special 
Rack 

20 20*8 21 170 2 

DCU Special rack 8 8*6 21 170  

Cross Beam Special rack 16 16*8 42 340  

Total:    189   

 

5.4.3. Unsequenced Materials 
Unsequenced materials are the ones which do not go to sequencing operation. Since there is a 
huge number of unsequenced materials (just seven items are sequenced), they are classified 
according to their protection and handling packages.  
 
 

5.5. Current Scenario Descriptions 
Scenarios refer to company’s processes with their supportive activities. They are explained 
step by step in order to give the reader a holistic view of scenarios. 
 
 

5.5.1. First Scenario: Bufferage-Sequencing 
Buffering process is one of the most critical processes in the company. It refers to keep 
waiting products temporary in specific places before or after some processes. There are 
different types of buffer one is done before the move to products inside the warehouse and the 
other one is usually done in sequencing and repacking operations. Before sequencing 
operation, there is a buffer when the sequencing products shifted in warehouse. Moreover, 
after sequencing operation finished there is also a buffer before sending the products. In 
repacking process buffering is also same as sequencing.  
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Intralog receives items for sequencing directly from suppliers in ordinary trucks. When these 
ordinary trucks arrive to parking space, the truck is registered into system. Sequencing 
process flow is same for all products. It starts with receiving of materials and registration into 
system. Materials are unloaded by forklift and buffered in storage area, in receiving. Before 
buffering, pallets are labelled for defining on which day they are delivered Intralog and type 
of materials is also written on these labels. Since, there is first in first out (FIFO) principle for 
all products within the company. So, materials are sent to processes according to their priority 
in delivery. 
 
Company has special storage space to feed sequencing. This process starts with demand of 
Scania, when needed items lists are sent to Intralog. After that Intralog compares the list with 
the labels which is found on products in order to squeeze products. When stock for the 
sequencing is empty whole palette that stored according to FIFO, is moved to the sequencing 
area by forklifts. After sequencing is finished, materials which are ready to send to Scania, are 
buffered near the sequencing department in order to loaded into container, which is used to 
send the sequencing materials with good combination to Scania, in an optimum way as much 
as possible. When good combination is done materials moved to near the exit door and 
buffered there second time. Lastly after bufferage second materials are loaded into containers 
by forklifts and sent to Scania by trucks. Figure 5.5 shows all steps in sequencing scenario. 
 

           

Figure 5.5 Flow of sequencing 

 
 

5.5.2. Second Scenario: Bufferage-Repackaging 
Bufferage for repackaging has the same function as it was mentioned in bufferage- 
sequencing scenario. 
 
Components for repacking are received from suppliers by trucks. After trucks arrive in 
parking space of Intralog, components with their pallets unloading by forklift to pre-buffer 
place for registration. After registration they are moved to warehousing and firstly stored 
there. In next step they move to buffering by forklift according to FIFO principle. According 
to demand of repacking area, components move to this area from buffering in order to put 
components in kits. After repacking processes finished repacked components move to 
shipping area by forklift. In last step repacked components on pallets are loaded to containers 
and sent to Scania. See Figure 5.6 for steps in sequencing scenario.  
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Figure 5.6 Flow of repackaging 

 
 

5.5.3. Third Scenario: Warehousing 
Company has almost in every process warehousing operation. There is a big area for 
warehousing process inside the company. Even though almost every process has warehousing 
operation, also some products that transported to company have only warehousing operation. 
These products are sent by suppliers to company. When trucks arrive, firstly products with 
different pallets registered into computer system, later they are unloaded by forklifts and 
shifted to company for warehousing. These products stay in company until company gets 
order from Scania. By the order, these products are moved to outbound Scania area and 
loaded the containers and sent to Scania. Intralog has three times a day an inventory control in 
order to understood the amount of products that company has for Scania. These controls done 
by help of a computer software program which is called Symas and also this system used by 
Scania. By help of this system company can follow delivery and storage of materials. There 
are three registrations of material in Intralog firstly material is registered to computer when 
the trucks arrive to company and later they are registered again by scanning lastly, the final 
registration is done when products are sent to out. If there is any stock problem, it is informed 
by Scania to Intralog and then Intralog tries to prevent this problem. See Figure 5.7 for steps 
in warehousing scenario.       
 

       

Figure 5.7 Flow of warehousing 

 

5.5.4. Fourth Scenario: Reassembling 
There are three robots type for reassembly of pallets process and this reassembly process is 
performed for pallets that are sent from Scania. Pallets have a main pallet at the bottom and 
surrounded with wood pieces from sides. That side wood pieces are also called collars by 
companies. Moreover there are three different pallet types for reassembly which are half (H), 
European (E) and large (L) pallets.  
 
Intralog has 30 containers for material handling between Scania and Intralog. Pallets are 
transported by these containers. Pallets are reassembled in robots according to their types. 
Large pallets are reassembled in robot 2, European pallets in robot 3 and half pallets in robot 
1. All robots processes are same except before robot 2 there is a small buffer. After pallets 
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load the robots they are separated by handling equipment, in next step employees separate the 
lid and check the inside the pallets if they have any protection stuff inside or the box is almost 
full or not. If it is full these boxes shifted to storage and the palette that is almost empty 
continues to process in robot. Also a quality check is done by employee in this step if there is 
any scrap or damaged part occurs, this information is entered to robot system. Later robots 
separate every element of the pallet and store them at special places. Scrap and damaged 
pallets are also separated by robots. After separating all items they buffered in this specific 
places before they are shifted to warehouse. See Figure 5.8 for steps in reassembling scenario.  
 

       

Figure 5.8 Flow of reassembling 

 
 

5.5.5. External Scenario: Washing 
Washing of plastic boxes is also performed by Intralog for Scania. These plastic boxes are 
transported to company with containers. When the containers arrived to Intralog these plastic 
boxes are unloaded in parking space and buffered until whole container is unloaded. After 
temporary buffer, plastic boxes are shifted to inside by forklifts and they are loaded to 
washing machine by one worker. When washing process finishes, plastic boxes are unloaded 
by worker and then, they are buffered behind the machine. Finally plastic boxes are packed on 
European pallets and they are moved to warehouse by cart-system.  See Figure 5.9 for steps in 
washing scenario.   
  

       

Figure 5.9 Flow of washing 

 
 

5.6. Suggested Layout Descriptions 
In order to implement the developed model, the logistics centre area will be analysed. Further, 
within this area bufferage, sequencing and warehousing scenarios will be handled, since these 
three have interfaces and impact on work flow of each other.   
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5.6.1. Demand and Capacity  
As explained in company description, there are sixty employees in the company and they 
work in two shifts which are the morning and evening shift. The total working hours for one 
shift is 8 hours. In sequencing area there are six people in the morning shift and five people 
work in night shift. In reassembling department, there are three machines which are robot 1, 
2, 3 and even though they have same function and number of workers which are two workers 
per robot, they have different working hours. The working hours per day are: Robot 2 (8 
hours), Robot 1(16 hours) and Robot 3 (1 hour). For washing department there is only one 
worker and working hours are 8 hours. For repacking and warehousing the working hours are 
16 hours. Man power cost per hour is 350 SEK. 
 
Production rate of Scania affect the demand of components, current demand of packaging 
items is showed in   Table 5.2. 
 

  Table 5.2 Current demand of packaging items 

 
 
 
 
 
 
 
 

 
 
 

 

5.6.2. Required Data and Information for Layout Design  
Layout design considerations according to company’s suggestions; 
 
Total area is expected to be approximately 10800 m2. Sub areas belonging to departments are 
500 m2 for bufferage, 500 m2 for sequencing, 500 m2 for repackaging, 858 m2 for inbound, 
3600 m2 for robots and 6800 m2 for warehouse. Monthly rent per m2 is 600 SEK. 
 
Process flow for scenarios, which are numbered on suggested layout, see Figure 5.10; 
1. Warehousing 
2. Bufferage-Repackaging 
3. Bufferage-Sequencing 

Package  Number 

E-Pallet 812 

H-Pallet 121 

L-Pallet 80 

M-Pallet 17 

S-Pallet 518 

Special rack 166 

Special med MH-nr 166 

T 69 
Total: 1948 
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Figure 5.10 Suggested facility layout from the company 

 
 

5.6.3. Space Requirements and Constraints 

Current facility layout was provided to the authors by the company, see Appendix IV . 

Space requirements for layout design were specified with the help of this current layout. The 
required areas for the current processes are approximately 5000 m2. According to the planned 
capacity for the new facility, area is expected to be 10800 m2. Range of departments can be 
seen in Figure 5.11.        
 

                         

Figure 5.11 Percentage of areas within entire facility 

Intralog aims to aggregate whole needed processes in one facility to supply increasing 
demand on time.  
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High variety in products and limits regarding to area are the main constraints while designing 
layout. Aisles between storage places, position of receiving and shipping are the factors which 
restrict the design.  
 
 

5.6.4. Material Handling Requirements 
Used material handling equipments in the company are forklifts and transpallets within the 
actual processes, conveyor system in robots area, electrical and diesel forklifts in warehouse 
area.  
 
While designing facility layout, forklift sizes and movements are the main factors which 
specify aisle areas between storage columns and rows.  
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6. Analysis 
Analysis of gathered data and studies regarding to alternative layout designs are stated in 
this chapter. 
 
 

6.1. Redesign Suggested Layout 
Redesigning suggested layout requires determining interfaces among departments and 
activities, also to specify needed spaces for operations. Hence, characteristics of current and 
suggested layout were analysed and factors, which layout design was based on, handled in 
following. 
 
 

6.1.1. Define Relations and Spaces 
In first step, definition of relations between departments and spaces were made in according 
to specify accurate constraints of redesign. 
 
 
Relationships Chart 
After examining suggested layout, current processes and used spaces, relations among 
activities are high lightened. Activity relationship chart and diagram indicate the importance 
of relations. Activity relationship chart handles the importance of relations according to type 
of interfaces which activities have.  
 
Both qualitative and quantitative data was taken into considerations while these relations were 
figured out. Importance of closeness had effect on the relation among departments according 
to company’s experience. Frequency of usage and material flow between departments were 
the criteria while making a decision about the distance between departments. If there was 
direct relation between departments, this relation was called material flow. If there was 
indirect relation between departments, this relation was named as frequency of usage. 
Moreover, frequency of usage and material flow were classified into high, medium and low to 
highlight the intensity of relation. Number seven was added to the relationship chart as being 
an indicator of no relation between departments.  
 
 

 

 

Figure 6.1 presents the relations between departments according to these criteria. 
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Figure 6.1 Activity relationship chart 

 
 
Activity Relationship Diagram 
Activity relationship diagram was drawn and activities were placed aiming to have less 
overlaps within lines by using constructed activity relationship chart. All data in relationship 
diagram was gathered from relationships chart, though it should be clarified that relationship 
diagram was used to get a general picture of relations between departments. Figure 6.2 
presents the finished relationship diagram of the departments in the case company.    
 
 
Space Relationship Diagram 
After defining relations among activities, a space relationship diagram is figured out based on 
activity relationship diagram and space requirements which were discussed in empirical 
findings. See Figure 6.3. Thereby, it was visualized how much area was needed to locate the 
activities. See Appendix III for needed area of departments. 
 

A Absolutaly necessary    1 Frequency of use high 

E Especially important    2 Frequency of use medium 

I Important    3 Frequency of use low 

O Ordinary closeness ok    4 Material flow high 

U Unimportant    5 Material flow medium 

X Undesirable    6 Material flow low 

     7 No relations 
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Figure 6.2 Activity relationships diagram 

 

    

Figure 6.3 Space relationships diagram 

 
Observations regarding to diagram; 

• Robot area and logistics centre are totally separate from each other.  

• Warehouse is placed in the middle, since it is common for both logistics centre and 
robot area. 

• Warehouse area is defined the core area for design due to its critical position in the 
system. 

 
 

6.1.2. Current Layout Analysis  
On current layout, actively used area was 5000m2, although total available area was 8400m2. 
Thus, ratio of actively area used was 60 % of the available layout. It was obviously 
understood that even though company needs new spaces for new tasks they cannot use the 40 
% of the facility. The reasons of not using area effectively are high number of components, 
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unplanned production flow and does not have specific places for components inside 
departments.  As it is emphasized before, case company will tackle with increased number of 
materials within mentioned scenarios. In that case, effective usage of layout becomes a 
serious matter for company.   
 

6.1.3. Suggested Layout Analysis 
As mentioned before suggested layout was designed according to 170 tact time which refers 
to produced truck per day. From relationships chart, relationship diagram and space 
relationship diagram; relations between departments and needed spaces were defined. 
According these chart and diagrams it was seen that receiving and shipping locations 
determine the place of other departments. Looking to departments, there is high relation 
between bufferage and receiving departments. Moreover, bufferage has high relation with 
sequencing and repacking departments. Therefore, location of bufferage has big impact in 
flow of materials between sequencing and repacking departments. Furthermore, warehouse 
departments has high relationship with receiving and shipping if number of components take 
in consider which are stored in this department the importance of smooth flow between these 
department can be understood easily. Also from suggested layout it was seen that there was a 
dead corner on the left side of bufferage.  
 
 

6.1.4. Daily Demand Analysis Based on Pallets 
Analysed data and company based information was not ready made in the practical situation. 
Therefore, rational techniques were used during study to extract them.  
 
The list, which consists of more than 2000 types of material, was analysed and classified 
according to protective packaging items. Thus, it would be logically grouped. The first criteria 
to group protective packaging items were pallets’ and racks’ floor area. Eight different size 
packaging items were named E, H, L, M, S and T size pallets and special racks. Pallets had 
also some subgroups since number of collars, they have on, depend on the material type. For 
instance door sides have E-Pallet with five collars, as protection and handling packages.  
 
The percentage of the packaging items in total was calculated by daily demand. See Figure 
6.4. These numbers will take part while defining frequency of packages for simulation. 
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Figure 6.4 Percentage of packaging items 

 
 

6.2. General Layout Design Guidelines  
After examination of suggested layout, advantages and disadvantages were highlighted and 
general layout guideline was built up. See Figure 6.5. The whole logistics centre was 
determined to be built on 7200 m2 area and department sizes were designed based on the 
dimensions of the current ones. Case company suggestions played a significant role to figure 
out the new facility layout as well as relationship indicators from used tools and creativity of 
the authors. Combination of science and art leaded to define sizes of departments as, 
bufferage 500 m2, sequencing 700 m2, warehousing 2400 m2, repacking 700 m2, receiving 
858 m2. Moreover when this layout was built up following considerations were taken into 
account;  
 

• Location of receiving and shipping areas were specified by the case company thereby 
dimensions of them were designed.  

• According to relationships between bufferage, sequencing and repacking, it was 
forced to design these departments close to each other. 

• Also bufferage was placed in a close position to receiving area because of the fact that 
it has high material flow with receiving. 

• Sequencing area has high relation with receiving because of that sequencing was built 
up close to receiving.  

• By help of placing bufferage in the corner, which was dead area in suggested layout, 
corner was optimized and it is possible to be used as a bufferage department anymore.  

• Since warehousing and sequencing scenarios are independent scenarios from each 
other, they are positioned separately to provide smooth material flow inside logistic 
centre. 

• Width of aisles within the warehouse was considered to be 3m. Only the main aisle 
which connects warehouse to shipping is sized with 6m.  
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Figure 6.5 General layout guidelines 

 
 

6.3. Design Scenarios 
Sequencing and warehousing scenarios were thought independent to each other. Designed 
layouts were called concepts which referred to different alternatives. All concepts were 
designed based on 170 tact time. Since warehouse was main scenario for this study, three 
concepts were designed for this scenario; warehouse layout with angle 0o, warehouse layout 
with angle 45o and warehouse layout with angle 45o and pallet racking system. Each 
alternative layout concept was examined according to space and time. One layout was 
designed for sequencing and bufferage, since they were also included in logistics centre.  
 
Packaging items were placed into warehouse in piles and columns. Pile refers to pallets which 
were placed vertically and column refers to pallets which were placed horizontally in storage 
area. Figure 6.6 shows the practical definition of column and pile. 
 

                          

Figure 6.6 Practical definitions of column and pile  
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6.3.1. Concept 1: Warehouse Layout with Angle 0o 
After general layout was designed and location of every department was specified on this 
layout, warehouse department was handled in details with its packaging items, rows and 
aisles. Figure 6.7 shows the overall picture of warehouse where packaging items were placed 
with angle 0o in rows. When warehouse was designed the main consideration was according 
to daily demand 170 tact time. The total area of warehouse was determined on 2400 m2 with 
60 m length and 40 m width. Warehouse department was divided into 5 with different sizes 
which are designed as row 1 and row 2; 15 m width and 58 m length , row 3; 58 m length and 
3 m width, row 4; 58 m length and 3 m width and lastly row 5; 45 m length and 4 m width. In 
order to arrange smooth material handling and FIFO picking system 4 aisles were designed 3 
of aisles are has 3 m width only 1 aisles which connects warehouse to shipping area was 
designed 6 m width because of two ways transportation and being main aisle to shipping. 
Also direction of warehousing scenario inside the departments is shown in Figure 6.7. 
 

 

Figure 6.7 Warehouse layout with angle 0o 

 
Based on daily demand excel sheet analyses it was found that when packages placed with 
zero angle into rows needed area for all packages is 888m2 and after every packages placed 
into rows 864m2 empty area was left for future tasks and high demand production days. 
Moreover, SR, S, H, T, E, L pallets were placed in row 1 and M pallet placed in row 2. Each 
pallet types were put in rows separately from each other and every columns contain one type 
of pallet even though one column was not fulfilled totally, different pallets had to be placed in 
different column. When layout designed with angle 0o utilization of warehouse will be 73 % 
see Table 6.1. It was calculated by subtracting unused areas, which are aisle area in concept 1, 
from actual warehouse area divided into actual warehouse area; 
(Actual Warehouse Area- Aisle area)/ Actual Warehouse Area 
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Table 6.1 Utilization of warehouse in concept 1 

Actual Warehouse Area (m2) 2400 
Aisle Area (m2) 648 
Utilization (%) 73 

   
 
 

6.3.2. Concept 2: Warehouse Layout with Angle 45o 
When packing items are placed into rows with angle 45o it was found that based on daily 
demand sheet total needed area for packing items is 894 m2 and there is 589 m2 empty areas 
for future tasks. The criterion of choosing angle 45o in positioning the packing items in rows 
makes transportation and maneuvering easy also minimizing process time in warehousing 
scenario. There is not any difference in structure of warehouse department between angle 45o 
and angle 0o concepts; the difference between these two concepts is only position of packages 
in rows.  
 
SR, S, H, T, L and M pallets were placed in row 1 and in row 2 only E pallets were placed. 
See Figure 6.8. 
 

 

Figure 6.8 Warehouse layout with angle 45 
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Moreover, changes in place, demand or angles can be solved and rearranged by help of 
parametric new excel sheet that was created based on daily demand. Table 6.2 shows the 
utilization of warehouse layout with angle 45o which is 64%. It was calculated by subtracting 
unused areas, which are aisle and triangle areas in concept 2, from actual warehouse area 
divided into actual warehouse area; 
 
(Actual Warehouse Area- Aisle area- Triangle area)/ Actual Warehouse Area 
 

Table 6.2 Utilization of warehouse in concept 2 

 
 
 
 
 
 

6.3.3. Concept 3: Warehouse Layout with Angle 45o + Pallet Racking 
Based on warehouse layout with angle 45o a new concept generated which was called 
warehouse layout with angle 45o and pallet racking system. The main idea off adding pallet 
racking system was making first in first out system easier and decreasing the empty spaces in 
columns of pallets by help of this system space can use more efficiency. In concept of 
warehouse angle 45o real used area at total 895.4 m2 but when company use pallet racking 
system the needed area for same packing items is decreased to 598.81 m2 and saved area in 
the total will be 33.12%. So, it is obvious that by using pallet racking system space can be 
used more effectively by using less needed area for same packing items. See Table 6.3. The 
reason of using area more efficient is preventing empty spaces inside each column which 
occur because of daily needs cannot enough in some columns to fill whole column, so this 
problem will be solved with empty pile places will be fulfilled with different packing items by 
help of constructed shelf system. Thereby, pallet racking will provide more space utilization 
than concept of without pallet racking. 

Table 6.3 Real used area comparison in concept 2 and concept 3 

  Total Warehouse Evaluation     
  Real Used Area(Angle 45o) Real Used Area(Angle 45o+PR) Saved area percentage 
Row1 456,47 406,68 10,91 
Row2 438,93 192,13 56,23 
Row3 0,00 0,00 0,00 
Row4 0,00 0,00 0,00 
Row5 0,00 0,00 0,00 
Total 895,40 598,81 33,12 
 

 
 
 

Actual Warehouse Area (m2) 2400 
Aisle Area (m2) 648 
Triangle Area (m2) 225 
Utilization (%) 64 
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6.4.  Bufferage & Sequencing Scenario 
Bufferage and sequencing departments were handled in the same scenario, since bufferage 
feeds sequencing with the materials which will be sequenced later on. Materials which are to 
be sequenced come in E2, E3, E5 pallets and special racks. Bufferage & sequencing area 
design was given in Figure 6.9. 
 

 

Figure 6.9 Bufferage & Sequencing Scenario 

 
Total area for bufferage was considered to be 500 m2, area of aisles was 150 m2. Actual used 
area was calculated to be 98 m2 and empty area 252 m2. See Table 6.4Table 6.4 Hata! 
Başvuru kaynağı bulunamadı..  

Table 6.4 Actual used area in bufferage 

Packaging 
item 

Floor 
area (m2) 

No of columns Piles on a 
column 

Actual 
used area 

(m2) 
E2 0,96 1 3 2,88 
E3 0,96 1 3 2,88 
E5 0,96 5 3 14,4 
Special rack 2,88 9 3 77,76 
Total    98 

 
Sequencing was considered to be 700 m2 for operations, when new sequencing items were 
taken into consideration. Actual operations required 490 m2, according to gathered areas from 
current layout. Aisles took 210 m2 of sequencing area. Places of operations were decided 
related to placement in bufferage. For instance door sides were placed in the middle row since 
they were sequenced most frequently and fed by E5 pallets from bufferage.  
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6.5. Simulate 
Designed simulation models for chosen scenarios were run in Arena, for 16 hours, due to that 
the company worked two shifts for 8 hours. Running time was considered when the system 
works full capacity, though running time could be modified easily by using run setup when 
was needed to consider break times and any kinds of downtimes. 
 
Simulation for Warehousing 
Number of packaging items in warehouse had to be decreased regarding to mentioned 
academic mode constraints. The ratio of packages was analysed in Figure 6.10 and the most 
frequent four items were handled to be run in Arena, E, H, L and T pallets.                              
 

                             

Figure 6.10 Rates of packaging items in warehouse 

 
Warehouse scenario was generated and run according to three different concepts, see Figure 
6.11 and for detailed data Appendix V. Process times in move to column processes differ 
from concept to concept. 
 



Layout Design of Third Party-Logistics Centre: A Case Study                                                        
                              

- 59 - 
 

 

Figure 6.11  Monitoring of Warehouse Scenario in Arena 

 
 
Simulation for Bufferage & Sequencing 
Bufferage and sequencing scenarios were handled together and run. 
 
E2, E3, E5 pallets and special racks were defined to be entities and arrived to system in create 
module. Steps which were time consuming for the items such as unloading the truck, 
registration, movement to other steps were defined as processes and process time was 
assigned in each process. With decide module packaging items were classified and sent to 
regarding processes. Batch module leaded packages to be grouped before post bufferage and 
grouped packages were individualized by separate module. Finally dispose module allowed 
packages to leave the system and recorded numbers of outcomes.  
 
Program scenery could be seen in Figure 6.12. Generated program was run according to 
considered numbers and results regarding to time utilization were figured out in Appendix VI. 
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Figure 6.12 Monitoring of bufferage & sequencing scenarios in Arena 

 
 

6.6. Asses and Select                        
Assessment criteria were determined according to aimed perspectives in problem formulation. 
To fulfil the answer of problem formulation, designed layout concepts were criticized from 
space and time perspectives and compared in cost. Flexibility was effective also on selection, 
since it was one of the priorities of the case company. 
 

Designed alternative layout concepts were given on Table 6.5 and required 
spaces for warehouse, which were calculated in details in analysis, for each 
concept were given on  

Table 6.6.  

Table 6.5 Three alternative layout concepts 

Concept 1 Warehouse Layout with Angle 0o 
Concept 2 Warehouse Layout with Angle 45o 
Concept 3 Warehouse Layout with Angle 45o + Pallet Racking 
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Table 6.6 Required spaces for each layout concept 

  Concept 1 Concept 2 Concept 3 

Needed Space (m2) 888 1604 1167 

 
Comparison of alternative layout concepts from time view was given on Table 6.7. Targeted 
numbers for packaging items were 1180 for E pallet, 479 for H pallet, 127 for L pallet, 97 for 
T pallet. Required process time to satisfy the targeted number of each pallet was determined 
by the number of outcomes which were taken from Arena. Detailed tables regarding to run 
results can be seen in Appendix VII.  
 

Table 6.7 Needed process time for each layout concept  

Baseline_Pr.Time (h) Concept 1 _Pr. Time (h) Concept 2_Pr. Time (h) Concept 3_Pr. Time (h)

E Pallet 16 8,4 8,20 8,20

H Pallet 16 10 10,8 10,7

L Pallet 16 12,7 11,80 12,00

T Pallet 16 12,20 8,2 8,2

Avarage (h) 16 10,825 9,75 9,78  
 
Cost effectiveness of layout concepts was also handled by the help of MCDM, since cost 
became a critical matter of issue for evaluation of alternatives. Although cost effectiveness 
had many components and required a comprehensive study to give consistent and reliable 
decision, the costs which were brought to the company by new designs on operational level 
were calculated, see on Table 6.8. 
 

Table 6.8 Costs of space and time requirements for concepts  

  Concept 1 Concept 2 Concept 3 

Space (m2) 888 1604 1167 

Space Cost (SEK) 532800 962400 700204 

Time (monthly) 217 195 196 

Time Cost (SEK) 378875 341250 342125 

TOTAL COST (SEK) 911675 1303650 1042329 

 
While building MCDM chart, company’s suggestions were used.  
 
Company’s suggestions; 

• Weighting factors for space, time and flexibility were defined to be 30%, 60% and 
10% according to their own prioritization. 

• Monthly working days were 20 days. 

• Number of workers in warehouse was 5. 
• Monthly rent per m2 was 600 SEK. 

• Man power cost per hour was 350 SEK. 
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Rates were defined the percentage of handled criteria within whole for the same criteria.  
 
Space and time is rated based on their expected costs. Expected cost for space was calculated 
by multiplying needed space and monthly rent per month and for time cost, it was calculated 
by multiplying needed process time with man power cost per hour and needed number of 
workers. The percentage of calculated costs within total cost gave the rate of criteria. 
Flexibility was assessed in the interval referring from best (1) to worst (5). First concept had 
5, since it gave the lowest maneuvering ability to forklifts; second and third concepts had 2, 
since they provided more flexibility in warehouse.  
 
Finally, scores were the indicators to select the concept which was supposed to bring the 
lowest score to the company by being implemented and calculated by multiplying weight and 
rate of the criteria. 
 
From constituted MCDM, see Table 6.9, concept 3 was selected as having the lowest score 
which indicates bringing the lowest cost to the company.   
 

Table 6.9 MCDM for assessment criteria 

    Concept 1 Concept 2 Concept 3 

  Weight Rate Score Rate Score Rate Score 
Space  0,3 24 7,2 44 13,2 32 9,6 
Time  0,6 36 21,6 32 19,2 32 19,20 
Flexibility 0,1 56 5,6 22 2,2 22 2,2 
TOTAL SCORE     34,4   34,6   31 
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7. Result 
Obtained results of study are presented in this chapter. 
 
 

7.1. General Results 
Warehouse layout design with angle 45o+ pallet racking, concept 3, was selected to be the 
most cost effective layout among designed alternatives in previous chapter. It has trade off 
between space and time utilization. 
 
The features of selected layout were; 

• Parametric: All dimensions regarding to areas, aisles, columns, piles can be changed 
according to needs.  

 
• Daily demand based: Classification of packaging items and numbers of items are 

based on the daily demand of the company. they can be updated in case the compnay 
requests.   

 
• Scenario oriented: Due to independent tasks and processes in scenarios, layout 

design is built based on seperate scenarios, which are handled in the logistics centre. 
 
• Modular warehouse: Selection layout does not have to be utilized in a whole, parts 

could be changable. For instance location of columns are movable.    
 
• Flexible for different material handling techniques: Selected layout provides 

flexibility for different material handling methods due to its characteristics, such as 
having 45o angle while placing columns and pallet racking system in piles.                                   

 
• Flexible to be used in different facilities: It is possible to use the designed layout in 

different facilies, since it can fit different dimensions referring to its parametric 
characteristics.    
 
 

7.2.  Layout Design Results  
Layout design results gave the researchers to see the importance of flexibility in reality. As it 
was emphasized by the company as well, maneuvering ability differentiated the designed 
layouts from each other. 
 
While warehouse layout design with angle 0o was providing  space saving, it required the 
largest process time and it did not give the opportunity for the forklifts to move flexible on the 
aisles when leaving and picking the pallets up. 
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Warehouse layout design with angle 45o could satisfy the targeted number of pallets in the 
shortest process time, though space occupancy was higher in that concept than concept 1, 
since number of empty piles was high. Moreover, it made movements more flexible by having 
angle for leaving and picking items. 
 
Warehouse layout design with angle 45o+ pallet racking optimized the characteristics which 
were in request through the study. It needed 9.75 hours as the process time. Although it was 
not the shortest time among alternatives, pallet racking ensured to utilize the space in 
columns, since numbers of empty piles were reduced through placing different packaging 
items in the same column. It also provided flexible movement as it had angle in design.    
 

7.3. Space Utilization Results  
In baseline layout, while company needed 2400 m2 total space for its warehouse operations 
for 170 tact time, needed space for designed three concepts were 888 m2, 1604 m2 and 1167 
m2 for the same tact time.  
 
Over 50% space was actual used in all designed concepts. Compared to literature, over 50% 
actual used area in a warehouse was found utilized. Hence, designed alternatives caught the 
aimed number in utilization of space, for instance first concept had the highest space 
utilization with 73% and second concept had the lowest utilization with 64%. Third concept, 
with angle 45o+pallet racking provided 33% more space saving in column than second 
concept.    
   
 

7.4. Process Time Utilization Results 
While in baseline layout, company needed to spend 16 hours to fulfil the targeted number of 
pallets, results, which were gathered through Arena reports, regarding to process time based 
on packaging item types in warehouse were; 
 

• Warehouse layout design with angle 0o requires on average 10,825 hours,  

• Warehouse layout design with angle 45o requires on average 9,75 hours,  
• Warehouse layout design with angle 45o+ pallet racking requires on average 9,78 

hours to satisfy the targeted number of pallets per a day. 
 
 

7.5. Evaluation Results  
As being the result of cost based comparison in MCDM, concept three, which was warehouse 
layout with 45o+ pallet racking had the lowest score. Lowest score referred to the most cost 
effective layout among the designed concepts. 
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8. Conclusions 
In this chapter conclusion of the study  is given. 

 
 

8.1. Answer to Problem Formulation 
In the content of this study, an integrated model which involves creative and analytical 
features for designing a cost effective logistics centre layout was developed. Creative features 
were performed while designing layout on operational level of the logistics centre, since 
designing a new layout for warehousing scenario required to consider company expectations, 
besides theoretical and practical constraints. Analytical features were performed especially 
while gathering and processing needed data.  
 
Three layouts were designed with different features to have alternatives to fulfill the needs of 
the company. Designs were based on daily demand and scenarios, so that factors on 
operational level could be handled.  
 
With the aim of utilizing space  and time in the logistics centre; engineering methods, creative 
skills and simulation were used. While layout design results were the answer to space 
utilization, simulation results ensured time utilization. Cost effectiveness was the other 
criteria which was handled in multi-criteria decision making method to select the most 
suitable layout design. 
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8.2. Evaluation and Critisizm of the Model  
The developed model provides a map to the third party logistics companies who need to have 
a new layout design or who have serious problems with their current layout plan. The model 
starts with investigating current facility layout systematically, examines relations among 
components of the handled system, requires to gather existing data regarding to targeted 
studies and goes on with the steps emphasized in model development chapter.  
 
Each step in the model, which names with the action it consists, has its inputs, related tools 
and control mechanisms. Besides, each step takes the outputs of previous step as its main 
input. Hence, it is important to follow logically sequenced order in the model. Selected layout 
gives feedback to the system with its performance, as well as being the last output of the 
model. So that, continuous improvement is achieved and involved in the model, since it is one 
of the requisities of success in design.     
 
The model was implemented and validated in Oskarshamn Intralog. The feedback from the 
company approved that when the steps of the model were applied in a proper way with 
concrete and coherent data, it fulfilled expectations. Even there was missing data regarding to 
repackaging in the case company, the study provided still realistic results according to other 
scenarios. 
 
One weak point of the model could be the application in more comprehensive and complex 
systems. Since, it was tested in only one case company and on one scenario it was not obvious 
that whether it had any gaps when it was applied in a system where there were concurrences 
between scenarios.    
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9. Recommendations for the Case Company 
Some recommendations are given to Intralog by authors regarding to designed alternative 
layouts. 

 
Warehouse layout with 0o, concept one, provides the highest proportion of space utilization, 
since the columns are placed vertically in rows with no angle and no loss area. However, it 
does not give the ability for flexible movements in aisles, thus it is defeated by second 
concept in time utilization. 
 
Warehouse layout with 45o, concept two, performs the quickest delivery time due to its 
opportunity to place packaging items flexible into columns. This concept takes much more 
place compared to concept one, thus it brings more cost to the company, though it saves 
process time within the facility. 
 
Warehouse layout with 45o + pallet racking, concept three, was selected according to defined 
selection criteria through assessment. The most significant feature of this concept is that it 
optimizes space and time utilization in the most cost effective way among the other 
alternatives. It also gives flexible movement ability to forklifts within the area. 
 
Our recommendation to Intralog is to apply the third concept in their new facility. So that cost 
of space occupancy could be replaced by the advantage of pallet racking, also delivery on 
time due to flexible movements in warehouse could be another benefit of the layout.    
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11. APPENDIX 
 
 

Appendix I Packaging Items 

Packaging 
Item 

Number 
of Items 

Percentage 
of Items 

Number of 
Unsequenced 

Items 

Number of 
Sequenced 

Items 

E-Pallet 812 41,68     

E0 28 1,43     

E1 158 8,09     

E2 181 9,3 160 21 

E3 282 14,48 261 21 

E4 122 6,28     

E5 42 2,07 0 42 

E7 1 0,03     

H-Pallet 121 6,19     

H0 32 1,66     

H1 71 3,65     

H2 17 0,88     

L-Pallet 80 4,11     

L1 9 0,46     

L2 12 0,6     

L3 53 2,72     

L4 6 0,33     

M-Pallet 17 0,88     

M0 6 0,33     

M2 0 0     

M3 7 0,35     

M4 4 0,2     

S-Pallet 518 26,58     

S1 1 0,06 2   

S2 34 1,76 35   

S3 32 1,63 33   

S4 10 0,52     

S5 6 0,33     

S 434 22,28     

Special 
rack 166 8,52 61 105 

T 69 3,54     

T1 17 0,87     

T2 21 1,06     

T3 31 1,6     

Total: 1948 100     
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Appendix II: Sizes of Packaging Items for Material Handling and Protection  
 
Packaging Items for Material Handling 
 
Description Pallet MH Unit 

Length 
Unit 
Width 

Unit 
Height 

Unit area Unit 
Volume 

E-Pallet 1875 1200 800 152 0,96 0,15 

H-Pallet 1874 800 600 119 0,48 0,06 

L-Pallet 7001 2200 800 152 1,76 0,27 

M-Pallet 7010 2300 1000 152 2,30 0,35 

Plywood box 3596 1200 1100 1230 1,32 1,62 

Plywood box 3842 2400 1200 1705 2,88 4,91 

Plywood Box, with Lid 3740 1624 1194 1480 1,94 2,87 

Plywood Box, without Lid 3741 1624 1194 1468 1,94 7,25 

Rear Pallet  7361 2200 1640 1170 3,61 4,22 

S-pallet 1886 1600 1200 152 1,92 0,29 

T-Pallet 7555 1600 800 152 1,28 0,19 

 
 
Packaging Items for Protection 
 
Description Collor 

MH 
Unit 
Length 

Unit 
Width 

Unit 
Height 

Unit 
Area 

Unit 
Volume 

E-Collar 1872 1200 800 200 0,96 1,80 

L-Collar 7002 2200 800 200 1,76 12,32 

MB-Lid 144 396 296 50 0,12 0,02 

Minibox 143 384 284 200 0,11 0,02 

SB-Lid 165 598 398 50 0,24 0,04 

S-Collar 1873 1600 1200 200 1,92 3,60 

S-lid 2370 1600 1200 25 1,92 4,55 

Smallbox 164 584 384 200 0,22 0,04 

T-Collar 7556 1610 800 200 1,29 9,73 
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Appendix III Needed area for processes 

DEPARTMENT AREA(m2) 

WASHING 677,6 

Seq. Elect. 48,64 
Seq. Books 48,64 
Seq. Steering wheel 128 
Seq. Doorsides 81,6 
Seq. Middle pannel 81,6 

SEQUENCING 306,88 
Inbound from Supl. 30 
Storage_inbound 408 

 Storage2_inbound 420 

RECEIVING 858 

Bufferage for midd pan 176 
Buffer for washing 164,16 
Buffer for seq. 100 
Bufferage 96 

BUFFERAGE 536,16 
Cards 118,4 
Maintenance 28,8 
Offices 50,4 
OFFICES 197,6 
Collars Repack 128 
Pallets Repack 192 

REPACKAGING 320 

Storage 118,4 
Big Pallet Warehouse 128 
Big Pallet Warehouse 382,72 
MH Area 230,4 
WAREHOUSE 859,52 
Reassembling B_Palt 416 
Low frequency Emp 
Pack 185,6 
High freq. Empt Pack 592,8 

EMPTY PACKAGING 1194,4 

SHIPPING 
 Out of 
factory 
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Appendix IV Current facility layout 
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Appendix V Simulation Data for Warehousing 

 

 
 Module  Simulation 

parameter 
Concept 1 Concept 2 Concept 3 

1 Create Daily no Time Between 
Arrivals(h) 

      

 E 1180 0,01       
 H 479 0,03       
 L 127 0,13       
 T 97 0,16       
2 Process  Process time       
 unload truck 

& Regist. 
 Triangular (0,14, 0,15, 

0,17) 
      

3 Decide  N way Condition       
 Pallet type?  Entity.type==E       
   Entity.type==H       
   Entity.type==L       
   Entity.type==T       
4 Process Forklift speed 

(m/s) 
8,33 Distan

ce 
P.time Distanc

e 
P. 

time 
Distan

ce 
P. 

time 
 Move to E 

Column 
Receiving-

warehouse(m
) 

42,43 59,23 27,11 62,79 9,54 62,79 9,54 

 Move to H 
Column 

maneuvering
_0(s) 

20 44,83 25,38 45,83 7,50 45,83 7,50 

 Move to L 
Column 

maneuvering
45 (s) 

2 51,23 26,15 45,83 7,50 45,83 7,50 

 Move to T 
Column 

maneuvering
_45+PR (s) 

2 47,23 25,67 45,83 7,50 45,83 7,50 

5 Process  Process time       
 Storage_E  Triangular (0,14, 0,15, 

0,17) 
      

 Storage_H  Triangular (0,14, 0,15, 
0,17) 

      

 Storage_L  Triangular (0,14, 0,15, 
0,17) 

      

 Storage_T  Triangular (0,14, 0,15, 
0,17) 

      

6 Process   Distan
ce 

P.time Distanc
e 

P.time Distan
ce 

P.time 

 Move to 
batch_E 

maneuvering
_0(s) 

20 45 25,40 60 9,20 60 9,20 

 Move to 
batch_H 

maneuvering
_45 (s) 

2 45 25,40 45 7,40 45 7,40 

 Move to 
batch_L 

maneuvering
_45+PR (s) 

2 30 23,60 45 7,40 45 7,40 

 Move to 
batch_T 

Warehouse-
Batch (m) 

15 30 23,60 45 7,40 45 7,40 

7 Process  Process time       
 Move to 

bufferage 
Batch-

Shipping (m) 
20 

2,40       

8 Process  Process time       
 Post 

bufferage 
 Triangular (0,14, 0,15, 

0,17) 
      

9 Dispose         

  
Load the 
truck                 
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Appendix VI Simulation data for sequencing 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Module   Simulation parameter 
1 Create Daily no Time Between Arrivals(h) 
  SR 40 0,40 
  E2 6 2,67 
  E3 11 1,45 
  E5 43 0,37 
2 Process   Process time(min) 
  unload the truck & Register   Triangular (0.5,1,1.5) 
3 Decide   N way Condition 
  Pallet type?   Entity.type==SR 
      Entity.type==E2 
      Entity.type==E3 
      Entity.type==E5 
4 Process Distance(m) Process time(min) 
  Move to Bufferage E2 50 EXPO(0.1) 
  Move to Bufferage E3 50 EXPO(0.1) 
  Move to Bufferage E5 50 EXPO(0.1) 
  Move to Bufferage SR 60 EXPO(0.12) 
5 Process   Process time 
  Pre_buffer E2   0,4 
  Pre_buffer E3   2,67 
  Pre_buffer E5   1,45 
  Pre_buffer SR   0,37 
6 Process Distance Process time 
  Move to sequencing_E2 40 0,08 
  Move to sequencing_E3 10 0,02 
  Move to sequencing_E5 10 0,02 
  Move to sequencing_SR 30 0,06 
7 Process   Process time 
  Sequence_E2   0,02 
  Sequence_E3   0,02 
  Sequence_E4   0,024 
  Sequence_SR   0,02 
8 Batch   Batch Type & Size 
  Collect sequenced material     
9 Process Distance Process time 
  Move to bufferage 20 0,04 
10 Process   Process time 
  Post bufferage     
11 Seperate   Type & Member Attributes  
12 Dispose     
  Load the truck     
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Appendix VII Run Results from Arena 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Concept 1_Angle0           

    Run Length (h) 

  Targeted no. of packages 8,4 10 12,20 12,7 

E Pallet 1180 1193 1431 1746 1812 

H Pallet 479 387 483 587 595 

L Pallet 127 93 101 120 127 

T Pallet 97 64 81 97 97 

Concept 2_Angle45         

    Run Length (h) 

  Targeted no. of packages 8,2 10,8 11,80 

E Pallet 1180 1193 1576 1706 

H Pallet 479 357 483 537 

L Pallet 127 91 116 127 

T Pallet 97 99 135 138 

Concept 3_Angle45+PR         

    Run Length (h) 

  Targeted no. of packages 8,2 10,7 12,00 

E Pallet 1180 1193 1559 1746 

H Pallet 479 357 481 546 

L Pallet 127 91 114 129 

T Pallet 97 99 135 138 
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