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ABSTRACT 
Material supply is much more than the cost of materials. It is a chain of activities that require 
resources, which over time accumulate costs such as salaries and rents. The accumulated cost of the 
linked activities is the total cost of a process of material supply. To find the total cost, a holistic 
perspective is required. This study has collected empirical data at Skanska, a Swedish construction 
company, where supporting units work towards construction projects. One of them is a logistics 
unit that provides logistics services focusing on material supply in projects of house construction. 
The activities of the system in which the logistics services operate lead to costs that are not visibly 
attached to the process, but rather to the resources of it. The whole is the material supply process 
and the components of its total cost must thus be understood.  

The logistics services provided by the logistics unit to the projects incorporate the total cost 
perspective, however, this is not always considered by all in production. Thus a tool to prove the 
holistic view of the effect of different strategies is necessary. The aim of this study has been to create 
a tool for evaluating the total cost of material supply, with the purpose to create a common platform 
for strategic decisions, on which both parties can agree on the total cost of different strategies. 

Through interviews at Skanska, and visits to construction sites, a material supply process for 
residential house construction has been identified. This was developed into a process map that 
represents the material supply process at the worksite in projects that are not using logistics services. 
The process map includes activities, but also options for strategic decisions and delays due to 
random happenings. This makes the process flexible for each unique project. Also the cost 
generating parameters have been identified for input into the process. The difficulty has been to find 
a general process due to the unique nature of construction projects. The process is an estimated 
model of reality. 

With the general material supply process as a basis, the impact of implementing each logistics service 
in the process was explored. A process map of material supply at the worksite was developed with 
each of them individually; Consolidated Deliveries, Carry-in Services, and Delivery Calendar. These 
process maps show the change in activities and links between them, as well as the related cost 
generating parameters. To a large extent, these parameters are the same, but will be different in value 
due to the underlying strategies of the logistics services. 

The focus of Consolidated Deliveries is to reduce the number of deliveries and to deliver Just-in-
time for production by consolidating materials at a terminal before it reaches the worksite. This 
removes buffer stock and reduces material waste. The Carry-in Services focus on outsourcing the 
material handling activities performed by the workforce and increases the focus on core activities by 
the workforce. The Delivery Calendar focus on increasing transparency of resource allocation, which 
leads to greater possibilities to optimize the use of resources, and also a smoother flow of activities 
with less waiting time. 

The result of this study is a logical tool that can be used for evaluation of the total cost of material 
supply strategies. The suggestion is to use the process maps and identified parameters to develop a 
simulation model. By finding the values of the identified parameters, and running the simulation 
program, the difference in total cost between the material supply strategies can be identified.  
 
Keywords: construction, process mapping, material supply process, simulation, worksite logistics, 
house construction, lean construction, consolidated deliveries  
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SAMMANFATTNING 
Materialförsörjning är mycket mer än kostnaden för material. Det är en kedja av resurskrävande 
aktiviteter som med tiden ackumulerar kostnader såsom löner och hyror. Den ackumulerade 
kostnaden av de länkade aktiviteterna är totalkostnaden av processen för materialförsörjning. För att 
hitta totalkostnaden krävs det ett helhetsperspektiv. I den här studien har empirisk data samlats in på 
det svenska byggföretaget Skanska, där stödjande enheter jobbar mot byggprojekten. En av 
stödenheterna är en logistikavdelning som tillhandahåller logistiktjänster som fokuserar på 
materialförsörjning i byggprojekt av hus.  Aktiviteterna i det system som logistiktjänsterna relaterar 
till leder till kostnader som kopplas till resurserna som används, snarare än till processen. Dessa blir, 
så kallade dolda kostnader. Materielförsörjningsprocessen är helheten, och därför måste 
komponenterna som utgör dess totalkostnad förstås. 

Logistiktjänsterna som logistikavdelningen tillhandahåller har ett totalkostnadsperspektiv, vilket inte 
alltid övervägs av alla i produktionen. Därför behövs ett verktyg som visar den totala effekten av 
olika strategier. Målet med denna studie har därför varit att skapa ett verktyg som kan utvärdera 
totalkostnaden av materialförsörjning, med syftet att skapa en gemensam grund för strategiska beslut 
på vilken båda parter kan vara överens om totalkostnaden av olika strategier.  

Genom intervjuer på Skanska och besök på byggarbetsplatser, har en materielförsörjningsprocess 
för flerbostadshus identifierats. Detta utvecklades till en processkarta som representerar 
materielförsörjningsprocessen på byggarbetsplatsen i projekt som inte använder logistiklösningarna. 
Processkartan innehåller aktiviteter, men också val för strategiska beslut och fördröjningar på grund 
av slumpmässiga händelser. Detta gör att processen är flexibel för varje unikt projekt. Även de 
kostnadsgenererande parametrarna har identifierats för input i processen. Utmaningen har varit att, 
på grund av projektens unika natur, hitta en generell process. Processen är därför en estimerad 
modell av verkligheten.  

Med den generella materielförsörjningsprocessen som grund, utforskades påverkan av 
implementeringen av varje logistiklösning. En processkarta av materialförsörjning på 
byggarbetsplatsen skapades för var och en av de; Samlastning, Inbärning och Lossningskalendern. 
Dessa processkartor visar förändringen i aktiviteter och länken mellan de, samt de relaterade 
kostnadsgenererande parametrarna. Parametrarna är i stor utsträckning dem samma, men deras 
värden ändras beroende på logistiktjänsternas underliggande strategier. 

Samlastning fokuserar på att minska antal leveranser och att leverera Just-in-time till produktion 
genom att samlasta material på en terminal innan det kommer till byggarbetsplatsen. Detta tar bort 
mellanlager och minskar materialskador. Inbärningstjänsten fokuserar på att outsourca 
materialhanteringsaktiviteter från yrkesarbetare, och ökar fokus på deras kärnaktiviteter. 
Lossningskalendern fokuserar på att öka transparensen av resursfördelning, vilket ger ökade 
möjligheter för resursoptimering, och även ett mer smidigt flöde av aktiviteter med mindre väntetid. 

Resultatet av denna studie är ett logiskt verktyg som kan användas för utvärdering av totalkostnaden 
för olika materialförsörjningsstrategier. Förslaget är att använda processkartorna och identifierade 
parametrar för att utveckla en simuleringsmodell. Genom att hitta värden av de identifierade 
parametrarna, och att köra simuleringsprogrammet, kan skillnaden i totalkostnad mellan 
materialförsörjningsstrategier tydliggöras. 

Nyckelord: bygg, processkartläggning, materielförsörjningsprocess, simulering, arbetsplatslogistik, 
husbygge, lean i bygg, samlastade leveranser 
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TERMINOLOGY       
  In Swedish:  
Carry-in Services One of the logistics services, explained in 

chapter 4.3.2 Carry-in Services 
Inbärning 

Consolidated Deliveries One of the logistics services, explained in 
chapter 4.3.1 Consolidated Deliveries 

Samlastad leverans 

Delivery Calendar One of the logistics services, explained in 
chapter 4.3.3 Delivery Calendar 

Lossningskalender 

Delivery control The activity of tracking and checking on 
whether or not a delivery is on time 

Leveransbevakning 

Delivery schedule The schedule of deliveries and distribution of 
materials in the deliveries 

Leveransplan 

Delivery vehicle The vehicle in which the materials are 
delivered  

Leveransfordon 

Hoist A sort of elevator used at construction sites Bygghiss 

Delivery notification Notification from supplier, carrier or driver of 
delivery on its way 

Avisering 

Workforce The workers who perform the construction 
activities  

Yrkesarbetarna 

Point of installation Area near the location where the materials are 
to be installed  

Monteringsställe 

Time appointed delivery A delivery that is, for extra charge, agreed to 
come at a specific time 

Tidsbestämd leverans 

Transfer resource Resource needed to transfer materials at the 
worksite, i.e. wagons and hoists 

Förflyttningsresurs 

Unloading machine Machines needed to unload a delivery such as 
telescopic handler and crane 

Lossningsresurs av 
fordonstyp 

Unloading resource Resources needed to unload a delivery such as 
human resources and unloading machines 

Lossningsresurs 

Unloading zone The area where the delivery vehicle is parked 
during the unloading of materials 

Lossningsszon 

Worksite The construction site 
 

Arbetsplats 

 

ABBREVIATIONS 
AHP   Analytical hierarchy process 
HVAC  Heating, ventilation, air conditioning 
JIT   Just-in-time 
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1 INTRODUCTION 

This first chapter introduces the research topic at hand. It will give a background to the study along with the purpose 
and aim. Limitations are stated, and lastly the disposition of the report is presented.  

1.1 BACKGROUND 

The goal of organizations is to create maximum long-term value, which is achieved through highest 
possible profits (Denning, 2013). Organizations want to maximize profits in the long run, which is 
partly done through low costs. By increasing efficiency, it is possible to achieve low costs without 
compromising the value to the customer, which is argued should be the primary focus for long-term 
value (Denning, 2013). One way of increasing efficiency is to implement lean production, where 
some of the focus is on reducing waste (Liker, 2003). Another way to reach lower costs is to look at 
the effect on the total cost when making decisions that generates costs. In order to do so, the system 
in which the costs have effect must be understood. To create maximum value of the organization, all 
employees and departments must be aware of their individual impact on the organization as a whole. 
(Oskarsson, Aronsson, & Ekdahl, 2006) 

The focus in the construction industry is to have a flowing production, and thus this matter also 
affects the choice of logistics. This, however, means that the material supply must be correct and 
functioning. When problems arise at the construction site, these are generally solved at any cost to 
avoid negative impact on the production flow. (Blomdahl & Wikner, 2013) In recent years, lean 
construction has been implemented in construction projects, for improved supply chain 
management. This is not a straightforward process as construction is not continuous in the way a 
production line is. (Eriksson, 2010)  

Skanska has a decentralized organization where each project is its own organization. They work with 
central supporting units that support the production (Blomdahl & Wikner, 2013). The logistics unit 
is one supporting unit at Skanska, and since 2006, it has been working on reducing the costs of 
material handling in production sites, as it is seen as the heaviest cost burden for logistics in the 
industry (Carry-in Services responsible (A), 2015). In line with the principles of lean, logistics 
services has been developed for material supply to and at construction sites. The logistics unit thus 
supports the production with three logistics services: Consolidated Deliveries, Carry-in Services, and 
Delivery Calendar. These focus on resource optimization, Just-in-time delivery, and specialization in 
work tasks. (Head of logistics unit, 2015)  

The projects have set budgets that are decided in the quotation, which the production manager has 
the power to distribute in a way that suits their project best. It is up to them to judge how the 
logistics are best managed, and whether there is enough money to involve logistics services. 
(Production manager 1, Logistics services knowledgeable, 2015)  
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1.2 PROBLEMATIZATION 

Through interviews, a conflict between production management and strategic units has been 
confirmed. Due to the discontinuity of processes in construction, and in fear of reaching worse 
economical results, construction managers are not convinced of the benefits of the logistics services 
(Head of logistics unit, 2015). They are comfortable in working as they always have, and know that 
their methods help them stay within the set budget (Blomdahl & Wikner, 2013). 

The logistics unit wants to continue with their work of spreading the logistics services (Head of 
logistics unit, 2015). However, the production feel that they are not being listened to and that they 
need individually formed logistics, and freedom in supplier choice, while the logistics department 
claim that an increased dialogue with the suppliers will improve the problems that the production is 
experiencing today. They do not understand each other’s priorities, and hence, does not work 
towards the same goal. This has resulted in a glitch between the central units and production, with 
poor communication. (Blomdahl & Wikner, 2013) 

This is a problem because with a goal to produce at as low costs as possible, and if it is possible to 
save money using logistics services, resistance to do so from the decision makers in production, will 
cause un-optimized businesses. It is therefore necessary to evaluate the impact of different logistics 
strategies on the total cost. In projects today, no one knows the costs of building the traditional ways 
(without logistics services), and thus only sees the additional costs of implementing logistics services. 
Meanwhile, the logistics unit claims that, despite the invoices with visible costs presented to the 
project, there is money to save. (Head of logistics unit, 2015) But where do these cost reductions 
arise?  

1.3 RESEARCH GAP 

A previous study at Skanska has concluded that logistics decisions for worksite processes are mainly 
based on visible costs (Blomdahl & Wikner, 2013). Visible costs mean costs that are paid directly for 
a specific product or service. According to theory, this is not the right way to achieve lowest possible 
total cost since each decision affects other costs (Oskarsson et al., 2006), and thus the basis for 
decisions should be revised. Assuming that the decision makers wants to make strategic decisions 
that give the best results for the organization, analysis of what is the best choice is necessary.  

Previous studies have been done with focus on making calculations based on observations on a 
couple of projects. One study conducted observations at a project that implemented Consolidated 
Deliveries. The study in question also conducted interviews at the same project and one additional 
project where no logistics services were in use. In the calculations, it did not take parameters, such as 
cost of machinery and savings in personnel salaries by reducing total production time, into 
consideration. (Matouzko & Methanivesana, 2012)  
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This has not been enough to convince production managers of the economic benefit of using the 
logistics services. This is mainly because the studies do not succeed in presenting the cost of the 
traditional way of handling material supply at the worksite. (Head of logistics unit, 2014) In fact, the 
study by Blomdahl & Wikner (2013) clearly states that “Several of the production managers stress that the 
costs that are saved must be proven for the logistics services to be used” and that today, “it is uncertain of how much 
it costs to not use the logistics services”. 

Therefore it is necessary to make a more thorough investigation and to evaluate the total cost of the 
general material supply process at the worksite, and to compare this with the total cost of the 
material supply process when making other strategic decisions. Blomdahl & Wikner (2013) also 
identified that the hidden costs must be part of the decisions made for logistics. The research gap 
identified is the lack of an evaluation tool of the effect on the total cost of the material supply 
process, which can serve as a neutral platform across units.  

1.4 PURPOSE AND AIM 

The purpose of this study is to create a common platform, for production management and strategic 
supporting units, to make strategic material supply decisions. 

The aim of this study is to identify and develop a method to evaluate the effects on total cost of 
material supply at the worksite in house construction projects that occur when implementing one of 
the logistics services; Consolidated Deliveries, Carry-in Services, and Delivery Calendar.  

1.5 RESEARCH QUESTIONS 

The main research question: How to evaluate the effect on the total cost of different house 
construction worksite material supply strategies? 

Research question 1: What is the general material supply process at the worksite, and which are its 
cost generating parameters? 

Research question 2: How are the general material supply process and its cost generating parameters 
affected by certain strategic choices; 

• Consolidated Deliveries 
• Carry-in Services 
• Delivery Calendar? 

1.6 DELIMITATION 

There are different fields of construction products, but this study is delimited to house construction, 
more specifically to residential apartment buildings. Therefore interviews were first and foremost 
performed with people experienced with this type of construction. Therefore “construction” or “house 
construction” means construction of residential apartment buildings throughout this report, if not 
otherwise stated.  
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Since the logistics services address material supply at the worksite, this study has concentrated on 
mapping that process. The construction activities, for example, form a construction process affected 
by the material supply process. This was viewed as a timeline that is supplied with materials. Thus, 
the study concerned the material supply of the production phase, and not the actual production 
activities. The services also affect the detailed projection phase in terms of planning and purchasing, 
however, this is white-collar time that depends on personal orientation.  

As management activities have been assumed to happen in parallel with other production activities, 
with the only resource being white-collar workers, these activities are excluded in this process. In 
addition, the logistics services, with exception for the Delivery Calendar, were analyzed mainly for 
the subphases interior fit-out, stages A and B of the production phase. Therefore, the material 
supply of materials related to these phases has been studied.  

This study has not focused on optimizing the actual logistics services, but on investigating the 
existing services’ impact on the process. Hence, it has been assumed that the logistics services are 
optimized as they are today. In addition, the logistics services Carry-in Services and Consolidated 
Deliveries were assumed to always arrive Just-in-time for all materials, despite the fact that weather 
conditions and traffic jams can still affect delivery accuracy. Furthermore, the employees of Carry-in 
Services are assumed to do just as good of a job of carrying in the materials as the workforce 
themselves. In reality, these workers are not always capable of placing materials in the right spot. 
The logistics services have been analyzed individually in comparison with the general material supply 
process.  

Finally, it is important to stress the fact that the final result of the general material supply process is 
not reflecting all real situations, because it is impossible to incorporate all random happenings. 

1.7 DISPOSITION  

The disposition of this report is shown in Figure 1. The introduction, the chapter in which this 
disposition is in, has introduced the research topic at hand and the purpose of this study. Following 
is the methods chapter explaining how the study was conducted. The third chapter that presents the 
findings from the literature review is followed by Context Analysis, in which the findings from 
empirical studies are presented. The fifth chapter, Process Mapping, presents the process maps that 
have been produced along with the cost generating parameters. Lastly, the sixth chapter is the 
discussion, which highlights some interesting topics regarding the research, and is followed by 
Conclusion, which is the last chapter that rounds up with the final conclusions of the study. The 
appendix contains full process maps in smaller scale, to give the reader context; AHP with 
parameters, showing the original data parameters grouped under each category; Parameters, a list of 
the data parameters and explanations; and Simulation Model Prototype, screen shots of the 
simulation prototype.  
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Figure 1 Disposition of this report, including main themes for each chapter 
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2 METHOD 

This chapter describes which methods were used during this study and how they contributed to the research. The 
methods are then discussed in terms of their strengths and weaknesses in the context of this study. 

The aim of this study is to identify and quantify the effects on the total cost of material supply at the 
worksite in house construction projects that occur when implementing one of the logistics services; 
Consolidated Deliveries, Carry-in Services, and Delivery Calendar. Approaching to fulfill this aim 
the following main research question was formulated: How to evaluate the effect on the total cost of different 
house construction worksite material supply strategies? In the process of answering the main research 
question a number of steps were performed: 

• Review of literature and internal documents, to learn about the logistics solutions and their 
context 

• Mapping of the general material supply process 
o Identifying the system 
o Data gathering to map the general material supply process 
o Brainstorming sessions to map the general material supply process 
o Analytical hierarchy process (AHP) to highlight important aspects of logistics 
o Sessions to verify and improve the process map 

• Mapping the revised material supply processes 
o Data gathering to map the revised material supply processes 
o Brainstorming sessions to map the revised material supply processes 

Each of these steps is described in greater detail in the rest of the chapter.  

2.1 REVIEW OF LITERATURE AND INTERNAL DOCUMENTS 

In order to gather relevant knowledge and information on the research subject a literature review 
was conducted alongside the other steps. Sources have been published articles, books and also 
previous student theses on the subject. Previous student theses have been important to map, as 
attempts have been made in order to solve similar problems to that of this study. As a complement 
to the literature review, internal documents of Skanska have been screened in order to gain 
understanding for the organization and the situation at hand. The internal documents that have been 
investigated include delivery time schedules for several construction projects, showing how the 
deliveries to a worksite are planned, production time plans showing how the production phase is 
planned to proceed, documents used internally for presenting the logistics services, and usage of the 
business intelligence tool of the Nordic Procurement Unit at Skanska.  
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2.2 MAPPING OF THE GENERAL MATERIAL SUPPLY PROCESS 

The first out of two research questions, that the main research question was broken down to is: 
What is the general material supply process at the worksite, and which are its cost generating parameters? To answer 
the first part of this two-folded question, a mapping of the general material supply process at the 
worksite was conducted. According to Ljungberg & Larsson (2001), the way to go about forming a 
process map is as presented in the table below; 

 

 8 Steps to Draw a Process  

1. “Define the purpose of the process and its start- and finish points”  

2. Brainstorm the activities of the process and write them on Post-its  

3. “Arrange the activities in the right order” 

4. Add and merge activities 

5. Define object out and object in for each of the activities  

6. Make sure that each activity is connected to the next through the objects 

7. Make sure that the activities are at the correct level of detail, and that the names are 
consistent with their purpose  

8. “Adjust until a satisfying description of the process has been composed” 

 Source: Ljungberg & Larsson (2001) 

Table 1 8 Steps to draw a process 

 

According to the first step, to “Define the purpose of the process and its start- and finish points” (Ljungberg & 
Larsson, 2001); the system was drawn to see where the process starts and where it ends. 
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2.2.1 IDENTIFYING THE SYSTEM 

 
Figure 2 The thought-out system in which the process was to be identified 

The big circle in Figure 2 symbolizes the system for the study. It contains the worksite and deliveries 
coming to the worksite, however suppliers and carriers are generally not part of the system. 

The inclusion of suppliers or customers differs from case to case. By including suppliers, it is more 
likely to get the needs fulfilled, and by including customers, it is more likely to deliver what they are 
asking for. (Ljungberg & Larsson 2001) The supplier processes has a big impact on the process of 
material supply, however, this study focus on the processes of the studied company. Based on what 
the logistics services address, the system has been identified as the material supply at the 
construction site. The start of the system has been identified as the point at which a delivery vehicle 
reaches the geographical location of the construction site. The system is circled to show the 
construction site within which the process of material supply at the worksite takes place. Related to 
the start of the system are two administrative activities: to plan for order, and delivery notification. 
The start of the process of material supply at the worksite in house construction must be to plan an 
order. When an order is placed it generates a delivery that has to be handled throughout the process.  

The end is when the materials have been delivered to its final destination within this circle, most 
likely the point of installation. This is because the customer of the process is the workforce in need 
of materials to build. Their interest (need) is to have constant supply of materials in order to never 
be interrupted in their work. However, the degree to which the workforce defines this need varies. 
Some do not find carrying materials as a problem as long as the materials are available when needed. 
Others would rather not bother about fetching materials, and the needs can be fulfilled in different 
ways. However, seen to the organization’s best interest, the need should be fulfilled in the most 
efficient way. The process of material supply at the worksite is thus in line with “from order to delivery” 
which is what logistics handle in general (Ljungberg & Larsson, 2001). 
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2.2.2 DATA GATHERING TO MAP THE GENERAL MATERIAL SUPPLY PROCESS 

The next step according to Ljungberg and Larsson (2001) is to Brainstorm the activities of the process and 
write them on Post-its. To do so, some data gathering had to be done. In this step, data was gathered 
through semi-structured interviews with several white-collar workers, and a brainstorming session 
with a white-collar worker.  

Three construction sites were visited where the production manager1 had chosen to handle material 
supply without using any of the logistics services provided by the logistics department. This is 
referred to as the general way of working with material supply at the worksite. These projects were:  

• Project A: Apartment building construction in the south-west of Stockholm, with 
approximately 150 apartments, a kindergarten and a grocery store, at a price level of about 
300 million Swedish crowns. 

• Project B: Apartment building construction in the north-west of Stockholm, with 
approximately 140 apartments at a price level of about 275 million Swedish crowns. 

• Project C: Apartment building construction in the south-east of Stockholm, with 
approximately 80 apartments and a kindergarten at a price level of about 250 million 
Swedish crowns. 

In project A, semi-structured interviews were conducted with one project manager, one project 
engineer, one supervisor, and one member of the workforce to gather data regarding how their 
strategies for material supply at the worksite. In project B, semi-structured interviews were 
conducted with a production manager and one supervisor in order to gather data regarding how they 
work with material supply at the work site. In project C, a semi-structured interview was conducted 
with one production manager, one supervisor and one purchaser simultaneously, to gather data 
about their specific material supply strategies. This was not as planned, but was necessary due to the 
tight time schedule at the site. During the visits, tours were made at the sites to see how far the 
production had gotten, and how materials were stored on the worksite.  

One project was visited where the production manager had experience of building houses without 
using the logistics services provided by the logistics department. This project was: 

• Project D: Bus depot east of Stockholm city 

A semi-structured interview was conducted with the production manager to understand the process 
of material supply at a worksite with general material handling. The reason for this visit was to 
broaden the scope of data to get input from as many people as possible. In addition, non-structured 
interviews were conducted with a supervisor who had several years of experience in that role and 
many opinions on production issues in general, and with a coordinator of installation 
subcontractors. These were spontaneous interviews that helped broaden the view of general material 
supply strategies.  

                                                
1 For an explanation of production manager and other roles in construction, see the Context Analysis 
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An additional five white-collar workers were visited who had experience in working with one or 
more of the logistics services. Semi-structured interviews were conducted with four production 
managers and one supervisor to gather data. The main purpose was to gather data about the impact 
of the logistics services on the material supply process at the worksite. However the data gathered 
also contributed to the mapping of the general material supply process. These visits are further 
described in chapter 2.3 Mapping the Revised Material Supply Processes. 

2.2.3 BRAINSTORMING SESSIONS TO MAP THE GENERAL MATERIAL SUPPLY PROCESS 

To fulfill the second step of the model (Ljungberg & Larsson, 2001), brainstorming sessions were 
held where the researchers integrated the data gathered from the interviews and structured it into 
activities.  

The third step of the model is to “Arrange the activities in the right order” (Ljungberg & Larsson, 2001). 
Thus, these initial activities were written on Post-its during a brainstorming session with a project 
engineer in project D. He helped plot the activities of the material supply process in the right order, 
and added activities that had not been revealed through the interviews. Apart from this project he 
had also been responsible for the logistics of an office building, and can be assumed to have relevant 
experience to give valid information regarding this process. 

During later brainstorming sessions, the researchers identified data parameters that generate costs in 
each activity. It was also identified which of these data parameters that contribute to stop in 
production. A stop in production is a result of material handling that requires the workforce to leave 
the production activities, or material shortage. 

The process of adding and merging activities continued iteratively throughout the project as more 
data was gathered, and the logic of the process was clarified. To further improve the process, an 
analytical hierarchy process was performed. 

2.2.4 ANALYTICAL HIERARCHY PROCESS  

Due to the complexity of the material supply process, it can be simplified by knowing which parts of 
the process that are more interesting to evaluate than others. In order to gain deeper understanding 
of what the people in production value in material supply at the worksite, an analytical hierarchy 
process, henceforth abbreviated as AHP, was performed to explain on what basis logistics strategies 
should be chosen. The purpose is that their feelings regarding the activities of material supply at the 
worksite will include thoughts about work burden, costs, and the relation of material supply 
processes to its surroundings. The following subchapter will explain how the AHP was conducted.  
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PAIRWISE COMPARISON OF CRITERIA 
The criteria for pairwise comparison were formed by grouping data parameters related to activities 
in material supply at the worksite, into categories. By doing so, the AHP also addresses the question 
of what the cost generating parameters are, and which are more important to investigate. These 
parameters were found in an early version of the process maps that were developed throughout the 
duration of this study. Thus the content of parameters and activities has changed with the final 
version of the process maps, however, the categories have remained. 

 
Figure 3 Post-its grouped into criteria on whiteboard during brainstorming session for AHP 

Pairwise comparison can be expressed in a mathematical matrix. (Brunelli, 2015) This is a complex 
mathematical process that can be performed by an IT program. The preferred alternative is 
determined by which of the alternatives that gets the highest weight (Brunelli, 2015). 

THE AHP SURVEY 
The pairwise comparison of the criteria against each other was sent out as a survey to nine 
production managers and supervisors. In the pairwise comparison the six main criteria were 
compared against each other in relation to the goal of choosing the best logistics alternative. Also, 
two of the main criteria had four subcriteria each, which were also compared pairwise in relation to 
their importance for the main criteria to which they belong. In addition, the subcriterion avoid queuing 
of deliveries had two subcriteria on a fourth level that were compared against each other. The 
participants were to choose which of two criteria that was more important, and also how much 
more important, on a numerical scale from one to nine. It was also possible to indicate both criteria 
as equally important. The participants weighed two criteria against each other until all pairwise 
combinations had been weighed. Eight out of nine people responded. The result of their responses 
is presented in chapter 5 Process Mapping. 
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The goal was defined as Choosing the best logistics alternative. Therefore the question in the survey was In 
order to choose the best logistics alternative, which of the following two criteria is more important? The criteria that 
were chosen for the survey were;  

• Few disruptions  
• Low costs of transportation  
• Efficient material handling  
• Smooth delivery handling  
• Low logistics costs  
• The ability to reduce total production time 

This can be viewed in the following figure: 

 
Figure 4 The hierarchal structure of the AHP 

 

For the criteria of efficient material handling and smooth delivery handling, the related parameters 
added up to an amount that allowed for further subcategories. Therefore the subcategories for 
efficient material handling are:  

• Availability of unloading resource at the worksite 
• Few interruptions for workforce in production due to material handling  
• Avoid buffer stock  
• Low staff costs 

The subcategories of smooth delivery handling are:  

• Efficient communication  
• Efficient goods receipts  
• Few interruptions for workforce in production due to delivery handling 
• Avoid queuing of deliveries 
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Efficient material handling and smooth delivery handling were quite hard to differ, and many 
parameters could be seen as overlapping between the criteria, especially when several different 
things could cause one activity. They were listed under both in case either category was eliminated in 
the survey. Interruptions of the workforce also exist under both categories, with related, but 
different, parameters. (See Appendix 5: AHP with Parameters) 

The next step would be to do a pairwise comparison of the subcriteria to each of the strategies’ 
alternatives. The existing logistics services: Consolidated Deliveries, Delivery Calendar, and Carry-in 
Services, as well as the non-defined strategies that are used in the general process, are the alternatives 
at this point. This would give an idea of which alternative that best fulfills an efficient material 
supply process. However, this study aim to provide the tools to do so through a total cost effect 
analysis with the process maps that are the result of this research. This AHP is a guide to which 
areas that are more important to work with than others.  

2.2.5 SESSIONS TO VERIFY AND IMPROVE THE PROCESS MAP 

Once most input had been incorporated to explain a complete picture of the material supply process 
at the worksite, verification sessions took place. In these verification sessions, members of the 
logistics unit were walked through the process and gave feedback along the way.  

By using the feedback from the verification sessions, and the input from the AHP survey, the 
process was improved until a satisfying result was achieved according to the eight step of Ljungberg 
& Larsson’s (2001) eight-step model.  

Therefore, the first research question (What is the general material supply process at the worksite, and which 
are its cost generating parameters?) was answered, and the study moved on to the next research question.  

2.3 MAPPING THE REVISED MATERIAL SUPPLY PROCESSES  

The second research question of this study is; How are the general material supply process and its cost 
generating parameters affected by certain strategic choices; Consolidated Deliveries, Carry-in Services, and Delivery 
Calendar? Having thoroughly mapped the general material supply process another set of data had to 
be gathered in order to map the revised processes that are the results of implementing either of the 
logistics services. Finding and defining the differences that occur when implementing one of the 
logistics services would unveil the answer to the second research question.  

2.3.1 DATA GATHERING TO MAP THE REVISED MATERIAL SUPPLY PROCESSES 

Data was gathered through interviews and a worksite visit. Semi-structured interviews were 
conducted with three production managers and one supervisor who have all worked extensively with 
Consolidated Deliveries and Carry-in Services. They all belong to the region in Sweden that have 
come the furthest with these logistics services and their projects are often brought up as examples of 
what can be achieved with logistics services.  
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The project that was visited during this step is:  

• Project E: Apartment building construction in Kinna, on the west coast of Sweden, a 
construction project where they are working by a takt time and using Consolidated 
Deliveries to accommodate the workers with all the materials for one takt with a single 
delivery at the end of each takt.  

To broaden the population for data gathering, semi-structured interviews were also conducted with 
one production manager and one project engineer that also had experience of working with 
Consolidated Deliveries and Carry-in Services in construction projects of homes for the elderly. 

• Project F: Apartment building construction for the elderly, built at several locations in 
Sweden. 

Furthermore, unstructured interviews with the logistics unit members at Skanska were conducted. 
The logistics unit members hold expertise of the logistics services and the input from these 
interviews was valuable for understanding of the logistics services. The Delivery Calendar has not 
been used to a large extent in construction projects, thus a semi-structured interview was conducted 
with the former logistics responsible at Nya Karolinska Sjukhuset (NKS) where a similar IT tool has 
been used. The other members of the logistics unit gave general input regarding the Delivery 
Calendar. 

2.3.2 BRAINSTORMING SESSIONS TO MAP THE REVISED MATERIAL SUPPLY PROCESSES 

Through additional brainstorming sessions, and with the general material supply process at the 
worksite as a basis, the gathered data regarding the logistics services was processed to produce a 
series of process maps. One process map was produced for each logistics solution to show the effect 
of implementation of each of them for material supply at the worksite.  

2.4 CRITICISM TO METHOD 

2.4.1 REVIEWING LITERATURE AND INTERNAL DOCUMENTS 

Other student theses have been studied, and for the most part they have been confirmative of what 
has been heard in this study. The internal documents are Skanska's internal documents, and it is 
important to keep in mind that they might be biased. Especially the documents that are used for 
sales of the logistics services. Furthermore, the internal documents studied were those that were 
accessible to us, which might decrease the validity of them, as the documents studied might not have 
given a perfect reflection of reality.  However, the literature review has not been a large part of the 
data gathering for this study as it is more based on empiricism. 

2.4.2 INTERVIEWS AND VISITS 

Only 17 white-collar workers have been interviewed regarding material supply at the worksite (ten of 
these at residential apartment buildings), currently situated at six different worksites. Since the 
methods within the construction industry are infinite, the greater the population, the more valid the 
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results. Thus, there is a risk of not having conducted interviews with enough people to have covered 
all different methods of material supply that are related to this study. However, the interviews 
conducted were semi-structured, in order to properly capture the interviewee's viewpoint and 
experiences of the subject at hand. In addition, to ensure validity, both authors were always present 
during interviews, taking turns taking notes, and continuously discussing the interviews afterwards.  

The weakness in any approach is that there is no exact process to map. This is much due to the 
involvement of people, causing random actions to interfere along the main lines of the processes. 
The final process that is presented is meant to represent the most significant aspects concerning 
material supply at the worksite, and has also been verified against experienced people once mapped 
out.  

At visits it was at times difficult to achieve the optimal interview conditions. At the worksites 
operational work continued as usual, and sometimes there would be interruptions where the 
interviewees’ attention was needed elsewhere in the production. In addition the interviewees at 
Project C insisted to be interviewed simultaneously, most likely influencing each other’s answers. 
Moreover the worksites visited, that were not implementing logistics services, were much larger in 
size than the worksite that did implement logistics services. In addition, the visit to project D might 
be questioned since the project was not relevant in itself due to our delimitation to residential house 
construction, however the experience of the people was. These aspects might affect the validity of 
the comparison observations and conclusions drawn from the visits.  

2.4.3 MAPPING THE PROCESSES  

The brainstorming sessions held in order to map the process could preferably have been with more 
people, in order to get thoughts and experiences from as many as possible. The processes have been 
verified iteratively with different people. The project engineer with experience of being logistics 
responsible for the construction of an office building is most likely qualified to give a complete view 
of the material supply process. Furthermore the feedback received while refining the processes were 
in most part from members of the logistics unit, which might have resulted in a slightly one-sided 
view. The reason for asking the logistics unit of this feedback was because they had the interest to 
help and the time to do so. It is possible that other roles within the organization would have been 
more relevant. Nonetheless, extra attention has been put on verifying with answers from interviews 
conducted with production managers, trying to maintain objectivity.  

2.4.4 THE AHP SURVEY 

The survey was sent to nine production white-collar workers, eight of whom responded. It may have 
been a rather small number of respondents, but the response rate was 89%. Moreover the result was 
in line with what had been heard in previous interviews and research. The results of the AHP survey 
were taken into consideration in the mapping of the process, albeit the research was not entirely 
based on them.  
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3 LITERATURE REVIEW 

This chapter contains the findings from the literature review that was conducted during this study. Theories and 
research that relevant to this study are gathered here.  

3.1 CONSTRUCTION INDUSTRY  

Construction industry is the industry within which construction companies produce differently classified 
constructions such as housing, highway, and industrial, which can be further divided into specialties 
such as roofing and concrete. Construction projects are projects that take a lot of time as it passes 
through many phases and involves many different stakeholders from different kinds of operations.  
The stakeholders involved depend on the qualities required for each phase. These actors must be 
coordinated under the same management. (Clough, Sears, & Sears, 2000) 

The assembly process of a construction project involves activities that must follow a certain order, 
and that each has their own time requirement. It is a challenge to coordinate these to perform the 
sequence efficiently. (Clough, Sears, & Sears, 2008) 

The details to consider in the construction stage are construction equipment, manpower, materials, 
supervision and management of the construction process to reach the set goal. The roles involved in 
this stage are prime contractors and subcontractors. The prime contractor is the main responsible 
party to deliver a satisfying product to the owner. The owner is the party that has identified the need 
for the facility to be built. The subcontractors are several different parties that work on specialty 
tasks, often under the supervision of the prime contractor who also coordinate their job. (Clough et 
al., 2008) 

3.1.1 CONSTRUCTION MANAGEMENT 

Project management in the construction industry is called construction management, which is when the 
owner of the construction project is provided with professional management, such as from the 
prime contractor, to coordinate the subcontractors in order to achieve “high quality at minimum costs”. 
This can be a service either for the whole project, or for parts of the projects. (Clough et al., 2000) 
The aim is to optimize “utilization of human, material, financial, and time resources for Economical, Safe, and 
Timely completion of construction project” (Singh, 2009).  The subcontractors are different employers, why 
a construction manager does not focus on the management of its own business alike regular project 
managers, but instead on coordinating employees of different employers (Clough et al., 2000). 

In the planning stage, it is assumed that activities are carried out without interruptions such as 
material shortages or poor weather conditions. However some estimates are done with a weather 
calendar, which can never be predicted exactly. (Clough et al., 2008)  

Construction management is used to integrate design, construction and project planning in the 
construction system in order to control the processes. This is especially important due to the high 
uncertainty in the construction industry. The high uncertainty is due to material shortages, machine 
breakdowns and unexpected weather conditions. (Singh, 2009) To achieve the best interest of the 
owner, a team of a construction manager, owner, contractor and architect-engineer is composed. 
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Together they reach the highest quality to the lowest costs as they cooperate in terms of project 
quality, construction costs and completion schedule. (Clough et al., 2000) However, due to the 
uncertainties faced by these projects, the completion cost has high risk of differing from the normal 
cost (cost of normal duration). (Singh, 2009)       

3.1.2 LOGISTICS IN THE CONSTRUCTION INDUSTRY 

There are several definitions of logistics, one being; “that part of supply chain management that plans, 
implements and controls the efficient, effective forward and reverse flow and storage of goods, services, and related 
information between the point of origin and the point of consumption in order to meet customers’ requirements” 
(Fawcett, 2014). A more narrow definition is; “the management of inventory in motion and at rest… (And 
that) the goal of the logistics manager is to achieve the lowest level of investment in inventory consistent with ensuring 
customer service and maintaining efficient production” (Delaney, 1996 as cited by Rutner & Langley Jr, 2000). 

Part of the logistics is to communicate the information necessary for coordinating the multiple 
companies involved in the storage and movement of materials. The goal of logistics is to fulfill 
customer requirements to the lowest possible costs of logistics. To do so, rework of processes is 
necessary to find the most optimum way of working. (Oskarsson et al., 2006) 

In the construction industry, logistics is largely concerned about material handling (Hjort, 2014). 
Suppliers create about 70-80% of the value, so the main area for increasing efficiency is the flow of 
materials at and to the construction site (Bergman, 2012; Sobotka & Czarnigowska, 2005). Thus, 
planning and delivery becomes important (Sobotka & Czarnigowska, 2005). The best way is to 
deliver Just-in-time (henceforth abbreviated as JIT) by delivering materials at the desired time, with 
well-filled trucks, and to lift the materials directly to the point where it is to be installed (Bergman, 
2012). Each contractor of construction projects has traditionally been responsible for their own 
material supply and services for their individual responsibilities. Now, for more efficient logistics, it 
is believed that project supply logistics should be centralized. (Sobotka & Czarnigowska, 2005)  

The production managers are the decision makers at the construction site, and are the ones deciding 
on the logistics method. The decision variables depend on material and transport prices, cost of 
capital, safety and environment protection law, and storage costs. It is also important to know the 
impact of logistics on the efficiency of the project’s time, quality and costs. Time of delivery, batch 
size, and geographical location are examples of factors influencing the price. (Sobotka & 
Czarnigowska, 2005) Other things to think about when considering the logistics of a project include 
the size of the constructed work and area of the construction site (Wallén, 2013). It is desirable to 
store materials at the construction site for as short times as possible to avoid increased costs due to 
materials blocking passages at the construction site. (Hjort, 2014) 
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The actors of a construction project form a logistics chain that is managed to tighten the 
cooperation between the actors (Sobotka & Czarnigowska, 2005) The enterprises behind the actors 
of a construction project, changes from project to project, requiring new relationship building each 
time (Clough et al., 2008) It is beneficial to have a close relationship with the supplier in order to 
incorporate them naturally into the communications- and flow processes, and thereby achieve 
greater efficiency (Hjort, 2014).  Each project also requires a new site set-up, so even though the 
project is of standardized nature, the experience will always differ from project to project (Clough et 
al., 2000).     

MATERIAL SUPPLY 
The lead time of material delivery determines in which order purchase orders are being prepared. 
Thus the lead times of different materials must be mapped and the purchase orders must have 
delivery dates that match the project schedule. The purchase orders must also specify quality and 
quantity requirements and at what time delivery notification must be announced to the construction 
site in order to make the necessary preparations. In big, there are four main parties involved in the 
material delivery process: vendors of different materials, carriers, unloading resource suppliers, and 
purchasers at the construction projects (see Figure 5). It is important that the purchaser has a good 
plan for material deliveries since deliveries that are not on time causes problems with, for example, 
storage. It is also important to work on the relations with the vendors and make sure that they are 
following quality requirements. In addition, the carriers must be booked in time to ensure their 
availability. A warning about delays of deliveries is key to find optimum solutions. (Clough et al., 
2008) 

 
Figure 5 Illustration of the main parties involved in the material delivery process 

At the time of delivery, one must be prepared with a responsible person who is in charge of making 
sure that the right materials are delivered and that they are unloaded well, unloading resources, and a 
cleared area for storage. Deliveries that are not on time will complicate this preparation. Optimally, 
the materials are delivered straight to the point of installation, but if not possible, storage should be 
organized in a way that minimizes material handling. Minimization of material handling is important 
as it is estimated to account for 30% of installation costs. A good plan for material handling is 
important to place materials in storages where it will not be damaged, to minimize the need for 
rearrangements at the site for accessibility of a certain materials, and to avoid noticing material 
shortages at the time of installation. (Clough et al., 2008) 

Unloading resources is a large cost for projects, why careful planning will be beneficial also for this 
matter. Different aspects, such as frequency of use, must be considered in arriving at an optimum 
cost of equipment, and often the equipment that is finally used has been modified according to 
availability. (Clough et al., 2008) 
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CHALLENGE OF LOGISTICS IN CONSTRUCTION 
There is a conflict between the logistics at the construction site, which is seen as being integrated in 
construction activities, and the supply of materials to the construction site, which is seen as similar 
to the manufacturing industries. Often, construction projects are performed in a traditional way that 
makes it difficult to apply JIT, and they experience problems with projects that run longer than 
expected and costs exceeding predictions. It is also difficult to integrate the varying subcontractors 
into the same supply chain. To improve this challenge, IT systems are suggested for information 
transparency and to reduce transaction costs. (Sobotka & Czarnigowska, 2005) “Transparency means 
providing insight into matters that are relevant for the parties involved.” (Graafland & Nijhof, 2007) 
Transparency is aimed for due to its ability to enable higher quality of decisions of the involved 
parties, improving the efficiency in building processes (Graafland & Nijhof, 2007) to mention a few 
positive effects.  

THE LOGISTICS SYSTEM 
The Logistics system is illustrated in Figure 6.  

 
Figure 6 The logistics system as based on Oskarsson et al. (2011) 

It is built up around three parts; “supply, production and distribution” (Oskarsson et al., 2006). These are 
the main functions of the company to which different kinds of storages are added (as illustrated in 
Figure 6). Procurement is connected to the supplier and material supply, and should be long-term 
work for supplier relations. The logistics system also includes the flow of faulty products that must 
be returned. (Oskarsson et al., 2006)  

TOTAL LOGISTICS COSTS 
When making a decision that generates a cost, this cost is part of a whole in which some costs will 
decrease, and other costs will increase due to this decision. It is therefore important to evaluate the 
changes of the related costs and what the effect is on the total cost. (Oskarsson et al., 2006) 
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The costs that are advised to consider in making decisions regarding logistics are: 

• Inventory 
• Inventory handling 
• Transportation costs 
• Administrative costs 
• Others such as information costs 

(Oskarsson et al., 2006) 

The costs included in each of these posts are related to each other in ways that can only be 
understood if the logistics system is understood. The impact that they have on each other is based 
on the situation, and can only be certain when the preconditions are understood. However, in 
another situation, another set of costs might be more relevant than the ones listed above, and must 
thus be judged from case to case. (Oskarsson et al., 2006) 

To make your own model of total costs, Oskarsson et al. (2006) suggest the following steps: 

1. Explain the impact of the alternatives on the logistics system. The aim is to “describe the size of 
the economical consequences” through a total cost calculation 

2. Include all affected costs in an initial total cost model 
3. Divide the costs into more or less affected by the decision 
4. Eliminate the least affected costs from the total cost model to save time on calculations 

A challenge in using such a model is that companies rarely store the needed information because the 
data that is stored has a different purpose. To find the costs of interest, additional effort is required, 
and it is possible that not all will be found. (Oskarsson et al., 2006)                                                                                                     

CONSOLIDATION CENTERS 
In the literature there are a number of different ways of designing the logistics network regarding 
transportation. One often mentioned is the use of distribution centers. Suppliers can ship to the 
distribution center where the goods are stored until needed by the buyer, upon which the goods are 
sent to each buyer’s location. This logistics network design will allow economies of scale of the 
transportations to the distribution center. In addition, it will allow more control over the outbound 
transportations from the distribution centers. For instance, costs will be lower as it will be nearer the 
final destination. Another alternative is to use intermediate transit points with cross-docking, 
meaning that goods are cross-docked but not stored, resulting in opportunities to achieve economies 
of scale both on inbound and outbound transportation. (Chopra & Meindl, 2013) In construction 
the concept is sometimes referred to as consolidation centers, or consolidated deliveries. The 
benefits of those include reduced traffic to the construction sites, increased labor productivity, and 
reduced waste in terms of less damage to materials (“Construction Consolidation Centres”, 2014). 
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OUTSOURCING  
“Outsourcing refers to the practice of a firm entrusting to an external entity the performance of an activity that was 
erstwhile performed in-house.” (Varadarajan, 2008) As this quote expresses, outsourcing is entrusting an 
external part to perform an activity, it can be both manufacturing of a good and performance of a 
service. According to Monczka et al. (2005), as shown by van Weele (2010), managers most often 
choose to outsource in order to reduce operating costs and to focus on core business. There are 
many different perspectives for deciding on a successful outsourcing strategy, however Arnold 
(2000) has developed an integrated model where three questions need to answer by top management 
for an optimal design of outsourcing. The model’s questions are (Arnold, 2000):  

• Is the activity highly specific?  
• Is the activity strategically important?  
• Is the activity a core competence, a central part of competitive advantage?  

Essentially the questions address whether or not the activity is too expensive to have someone else 
perform, that is, too complicated and costly to teach. The second and third questions refer to 
figuring out whether or not the activity is of any competitive advantage of the company. Activities 
that do not add to the competitive advantage are typical candidates for outsourcing (Arnold, 2000). 
The Carry-in Service provided by the logistics unit is outsourcing of carrying activities. 

3.2 LEAN CONSTRUCTION 

Within lean production there is one principle that is to focus on eliminating wastes. (Petersson, 
Johansson, Broman, Blücher, & Alsterman, 2010) The idea is to distinguish the value-adding and 
non value-adding activities (wastes) from each other and to design the operations in a way so it is 
easy to detect the non value-adding activities. (Petersson et al., 2010) If the wastes were not 
detectable it would be impossible to eliminate or reduce them. One metaphor for revealing defects 
and problems in a system is the japanese lake, with its water level and rocks that represent problems 
and deviations. The point is to keep the water level where you can see and, therefore, tackle the 
rocks, going to the root of the problem, and making sure they never recur, making a real 
improvement. (Petersson et al., 2010)  

There are seven wastes and sometimes also an eighth, and as described by Liker (2003) they are:  

1. Overproduction: simply what it sounds like, producing more than what is needed. This waste 
may also generate a couple of the other wastes as a result.  

2. Waiting: time wasted on waiting for materials, tools, delays, bottlenecks or other 
circumstances. Time that could have been used for producing or other value-adding 
activities.  

3. Unnecessary transport: carrying materials around resulting in inefficient transport, it can be 
transport of materials or finished goods between different storage spots, or processes.  

4. Overprocessing: essentially performing more work than the customer is prepared to pay for 
(Petersson et al., 2010). In addition when a process design or product design causes 
unnecessary steps that are in the end wasteful.  
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5. Excess inventory: excess inventory causes large storage spaces, buffer stocks, damaged 
goods, and costs for all of the mentioned.  

6. Unnecessary movement: motions performed by the employees that are not value-adding 
such as looking for materials and tools and reaching for them.  

7. Defects: producing defective products or having to do rework is a waste.  
8. Unused employee creativity: not properly listening and using the ideas, skills, and 

improvement propositions of your employees is a waste.  

It is difficult to apply lean principles in construction without modification. One of the six aspects 
related to construction, that the lean principle can be divided into, is waste reduction. (Eriksson, 2010) 
Two professors within construction, Per-Erik Josephson and Lasse Saukkoriipi, claim that due to 
many hidden costs in the construction industry, waste reduction will have “a direct effect on the results” 
(Josephson & Saukkoriipi, 2009). It can be seen as the most important aspect for lean construction, 
where it has different meanings for different areas. The construction site should be kept clean and 
organized, transportation and stockholding should be kept efficient through JIT delivery, 
prefabricated materials to shorten production time, and IT tools to integrate supply chain actors for 
successful planning and expenses. Inventory, double handling of materials, and non-productive time 
are seen as wastes. (Eriksson, 2010) 

Another aspect of lean construction is continuous improvement in the long run will help reduce waste and, 
over time, increase construction process efficiency. To achieve this, long-term contracts facilitate 
lasting improvements and knowledge transfer between projects and supply chain actors. Knowledge 
sharing across disciplines is also important, and can be done during quality circles where project 
members meet to discuss a special interest. Continuous improvement is also achieved by evaluation 
of performance against pre-set targets. The evaluation result should be analyzed and, in case of 
unsatisfactory performance, improvement actions should be suggested. (Eriksson, 2010) 

Supply chain actors should form cooperative relationships where they work towards common goals. 
Traditionally, working with subcontractors has resulted in long lead times and waste. Thus, it is 
important to join values to agree on a common process towards the final product. A partnering team 
should consist of key subcontractors where everyone contributes to the common goal. This has 
been difficult since not all subcontractors see the benefits of lean construction. Hence it is important 
to find incentives that all parties find attractive. In cooperative relationships it is important with 
good integration, communication and coordination, which can be obtained through a common 
project office, common objectives and team building. (Eriksson, 2010) 

The final aspect of lean construction is to have a system perspective. This means that the parts that are 
traditionally seen as separate activities must join and be seen as a system with a common workflow. 
For example, procurement decisions should be coordinated to support one another. This requires 
rearrangement of contracts so that bulk orders can be placed. In addition, the objectives of the 
project should be given relative amounts of attention in relation to the importance to other 
objectives, and these priorities should be shared among supply chain actors. With a system 
perspective overall efficiency will be increased, and suboptimizations will be avoided. (Eriksson, 
2010) 
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3.3 PROCESS MAPPING  

The definition of “a process is a group of linked activities that transform an input to create an output” 
(Ljungberg & Larsson, 2001). However, this definition is a simplified view of a process since it is 
common that the activities are connected as a network rather than a sequence. In logistics, the 
process has a central role, as logistics is much about efficient flows and to understand processes. 
However, the classic value-chain introduced by Porter is outdated, as it is a linear model excluding 
the context in which it works. The problem is that the world is not linear, and external relations 
affect the process. Nowadays, processes also consider the human role, and are seen as the basis for 
an organization's development, configuration, and management.  (Ljungberg & Larsson, 2001) 

By having a process perspective, organizations can successfully unite different projects aimed at 
improving the organization. However, it is common to, despite identified processes, focus on 
improvement work in isolation from connected process participants, despite the fact that processes 
provide a holistic view and aid work across borders. (Ljungberg & Larsson, 2001) 

Over time, the complexity of reality has shown in processes that are becoming much less linear. The 
rationality of certain activities is only shown in small parts of the organization, creating problems 
when other parts of the organization do not understand the impact that they have on each other. 
This is when process mapping comes in handy to clear things up, and it helps to show how the work 
of each individual has an impact on the organization as a whole. This is important, because 
improvement work in isolation of the other functions within an organization will not have fully 
optimized effect. A process map is thus a tool that should initiate every improvement work. 
(Ljungberg & Larsson, 2001) 

3.4 ANALYTICAL HIERARCHY PROCESS 

AHP is a tool developed to aid decision makers in making decisions based on quantitative analysis 
rather than gut feelings. An AHP can provide relative measurements of proportions between 
alternatives, thus guiding to find the best solution. This is especially good when the alternatives have 
intangible attributes. (Brunelli, 2015) 

The rating is done through pairwise comparisons of alternatives. (Brunelli, 2015) When having 
multiple criteria to choose from, it is natural to try to choose from all of them at once, causing 
reluctance to decide. The pairwise comparison allows dealing with smaller problems at a time, where 
one alternative is weighed against each of the other alternatives separate from each other. To do so, 
criteria are identified that will help determine which alternative to choose. (Brunelli, 2015) 

A graphical hierarchy can be made for visualization with the goal at the top, criteria at the 
intermediate levels, and alternatives at the bottom. Lines are drawn to show how they connect. A 
pairwise comparison is then made based on each criterion. (Brunelli, 2015) The results will then 
show the ranking of the alternatives. 
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3.5 SIMULATION IN CONSTRUCTION 

Simulation becomes necessary when processes are too complex to figure out by intuition. The 
simulation can help to show the effect of the complex aspects, such as time delays, on a mapped 
process. (Sterman, 2000) Simulation of construction processes “is the science of developing and 
experimenting with computer-based representations of construction systems to understand their underlying behavior”. It 
is suitable for any level of size or complexity of the construction process, but especially helpful in 
complex projects. The simulation is a model representing a real life example, and that shows “the 
overall logic of” the various activities that are part of constructing a facility, what resources that are 
required to perform the project, and the environment in which the project is carried out. (AbouRizk, 
2013) It helps us test hypotheses even in cases where important variables are missing. This implies 
that also human behavior can be simulated although the laws of human behavior are not as obvious 
as the laws of technical systems. Process models must be developed and implemented in a 
simulation model to predict the outcome. (Sterman, 2000) 

Resources include equipment, workmen, and management, while important factors of the 
environment includes market, weather, and ground conditions. Construction simulation can be used 
to optimize the use of resources, minimize project duration and costs, and to develop better project 
plans and management. (AbouRizk, 2013) 
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4 CONTEXT ANALYSIS 

This chapter presents the context analysis based on the empirical information obtained from data collection from 
interviews, internal documents and observations.  

4.1 RESIDENTIAL HOUSE CONSTRUCTION AT SKANSKA 

The construction at Skanska is conducted in project form making the organization rather 
decentralized. (Category Special Transportation responsible, 2015) The geographical location varies 
for each construction, and working in project form makes the preconditions almost unique for each 
project. (Gann, 1996) The project team for each construction project is almost like a temporary 
organization, interacting with its surrounding world as if they were an actual company. Typically, a 
local office near the worksite is set up for the project organization, and the permanent offices mainly 
act as supporting units to the projects when needed.  

Through interviews during this study, it has been understood that there are as many ways to plan a 
construction project, as there are production managers. The production manager is in charge of 
deciding how he or she wants to realize the project; sometimes this makes it difficult for the 
supporting units, or even top management to implement changes (Category Special Transportation 
responsible, 2015). Each project manager has their own view on which methods and ways of 
working that are the best for their goals.  

Currently it is not until the production manager takes over after the projection and budgeting 
phases, that decisions regarding logistics solutions at the worksite are made. (Production manager 1, 
Logistics services knowledgeable, 2015) Naturally the decision of implementing or not implementing 
a logistics service will affect the production phase, and the roles that interact during that phase. The 
focus of the context analysis for this study has, to a certain extent, been on the phases of production 
and the roles within those phases.   

4.1.1 PHASES OF A CONSTRUCTION PROJECT  

A residential apartment construction project will typically include the following phases (Production 
manager 1, Logistics services knowledgeable, 2015; Production manager 2, Logistics services 
knowledgeable, 2015; Production manager, Project E, 2015):  

• Pre-study 
• Calculation 
• Bidding  
• Projection 
• Detailed projection  
• Production  
• Inspections 
• Handover 
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In the initial stage of a construction project the customer or client typically conducts a pre-study to 
investigate what is needed, for example what kind of construction (for instance apartments or 
offices) and how many floors. (Production manager 1, Logistics services knowledgeable, 2015; 
Production manager 2, Logistics services knowledgeable, 2015; Production manager, Project E, 
2015) 

In the calculation phase a rough plan is compiled to know how much the project will cost in order 
to have a bid that is as correct as possible for the bidding phase. If the bid is won the projection 
phase will follow. An entire projection team is composed, consisting of different people with 
different areas of expertise needed to design the building. A projection manager leads the projection 
phase. (Production manager 1, Logistics services knowledgeable, 2015) 

Detailed projection is the phase when the production manager has taken over, and makes the 
detailed planning of how the construction site will be run. This includes the time plan for the 
project, when to build what and when the deliveries should come. Purchasing of materials will begin 
during the detailed projection, and may continue throughout the production phase. The production 
manager has the overall responsibility of the detailed projection phase. However he or she may have 
involved purchasers, project engineers, or supervisors at this stage if needed, depending on the 
nature of the project. (Production manager 1, Logistics services knowledgeable, 2015) The exact 
combination of white-collar workers throughout the production phase can vary depending on the 
project’s size and needs, among other factors.  

The production phase is when the building is assembled, after which inspections will be held. 
Inspections are the quality control of finished houses. Thereafter the project comes to an end. 
(Production manager 1, Logistics services knowledgeable, 2015) 

4.1.2 SUBPHASES OF THE PRODUCTION PHASE 

Zooming in on the production phase it can be divided into the following subphases (“Tidplan”, 
2012):  

• Foundation  
• Superstructure phase 
• Interior fit-out, stage A 
• Interior fit-out, stage B 
• Exterior work 
• Inspections 

FOUNDATION 
The production phase starts with foundations- and groundwork. The ground needs to be prepared 
for the construction, quantities of soil and rocks may have to be moved or secured. If there is going 
to be a basement, preparatory digging will be conducted. In addition footings and foundations of 
concrete need to be poured and cured at this subphase. (Production manager 1, Logistics services 
knowledgeable, 2015) 
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SUPERSTRUCTURE PHASE 
The following subphase of the production phase is the superstructure of the construction. This is 
when the skeleton of the building is erected. Exactly how this process proceeds varies between 
projects. Some will build one floor at a time by assembling the walls of one floor, lifting up the 
materials for that floor into the building, and seal the frame with a roof. Another option is installing 
prefabricated walls with preinstalled windows. It is vital at this stage to “close up” the building as fast 
as possible protecting it from exposure to the elements. Finishing the superstructure as soon as 
possible is crucial in order to close up the construction as soon as possible. The Production manager 
at Project E said, “Until the building is completely ‘closed up’ we are quite sensitive, water raining in can cause a lot 
of problems” (2015).  

INTERIOR FIT-OUT STAGE A 
The following phase begins the work with the interiors. Stage A of interior fit-up includes installing 
interior walls as well as installations of the electrical and plumbing wires. (Production manager 1, 
Logistics services knowledgeable, 2015) 

The materials handled in this phase is: 

• Steel studs 
• Gypsum 
• Windows (Calculation responsible, 2015) 

INTERIOR FIT-OUT STAGE B 
The following phase finishes the interior works. Floors are laid including parquet, tiles and clinkers. 
Kitchens and bathrooms are assembled and installed, as well as other furniture and equipment that 
might be needed. (Production manager 1, Logistics services knowledgeable, 2015) 

The materials handled in this phase is (Löfdahl, 2014): 

• Parquet 
• Cupboards 
• Joinery products 
• Kitchen 
• Mountings (Production manager 1, Logistics services knowledgeable, 2015) 
• Doors: Sliding doors, Entrance door, Interior doors 
• Bathroom fittings 
• Shower screens 
• Plinth 
• Floor 
• Mountings 
• Kitchen fan (extractor hood) 
• Wardrobes  
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EXTERIOR WORK 
On the exterior, walls and roof are installed and insulated, and the facade is completed. (Production 
manager 1, Logistics services knowledgeable, 2015) 

INSPECTIONS 
Lastly, when the construction is finished, inspections are held and there is a chance to correct any 
inaccuracies before the handover to the client. (Production manager 1, Logistics services 
knowledgeable, 2015) 

Looking at the different subphases of the production in regards of material supply at the worksite, 
some subphases are more complicated than others, partially because of the variance of the number 
of deliveries in each subphase. For instance the interior fit-out stages need a huge number of 
deliveries as there are many material types related to this stage. Therefore there are many suppliers 
involved, as well as numerous subcontractors, carrying out the different tasks of the phase. Naturally 
the increased amount of parties on the worksite, compared to the other subphases, will make the 
delivery and material handling on site more difficult. If more than one building is constructed there 
is a possibility that the project finds itself in the middle of several subphases. The houses are built 
simultaneously after a while; therefore the complexity to coordinate all parties may also rise because 
of it. (Production manager 1, Logistics services knowledgeable, 2015) 

4.1.3 ROLES IN THE PRODUCTION PHASE 

The overall responsibility of the project lies on the project manager. He or she is responsible for a 
number of projects, and depending on the size and nature of the projects, the project manager will 
work from either the worksite or a nearby office. The head at the worksite is the production 
manager who reports to the project manager. On the worksite and during the production phase, the 
production manager is head and responsible for how everything runs. The production manager 
often has the role of the safety representative as well.  (Production manager 1, Logistics services 
knowledgeable, 2015) The production manager keeps a time horizon of a few months up to half a 
year in focus. In addition he or she is often the safety representative. To execute the production the 
production manager has one or more supervisors who is responsible for even more detailed 
planning i.e. what will happen the coming couple of weeks, making smaller purchases, and keeping 
the workforce busy and on schedule (Supervisor, Logistics services knowledgeable, 2015). 

Project engineers help the production manager with the administrative work, and the project 
purchasers manage the purchases. As each project basically is a temporary organization coming 
together to execute the production, the job descriptions of the project engineer and project 
purchaser may vary depending on the combination of white-collars on the particular project.  

The workforce executes the assembly of the construction. There is always an appointed gang 
foreman of the workforce who passes on information from meetings to the rest of the team. 
(Production manager 2, Logistics services knowledgeable, 2015) The subcontractors also have a gang 
foreman who is responsible to keep the subcontractor team up-to-date with the time plan and what 
is happening on the worksite.  
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4.2 GENERAL MATERIAL SUPPLY AT THE WORKSITE 

General material supply is the supply of materials at the worksite when no defined logistics solutions 
are used. This involves numerous activities that could be grouped as follows:  

• Planning and communication 
• Delivery handling and unloading 
• Material handling  

4.2.1 PLANNING AND COMMUNICATION  

Material supply is about handling and coordinating materials that come into the worksite via 
deliveries. It includes any handling of the materials between delivery and assembly at the point of 
installation.  

ORDER 
The chain of activities start when carrying out a purchase for a construction project, communicating 
with the supplier how the goods need to be packed, how the goods should be delivered, how many 
deliveries and when. For instance an order for kitchens will have a delivery plan of how the project 
will want to distribute the kitchen deliveries over the period of time that kitchens will be installed. 
(Supervisor, Project A, 2015) 

DELIVERY NOTIFICATION 
The next activity in the chain is the communication that will take place between the project, the 
supplier, and possibly the forwarding agent. The communication is most often by telephone or 
email, and confirms the order and delivery. If it has been specified in the order that a delivery 
notification is desirable, there is also a notification that comes to the project when a delivery is on its 
way. Whether or not the delivery notification is received, and if it is on time, will have an affect on 
the rest of the process. (Production manager, Project C, 2015) Often, the notification comes to the 
wrong person, which adds to that person’s workload in vain. Trucks coming unannounced to deliver 
goods is not uncommon, in fact about 30-70% of deliveries are experienced to be late by a couple of 
hours to up to a day. (Supervisor, Project A, 2015; Production manager, Project B, 2015; Production 
manager, Project C, 2015) The communication with suppliers, forwarding agents, and truck drivers 
has a tendency to take a great deal of time (Production manager 2, Logistics services knowledgeable, 
2015). White-collar workers can spend several hours trying to get a hold of the right person on the 
supplier’s end, to confirm just one order or delivery (Production manager 2, Logistics services 
knowledgeable, 2015). It can often feel like a detective’s work. Another potential problem is 
language barriers, especially when expecting deliveries from abroad, and the driver does not speak 
any language that anyone within the project speaks. These cases can stir up a lot of frustration.  

There is an option to choose a time appointed delivery, for a higher transport cost. However even 
the time appointed delivery cannot be booked with the precision that would be preferred, and other 
risks such as weather and traffic jams remain. (Supervisor, Project A, 2015) 
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In many cases the materials of the subcontractors are completely handled by them, and not managed 
by the production manager at all, however it may vary between projects. Some projects provide the 
materials for the subcontractors whereas the subcontractors are only contracted for the service of 
assembling. Nevertheless deliveries to the subcontractors are often perceived as unannounced as the 
communication and notification will address the subcontractors directly. (Category Transportation 
responsible (B), 2015) 

In order for the workforce to be updated on what deliveries are expected, there is a whiteboard on 
site with the delivery schedule of the week, and usually for a few weeks ahead. (Carry-in Services 
responsible (A), 2015) The information that usually is put on the whiteboard includes what materials 
are coming, to which zone, what unloading resources are needed, and other important remarks. 
Meetings are held each week in front of the whiteboard where members of the workforce, or rather 
the gang foremen, are given updates on the schedule. The meetings work as a forum, where 
problems or requests are brought up, such as if a subcontractor is expecting a large delivery and 
needs help with carrying. (Production manager, Project E, 2015) 

4.2.2 DELIVERY HANDLING AND UNLOADING 

DELIVERY 
When the delivery vehicle arrives to the worksite, it varies between projects how the procedure that 
follows unfolds. Usually the truck will arrive and the supervisor, or someone else that is responsible, 
will meet it and give further instructions as to where it can unload, or if it has to wait. (Production 
manager, Project D, 2015) Sometimes a white-collar worker performs a quality check, called goods 
receipt, where the delivered materials is inspected and marked off of a list to ensure that the right 
amount was delivered. (Purchaser, Project D, 2015) 

UNLOADING ZONE 
At the point of delivery, an unloading zone is necessary. An unloading zone is an allocated area for 
delivery vehicles to park while unloading. (Head of logistics unit, 2014) Some worksites have one or 
more gates, depending on the size of the project, where the truck will have to wait for assistance. At 
the arrival of the delivery vehicle it might have to wait due to the unloading zone being occupied. 
However, neither Project A, Project B, nor Project C felt that there was any considerable amount of 
waiting time for the unloading zone. Project A had a street outside the project along which several 
delivery vehicles could unload simultaneously. At Project B they felt that waiting time was generated 
by goods coming with another type of vehicle than what was specified. This is a problem because 
different delivery vehicles are unloaded with different resources. In Project C, the delivery zone 
caused constraints at times when the garbage truck was standing in the way of the incoming delivery 
vehicle.  
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UNLOADING RESOURCES 
In addition to an unloading zone, unloading resources must be allocated. As mentioned, different 
vehicles are unloaded with different resources, and the decision of which delivery vehicle depends 
on how the materials are desired to be handled at the worksite. Sometimes, vertical transportation is 
desired to lift materials through openings (roof, balcony, prepared holes) in the building into the 
right place. At other times, horizontal transportation is desired to place materials in buffer stock, or 
in the building. Vertical transportation is handled by cranes and, sometimes, telescopic handlers, 
while horizontal transportation is handled by crane trucks and human resources among others. 
(Delivery Calendar expert (B), 2015) Crane truck is a vehicle that both deliver materials and that can 
unload itself (Supervisor, Project C, 2015). Horizontal and vertical transportation can complement 
each other, often with a human resource doing the final transportation of the materials to the point 
of installation. Unloading resources are also needed to relocate materials at the site. 

The coordination of availability of unloading machines2 at a project depends on different factors. 
The options are to have permanent machines during certain periods in the production phase, or to 
call in machines as needed. This was the case at Project A and Project B. Projects that are very large, 
and that have huge amounts of deliveries, often feel that unloading machines are needed full time 
for the handling of deliveries and materials at the worksite.  

Permanent machines are paid for 168 hours per week, while machines that are called in are paid for 
the time that it is transported back and forth from the supplier, and the time that it is at the 
worksite. It is a matter of what is the most convenient or economical for the project. Some projects, 
for instance Project C, have a supplier of unloading machines nearby from whom the project can 
rent at the time of unloading deliveries. This variant will accumulate rental costs for the unloading 
machines, not only for the time it is being used, but also for the transportation of the machine to 
and from the worksite. Moreover, there is a risk that the unloading machine is not available at the 
time of an unexpected delivery, which makes it difficult for the projects to coordinate their 
deliveries. In addition, in winter times it is nearly impossible to spontaneously hire unloading 
resources with a short notice, as the machines are all out plowing snow. (Production manager, 
Project C, 2015) In some cases the geographical location of the construction worksite makes it 
difficult to solve it this way. This is because there might not be any suppliers of unloading machines 
in the area, and it would be unreasonable in terms of both time and cost to transport it back and 
forth.  

When the human resource is used for unloading, set-up times arise when the workforce has to leave 
their construction activities. (Carry-in Services responsible (A), 2015) 

  

                                                
2 Unloading machines are all unloading resources but human resources. They are categorized in a group because they are 
associated with rental costs. 
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Permanent resources are often shared with the subcontractors, while it is not Skanska’s 
responsibility to pay for their use of them. Thus an agreement is reached before the project starts on 
how this should be compensated by the subcontractors. Either they pay a set amount based on an 
estimation of how much they will be using the resources, or they keep track throughout the project 
by logging the amount of time that they occupy the resources. This is clearly difficult to make 
completely fair. (Delivery Calendar expert (A), 2015) 

4.2.3 MATERIAL HANDLING  

UNLOADING 
Once the resources have been allocated, the materials can be unloaded by the choice of unloading 
resource. This activity has been defined as: lifting the materials off from the delivery vehicle or from 
a buffer stock for further movement.  

TRANSPORTATION OR CARRYING 
When a delivery is unloaded the materials need to be transported or carried from the unloading 
vehicle to a point within the construction site. This can be a buffer stock or the point of installation. 
The movement within the worksite is carried out either by an unloading machine transporting the 
materials, or by the workforce carrying the materials from the unloading zone to the intended 
destination. Sometimes both an unloading machine and human resource is necessary for this 
movement. Thus materials might be momentarily unloaded for the switch of resource. (Carry-in 
Services responsible (A), 2015)  

Throughout the duration of the project, materials that have been placed in buffer stock will have to 
be moved again, sometimes to another buffer stock, but in the end it will all end up at the point of 
installation. The reasons are either that they are in the way of transports or production and needs to 
be relocated at a new storage spot, or that they are to be used for production. (Category Special 
Transportation responsible, 2015)  

It is not always easy to find materials that arrived a long time ago and that someone else handled at 
that time. The search can last for a few minutes up to a whole day, more or less actively. (Gang 
foreman, Project B, 2015) At some point, one will have to make the decision that the materials have 
been lost or stolen (Production manager, Project C, 2015). In addition, some materials are 
perishable, and some are weather sensitive etc. (Category Special Transportation responsible, 2015). 
Hence it is important to check for damage. In case of damaged goods, additional material handling 
arises in terms of reordering materials. The biggest problem arises when lead times are long, and 
then production has to rearrange the plan and find other construction activities meanwhile. (Project 
engineer, Project A, 2015)  

Whenever the workforce is needed for material handling, they are interrupted in their regular work 
tasks. A set-up time arises in the change of activity focus, pausing and restarting a work activity, 
which is a loss of production time. (Production manager 2, Logistics services knowledgeable, 2015) 
This is particularly significant when deliveries are not arriving at the planned time. Some projects 
avoid set-up times by transporting the materials by the unloading machines, from the unloading 
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zone to a buffer stock on site, for instance in the basement of the building. The workforce will then 
occasionally go and carry the materials they need at that moment, from the buffer stock. This is also 
time away from production, and it is difficult to keep track of how many times one goes to fetch 
materials, and how long time each turn takes. “Usually we do it coming back from a break” says a member 
of the workforce in Project A (2015).  

When the human resource transports materials, it sometimes has to be aided by a vertical tool that is 
not an unloading resource. Examples include construction elevators and wagons. Hoists are 
identified as bottlenecks in material flow (Carry-in Services responsible (A), 2015), and the waiting 
for these thus generate additional time from production. (Production manager 2, Logistics services 
knowledgeable, 2015) Waiting for a transfer resource occurs for all members of the workforce that 
are both carrying and not carrying materials (Production manager 2, Logistics services 
knowledgeable, 2015) 

Project A had a cleaning firm on site full time, the cleaners helped keep the worksite tidy. In 
addition they also helped carry in materials, in particular they helped carry kitchens, that were 
pointed out as a difficult material that often took much time to handle. This reduces amount of time 
away from production by the workforce. (Project manager, Project A, 2015) 

STORAGE AREA 
When the materials arrive to the site, there must be some place to put it. If it is not to be used 
directly, a storage spot must be available. Otherwise an unloading resource or members of the 
workforce are assigned to clear area for storage. (Category Transportation responsible (B), 2015) 

COSTS OF MATERIAL SUPPLY 
Apart from time-consuming activities, money is charged for: 

• Deliveries  
• Time appointed deliveries  
• Unloading machines  
• Transfer resources 

Since material supply also determine to some extent the duration of the project, additional costs to 
take into consideration are the costs of permanent resources such as sheds, barracks, fences, 
electricity and other facilities. (Production manager, Project E, 2015) 

4.3 SKANSKA LOGISTICS UNIT 

Skanska logistics unit is a subdivision within the NPU, which consists of 8 people who work with 
the logistics that surround the construction projects. Skanska logistics unit handle framework 
agreements regarding logistics, including transports, and they provide a number of logistics services 
for the construction projects (Head of logistics unit, 2015). The purpose of the logistics services is to 
achieve economical savings through smoother handling of materials at the construction site, and less 
interruptions for the workforce.  
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Between the Skanska logistics unit members, the responsibilities of handling the framework 
agreements with suppliers and working towards construction projects are divided. Working towards 
construction projects they, similarly to in-house consultants, meet with projects, evaluate the 
projects logistical situation and help them to set up the logistics services, if requested by the project. 
Often, there is a state of difference in opinions that arises. The gap is that both parts have different 
beliefs as to what material supply strategy will be the best for the project. (Head of logistics unit, 
2015) Coming from two different approaches, the logistics unit members will often find themselves 
selling the logistics services to the project, making sales pitches trying to convince the production 
manager that it will in fact be beneficial to implement the logistics services. (Carry-in Services 
responsible (A), 2015) Nevertheless, many production managers and other white-collar workers who 
have once worked with the logistics services will often do it again.  

The three main logistics services that the logistics unit works with are: 

• Consolidated Deliveries 
• Carry-in Services 
• Delivery Calendar 

Each of the services will now be explained in more detail.  

4.3.1 CONSOLIDATED DELIVERIES 

Consolidated Deliveries means that the suppliers deliver the materials to a terminal handled by a 
carrier. In the contract with the carrier, the service of unloading, storing and reloading the materials 
is included so that materials from different suppliers can be rearranged into new trucks and delivered 
to the worksites in the amounts needed at the right time. That is, JIT deliveries. (Head of logistics 
unit, 2015) The benefits include reduced traffic to the construction sites, increased labor 
productivity, and reduced waste in terms of less damage to materials (“Construction Consolidation 
Centres”, 2014). Consolidated Deliveries aim to reduce the number of deliveries to the construction 
sites, reducing the time needed and number of activities associated with handling materials and 
deliveries. However, using the service is associated with a cost, as well as a higher level of planning 
before the construction starts, which is a trade-off that the production manager must consider. 
(Production manager 1, Logistics services knowledgeable, 2015) 

 
Figure 7 Illustration of deliveries without Consolidated Deliveries to the left, and with Consolidated Deliveries 
to the right.  
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The cost of Consolidated Deliveries depends on a number of factors such as the type of vehicle that 
is requested, the volume of goods, the time that the goods are stored at the terminal before being 
shipped to the worksite. (Löfdahl, 2014)  One production manager states that he would estimate one 
Consolidated Delivery to cost around 5000 SEK. (Production manager, Project F West, 2015) 

When implementing Consolidated Deliveries in a construction project the production manager 
chooses to send the materials of certain stages in the construction process, usually the interior fit-out 
stages, to a terminal instead of having them sent directly to the worksites. When placing the orders 
for materials the production manager must specify for the suppliers that the delivery address will be 
the same as the terminal’s, instead of the worksite. The production manager should also tell the 
suppliers how the materials should be marked in order for the terminal to know how to repack the 
materials. (Coordination responsible, 2015) 

At the terminal the materials are repacked into customized deliveries according to the delivery 
schedule, produced by the supervisor or production manager. The delivery schedule is a document 
that contains lists of each consolidated delivery; what materials should be included and how they are 
marked, when the delivery is expected to the worksite, and what type of truck that is wanted. 
(Coordination responsible, 2015)  

With Consolidated Deliveries, the activity of tracking deliveries becomes the responsibility of the 
terminal. If there is a delay or any other problem with the delivery or supplier, the supervisor will 
receive a call from the terminal. Implementing Consolidated Deliveries may also increase flexibility. 
For instance, if there is a sudden disruption, perhaps a snowstorm, the normal state would be trying 
to get a hold of a number of suppliers asking them to move the delivery date. But with Consolidated 
Deliveries, one phone call to the terminal is enough to stop materials from several suppliers. 
(Category Transportation responsible (A), 2015) 

The aim is loading the consolidated delivery so that all the materials needed at this moment will 
arrive with the same truck, achieving JIT and decreasing the number of deliveries to the worksite. 
However when Skanska hires subcontractors, the subcontractors often provide their own materials, 
which lessen the volume of consolidated deliveries. This may result in diluting the benefits of the 
services. In addition environmental factors such as traffic jams and weather can still affect and delay 
deliveries albeit they are consolidated. (Carry-in Services responsible (A), 2015) A possible 
competitor to Consolidated Deliveries is the construction wholesalers. They offer short lead times 
and delivery services such as packaging materials per apartment, and time appointed deliveries 
without extra charge, but to a higher material cost. (Category Wholesalers responsible, 2015)  

4.3.2 CARRY-IN SERVICES 

Carry-in Services is a possibility to hire an external part to carry in goods from the trucks at the time 
of delivery up in to the worksite, preferably to where it will be installed. Using the Carry-in Services 
may decrease number of, and shorten, interruptions for the workforce, who are normally the ones 
who are carrying materials at the worksite. To optimize the use of the area and the transfer resources 
of the worksite, this service can also be used after the usual work hours of the project. It is 
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particularly beneficial if the project is on a tight schedule or if the worksite is unusually small and 
cramp. (Carry-in Services responsible (A), 2015) 

To optimize the use of this service, deliveries should be planned JIT, thus time appointed deliveries 
are necessary. This is to a higher cost than regular deliveries, why it is common that Carry-in 
Services and Consolidated Deliveries are used simultaneously. (Carry-in Services responsible (B), 
2015) 

The benefits are that materials are not on site for too long, shortened production time, increased 
efficiency and safety at workplace, reduced waiting time, and transfer focus of the workforce to their 
main tasks. (Matouzko & Methanivesana, 2012)   

According to Carry-in Services responsible (2015), the Carry-in Services are employed through one 
of three different contracts: 

1. Hired: Counted as the own work force and has no responsibility in case of failure 
2. Transport: Carrying workers employed through transportation agreements and counts as 

transport. This is preferred in case Carry-in Services is used for unique situations. 
3. Construction: Counted as a subcontractor where specific workers are employed to be at the 

site to carry materials. This allows for flexibility, and the subcontractor is responsible for 
failures. This is preferred in case Carry-in Services is used to a large extent for carrying 
materials. 

Hiring Carry-in Services will, for the supervisor, mean an added preparation activity, where he or she 
prepares a blueprint of the worksite for the external carriers, and holds a couple of startup- and 
information meetings with them. (Supervisor, Logistics services knowledgeable, 2015) This, 
including the actual cost for hiring the external part for carrying, may sometimes become quite a 
threshold for production managers to use the service. (Project manager, Project A, 2015) 

The usage of Carry-in Services should depend on the circumstances at the worksite. For instance, it 
has been observed that projects that work by a takt time, inspired by lean manufacturing, may 
choose not to hire carry-in services. When working by a takt time the different professional teams 
are working on one floor each during one takt. When the next takt starts everyone moves one floor 
after each other, working through the entire building. The length of one takt is set by a number of 
different factors but when shortening it, it often depends on the time it takes for the painters’ paint 
to dry. In some cases the takt causes the Carry-in Services to be rather redundant as some 
professional teams may be unoccupied at certain times of the takt anyway, and might as well carry in 
the materials themselves. (Production manager 2, Logistics services knowledgeable, 2015) 

Some production managers feel Carry-in Services will not only be an additional cost, for the pay of 
the Carry-in Services employees, but also a sort of double cost. Many craftsmen have it in their 
contract, a charge for carrying in materials. Some professional groups, for instance the electricians, 
are bound by their union to charge the fee for carrying the materials. It is, in some cases, simply 
non-negotiable. Another way of seeing it is to regard the contracted charge as a part of the pay; the 
less hours they need to work the less the overall pay will be. The Carry-in Services employees 
probably will not spend as much time at the worksite carrying as the time that the workforce would 
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have accumulated carrying the materials, thus the overall cost will have decreased. (Carry-in Services 
responsible (A), 2015)  

Furthermore, many projects worry that the Carry-in Service employees will do a bad job, carrying 
the materials into the wrong places, or accidentally damage or loose materials. (Production manager 
2, Logistics services knowledgeable, 2015) 

4.3.3 DELIVERY CALENDAR 

The Delivery Calendar is a tool to coordinate and plan deliveries at the construction site. It is a 
digital calendar in which the production manager or supervisor can register when and where at the 
construction site a delivery will arrive. That is, the Delivery Calendar shows which zone of the 
construction area that will be occupied, which resources that will be allocated for that delivery, and 
order data such as suppliers and quantities. (Coordination responsible, 2015) It is software that 
charges a fee for the license, thus it is important that one finds a good method for using it and not 
only let it rest throughout the project because the benefits were not fully seen. (Category 
Transportation responsible (A), 2015) 

In addition all the orders made internally in Skanska’s order system are gathered and displayed next 
to the calendar. If an order has been made outside of the internal order system, it is possible to 
register the order manually in the Delivery Calendar. This tool enables a greater overview of the 
often numerous deliveries coming in to a construction site every week. It is especially useful if the 
subcontractors are willing to use it since these deliveries are otherwise seen as unexpected. 
(Coordination responsible, 2015) Another benefit is that it is portable by registering the software in a 
smartphone or tablet. (Production manager 1, Logistics services knowledgeable, 2015) 

However it has been observed that the benefits associated with the Delivery Calendar often occur to 
a greater extent when using the Delivery Calendar in projects over a certain size. Therefore it is 
useful when a project has many delivery zones, scarce unloading resources, or many subcontractor 
deliveries to coordinate. It is therefore often suitable for large projects where a lot of material is 
delivered at the same time (such as all doors in one truck). (Production manager, Project E, 2015) It 
has been experienced that with takted production, and with Consolidated Deliveries in smaller 
projects, the deliveries occur at the same time each week and does not require a calendar. (Project 
engineer, Project F West, 2015) However, if not all materials are included in the Consolidated 
Deliveries such as the subcontractors’, then there could be a need for a Delivery Calendar. 
(Calculation responsible, 2015)  
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5 PROCESS MAPPING 

This chapter presents the process maps that were produced during this study. The general process map, as well as the 
revised process maps where one of the three logistics services is implemented are described. In addition, the effect on the 
cost generating parameters is presented as well. 

To provide an understanding of the material supply system, as advised by Oskarsson et al. (2006), 
this chapter explains how the process of material supply at the worksite works in general house 
construction. The process map is a tool for evaluating the effect of strategic decisions on total cost 
of material supply at the worksite. Since some activities and decisions change by implementing the 
logistics services, the impact on the general process of implementation of each of these services are 
discussed. In addition, the changes to the cost generating parameters are discussed in theoretical 
terms, to allow an estimated idea of the impact on the total cost.  

The material supply process focused on in this study is a part of the total material supply process, 
and is part of the production phase discussed in the context analysis. The activities in the processes 
are based on literature and interviews with Skanska employees, both in construction, and from the 
headquarters in Stockholm. The relevance of the activities can also be explained through an AHP 
that is analyzed. 

5.1 RESULTS OF ANALYTICAL HIERARCHY PROCESS 

The pie charts in this section have been retrieved from the AHP survey that was sent to white-collar 
workers in projects that are using logistics services. They were analyzed in terms of the relevance of 
the different process categories. 

 
Figure 8 This pie chart shows the results from the AHP, and the weights of the first hierarchal level of 

categories. The global weights are the same as the local weights on this level. 
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The results are expressed in global and local weights: 

• Global weights: Adds up to 100% on the higher hierarchy level. That is, each criterion at the 
higher hierarchy level has a global weight when compared to each other. Any subcriteria to 
each criterion will have a global weight that is a proportion of the weight of its main 
criterion.  

• Local weight: Adds up to 100% within its hierarchy level. That is, any subcriteria have a local 
weight that is part of 100% when compared with the other subcriteria of the same main 
criterion. This is independent of the weight of their main criterion.  

5.1.1 ANALYSIS OF RESULTS 

Figure 8 shows the results from the AHP survey, and indicate that smooth delivery handling is of 
significant importance with its 31% of the global weights. The subcriteria to smooth delivery handling 
showed extremely small significance for avoiding queues (2%) (Figure 9), and the subcriteria to 
avoiding queues had global weights of only 1% (Figure 10). This means that the availability of delivery 
zone and unloading resource are not considered very significant for the choice of logistics strategy. This 
could explain why the Delivery Calendar has not been used to a great extent among the interviewees. 
It can also be explained by a high frequency of permanent resources. During the study, however, it 
has been understood that the unloading machines are quite costly, and it has been judged that the 
activities around unloading resources are included in the evaluation of the total cost. 

 

 
Figure 9 This pie chart shows the global weights at the second hierarchal level of the subcategories of smooth 

delivery handling. These add up to 31%. 
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Figure 10 This pie chart shows the global weights of the subcategories of goods receipts on the third hierarchal 

level. Goods receipts is a subcategory to smooth delivery handling. These add up to 2%. 

 

Another subcriterion in Figure 9 with low significance is efficient goods receipts (6%). This could be 
explained by the inconsistency of its use. Goods receipts are quality checks at the point of delivery, 
which are not always performed (Production manager, Project C, 2015), thus this activity might not 
have been fully understood. Although goods receipts could be part of the process, it is not an 
activity that differs between different logistics strategies. It has therefore not been included in the 
process of material supply at the worksite. 

Efficient communication (11%) and few interruptions for the workforce in production due to delivery handling (12%) 
are subcriteria that have been considered of higher significance (Figure 9), and have a higher global 
weight than the main criteria low transportation (4%) - and logistics costs (7%) as seen in Figure 8. Efficient 
Communication involved activities that in large parts are handled by white-collar workers. Work by 
these employees has been assumed not to contribute to additional costs of the flow in the produced 
processes. However it remains a soft parameter to weigh in for the choice of logistics strategy in a 
future study. Activities related to few interruptions for the workforce have been taken into 
consideration throughout the whole material supply process.  

Although low logistics costs have a relatively low weight, the visible costs of the logistics services have 
been an issue in the change process of implementing the logistics services (Head of logistics unit, 
2015). Therefore it has been considered in the evaluation of the total cost of the different strategies. 

In second place of the main criteria, comes the possibility to shorten project duration with a 25% weight 
(Figure 8). This indicates that logistics strategies should be chosen to a large extent based on 
shortening the time of activities that require the workforce to leave the construction activities. By 
calculating the costs of having surrounding materials for the duration of the project (14% of project 
budget is a valid reference), one can easily tell the economical benefits of each day that a project is 
shortened (Production manager, Project E, 2015). 
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The main criteria few disruptions and efficient material handling have equal weights of 17% each (Figure 
8). Few disruptions were explained as ‘times when quick problem solving was required such as 
handling unexpected deliveries’. These situations mean that the flow of activities at the worksite is 
disrupted, which often lead to more expensive solutions than if sudden happenings are avoided. An 
example of more costly solution is when materials are damaged, lost, or late for production, and the 
production needs the materials to proceed with construction activities. Then the choice is to order 
the materials from a construction wholesaler with higher prices than regular suppliers, or to wait the 
lead time of that material before construction activities can proceed. This can be avoided with less 
buffer stock, where these risks are high. Another example of expensive solutions is when the project 
is not prepared for a delivery, and an unloading machine must be called in at any price. Unexpected 
deliveries occur if the plan has been forgotten or lost, or if suppliers are not meeting the agreed 
deadlines. If the delivery is expected, resource optimization is easier. The process of material supply 
at the worksite has thus incorporated the effect of sudden happenings. 

 

 
Figure 11 This pie chart presents the global weights of the second hierarchal level of the subcategories of 

efficient material handling. These add up to 17%. 
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Figure 12 This pie chart shows the local weights of the second hierarchal level of efficient material handling 

subcategories. These add up to 100%. 

 

The subcriteria of efficient material handling all have global weights below 7% as seen in Figure 11, and 
can be considered relatively insignificant. In Figure 12 the local weights of the subcriteria give the 
impression of significant criteria. However, in the global weights of material handling, most 
subcriteria are quite small in comparison to the global weights of the subcriteria of delivery handling. 
We can also see the connection between the insignificance the survey participants felt for avoiding 
queues for smooth delivery handling and the insignificance of availability of unloading machines for efficient 
material handling. Queues are avoided for one part by having unloading machines available, and thus 
this connection strengthen the insignificance. However, a question arises; is it not so, that it is 
common to have an unloading machine at the site in order to be able to handle deliveries at any 
time? This can be the reason for the low result; it has not been an experienced problem.  

The connection between few interruptions of the workforce due to material handling or delivery handling can 
also be seen as it received relatively large weights under both categories. Few interruptions mean to 
avoid moments when the workforce has to leave production. The workforce has to leave production 
when handling deliveries or materials, but it could also happen due to material shortage. This is time 
when construction activities are hauled, and lengthens the project duration. The total cost analysis 
has taken time away from production by the workforce into account, as well as incorporating the 
effect of poor preparations.  
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To conclude, the AHP survey showed that the important factors to consider for the choice of the 
best logistics solution are efficient material handling, smooth delivery handling, few disruptions, and the 
possibility to shorten project duration. This was according to white-collar workers in production who care 
about logistics. It is therefore important to create preconditions for a larger degree of expected 
deliveries to allow for necessary preparations, less material handling, and less material waste. It is 
also important to let the workforce focus on the production activities for the project to proceed as 
fast as possible. Smooth delivery handling is to a large part consisting of management activities by the 
white-collar workers, and should be examined further in a study of soft parameters for the choice of 
logistics solution. 

5.2 MATERIAL SUPPLY PROCESS 

In answer to the first research question of this study: What is the general material supply process at the 
worksite, and which are its cost generating parameters?, the general material supply process has been 
mapped. Each activity is, in this section, described as identified in the context analysis. The related 
parameters to each activity are explained with the purpose of clarifying the cost generating 
parameters. The identified activities are listed in Table 2. 

List of Activities 
Plan for order 
Delivery notification 
Delivery 
Get hold of unloading zone 
Get hold of unloading resource 
Unloading 
Transportation or Carrying of material 
Getting hold of transfer resource 
Place material at intended destination 
Clear area for storage 
Return unloading machine 
Relocate material 
Search for material 
Reorder 

Table 2 The list of activities identified for the material supply process at the worksite in house construction 
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The assembly process of a construction project involves activities that must follow a certain order, 
and that each has their own time requirement. It is a challenge to coordinate these to perform the 
sequence efficiently. (Clough et al. 2008) The following construction activities occur at the 
construction site in parallel to the material supply process: 

Construction activities  (Tidplan, 2012) 

 Interior wall, single layer 
HVAC 
Rough electrical 
Interior walls, ceiling and finish HVAC 
Spackling/plastering walls 
Painting 
Tiles and clinker 
Parquet flooring 
Furnishing; cabinets 
Pipings; completion 
Electrical; completion 
Splining, doors and cleaning 
Table 3 The list of activities in the construction process occurring in parallel with the material supply process 

 

As the material supply process continues, it affects the flow of construction activities at the worksite. 
The order of construction activities is listed in Table 3. It is when the construction activities are 
finished that the project finishes, and the project stops generating costs. The construction activities 
should therefore be interrupted as little as possible. 

The process of material supply at the worksite has been identified and developed into a process 
map. This process is based on the general methods of material supply at the worksite. Since time is 
money, and the most costly logistics activities are material handling, waiting time and delayed 
deliveries (Blomdahl & Wikner, 2013), are aspects that are focused on in the process. The AHP 
confirms the preference of less material handling and a higher degree of expected deliveries, but also 
adds the importance of minimum material waste.  

 
Figure 13 The general process map, zoomed out 
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In Figure 13, the complete process of material supply at the worksite is displayed to give a picture of 
what the process looks like. To view it in detail, please have a look in Appendix 1: General Process 
Map, where it has been divided into major sections to make the details clear. In chapter 5.2.1 
General Material Supply Process, detailed pictures of each activity are displayed for further 
clarification. 

According to Ljungberg & Larsson (2001), the steps included in a process depend on the chosen 
strategy, which is seen as how goals are achieved. The strategy of choice will thus affect the activities 
of the process. (Ljungberg & Larsson, 2001) The logistics services are strategies for how to handle 
material supply, and have an impact on the general material supply process on how activities are 
performed, and sometimes also what activities. Thus process maps for these impacts has also been 
developed and can be viewed in Appendix 2.2.: Consolidated Deliveries Process Map, Appendix 3.2: 
Carry-in Services Process Map, Appendix 4.2: Delivery Calendar Process Map. However, for the 
purpose of clarity in this paper, the activities of these processes are discussed separately in the 
chapters following.  

DATA PARAMETERS 
Please note, that in order to avoid too many aspects on process mapping in this chapter, it focuses 
on explaining the process and its activities, rather than on what every parameter means. Instead, the 
explanations of the parameters that contribute to the total cost of the material supply process at the 
worksite are listed and placed in Appendix 6: Parameters in case clarification is necessary. 

START AND END OF THE PROCESS 
Ljungberg and Larsson (2001) claim that the start and end of systems has to be decided individually 
for each case. As mentioned in the methods chapter, the start of the process of material supply at the 
worksite in house construction is to plan an order which generates a delivery that has to be handled 
throughout the process.  

The end of the process has been identified as the point at which the materials reach the point of 
installation. This is the final destination of all materials even though it is placed in other locations 
throughout the process. Thus the process is looped until all materials have reached the end. 

INPUT AND OUTPUT 
Input and output are two major parts of a process, however this is better expressed as object in and 
object out, to avoid confusion regarding what it actually is. Object in is the initiator of the process, 
the object that makes the process or activity start, and comes from a supplier to which a need has 
been expressed. (Ljungberg & Larsson, 2001) In the material supply process in house construction, 
the object in that starts the process is an order to which a number of batches that are to be handled 
are assigned. 
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Object out is the object that is the result of a performed activity and becomes object in for the next 
activity. The object out of the last activity is the object out for the whole process. (Ljungberg & 
Larsson, 2001) The objects out that ends the activities are the result of the combination of the 
different frequencies, where the duration of the related activities are multiplied by the cost of that 
time. These can be expressed as: 

• Duration of activities (time in minutes) 
• Frequency figures of strategies or uncontrolled happenings 
• Costs of human-, material-, and machine resources 

The object out that ends the process, and thus the final result, is a cost for the time of material 
handling at the worksite. 

5.2.1 GENERAL MATERIAL SUPPLY PROCESS 

This chapter presents the general material supply process, part by part, and explains the activities 
and related parameters. How the parts are connected is shown in a process map, please see 
Appendix 1.3: General Process Map, Divided into Parts.  

PLAN FOR ORDER 

 
Figure 14 Part 1 of the general material supply process 

Each decision to place an order is an initiator of the material supply process at the worksite, and it is 
the first activity of the process. The arrow at the top in Figure 14 is the loop back from the end, 
which is explained later. An activity uses the input to create value, resources are needed to perform 
the activity, and information manages or supports the process. It is in the interaction between 
activity and resource that information or the object in transforms to object out. Resources, such as 
resources and humans, are fixed to a certain activity. (Ljungberg & Larsson, 2001) To place an order 
is a decision and the first activity because in this step, strategies are made that will determine the 
output of the rest of the process. Some strategies to determine are whether a delivery notification is 
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desired or not (Delivery Calendar expert (B), 2015), the number of batches in the deliveries, and 
whether the delivery is desired JIT or not. The following question is thus: 

• Is delivery notification desirable? 

If the answer is no, the next activity is skipped, but if it is yes, the delivery notification is the second 
activity of the process. The related parameters are: 

• Number of deliveries 
• Number of batches of project 
• Cost of delivery 
• Probability of asking for delivery notification 

Number of batches of project will determine how many times the internal loop from Has everything been 
unloaded back to Get hold of unloading resource will run in total for the whole project. Each delivery has 
different amounts of batches, but for the purpose of this logical tool for total cost evaluation, the 
cost of handling the total amount of batches is assumed to be covered without this perspective in 
the process. The number of deliveries is the number of times that the whole process will be run. It 
depends on the strategy chosen for how to load the delivery vehicles. Each delivery will generate a 
cost to the carrier.  

The probability of asking for delivery notification determines how many times that the yes-route is to be 
run, and thus how often the delivery notification is expected to occur. 

DELIVERY NOTIFICATION 

 
Figure 15 Part 2 of the general material supply process 
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Delivery notification (Figure 15) is the next activity if the answer to the previous question was yes, that 
is, if the delivery notification was asked for. The activity of delivery notification is when the carrier of 
the goods calls to announce at what time the delivery will be arriving. This service might be 
desirable, but does not mean that it will occur. (Delivery Calendar expert (B), 2015) This leads to its 
question: 

DOES THE DELIVERY NOTIFICATION OCCUR ON TIME? 
The question following the second activity of the process is whether the delivery notification occurs 
in time or not. Delivery notification does not always happen because the driver does not always 
understand the importance of the notification (Production manager, Project D, 2015). The activity is 
important because it affects the possible preparations for availability of resources that are necessary 
for a smooth flow without interruptions (Category Transportation responsible (B), 2015). The time 
at which this activity occurs has major effect throughout the rest of the process.  

The related parameter is: 

• Probability of delivery notification on time 

This parameter is a random figure that should be based on observations at several different sites. If 
the delivery notification did not occur, the answer is no. 

DELIVERY 

 
Figure 16 Part 3 of the general material supply process 

The activity following delivery notification, or if not asked for, the order, is the actual delivery. This is 
when the delivery vehicle arrives with the goods to the construction site. This activity is followed by 
a question: 
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AT WHAT POINT IN TIME DOES THE DELIVERY OCCUR? 
Since not all deliveries occur on time, the question following the delivery is the time of delivery; 
when, in relation to agreement and production, does the delivery arrive to the production site? The time of delivery 
will have effect on all of the parameters of the subsequent activities as the following outcomes are 
possible; in time as agreed and as needed for production; later than agreed; too late for production; earlier than 
agreed. The related parameters to time of delivery are: 

• Probability of the delivery to be in time as agreed and as needed for production 
• Probability of the delivery to be later than agreed 
• Probability of the delivery to be too late for production 
• Probability of the delivery to be earlier than agreed (often due to delay in production) 

These parameters are asking for the chance or risk that either of the outcomes occurs. To arrive at 
relevant figures for these parameters, frequency studies must be performed, where the time of 
delivery in relation to production schedule and agreement is observed at several different projects.  

The process continues with a row of questions following the activities of getting hold of unloading zones 
and unloading resources. The decisions made regarding each of the questions will have different impacts 
on the values of the related parameters depending on whether the delivery notification was sufficient 
and the situation of time of delivery. Strategic choices will be influenced by the preconditions of 
each project.  

Common factors that varies from project to project are available space, choice of materials, design, 
size of the project, and technical services. Other parameters affecting the logistics are weather 
conditions and traffic in busy areas, and are seen as unpredictable parameters. (Blomdahl & Wikner, 
2013)  

The questions asked following the time of delivery are the same for each alternative, however with 
different outcomes in values. These questions are thus merged into one flow rather than four to 
keep the process compact. However, to simplify the process, the decisions regarding the two groups 
of resources are processed in parallel (rather than consecutively) in the process map. 

The time of delivery will also have an impact on the intended destination of the materials since 
deliveries that do not occur JIT are most likely placed in buffer stock (Carry-in Services responsible 
(B), 2015). Thus, in observations for frequency studies, data of several different parameters must be 
registered at the same time, in order to understand the circumstances for each delivery. This is 
discussed below together with their related parameters. Due to the great impact of time of delivery and 
delivery notification on several activities, it can be seen that the accuracy of the suppliers and carriers is 
of high importance. 

The next activities of the process will occur in parallel as seen in Figure 17. 
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Figure 17 Part 4 of the process illustrates the parallel paths of the general material supply process 

GET HOLD OF UNLOADING ZONE 

 
Figure 18 Part 5 of the general material supply process illustrates the top path viewed in part 4 

An unloading zone is the area for unloading, which can be a specific parking lot or a street. As seen 
in Figure 18, this occurs in parallel with finding an available unloading resource. 
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IS THE UNLOADING ZONE AVAILABLE? 
The availability is questioned because it happens that deliveries interfere with each other, causing 
later deliveries to wait due to lack of area to unload (Category Transportation responsible (B), 2015). 
In case the later delivery was a JIT delivery, the production will stop for the length of time that the 
unloading zone is occupied by the prior delivery. There is also the risk that an unloading resource is 
waiting for this delivery at the site, thus being paid for without being used. Deliveries that are 
anything but on time as agreed will risk interfering with the flow of logistics. There are some reasons 
that might cause this to happen: 

• The supplier production experiences problems  
• The carrier misunderstands the time arrangement or is stuck in traffic jam 
• The planning at the production site is lacking either due to subcontractors not 

communicating their deliveries well, or because the production plan is not updated with 
reality (Production manager 1, Logistics services knowledgeable, 2015).  

The related parameters are:  

• Probability of available unloading zone 
• Time before unloading zone becomes available 

These parameters can be found through observations of delivery vehicles at deliveries - how often 
they wait and for how long on average. This should be measured in relation to the time of delivery and 
delivery notification. 

If the delivery is in time as agreed and as needed for production, it makes it possible to prepare 
unloading zone, unloading resource, an area to unload (if needed) and the workforce does not have 
to wait to carry goods from a delivery that does not arrive. Nor do they have to wait for goods to 
use for their respective construction activities (Category Transportation responsible (B), 2015). This 
should result in a probability of 1 for available unloading zone, and zero waiting time. However, if the 
delivery notification was not made, and the documentation of planned deliveries at the production 
site is lacking, then the preparations might be missed even though the delivery was in time.  

If the delivery is anything but on time, there is a risk that the unloading zone is occupied by another 
delivery, thus the probability of available unloading zone is lower, and there is a risk of waiting time. The 
problem with trucks waiting is that if they are JIT deliveries, the construction process will be 
stopped until materials are supplied. In case the delivery is late for production, the time to wait for 
an unloading zone affect a possible production delay. 

The optimum for a smooth flow of material supply at the worksite is thus that the delivery notification 
occurs, and the delivery occurs in time as agreed and as needed for production. 
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GET HOLD OF THE RIGHT UNLOADING RESOURCES 

 
Figure 19 Part 6 of the process shows the options of unloading resources 

This activity implies to, in one way or another, make the unloading resources, which are suitable for 
the delivered goods, available. The options are shown in Figure 19, and are discussed further below. 
This step is done first at the time of delivery, and is repeated when materials are to be moved again 
from buffer stock or momentary unloading. The resource used is one of the white-collar workers. 

The issue is that it is a significant cost factor for a project; therefore the time of rental should be 
optimized to reduce total cost of unloading resources. However different strategies are predicted to 
be the best for each project, hence the following questions are asked: 

• Which unloading resource is to be used? 
• Is the unloading resource permanently at the production site? 
• Availability: 

o Is the unloading resource available to use? 
o Is the permanent unloading resource free to use? 

The time it takes to get hold of the right unloading resource will affect time away from production in case 
the delivery was late for production. These are not only asked at the time of delivery, but also in the 
case that the materials were not carried in straight to the point of installation. If the materials have 
been stored for any amount of time, it has to be handled once again, and at this time, either the right 
unloading resource must be used, or the workers who are to carry the materials must be available. It 
is then looped back from the last point of the process (Is the material undamaged?) and continues 
looping until each piece of material has been mounted. The related questions are discussed below. 

WHAT UNLOADING RESOURCE IS TO BE USED? 
This question is asked because different deliveries requires different machines for unloading the 
materials, and these machines have different rental costs and use different times for material 
handling. Unloading resources have been divided into three groups; Crane, Truck, and Human 
resource. The crane group includes tower cranes and mobile cranes, while the truck group includes 
telescopic handler, crane truck, and wheel loaders. They are grouped this way because they are used 
for the same kinds of deliveries, in the same phases of production. The human resource is whichever 
personnel group is to carry the materials to its destination (often the workforce) and is assumed to 
be permanent and available on call. The use of the human resource to carry materials often implies 
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that the goods have been stored on a spot for any period of time before it is carried to its final 
destination. The three groups will have different values on the related parameters in the next 
question, where only the crane- and truck groups are included. The related parameters to this 
question are: 

• Number of deliveries with truck 
• Number of deliveries with crane 
• Number of deliveries carried by human resources 

These numbers are project specific and are determined by the volume of each material category, and 
choice of strategy for placing the goods at the production site. They also include reordered materials. 

IS THE UNLOADING MACHINE PERMANENT? 

 
Figure 20 Part 7 of the general material supply process shows the strategy following the choice of unloading 

machine 

This is questioned as a follow-up of the previous question since the decision to keep cranes or 
trucks permanently at the site differ between the different machines and project strategies. The paths 
from this question are illustrated in Figure 20. The alternative is to call in unloading machines when 
delivery is expected. An issue arise if the answer is no, and an unexpected delivery arrives, or if the 
delivery arrives at another time than expected. In that case, the answers to the next two questions 
are probably no, and extra costs arise due to extra waiting time either for the machine or for the 
project.  
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The related parameters are: 

• Probability of permanent crane 
• Probability of permanent truck  

These parameters are found through frequency studies of different construction projects’ strategies. 
Human resources are assumed to always be available, however, they are most often used for carrying 
materials from a storage spot (Carry-in Services responsible (B), 2015). It affects the probability of 
the unloading machine being available, which is the next question. 

Depending on the answer, the process takes one of the paths illustrated in Figure 21 below. These 
paths are discussed further in the following sections. 

 
Figure 21 Part 8 of the general material supply process show all of the related questions to allocating unloading 

machines 
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IS THE UNLOADING MACHINE AVAILABLE TO USE? 
As seen in Figure 21, if the unloading machine is not permanent, it is questioned whether it is 
available or not. It means that it could either arrive to the worksite in time for the delivery, or not yet 
have arrived. This is questioned because if the unloading resource is not available for either of the 
following reasons: 

• There is no permanent machine  
• There is no unloading machine at the site intended for this delivery 
• There is no unloading machine at the site intended for another delivery 

Then it has to be called in. The time to wait for the unloading machine to get to the site affects the 
time of production in case the delivery is late for production. Also, for each time an unloading 
machine has to be called in, rental costs arise. Available unloading machines contribute to a smooth 
flow. The availability will be affected by the time of delivery and delivery notification, and thus the related 
parameters should be observed in relation to the outcome of these two activities. The parameters 
are:  

• Probability of the right unloading machine being available 
• Time for transporting the unloading machine to the site 
• Rental cost of transportation of unloading machine 

The probability parameter depends on the strategy of unloading machines availability that the 
project has chosen. It also depends on the previous results of time of delivery and delivery notification, as 
well as how well-organized the project is in terms of keeping track of the deliveries in relation to the 
unloading machines, a frequency study should help retrieve this figure. If it was expected, this is 
most likely prepared for, and no waiting time for unloading machines to be called in and transported 
to the worksite arises. However, if it was not expected, the necessary unloading machines might be 
occupied or not at the worksite. With a permanent machine, the probability of availability is higher, 
however maybe not less costly. 

The time-parameter varies of course depending on distances, but a common figure mentioned by 
production managers is half an hour in either direction (Project manager, Project A, 2015). 
However, a frequency study should be made also for this. Multiplied with the rental cost, it gives the 
cost of calling in an unloading machine for a delivery. 

If the unloading machine is not available, waiting time arises. The parameter that has to be calculated 
then is: 

• Time before the unloading machine is available 
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This includes the time of transporting the unloading machine from the supplier as well as the time it 
takes to make a booking. This is important in case the delivery is late for production, which results 
in time from production due to material shortage. 

If the answer was yes, the process continues on to the next question: 

HAS THE UNLOADING MACHINE BEEN WAITING? 
If the machine is available, as seen in Figure 21, the question whether it has matched the delivery or 
not is posed. It happens that a delivery is expected, and that the unloading machine has been called 
to the site and is waiting for the delivery to arrive. If this is the case, this is time for which the 
unloading machine is paid for. The related parameters are: 

• Probability that the unloading machine is waiting at the site for delivery 
• Time for the unloading machine to wait on delivery to arrive  

After the waiting time, the process continues, as well as if the answer was no, the process continues 
on to the next activity: unloading. 

IS THE UNLOADING MACHINE FREE TO USE? 
Figure 21 also illustrates that if the unloading machine is permanent, then the question is whether it 
is free to use or if it is occupied for other material handling. The related parameter is: 

• Probability of unloading machine free to use 
• Time to wait for the unloading machine to be free to use 

If the answer is no, waiting time arises, but if yes, the process continues to the unloading activity 
presented next. 

UNLOADING 

 
Figure 22 Part 9 of the general material supply process shows the unloading activity 

The activity following the resource allocation is to unload the materials, illustrated in Figure 22. 
Unloading occurs both at the time of delivery and when the process has looped back from relocating 
materials at another point in time. This is because it has been defined as: removing the goods from 
the delivery vehicle or storage area into the air (the next activity will place the materials at the 
intended destination). 
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Materials that have gone to buffer stock or momentary unloading will pass this point at least once 
more because it is to be transported to another location. This location is either the point of 
installation or yet another storage place. The following parameters are related: 

• Time for unloading resource to unload material 
• Number of batches for project 
• Rental cost of unloading machine 

From this activity, and following until the end of the process, the frequencies and times of the 
activities are based on the number of batches that are handled in total, rather than on the number of 
deliveries. The exception is the sending back of unloading machines, which is still based on the number of 
deliveries.  

The time it takes for an unloading machine to unload the materials is multiplied by the rental cost of 
the unloading machine in order to get the cost of renting the machine for releasing (this is added to 
the cost of transporting back and forth). This time could be an average of different materials and 
can be found through frequency studies. The volume of delivered goods determine how long the 
total time will be and how many times the unloading resource will return to the delivery vehicle to 
unload. This value should be determined in terms of number of batches to unload. The time of 
unloading materials will affect time away from production in case human resources are used or if the 
delivery was late for production. 

Although the number of batches delivered in each delivery vehicle differ, the total number of 
batches that will pass these activities will add up to the costs of handling all materials throughout the 
project. Thus the division of batches is assumed to be an average.  

TRANSPORTATION OR CARRYING 

 
Figure 23 Part 10 of the general material supply process show the alternative paths that depend on the resource 

that was chosen in the question in part 6 of the process 
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The next activity in the process is either transportation or carrying. Depending on which resource that 
was chosen in the choice of unloading resource step, it will take either the above or below route in 
Figure 23. Transportation is the activity of moving the goods from the point above the delivery vehicle 
to the intended destination. This division between unloading and transportation is made for the 
purpose of allowing for human resources to carry materials after a machine has unloaded it. The 
carrying is thus when a human resource carries materials from one point to another. For the crane or 
truck groups, the following parameters are related: 

• Time of transporting material from the delivery vehicle to the intended destination 
• Rental cost of unloading machine 
• Number of batches handled by machines (truck+crane) 

For the human resource group, the following parameters are related: 

• Set-up time for the workforce to leave or return to production 
• Time for workforce to carry material 
• Number of batches handled by human resource 

The rental cost of unloading machines is the same as for the unloading activity. The number of batches handled 
by each category of resources depends on the properties of the material. The time for carrying or transporting 
material depends on this value. The time for workforce to carry material results in time from production 
activity, which means a longer duration of the construction project. This results in additional costs, 
which is discussed later in chapter Project Duration. The time for the workforce to carry material should 
be based on frequency studies. 

Another activity is added to the human resource route; to find transfer resource, which means that an 
elevator or wagon to transfer the materials must be available to carry the materials to its destination. 
Waiting for a transfer resource occurs for all members of the workforce that are both carrying and 
not carrying materials. This waiting time also results in time from production. Related parameters 
are: 

• Probability of available transfer resource 
• Time for the workforce to wait for transfer resources 

The issue here is that there are parallel work flows that are sharing the same resources, limiting one 
another of a smooth flow, which can affect both the material supply process and the construction 
process. The probability of available transfer resource and time for waiting on transfer resource will both be 
based on frequency studies. 
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PLACING MATERIAL AT INTENDED DESTINATION 

 
Figure 24 Part 11 of the process show the options of where the material can be placed after it has been 

unloaded 

Following the transportation of material, the next activity is to place the material at the intended destination. 
There are three options, shown in Figure 24, of where to place the materials: buffer stock, momentary 
unloading, or the point of installation. For this process map, buffer stock implies that the delivered 
materials are not needed in the near future and is placed in stock for a longer time to have it 
available once needed. Momentary unloading ranges from a few minutes to a few hours with the 
intention of switching from a machine to a human resource or another machine. The point of 
installation is the final destination of all materials. 

To continue on in the process, the following question is asked: 

WHAT IS THE INTENDED DESTINATION OF THE GOODS? 
In order to know where to transport the materials with the unloading machine, or where to carry it 
with human resources. The related parameters are: 

• Probability of buffer stock 
• Probability of momentary unloading 
• Probability of point of installation 

This is based on the choice of strategy - how often are JIT deliveries chosen, and how often is a full 
truck filled with the same materials, but also other random factors of the layout of the construction 
site, and so on. 
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IS THERE ENOUGH SPACE AT THE DESTINATION FOR THE GOODS? 

 
Figure 25 Part 12 of the general material supply process show the options of the flow in case buffer stock has 

been chosen 

In case the materials are not going to the point of installation there must be a storage space available. In 
case there is no space available, members of the workforce and/or an unloading machine must clear 
an area. The activity arises: clear area for storage, illustrated in Figure 25. The related parameters are: 

• Time to clear area for storage 
• Probability of having to clear area for storage  

These parameters can be found through frequency studies of different projects that for some reason 
need to store materials at the production site. This is time away from production and increases 
project duration and this time should be multiplied by the costs related to project duration. 
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HAS EVERYTHING BEEN UNLOADED? 

 
Figure 26 Part 13 of the general material supply process show whether the process continues or whether it 

loops back to the unloading activity 

Since the process symbolizes the activities of one delivery, the activities related to number of batches 
form an internal loop starting at unloading and ending right before sending back the unloading machine. 
The activities: unloading, transportation of material, and placing material at intended destination are repeated 
until the delivery vehicle or storage spot is empty of goods. For each delivery, this is looped until all 
batches are placed somewhere at the site. Then the yes-path, illustrated in Figure 26, is followed to 
move the process forward. But for the whole project, these activities are repeated for each batch 
until they have reached the point of installation, and all storage has been cleared. 

Thus, after each batch, it is questioned whether everything has been unloaded. If the answer is no, 
the process loops back to the unloading activity. Once the answer is yes, the process continues to 
the next activity. 
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MAKE DECISION REGARDING UNLOADING MACHINE 

 
Figure 27 Part 14 shows the loop of decisions and activities related to the strategies for unloading machines 

In the case that the unloading machine was not permanent, and if there is no subsequent delivery 
that needs the same unloading machine, the unloading machine is sent back to the supplier once the 
delivery vehicle or storage spot is empty. Thus the questions asked are: 

• Is there a subsequent delivery? 
• Is the same unloading machine needed? 
• Is the unloading machine permanent? 

IS THERE A SUBSEQUENT DELIVERY? 
Sometimes, deliveries occur close in time, which makes it efficient to use the same unloading 
machine for subsequent deliveries. Thus, first out in Figure 27, it is questioned if this is occurring. 
The related parameter is: 

• Probability of subsequent delivery 

If yes, the following question is asked: 
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IS THE SAME UNLOADING MACHINE NEEDED? 
If the answer is yes, the unloading machine is kept and sent to the beginning of a new process of 
material supply. The related parameter is: 

• Probability of wanting the same unloading machine for the subsequent delivery 

If the answer is no, the following question is asked. The next question is also asked if the answer 
was no to the question is there a subsequent delivery? 

IS THE UNLOADING MACHINE PERMANENT? 
Even though the unloading machine is not to be used subsequently to the current delivery, it is not 
for certain that it is to be sent back to the supplier. This is because it might be permanently at the 
site. The parameter of the probability of the machine being permanent is related to this question, but is no 
different from the parameter related to getting hold of the right unloading machine. If the answer is 
yes, the unloading machine is kept at the site, and the process continues to the next activity. If the 
answer is no, another activity arises: send back unloading machine to the supplier. 

SEND BACK UNLOADING MACHINE TO THE SUPPLIER 
By sending back an unloading machine to its supplier, additional costs arise for the time it takes to 
return the machine, thus the related parameters are: 

• Time to send back unloading machine 
• Rental cost of unloading machine 

The product of these two is the cost of returning unloading machines. 
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RELOCATE MATERIAL 

 
Figure 28 Part 15 of the general material supply process shows the end of the process that occurs once each 

batch has reached the point of installation 

Once the materials have been placed at an intended destination, and a decision has been made 
regarding the unloading machine, it is time to end the process. The alternative paths are shown in 
Figure 28. Whether the process of material supply at the worksite is finished or not depends on the 
answer to this final question: 

WHERE WAS THE MATERIAL PLACED? 
There were three options to the question what is the intended destination of the goods?: buffer stock, 
momentary unloaded or the point of installation. If the option chosen was point of installation, the process 
ends. What happens after this is assumed to be construction activities. In case the answer was buffer 
stock or momentary unloading, the process continues.  

After a certain time, the materials that have been stored will be moved. The probabilities of these 
outcomes have already been registered in the process. 
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SEARCH FOR THE MATERIAL 

 
Figure 29 Part 16 of the process shows what happens to batches that have not yet reached the point of 

installation 

The materials have been located either at momentary unloading or buffer stock, and are now to be 
relocated. But first it must be found after certain amount of time in the buffer stock. The search 
activity is shown in Figure 29. The related parameter is: 

• Time for the workforce to find the material 

The time spent by the workforce is time lost from production activities, and extends the duration of 
the project. To find these values, observations for frequency studies should be made. For momentary 
unloading, the time to search for materials is most likely close to zero.  

IS THE MATERIAL UNDAMAGED? 
When storing materials, the risk of material waste increases with time. A quality check is thus 
necessary. If the material is damaged, the process loops back to the first activity for a new cycle of 
material supply. If it is not damaged, the process loops back to the activity to get hold of unloading 
resource. These paths are shown in Figure 29. 

Damaged material is assumed to generate an additional delivery. The weakness of this assumption in 
the model is that in some cases, the material goes with an already planned delivery and thus does not 
generate a new delivery. It is thus one more delivery for one more batch of material added to the 
number of deliveries and number of batches in the project.  

The related parameters are: 

• Material cost of destroyed material 
• Probability of material waste 
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The other costs that increase due to reorder of materials will be added by looping back to the 
beginning of the process. These are:  

• Rental cost of unloading machines 
• Salaries for additional working time 
• Additional transportation costs 
• Time for ordering new material 

These will all be added up for the number of times that material waste arises. At this point, one 
needs to get hold of unloading resources to relocate the materials, and the process loops back to 
getting hold of the unloading resource.  

5.2.2 IMPORTANT ASPECTS IN RELATION TO THE PROCESS 

The previous section was a walk through of the general material supply process. The activities 
affected by the different logistics services are explained in the following sections, along with their 
effect on the different parameters. Before that this section goes through some related aspects to the 
whole process. 

PROJECT DURATION 
The cost of project duration involves several parameters, including salaries and permanent machines 
(Appendix 6: Parameters). What this amounts up to depends on the time needed for construction, 
and the time for surrounding activities, which are mainly material handling. These costs are 
multiplied by the length of the project. Thus, important parameters to look at are the time 
parameters of handling materials and deliveries. It is important that the time of production is in 
terms of hours per worker in order to calculate the cost of salaries. Traditionally, the surrounding 
activities for material handling are assigned to the workforce, while the Carry-in Services do most of 
this work for them, and Consolidated Deliveries and the Delivery Calendar aim to shorten these 
activities. The difference in project duration for each process map will therefore be looked into. 

NUMBER OF WORKERS INVOLVED IN DELIVERY 
Not all members of the workforce at the construction site are affected by each delivery and continue 
their work as usual. Each category of the workforce is often responsible for the materials related to 
their construction category. In addition, different amounts of people are required to carry different 
kinds of materials. Thus the number of workers will determine how much time that is lost from the 
construction activities, and how much time that is spent on material handling. Therefore, times are 
in terms of working hours times the number of workers. 

INVOLVEMENT OF SUBCONTRACTORS 
A challenge for a main contractor such as Skanska is to coordinate the parties involved in the 
storage and movement of materials to work towards a common goal. One of the main parties 
involved in the production phase are the subcontractors who are difficult to integrate in the same 
supply chain (Sobotka & Czarnigowska, 2005), since they operate as their own businesses. However, 
since subcontractors have at least 50% of the materials in a project (Calculation responsible, 2015) 
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there are great benefits of managing to integrate the subcontractors in the material supply process at 
the worksite because they share the same resources - space and machines. Whether or not the 
subcontractors share their delivery plans have great impact on the flow of materials (Clough et al., 
2008). Hence, it is good to work with the same strategies, and get them on board with the general 
strategies of the main contractor. The degree to which this cooperation functions, will have effect on 
the output of the process in terms of waiting times for different resources, and thus also delay of 
construction activities. It is believed that the subcontractors also must understand the benefits of 
Consolidated Deliveries to take part (Project engineer, Project F West, 2015). For a total cost effect 
analysis, a strategic decision must be made whether the materials related to subcontractors is to be 
included or not. 

MATERIAL THAT FLOWS THROUGH THIS PROCESS 
This process has been designed based on input regarding strategies of material supply in the interior 
fit-out stages A and B. Thus, the data entered into this process should be related to the materials of 
the interior fit-out stage A and interior fit-out stage B stated in the Context Analysis. These materials 
are assumed to take the same amount of time per batch in which they are handled.  

5.3 IMPACT ON THE PROCESS WITH A LOGISTICS SERVICE 

In answer to the second research question of this study: How are the general material supply process and its 
cost generating parameters affected by certain strategic choices; Consolidated Deliveries, Carry-in Services, and Delivery 
Calendar? The effects of the implementation of one of the logistics services are presented in the 
following section.  

5.3.1 IMPACT ON THE PROCESS WITH CONSOLIDATED DELIVERIES 

The strategy of Consolidated Deliveries is to have JIT deliveries with packages of different material 
types for the same apartment delivered at the same time (Head of logistics unit, 2015). In addition, 
the terminal takes care of the delivery notifications and, if wished, the shipping, thus eliminating, in 
the perfect case, any kind of late deliveries to the site (Category Transportation responsible (A), 
2015). However, it is important that the goods are marked correctly with all the details for the 
terminal to load the delivery vehicles correctly, otherwise the service will be less valuable (Category 
Transportation responsible (A), 2015). This has an impact on the following activities: 

• Delivery notification 
• Delivery 
• Retrieving the right unloading resource and unloading zone 
• Intended destination 
• Clearing area for storage 
• Relocate the material 

An explanation of the impact on these activities follows. It is discussed as if all materials (including 
subcontractors’) are consolidated.  
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For an overview of the revised process map due to the implementation of Consolidated Deliveries, 
please see Appendix 2.2: Consolidated Deliveries Process Map, and for the division into parts see 
Appendix 2.3: Consolidated Deliveries Process Map, Divided into Parts. The process still starts with 
planning for order, and ends once all materials have reached the point of installation. 

PLAN FOR ORDER 
This occurs as usual, but there is an impact on the related parameters due to consolidated deliveries: 

• Number of deliveries - Fewer are expected due to elimination of material waste, and full truck 
loads 

• Number of batches for project - The number of batches of needed material will be the same but it 
is rearranged in more even loads. The material waste is removed 

• Cost of delivery - Since the carrier does not have to be the same as the company providing the 
terminal, this depends on the choice of carrier, thus the average should be the same 

• Probability of asking for delivery notification - Removed due to terminal service 

DELIVERY NOTIFICATION 

 
Figure 30 Part 2 of the process has altered from the general process, and the question of timely delivery 

notification has been removed 

The actual delivery notification only occurs if the terminal service notices that there is a problem 
that will cause a delay of delivery. They call the project as soon as this is noticed and adjustments can 
be made in the time plan that will not delay construction activities. Otherwise, the project will not be 
notified, but this means that the delivery can be expected on time, and necessary preparations can be 
made without hesitation.  

DOES THE DELIVERY NOTIFICATION OCCUR ON TIME? 
The question following this activity of the general material supply process is whether the delivery 
notification occurs in time or not. Since the terminal now handles this, the question is removed, 
which can be seen in Figure 30. They know when the delivery is supposed to arrive to the terminal 
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and notifies the project of any disturbance. Therefore the accuracy is much higher, and adjustments 
for preparations in the rare cases when suppliers have failed to produce in time can easily be made 
and worked around. Hence it can be assumed that the production is not delayed due to lack of 
materials, there will always be construction activities for the workforce to work with. 

The impact on the related parameter is: 

• Probability of delivery notification on time - approaches 1 

DELIVERY 
The next activity of the process is the actual delivery, which is no different from the general process. 
However the outcomes are different and is discussed below. 

WHEN DOES THE DELIVERY ARRIVE? 

 
Figure 31 Part 3 of the process has also altered from the general material supply process as the only option for 

the time of delivery is ‘on time’. 

This question is no longer asked as all deliveries are assumed to occur on time, which Figure 31 
illustrates. This assumption is along the lines of the earlier assumption: that the workforce always 
will have construction activities to work on due to the coordination by the terminal. This means that 
even though a delivery has been moved from the initial time agreement, it will be announced in time 
for the project to adjust to the changes without interrupting the construction process. Thus the 
effect on the questions that follow is quite significant. 

The impact on the related parameters to this activity is: 

• Probability of the delivery to be in time as agreed and as needed for production - approaches 1 
• Probability of the delivery to be later than agreed - removed 
• Probability of the delivery to be too late for production - removed 
• Probability of the delivery to be earlier than agreed - removed 

The accuracy of consolidated deliveries may be questioned, as weather and traffic conditions always 
can interfere, but this is the ultimate model, and no different from the general process. 
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IS THE UNLOADING ZONE AVAILABLE? 
With Consolidated Deliveries, the accuracy of the deliveries should be so high that deliveries do not 
block each other, resulting in no waiting time for unloading zones. (The risk is higher if the 
subcontractors are not included in the consolidated deliveries.) 

With JIT deliveries that go straight to the point of installation without disturbances, the flow of 
production continues without interruption. 

The impact on the related parameters is:  

• Probability of available unloading zone - approaches 1 
• Time before unloading zone becomes available - approaches 0 

This assumes that the planning of the time slots for each delivery is enough for the delivery vehicle 
to be fully unloaded. 

GET HOLD OF THE RIGHT UNLOADING RESOURCE 
This should be well prepared, and is no longer repeated in order to move materials from buffer 
stock.  

WHAT UNLOADING RESOURCE IS TO BE USED? 
It is still the same options as in the general process, and the related parameters remains: 

• Number of deliveries unloaded with truck - fewer only due to fewer deliveries 
• Number of deliveries unloaded with crane - fewer only due to fewer deliveries 
• Number of deliveries carried by human resources - fewer only due to fewer deliveries 

The fewer deliveries are due to eliminated waste, and more optimized loads on the delivery vehicles. 

IS THE UNLOADING MACHINE PERMANENT? 
This is a strategy that does not dependent on the use of any of the logistics services, however the 
choice probably depends on the strategies affected by the logistics services. For example, fewer 
deliveries with higher accuracy might result in lower profitability in having a permanent unloading 
resource. 

• Probability of permanent crane - probably lower than in the general process 
• Probability of permanent truck - probably lower than in the general process 

These frequencies should be observed in projects that are using only the Consolidated Deliveries 
service. 
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IS THE UNLOADING RESOURCE AVAILABLE TO USE? 
With Consolidated Deliveries, this has been planned for, and it is assumed that the unloading 
resource is there to unload deliveries JIT. Thus the waiting is eliminated, removing production delay. 
In addition, the deliveries are assumed to be on time, and the arrival of the unloading resource can 
match for minimal waiting time for the unloading resource. Each time the unloading machine is 
called in, a cost arises. The impact on the related parameters is: 

• Probability of the right unloading machine being available - approaches 1 
• Time for transporting the unloading machine to the site - remains 
• Rental cost of transportation of unloading machine - remains 
• Time before unloading machine is available - approaches 0 

This is, however, still depending on the ability to plan, which is done in the Consolidated Delivery 
Document (Production manager 2, Logistics services knowledgeable, 2015).  

HAS THE UNLOADING MACHINE BEEN WAITING? 
With Consolidated Deliveries, the matching of deliveries and unloading machines should be more 
accurate. Thus the impact on the related parameters is: 

• Probability that the unloading machine is waiting at the site for delivery – lower 
• Time for the unloading machine to wait on delivery to arrive – should be lower due to higher accuracy 

of deliveries  

IS THE UNLOADING MACHINE FREE TO USE? 
With Consolidated Deliveries, no buffer has to be handled with permanent resources, and the 
deliveries should not interfere with each other. Thus, the impact on the related parameters is: 

• Probability of unloading machine free to use - approaches 1 
• Time to wait for the unloading machine to be free to use - approaches 0 

UNLOADING 
With the resources ready, the materials should be unloaded. This is no longer repeated due to the 
loop going back from Material useable to Get hold of unloading resource. This is because the buffer stock is 
eliminated, thus changing the following question. 

The impact on the related parameters to the unloading activity is: 

• Number of batches for project - delivery specific 
• Rental cost of unloading machine - remains 
• Time for unloading resource to unload material - remains 

TRANSPORTATION OR CARRYING 
This activity is no different for Consolidated Deliveries. However, the total sum of these costs will 
be lower in the end due to fewer deliveries, and thus less time for material handling. 
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PLACING MATERIAL AT INTENDED DESTINATION 

 
Figure 32 Part 12 has changed from three options of intended destination to two options 

Figure 32 shows that instead of three options of where to place the materials, there are now two: 
momentary unloading and the point of installation. This is because Consolidated Deliveries are 
intended to be JIT, removing the option of buffer stock. As mentioned, it is only momentarily 
unloaded in cases when both unloading resource and carrying workers are needed. 

WHAT IS THE INTENDED DESTINATION OF THE GOODS? 
This question is posed in order to know where to transport the materials with the unloading 
resource, and is serving the same purpose as earlier. The impact on the related parameter is: 

• Probability of buffer stock - removed 
• Probability of momentary unloading - the same due to the same method for each material type 
• Probability of point of installation - Higher as all the previous buffer stock goes there 

IS THERE ENOUGH SPACE AT THE DESTINATION FOR THE GOODS? 
Since all materials arrive JIT, no material should be occupying area for momentary unloading, and 
hence this question and the clearing-activity are removed, saving time from material handling.  

This means that the additional costs of material waste and extra material handling are greatly 
reduced. The change of the related parameters is: 

• Time to clear area for storage - removed 
• Probability of having to clear area for storage - removed 
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By removing the buffer stock, several costs related to material waste and relocation are changed. All 
these extra activities are changed: 

• Rental cost of unloading machine - higher accuracy gives lower time of rental 
• Salaries for additional working time - completely cancelled 
• Probability of material waste - removed 
• Material costs of material waste - completely cancelled 
• Additional transportation costs - completely cancelled due to no material waste (assumed in 

relation to the risks shared by both processes) 
• Time to reorder new material - completely cancelled 

IS THE DELIVERY VEHICLE EMPTY? 
This must always be asked in order for the process to flow. 

MAKE DECISION REGARDING UNLOADING MACHINE 
This is an activity independent of the choice of logistics, thus it is the same as in the general material 
supply process at the worksite. 

RELOCATE THE MATERIAL 

 
Figure 33 Part 15 and 16 of the process are best merged to illustrate the change at the end of the process due to 

the removal of the buffer stock 
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Since the buffer stock is removed as an alternative destination, the end of the process has been 
replaced with a loop of activities that brings the materials from momentary unloading to the point of 
installation. This loop can be seen in Figure 33. If the human resource were not handling the 
unloading, this is where they carry the materials to the point of installation. Once again, the transfer 
resource must be allocated. The following activities are repeated in part 16 until all batches have 
reached the point of installation. 

UNLOADING 
The related parameter is:  

• Time for the workforce to unload material 

CARRYING 
The related parameter is:  

• Time for the workforce to carry material 

GET HOLD OF TRANSFER RESOURCE 
The related parameters are:  

• Probability of available transfer resource 
• Time for the workforce to wait for transfer resource 

The explanations of the above activities are mentioned in 5.2.1 General Material Supply Process. 
The process then ends once all batches are at the point of installation. 

ADDITIONAL COSTS OF CONSOLIDATED DELIVERIES 
Apart from the effect on the general process of material supply at the worksite, Consolidated 
Deliveries is a service that has to be paid for. The cost includes terminal storage and delivery control, 
but is in addition to the other costs of the material supply process.  

To conclude, project duration is reduced due to fewer disruptions of the workforce to carry 
materials and no need to clear area, lower cost of materials due to eliminated waste, and the cost of 
unloading resources should be lower thanks to higher accuracy of deliveries. Thus, Consolidated 
Deliveries matches the results of the AHP; to have less material handling, reduced material waste 
and higher accuracy of deliveries. 

5.3.2 IMPACT ON THE PROCESS WITH CARRY-IN SERVICES  

Carry-in Services has two strategies;  

1. To replace the workforce for carrying materials JIT after regular working hours 
2. To replace the workforce for carrying materials JIT during regular working hours 

The process is the same, but the flow is different as fewer interruptions occur between the 
workforce and the carrying workers in the sharing of transfer resources. The duration of activities 



 

 75 

involving human resources is thus lower when Carry-in Services are employed after regular working 
hours.  

For an overview of the revised process map due to the implementation of Carry-in Services, please 
see Appendix 3.2: Carry-in Services Process Map and for the division into parts see Appendix 3.3: 
Carry-in Services Process Map, Divided into Parts. 

The activity in the material supply process that is handled by the workforce is the carrying of 
materials at the worksite. The workforce is now replaced with carrying workers. Even though the 
Carry-in Services mainly is human resources, it can be combined with all types of unloading 
machines to handle materials at the worksite. It is thus assumed that when employing Carry-in 
Services, all deliveries of all types of materials are planned to arrive JIT. That is, time appointed 
deliveries are used to 100%. (Carry-in Services responsible (A), 2015) Due to 100% JIT deliveries, 
the processes of clearing area for storage and moving materials from buffer stock will be eliminated 
when implementing Carry-in Services. The impact is further discussed, and it is assumed that the 
subcontractors are included. 

Many activities are unchanged when implementing Carry-in Services. The process starts at Plan for 
order, and ends when all materials have reached the point of installation. Due to the time appointed 
deliveries, it can be assumed that more deliveries occur on time; that the availability of unloading 
resource and unloading zone has been more prepared; and more accurate. Therefore the effect on 
the parameters of the activities up to the unloading activity is: 

• The number of deliveries decreases by the amount of material waste that is eliminated due to 
eliminated buffer stock (see Placing Material at Intended Destination below for explanation). 
However, the materials are not consolidated from different suppliers, thus the number of 
deliveries might actually increase by having more frequent deliveries with lower volumes 
than in general. This would generate an extra cost for the fee of not filling the truckload, 
which is probably a reason why Carry-in Services is commonly used together with 
Consolidated Deliveries where deliveries are packaged per apartment. (Carry-in Services 
responsible B, 2015) 

• The number of batches in a project is always the same amount needed for the same project. 
However, it is altered by material waste, thus this parameter is lower by removing the 
amount of material waste that would otherwise be predicted. 

• The probability of delivery on time is higher due to the time appointed deliveries. However, 
the probability of being late for production is also higher since the deliveries are planned to 
arrive JIT for production. Therefore the impact of late deliveries is greater with JIT. 

• The probabilities of available unloading zone and unloading machine are higher due to the 
intention of JIT delivery. However, the probabilities of permanent machines are also higher 
because the expectancy of more deliveries will most likely increase the relevance of having 
permanent machines. 

• Waiting time for carrying workers is minimal due to JIT delivery, and is negligible. 
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• The time to wait for the resources is lowered due to the time appointed deliveries. This is 
important for JIT deliveries where the risk of stopping production is higher. However, the 
options of time of delivery remain since time appointed deliveries do not ensure 100% 
precision. However, the frequency of calling in non-permanent resources increases if the 
number of deliveries increases, increasing the cost of unloading machines. This is yet another 
reason for combining Consolidated Deliveries with the Carry-in Service. 

• The time that resources wait for deliveries is lowered due to the accuracy in timing with 
deliveries. 

In comparison with Consolidated Deliveries, the fact that the terminal service is not in use for 
Carry-In Services, keeps the accuracy of deliveries low. Therefore these activities are more similar to 
the general process.  

UNLOADING 
Since buffer stock is no longer an option, the process no longer loops back to this activity from the 
end. Otherwise it is the same as for the general process, apart from the human resource that is the 
carrying workers instead of the workforce. The impact on the related parameters is: 

• Time for unloading resource to unload material - remains 
• Number of batches for project - remains minus material waste 
• Rental cost of unloading machine - remains 

TRANSPORTATION OR CARRYING 

 
Figure 34 Part 10 is altered by implementing the Carry-in Services. The workforce has been replaced by 

carrying workers as human resource. 
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This is the activity where the strategy of choosing Carry-in Services has the greatest impact. In the 
cases that the human resource is chosen for movement of materials, workers employed especially for 
carrying materials replaces the workforce, shown in Figure 34. The workforce can instead continue 
working on their assigned construction activities. The movement of materials thus occurs in parallel 
with production and does not alter the project duration. 

The parameters are changed as follows:  

• Time of transporting material from the delivery vehicle to the intended destination - remains 
• Rental cost of unloading machine - remains 
• Number of batches handled by machines (truck+crane) - somewhat lower due to no material waste 
• Set-up time for the workforce to leave or return to production - removed due to the workforce being 

replaced by Carrying workers for material handling 
• Time for workforce to carry material - replaced with time for carrying workers to carry material 
• Number of batches handled by human resource - somewhat lower due to no material waste 
• Salary of carrying workers - added 
• Probability of available transfer resource - higher 
• Time for the workforce to wait for transfer resources - the same average but lower total 

Set-up time is removed since the workforce does not have to leave construction activities. The salary 
parameter is added because the time of carrying materials is consumed by carrying workers. This will 
be specific to each Carry-in Service firm, but is in general lower than for the workforce. The time to 
carry materials is assumed to be somewhat lowered because the carrying workers are only focused 
on that task alone. The number of batches will still be measured in the same way, as will the time for 
machines to transport materials. The time waiting for transfer resources remain in case the carrying 
workers are employed at daytime. However, due to fewer reasons for the workforce to leave their 
construction activities, the time to wait for transfer resources should be lower than in the general 
process. 

PLACING MATERIAL AT INTENDED DESTINATION 

 
Figure 35 Part 12 where buffer stock is removed by the implementation of the Carry-in Service 
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This is the second activity where the Carry-in Services has a big impact. The three options of 
intended destinations are reduced from three to two, as the buffer stock is removed (see Figure 35). 
Instead, all materials are intended for the point of installation at the first time of handling, and is 
only momentarily unloaded in cases when both unloading resources and carrying workers are 
needed. This greatly reduced the total time for material handling throughout the project. 

Since all materials arrives JIT, no materials should be occupying area for storage, and thus the 
clearing-activity is also removed, saving time from material handling.   

This means that the additional costs of material waste and extra material handling are eliminated 
when implementing Carry-in Services. The changes of the related parameters are: 

• Probability of buffer stock - removed 
• Probability of momentary unloading - remains 
• Probability of point of installation - higher due to JIT 

Due to the removal of buffer stock, the following parameters are also affected: 

• Rental cost of unloading machine - removed 
• Material costs of material waste - removed 
• Additional transportation costs - removed 
• Time to reorder material - removed 
• Probability of material waste - removed 

IS THERE ENOUGH SPACE AT THE DESTINATION FOR THE GOODS? 
This does no longer occur since buffer stock has been eliminated. 

HAS EVERYTHING BEEN UNLOADED? 
Must always be asked in order for the process to flow. 

MAKE DECISION REGARDING UNLOADING MACHINE 
This is the same process as for the general material supply process. 
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RELOCATE MATERIAL 

 
Figure 36 Part 15 and 16 are merged to show the alteration from the general material supply process by 

implementing Carry-in Service. Carrying workers replaced the workforce to carry materials, and the buffer 
stock results in a loop for the last activities of the process. 

Since the buffer stock is removed as an alternative destination, the end of the process has been 
replaced with a loop of activities that brings the materials from momentary unloading to the point of 
installation. If the carrying workers were not employed for unloading, this is where they replace the 
workforce and carries the materials to the point of installation (see Figure 36). Once again, the 
transfer resource must be allocated. The following activities are repeated until all batches have 
reached the point of installation. 

UNLOADING 
The related parameters are:  

• Time for carrying workers to unload material 
• Cost of Carrying Services 
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CARRYING 
The related parameters are:  

• Cost of Carrying Services 
• Time for carrying workers to carry material 

GET HOLD OF TRANSFER RESOURCE 
The related parameters are:  

• Probability of available transfer resource 
• Time for the workforce or carrying workers to wait for transfer resource 

These activities are explained in chapter 5.2.1 General Material Supply Process. The process then 
ends once all batches are at the point of installation. 

COSTS OF CARRY-IN SERVICES 
As for Consolidated Deliveries, Carry-in Services is also a service that has to be paid for, however, 
the cost is salary for workers employed for that specific service. The service includes going through 
instructions for where and how to carry materials, and to do the actual carrying. This cost replaces 
the salary for the workforce for these tasks, and should not be seen as an additional cost. 

This is often seen as an additional cost for the project, however, the time for which the members of 
the workforce would have spent on handling material is time reduced from project duration and 
thus saves the costs related to project duration.  

To conclude, project duration is shortened due to the workforce not disrupted by material handling 
as often and can continue the construction process with the only interruption in case of deliveries 
that are late for production. An additional cost for the time using carrying workers arise, and cost of 
extra material handling due to material waste are almost completely cancelled out. 

5.3.3 IMPACT ON THE PROCESS WITH DELIVERY CALENDAR  

The functions that the Delivery Calendar provides is: 

• Time-slot booking of deliveries 
• Booking of unloading zone  
• Booking of unloading resources 
• Seeing all orders made in the internal purchasing system for the project  

This can be done by the main contractor, but also by the subcontractors. The extent to which the 
subcontractors are involved will thus affect the values of the parameters related to resources. The 
following activities that are affected by the Delivery Calendar are:   

• Availability of unloading zone 
• Get hold of the right unloading resource - availability of unloading resource 
• Clearing area for storage 
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The other activities remains like the general process. For an overview of the process map with the 
implementation of the Delivery Calendar, please see Appendix 4.2: Delivery Calendar Process Map.  

The changes of the above activities are discussed below. 

AVAILABILITY OF UNLOADING ZONE 
In case deliveries are not on time as agreed, the Delivery Calendar will help to show which 
unloading zone can be used in order to not block another delivery that is expected in the near 
future. If used correctly, it is only the early or late deliveries that need to be solved, and the Delivery 
Calendar helps to do this in the best possible way. It also allows for control of the subcontractors 
deliveries, which is important since the resources are shared. Unless another zone is available, the 
delivery vehicle will have to wait with unloading its goods. However, the availability of unloading zone 
still depends on the occurrence of the delivery notification. If resources are only prepared once delivery 
notification has occurred, the availability may fail. If resources are planned according to the Delivery 
Calendar, the availability will be good, however there is always the risk of an expected delivery not 
appearing on time.  

The impact on the related parameters is:  

• Probability of available unloading zone - approaches 1 due to the transparent planning of 
resources 

• Time before unloading zone becomes available - should be lower and approach zero 

IS THE UNLOADING RESOURCE AVAILABLE TO USE? 
With the Delivery Calendar, the likelihood of having booked an unloading machine to be at the site 
on time is higher than without it, thanks to the transparency. It is also possible for others, who are 
planning a delivery, to place it in a consecutive order and thus use the same resource for the second 
order (Coordination responsible, 2015). The risk is that if the delivery notification does not occur, 
but one prepares according to the calendar, the unloading resource might be rented for a longer time 
than it is needed due to waiting for the delivery. The impact on the related parameters is: 

• Probability of the right unloading resource being available - approaches 1 due to the transparent 
planning of resources 

• Time for transporting the unloading resource to the site - remains 
• Rental cost of transportation of unloading resource - remains 
• Time before the unloading machine is available - approaches 0 

HAS THE UNLOADING MACHINE BEEN WAITING? 
With the Delivery Calendar, the matching of deliveries and unloading machines should be more 
accurate. The impact on the related parameters is: 

• Probability that the unloading machine is waiting at the site for delivery – lower 
• Time for the unloading machine to wait on delivery to arrive – should be lower due to higher 

transparency  
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IS THE UNLOADING MACHINE FREE TO USE? 
If the unloading machine is permanent, then it can be seen in the Delivery Calendar when it is 
occupied and when it is not. The impact on the related parameters is: 

• Probability of unloading machine free to use - approaches 1 
• Time to wait for the unloading machine to be free to use - approaches 0 

The time to wait for resources is thus reduced, and at the same time it is possible to plan deliveries 
in subsequent order where unloading resources are at the site. 

IS THERE ENOUGH SPACE AT THE DESTINATION FOR THE GOODS? 
The transparency that the Delivery Calendar brings also provides the opportunity to be more 
prepared with available space for storage. It is still time away from production by the workforce; 
however, it allows the material supply process at the worksite to flow smoothly once the materials 
arrive. The impact on the related parameter is: 

• Time to clear area for storage - remains 

The benefit arises in shorter time of occupying the unloading resource once the delivery arrives. 

ADDITIONAL COSTS OF DELIVERY CALENDAR 
The Delivery Calendar is software that needs to be paid for to receive a license for the duration of a 
project (Category Transportation responsible (A), 2015). It is an additional cost for a planning tool 
that has to be covered by the savings in other costs caused by implementing it. 

To conclude, the Delivery Calendar should reduce the cost of unloading resources due to more 
optimum planning, and it should reduce waiting time for deliveries that have to wait on an available 
unloading zone, or unloading resource that was not booked. It also reduces interference with the 
subcontractors’ deliveries. This means that the materials can reach its intended destination much 
faster. Another benefit is that the service is web-based and everyone can carry it in a smartphone or 
tablet when working at the construction site.  

It is important to remember that the greatest effect will be where the delivery vehicles reach the 
worksite. Furthermore the greatest benefits of the Delivery Calendar will be experienced in projects 
over a certain size, and if the tool is used actively.  
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5.4 SIMULATING THE EFFECT ON TOTAL COST 

Now that the material supply process at the worksite system is understood, the impact of the 
services has been explained, cost generating parameters have been identified, and their relative 
change has been discussed, a revised total cost model can be developed. In answer to the main 
research question: How to evaluate the effect on the total cost of different house construction worksite material 
supply strategies? This study is suggesting simulation. As stated by Sterman (2000): Simulation becomes 
necessary when processes are too complex to figure out by intuition. In construction, there are many 
external factors affecting the flow of material supply, making the process quite complex. To give a 
more accurate picture of the process compared to earlier studies within the subject, these process 
maps have been developed for the purpose of simulating the effect on the total cost of material 
supply at the worksite. 

As mentioned earlier in this chapter, the material supply process runs in parallel with the 
construction process. More specifically, the construction activities will take place in a takt-like 
manner while being fed with materials from the material supply process. These activities will differ 
throughout the project, while the material supply process remains the same (see operations in Table 
2 and Table 3). 

For the purpose of this study, to evaluate the effect on the total cost of material supply, the 
construction activities have been seen as a straight time-line that continues for as long time as the 
construction activities require to be finished. However, there are two reasons for this time-line to 
stretch: 

• Each time that the workforce is needed for material handling 
• There is lack of material that is necessary to continue production, including material waste 

This can be illustrated as seen in Figure 37. 

!

Figure 37 Timeline for construction activities 
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The above line symbolizes the timeline of construction activities without interruptions, while the line 
below shows the effect that different material supply activities have on the duration of the project. 
The red bars to the left symbolize the time of material supply activities that accumulates for each 
interruption due to material handling. This will be added to the duration of the project, which is 
symbolized by the red bars to the right.  

Therefore a simulation model must be developed so that it links the construction process to the 
process of material supply. That is, whenever a delivery is late for production, material is damaged, 
or the workforce is absent from their construction activities due to material handling, this is signaled 
to the construction simulation model that stops for the duration of those activities. By doing so, the 
output of the construction duration model will be the duration of the construction project. If the 
costs of permanent resources have been entered in the model, the output can be in terms of costs of 
permanent resources for the duration of the project. 

Meanwhile, the simulation model of the material supply process will be adding up the values of the 
deliveries and material handling at the worksite. This model can either be a general model in which 
choices can be made depending on strategic decisions of whether or not, or which, logistics 
solutions should be chosen. It could otherwise be one for each process that was produced and that 
has been explained in this chapter. The input is the identified values of these processes, and the 
output is a total cost that can be compared between the processes. As the material supply process 
continues, it affects the flow of construction activities at the worksite. It is when the construction 
activities are finished that the project stops, and the project stops generating costs. Thus the 
construction activities should be interrupted as little as possible.  

Important in designing the model of a system is to focus on what is important for the problem, 
other factors that are part of the system but not important to the client should be excluded. 
(Sterman, 2000) If a less specific model can be used to evaluate the effect on the total cost, even 
more respect can be paid to the results of the AHP. It is also important to validate the model, 
preferably throughout the process, and that an experienced modeler set up the simulation model 
(Sterman, 2000). The process maps have been validated, however the simulation model should also 
be, to ensure that the output is reasonable. This can be done by critically looking at the output 
figures and see the relevance of them in regards to what they are presenting.  

Example of simulation program to use is Extend, and a prototype of such a model has been 
attached in Appendix 7: Simulation Model Prototype and is described more thoroughly in chapter 
5.4.1. Simulation Model Prototype. This prototype is based on the processes presented in this 
report, however it has to be further developed to fully represent the system. 
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5.4.1 SIMULATION MODEL PROTOTYPE 

A start to a simulation model has been created. In Appendix 7.1: Simulation Model Prototype, Part 
1, a prototype of the production process is shown. This simulation shows the activities that occur in 
the production process for each floor in a residential house construction project. The production 
plan, Figure 38, shows the activities that occur in each takt (which is one floor), the working groups 
required, amount of materials, number of workers required for each activity, and which category of 
workers that carry out the activities.  

 
Figure 38 The production plan from which the simulation model gets data 

The numbers in the simulation model prototype are just examples and must be modified for reality. 

The model of the production process assumes that each activity occurs in consecutive order, 
however, some activities can occur in parallel, and others cannot be started until others have been 
finished. Thus, a precedence diagram should be created to integrate lagging time and parallel 
activities. 

In order for the activities to start, materials must be in the buffer stock (MTR S in Figure 39). Thus, 
materials must first be moved from the truck that represents a supplier, to the buffer stock. In this 
model, the buffer stock is the point of installation. The model must therefore be developed with the 
buffer stock defined in the process maps as a long term storage, as well as with momentary 
unloading in order to represent the process maps more accurately.  
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Figure 39 The truck symbolizes a supplier and the boxes above symbolize buffer stock, which is equivalent 

with the point of installation in this simulation model prototype 

In the model prototype there is one delivery per day, however this could be modified to be random.  

It is also possible to integrate a priority order of which working category that is to handle materials 
at the time of a delivery, however this part is yet to be developed. See Figure 40 for a start of this 
part of the model. The idea is that the activities related to the category of workers chosen stops for 
the time of material handling. The current simulation model assumes that only carpenters perform 
the construction activities; this must be modified to include all groups of workers. 
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Figure 40 Current model of choosing the category of workers that is to handle materials 

Using the same principles as for which category of workers to choose, the availability of transfer 
resources and unloading machines should also be created. This should be connected to the 
availability of the unloading zone, which, in the production process model, is displayed in Figure 41. 

 
Figure 41 Availability of unloading zone as shown in the simulation model prototype 

Appendix 7.3: Simulation Model Prototype, Part 3 shows the effect of the availability of unloading 
zones. The model shows three unloading zones, and assumes a waiting time of one hour per day. 
However, this can also be modified to suit the situation with a more accurate number of unloading 
zones, and randomness for waiting times. In the model, five batches of materials has been entered 
for material handling, however, this must be adapted to the situation at hand - the volume of the 
delivery trucks. 

Appendix 7.2: Simulation Model Prototype, Part 2 shows the material handling per material type, 
that is the material supply process. This is also just a prototype that includes three material types, 
and should therefore be developed to show all material types of interior fit-out stage A and interior 
fit-out stage B of the production phase. The floors are assumed to be identical, and thus in need of 
the same material types and volumes. Materials must be in stock; if they are not, waiting time arises. 

 

 

 
 

  



 

 88 

6 DISCUSSION 

This chapter discusses the results of this study as well as other interesting insights gained. The discussion aims at better 
understanding the results based on empirical findings. 

6.1 THE OVERALL PERSPECTIVE 

What is evident when researching the topic of this study is that it is a system of a number of 
stakeholders throughout the entire supply chain from manufacturing of the materials to realizing the 
construction project on site. The number of stakeholders complicates the process of material supply. 
The production managers plan the material supply process strategy during the detailed projection 
phase, which is a point in time that is more or less optimal for the success of the material supply 
process. However, the success largely depends on the external parties: suppliers of unloading 
resources, manufacturers of materials, and carriers. There is a lack of trust towards external parties 
and it exists for a reason. To improve the material supply process, it is not enough to implement the 
logistics services or other solutions, they are not magic keys that can unlock the problematic at hand 
and improve the entire process. Factors, such as delivery precision and weather, are still going to 
affect the material supply process, even if logistics services are implemented. If the delivery precision 
is off, it will loop into several negative effects and costs further along in the process. The negative 
effects include waiting time (sometimes holding up production), getting hold of the right unloading 
resources, rental cost for unloading resources, making calls and arrangements to solve the problem 
and so on. With the uncertainties faced by these projects, the completion cost has high risk of 
differing from the normal cost (cost of normal duration) (Singh, 2009). 

Work and efforts need to be focused on ensuring the solutions’ quality, as well as the trust in them 
from the production workers. A gang foreman at Project B (2015) expresses distrust in the logistics 
services as he does trust the carrier to cross-dock the goods properly, or the employees of the Carry-
in Services to know how to handle the materials properly. It is possible the services may end up 
counterproductive if the employees are unwilling to trust and work with them.  

Trends suggest that the construction industry is taking more and more inspiration from the classic 
manufacturing theories such as lean manufacturing, though the differences between construction 
and classic manufacturing are evident (Eriksson, 2010). Buildings, which are the products of 
construction, are large in size and usually need all the materials to be assembled at the final 
destination. With varying geographical location for each construction project, and working in project 
form, it makes the preconditions almost unique for each project (Gann, 1996). Despite the difficulty 
of implementing standardized methods, there are still many principles that, if adapted for 
construction, can be extremely valuable.  

Gann (1996) writes “The success of lean production can be attributed to many improvements across the whole 
system rather than to one particular aspect of change”, thus it is vital for the construction industry and for 
construction companies, to recognize the importance to not only get the production workers on 
board, but also start working closely with suppliers and carriers. Suppliers create about 70-80% of 
the value, so the main area for increasing efficiency is the flow of materials at and to the 
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construction site (Bergman, 2012; Sobotka & Czarnigowska, 2005). Thus planning and deliveries 
become important (Sobotka & Czarnigowska, 2005). “To achieve a smooth production process, subcontractors 
and suppliers must be involved in an early phase to safeguard that the material flow process is designed appropriately” 
(Thunberg, Rudberg, & Gustavsson, 2014). Especially since it has been evident during this study 
that delivery precision has an immense impact on the entire material supply process and its activities. 
Supply chain actors should form cooperative relationships where they work towards common goals. 
Therefore it is important to join values, to agree on a common process towards the final product 
(Eriksson, 2010).  

6.2 LOOKING BACK AT THE RESEARCH QUESTIONS  

In the following sections the discussion takes form according to the research questions stated in 
chapter 1.5 Research Questions. 

6.2.1 RESEARCH QUESTION 1 

Answering the first research question of this study (What is the general material supply process at the 
worksite, and which are its cost generating parameters?) required knowledge about activities, an 
understanding of the possible alternative methods, and on what basis choices were made. Interviews 
revealed the activities that are part of the material supply process, and the AHP revealed which 
activities where higher efficiency is preferred. Decisions about material supply at the worksite are 
traditionally made based on the cost that is shown on an invoice. Oskarsson et al. (2006) states that 
when making a decision that generates a cost, it is a cost that is part of a whole, and due to this 
decision some costs will decrease, and others will increase. Hence, it is important to analyze, and be 
aware of, the changes to the related activities, and costs that will be affected by the decision. The 
activities that have costly effects that are not concretely defined are vital to be aware of. When the 
effect on the total cost of each decision is understood, strategic decisions regarding material supply 
at the worksite will be based on the right information.  

By understanding the activities linked to each other, and the cost generating parameters related to 
the outcome of different strategies, construction organizations such as Skanska can evaluate the 
effect of their decisions. By processing this first research question, the foundation to answering the 
main research question is produced. Process mapping of the general material supply process 
visualizes and distinguishes value-adding activities from non value-adding activities, and reveals what 
hidden wastes and costs there are in the process. By doing so it becomes possible to work towards 
reducing, and even eliminating them (Petersson et al., 2010). It is simply about bringing the hidden 
costs and non value-adding activities to the surface and create a transparent process in order to 
know what to improve, and how. By pinpointing the cost generating parameters, where they affect 
the process and how, it becomes possible to make strategic decisions regarding the material supply 
using it as a tool. The process will be visualized and a decision's effects can be shown in a clearer 
way. For instance the decision of how to distribute deliveries of kitchens can be simulated and 
consequences further down the process can be seen directly, thus enabling the decision maker to 
make an informed decision. 
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SUBCONTRACTORS IN THE GENERAL PROCESS 
As discussed in chapter Involvement of Subcontractors, the subcontractors’ involvement in the 
process of the material supply at the worksite is a key aspect to the material supply process at the 
worksite. In this study the process maps have not included a separate path for subcontractors 
material deliveries, instead subcontractors deliveries will contribute to the deliveries that are early or 
late and will throughout the rest of the process cause ad-hoc solutions. This is because it is perceived 
that subcontractors are unreliable when it comes to specifying when their deliveries are coming, they 
are often unsure themselves. Furthermore if it is an international subcontractor the goods are usually 
shipped from abroad, which increases the uncertainties regarding delivery precision.  

There are a few alternative ways of working with subcontractors materials, one of which is the main 
contractor purchasing the materials centrally and then providing it to the subcontractors on site. 
This way it can very easily be incorporated in the strategic material supply plan for the worksite, and 
decrease the number of surprise deliveries. Nevertheless a tight relationship with all parties within 
the project is necessary to drive through any strategy, which is why it is important to find incentives 
that all parties find attractive. In cooperative relationships it is important with good integration, 
communication and coordination, which can be obtained through a common project office, 
common objectives and team building. (Eriksson, 2010)  

6.2.2 RESEARCH QUESTION 2:  

The second research question (How are the general material supply process and its cost generating parameters 
affected by certain strategic choices; Consolidated Deliveries, Carry-in Services, and Delivery Calendar?) required 
understanding of the three logistics services. Only then could their effects on the general process be 
identified. This study has investigated the individual impact of each of the three logistics services on 
the general material supply process at the worksite. The reason for this division was to be able to 
fully understand each service’s consequences on activities throughout the process. However the 
question of the extent to which the logistics services are used separately in practice arises. For 
instance it has been observed that Carry-in Services is commonly used as a complement to 
Consolidated Deliveries. It is an efficient way of handling materials through JIT deliveries with 
Consolidated Deliveries, with well-filled trucks of materials that is carried by the carrying workers to 
the point of installation (Bergman, 2012). Though the synergies of combining these two services 
seem self-evident they are yet to be analyzed. The benefits of the combination will most likely 
depend on, among other things, the proportion of materials that is included in the Consolidated 
Deliveries. However, this is also true for each logistics service individually.  

Traditionally each contractor of construction projects has been responsible for their own material 
supply for their individual work assignments, however now it is believed that project supply logistics 
should be centralized for more efficient logistic at the worksite (Sobotka & Czarnigowska, 2005). 
Therefore it will also depend on whether or not subcontractors’ materials are included as well or if 
they handle their materials on their own, separately from the other materials. The more materials 
that is handled by the subcontractors themselves, the less the effect will be of this combination, not 
forgetting that this also applies to the services separately. For this study it has been assumed that all 
materials that can be included in Consolidated Deliveries and Carry-in Services, are considered as 
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included in the model. Thus showing the logistics services’ full potential. If it is desirable to evaluate 
the effect of not including subcontractors, their materials will flow as in the general material supply 
model. However, the values will be a hybrid of the general material supply process and the effect of 
the logistics services. 

Furthermore we have seen that smaller construction project, which ships most materials with 
Consolidated Deliveries, see little use for the Delivery Calendar. The project’s size might enable the 
project to get by an entire week with one Consolidated Delivery and with not many more deliveries 
to keep track of, the Delivery Calendar’s use is needless. Nevertheless projects that have a separate 
material flow for the subcontractors, numerous unloading zones, and scarce availability of unloading 
resources will be able to benefit from the Delivery Calendar, combined with other services or not.  

SEVEN WASTES 
The effects of the implementation of one of the logistics services can be expressed in terms of the 
seven wastes of the lean principles (as described by Liker, 2003). The wastes need to be detected and 
identified in order to eliminate and reduce them. Though some are not as applicable as others, the 
most relevant wastes for this study are highlighted in this section.  

All three logistics services aim to eliminate the occasions of an unexpected event, needing a sudden 
solution, which might mean a higher cost. Moreover it might result in over-processing, reworks and 
waiting further down the road, all of which are members of the seven wastes family.  

Consolidated Deliveries aim to, in the perfect case, eliminate any kind of late deliveries to the site, 
hence eliminating the waiting time that is associated with late deliveries. Waiting, a waste that is 
defined as time wasted on waiting for materials, tools, delays, bottlenecks or other circumstances 
(Liker, 2003), time that could have been used for producing.  

Buffer stock is something that is essentially eliminated in the processes with Consolidated Deliveries 
and Carry-in Services. According to Hjort et al. (2014) it is desirable to store materials at the 
construction site for as short times as possible to avoid increased costs due to materials blocking 
passages at the construction site. Buffer stock means excess inventory, which causes large storage 
spaces, buffer stocks, damaged goods, and costs for all of the mentioned (Liker 2003). Furthermore 
it will mean less relocating materials on the worksite and less time for looking for materials, as the 
materials are assumed to have been delivered JIT and taken to the point of installation from the 
beginning. This means there will be less unnecessary transport and less unnecessary movement, both 
are one of the seven wastes.  

ALTERNATIVE SOLUTIONS 
During the course of this study a number of alternative solutions have been mentioned, other ways 
of addressing the same problems the logistics services are meant to address. For example the 
construction wholesalers who offer short lead times and delivery services such as a packaging 
materials per apartment and time appointed deliveries without extra charge. It would seem a fierce 
competitor to the logistics services as the delivery precision is high and lead times are short 
(Category Wholesalers responsible, 2015). However the range of each material is often limited and 
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purchasing of through construction wholesalers will carry an overall higher material price. The 
Supervisor from Project A (2015) says they will purchase materials from construction wholesalers if 
something is missing, and they need it within a short period of time. This alternative is not a specific 
option in the produced model, however, its effect can be included if the values of observations are 
based on projects where this is in use to some extent.  

Another alternative that has been used (Project E) if subcontractors are not interested in logistics 
services is to be strict and impose a rule that no material is allowed to be stored at the worksite. This 
would put pressure on the subcontractors to either commit to the strategy for material supply on the 
worksite, logistics services or not, or deal with the materials themselves aiming for JIT-deliveries. 
Though it would be rather difficult as their strategy might conflict with the one of the main 
contractor. 

Another logistics solution is to have a cleaning firm on site full time to help keep the worksite tidy. 
Cleaning does not always require a full time job, thus, at Project A, the cleaning firm also helped 
carrying materials, which replaces the purpose of the Carry-in Services. The cleaning firm at Project 
A, helped to carry in kitchens, which were pointed out as a difficult material that often took much 
time to handle. (Project manager, Project A, 2015) At Project E, they did not think they could 
optimally use the potential benefits of hiring Carry-in Services due to the takt time. The takt time 
was of a length that always had someone in the end of the takt that was finished with his or her 
work assignment, they could carry the materials within the takt time without delaying or interrupting 
production. (Production manager, Project E, 2015) 

In addition it has been observed that projects sometimes have hired Carry-in Services without 
thinking of it as a logistics service. The motive is then more cost-driven than anything else. For 
example, Project B hired Carry-in Services to carry parquet, because the subcontractors’ hourly fee 
was more expensive than that of the Carry-in Service employees. However the material types that 
are more critical from a material handling perspective were not being carried by the Carry- in 
Service, as they are not trusted to know how to handle for instance kitchens. (Production manager, 
Project B, 2015) 

TIME TO PLAN AND ADMINISTRATE 
While mapping the process of material supply at the worksite it has been assumed that management 
and planning have been free of friction and smooth. Thus overtime is assumed to be unnecessary, 
meaning that the cost of management is basically salary of the white-collar workers. The activity of 
planning is not included in the process map, but interesting observations have been made and 
insights have been gained. For instance, the distribution of planning throughout the production 
process with and without logistics services differs in an interesting way. Traditionally you plan to 
have an increasing amount of people working towards the end of a construction project, with 
logistics services it is the other way around (Production manager 1, Logistics services knowledgeable, 
2015). This is interesting as many production managers may be intimidated by the amount of 
planning that they believe logistics services might need. The logistics services will not necessarily 
mean more planning for someone who already plans, it is actually the distribution of planning that 
can feel uneasy.  
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Consolidated Deliveries require all the orders for materials to be placed beforehand, and it requires a 
plan to be put together containing information about when and which materials should be delivered, 
according to the time schedule of production. If done properly, the workload for planning will be 
reduced as the production proceeds, and if something goes wrong you will have much control over 
the situation and be able to solve problems before they escalate. For the traditional way of planning 
construction projects, the workload is heavy throughout the construction phase and sometimes gets 
heavier as the end approaches. When implementing Consolidated Deliveries, the planning requires 
higher workload initially, to then reduce to a decent amount throughout the construction phase 
(Production manager 2, Logistics services knowledgeable, 2015) Also for Carry-in Services there is 
an amount of planning needed prior to the actual carrying (Supervisor, Logistics services 
knowledgeable, 2015), a plan of what to carry-in and where needs to be made and then 
communicated to the Carry-in Service team. Regarding the Delivery Calendar, the planning lies in 
continuously updating and using the tool. In addition it will require all parties on site to agree to use 
it, if not there is almost no purpose of having the Calendar, as it is a tool to coordinate all parties’ 
deliveries.  

Nevertheless it might take one to be inclined to planning and comfortable with the transparency that 
the logistics services bring, in order to embrace them (Calculation responsible, 2015 & Category 
Transportation responsible (A), 2015).  

6.2.3 MAIN RESEARCH QUESTION 

The two research questions were derived from the following main research question: How to evaluate 
the effect on the total cost of different house construction worksite material supply strategies? Having mapped both 
the general process of material supply at the worksite, as well as the changed processes of 
implementing a logistics service, the differences between the processes have been revealed. 
Moreover the question of how to best evaluate the effects on the total cost, based on the findings, is 
discussed in this section. As stated in chapter 5.4 Simulating the Effect on Total Cost, simulation is 
an optimal way to reveal the true effects of the differences. The model has been built attempting to 
generalize and somewhat simplify the processes at hand, in order to uncover whatever differences lie 
between different strategic choices regarding material supply at the worksite. The model is thus 
versatile in regards of what sort of project to evaluate, in terms of size and what preconditions it has. 
This depends on how the values of the parameters are chosen to be found. 

If simulation is not an option, the models can be used to logically derive the effects of different 
strategies. It can for example visualize the effect of having to reorder materials, as the whole process 
must be repeated once again. 
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SOFT PARAMETERS  
During the study numerous soft parameters have been encountered. The focus of this study has 
been to show effects on the total cost, however soft parameters are evidently difficult to measure 
and have therefore fallen out of the main focus. Nonetheless they are an important aspect to keep in 
mind. The soft parameters that are discussed in this section are:  

• Safety 
• Stress 
• Order at the worksite 

The safety factor means that if a certain method or strategy leads to higher safety, it is an important 
improvement, especially at Skanska where safety comes first. It is, for example, considered that with 
fewer deliveries, fewer injuries or accidents occur. Any strategy leading to fewer deliveries is positive 
from a safety point of view. It is however quite far stretched how this effects the total cost of 
material supply, from what this study has covered.  

The stress factor has not been taken in account either. The choice to exclude white-collar activity in 
the process is probably a weakness for the model. It is likely that communication affects the 
smoothness of the flow as well. However, it was judged that white-collar employees would perform 
their work in parallel with the activities of the process, thus not contributing to additional time. 
Important to remember is that the activities of the white-collar are extremely interesting when 
connecting the stress factor. Many of the production managers who had experience in construction 
before they started implementing the logistics services talk about the difference in level of stress. 
When they worked as in the general process they perceived a higher degree of sudden problems that 
had to be solved. Each delivery had needed more time to call and track down the right person to 
speak to in order to find out whether or not the delivery was on its way. (Project engineer, Project F 
West, 2015; Production manager 2, Logistics services knowledgeable, 2015; Production manager 1, 
Logistics services knowledgeable, 2015) Naturally, the immense difference in the white-collar 
workers environment from the general process to when having implemented a logistics service will 
have an effect on the total cost. When the stress level is higher, mistakes are easier made.  

Order at the worksite, however immeasurable, it is undeniable that having order at the worksite will 
increase the well being of the employees and increase efficiency. Materials and tools will be easier to 
find and it will decrease lost and damaged materials, affecting the total cost.  

CHANGING A DECENTRALIZED ORGANIZATION 
It is not only the cooperative relationships of the construction company with its external partners 
that needs to be formed, as discussed in chapter 6.1 The Overall Perspective. It is just as important 
to apply the same principle within the organization itself. As a result of the decentralization within 
Skanska there is a general opinion among project members that the supporting units do not 
understand what is best for the construction projects. It is also perceived that the project members 
do not value the efforts of the supporting units. As stated, each construction project is nearly unique 
due to the circumstances that differ from one project to another; working in project form seems 
nearly the only reasonable way to work. Moreover, working in project form reinforces the sense of 
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uniqueness of each project. This is because it lowers the organization's ability to standardize the 
processes and way of working, as each project’s execution will depend more on the individuals in a 
specific project team than the guidelines stated by top management. Naturally this gives the 
individuals a sense of empowerment and true responsibility for their work. However it is important 
to find the balance between embracing the advantages of decentralization with the weight of keeping 
a system perspective, increasing overall efficiency, and avoiding extreme suboptimizations (Eriksson, 
2010).  

As stated by Oskarsson et al. (2006):“in logistics, the most important thing is to realize that everyone that is 
working within logistics must strive towards the lowest possible total logistics cost and a high level of distribution service 
that makes the customer satisfied. This way of thinking differ from the traditional way of thinking in many companies, 
where each person or department in the chain tries to achieve their own goals and budgets without considering the best of 
the whole flow. As a part of the flow, for example if you are working with transportation planning or material supply, 
you will not be a true logistics person until you have started to consider a holistic view and work with your own part 
without loosing focus on the whole.”3 (Freely translated from Modern logistik, 2011) This quote explains 
the core problem that is the basis of this study. This study has identified that employees are working 
for their own best interest. The projects have one focus and supporting units at the headquarters 
have theirs. The goal of the logistics unit is to streamline the material supply at the worksite, which is 
why the logistics services have been developed. In production, one might strive to solve logistics 
problems to the lowest cost at the moment when the problem arises. Possibly, a well thought-
through logistics plan could avoid these problems in the first place, avoiding the related costs. This 
is when process mapping comes in handy to clear things up, and it helps to show how the work of 
each individual has an impact on the organization as a whole. This is important, because 
improvement work in isolation of the other functions within an organization will not have fully 
optimized effect. (Ljungberg & Larsson, 2001) This study can hopefully help to find the logistics 
strategy that is best suited in each case. 

 

! !

                                                
3 The original text in Swedish: "med logistik är det viktigaste att inse att alla som jobbar inom logistiken ska sträva mot 
en så låg total logistikkostnad som möjligt och så hög leveransservice att kunden blir nöjd. Detta tankesätt skiljer sig från 
det traditionella tankesättet i många företag, där varje person eller avdelning i kedjan försöker uppfylla sina egna mål och 
budgetar utan att se till hela flödets bästa. Som en del i flödet, t ex om du arbetar med transportplanering eller 
materialförsörjning, så blir du inte en sann logistiker förrän du har tagit till dig helhetsperspektivet och jobbar med din 
egen del utan att tappa fokus på helheten." 
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7 CONCLUSIONS AND FUTURE RESEARCH 

This final chapter presents the conclusions of the study and the limitations that may have affected the study are 
highlighted, along with suggestions for future research topics. 

7.1 CONCLUSIONS 

The purpose of this study was to create a common platform, for production management and 
strategic supporting units, to make strategic material supply decisions. Furthermore the aim has been 
to identify the effects on the total cost of material supply at the worksite in house construction 
projects that occur when implementing one of the logistics services; Consolidated Deliveries, Carry-
in Services, and Delivery Calendar. As a first step in this effect analysis, this study aimed specifically 
at creating a tool that allows analysis of the effect on the total cost of material supply at the worksite. 
The following sections highlights the conclusions in accordance with the research questions 
formulated in chapter 1.5 Research Questions. 

7.1.1 RESEARCH QUESTION 1 AND RESEARCH QUESTION 2  

This study has mapped the process of material supply at the worksite in order to answer the two 
subquestions to the main research question; What is the general material supply process at the worksite, and 
which are its cost generating parameters? And How are the general material supply process and its cost generating 
parameters affected by certain strategic choices; Consolidated Deliveries, Carry-in Services, and Delivery Calendar? 
The process with and without logistics services have been compiled into process maps and cost 
generating parameters, which are all presented in chapter 5 Process Mapping. The differences 
between the general process and the process when a logistics service is implemented are shown by 
certain activities disappearing and by the change of value of the cost generating parameters of the 
common activities.   

In brief the most important insights in answering research question 1 and research question 2 are:  

• There are numerous activities in the general process that can generate costly loops of 
activities  

• Implementing Consolidated Deliveries addresses the amount of incoming deliveries to the 
project, and focuses on reducing buffer stock at the worksite 

• Implementing Carry-in Services keeps the workforce uninterrupted  
• Implementing the Delivery Calendar increases transparency and possibility to optimize the 

usage of resources  

In the general process there are often many incoming deliveries that will compete for the unloading 
zones, unloading resources, and also for the workforce, as they are needed to carry the materials. 
Due to the scarce resources projects are vulnerable to unexpected deliveries. The generally poor 
delivery precision (which of course applies when implementing a logistics service also), and sudden 
issues solved to the lowest cost at that moment, results in decisions that are not always thought 
through all the way down the process. Practically it results in an interrupted workforce due to need 
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of their assistance at the time of a delivery, moving materials around, storing materials (buffer stock) 
at the worksite, and time wasted on looking for materials, to name a few.  

Due to the uniqueness of each project, the mapped out process is a rough representation of reality, 
although effort has been made to make it as correct as possible.  

The general process map has been a basis for the revised process maps due to implementing a 
logistics service. Consolidated Deliveries aim to reduce the number of deliveries to the worksite, as 
well as it aims to deliver materials JIT. Though unforeseen events can never be foreseen, this service 
will decrease the risks of ad-hoc solutions regarding deliveries. Since an instance is added before the 
worksite, an instance that can discover problems earlier than in the normal state, where a delivery 
comes to the worksite. The flexibility to solve problems in time increases. As it is a service that aims 
for JIT, the element of buffer stocks is eliminated from the process, automatically decreasing risk for 
damaging and losing materials, as well as the time wasted on looking for materials and moving it 
around. The effects of JIT also apply to the implementation of Carry-in Services since employing the 
carrying workers JIT optimizes the service. While Consolidated Deliveries will optimize the truck 
loads, and address the amount of deliveries to the worksite and the activities dictated by a delivery, 
the Carry-in Services aims to keep the workforce uninterrupted enabling them to focus on the core 
task; to build. Unlike the general process, the material supply process with Carry-in Services will not 
need to call down the workforce at the time of a delivery. Thus avoiding numerous occasional 
production stops, due to carrying instead of producing. Not to mention the set-up time that arises 
when interrupted in the middle of a work activity, and when resuming a work activity. The result is 
shorter project duration. 

Implementing the Delivery Calendar does not, in itself, affect the amount of deliveries or whether or 
not to call down the workforce for help. It increases transparency and possibility to optimize the 
usage of resources by providing a dynamic tool for everyone in the project to use when coordinating 
deliveries. The effect on the material supply process is thus increased availability of resources at the 
time of delivery. However, it cannot in itself affect delivery precision but it will give a clear picture of 
what is happening at the worksite in terms of deliveries. It will enable planning and coordination of 
deliveries in a holistic way for the entire project.  

7.1.2 MAIN RESEARCH QUESTION 

The focus for this study has been to arrive at an answer for How to evaluate the effect on the total cost of 
different house construction worksite material supply strategies? There are several ways to answer this question. 
One of which has been the aim throughout this study.  

A process map of the general material supply process at the worksite has been produced, and related 
cost generating parameters have been identified. In addition, the effects on the process and 
parameters have been identified for each logistics service. These mappings serve as a logical tool to 
simulate the effect on the total cost for material supply at the worksite. To proceed to this step, the 
cost generating parameters must first be assigned values through observations and research. By 
entering the values of the parameters into a simulation model, the effects on the total cost, 
depending on the strategy for material supply at the worksite, can be found.  
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The process maps are flexible for those strategies that were found through this research. It means 
that, for example, whether a project has a permanent unloading resource or not can be adjusted for 
in the model by choosing the yes or no paths. Thus, either a flexible model is built where all effects 
are integrated and values are entered depending on strategy, or one model is built for each logistics 
service, and one for the general process, with more static values for the specific strategy of choice.  

7.2 LIMITATIONS  

The master thesis project had a time span of 20 weeks, hence limiting the time for data gathering 
and the ability to make this study as generalizable as possible. It is desirable to interview as many 
projects as possible regarding construction processes to broaden the view of methods. However, 
only five construction projects have been visited and the interviewees at each visit have varied in 
terms of how many were interviewed and what role they had. Moreover the nature of interviews has 
varied slightly, which is a limitation also. Some interviews have been in a good interviewing 
environment, others have not. Furthermore the extent to which the results can be generalized is 
limited by the fact that project management in construction project varies constantly, this study 
concerns a process that cannot be determined in exact terms. The results are meant to contribute to 
an understanding of the differences that exist. The human factor, as well as the low level of 
standardization, is a large part of construction projects, as humans mainly perform the production. 
This contributes to certain factors in the processes that can never be determined for sure. The 
processes are determined in broad terms of the activities related to material supply that take place. 
Hence only seen a fraction of the whole picture may have been seen.  

The size of the projects has not been considered in the process, as the available projects were based 
on the network of contacts within the logistics and procurement units. However, the size of the 
project will be reflected in the planning of strategies, such as usage of resources, and the volume of 
deliveries. The model should therefore be possible to use in order to evaluate any project.4 
Furthermore, the geographical location has not been included in the model, although it impacts the 
preconditions of each project. This is because the projects that were visited did not provide a broad 
enough distribution of geographical locations for such a study. The time limit of the study 
demanded a more narrow focus.  

The analysis of the effect of the implementation of the Delivery Calendar has been limited by the 
fact that very few of the visited projects have been using it, thus very few workers could share their 
experience with it. However one member of the logistics unit had immense experience of a similar 
tool, from which insights of the use of the Delivery Calendar could be gained.  

  

                                                
4 Projects visited has been in the range of 80-400MSEK 
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7.3 FUTURE RESEARCH 

The main point for future research is conducting the simulation based on the models that have been 
created during this study, a simulation of two parallel processes, one of the actual production, and 
another of the material supply process at the worksite, and how the two affect each other through 
the sharing of the same resources (people, area, and machines). For further details of the simulation 
see chapter 5.4 Simulating the Effect on Total Cost and chapter 5.4.1 Simulation Model Prototype. 
In order to refine the results of such a simulation real values need to be found for the data 
parameters. Values from all the processes are needed as the parameters differ between the general 
processes and when implementing a logistics service. Each strategy affects the data parameters to 
different extents. A complete picture with quantities has not been given in this study, and will in 
many cases require observations. As stated in chapter 7.2 Limitations, the human factor, and the low 
level of standardization contributes to the fleeting nature of the processes in construction. It will be 
a challenge for future frequency studies to fill in the values of the parameters that are yet unknown. 

Throughout the study it has been understood that there are numerous soft parameters that have an 
effect on the process from the general to one with a logistics service. These parameters’ real impact 
on the total cost remains to be investigated. 

Furthermore it has been realized that there are many similarities between constructing residential 
apartment buildings and commercial properties such as offices. There are similar materials and 
activities between the two, with the obvious exceptions that offices require fewer bathrooms and 
kitchens. In addition, there are many more big spaces and rooms in a building with offices. 
Nonetheless it is possible that the results of this study are applicable also on commercial buildings. 
However future research on this prospect need to be conducted in order to investigate the real 
possibility.  
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APPENDICES 

APPENDIX 1: GENERAL PROCESS MAP 

APPENDIX 1.1: GENERAL PROCESS MAP ZOOMED-OUT  
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APPENDIX 1.2: GENERAL PROCESS MAP 
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APPENDIX 1.3: GENERAL PROCESS MAP, DIVIDED INTO PARTS 
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APPENDIX 2: PROCESS MAP CONSOLIDATED DELIVERIES 

APPENDIX 2.1: CONSOLIDATED DELIVERIES PROCESS MAP ZOOMED-OUT  
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APPENDIX 2.2: CONSOLIDATED DELIVERIES PROCESS MAP 
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APPENDIX 2.3: CONSOLIDATED DELIVERIES PROCESS MAP, DIVIDED INTO PARTS 
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APPENDIX 3: PROCESS MAP CARRY-IN SERVICES 

APPENDIX 3.1: CARRY-IN SERVICES PROCESS MAP ZOOMED-OUT  
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APPENDIX 3.2: CARRY-IN SERVICES PROCESS MAP 
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APPENDIX 3.3: CARRY-IN SERVICES PROCESS MAP, DIVIDED INTO PARTS 
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APPENDIX 4: PROCESS MAP DELIVERY CALENDAR 

APPENDIX 4.1: DELIVERY CALENDAR PROCESS MAP ZOOMED-OUT  
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APPENDIX 4.2: DELIVERY CALENDAR PROCESS MAP 
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APPENDIX 4.3: DELIVERY CALENDAR PROCESS MAP, DIVIDED INTO PARTS 
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APPENDIX 5: AHP WITH PARAMETERS 

APPENDIX 5.1: LEVEL 1 CATEGORIES AND DATA PARAMETERS 
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APPENDIX 5.2: LEVEL 2 AND 3 CATEGORIES AND DATA PARAMETERS 
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APPENDIX 6: PARAMETERS 

NUMBER OF DELIVERIES 
The number of deliveries includes the number of expected deliveries and the number of deliveries 
that are expected to arise due to reorder of destroyed materials. The expected number of deliveries 
depends on the procurement strategy - how optimized are the truck loads. This determines the 
number of times the process is initiated, and how often each delivery-dependent parameter is to be 
run.  

NUMBER OF BATCHES OF PROJECT 
The number of batches includes the expected volume for the project and the predicted reordered 
materials. The expected volume is the volume predicted in the plan that is necessary for the 
completion of the project. This determines the number of times each volume-dependent parameter 
is to be run.  

COST OF DELIVERY 
Transportation of the goods from the supplier to the worksite is performed by a carrier that charges 
a price. Each project negotiates prices of deliveries with the carrier, thus an average of cost of deliveries 
should be calculated. 

PROBABILITY OF ASKING FOR DELIVERY NOTIFICATION 
How probable it is that delivery notification was desirable when the order was placed. 

PROBABILITY OF DELIVERY NOTIFICATION ON TIME 
How probable it is that a delivery notification occurs in time to do the necessary preparations for a 
delivery to be handled without interruptions. 

WORKSITE COSTS 
A proportion of the project cost is the constant ticking of permanent resources. Examples include 
permanent machines, paling, sheds, and electricity. (Production manager, Project E, 2015) These 
resources are at the site 168 hours a week, which in some cases is paid for as long as they are at the 
site. (Purchaser, Project C, 2015) For project duration, also salaries of white-collar workers and the 
workforce are included.  

SALARY OF WHITE-COLLAR 
White-collar are also permanent resources, and their activities are assumed to occur in parallel with 
production. That is, their main tasks are managing activities that are necessary as long as the 
production is running. They are paid salary for the duration of the project.  

SALARY OF THE WORKFORCE 
The members of the workforce are also permanent resources that will be paid for the duration of 
the project.  
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PROBABILITY OF THE DELIVERY TO BE IN TIME AS AGREED AND AS NEEDED FOR PRODUCTION 
One of four options of the time of delivery. How common it is that a delivery occurs at the time 
that was asked for and without being late for production.  This probability is for each delivery, that 
is several batches of materials. 

PROBABILITY OF THE DELIVERY TO BE LATER THAN AGREED 
One of four options of the time of delivery. How common it is that the delivery does not arrive at 
the ordered time, while not being late to deliver the goods before they are needed in production. 
This probability is for each delivery, that is several batches of materials. This probability is for each 
delivery, that is several batches of materials. 

PROBABILITY OF THE DELIVERY TO BE TOO LATE FOR PRODUCTION 
One of four options of the time of delivery. How common it is that the delivery does not arrive in 
time to deliver the goods before they are needed in production. This probability is for each delivery, 
that is several batches of materials. 

PROBABILITY OF THE DELIVERY TO BE EARLIER THAN AGREED 
One of four options of the time of delivery. How common it is that the delivery arrives earlier than 
the time that was ordered, and thus appears unexpectedly. This probability is for each delivery, that 
is several batches of materials. 

PROBABILITY OF AVAILABLE UNLOADING ZONE 
Each time a delivery occurs, it should be questioned whether an unloading zone is available or not. 
How frequently this occurs will determine the probability that an unloading zone is available when a 
delivery vehicle arrives. This probability is for each delivery, that is several batches of materials. 

TIME BEFORE UNLOADING ZONE BECOMES AVAILABLE 
When all unloading zones are occupied when a delivery vehicle arrives, it has to wait for one to 
become available. This time is for each delivery, which is several batches of materials, in case no 
unloading zone is available.  

NUMBER OF DELIVERIES WITH TRUCK 
The number of deliveries with materials that require an unloading machine from the group truck, 
such as telescopic handler or similar, to unload materials or to move materials from buffer stock. 

NUMBER OF DELIVERIES WITH CRANE 
The number of deliveries with materials that require a crane as an unloading resource to unload 
materials, or to move materials from buffer stock. 

NUMBER OF DELIVERIES CARRIED BY HUMAN RESOURCE 
The number of deliveries with materials that require human resources as unloading resource to 
unload materials, or to move it from momentary unloading.  

PROBABILITY OF PERMANENT CRANE 
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How common it is that a project chooses to have permanent cranes.  

PROBABILITY OF PERMANENT TRUCK  
How common it is that projects have permanent telescopic handlers or similar. 

PROBABILITY OF THE RIGHT UNLOADING MACHINE BEING AVAILABLE  
Each time a delivery occurs, it should be questioned whether the chosen unloading machine is 
available or not. The probability is the frequency of which the unloading machine is available at the 
time when needed for unloading or relocation of materials. This probability is for each delivery, that 
is several batches of materials. 

PROBABILITY THAT THE UNLOADING MACHINE IS WAITING AT THE SITE FOR DELIVERY 
How common it is that unloading machines have been waiting at the site for a certain amount of 
time before the delivery arrives. 

TIME FOR THE UNLOADING MACHINE TO WAIT ON DELIVERY TO ARRIVE  
The average time that unloading machines wait for deliveries to arrive. 

PROBABILITY OF PERMANENT UNLOADING RESOURCE FREE TO USE 
How probable it is that the permanent unloading resource will be free to use once needed. 

TIME TO WAIT FOR THE UNLOADING RESOURCE TO BE FREE TO USE 
The average time to wait for a permanent unloading resource to be free to use. 

TIME FOR TRANSPORTING THE UNLOADING MACHINE TO THE SITE  
The time to transport the unloading resource from the supplier to the worksite is part of the time 
that an unloading resource is rented. It is thus multiplied by the rental cost to find the total cost.  

RENTAL COST OF UNLOADING MACHINE 
The hourly cost of renting an unloading machine. To get a general outcome of the process cost, the 
rental cost for the unloading machine is an average of the most common machines used in the 
group. However, the price differs between different regions, and different suppliers are used, thus 
the average should be based also on these.  

TIME BEFORE UNLOADING MACHINE IS AVAILABLE 
The time from when a delivery arrives that has not been prepared for, until the unloading resource 
has reached the site. This depends on how busy the suppliers are and the time it takes to transport 
the unloading machine to the site. However, this time is waiting time that causes delay in production 
in case the delivery is late for production or JIT. 

TIME FOR UNLOADING RESOURCE TO UNLOAD MATERIAL 
Time for each batch to be unloaded from the delivery vehicle by the unloading resource. Unloading 
in this study is defined as the activity of lifting a batch from the delivery vehicle up in the air. The 
following activity is transportation or carrying to complete the movement. This time is also 
multiplied by the rental cost of unloading machines to get the final cost, and the total depends on 
the volume of delivery. 
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TIME FOR RESOURCE TO TRANSPORT MATERIAL FROM DELIVERY VEHICLE TO INTENDED 

DESTINATION 
The time for unloading machine to transport materials from the delivery vehicle to the intended 
destination includes trucks and cranes. It adds up to the time that the unloading resource is used for 
value-adding activity at the worksite. The time is for each batch. 

TIME FOR THE WORKFORCE TO CARRY MATERIAL  
The time for the human resource to carry materials from the point where they can take care of it to 
the intended destination. This is time away from production due to carrying and will affect project 
duration. The time is for each batch.  

SET-UP TIME FOR THE WORKFORCE TO LEAVE OR RETURN FOR PRODUCTION 
The set-up time is when the workforce leaves or returns to construction activities for handling 
materials. It includes laying down tools, resetting to the activity, and any intermediate time lost due 
to nearby breaks that makes it unnecessary to return to activity. This time is for each delivery, which 
is several batches of materials. 

PROBABILITY OF AVAILABLE TRANSFER RESOURCE 
Transfer resources are resources that are needed for human resources to carry materials. It includes 
elevators, which also transports the workforce to and from their activities. This means that they are 
used in parallel for the construction process and the material supply process at the worksite. Thus 
the frequency of how often waiting for transfer resource occurs is interesting. 

TIME FOR THE WORKFORCE TO WAIT FOR A TRANSFER RESOURCE 
The time that the workforce waits for transfer resources is time away from production, affecting 
project duration. The time is for each batch. 

PROBABILITY OF BUFFER STOCK 
How often materials are placed in buffer stock. This is per batch of materials. 

PROBABILITY OF MOMENTARY UNLOADING 
How often materials are unloaded for momentary unloading. This is per batch of materials. 

PROBABILITY OF POINT OF INSTALLATION 
How often materials are placed at the point of installation straight after delivery. This is per batch of 
materials. 

PROBABILITY OF HAVING TO CLEAR AREA FOR STORAGE 
How often area has to be cleared for materials to be stored. This is per delivery. 

TIME TO CLEAR AREA FOR STORAGE 
How long it takes on average to clear area for storage. This time is for each delivery, which is several 
batches of materials.  
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PROBABILITY OF MATERIAL WASTE 
For each time the probability of buffer stock is positive, the frequency of materials being lost or 
damaged should be questioned. 

MATERIAL COST OF DESTROYED MATERIAL 
The costs of different pieces of materials. For each time a certain material is considered as waste, a 
new piece has to be paid for.  

TIME FOR ORDERING NEW MATERIAL  
How much time it takes to place an order. For each time a certain material is considered as waste, a 
new order of that material must be placed, adding to time for stop of production. 

PROBABILITY OF SUBSEQUENT DELIVERY 
How common it is that a delivery arrives straight after another has been unloaded. 

PROBABILITY OF WANTING THE SAME UNLOADING MACHINE FOR THE SUBSEQUENT DELIVERY 
How common it is to reuse the same unloading machine for a subsequent delivery. 

TIME FOR THE WORKFORCE TO SEARCH FOR MATERIAL 
When materials have been placed in buffer stock, it happens that it is not found straight away once it 
is needed. This time differ for each time and sometimes leads to nothing (lost material → waste). 
The time is for each batch of materials.  
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APPENDIX 7: SIMULATION MODEL PROTOTYPE 

APPENDIX 7.1: SIMULATION MODEL PROTOTYPE, PART 1 
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APPENDIX 7.2: SIMULATION MODEL PROTOTYPE, PART 2 
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APPENDIX 7.3: SIMULATION MODEL PROTOTYPE, PART 3 
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