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Abstract 

The manufacturing industry has made an extensive journey through the last century when it comes to 

increasing productivity. Results in the construction industry end up far behind manufacturing and do 

not show anywhere near the same efficiency increase, improved quality or decreased costs. There are 

a lot of potential savings in the form of activities that consumes resources without creating value for 

the end customer, also called waste. Waste in combination with uncertainty and variability in task 

duration forces the project duration to be longer than necessary. 

The purpose of this study is to investigate the opportunity to shorten the lead time of a construction 

project and investigate how construction companies can work continuously towards shorter project 

lead times. The purpose has been fulfilled through a time study performed at four projects managed 

by one of the leading construction developers of residential buildings in Scandinavia. Waste and 

variability were mapped in the interior phase. The measured time for each activity was categorized 

either as; value adding time (VT), necessary but non-value adding time (NNVT) and non-value adding 

time (NVT). The results showed that mounting consists of 48 % VT, 28 % NNVT and 24 % NVT, while 

material handling consists of 0 % VT, 75 % NNVT and 25 % NVT. The results further showed large 

variability in task duration between the projects. 

Theory from lean, logistics and scheduling were combined to form three different scenarios for 

shortening project lead times. The first scenario describes how to work with removing waste from the 

process. The second scenario describes how to reduce variability and thus be able to reduce buffers in 

the time plan. The last scenario describes how support processes, for example material handling, can 

be removed from the critical path, in order to reduce project lead times.  A proposal for a general 

approach for continuously working with decreasing project lead times is also presented. Central 

aspects for shortening project lead times were concluded to be the takt time, variability and risk. The 

proposed approach involves a combination of the three scenarios, where their impact on each other is 

considered.  
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Sammanfattning 

Tillverkningsindustrin har gjort en omfattande resa under det senaste århundradet när det gäller att 

öka produktiviteten, medan byggbranschen inte visar i närheten av samma ökning i effektivitet, 

förbättrad kvalitet eller minskade kostnader. Det finns många potentiella besparingar i form av 

aktiviteter som förbrukar resurser men som inte skapar något värde för kunden, även kallat slöserier. 

Slöserier i kombination med osäkerhet och variabilitet i arbetsmomentens varaktighet tvingar 

projektens ledtider att vara längre än nödvändigt. 

Syftet med denna studie är att undersöka möjligheten att förkorta byggprojekts ledtider och undersöka 

hur byggföretag kontinuerligt kan arbeta mot kortare ledtider. Syftet har uppfyllts med hjälp av en 

tidsstudie utförd på fyra projekt vid en av de ledande projektutvecklarna av bostadshus i Skandinavien. 

Slöserier och variabilitet i inredningsskedet har kartlagts. Den uppmätta tiden för varje aktivitet är 

kategoriserad efter; värdeskapande tid (VT), nödvändig men icke-värdeskapande tid (NIVT) och icke-

värdeskapande tid (IVT). Resultaten visar att montering består av 48 % VT, 28 % NIVT och 24 % IVT, 

medan material hantering består av 0 % VT, 75 % NIVT och 25 % IVT. Vidare visar resultaten på stor 

variabilitet i varaktigheten av aktiviteter mellan projekten. 

Teori från lean, logistik och schemaläggning kombinerades för att bilda tre olika scenarier som kan 

användas för att förkorta projektens ledtider. Det första scenariot beskriver hur man kan arbeta med 

att eliminera slöserier från processen. Det andra beskriver hur man kan minska variabiliteten och 

därmed kunna minska buffertarna i tidplanen. Det sista scenariot beskriver hur stödprocesser, som 

t.ex. materialhantering, kan brytas ut från den kritiska linjen, i syfte att minska projektets ledtid. Ett

förslag till ett generellt sätt att kontinuerligt arbeta med att minska projektens ledtider är också

framtaget och innehåller en kombination av de tre scenarierna. Det framkommer att centrala aspekter

för att förkorta projektens ledtider är takttid, variabilitet och risk. Det föreslagna arbetssättet

innefattar en kombination av de tre scenarierna, där hänsyn tagits till deras inverkan på varandra.
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Explanation of concepts 

VT Value adding Time 

NNVT Necessary but Non-Value adding Time 

NVT Non-Value adding Time 

Waste Resources that do not create value for the end customer. 

Includes both NNVT and NVT 

Flow efficiency Maximizing the value-receiving time of the flow unit 

Resource efficiency Maximizing the value-adding time of the resource 

Variability Variation in task duration 

Critical path The critical path is the chain of dependent activities that 

has the longest lead time in total.  

Project lead time The total duration of the project 
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1. Introduction 
This chapter introduces the reader to the subject by starting with a short background. Purpose, 

delimitations and research questions are also described here. 

1.1 Background  

Centuries ago the emergence of industrialization contributed to a huge increase in productivity in 

several industries (Crowley, 1998). Taylor (1911) started in the early 20th century to measure 

production activities. The fundamental objective was to find the most scientific way to conduct an 

assignment. The resulting method could then be applied to all the workers with the aim to increase 

productivity. This was the start of Scientific Management, which took manufacturing industries to new 

levels of productivity. Not everyone agreed that scientific management was a winning concept, and 

other theories emerged as well. One example is the human relations theory with Elton Mayo in the 

lead. This theory criticized scientific management and put more focus on the workers social needs in 

order to motivate them (Shafritz et al., 2015).  

Throughout the last century manufacturing industries, where the automotive industry is an excellent 

example, made an extensive journey towards increased productivity through standardization and 

centralization (Toolanen, 2006). One example was Henry Ford, who produced the famous Ford model 

T. He used a conveyor belt in his production, and as a result the assembly line method for mass 

production was born. Toyota took the next step creating lean and produced cars that the customer 

actually wanted, not cars the company was best at producing. They moved the focus towards 

increasing the flow efficiency (Modig and Åhlström, 2013). Or as Ohno (1988), often mentioned as the 

fader of lean, said - “Everything we do is watching the timeline, from a customer place an order until 

we receive the payment. Through removing non-value adding activities we work continuously with 

making the timeline shorter.”  

On the other hand, results in the construction industry end up far behind manufacturing and do not 

show anywhere near the same productivity increase, improved quality or decreased costs (Höök and 

Stehn, 2008). Josephson and Saukkoriipi (2009) has found potential savings especially in the form of 

activities that consumes resources without creating value for the end customer, onwards mentioned as 

waste. They further specify 31 recommendations to reduce waste in the construction industry and 

discover that regardless of what activity they look at 50 % of the cost or the time is in most cases 

waste. Björn (2013) further reveals through a closer study on kitchen production that in ideal 

conditions almost 50 % of time can be saved.  

Josephson and Saukkoriipi (2009) demonstrates an increased level of ambition, pronounced by the 

construction companies, to develop the Swedish construction industry. They take the three major 

companies Skanska, NCC and Peab as examples of this, with visions like “we will become a model for 

Swedish industry”. Another initiative comes from Lean Forum Bygg, that work with inspiring 

construction companies to challenge their processes and implement lean in their organizations (Lean 

Forum Bygg , 2016). Several similar visions, improvement programs and statements throughout the 

construction industry together prove that this industry is on its way towards a journey where the goal 

is set higher than ever before, but the question is – how do we get there? (Josephson and Saukkoriipi, 

2009).  
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Lean construction has grown popular as a customized version of lean suited for construction to 

increase productivity (Toolanen, 2006). It is a common opinion that the construction industry has its 

own characteristics and therefore is unable to evolve as other industries, especially when discussing 

the implementation of lean. Arguments are that within the construction industry there is a project 

culture, where every project is unique, built at a unique location and with a temporary set of project 

team members (Vrijhoef and Koskela, 2005). But Jones et al. (2007), among many others, are 

convinced that lean can be used even under the conditions that construction struggles with.  

Logistics, and especially the supply of materials, deserve some attention because it is critical for the 

performance of the craftsmen who later conduct the mounting. Logistics is often an activity that 

subsequently is customized and adopted to fit the specific construction project, with little effort in 

pre-planning (Sullivan et al., 2010). However, literature indicates that minimizing waste with support 

of logistics can have wide impact, both in terms of reducing time and saving money (Josephson and 

Saukkoriipi, 2005).  

Waste in combination with uncertainty and variability of tasks forces the project duration to be longer 

than necessary. To guarantee that the project will finish in time, time buffers are being used when 

putting together the time plan (Ballard and Howell, 1995). However, these buffers are consuming 

resources without adding any value to the customer. If waste, variability and uncertainty could be 

minimized it would be possible to shorten the project lead time. Shorter project durations will not only 

save time and money for the companies, but society will also benefit from shortened project lead 

times. The population in Stockholm is growing fast and the high demand in combination with low 

supply makes it hard for many to afford an apartment (Länsstyrelsen Stockholms län, 2015).  

 
1.2 Purpose, research questions and delimitations 

The purpose of this study is to investigate the opportunity to shorten the lead time of a construction 

project and investigate how construction companies can work continuously towards shorter project 

lead times. To create an understanding of how time is used to accomplish a construction project the 

current practice is mapped. Focus is put on activities on the critical path because those activities 

determine the project duration. Dependent activities that interrelate is studied in order to suggest 

improvements that takes account for previous and subsequent activities. Material handling is 

separated from mounting to engage the logistical impact. The following research questions will help 

fulfilling the purpose: 

1. How is the time used for material handling and mounting distributed from a value adding 

perspective and how much variability is there between projects?  

2. How can project lead times be shortened? 

3. How can a construction company continuously work towards shortening their project lead 

times? 
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This master thesis corresponds to 30 credits, which equals 20 weeks of fulltime work. The limited time 

frame demands limitations in the scope. The chosen activities to study are: 

 Front doors 

 Inner doors 

 Baseboards 

 Door casing 

All of the chosen activities are on the critical path and succeed each other. The entire supply chain of 

these activities is not studied, it is delimited to the part from delivery onsite until assembly is finished. 

Since no previous research has been conducted that evaluates the chosen activities from a value 

adding perspective, data is gathered through a time study. Observations are made at four construction 

sites and material handling at two of these. All of the projects are managed by the same Swedish 

construction company. The projects are chosen with convenience sampling in the Stockholm area. 

Measurement of quality and costs are not included in this study. 
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2. Method 

The following chapter presents the general strategy and methods used in this study. The literature 

review, the time study and the categories for the value-stream mapping are described in detail. Finally, 

the research quality is discussed.  

2.1 Research approach and research strategy 

Saunders et al. (2009) explain a descriptive purpose as when the researcher explore and explain a 

subject while providing additional information. A descriptive research is suitable in this case to answer 

the first research question, due to the absence of data regarding handling and mounting the chosen 

interior. The objective is to reveal a correct profile of the situation, to be able to suggest 

improvement.  

The research approach chosen for this study is an inductive approach.  When the research starts with 

observations of the reality to find patterns and then compare it to theory, the approach is inductive 

(Saunders et al., 2009). In this case it is preferable to use an inductive approach because it is yet 

unknown how the time used for mounting and material handling is distributed and how much 

variability there is in different task durations.  

Choice of strategy is made after formulation of the questions and objectives. It also takes into account 

the available resources and the scope of existing knowledge (Saunders et al., 2009). The choice of 

strategy fell on a time study, in order to map the current situation and thus be able to come up with 

suggestions of improvement. The time study is a qualitative method and provides numerical data.  

2.2 Literature review  

To obtain relevant and up to date theory about the subject, databases were mainly used to search for 

relevant keywords. General keywords were initially used to get a grip of the topic and to define what 

specific area the research should primarily focus on. The following databases have been used during 

the literature review, with the succeeding keywords. 

 Google Scholar  

 Primo  

 Science Direct  

 Scopus  

Keywords: Lean Construction, Value Stream Mapping, Waste, Flow efficiency, Construction Logistics, 

Supply Chain Management in Construction, Scheduling, Buffers, Variability 

In addition, books describing lean and books connecting logistics and supply chain management to the 

construction industry have been used. Both for deepening the understanding and to give the research 

a broader perspective.  
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2.3 Time study 

Primary data had to be collected for the chosen activities, since no previous research has been 

conducted that evaluates those activities from a value adding perspective. A time study was thus 

conducted  at four different construction sites. The craftsmen performing the work were timed and 

notes were taken every time they switch from one sub activity to another. The data was collected in a 

structured way to enable an analysis of the quantified data afterwards.  

The time study started at the delivery of the materials from the truck and ended when the mounting 

in the apartments were finished. Focus was on separating the handling of material from the mounting 

and being as objective as possible in the observations. The first part of the method value stream 

mapping was then used to put together and process the gathered data. The data was divided into time 

spent on value-adding activities, necessary but not value adding and non-value adding activities using 

an excel document after the time study were conducted. It was furthered divided into sub categories 

depending on the reasons for the waste, e.g. rework or waiting. This resulted in an understanding of 

the current situation regarding the average time spent on each activity and what the most important 

causes of disruptions and waste were. It was possible to compare the results from the different 

projects thanks to the companies standardized processes, which included using the same standard 

products in all of the studied projects. 

 

The empirical data gathered through the time study is a vital part in order to improve the planning 

process. If the current situation is not understood it is not possible to come up with suggestions of 

improvement. First of all, the result gave a better understanding of the average time spent on each 

activity and this is important since a more accurate time plan can be constructed. Another important 

insight was the variability in task duration between different projects, since that affect how big buffers 

are added when making the time plan.   

 

The second piece of information the time study generated was regarding the potential improvement. 

By dividing the time spent on different activities into the three categories value-adding activities, 

necessary but non value adding activities and non-value adding activities, conclusions could be drawn 

about how much time could potentially be saved if waste could be eliminated. The further division of 

the waste-time into categories such as rework and waiting made it possible to analyze what 

contributes most to the waste and thus should be the focus of improvement. 

 

Conducting a time study could be questioned from an ethical point of view, since it puts the craftsmen 

in a position where they are being watched and timed as they perform their work. It could be 

perceived by the craftsmen as if they are being assessed on a personal level, even if the focus is 

actually on mapping the process and not targeting individual craftsmen. To avoid exposing the 

craftsmen to this feeling, the purpose of the study was carefully explained before the time study 

started. The craftsmen were assured of their complete anonymity in the report, and in addition, the 

names of the projects where the data were gathered were also decoded in order to protect the 

craftsmen. When all of this had been explained, each craftsman that was subject to the time study 

was asked twice if they wanted to participate and the choice to decline was also brought forward. 

After getting the information and having the possibility to ask questions, most of the craftsmen 

accepted to participate. 



 

7 
 

2.4 Definitions of value and waste used in the Value stream mapping 

The method value stream mapping will be further explained in the theoretical framework chapter, but 

the categories used in this study are presented here. The three main categories are value-adding time, 

necessary but non value-adding time and non-value adding time (Blücher and Öjmertz, 2004). These 

are the same as presented in the theoretical framework. There are seven categories of waste 

presented by Liker and Franz (2011), but since the construction industry is different from the 

manufacturing industry, these sub categories were not the best fit for this study. The further division 

into sub categories was instead inspired by the division made by Björn (2013), who used value stream 

mapping in construction. Some adjustments were made to fit the activities observed in this study and 

the resulting categories with their definitions are presented below: 

 

Value adding Time (VT) - When the craftsman is doing the actual mounting of the material. Sawing is 

also included in this category. 

 

Necessary but Non-Value adding Time (NNVT): 

Co-ordination - When the craftsmen co-ordinate their work amongst themselves or 

with a supervisor. 

Measuring - Whenever the craftsman needs to measure a distance. 

Unwrapping - The material is still partly wrapped up from the transportation in order to 

protect it from getting damaged. Thus, some unwrapping has to be done before 

mounting the material. 

Cleaning - Sweeping, cleaning up and throwing away garbage. 

Preparations - Preparing for the activity by gathering the needed tools and equipment, 

but also putting them back when the activity is finished. 

Adjusting - When the craftsmen has mounted something and then adjust it to fit 

properly, make something to be in line or be in level. This could be adjusting a door so it 

closes properly.  

Internal transport - When transportation of material is done at the construction site. It 

could be a door casing from a storage area, example a living room, to the right room, 

example one of the bedrooms. 

Delivery check - When the material is unloaded from the truck it should be checked for 

damages and make sure that what was ordered was the same as the delivered material.  

Unloading – The actual unloading process where material is removed from the 

incoming vehicle.  

Storing – When material is temporarily stored before being moved again 
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Non-Value adding Time (NVT): 

 

Waiting - Occurs when the craftsmen are unable to perform the task because someone 

else occupies a machine or has put materials in the way. It could also be when previous 

interior activities are not finished and the craftsman has to wait. 

Unnecessary movement - Movement of the craftsman that is not creating any value or 

is necessary for other tasks to be done. 

Unexploited time - Time that is not creating any value or is necessary for other tasks to 

be done. 

Rework - When a craftsman has to redo his own work. It could be measuring and 

sawing a new piece of baseboard because the previous became too short.  

Overproduction – An excessive sub task that is not normally part of the studied task. 

This excessive sub task may have come up because a previous craftsman have failed to 

perform their task, or has performed their task in a way that creates more work than 

necessary for the succeeding craftsman.  

 

2.6 Research quality 

Before starting the data collection, the two authors carefully read through the mounting instruction 

document for the chosen activities, as well as defined the different categories that was to be used 

when dividing and analyzing the data. At the first construction site, all the activities were observed at 

least once before starting the data collection. By doing this the authors were already familiar with the 

tasks before the data collection started and could thus be focusing on being objective and judge the 

situations correctly. It also gave the authors the opportunity to discuss with each other how to 

interpret different situations as well as discuss what was most important to focus on. The data 

collection was carried out in the same way at all construction sites. When possible, every activity was 

studied more than once in each project and with different craftsmen.  

The possibility of the author’s presence having an effect on the craftsmen’s performance during the 

time study could not be ruled out. It could either have had the effect that the craftsmen took longer 

time than usual because they were more thorough and focusing on the quality, but it could also have 

had the opposite effect, where they were trying to finish as fast as possible at the expense of quality.  

Since the craftsmen could choose to participate or not participate in the study, this could mean that 

only craftsmen with a certain type of personality were observed in the study. The author’s tried to stay 

in the background, but some craftsmen were very talkative when they performed their tasks, which 

may have affected the results.  
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3. About the studied company  
A short description of the studied company is presented here. 

The research has been conducted at one of the leading construction developers of residential 

buildings in Scandinavia. The company’s operational focus is within production of new residential 

buildings and the target market is located in larger cities with expected expansion opportunities. The 

authors have chosen to study this company because it is an important actor in the residential 

construction sector and because their recent decision to focus on the issues investigated in this 

report.  

The company currently emphasizes on developing their operational processes and create structure 

throughout the company for how the processes should function. Because construction companies 

usually work in projects, where this company is no exception, there are various difficulties when 

defining and developing the processes. Each project has its unique set of project teams, is built at a 

specific location and with a somewhat customized product.  

The adoption of lean has been chosen to be a major part of the development of moving towards a 

more structured production. Effort has been put into developing the understanding of lean to every 

co-worker on all levels. The company believe uniformity and standardization to be critical aspects, as 

well as having a mindset to strive towards improvement and trying to make the unpredictable more 

predictable.  

The company’s first steps towards a structured production process has resulted into predetermined 

instructions to follow for all critical mounting activities. Instruction documents for the material 

handling is currently being developed. Supporting activities, such as purchasing, calculation and 

designing, has to varying extents been successfully standardized. The planning has through these 

improvements moved towards standardization and is divided into an overall production plan, a five 

week plan, a weekly plan and daily control. There is also a takt time to follow in every mounting 

activity. The takt time is 1,33 days per apartment and per mounting activity in the interior phase. 

Internal transport and carrying is included in the takt time. The choice of takt time was based on the 

appraisal of several supervisors and site managers working in different projects.  
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4. Theoretical framework
This chapter presents the theories this study focus on. The theory is contextualized for the construction

industry and function as a step towards answering the research questions.

This chapter starts from a production and process perspective with lean and logistics and then 

narrows to a project perspective at how scheduling is related to waste and variability. This chapter 

aims to combine theory regarding lean, logistics and planning which further is described as essential 

and interdependent aspects for managing and improving the productivity of construction projects. 

The theory further aims at long term success through developing construction companies operations. 

Since if the operations are improved they can be repeated in forthcoming projects. 

4.1 Lean 

One of the most known and used philosophies to increase efficiency in a company is lean. The main 

goal is to create value for the customer with as little effort as possible from the company (Modig and 

Åhlström, 2013). Lean is not a tool that can be implemented, it should be seen as a way to approach a 

vision where value is created for the customer and non-value adding activities are eliminated 

(Petersson et al., 2009). According to Bicheno et al. (2006) the vision should be a fast and flexible flow 

within the production. Dennis (2007) further claims that the main goal should be to deliver the best 

quality at the shortest time to the lowest cost. Womack and Jones (2003) gather lean into five 

principles, presented below: 

 Specify the value flow

 Identify the value flow

 Create value flow and manage the value to flow

 Produce on demand and create a pulling system

 Achieve perfection

To specify the value flow the customer is placed in the center of attention. The goal is to identify the 

existing value flow by mapping the value from raw materials to the end customer, the section 

regarding value stream mapping describe this further.  

4.1.1 Value and waste 

Activities are operations that consumes time and resources. When identifying the value flow it is 

essential to find out which activities that create value. The other activities that do not create value can 

either be necessary for the customer or for the company, or be activities that do only consumes time 

and resources without adding any value. These can be categorizes as follows (Blücher and Öjmertz, 

2004): 

 Value adding activities

 Necessary but non-value adding activities

 Non-value adding activities
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Research from Hermansson and Mikaelsson (2010) reveals that within the overall project most of time 

and resources is spent on non-value adding activities. Björn (2013) further discover similar findings 

within the production of kitchen interior which is an activity closely related to the activities studied in 

this research. Their research also indicates that the value adding activities are consuming similar 

amount of time and resources while the non-value adding activities differ.  

Focus has traditionally been put in optimizing value adding activities (Josephson and Saukkoriipi, 2005) 

which often has a limited impact on the total lead time (Blücher and Öjmertz, 2004). Lean instead 

contributes the possibility to increase the performance and effectiveness of the whole production 

system. The focus is put in reducing and eliminating the activities that do not produce value for the 

customer (Modig and Åhlström, 2013). These activities are labelled as waste, in Japanese named 

“muda”, and interpreted as activities that do not create value for the customer (Liker and Franz, 

2011). Toyota, in many ways founder of lean, identified seven categories but more recent researcher 

from researchers as Liker and Franz (2011), Segerstedt (2008), Blücher and Öjmertz (2004) agree that 

the following eight categories should be identified: 

 Motion 

 Delay 

 Conveyance 

 Correction 

 Over processing 

 Inventory 

 Overproduction 

 Unused creativity  

4.1.2 Value Stream Mapping 

Activities that are not measured are hard to control and therefore difficult to improve (Womack and 

Jones, 2003). Value Stream Mapping (VSM) is a tool from lean, originated from Toyota Production 

System, which link activities to each other in a stream (Rother and Shook, 2004). If activities cannot be 

linked to each other they can never be improved, it will only be possible to make sub optimization, and 

to see the totality of the value chain mapping of the process is necessary. VSM describes in detail how 

the business is working through its value stream (Womack and Jones, 2003).  

Conducting VSM includes the initial mapping, analysis and design of the business. It is important to 

understand that VSM is the beginning in the work of value stream management and not a quick-fix 

(Keyte and Locher, 2008). It is called a “paper and pen” method due to its nature of collecting data by 

hand to visualize the information and material flow (Dennis, 2007).  

VSM is performed in three steps. First the current state is mapped, this should be done by collecting 

real facts and not just based on assumptions of a company employee (Rother and Shook, 2004). From 

the mapping the second step performs an analysis based on the lean principles to create a future 

desired state. In the third step a plan of action is conducted which aims at how to practically reach the 

future state from the current (Petersson et al., 2009).  
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4.1.3 Resource efficiency vs. flow efficiency  

Organizations tend to focus on maximizing the use of resources rather than focusing on maximizing 

the flow. If someone purchase e.g. a machine, it is considered good to maximize the output of that 

specific resource. Modig and Åhlström (2013) demonstrate that in many cases this become the main 

goal. However, a company do not create products just for the creation, they create products to fulfill a 

customer need. The goal in lean should be to obtain high flow efficiency but also strive towards 

continuously increasing both flow and resource efficiency. When emphasis is put on the customer 

demand and short cycle times, the company focuses on flow efficiency. This means mainly focusing on 

the unit that is refined, rather than the resource that refine the unit. “Flow efficiency is the sum of all 

activities that create value in relation to the throughput time” (Modig and Åhlström, 2013). The 

throughput time is defined as the flow units in work multiplied with the cycle time. In the perfect 

condition the organization has high efficiency of both resources and flow, but due to variability this is a 

complex and difficult task. The following figure describe the difference between resource and flow 

efficiency.  
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Figure 1. Resource efficiency and flow efficiency. Based on a figure created by Modig and Åhlström (2013). 
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4.1.4 Lean construction  

Several attempts have been done to apply lean in the construction industry (Howell, 1999). Yet, a 

major challenge has been that the construction industry works a project based manner (Genaidy et al., 

2006). The construction site makes it difficult to apply former lean tools as successfully as they have 

been implemented in the production industry. Jones et al. (2007) clarifies that they are convinced that 

lean and its principles can be used in every country and in every industry. Construction still struggles 

with its discontinuity and has to in some ways be adapted to fit a project-based context (Höök and 

Stehn, 2008). Lean construction has therefore been developed to solve issues with implementing lean 

in construction. Several tools are fairly new and not so well tested yet. Studies show that lean 

construction techniques can affect the bottom line of a project which has led to increased interest 

among companies (Genaidy et al., 2006). There is a focus on waste, similar to lean manufacturing, but 

in construction focus also has to be on managing the flow and not mainly on the production 

processes. This highlights management systems as a crucial part of lean construction besides the 

production processes (Ballard, 2003). 

In Sweden implementing lean tools direct from the manufacturing industry has been of main focus, 

with lack in understanding the fundamental philosophy that lean is built on (Blücher and Öjmertz, 

2007). When implementing lean, focus has been on using tools and methods but instead it should first 

be put in the company’s values, principles, philosophy and culture (Hermansson and Mikaelsson, 

2010). Eriksson (2010) express six core elements in lean construction through reviewing extensive 

literature. The mentioned elements are presented below and afterwards three aspects of main 

concern in this study is closer examined: 

 Waste reduction 

 Process focus in production planning and control 

 End customer focus 

 Continuous improvements 

 Cooperative relationships 

 Systems perspective 

Waste reduction and especially housekeeping comes forward as the main element of the presented 

above. Organizing the site and constantly keeping it seems to be the main point. To obtain a clean site 

it indicates that material and tools should be kept at a minimum level. 

End customer focus aims to maximize the value and is therefore an essential element within lean. 

Satisfaction for the customer is achieved during the process of making the product and of the 

experience of the received product. The challenge is to create sense for contractors and suppliers so 

they understand the importance of what the customer actually needs and not what the customer asks 

for. Closer cooperation between engineers has been proven to increase problem solving and improve 

teamwork and this can be reached by early integrating and involving the contractor’s engineers in the 

planning phase (Jorgensen and Emmitt, 2009). Eriksson (2010) found that significant time savings can 

be obtained by early involvement of engineers. Competition through price often decrease cooperation 

and working towards customer needs. Therefore soft parameters can be introduced which aims at 

satisfying the customers actual needs (Eriksson and Nilsson, 2008).   



 

16 
 

Just-in-Time (JIT) is a way to address minimization of materials. The general case is that there is more 

material than needed at a construction site with results of congestion, material damage, extra and 

unnecessary movement and storage. Logistics planning at a construction site should aim at minimizing 

material handling, storage and movement (Lundesjö, 2015). Liker (2004) define Just-In-Time (JIT) as “a 

set of principles, tools and techniques that allows a company to produce and deliver products in small 

quantities, with short lead times, to meet specific customer needs”. Lundesjö (2015) see JIT as “a 

service of frequent deliveries in work packs or task loads, ‘pulled’ just in time for the trade to perform 

the next task without incurring and delays”. JIT tends to increase transportation to the site but this 

contradicts environment thinking and to minimize resources assigned for material handling. To make 

different kinds of consolidation of materials, grouping materials together has been proven effective to 

manage JIT without increasing transports to the site.  

4.1.5 Converting Lean from Manufacturing to Construction 

Genaidy et al. (2006) sudied a pilot project with an implemented lean approach and found that the 

implementation resulted in the project being within budget and three weeks ahead of schedule. 

Subcontractors were also satisfied at a higher rate with their relation to the general contractor. This 

study has no intention of investigating how an increase in pre-fabrication can affect construction, even 

though this would decrease the gap between construction and manufacturing (Green and May, 2005). 

Through research Genaidy et al. (2006) discuss, using a common framework from Monden (1993) and 

Feld (2001), how lean can be moved from the approach used in manufacturing to how it could be 

implemented in construction. Following highlights central aspects when implementing lean in 

construction. 

Flow variability is an important issue in lean construction, since one activity running late could mean 

the entire project is delayed. Within manufacturing production variability is controlled through 

levelling the production according to the fluctuation in demand. Techniques that are used for this in 

manufacturing are product sequence scheduling, flexible standard operations, multifunctional layout 

design and total preventive maintenance (Genaidy et al., 2006).  

One of the methods for handling the flow variability in a construction project is the Last Planner. The 

Last Planner System (LPS) was developed to fulfill the needs of several functions to manage the issue 

of work flow variability. LPS consist of five integrated main elements. Those are master planning, 

phase planning, look ahead planning, weekly work planning and percent plan complete. By 

incorporating the look ahead planning and the make-ready process, construction managers can 

ensure the availability of sufficient information, equipment and material for the upcoming tasks.  The 

weekly work planning procedure also offers a way of making sure that the preceding activities have 

been completed. Furthermore it secures the voluntary and reliable commitment of the work teams 

involved (Ballard 2000). One of the most important features of the LPS tool is to achieve realistic 

planning by evaluating the worker performance based on how well they honor their commitments 

(Stratton et. al., 2010). LPS is illustrated through the figure below. 
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Figure 2. The Last Planner System (Ennova, 2016). 

The empirically observed benefits include reduced cost and duration of project due to improved safety 

and work quality, improved productivity, more accurate prediction of resources, improved planning 

reliability and efficiency, enhanced learning process due to the continuous assessment and reduced 

uncertainty. These benefits are pointed out in several research papers and case studies across several 

different countries (Stratton et. al. 2010). Despite the many positive effects from implementing the 

Last Planner, some critical points have been raised about the Last Planner as well, such as no natural 

flow of information back to the Master plan and Phase plans, that there is a challenge to track projects 

due to the general lack of recognition and integration with a scheduling system and finally that except 

for Percent Plan Complete and the Non-completion charts the Last Planner does not offer any explicit 

visual tools (Dave et. al. 2015). Genaidy et al. (2006) found that LPS is developed enough for 

implementation but great emphasis should be on variance analysis.  

Process variability is the variation within the process and is in lean manufacturing handled with visual 

inspections. In manufacturing the process can be stopped when a problem is found and the root cause 

can be found, called fail-safe or “Poka-yoke” (Shingo, 1985). In construction problems are harder to 

find, and the process cannot be stopped in the same way, and therefore focus can be put on 

preventing defects. Fail-safe for quality can be used where every activity is quality and safety tested 

after every first-time it is done (Millberg and Tommelein, 2003).  

Transparency is useful to gain a transparent construction site where the materials can flow efficiently. 

Genaidy et al. (2006) show that the five S’s, which is used for housekeeping in production plants, can 

be used to detect the work flow. The five S’s are sort, straighten, standardize, shine and sustain (Dos 

Santos et al., 1998).  

Continuous Improvement is not an aspect that can be derived to a specific technique. In every lean-

based technique there is an approach towards continuous improvements (Genaidy et al., 2006). The 

PDCA cycle consist of plan, do, check and act. This technique is built on continuous improvements and 

can in construction be used to have the plan of a process as a starting point. Then test the process by 

doing it a first time and check what actually happened by measuring the results. From the results new 

standardization is implemented if something was found to be successful. The cycle is then repeated to 

continue the improvement. Long-term contracts decrease focus on the traditional approach centered 

on cost reduction which has a short-term perspective. When contracts stretches between projects 

experience knowledge is facilitated and can be improved continuously (Green and May, 2005).  
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4.2 Construction logistics 

Management of construction logistics stretches from the management of site inventory, material 

transportation – internal and external, waste, recycling etcetera. All logistic activities are defined as 

non-value adding, because they do not create direct value for the customer. However, most of these 

activities are necessary which according to lean theory means they should aim towards minimization 

the time and resources they consume.  There are unique conditions in construction which makes 

logistic activities challenging in other ways than in other industries (Lundesjö, 2015). This section 

addresses these conditions, and challenges, and explore what can be learned by other industries, what 

lessons construction itself has learned through the years and what recent literature think of future 

construction logistics. This theory is aimed at logistic activities that affect material handling in the 

interior phase of a construction project. Josephson et al. (2011) clarifies that research concerning the 

flow of materials at a construction site has gained remarkably low attention, even though the quantity 

of material that is handled is of significant importance and value for construction companies.  

The perception of logistics have changed through the history. From “the management of all activities 

which facilitate movement and the coordination of supply and demand in the creation of time and 

place utility” (Hesket et al., 1973). Through “the control of the physical flow of materials and goods 

and related information that a firm sends, transfers and receives” (Colin and Fabbe-Costes, 1994). To 

more recent “logistics management is 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”(CSCMP, 2013).   

In this study logistics comprises the last mentioned and most recent definition of what logistics is. It 

then narrows to material handling on site which stretches from the truck arriving to the construction 

site until the material is delivered in the right apartment prior to mounting in order to remain within 

the scope of this study. The handling of materials at the site is a critical activity in construction and has 

a significant effect on productivity therefore this specific activity is an essential and important part in 

the construction process. It was also concluded that with satisfying construction logistics planning 5 

percent could be reduced of the total construction cost. This was concluded through minimizing waste 

and completing the project earlier than the initial planning. Reduced absence of material and 

increased labor satisfaction was not measured but was mentioned as possible additional effects and 

minimized waste (Agapiou et al., 1998).  

4.2.1 The challenge 

Processes of construction logistics can seem to be generic and recurrent, internal transportation as an 

example has to be done from the unloaded truck to a specific apartment. But the diversity between 

the construction sites, even in the same company who seems to build standardized houses, varies. A 

construction site is never at the same location, and because geography and demography varies the 

circumstances varies for how logistics can be managed (Lundesjö, 2015).  

Logistics as a separate construction activity first appeared when construction management became 

popular. In the UK this happened in the 1980s (Sullivan et al, 2011) and in the late 1990s logistics in 

construction received more and more attention (Lundesjö, 2015). It is clear that construction lagging 
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behind in development of logistics compared to other industries (Strategic Forum for Construction, 

2002), similar to the journey lean, as previously section mentioned, have had. One example is the 

retail industry which already in the 1970s took control over their supply chain and found centralization 

strategies to receive products in the right amount at the right time to a cheaper price through 

consolidation centers. The retail industry is referred to as centralized at a high degree in mid 1990s 

(Lundesjö, 2015).  

“Accelerating Change” is a report by the Strategic Forum for Construction (2002) which highlights that 

evidence prove unsatisfying logistics as a major cause of numerous types of waste in the construction 

industry. Raising that construction logistics has a significant effect on how lean a company perform. 

The Construction Logistics Group (2005) found the practical problems presented below: 

 Poorly loaded vehicles 

 Vehicles waiting for unloading due to poor scheduling 

 Unavailable materials on site – poor time utilization 

 Obsessive material storage – extra costs and risks of damage and decay 

 Lack in coordinating activities 

 High amount of damaged and returned items 

The group further conclude that 10 percent of the working day is lost because of waiting or collecting 

materials and equipment. Skilled and professional craftsmen are used for carrying material which 

result in lowered encouragement for skilled people to be hired for the job. When the environment is 

disorganized the quality eventually is affected and the overall project increase in time.  

The BIS (2013) report found that there is a high level of fragmentation, ways of conducting a task, 

even when doing simple packages of work. The development of more advanced technology in the 

buildings increase the complexity of the building and this increase the level of fragmentation even 

more.  

4.2.2 Construction logistics plan 

Planning means making the right decision for future events. Material planning aim towards 

determining the quantity needed at a certain time, the goal is to increase efficiency. Logistics planning 

benefits can be fewer delays, stabilized work flow and less waste (Agapiou et al., 1998). One main 

aspect is to find ways to minimize variation, when variation is maintained at a low level it allows the 

company to decrease storage of materials and it is easier to manage and control the flow of materials 

if it is possible to predict the procedure of the process. According to Jonsson and Mattson (2008) 

there are four essential questions that material planning should answer, as follows: 

 For what articles shall new orders be planned? 

 How large quantities shall be ordered from every article?  

 When shall the article be in storage, to production and to customer? 

 When shall the order be placed to the supplier and when shall the article be used in the own 

production? 

Road freight transport is the common way of transport material to the construction site because the 

site is placed at a specific location where road transport almost always is the easiest alternative. The 

construction logistics plan (CLP) contributes a framework for managing the movement to and from the 
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site. Transport for London (2014) demonstrates that CLP increase safety and reliability of transports. In 

additional they show that a CLP should be a part of a transport assessment which has to be 

customized to fit the specific construction site. Lundesjö (2015) produced a framework to reach a 

practical and clear way of what the CLP should include. The main headings that relate the most to this 

study is presented below, the complete framework can be found in Appendix 1 – Construction 

Logistics Plan (CLP) framework:  

 Access Management and Travel Planning 

 Construction Overview 

 Traffic Management 

 Delivery and Materials Management 

 Developing and using Policies 

 Stakeholder Engagement 

 Operating 

 Offloading 

 Consolidation 

4.2.3 Splitting mounting and handling 

Carrying materials is an activity that in the project plan usually is embodied together with mounting 

the material. Carrying materials is therefore something that historically has been adapted to fit the 

specific project and its order of mounting activities. But recent attention highlights the handling of 

materials outside the usual working hours. Benefits from this has shown to be increased productivity 

for the craftsmen who can focus on mounting during the usual working hours (Josephson et al., 2011). 

Other benefits is lower pressure on internal transport tools such as elevators and the construction 

crane. Lindén (2008) found that this way of handling material led to fewer problems and less 

interference.  

Sandström and Svensson (2011) found that when delivering and carrying plasterboards the 

construction elevator was constant busy for two hours. They conclude that if the delivery had been 

taken place during the ordinary working hours it would have had a major impact on the running 

mounting activities. It would also had led to a longer process for carrying materials. They further found 

that the quality during the carrying activities was maintained because the procedure was easy to do 

even for people that not necessary are craftsmen. This was also due to the fact that the same amount 

was carried to every floor. This indicates that if the material differ in terms of quantity and type to a 

specific apartment there is a need for further controlling the carrying process.  

If carrying material is moved out from mounting Josephson et al. (2011) states that it is possible for 

each company in the supply chain to improve their material handling. To really access the total cost a 

collaboration through joint solutions is the key. Together suppliers, contractors and the building 

entrepreneur can develop solutions that make the material flow efficient and secure. They show this 

by claiming that it comes down to how suppliers and distributors pack, mark and transport the 

material. And on the other side how the entrepreneur order, receive and handle the material.  
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4.2.4 Tagging systems  

This study pay little attention to consolidation centers (CCs) but there are valuable lessons to learn 

from the implementation of them since they challenge construction logistics and find new methods 

for supplying materials to the site. One critical aspect is to keep track of materials throughout the 

supply chain and in CCs it is necessary in order for their advanced warehouse management systems to 

plan the material flow efficiently. Today three types of identification systems exist with different 

sophistication. The systems are (Sullivan et al., 2011): 

 Paper-based 

 Barcode technology 

 RFID 

When choosing what system to use it has to be agreed to what the expense should be in relation to 

the functionality, Figure 3. In one direction is the advanced warehouse management systems with 

abilities of doing volumetric calculation, ABC storage planning and tracking vehicles using GPS. In the 

other direction is the more basic paper-based system with simple records of goods noted when they 

pass in and out. The range of systems is presented below focusing on what drives expenses and what 

drives functionality. At the bottom of the figure the basic systems include low expense and provide 

low functionality. More advanced systems has more sophisticated functions which thereby leads to 

higher expenses. 

 

Figure 3. Range of systems, expense vs. functionality (Sullivan et al., 2011). 

There are different types of information needed to enable the system to work. Important information 

is the time and location material is requested, which material and its quantity. The paper-based 

system can use unique identification numbers (UIN) and to make it simple only for the most used 

articles.  
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The more advanced barcoding has for retail and manufacturing resulted in an accurate information 

recording method. Barcodes has limited capacity for data storage and the barcode reader has to 

actually see the barcode to read it. Radio-frequency identification (RFID) overcome these problems, it 

can store large information data and it can be read even if it is hidden. Data can be updated during its 

travel through the supply chain. However, there is today no standard for these and is therefore hard 

to implement throughout a supply chain. 

At a pilot project at the Heathrow Airport barcodes were used during the construction and they found 

that the delivery accuracy and precision increased, which implies that variability in delivery was 

lowered. Something to consider is that the barcode tagging should be included in the manufacturing 

processes at their production plant. Sometimes they found that tagging was done at delivery which 

caused delay (Sullivan et al., 2011).  

 

4.3 Scheduling – a part of planning 

The focus is now shifting from a process perspective focusing on lean and logistics, to a project 

perspective as we move on to scheduling. Scheduling in construction is a part of the project planning 

process. It is often misunderstood as a substitute to planning, which it is not. Mubarak (2010) define 

scheduling as “the determination of the timing and sequence of operations in the project and their 

assembly”. As seen in Figure 4 below, scheduling answers to the part “When” in the project plan, 

which include start and end of the project in details.  

 

Figure 4. Planning and Scheduling difference (Mubarak, 2010).   

A schedule is helpful when controlling the project, but the large amount of deviation within 

construction can lead the project behind the schedule and over budget. It is important to always know 

where the project is in relation to what was planned and understand why different types of deviation 

occur. The reason for scheduling depend on the stakeholder. Different stakeholders have different 

interests and Mubarak (2010) present them as follows: 

 Contractors 

o Calculate project completion date 

o Calculate the start or end of a specific activity 

o Coordinate among trades and subcontractors 

o Predict and calculate the cash flow 

o Improve work efficiency 
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o Serve as an effective project control tool 

o Evaluate the effect of changes 

o Prove delay claims 

 

 Project owners and developers 

o Get an idea of projects expected finish date 

o Ensure contractors proper planning for timely finish 

o Predict and calculate the cash flow 

o Serve as an effective project monitoring tool 

o Evaluate the effect of changes 

o Verify delay claims 

It is clear that the project management team has to consider a vast amount of components when 

scheduling to achieve the stakeholder’s objectives. Cost, time, quality and safety management are all 

components that is affected by how the schedule is managed and interrelate with each other 

(Mubarak, 2010). 

4.3.2 Work Breakdown Structure  

Performing a Work Breakdown Structure (WBS) is a natural first step in planning the schedule. When 

performing a WBS, the tasks needed in order to carry out the project are divided into work packages. 

The work packages should be a decent size, meaning it is possible to allocate it to an individual or a 

small team. It should also be possible to estimate the needed resources and time to carry out the 

tasks. The WBS does not show the interdependencies of the activities, how much time and resources 

is needed or the internal order of the activities (Hallin and Karrbom Gustavsson, 2012). 

4.3.3 Network Schedule and Critical Path Method 

The tasks in the WBS are interdependent and the dependencies could be either technical, 

organizational or spatial. The dependencies are shown by drawing a Network Schedule, where the 

activities are drawn as boxes and the dependencies are shown by drawing arrows between the boxes. 

In the Critical Path Method (CPM) the duration of the activities, early start/finish, late start/finish and 

float (slack) are added to the network schedule. The early start is the earliest time the activity can start 

and depends on when the preceding task will be completed. The early finish is calculated based on the 

early start. The late finish is depending on when the succeeding task has to start. The late start is 

depending on the duration and the late finish. The float is the difference between early start/finish 

and late start/finish. The critical path is the chain of dependent activities that has the longest lead time 

in total. There is no float on the critical path and a delay in activities on the critical path will affect the 

project completion time (Winch, 2010).    

4.3.4 Time and Resource allocation 

According to Hallin and Karrbom Gustavsson (2012) there are a few things to consider when trying to 

predict and plan the time and resource allocation for the project.  The first one is set up time. When a 

worker switches from one activity to another, the worker might not be able to start the new task 

immediately. The time passed between completion of the last product or task until the worker is ready 
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to start the new task is called set up time. Another thing to consider is personality or personal ability. 

Craftsmen have varying amount of experience and varying work pace. A third important aspect is the 

indirect time, meaning time that is not part of the value adding chain but still necessary. This could be 

e.g. meetings or safety inspections. The bigger the project the more communication is needed 

between project participants and this communication is time consuming. A fourth thing to consider is 

the perceived correlation between time, resources and size. It is easy to assume that if blasting a 

certain seized rock requires a specific amount of resources, then blasting a rock that is half the size 

would only require half the resources. This might be the case, but it could also require more or less. 

4.3.5 Buffers 

All construction project have more or less uncertainty and variability, due to the inherent nature of 

the construction industry (Russel et. al., 2014).  One way to protect the project finish date is by adding 

buffers. Ballard and Howell (1995) defines buffers as means to provide a cushion or shield against the 

negative impact of variability and disruptions. Construction literature focuses on five kinds of buffers 

according to Russel (2014), and those are inventory, financial, plan (workable backlog), capacity and 

time. Kenley and Seppänen (2010) divide planning buffers into time buffers and space buffers, where a 

time buffer is the period of time between two tasks in the same location while nothing is being 

produced in that location and a space buffer is the number of empty locations in a production 

sequence between two tasks. Two different kind of time buffers that are used to protect the critical 

path is project buffers and feeding buffers (Winch, 2010). Project buffers are buffers that are on the 

critical path and thus protect the project from running late. Feeding buffers, on the other hand, are 

buffers that are added to tasks whose output feeds into tasks that are on the critical path. In the figure 

below the critical path is visualized with the buffers.  

 

 
Figure 5.  Critical path with buffers (Winch, 2010). 
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4.3.6 Optimizing the cost, duration and risk - a trade-off 

Construction projects involves large capital during a long period of time compared to common 

manufacturing, and therefore include higher risks (Boyce, 2003). Schieg (2006) put together a list of 

the following categories that includes risk in construction projects. All of these risks could possibly 

affect the project duration: 

 Quality 

 Personnel  

 Costs 

 Set date and deadline 

 Strategic decisions 

 External 

Schedule implementation is influenced by the level of variability in the production system as well as 

how buffers are used to handle the variability. The risks can either be reduced by increasing buffers 

(minimizing the effects), or by decreasing the variability in the production system (minimizing the 

probability). Both of these risk reducing efforts have an associated cost to them. Buffers are costly 

because they increase the project duration and decreasing the variability might have costs in terms of 

increased coordination requirements. When trying to optimize the cost, duration and risk trade-off, 

the goal is to find a minimum-cost solution which achieves the duration target at a selected risk level. 

If a solution results in a higher cost, despite the same risk level, it is seen as inefficient.  

There will always be an effect on the production system when a risk actualizes. It can be in terms of 

start-up delays, incomplete locations, interruptions of work or a deviation in production rate. Because 

of the interdependencies between tasks, each of these effect also have a downstream effect on 

succeeding tasks. The downstream effect can be start-up delays, lost productivity, having to work out 

of sequence or working around incomplete work (Kenley and Seppänen, 2010).  

It is not uncommon that construction personnel involved in the project compensate for the 

uncertainty by adding buffers to the task durations, and thus absorb the resulting variabily in the work 

plan. Uncertainty in construction affect the variability in duration occurring at task level, as well as a 

prolonged duration due to added time buffers to the tasks (Russel, 2014). 

Some lean researchers, such as Ohno (1988) and Womack and Jones (2003), clearly argue that since 

buffers are non-value adding to the customer they are considered to be waste.  Others argue that 

some buffers will always be a necessity, due to the inherent variability and uncertainty in construction 

(Ballard and Howell, 1995; Tommelein et. al., 1999). However, researchers do agree that overly large 

time buffers have a negative impact on the project performance, and should be avoided. According to 

Kenley and Seppänen (2010) it is almost always better to attack the sources of the variability to try to 

decrease their effect, than to simply protect the project using buffers.  

It is most likely not possible to eliminate all uncertainty and associated time buffer, but by 

understanding and addressing the root causes for the uncertainty and variance it is possible to see 

where the mitigation efforts should be focused and thus be able to reduce project duration costs. If 

the perceived need for buffers is compared to the actual variance in task durations a disconnect in the 

underlying structure of variability and buffers might be discovered. Some causes of uncertainty might 
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be unnecessarily planned for and some might have been disregarded even though they are causing 

problem (Russell et al., 2014). 

4.3.7 Simulation to optimize buffer sizes 

Simulations can be used to find optimal buffer sizes. The most important requirement for a realistic 

simulation is that the adverse effects of discontinuity is considered and accounted for. The input is a 

schedule that is aligned and optimized with the critical path method. The variability associated with 

each task has to be defined. By doing multiple simulations it is possible to see what tasks are causing 

problems in most of the iterations and thus might need a larger buffer (Kenley and Seppänen, 2010).  

 

One of these probabilistic simulation methods for handling uncertain task durations is Program Review 

and Evaluation Technique (PERT). It was developed for the US navy in the 1950s. The task durations 

are estimated as three different values; a best case scenario, a worst case scenario and a likely 

scenario. The estimates are assumed to have a beta distribution and a probability of finishing the 

project on time can thus be calculated. Different researchers are suggesting slightly different beta 

distributions, depending on how likely they suggest that the different estimates are relative to one 

another.  

Another probabilistic method is Monte Carlo Simulation, which generates the distribution of task 

durations randomly. Only two estimates for the task durations are used in this method, a best case 

scenario and a worst case scenario. A normal distribution of the task duration is produced by 

randomly allocation either one of the two estimates through a large number of calculation cycles. The 

cumulative curve of the distribution can show the probability of the project being finished on time 

(Winch, 2010).  

4.3.8 Gantt chart 

For bigger or more complex projects, network schedules become large and difficult to read. For this 

reason Gantt chart are often used for reporting and control purposes. The Gantt chart is excellent for 

visualizing the project time line, since it is easy for the different actors to see how they fit into the 

schedule and how they are performing compared to the schedule. However, the Gantt charts cannot 

replace the network schedules entirely. The Gantt chart, in contrast to the network schedule, do not 

allow the assessment of implications and the evaluation of options allowing a proactive response to 

uncertainty (Winch, 2010).   
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5. Results 
This chapter presents the collected empirical data from the time study. The data provides an overall 

view of how the time spent on material handling and mounting activities are distributed from a value-

adding perspective, and serves as a first step towards answering the research questions. 

The observations from the time study was structured by using the first part of the method Value 

stream mapping. Material handling and mounting are presented separately, which makes it possible to 

separate them in the time plan if desirable. The following table shows which activities and how many 

units that were observed in the different projects: 

 

Table 1. The number of units observed in each of the projects. 

Observations Project 1 Project 2 Project 3 Project 4 

Mounting         

Front doors 2 doors   2 doors 2 doors 

Inner doors 7 doors 8 doors 4 doors 4 doors 

Door casing 108 rm 75,6 rm 43,2 rm 43,2 rm 

Baseboards 61,6 rm 89,5 rm 65,3 rm 74,1 rm 

          

Material Handling         

Front doors 6 doors     5 doors 

Inner doors 27 doors     24 doors 

Door casing 480 rm     500 rm 

Baseboards 480 rm     760 rm 

 

The results for mounting are presented first, since it is the value-adding main process. These are 

followed by the results for material handling. Each studied activity is presented with a chart that 

graphically presents value adding time (VT, green), necessary but non-value adding time (NNVT, 

yellow) and non-value adding time (NVT, red) for the different projects as well as a mean value for the 

observed projects. There is no VT in the material handling. The black line indicates the maximum 

resource allocation limit, which is the number used in calculations of project cost and when making 

the time plan. Since the company has not yet separated material handling from mounting when it 

comes to resource allocation for the studied activities, the recommendation from the company was to 

split the resource allocation time into 15 % used for material handling and 85% used for mounting. 

This recommendation was followed.  

After the chart is a brief summary of what the chart indicates and how the measured time relates to 

the maximum resource allocation limit. The units differ between the activities. For front and inner 

doors the unit is minutes per door (min/door) and for baseboards and door casing it is minutes per 

running meter (min/rm). This is the case for both the material handling and mounting. The succeeding 

table show the distribution of time between different sub categories. The categories with the highest 

percentages are in bold. The last part in each subsection consists of a brief summary of these 

distinguishing categories and what can be derived to be its cause.  
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5.1 Mounting 

The results for mounting of front doors, inner doors, door casing and baseboards are presented here. 

5.1.1 Front doors 

The results from the mounting of front doors are presented in the graph below. All observed projects 

are well below the maximum resource allocation limit for this activity. Based on these measurements 

the allocated amount of time for this activity is usually higher than needed.  

 

 

Figure 6. Shows the distribution of time between VT, NNVT and NVT for the mounting of front doors. The maximum resource 
allocation is marked with a black line. 

How the time spent on mounting front doors is distributed is shown in the table below.  The largest 

sub categories for the mounting of front doors are, apart from VT; adjusting, unnecessary movement, 

unexploited time and overproduction. An explanation of what caused these categories to be the 

largest ones is given after the table.  

 

Table 2. Shows the distribution of time between different sub categories for the  mounting of front doors. 

Mounting 
front 
doors 

VT 
Co-

ordination 
Measuring Unwrapping Cleaning Preparations Adjusting 

Internal 
transport 

Waiting 
Unnecessary 
movement 

Unexploited 
time 

Rework Overproduction 

Project 1 
61% 0% 1% 2% 0% 3% 7% 0% 0% 8% 3% 0% 16% 

Project 3 
51% 0% 2% 2% 3% 13% 13% 1% 0% 5% 8% 1% 1% 

Project 4 
50% 0% 1% 4% 2% 2% 6% 0% 0% 8% 11% 4% 11% 

Mean 
54% 0% 2% 2% 2% 6% 9% 0% 0% 6% 8% 2% 9% 

 

 Adjusting: There is a lot of adjusting when mounting front doors in order to get them straight. 

Both laser levels and spirit levels were used, but no significant difference in time spent on 

measuring and adjusting could be seen between the projects using these two methods. 
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 Unnecessary movement: A lot of time was spent on running back and forth to get tools. 

 Unexploited time: This involved time spent talking or being late back from breaks.  

 Overproduction: Rebar was sometimes placed too close to the door openings, resulting in the 

craftsmen hitting a rebar when drilling into the wall. Being forced to drill through the rebar 

was really time consuming. In the first project there were wooden boards in the doorways 

that had to be removed in order to mount the front door. A third reason for the high amount 

of overproduction was that the level of the hallway floors were too high for the door frame to 

fit in project 4. The craftsman had to shorten the frame with a sabre saw to be able to mount 

it.  

 

5.1.2 Inner doors 

The results from the mounting of inner doors are presented in the graph below. Only two of the 

observed projects are below the maximum resource allocation limit for this activity. However, the 

mean value for all projects is just below the limit. 

 

 

Figure 7. Shows the distribution of time between VT, NNVT and NVT for the mounting of inner doors. The maximum resource 
allocation is marked with a black line. 

 

How the time spent on mounting inner doors is distributed is shown in the table below.  The largest 

sub categories are, apart from VT; unwrapping, adjusting, unnecessary movement, overproduction 

and rework. An explanation of what caused these categories to be the largest ones is given after the 

table. 
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Table 3. Shows the distribution of time between different sub activities for the mounting of inner doors. 

Mounting 
inner doors 

VT 
Co-

ordination 
Measuring Unwrapping Cleaning Preparations Adjusting 

Internal 
transport 

Waiting 
Unnecessary 
movement 

Unexploited 
time 

Rework Overproduction 

Project 1 59% 2% 3% 6% 2% 0% 7% 1% 0% 13% 0% 0% 7% 

Project 2 46% 1% 8% 5% 6% 10% 6% 3% 4% 5% 0% 2% 4% 

Project 3 32% 0% 1% 7% 0% 3% 22% 5% 0% 19% 1% 7% 2% 

Project 4 35% 0% 1% 6% 2% 6% 19% 2% 0% 8% 9% 4% 9% 

Mean 40% 0% 3% 6% 2% 5% 15% 3% 1% 12% 2% 4% 5% 

 

 Unwrapping: Every door is wrapped separately and the wrapping is left on each door for 

protection until it is time to mount it. The other reason for the high amount of unwrapping is 

that the door frames are attached to one another when they are being delivered, and the 

craftsmen thus has to spend some time removing staples and small pieces of cardboard from 

the frames before mounting them. 

 Adjusting: In order to get the inner doors to hang straight there is a lot of adjusting needed. 

 Unnecessary movement: A lot of time was spent on running back and forth to get tools.  

 Over production: Most of the overproduction time in project 2 and 4 was due to the material 

being placed in the wrong apartment, causing the craftsmen to spend time on searching for 

and retrieve the material. For one project the apartment had already been cleaned, even 

though no inner doors, door casing or baseboards had been mounted yet. The paperboard 

covering the floors had been removed as well as the temporary lighting. This meant that the 

craftsmen had to start with covering the floor and go find a construction lamp to use.  

 Rework: The door leaf had to be dismounted and remounted for several different reasons. 
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5.1.3 Door casing 

The results from the mounting of door casing are presented in the graph below. Three out of four 

projects are below the maximum resource allocation limit for this activity. The mean value for all 

projects is also well below the limit. 

 

Figure 8. Shows the distribution of time between VT, NNVT and NVT for the mounting of door casing. The maximum 
resource allocation is marked with a black line. 

How the time spent on mounting door casing is distributed is shown in the table below.  The largest 

sub categories are, apart from VT; measuring, preparations, unnecessary movement, and rework. An 

explanation of what caused these categories to be the largest ones is given after the table. 

 

Table 4. Shows the distribution of time between different sub activities for the  mounting of door casing. 

Mounting 
door 

casing 

VT 
Co-

ordination 
Measuring Unwrapping Cleaning Preparations Adjusting 

Internal 
transport 

Waiting 
Unnecessary 
movement 

Unexploited 
time 

Rework Overproduction 

Project 1 
50% 1% 14% 2% 0% 6% 0% 5% 0% 14% 2% 6% 0% 

Project 2 
52% 0% 15% 1% 0% 6% 0% 2% 7% 4% 0% 4% 7% 

Project 3 
52% 0% 20% 0% 3% 17% 0% 1% 0% 4% 0% 3% 0% 

Project 4 
45% 0% 16% 0% 1% 13% 0% 2% 0% 3% 6% 13% 2% 

Mean 
49% 0% 16% 1% 1% 10% 0% 2% 3% 5% 2% 7% 3% 

 

 Measuring: Since the door casing is not pre-fabricated, but measured and cut on site, it is not 

surprising that measuring takes up a lot of the time. 
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 Preparations: There are several different tools needed when mounting door casing and that 

requires some preparations. Moving the saw station and other tools from one apartment to 

another one is a big part of the time spent on preparations.  

 Unnecessary movement: A lot of time was spent on running back and forth to get tools. 

Sometimes the saw was far away from the mounting place, even in another apartment, which 

meant a lot of time spent on running back and forth.  

 Rework: Uneven quality in the plastering led to variations in the walls around the door 

openings. These variations led to more measuring because there were many faults to 

compromise for and also a lot of rework . Some rework was caused by the nails that were 

used to mount the casing. They sometimes ended up in the wrong place and had to be 

removed and redone. Putt and paint was added to cover up splinters and this is also part of 

the rework. 

 

5.1.4 Baseboards 

The results from the mounting of baseboards are presented in the graph below. Only two out of four 

projects are below the maximum resource allocation limit for this activity. Baseboards is the only one 

of the studied activities were the mean value fail to be below the limit. 

 

 

Figure 9. Shows the distribution of time between VT, NNVT and NVT for the mounting of baseboards. The maximum resource 
allocation is marked with a black line. 

 

How the time spent on mounting baseboards is distributed is shown in the table below.  The largest 

sub categories are, apart from VT; measuring, preparations, unexploited time, and rework. An 

explanation of what caused these categories to be the largest ones is given after the table. 
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Table 5. Shows the distribution of time between different sub activities for the  mounting of baseboards. 

Mounting 
baseboards 

VT 
Co-

ordination 
Measuring Unwrapping Cleaning Preparations Adjusting 

Internal 
transport 

Waiting 
Unnecessary 
movement 

Unexploited 
time 

Rework Overproduction 

Project 1 45% 0% 13% 0% 5% 11% 0% 4% 3% 0% 11% 5% 1% 

Project 2 49% 0% 19% 0% 3% 4% 0% 3% 2% 2% 6% 7% 5% 

Project 3 50% 0% 18% 0% 3% 7% 0% 3% 0% 0% 11% 6% 1% 

Project 4 50% 0% 18% 0% 10% 5% 0% 2% 5% 0% 4% 3% 4% 

Mean 49% 0% 17% 0% 5% 6% 0% 3% 2% 1% 8% 6% 3% 

 

 Measuring: The baseboards are measured and cut on site, which means a lot of measuring is 

required.   

 Preparations: The mounting takes place in different rooms and several different tools are 

needed. Moving tools and especially moving the saw from one apartment to another takes 

time. 

 Rework: When the corners differ from standard 90° it happens more often that the 

baseboards has to be re-measured and re-sawn. It is not unusual that new baseboards have to 

be used since the old ones will get too short if they are cut again. This also means that more 

material is consumed. Sometimes the craftsmen had trouble to attach the baseboard to the 

plaster. 

 Unexploited time: This is time spent talking or being late back from break.  
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5.2 Material handling 

The results for material handling of front doors, inner doors, door casing and baseboards are 

presented below. 

5.2.1 Front doors 

The results from the material handling of front doors are presented in the graph below. Both of the 

projects and the mean are below the maximum resource allocation limit. 

 

Figure 10. Shows the distribution of time between  NNVT and NVT for the material handling of front doors. The maximum 
resource allocation is marked with a black line. 

 

The distribution of the time between different sub categories are shown in the table below. The 

largest sub categories are, except for internal transport; unwrapping and waiting. Their causes are 

described below. 

Table 6. Shows the distribution of time between different sub activities for the  material handling of Front doors. 

Material 
handling 

front doors 

VT 
Co-

ordination 
Unloading 

Delivery 
check 

Storing 
Re-

loading 
Internal 

transport 
Unwrapping Overproduction Waiting 

Unnecessary 
movement 

Unexploited 
time 

Rework 

Project 1 
0% 4% 1% 4% 0% 0% 50% 4% 0% 36% 0% 0% 0% 

Project 4 
0% 4% 1% 1% 1% 0% 66% 14% 5% 3% 5% 0% 0% 

Mean 
0% 4% 1% 3% 0% 0% 58% 9% 3% 20% 3% 0% 0% 

 

 

 Unwrapping: The door leafs and frames are both wrapped up for protection, but also to keep 

each pallet with material intact and steady during transportation.   

 Waiting: In project 1 the craftsmen spend a substantial amount of time waiting for the 

elevator, due to many other craftsmen needing to use it at the same time. For project 4 

however, waiting for the elevator was not an issue at all. 
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5.2.2 Inner doors 

The results from the material handling of inner doors are presented in the graph below. Both of the 

projects and the mean is below the maximum resource allocation limit. 

 

Figure 11. Shows the distribution of time between  NNVT and NVT for the material handling of inner doors. The maximum 
resource allocation is marked with a black line. 

 

The distribution of the time between different sub categories are shown in the table below. The 

largest sub categories are, except for internal transport; unwrapping, overproduction and unexploited 

time. Their causes are described below. 

 

Table 7. Shows the distribution of time between different sub activities for the  material handling of inner doors. 

Material 
handling 

inner doors 

VT 
Co-

ordination 
Unloading 

Delivery 
check 

Storing 
Internal 

transport 
Unwrapping Overproduction Waiting 

Unnecessary 
movement 

Unexploited 
time 

Rework 

Project 1 
0% 0% 2% 1% 2% 71% 11% 11% 4% 0% 0% 0% 

Project 4 
0% 1% 0% 1% 2% 57% 19% 1% 0% 6% 11% 2% 

Mean 
0% 0% 1% 1% 2% 65% 14% 6% 2% 2% 5% 1% 

 

 Unwrapping: Each door leaf is wrapped up individually. Both door leafs and frames are 

wrapped up for protection, but also to keep each pallet with material intact and steady during 

transportation.   

 Overproduction: The labelling of the material is inadequate and the craftsmen sometimes 

have trouble knowing what material should be placed in what apartment. Another cause of 

the overproduction was that the craftsmen had to spend time moving some kitchen material. 

This was necessary to enable the telescopic handler to get close enough to lift the door casing 

and baseboards up to the balconies, where craftsmen unloaded the material and delivered it 

to the right apartment.  
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 Unexploited time: The material handling is usually done in pairs, but the craftsman in project 4 

has to carry out the material transport by himself due to absence of work force that particular 

day. He had to take some breaks to catch his breath.  

5.2.3 Door casing 

The results from the material handling of door casing are presented in the graph below. Both of the 

projects and the mean is well below the maximum resource allocation limit. 

 

 

Figure 12. Shows the distribution of time between  NNVT and NVT for the material handling door casing. The maximum 
resource allocation is marked with a black line. 

 

The distribution of the time between different sub categories are shown in the table below. The 

largest sub categories are, except for internal transport; overproduction and waiting. Their causes are 

described below. 

Table 8. Shows the distribution of time between different sub activities for the  material handling of Door casing. 

Material 
handling 

door casing 

VT 
Co-

ordination 
Unloading 

Delivery 
check 

Storing 
Re-

loading 
Internal 

transport 
Unwrapping Overproduction Waiting 

Unnecessary 
movement 

Unexploited 
time 

Rework 

Project 1 
0% 4% 2% 1% 1% 7% 37% 4% 23% 17% 1% 3% 0% 

Project 4 
0% 5% 1% 0% 0% 0% 82% 12% 0% 0% 0% 0% 0% 

Mean 
0% 5% 2% 1% 1% 4% 54% 7% 14% 11% 1% 2% 0% 

 

 

  

 Overproduction: One cause for the overproduction was that the craftsmen had to spend time 

moving some kitchen material to enable the telescopic handler to get close enough to lift the 

door casing and baseboards up to the balconies. 

 Waiting: The high amount of waiting was due to the chosen method of the material handling. 

Using a telescopic handler resulted in the driver of the telescopic handler spent most of the 

time waiting when the craftsmen loaded and unloaded the material.  
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5.2.4 Baseboards 

The results from the material handling of baseboards are presented in the graph below. Both of the 

projects and the mean is far below the maximum resource allocation limit. 

 

 

Figure 13. Shows the distribution of time between  NNVT and NVT for the material handling of baseboards. The maximum 
resource allocation is marked with a black line. 
 

The distribution of the time between different sub categories are shown in the table below. The 

largest sub categories are, except for internal transport; overproduction and waiting. Their causes are 

described below. 

 

Table 9. Shows the distribution of time between different sub activities for the  material handling of baseboards. 

Material 
handling 

Baseboards 

VT 
Co-

ordination 
Unloading 

Delivery 
check 

Storing 
Re-

loading 
Internal 

transport 
Unwrapping Overproduction Waiting 

Unnecessary 
movement 

Unexploited 
time 

Rework 

Project 1 
0% 4% 2% 1% 1% 7% 37% 4% 23% 17% 1% 3% 0% 

Project 4 
0% 5% 0% 0% 0% 4% 69% 3% 0% 13% 0% 5% 0% 

Mean 
0% 5% 1% 1% 1% 5% 53% 4% 11% 15% 1% 4% 0% 

 

 Overproduction: The cause for overproduction was that the craftsmen had to spend time 

moving some kitchen material to enable the telescopic handler to get close enough to lift the 

door casing and baseboards up to the balconies. 

 Waiting: The high amount of waiting was due to the chosen methods of the material handling. 

Using a telescopic handler resulted in the driver of the telescopic handler spent most of the 

time waiting when the craftsmen loaded and unloaded the material. The other project lifted 

the baseboards by hand with one craftsmen standing on the balcony of each floor. They 

passed the baseboards between them until it reached the craftsman standing on the right 

floor. When that craftsman brought the baseboards inside to the right apartment, the others 

were simply waiting for him to come back so they could lift up the next batch.   
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5.3 Compilation of the results 

This is a compilation of the previously presented results. It starts with comparison between the 

measurements and the time that is currently planned for conducting each activity. The variability is 

declared in the middle and the section ends with an explanation of the most common types of waste 

found in this study. 

5.3.1 Allocated time 

It was discovered that the planned time for each activity is often inaccurate. However, if you add up all 

the activities the project is completed in the planned time. This is because some activities are planned 

to buffer other activities that are planned with less time. They follow certain rules when planning the 

project and these are sometimes not perfectly applicable in reality. Most of the activities have not yet 

been measured and it is therefore difficult to predict an accurate time for completing these activities. 

However, because the current schedule is made after these they provide guidelines for the current 

scheduling situation. In the study it was discovered that the following activities had higher amount of 

allocated time than what was needed during the observations: 

 Mounting  

o Front doors – 3 out of 3 projects 

o Inner doors – 2 out of 4 projects 

o Door casing – 3 out of 4 projects 

o Baseboards – 2 out of 4 projects 

 Material Handling 

o Front doors – 2 out of 2 projects 

o Inner doors – 2 out of 2 projects 

o Doors casing – 2 out of 2 projects 

o Baseboards – 2 out of 2 projects 

It is clear that material handling is well within the planned time. Mounting baseboards is the only 

activity where the mean value for the projects exceed the planned resource allocation. To create 

understanding of how the time is distributed within and between the different activities the following 

table shows the time distribution in percentage: 
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Table 10. This table shows how the time is distributed between VT, NNVT and NVT in the different activities. 

 VT (%) NNVT (%) NVT (%) 

Material handling       

Front doors 0 74 26 

Inner doors 0 83 17 

Door casing 0 72 28 

Baseboards 0 69 31 

Mean 0 75 25 

       

Mounting       

Front doors 54 22 25 

Inner doors 40 32 28 

Door casing 50 30 20 

Baseboards 48 30 22 

Mean 48 28 24 

 

The first to distinguish is that there is no VT within material handling and that 75 % is NNVT. The 

results from the mounting can be compared with Josephson and Saukkoriipi (2009), who finds that 

regardless of what activity they look at 50 % of the cost or the time is in most cases waste. The mean 

of the studied mounting activities is in this case 48 % VT. 

5.3.2 What is causing the waste? 

Below is a compilation of how the time is distributed between the sub categories for the studied 

activities, followed by an further explanation of the biggest NVT categories. Mounting is presented 

first, followed by material handling.  

Mounting 

VT, measuring, preparations and adjusting are some of the biggest categories. Measuring, 

preparations and adjusting are all NNVT categories and these should be minimized when possible. The 

focus here is on the NVT categories since they do not contribute to the project at all. The largest 

categories overall for the studied activities are unnecessary movement, unexploited time, rework and 

overproduction. The most important overall reasons are described after the table.  

Table 11. Shows how the time spent on the mounting was distributed between the different sub-categories. 

Mounting 
VT 

Co-
ordination 

Measuring Unwrapping Cleaning Preparations Adjusting 
Internal 

transport 
Waiting 

Unnecessary 
movement 

Unexploited 
time 

Rework Overproduction 

Front doors 
54% 0% 2% 2% 2% 6% 9% 0% 0% 6% 8% 2% 9% 

Inner doors 
40% 0% 3% 6% 2% 5% 15% 3% 1% 12% 2% 4% 5% 

Door casing 
49% 0% 16% 1% 1% 10% 0% 2% 3% 5% 2% 7% 3% 

Baseboards 
49% 0% 17% 0% 5% 6% 0% 3% 2% 1% 8% 6% 3% 

Mean 
48% 0% 9% 2% 2% 7% 6% 2% 1% 6% 5% 5% 5% 
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 Unnecessary movement: A lot of time was spent on running back and forth to get tools. 

Sometimes the saw was far away from the mounting place, even in another apartment, which 

meant a lot of time spent on running back and forth.  

 Unexploited time: This is time spent talking or being late back from break.   

 Rework: A big part of the reworks is caused by varying corner angles. When the corners 

differed from the standard 90° it happened more often that the baseboards had to be re-

measured. Sometimes new baseboards had to be cut because the old ones would be too short 

if they were cut again. This also meant that more material was consumed. There was another 

firm doing the plastering which led to variation in the walls. These variations led to more 

measuring because there was many faults to compromise for and also a lot of rework to do 

because the walls were not properly done for the door casing.  

Some rework was due to the nails that were used to mount the door casing ended up in the 

wrong place and had to be removed and redone. Putt and paint were added to cover up 

splinters etc. and this was also included in the rework. 

 Overproduction: The overproduction had many different causes. Rebar was sometimes placed 

too close to the door openings, resulting in the craftsmen hitting a rebar when drilling into the 

wall. Trying to drill through the rebar was really time consuming. In one project there were 

wooden boards in the doorways that had to be removed in order to mount the front door. 

These were time-consuming to remove. A third reasons for the high amount of 

overproduction was that the level of the hallway floors was too high for the door frame to fit. 

The craftsman had to shorten the frame with a sabre saw to make it fit. The fourth reason was 

due to the material being placed in the wrong apartment, causing the craftsmen to spend 

time on searching for and retrieve the material. 

Material handling 

Internal transport is unsurprisingly the biggest category, but since it is a necessary but non value-

adding activity it is not the focus of this research. The biggest categories of NVT in the material 

handling seems to be overproduction and waiting.  

Table 12. Shows how the time spent on the material handling was distributed between the different sub-categories. 

Material handling 

Co-
ordination 

Unloading 
Delivery 

check 
Storing 

Re-
loading 

Internal 
transport 

Unwrapping Overproduction Waiting 
Unnecessary 
movement 

Unexploited 
time 

Rework 

Front doors 4% 1% 3% 0% 0% 58% 9% 3% 20% 3% 0% 0% 

Inner doors 0% 0% 1% 1% 2% 65% 14% 6% 2% 2% 5% 1% 

Door casing 5% 2% 1% 1% 4% 54% 7% 14% 11% 1% 2% 0% 

Baseboards 5% 1% 1% 1% 5% 53% 4% 11% 15% 1% 4% 0% 

Mean 3% 1% 1% 1% 3% 57% 8% 9% 12% 2% 3% 0% 

 

 Overproduction: The labeling of the material is inadequate and the craftsmen sometimes had 

trouble knowing what material should be placed in what apartment. Another reason for the 

high amount of overproduction was that in project 1 the craftsmen spent a significant amount 

of time moving kitchen material to enable the telescopic handler to get close enough to lift 

the door casing and baseboards to the balconies on the right floor, where they were unloaded 

and carried into the right apartment.  
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 Waiting: The reason for the waiting was different depending on the chosen methods for the 

material handling. When the material was brought in by elevator, the craftsmen spent a 

significant amount of time waiting for the elevator. Using a telescopic handler resulted in the 

driver of the telescopic handler spent most of the time waiting when the craftsmen loaded 

and unloaded the material. The other project lifted the baseboards by hand with one 

craftsmen standing on the balcony of each floor. They passed the baseboards between them 

until it reached the craftsman standing on the right floor. When that craftsman brought the 

baseboards inside to the right apartment, the others were simply waiting for him to come 

back so they could lift up the next batch.   
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6. Analysis 
In this chapter the results are analyzed and combined with theory from lean, logistics and scheduling as 

the final step to answering the research questions.   

The chapter starts with calculating the coefficient of variation for the different activities, followed by a 

discussion about the reasons for the large variability in VT. The next section describes the current time 

plan and following sections describe three scenarios with different approaches for decreasing the 

project duration. The first scenario focuses on removing waste, the second one focuses on reducing 

buffers in the time plan and in the third scenario material handling is separated from the main process 

and transformed into a support process. All scenarios are designed with consideration to functioning 

in a construction project environment and interweave the observations with theory through logical 

reasoning. Each scenario starts with describing how the scenario is intended to decrease the project 

duration, followed by an analysis of the most important consequences, what benefits and drawbacks 

that could be expected and what effects they may have on the production flow.  When all of the 

scenarios have been described, it will be discussed how they affect each other and how they could be 

combined. 

 6.1 Variability in task duration between projects 

The variability in task duration between projects is of great importance when looking at how the 

project lead times can be shortened. The first step of the analysis is thus to calculate the coefficient of 

variation for the different tasks. The data points are assumed to be statistically independent and 

normally distributed. The following formulas has been used to calculate the standard deviation and  

the coefficient of variation;  

𝝈 = √
𝟏

𝒏
((𝒙𝟏 − µ)𝟐 + (𝒙𝟐 − µ)𝟐 +⋯(𝒙𝒏 − µ)𝟐) 

𝑪𝒗 =
𝝈

µ
 

 

Where σ is standard deviation, µ is the mean, x1-xn are the measured values for each project and n is 

the number of projects. The results of the calculation are shown in the table below; 
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Table 13. Coefficient of variation for the different categories VT, NNVT and NVT within each activity as well as total task 
duration. It describes how much the duration varies around the mean between projects. 

 Cv 

 VT NNVT NVT Task duration 

Material handling     

Front doors - 10% 51% 6% 

Inner doors - 17% 3% 13% 

Door casing - 3% 91% 24% 

Baseboards - 20% 40% 1% 

     

Mounting     

Front doors 6% 53% 29% 8% 

Inner doors 25% 39% 27% 26% 

Door casing 43% 33% 63% 42% 

Baseboards 28% 20% 31% 26% 

 

The coefficient of variation describes how much the task duration varies around the mean. A low 

variability is preferred, since it is easier to plan ahead and fewer buffers are required.  

The variability seems to be higher for mounting than material handling in general. However, there are 

a lot more data points collected for mounting, which means that the result for mounting is more 

reliable than the result for material handling. A variability of 42 % in task duration for mounting door 

casing is an unacceptably large variability. Both inner doors and baseboards have a variability of 26%, 

which is also a substantial amount. Keep in mind that in these values all kind of value times are 

included, both VT and waste. This result is interesting because it describes what management take 

height for in their planning.  

For some of the activities, e.g. door casing, the value-adding time is varying a lot between projects. It 

is not surprising that the NVT differs, but it is surprising that the VT is varying to that extent since the 

company has a mounting instruction document for each of the studied activities that all craftsmen 

have to follow. The high amount of VT could however be connected to observations of craftsmen that 

constantly changed between sub tasks that are value-adding, which means a lot of setup time. The 

setup time is not actually value adding, but since the precision of the measurement is chosen as it is, 

this waste will not be singled out, but included in the VT. Mounting and logistic instruction documents 

help to lower the variability, but the study shows that the craftsmen still are performing the tasks 

differently. The mounting instruction documents are describing an efficient way of mounting one unit, 

but is not considering that there might be a more efficient way to mount several units. Repeating the 

same task for several units showed in the study to be more effective from a time perspective, than to 

mount one unit at a time. A proposition is to add that aspect in the mounting instruction to increase 

efficiency when mounting several units in a row.  
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6.2 Current time plan 

The master time plan is planned on a stairwell level with an assumption of 3 apartments per floor. 

When the projects have more or fewer apartments per stairwell and floor the time plan is adapted, 

but the base case is the one presented here. In Figure 14 below, one box corresponds to 3 

apartments. The takt time is 1,33 days per apartment, which means that one box corresponds to 4 

days. In other words, material handling and mounting for the activities on that row should be finished 

for all three apartments within a four day period. As can be seen in the chart, mounting kitchens and 

front doors in all three apartments are finished before the next activity starts in the first apartment. 

This means that most of the time 2 out of 3 apartments are being empty, waiting for the next activity 

to start. 

Figure 14. A conceptual figure of the current Gantt chart. Each box corresponds to material handling and mounting for 3 
apartments and the critical path is marked with red arrows. 
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6.3 Scenario 1: Removing waste 

This is the first proposed scenario for shortening the project duration. Lean is used in different ways 

throughout this study, but here it is used to decrease the length of every box of activities. If the box is 

shortened, the time to complete the tasks is decreased. In this scenario activities that do not create 

value are, after they have been identified, eliminated. This follows Womack and Jones (2003) five lean 

principles mentioned in the lean theory chapter. In figure 15, each box represents 3 apartments and 

the dashed part corresponds to the amount of time that can be saved because of the waste reduction.  

 

Figure 15. This conceptual Gantt chart shows the effects in the time plan if waste is removed from the activities. Each box 
corresponds to material handling and mounting for 3 apartments and the critical path is marked with red arrows. The 
dashed parts of the boxes represent the amount of time saved because of the waste reduction.  

 

When activities contain less waste, the boxes become shorter. Based on intuition this should mean 

that the project can be compressed and done within the minimized amount of time. As an example, if 

one box is decreased by 10 minutes, this would mean 30 minutes shorter project duration in the 

conceptual Gantt chart above, but what is also seen in the chart is that there are other activities both 

before and after which are interdependent. Every box that is placed above and before contains 

activities that has to be finished before the below and after are finished, as the red arrowed critical 

path shows for the first box on every row. These activities now have a longer tact time and thus limits 

the improvement. If a proceeding activity, marked gray in the chart, is longer than the activity that has 

been shortened, the time to complete the project can only in total be shortened as much as the first 

box on the row has been shortened. This is shown in the chart above where the only time saved for 

completing the project is the time that is cut on the critical path by eliminating activities that do not 

create value. 

When removing waste every box on the row is affected. This means that the full potential of 

minimizing time cannot be achieved until surrounding activities are shortened the same amount of 

time. When this happens it is possible to compress every activity in every box, not only the first in 

every row, with the result of significant saving in the time is takes to complete the project. This implies 

that the takt time is essential for the completion of a project, because the activity that takes the 

longest time to complete will have the greatest impact of determining the project duration.  

What can be noticed is that if surrounding activities prevent a larger compression it will lead to gaps in 

the plan. In the chart these gaps will occur where the dashed part of the boxes are moved away. This 

means that the craftsmen that, in this example, is mounting kitchens and front doors will be finished 

with their activities before they can move to the next floor because preceding craftsmen are not 

finished. This gap first of all outline that the previous activity sets the takt time for the studied activity. 
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It also indicate that less man-hours from the craftsmen have to be used after removing waste to 

conduct the activity. Finally it means that the only amount of time that can be saved is for the first 

box, because it is the only box on the critical path. This gives the opportunity to, instead of 

compressing the activities, decrease the labor pressure. If waste is eliminated by 50%, one craftsman 

can do the assignment instead of two and still keep the project within the allocated time. It comes 

down to a tradeoff between shortening the project equal to the removed waste for one box and 

lowering the workforce resulting in less man-hours to pay for. It can be calculated what cost the time 

saving entails to see if it saves more than lower workforce, but this is outside of the scope for this 

study. The focus here is on shortening the project duration.   

In this study material handling is separated from mounting in the collected data. Material handling 

should only consist of NNVT since the material, at the site, has to be transported from the delivery 

truck to the apartment where it is supposed to be mounted. However, as our results shows material 

handling also contain waste. Removing waste from the material handling means less variation in the 

uncertainty of when the material can be expected to be in place for mounting. Less time has then to 

be taken height for between the finish of the material handling and the start of the mounting. If it is 

possible to start mounting closer to the material handling time is saved which means less waiting.  

This study identifies activities that do not create value which with mentioned scenario can be 

removed. But it is not possible to just delete an activity as you wish. As Keyte and Locher (2008) states 

- VSM is not a quick-fix, but rather the beginning in the work of value stream management. Mapping 

and identifying what actually is creating value and what is not is the first step. In the results it became 

clear that some NVT activities consumed more resource time than others. This indicates which 

activities to start working with, these follows and are highlighted with a succeeding discussion of how 

they could be eliminated. The first two sections comprises material handling and the last four 

mounting. The sections regarding material handling will be further investigated in scenario 3. The 

following suggestions are examples of how to work with waste reduction.  

Overproduction occurred when material had an inadequate labelling and the craftsmen had trouble 

knowing what material should be placed in which apartment. It would be valuable to work out a 

general template describing the location were the information should be attached to the material and 

also how it should be structured.  If the company specify how the labeling should be performed, it is 

also possible to request the various material suppliers to follow that. This is further investigated in 

scenario 3 in the section regarding tagging systems.  

Waiting had different reasons depending on the chosen method for material handling. In the results it 

is mentioned that waiting occurred both when using the elevator, telescopic handler and also when 

passing material by hand. One way to eliminate the waiting is to hire a company to carry in material 

outside of regular working hours. The material needed the next day could be brought in as from 15.30 

the day before and placed in a suitable place in the right apartment. This approach is not eliminating 

any waste from the material handling, it simply moves it out from the main process and from the 

critical path. It also moves the responsibility and trouble that waste entail from the company to 

another company. Moving out material handling is as mentioned further investigated in scenario 3.  

Unnecessary movement could have been avoided if the wagon with tools had been brought along 

between different apartments. The placement of the saw is critical when mounting door casing and 

baseboards. The saw should be placed so that unnecessary movement is minimized for the craftsman. 
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It should also be placed so it do not stand in the way and prevent the craftsman’s movement in the 

apartment. All the tools should always be brought along when moving to the next apartment. This 

becomes more important in scenario 2 when the time between craftsmen leaving and arriving is 

reduced. Having the right materials and the right tools in the right place at the right time indicates that 

JIT should be used.  

Unexploited time when talking or being back late from breaks can be reduced by increased motivation. 

This study do not focus on this area, but motivating every craftsman with improved leadership and 

incentives may be a way of decreasing the unexploited time.  

Rework can be prevented when planning in early design stages, before the construction at the site 

even begins. When mounting baseboards planning the apartments only with 90° corners would 

reduce rework such as re-measuring and material that is cut too short and are disposed. Plastering 

done by subcontractors can be improved by early collaboration and demonstrate the importance for 

the plastering firm of how their work impact later craftsmen. It can also be more clear in the 

agreement what the impact will be if the subcontractor conduct an activity that leads to rework.  

Overproduction made significant impact if a rebar was placed too close to the door openings. Since 

this occurs because of previous craftsmen’s work it has to be prevented in an earlier phase of the 

project. When erecting the framework and putting the concrete walls in place, the measuring has to 

be done more precise and leaving enough room between rebar and door openings. The feedback 

system can be checked to see what happens when succeeding craftsmen has to do more work 

because of a former craftsmen who has performed unsatisfying.  

If these improvements are done and the project duration is shortened the main goal with lean is 

achieved, creating more value with less effort as Modig and Åhlström (2013) propose. Also the quality 

is increased because the variation is decreased and at the same time the project can be done in less 

amount of time, which Dennis (2007) claimed to be the main goal with lean. It is also in line with 

Womack and Jones (2003) because the value flow is specified and identified, the value flow is 

increased and it works towards increasing perfection due to lower variability with less waste. However 

working towards a pulling system and a one piece flow needs major changes which is more discussed 

in the following scenario 2.  
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6.4 Scenario 2: Reducing space buffers 

As mentioned in the theoretical framework chapter, Russel (2014) argue that it is common to 

compensate for the uncertainty by adding buffers and thus absorb the resulting variability in the work 

plan. As could be seen in the current time plan, this is exactly was has been done. This scenario 

suggests that the space buffers should be decreased. Instead of finishing all three apartments before 

starting the next activity, only two apartments should be finished before the next activity starts. Each 

row in the time plan where the space buffers are decreased by one apartment, corresponds to 

shortening the time plan by the amount of time it takes finish that row of activities for one apartment.  

 

 

Figure 16. This conceptual Gantt chart shows the effects in the time plan if parts of the space buffers are removed. Instead 
of finishing 3 apartments before starting the next activity, the next activity is started when 2 apartments are done. The 
dashed lines divide the activities into apartments. Each box still includes both material handling and mounting.  

To be able to decrease the buffers as suggested in the figure above, variability in task duration has to 

be minimized. If the variability is still high and buffers are removed it will simply result in downstream 

effect like start-up delays, lost productivity, having to work out of sequence or working around 

incomplete work. All of these will most likely result in a delayed project completion date (Kenley and 

Seppänen, 2010).  

As can be seen from the calculations of the coefficient of variation, there is a substantial variability 

between projects today. That goes for task duration as well as for how the time is distributed between 

VT, NNVT and NVT. One way to approach the variability is by looking at the variability in VT. The 

company is already working with standardizing both mounting and material handling; the mounting 

instruction documents are currently being revised and the material handling documents are being 

developed.  The study shows that despite these document there is still variation in how the craftsmen 

carry out the tasks. As mentioned, the setup time seems to be one of the biggest reasons for the 

variability in VT. The setup time could be reduced with a more industrialized way of working as 

described above. If the variability should be decreased the industrialized way of working must be 

implemented in the mounting instruction documents and continuously reinforce the use of these 

documents. The other way to approach the variability is to minimize the NNVT and NVT. How to 

minimize the most commonly occurred waste is described in the previous scenario.  

A successful implementation of this scenario is dependent on first minimizing waste and variability. As 

Kenley and Seppänen (2010) states, there is a trade-off between optimizing cost, duration and risk. If 

the variability is decreased it means that the buffers could also be decreased without increasing the 

risk. As long as the cost for decreasing variation is not exceeding the saved cost for shorter project 

lead times, it is feasible. As mentioned it exist variation both within material handling and mounting. 

1 

1 
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The variability in the mounting tasks has to decrease to enable forecasting of when the material has to 

be delivered. In order to know when the deliveries actually arrives there is a need to have limited 

variation to enable a predictable flow of material and craftsmen. JIT can be used which is further 

discussed in scenario 3. 

A consequence of this scenario is that it increases the number of craftsmen in the building, which 

stresses the use of elevators and might cause interference between workers. To avoid this planning 

becomes even more important along with keeping the site clean and tidy.  

In this scenario, the space buffer is not entirely extinguished since there is still a one-apartment-

buffer. Eliminating the space buffer completely and thereby reach a one-piece flow would save even 

more time, but from the observations it could be concluded that there is still some work to be done 

before a one-piece flow could even be considered. If this scenario can be implemented for all 

activities, and not only the one being studied in this report, it is possible to shorten the total project 

duration a great deal. This scenario has, compared to the other scenarios, higher potential of 

decreasing the project duration. However, it also includes the highest risk and therefore working with 

lowering the variation is critical before considering implementing this scenario.  

 

6.5 Scenario 3: Separating material handling and mounting 

Another way to shorten the project duration is to examine the tasks within every box in the chart and 

find activities that can be moved out from the critical path. This has similarities to the lean approach in 

scenario 1, but the difference is that the main objective in this scenario is to move activities from the 

critical path instead of eliminating them. This is possible if a part of an activity can be started before 

the previous box of activities is finished. Material handling is an activity that can be moved from the 

production workflow. In the chart below, material handling is marked with L (logistics) and mounting is 

marked with M. 

 

Figure 17. This conceptual Gantt chart shows the effects in the time plan if the material handling is separated from the 

mounting and is therefore no longer on the critical path. Each box still includes three apartments and the dashed parts of 

the boxes represent the amount of time that corresponds to the material handling.  

The boxes above are shorter than before, because they no longer contain any material handling. The 

dashed parts of the boxes correspond to the amount of time spent on material handling. It has been 

separated from the mounting and put into an activity on its own. How the material deliveries are 

organized can of course be different in terms of when and how often the deliveries are made. Despite 

how the material handling is organized, as long as the material is in place before the mounting, it will 

for each activity be possible to save the amount of time corresponding to the material handling of that 
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M 

L 
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activity for 3 apartments. The figure below describes how the withdrawn material handling can be 

visualized when it feeds the remaining main process consisting only of mounting activities. It is clear 

that it no longer is a part of the process that is on the critical path. The material handling can be 

moved to its own plan, which is shown within the large dashed boxes. These can create a new plan for 

managing logistics, the construction logistics plan examined further down. 

 

Figure 18. Activities moved out from and feeding the main process. 
 

Moving out non-value adding activities can be connected to the lean approach since it retain a higher 

percentage of value adding activities which leads to a leaner process. It also mean that the company 

defines what processes that are value adding and how they can streamline these processes. They can 

focus on what they do best and what is creating actual value for their end customers. 

As Lindén (2008) mentioned, the pressure on means for internal transportation will decrease when 

activities are spread on different working hours. As seen in the observations, craftsmen spent a 

significant amount of time waiting for the elevator. This was particularly evident in one of the projects, 

were several craftsmen needed to use the elevator simultaneously.  When planning the activities it 

should be considered that activities should not stop and start at the same time because it stresses the 

use on the elevator when moving people, materials and tools. Moving out the material handling is a 

simple way to instantly lower pressure on means of internal transportation.  

When the material handling is moved out it becomes crucial for the material to be in place before the 

mounting starts, otherwise the material handling is still on the critical path and will make the project 

duration longer. The observations showed that materials are brought in and placed in different 

apartments, often in batches containing material for one up to three floors. It was found that when 

deliveries were done for three floors the material was blocking the way for the craftsmen who were 

performing other tasks. Generally work with only one mounting activity is carried out at the time in 

each apartment and it caused problems for the craftsmen when material for later mounting activities 

already were stored in the apartment. This meant that the craftsmen had to move the material to be 

able to conduct their task. Liker (2004) propose JIT to enable small quantities and short lead times 

which could be a way to eliminate this problem. Tied capital can also be lowered if the material can be 

called off, or purchased, later. If the material is delivered JIT it includes less time being stored at the 

Feeding process 

Feeding process 

Material handling 

Material handling 

Mounting 
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site. However, the smaller batches can be expensive because it requires higher frequency of 

transportation. It occurs a tradeoff where the cost for more transports has to be compared with the 

cost of having more materials at the site. Environmental aspects should be considered when planning 

the tranportation.  

The material could be brought in outside of regular working hours and by others than the craftsmen. 

This increases the value-flow in the project since the craftsmen can focus on mounting which is, 

contrary to material handling, value adding. During the observations several craftsmen expressed that 

they did not appreciate having to carry out the material handling and would rather have someone else 

do it. They pointed out that it is a heavy task, which can also lead to serious injuries. Since regular 

working hours are only 9 hours a day, it leaves 15 hours each day where material handling could be 

carried out without interfering with mounting.  This means that labor can conduct the material 

handling sometime during these 15 hours. It is probably a good idea to bring in the material right after 

the normal workday is coming to an end at 15.30, but the most suitable way for the specific 

construction site should be chosen. The material handling consumes less time than mounting and it 

should be possible to secure that the material is in place in time for mounting so that the material 

handling do not affect the critical path. To be in line with JIT, only the material needed for the next day 

should be delivered.  

After the material has been unloaded from the truck, it is transported to the right stairwell. According 

to the observations in this study the material was always delivered to the right stairwell. When the 

craftsmen started to unwrap the material and search for the labelling stating which apartment the 

material should be transported to, they had trouble finding it. This was not a problem when the 

material was of the same type and the apartments needed  an equal amount on each floor, but when 

this was not the case the insufficient labelling had a significant impact on the time spent on several 

NVT activities. The craftsmen had to twist and turn the materials if the labelling was not satisfying. If it 

was a heavy front door this was exhausting, annoying and consumed time. Even when the craftsmen 

found the labelling they still had trouble a few times to identify which apartment the material was 

intended for. In one of the projects, they even had to call their supervisor to ask for help. Another 

finding was that the craftsmen sometimes interpreted the labelling wrong and placed the materials in 

the wrong apartment. This was also noticed when the craftsmen performed the mounting, because 

sometimes the material they were supposed to use was in the wrong apartment, or even on the 

wrong floor. This led to craftsmen running around in the building to find the right material, causing 

unnecessary movement. 

To prevent the problem mentioned above, an understandable and consistent system for labelling the 

material should be used. The mentioned tagging systems keep track of the material throughout the 

supply chain and could be a way to decrease the confusion. An easy way to start this could be using a 

paper based system with unique identification numbers as Sullivan et al. (2011) mentions. The studied 

company has numbers on the materials that are delivered but they differ between every supplier and 

there seems to be no standardized system to label and tag the materials. There should be a 

collaboration between every supplier and the contractors where it is agreed what the identification 

system should look like and what is important for the production processes to work as efficient as 

possible for all parties. The tagging should be put on an agreed place on the material that is easy to 

see when the material is packaged on a pallet. The tagging should be performed before the pallet is 

delivered to the construction site.  
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In combination with JIT, the CLP framework described by Lundesjö (2015) can be an effective tool to 

plan construction logistics with decreased variation and increased reliability of the deliveries. It will 

help to make the logistic operations at the site smother with a plan for how to operate and how to 

unload. It also involves stakeholders at a higher rate, which as discussed is beneficial for tagging 

materials. There could also be ways of consolidate materials so that one truck deliver more than one 

type of material. The CLP contributes development and usage of policies which can decrease the 

uncertainty in deliveries even more. It also acts as a step towards standardization of the processes.  

However the quantity that is being delivered every time the truck arrives is hard to determine in this 

study. It is clear that smaller deliveries at high frequency is beneficial for mounting and is in line with 

JIT. But to be sure that the craftsmen always have a task to do and decrease the trucks arriving to the 

site, the deliveries can contain more than what is needed for the next day of work. With the 

observations and measures in this study it is not possible to predict what the quantity of specific 

materials should be.  

6.6 General approach for continuous improvement 

Previous scenarios propose different approaches to shorten the project duration. The project duration 

is set by the activities on the critical path and therefore the fastest way to finish a project would be if 

every activity could start at the same time and be completed as close as possible to the starting time. 

However, as explained and discussed before, this is not possible since there are several aspects, 

conditions and restrictions that pushes the time for completing a project.  Following  sections analyzes 

parallels and patterns between the scenarios and explains the impact they have on each other. This is 

needed in order to propose how a general approach can be designed for giving a construction 

company a tool that is easy to understand and use for continuous shortening of their project lead 

times.  

There are findings described within each scenario that points out how they are or how they could be 

linked together. Lowering the currently high variability comes forward as the main critical aspect. If 

the variability is low it is be possible to use all scenarios simultaneously, which can result in a 

significant shortage of the project duration. As for current practice, the takt time keep the same 

production pace throughout the interior phase. The current takt time can be considered valuable since 

it provide a plan that is easy to understand and work after. The results in this study shows that in 

general there is more time planned then needed for conducting a task. The waste in combination with 

high variability is taken height for and in the end leads to increased project duration.  

Scenario 2 requires low variability which is an effect of scenario 1, since eliminating waste leads to 

lower variation. If scenario 1 is used first, the activity with the longest takt time will prevent larger 

improvements. The activity with the longest takt time can therefore be considered the best activity to 

start with. After the activity is chosen, the first step is to create an understanding of how the activity 

consumes resources and how it interrelate to other activities. Mapping the specific activity according 

to the approach Womack and Jones (2003) suggests, was valuable in this study and should be possible 

to apply for other activities in the interior phase as well. Working with eliminating waste is the next 

natural step towards lean, since it lowers the variation and saves resources. 

In scenario 3 material handling is moved out. Material handling is an activity that do not create any 

value, but is necessary in order to supply mounting activities. This leads to even lower variation in the 
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remaining production flow. Since the material handling can be done outside of the usual working 

hours, the problem of variability in task duration for material handling should not be a critical 

problem. However, if other activities are moved out from the main production flow it would certainly 

be more critical to deliver the materials to the right apartment JIT. The material has to arrive to the 

construction site before the material handling to enable a proper supply for mounting. Moving out 

activities do not eliminate waste and therefore should the lean approach also be applied to the moved 

activities, especially for achieving the benefits of JIT. Moving out material handling furthermore means 

a shorter takt time, because every activity in the current practice include material handling and if it is 

moved the takt time is reduced. Important to clarify is that if the material handling is not completed 

before mounting start it will still be on the critical path and cause delays.  

Scenario 2 have better odds of being successfully implemented after scenario 1 has lowered waste 

and thereby variability and scenario 3 has lowered variability by moving material handling from the 

main production flow. Scenario 2 increases the amount of craftsmen on the construction site, while 

scenario 3 decreases the amount since the craftsmen are spread out on different working hours. The 

amount of workers at the construction site can therefore be balanced to a level that fits the specific 

projects conditions. The more craftsmen working in the same area leads to more interference, just as 

Lindén (2008) states. This could also be seen during the observations in this study. This implies that 

project management should plan towards spreading the craftsmen and decrease the average amount 

of craftsmen at the site. Material handling becomes more important when buffers size decrease, 

because the material has to be JIT in order for the craftsmen to keep their pace and avoid interfering 

with each other.  

After looking at how the different scenarios interrelate and what impact they have on each other, a  

proposal for a general approach for shortening project lead times has been formulated. The proposal 

has the intention of being a structured and easy approach to use for construction management. The 

proposal is aggregated as a step by step plan for continuously working towards decreasing project 

duration and is presented as follows: 

1. Select the activity that has the longest takt time 

2. Map waste and variability 

3. Reduce waste and variation in the activity (scenario 1) 

4. When possible, increase the value flow by removing support processes from the critical 

path. Material handling is one example of a support process that could be removed 

(scenario 3)  

5. Update the time plan with the new information and reduce buffers in relation to the 

reduced variability (scenario 2) 

6. Start over from the top 

This creates a loop of slow improvement towards shorter project lead times. 
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7. Conclusion 
This chapter summarizes the findings by answering the research questions. Answering the research 

questions ensure that the purpose is fulfilled.  

The purpose of this study was to investigate the opportunity to shorten the lead time of a construction 

project and investigate how construction companies can work continuously towards shorter project 

lead times. The research questions are repeated and answered below in order to summarize the 

conclusions and show that the purpose is fulfilled.   

1. How is the time used for material handling and mounting distributed from a value adding 

perspective and how much variability is there between projects?  

The results from the study showed a significant amount of waste and variability within the studied 

activities. It has been concluded in previous research that waste exist in construction, e.g. Josephson 

and Saukkoriipi (2009), but this study focuses on a few chosen dependent activities in the interior 

phase and also addresses the value adding differences between material handling and mounting. 

Compared to the time that currently is allocated for the studied activities at the studied company, 

almost all activities are completed within the scheduled time. The mean of the studied mounting 

activities consists of 48 % VT, 28% NNVT and 24% NVT. Material handling consists of 75 % NNVT and 

25% NVT. There is no VT in material handling, since it is a support process for mounting. 

The following categories represent the areas where most waste occurred: 

Mounting 

 Unnecessary movement 

 Unexploited time 

 Rework 

 Overproduction 

Material handling 

 Overproduction 

 Waiting 

 

A coefficient of variation for task duration was also calculated for all activities. When it comes to the 

variability, it is clearly higher within mounting than within material handling. However, it is important 

to keep in mind that there were more observations done for mounting than for material handling and 

that is probably effecting the results. Variability could be found both in bot VT, NNVT and NVT. For VT 

the variability was mainly caused by setup time. The calculated coefficient of variation for task 

duration is presented below: 
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Mounting 

 Front doors 8% 

 Inner doors 26 % 

 Door casings 42 % 

 Baseboards 26 % 

 

Material handling 

 Front doors 6% 

 Inner doors 13% 

 Door casings 24 % 

 Baseboards 1% 

2. How can project lead times be shortened? 

The three scenarios use different approaches to shorten lead times in construction projects. The 

approaches are created from the perspectives highlighted in the theory chapter as important for 

project lead times. The areas are lean, logistics and time scheduling. Below are the main findings 

within the scenarios describing how the project lead time can be shortened: 

Scenario 1: Removing waste finds how the identified waste can be removed from the critical path. The 

next activity can start earlier when the previous can be completed sooner. An effect is that waste is 

minimized for every succeeding activity of the same sort, every mounting of baseboards as an 

example, which create slack in the time schedule.  

Scenario 2: Reducing space buffers tightens the time schedule by decreasing the current, one floor, 

buffer. This increase the risk and people working at the site at the same time in the building because 

more activities are performed parallel. Large savings can be made but there is a tradeoff in how much 

risk that the company is willing to take. To minimize the risk waste and variability can be reduced. 

Scenario 3: Separating material handling and mounting split activities and moves in this case material 

handling from the main process into a feeding process. The material handling can be conducted 

outside of regular working hours which lowers the pressure on internal transportation tools and 

minimize people at the site. It is critical to have the material in place when mounting start, otherwise 

the activity is still on the critical path and no improvement will occur. The CLP framework can be used 

to make the material handling JIT with lowered uncertainty.  
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3. How can a construction company continuously work towards shortening their project lead times? 

A combination of the three scenarios with their influence on each other is the foundation of the 

answer to the last research question. The first to conclude is that scenario 1 and 3 can be used 

interdependently, but to use scenario 2 a lower variability is needed which is obtained by scenario 1. 

Lower variability is also beneficial for scenario 3 which put variability as a critical aspect of working 

towards lower project lead times.  

The takt time determine the lead time of the project. This study can conclude that shortening the 

specific activity that determine the work flow and thereby the takt time, has largest impact on 

shortening lead times. Largest shortening with scenario 1 is therefore achieved if the activity with the 

longest duration is shortened. Moving out material handling in scenario 3 also shortens the lead time.  

Scenario 2 increase the number of workers on site, while scenario 3 has the opposite effect. To 

prevent having to many workers on site at the same time, scenario 3 should be implemented before 

scenario 2. This order should prevent increased interference between craftsmen.  

Through the logical reasoning around the scenarios a step by step approach to continuously 

shortening project duration is made. It takes account for the construction industry’s conditions and 

has the intention of being a structured and easy to use approach. The step by step plan is thought to 

be used by construction management and is presented below: 

 

1. Select the activity that has the longest takt time 

2. Map waste and variability 

3. Reduce waste and variation in the activity (scenario 1) 

4. When possible, increase the value flow by removing support processes from the critical path. 

Material handling is one example of a support process that could be removed (scenario 3) 

5. Update the time plan with the new information and reduce buffers in relation to the reduced 

variability (scenario 2) 

6. Start over from the top 

 

By answering the research questions, the purpose of this study has been fulfilled. The 

recommendation for the construction industry this study contributes is briefly the suggested step by 

step approach. It should be pointed out that knowing the variability is of main importance when 

tightening the time schedule. Understanding how the time actually is distributed when performing 

different activities is another main aspect because the time planned differ from what actually 

happens. This study was conducted in a limited area within the interior phase. The step by step 

approach should be possible to use for all interior activities since they follow each other in a 

structured and similar way along the critical path. To use it in the whole construction project the 

effects between the different project phases should first be examined. The recommendation is to start 

with the activities in the interior phase and after measured success examine how other activities can 

be improved by the steps.  
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8. Discussion 
This chapter puts the research study into perspective and suggests potential topics for future research. 

It is important for the society to strive towards a sustainable situation and therefore the sustainable 

aspects is also discussed here. 

The scope of the study turned out to be a bit too wide, and that is part of the reason to why the 

material handling was only studied for two project. It had been more reasonable to look at fewer 

activities or to only look at either mounting or material handling. Since the material handling was only 

observed at two sites, the reliability of the results could also be discussed. The location have an impact 

on what strategies the specific projects used for material handling and therefore an extensive data 

collection would have been necessary to really be able to get an idea of the current situation . This 

master thesis could have been targeting one area, either material handling or mounting, but trying to 

cover both made the data collection too vast for the limited time frame.  

The activities within the construction industry are not done in stationary machines, as in other 

industries, which is a main aspect of why it is more difficult to use conventional production 

approaches as optimization and simulation. The simulation methods mentioned in the theoretical 

framework chapter, PERT and Monte Carlo simulation, could be used to try to optimize the buffer 

sizes. The results show that the craftsmen perform activities in different ways and with high variability 

in task duration. This situation in combination with little knowledge about task duration for most of 

the activities makes the result of an optimization uncertain and leads to little applicable improvement. 

By first gathering data through measurements and then using the up-to-date input in optimization 

models lead to a more useful and realistic optimization. When activities are conducted in parallel, the 

project lead time can be shortened, but as mentioned in scenario 2 it might also increase interference 

between workers. This interference would also appear when optimizing these problems but it can be 

taken height for. The effects of parallel activities should be further researched, which would provide 

the knowledge of interference needed for better optimization of these problems.  

It has been interesting to study how much waste and variability there is in the studied projects and the 

results were both disappointing, seeing how much resources are wasted today, but also encouraging 

because there are a lot of room for improvement. This study has focused on how it is possible to 

shorten project lead times using a combination of theory from lean, logistics and scheduling. As we 

have seen there are a lot of benefits in using lean as a tool for shortening project lead times. As 

Womack and Jones (2003) put it, activities that are not measured are hard to control and therefore 

difficult to improve. Standardization and defined processes makes it possible to evaluate and improve 

those processes. It also helps keeping the knowledge within the company. However, what should be 

considered when implementing lean is that there are also downsides with this way of working. Anna-

Carin Fagerlind Ståhl, holding a PhD position at the University of Linköping, expressed some concerns 

regarding  lean when she was being interviewed in Byggindustrin (2016). Her research shows that lean 

is not only a way to increase productivity and improve the working environment, but there is also a 

risk that lean reduces the time for recovery and social interactions, as well as delimit the chance for 

the craftsmen to use their skills to solve problems and be a part of making decisions regarding their 

own work. It is thus important to consider how to keep the craftsmen motivated and feel involved in 

the decision making. Otherwise there is a risk that the improvement in efficiency and quality will only 

be temporary and that the craftsmen might eventually lose interest in their job if it gets too repetitive. 
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Apart from the social sustainability perspective, economic and environmental sustainability also has to 

be considered. The scenarios include JIT which tend to increase transports to the construction sites. 

Increased transports means more emissions, and this has to be considered when planning the 

transports. Consolidations of material could be used when the material is needed at the site at 

approximately the same time and can then be delivered with the same truck.  

When waste is minimized there is a lower amount of rework and thus less material waste. This means 

a lower impact on natural resources. However, shorter lead times lead to using the resources at a 

higher rate, which can affect the environment. Shorter lead times also means a shorter period of time 

where the project affect the local environment, which is desirable. It is also important not to interfere 

with the surrounding environment during night, if material handling is conducted outside regular 

working hours. If work is performed outside the original working hours it should be prioritized to make 

as little noise as possible to avoid disturbing nearby neighbors. The current situation, with a high 

demand and low supply, is prominent in the larger cities of Sweden and there is a significant need for 

more homes. Constructing with shorter lead times means a possibility to increase the supply of 

apartments at a faster rate in order to meet the demand. 

There are a lot of different aspects to consider and a lot of interesting areas to look closer at. Some 

suggestions for future research are to look at how it is possible to keep the craftsmen motivated when 

processes are being standardized and rationalized. Another interesting issue to study is how the 

quality is affected by the standardization and lean implementation.  
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Appendix 1 – Construction Logistics Plan (CLP) framework 

 

 



 

66 
 

 



 

67 
 

 

 

 

 

  



 

68 
 

 



 

69 
 

 



 

70 
 

 

  



 

71 
 

  



72 

Thesis number: TRITA-FOB-PrK-MASTER-2016:10 

www.kth.se 

http://www.kth.se/

