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Abstract
In Sweden, there is a large need for housing. One method of solving the housing crisis is industrial
house-building. In the industrial house-building, standardised work in factories must be completed at
a construction site. The studied company, with the pseudonym RCC, has major inefficiency problems
in their production process. RCC’s production process is divided into two parts, off-site and on-site
production. The off-site production is performed in a highly standardised factory where a building is
constructed in a month. However, the buildings are then assembled and complemented on-site, where
work can last for months as opposed to factory work. RCC has identified its schedules as a problem in
reducing the lead time for the completion phase.
This master thesis is a case study with a focus on the time-schedules on one of RCC’s projects in
Stockholm, Sweden. The focus is to create two new time-schedules, a theoretical shortest timeschedule and a realistic time-schedule, with the goal to reduce the lead time of the completion
production phase and to identify the labour costs of the project with these time-schedules. Four
different scenarios were studied in this study; the original time-schedule, the actual workflow, the
theoretical shortest time-schedule and a realistic time-schedule. Comparisons were made between
these scenarios with regards to lead time and labour costs.
In the Swedish construction industry, activity-based planning methods are the most common method
for planning the time-schedules. However, because of the limitation in activity-based planning
methods, this thesis uses location-based scheduling. The chosen method for location-based planning
is location-based management system, LBMS, used in the software VICO Schedule Planner. In VICO
Schedule Planner, the two requested time-schedules were created to reduce the lead time and labour
costs on the studied project. The time-schedules were based on data provided by a consultant hired
by RCC, with the time needed to perform different activities in two similar buildings.
In the creation of the new time-schedules, dependency links were found between activities through
the use of semi-structured interviews. Two improved time-schedules were proposed, a theoretical
shortest time-schedule and a realistic time-schedule. Both time-schedules were simulated in VICO
Schedule Planner and reduced the lead time for the original time-schedule by 69% and 44%
respectively. While the actual work was shortened by 74% and 54%. In three of the scenarios; actual
work, theoretical shortest, and realistic time-schedule, approximately the same labour cost was
identified for the project, 1 224 000 SEK. Assumptions regarding the labour costs for the original timeschedule were made because of lack of data. Therefore, it differed a bit compared to the other
scenarios. Based on the results and analysis, an action plan is proposed to RCC at the end of the report,
with the goal to permanently reduce RCC’s lead time for the completion process.
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1. Introduction
The following chapter introduces the general and problem background to the study. The problem
description leads to the purpose of the study, which is presented together with four research questions.
The questions are supplemented with the explanatory text before the chapter ends with delimitations
and the target audience.

1.1 General background
According to Boverket (2016), there is a need for 700 000 new homes by 2025 and 400 000 housings
by 2020 in Sweden. This corresponds to an annual requirement of 88 000 housings and is derived from
the population increase (Boverket, 2016). According to Statistics Sweden (2016), the population is
increasing by one million from 2015 to 2025, which means an increase of 12.6%. The current
population increase, and housing demand can be related to the completion of 135 433 housings from
2013 to 2016 (Statistics Sweden, 2017), which is 55 000 housings less than the annual production
required to meet the future demand.
The low production rate of the housing can be due to the lack of productivity in the Swedish
construction companies (Ekeskär, 2016). According to Ekeskär (2016), the craftsmen spend less than
20% of their work on value-adding activities per week, which may be caused by lack of communication
between companies (Thunberg, 2016) and by the actors’ independent focus (Nordstrand, 2008). These
are factors which could have contributed to the high construction price index (Statistics Sweden, 2017),
which may be a hindrance if Boverkets housing objectives shall be met by 2025.
The Swedish construction process is traditionally divided into five phases; investigation, design phase,
procurement of construction, construction and administration. Each phase is usually driven by a
project-oriented focus. In Sweden, it is common that the design and construction phases are divided
between several different actors, where the actors have their project-oriented focus independent
from the others (Nordstrand, 2008), with the goal to streamline the own project (Lessing & Lidelöw,
2015). As stated by Lidelöw, et al. (2015), every housing project is a unique project with its own
organisation.
Therefore, in order to meet Boverket’s housing goals, an interesting complement to the traditional
construction process can be industrialised house-building. According to Lessing (2006), industrialised
house-building is an organisation developed to effectively control and prepare resources and flows of
the construction process, by switching from a project focus to a process focus where the construction
has been organised to be repeated (Lidelöw, et al., 2015; Jonsson, 2018). In industrialised housebuilding, the majority of value-added work is carried out off-site in the factory, but completion and
installation work need to be carried out on-site (Jonsson, 2018).
Previous studies of time-schedules in construction, such as Chassiakos and Sakellaropoulos (2005),
mainly focus on optimisation of the time-schedules and the costs in the traditional construction
process, executed on site. Other studies only optimise the costs, for instance, Krshenas and David
Haber (1990), there is a lack of previous studies concerning the completion phase of the on-site work
in industrialised house-building.

1.2 Problem background
The studied company, RCC, is an industrialised housing company that builds modules in a factory that
are assembled on-site into housings. RCC is focused on streamlining its industrial process in its factory,
and the following assembly phase. The work carried out off-site corresponds to approximately 80 % of
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the value creation. According to RCC, the last 20% are critical because they are time-consuming and
are not reliable since they are performed on-site and are therefore not industrialised.
This thesis is studying RCC's problem that arises after the modules have been assembled on-site which
is carried out in five days, then it takes four to six months to finish the last 20% of the value creation.
This can be compared to the production process of the modules in the factory, which is carried out in
approximately four weeks. According to RCC, the time-schedules for the on-site production process is
an area of improvement, where multiple activities are not synchronised. An example of their problem
is that three different working teams, which is not affected by each other have one week each to finish
their task in the time-schedule instead of taking advantage of the possibility that the activities can be
performed simultaneously. If all the teams were working at the same time, the next activity could start
earlier, which would result in reduced lead time for the on-site production.

1.3 Purpose
This thesis focuses on the time-schedules of RCC’s completion of the work on-site. The purpose of this
thesis is to analyse RCCs time-schedules for the completion phase, with the goal of reducing the lead
times of their projects, with the assumption that shorter lead times results in an improved return on
capital employed, ROCE.
RCC takes responsibility for all parts of the construction process, from buying the land, project
development, construction, selling and handing over the finished product before they get paid by the
customer. Therefore, RCC measures their projects with Return on capital employed, ROCE. If their
process is ineffective, their capital is tied up in the project which affects the ROCE performance, and
because of that, it is highly essential to improve the time-schedules for the completion phase on-site.
According to RCC’s calculations, if they were able to reduce the lead time for all of their projects in a
year by a month, they could perform three more projects during this time span. This would increase
RCC’s ROCE performance as well as increasing their revenue.

1.3.1 Research questions
To be able to fulfil the purpose of this thesis, to decrease the company’s lead time for the completion
phase, the focus is divided into three parts. The first part investigates the current state of the timeschedule for the company’s time-schedule for the project as well as well as how the actual work is
conducted compared to the original time-schedule. Research question 1 is addressed in the first part.
RQ1: How has the time-schedule for the project been scheduled and how does it differ from the actual
work?
The following section focuses on improving the company's schedule for the current project, where a
theoretically shortest and a realistic schedule are developed. In the theoretical shortest timeschedule, there as few limitations as possible in order to decrease the lead time as much as possible.
Therefore, the realistic time-schedule is a more achievable goal for RCC to work towards, where
more limitations exists. Research questions 2 and 3 corresponds to this part.
RQ2: What would the theoretically shortest time-schedule be for the company compared to the
original time-schedule with regards to lead time and labour cost?
RQ3: What would an improved realistic time-schedule be compared to the original and the
theoretically shortest time-schedules, with regards to lead time and labour cost?
Finally, the last part of this study aims to reduce the lead time for the completion phase in all of
RCC’s projects in the long term. To achieve that, recommendations, an action plan, is developed. The
fourth research questions are addressed to develop these recommendations.
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RQ4: What could a possible action plan be, to reduce the lead time and labour costs of the on-site
completion process?

1.4 Demarcations
This study has only considered the completion processes on-site after the buildings are enveloped.
Therefore, the industrial processes in RCC’s factory, as well as the assembly phase, have been excluded
from the study. Only work activities for which time has been collected, on a specific RCC project in
Sweden, is studied in this thesis. The same labour cost is used for all activities as the work cost for each
activity cannot be obtained. Assumed labour costs are based on the hourly cost of the activities that
can be obtained from the offer. Today, RCC has problems with that their module construction has to
dry before the part of activities can be carried out. Since RCC aims to improve its design, the study has
not taken into account the drying time. No consideration has been given to whether certain activities
have low or high risk of being delayed. Hence, the same normal distribution of the activity's risk of
delay is used. The study is based on the provided information about activities regarding time.

1.5 Target audience
This master thesis is written as the last academic assignment for the Master of Science degree. The
focus of the study is aimed at people with an academic or industrial interest in how to optimise
industrial house-building. The authors of this thesis hope that people in the industry and the academic
world find this work exciting and contributing to industrial and academic practice.
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2. Method and methodology
This chapter describes the methods used to meet project objectives and answer the questions. First,
the study's position is described as scientific categories before the research process is described. The
method of data collection, analysis and validity and reliability are described below. Scientific methods
and techniques are presented in each part together with a description of how they have been applied
in this study

2.1 Methodology
2.1.1 Case study
On behalf of RCC, a quantitative case study is conducted to answer the research questions. The case
study is conducted at one of the company's projects in Sweden, project Stockholm, where the on-site
construction phase was completed during the spring.
Case studies are advantageous when to improve the understandings of how different factors influence
the environment, with the use of observations, interviews and other means of data collection
(Eisenhardt, 1989). According to Voss (2009), case research is one of the most common research
methods in the field of operations management, due to the wide variety of methods that can be used
in case studies. The thesis will aim to create an understanding of the current time-schedules at the
company, in order to streamline RCC's future on-site projects. The case study uses a normative
approach, as there is already knowledge and understanding in the field and the purpose is to provide
guidance and propose measure (Björklund & Paulsson, 2012).
In order to answer research question 1, an inductive approach is used, where collected information is
used to build a model of the current situation. Subsequently, a deductive approach is used to answer
research question 2-4, i.e. based on the model, developed empirical assumptions is made to improve
RCC's time-scheduling. Since both induction and deduction are used, this study uses an abductive
approach (Björklund & Paulsson, 2012).

2.1.2 Research process
To describe the process of the thesis, a model has been developed. See Figure 1.
Frame of
reference

Current state
description and
analysis

Interviews
regarding
dependencies

Implementation
of secondary data

Optimal timeschedule and
simulations

Realistic timeschedule and
simulations

Analysis and
recommendations

Figure 1 - Research process (Authors’ image)

In order to answer research question 1, relevant theories of time-schedules are studied together with
a current state description and analysis. A literature study will be used to effectively collect relevant
theories.
In the next step to understand the current situation, the literature study is complemented by
interviews with people on-site and top management at RCC. The collected data from the interviews
will be supplemented with secondary data collected by RCC regarding project Stockholm. The
secondary data is implemented in a computer software called VICO schedule planner, which is a
location-based management system and the flowline methodology to facilitate the study of timeschedules. A current state description is made to describe how the time-schedules are constructed
today, both how the studied project’s time-schedule has been planned and a description of how the
actual production process has been executed. The current state is analysed with regards to the timeschedule and the actual production, with the goal to find improvement areas.
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The secondary data is then used to answer research question 2 and 3, which is to structure the
theoretically shortest and the realistic time-schedule in the VICO schedule planner.
In order to create time-schedules that answer research question 2 and 3, it is important that the
correct add-ons are drawn between the activities. Therefore, several interviews are carried out with
on-site and top management within the company. The dependency links are then validated by the top
management. With the dependency links, two time-schedules were created in VICO Schedule Planner,
a theoretically shortest and a realistic time-schedule, in order to answer research questions 2 and 3.
The theoretically shortest time-schedule has twice the labour of the realistic time-schedule, a
workforce for each building.
An action plan, research question 4, is created based on the findings from research questions 1 to 3.
The proposed actions are listed based on their importance and how time-consuming they are. The
recommendations aim is to reduce the lead times in the completion phase for RCC’s future projects.

2.2 Data collection methods
Various types of data collection methods are used to find data to fulfil the purpose and to answer the
research questions. These are described in the following sub-chapters.

2.2.1 Secondary data
The data for this project is received from RCC that employed a consultant to collect the data for this
project. The data contributed by RCC is seen as quantitative data and is collected to compare their
time-schedule with the real-time workflow. In this study, the data received from the project is raw
data with the purpose that this study should analyse the data. According to Saunders et al. (2016),
secondary data can be sub-categorised into three categories documentary-, survey-based and multiple
source data. For this study, secondary data is seen as documentary data that RCC collected with high
precision and without any processing or compiled data (Saunders, et al., 2016).
RCC’s consultant performed rounds every 15 minutes on the construction site for six months and
collected information about which activates were performed. During the six months, the consultant
performed 6 000 rounds and collected 82 000 data points. The consultant categorised each activity
from a round in date, building, apartment/area and the number of workers. Based on the collected
data points, the actual time for each activity can be calculated.

2.2.2 Interviews
The secondary data contributed by RCC is supplemented with interviews. Interviews can be
categorised into three types; structured, semi-structured and unstructured interviews (Björklund &
Paulsson, 2012).
For this study, semi-structured interviews are used with the focus on on-site and top management at
RCC. The interviews are performed during the whole project and emphasis on the time-scheduling for
a better understanding of the project and dependency links between activities. The interviews are
conducted in person and on Skype with experts in the field. The choice of semi-structured interviews
is based on not affecting the interviewee´s own opinion of the problem, with the use of a pre-made
question to stay on topic. It is also a flexible type of interview, which do not affect the answers and
instead increases the validity and reliability of the study.
In a semi-structured interview, it is common to follow a list of question on a fairly specific topic that is
covered, also referred as interview guide, but without affecting the interviewed. The interview process
is flexible but is focused on how the interviewee interpret and understand events and issues with the
topic (Bryman & Bell, 2015). According to Björklund & Paulsson (2012), the weaknesses when
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conducting interviews are that questions will not be answered adequately. It is also time-consuming
and might need follow-up questions or another interview. The benefit of qualitative interviews is that
its emphasis on interviewee´s owns perspective and a greater interest in the interviewee´s view of the
problem (Bryman, 2011). The interviews are a primary source of information and being able to collect
data for the study is useful for understanding the context (Björklund & Paulsson, 2012). It also covers
a wide range of a topic and is a more general frame of reference (Bryman & Bell, 2015). In qualitative
research such as semi-structured interviews, the approach is to increase validity and reliability of the
study (Bryman, 2011).
To increase the credibility of a study, triangulation is a common method when studying objectivity,
validity and reliability. Therefore, the secondary data is supplemented with interviews to increase the
validity of the collected data for this project. According to Björklund & Paulsson (2012) triangulation is
primarily used to increase the validity through the use of several different perspectives. To increase
the validity of interviews, it is important to have a clear description and a specific objective of the
interview (Björklund & Paulsson, 2012).
Through the use of control questions, the interviews are investigated once again to ensure a high
degree of reliability, since reliability is which extent the study´s operations can be repeated with the
identical result (Voss, 2009). In order for the reader to self-assess the results of the study, the choices
made in the study are motivated and clarified, which contribute to increased objectivity. According to
Björklund & Paulsson (2012), an objective vision must be kept in mind with relation to a positivistic
view could be mediated. With that in mind, objective vision should be regarding morality, ethics and
honesty. Facts must be corresponding with collected information, and all interviewed responses
should be sent to the respondent in order increase objectivity (Björklund & Paulsson, 2012).
The interviews are conducted with people in different positions at RCC for a broad perspective with a
good mix of people within the company. In total, interviews are conducted within four different areas;
current state, dependency links between activities and validation interviews. The list of people
interviewed in this thesis can be seen in Table 1, presents which respondent is interviewed in what
area.
Table 1 - Summary of respondents, their roles within the company, interview date and way of communication
Respondent

Title

R1

Consultant
for
Operational
efficiency

R2

Production
Manager

Date of
interview

Way of
communication

Current
state

Dependency
links

In person

X

X

Number of
workers per
activity

Validation
interview

X

X

2018-02-01
2018-04-23
2018-03-18

Skype

2018-04-23

In person

2018-05-04

Skype

X

R3

Project
manager

2018-03-28

Skype

R4

Assembly
manager

2018-04-05

Skype

X

X

R5

Site
manager

2018-04-13

Skype

X

X

X

6

X

2.2.3 Literature studies
Literature will be collected to widen the perspective of the study since a broad overview is a good way
of acquiring information for the research. When searching for literature, it is essential to have a plan
that addresses relevant areas with a critical but fair assessment of the results of the studies (Bell,
2016). Furthermore, search engines such as Unisearch and Scopus will be used to find articles and
books. It is important to be careful when using different types of literature studies and literature
because it´s considered as a secondary source. The risk of using secondary sources is that it could be
used for another purpose with different methods to find, analyse and decipher the result. But an
advantage of using the information in a literature study is that it is easy to find applicable information
for the frame of reference (Björklund & Paulsson, 2012).

2.3 Analysis method
RCC assists with collected data relevant to the case study. Therefore, the data is treated as correct and
unbiased. Although, triangulation is performed to ensure the validity and reliability of the provided
data.

2.3.1 Time-schedule analysis and simulation
The data on how the actual work is carried out will be implemented into VICO Schedule Planner for
analysis, to find improvement areas in the original time-schedule. VICO Schedule Planner is an
excellent tool for this type of study since it uses the flowline methodology to clarify which
improvement areas exist in a time-schedule and was used on behalf of RCC. The software also uses
built-in stochastic variables to simulate the duration of a project, to calculate the time-schedule's risk
of delay.
In this thesis, the Monte Carlo simulation method is conducted in Microsoft Excel to randomise the
risk levels of uncertainty for each activity regarding the start of schedule task and schedule task
duration, in the project. To create a robust time-schedule, Monte Carlo simulation is repeated 100
times for each activity to achieve a variety of risk levels. In total, 100 000 simulations will be conducted
in VICO Schedule Planner for each time-schedule, with regards to lead time and labour cost. The
simulation is divided in to 100 different scenarios from the Monte Carlo simulation, with 1 000
iterations each. In VICO Schedule Planner, the software uses 1 000 iterations for each simulation.
Four different risk levels are simulated in the Monte Carlo simulation. These are; zero risk, low risk,
intermediate risk and high risk. These four risk levels are used by VICO Schedule Planner’s risk analysis
tool and are therefore used in the Monte Carlo simulation as well. Hence, 100 different simulations is
chosen because of the amount of possible risk combinations to add robustness to the simulations.
Even more simulations would generate a more precise result, but the amount of simulations had to be
limited due to the lack of time.
After the simulations, a student t-test is then conducted to analyse the difference between the
simulated results of the time-schedules. Further, an additional 20 simulations with 1000 iterations
where conducted for each time-schedule, with the purpose to study the probability of the project
finishing on time.
The Monte Carlo simulation is performed on both the theoretical shortest and the realistic timeschedule to ensure high validity and reliability for the simulation, see chapter 5.5. Found
improvements for both time-schedules is then tested with simulation in VICO Schedule Planner to see
how the changes, regarding start date and duration of activities, theoretically affect the time and cost
of RCC’s project in Sweden.
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2.3.2 Result and discussion
The results from the time-schedule analysis are compared to the actual production process in two
steps. First, the theoretically shortest time-schedule is compared to the current time-schedules, with
respect to lead time of the project. In the second step, the realistic time-schedule is compared the
theoretical shortest time-schedule and the current time-schedule with respect to lead time, to form
an idea of whether it is worth striving for a theoretically shortest schedule or not.

2.4 Reliability and validity
According to (Eliasson, 2013), reliability and validity are dependent on each other, and therefore,
validity cannot be better than reliability. A study's reliability is its credibility and usability, based on the
used methods and tools (Ejvegård, 2009). A high degree of reliability in a study is achieved by using
accurate and correct measurements, as reliability increases with more reliable results (Eliasson, 2013).
Validity is whether the study examines the chosen subject (Ejvegård, 2009) and therefore, it is
important with many sources of evidence in a case study (Yin, 2018). In order to achieve high validity
in a study, it is essential that there is an underlying idea of what the study's research questions will
result in and will characterise the content of the study (Bryman & Bell, 2015). Consideration should
also be given to the technology used in the study, such as parameters, tests and examination methods.
These must be reliable and valid to be considered useful and appropriate for the study, but these
requirements cannot include the scientific value of the study (Ejvegård, 2009). Several different
aspects have been kept in mind during the research process to achieve reliability and validity in the
thesis.
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3. Contextual background
This chapter describes the Swedish construction industry and the concept of industrial house-building.
The first part concerns the Swedish construction industry, the situation today and the future challenges.
The second part concerns industrial house-building, its definition, advantages and challenges.

3.1 The house-building industry in Sweden today
The house-building industry is often accused of being unproductive and having difficulty partnering
with companies in projects (Thunberg, 2016). According to SCB (2013), the construction price index
has increased more than the consumer price that which results in higher prices for newly produced
housings (Thunberg, 2016). It could be due to more than 80% of a craftsman’s working day is spent on
material handling, waiting and indirect work. This is a clear indication that productivity must be
increased in the construction industry (Josephson & Saukkoriipi, 2005).
In Sweden, there is a lack of housings in 255 out of 290 municipalities, according to Sweden's
construction industries (Jonsson, 2018). In the early 2000s, the Swedish house-building industry was
investigated about its low productivity of housing and increased costs. There are many different
aspects of why the house-building industry had fallen into low productivity. According to
Byggkostnadsdelegationen (2000), the working methods, cooperation, supply chain management,
technology and production methods are seen as important areas for the house-building industry to
reduce their problems with costs, working conditions, quality and competition (Lessing, 2006).
Boverket (2012), states that the pressure is higher than ever to produce new housings, the problem is
due to that a growing population is looking for their first housing. Increased demand leads to increased
production of housings (Boverket, 2012). It has not been built more new housings in 2016 since 1992
in Sweden (Statistics Sweden, 2018). The most significant challenge in the construction industry is the
lack of personnel in all areas. In a survey for the Swedish Construction Federation, seven out of ten
companies state that there is a lack of getting new personnel in their organisation (Jonsson, 2018). In
order to cope with the challenges, housings must be produced more effectively and efficiently with
reduced cost. One suggestion is to move some of the value-adding activities into industrialised
processes for house-building projects. The industrial environment will reduce time and cost to produce
a housing (Jonsson, 2018). Industrialised house-building has become a more common method to use,
and it has shown that off-site production will reduce production time and cost which result in less time
spent on site (Jonsson, 2018).

3.2 Industrial house-building
Industrialised house-building is a complex, but a relatively new concept that performs industrialised
processes in several construction areas for a more reliable, efficient and qualitative house-building
process (Jonsson, 2018). Lessing (2006) states that several construction companies in Sweden have
developed a new market of industrialised house-building concepts. The new market is based on
information and inspiration in other industrialised sectors that have implemented and developed
innovative methods for production, supply chain and design (Lessing, 2015). Important factors in
industrialised house-building are prefabrication together with logistics and IT-solutions and require
previous experience of industrialised processes to create a continuous flow of housing modules
(Lessing, 2006).
According to Jonsson (2018), the production is divided into off-site and on-site processes in
industrialised house-building. The off-site process is pre-fabrication with a high degree of product
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standardisation, where the house-modules are created. Finished modules are then transported to the
on-site production site where on-site activities such as assembly, installation and complementary work
are performed, Figure 2. The two production processes use their own suppliers (Jonsson, 2018).
Although most of the value-adding activities are performed in factories, a large part of all costs
surrounding an industrialised house-building project can be located to the on-site production (Lessing,
et al., 2005).

Figure 2 - Visualisation of the production process for industrialised house-building (Jonsson, 2018) (Authors’ image)

3.2.1 Definition of industrialised house-building
Various definitions describe the concept of industrialised house-building, where system and
prefabrication are essential parts to understand the process of industrialised house-building. Lessing
(2006) offers the following definition of industrialised house-building:
"Industrialised house-building is a thoroughly developed house-building process with a well-suited
organisation for efficient management, preparation and control of the included activities, and material
flows, resources and results for which prefabricated components are used in order to create maximum
customer value" (Lessing, 2006).
As Lessing’s (2006) definition states, it becomes evident that industrialised house-building is more than
just building with prefabricated parts in the house-building process. This is a more extensive view of
industrialised house-building, where prefabrication is one of several different decisions to take into
account in the design process of a production system (Jonsson, 2018). Lessing (2006) states that
Industrialised house-building has eight components to the definition, see Figure 3.
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Figure 3 - The eight components of industrialised house-building
according to Lessing (2006) (Authors’ image)

In the planning stage of a project, it is important to put a lot of effort into design, preparation and
planning of activities. A well-organised structure in design, manufacturing and assembly is essential in
order to deliver maximum value to customers in the planning and control process. Design and
implementation of industrialised products in house-building are supported by planning methods, and
this will minimise the number of defects and errors in the production process. Production development
has various methods for technical systems to create an effective process, which is developed and
tested to a high degree of completion. The technical systems such as sanitary, electrical and frame
solutions are developed with a certain level of flexibility and are used in production and design of
unique housing projects. (Lessing, 2006)
Industrialised house-building also has another approach and classification to alternative building
systems, and there are seven general production systems; Frame system, Panellised system, On-site
fabrication, Sub-assembly and components, Block work system, Hybrid system, Volumetic and
modular system. The degree of industrialised house-building is dependent on the type of off-site
production from modular building in factories to sub-assembly (Kamar, et al., 2011). Gibb (2001),
defines four industrialised house-building degrees that vary depending on the degree of off-site
production. Jonsson (2018) states that Gibb’s (2001) and Kamar’s, et al. (2011) industrialised house
building categories are similarly defined:
•
•
•
•

On-site fabrication and sub-assembly and components correspond to component manufacture
and sub-assembly
Panelised system corresponds to non-volumetric pre-assembly
Block work system correspond to volumetric pre-assembly
Volumetric and modular system correspond to modular building

Two or more of Gibb’s (2001) production systems is a combination of the hybrid system in Kamar’s, et
al. (2011) industrialised house-building. The four production systems from Gibb (2001) is defined as a
production system for different industrialised house-building methods.
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3.2.2 Advantages with industrialised house-building
Manufacturing housing parts in off-site production facilities are effective with good working conditions
and advanced equipment in a well-suited environment. Industrial house-building demand high level of
completion to the building parts in order to reduce work at the construction site (Lessing, 2006).
Lessing (2006) states that production process will be enhanced with long-term relations between
partners, which will increase the performance and efficiency of production. In order to build
industrialised, it is important with a clear customer focus to ensure that there is an end-customer for
the product. There are different aspects, and according to Lessing (2006), quality, product and cost are
essential for the customers. To perform an industrialised process, it requires trustworthy and accurate
information to provide digital tools with data to update material and delivery solutions. The benefit of
industrialised house-building is the knowledge of the construction process and to re-use experience to
the next project. Industrialised house-building is inspired by lean production, and it prefers that
building parts are manufactured in an industrial process with a focus on waste reduction. The benefits
of using off-site production are reduced safety and health issues together with increased time, quality
and cost (Lessing, 2006). Jonsson (2018) states that there are different types of production systems for
each specific market depending on strengths and weaknesses in the production system.
To reduce the number of activities on-site, these activities are moved to pre-assembly in the factory.
This increases the demand for management in logistics and supply chain activities in order to supply
two logistic lines, the construction site and pre-assembly factories (Lessing, 2006). There are different
strategies for integrating off-site production and the opportunity for off-site production integration is
in early stages into the house-building project (Pan, et al., 2012). The use of an off-site production
system must be determined early in the planning process, otherwise it will affect the ability to create
a specific production system and to maintain competitiveness for a specific market (Jonsson, 2018).

3.2.3 Disadvantages with industrialised house-building
The difficulties with using off-site production are complicated interfaces between different systems
and the inability to finalise the design early in the process. It is also difficult to achieve economies of
scale and a high capital cost for the facility (Jonsson, 2018). A production system cannot meet all
customer demands which result in that it have to be designed for each project to meet the targeted
market (Lessing, 2015).

3.3 Robert Construction Company
Robert Construction Company, RCC, is an industrial house-builder focusing on multifamily houses
made of a highly standardised modular building in their factory. RCC offers several different types of
buildings, from one to four-room apartments as well as single-family houses. The apartment
buildings are designed to be built as I-, L, or U-shaped buildings, to facilitate adaptation to different
areas, requirements and market demands. All apartment buildings use access balconies to reach the
apartments. Their company strategy targets a large range of people by offering a low-cost housing,
hence the production of modules to reduce the costs.
The construction of housing modules is located in RCC’s own factory in Sweden. RCC’s modules are
produced to a high level of completion, corresponding to 80% of the value-adding activities.
Approximately four weeks is needed in the factory to construct the modules for a whole building.
The modules are complete with kitchen, complete bathrooms, windows, doors, floors, painted walls
and most technical installations when they are transported from the factory.
The activities performed on-site are mainly assembly of the modules and finishing work. In addition
to the assembly of the house modules, balconies, access balconies and elevators are assembled at
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the production site. Finishing work is performed both on the inside and the outside of the buildings,
and consists of activities such as complementary work of modular joints, electricity, heating and
other activities. Most of the assembly work is performed by RCC’s own assembly teams and
subcontractors are hired for the finishing work. As it is today, these assembly and finishing activities
need several months to complete the last 20% of the value-adding activities in a project. When the
work is finished on-site and has passed the inspection, RCC can hand over the houses or apartments
to the customers and receive the payment.
The project for this study is a RCC’s project in Stockholm, Sweden and consists of 11 house bodies
with 105 apartments in three different sizes two, three and four room housings. This study is
focusing on two of these buildings, hereafter referred to as buildings 1 and 2, where each building
consists of 9 apartments. The apartments are divided into three apartments with four rooms and six
apartments with two rooms. The buildings 1 and 2 are three stories high and have 3 housings on
each floor.
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4. Frame of reference
The following chapter contains the theory used to present and analyse results. The reference frame is
divided into four parts: Planning process, Scheduling methods for planning and control, VICO Office and
Monte Carlo simulation. The chapter begins with explaining the planning process in the construction
industry as well as the time-schedule. Furthermore, activity-based and location-based schedules are
explained, a selection of location-based scheduling methods presented and explained. The chapter ends
with VICO Schedule Planner and Monte Carlo simulation.

4.1 Planning process
The purpose of planning is to effectively coordinate a project's activities and resources in an optimal
way. Through proper planning, potential conflicts between activities can be predicted and addressed
in the planning stage. The most used and recognised planning method, the Gantt schedule, was
developed almost 100 years ago, developed by Henry Laurence Gantt. The method has since been
further developed in to project planning. (Nordstrand, 2003)
There are different techniques for creation of a time-schedule in a construction project. Two of the
most common methods are the critical path method, CPM, and the program evaluation and review
technique, PERT, that was developed in the 1950´s. The difference between these methods is that CPM
focuses on the relationship (trade-off) between cost and time, while PERT focus on the relationship
between the different activities, to reduce the uncertainties during the project. This is associated with
major design and execution of complex activities but also used for the major building project. (Antiall
& Woodhead, 1990)

4.1.1 Company strategic planning
The planning process is divided into three levels of company strategic planning; strategic, tactical and
operational planning. The strategic planning is the overall planning that creates a holistic image of the
project. In a house-building project, the strategic plan focuses on the company's goals and visions, and
are usually the master plan. With the strategic plan as a starting point, goals are set for tactical
planning, and it is common that the time-schedule represents the tactical plan in a building project.
The purpose of a tactical production plan is to design a basic structure for the various activities that
form the basis for planning different projects. The last level of planning, operational planning, is more
short-term planning and deals with resources and activities at a detailed level. (Hansson, 1996)

4.1.2 Planning activities in a project
The time-schedule process starts with identifying the activities that are included in the project and
establishes a time-schedule for the project. The level of importance and ambition of each activity is
determined when planning the project, and there are three different planning levels in construction
projects: projection, production and administration. Each level determines a different type of planning
and the importance of each activity in the time-schedule. To determine the time-schedule, the
workload, amount of unit hours and appropriate resources have to be calculated for every single
activity to find the critical line. By making a time-schedule, activities will be structured in a certain
order due to dependency links and to reduce inefficiency. In order to time-schedule a building project,
knowledge of how to plan is crucial. To make a feasible plan, it requires an accurate and systematic
schedule of activities. (Réval, 2011)
Planning a project starts with determining which building method that should be applied, together
with which activities that the building method consists of. The next stage is to structure activities and
applying resources for each activity that is required for the project, together with dependency links
between all activities. With the help of the activities assumptions the project time-schedule can be
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determined and calculated furthermore, it also enlightens the critical activities that can setback the
project by plotting the network schedule together with a resource-plan to increase the evidence, see
Figure 4. (Réval, 2011)

Identifying
activities

Structure
activities

Time
calculation of
project and
resources

Time
scheduling

Project
schedule

Plotting
network
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resource plan

Figure 4 - Planning project activities and time-schedule (Authors’ image)

The objective with time-scheduling is to have a high utilisation rate of the resources together with
constant progression without altering the workforce on-site, it is important to find a balance between
each profession to build a team with equal employment. The resource capacity in an on-site project is
customised and flexible but still needs a lot of planning. (Réval, 2011)

4.2 Scheduling methods for planning and control
The primary methods for scheduling work in constructions are activity-based scheduling and locationbased scheduling, both methods created to structure the activities in a construction project. The main
methodology used in activity-based scheduling is the critical path method. Meanwhile, line-of-balance
and flowline are mostly associated with the location-based scheduling (Kenley & Seppänen, 2010).

4.2.1 Activity-based scheduling
Activity-based scheduling is the dominant methodology in construction around the world (Kenley &
Seppänen, 2010). The most common activity-based method derives from Kelley and Walker (1959),
who created the critical path method. The method is based on the methodology used in the Gantt
schedules, see Figure 5. Unlike Gantt schedules, CPM is not just a graphical tool, and it can also be used
as an analytical tool (Kenley & Seppänen, 2010). Kelley and Walker’s (1959) aim with CPM was to create
a tool for planning and calculating project times, but also to follow the progress of different projects.
Therefore, CPM consist of a logical structure with a topological map of activities associated with logical
relationships, through the use of a work breakdown structure. Activities can be moved in activity-based
schedules, as long as they maintain their logical relationship with the other activities (Kenley &
Seppänen, 2010).

Figure 5 - Example of an activity-based time-schedule (Authors’ image)

Kenley and Seppänen (2010) also find that activity-based methods are not suitable for the construction
industry, where large parts of the work are repeated or performed continuously. The activity-based
methods have their advantage in efficient use and control of resources but sacrifice the projects’
efficiency in favour of the earliest completion (Kenley & Seppänen, 2010). Su and Lucko (2015) add
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that activity-based methods do not focus on workflow but more on time, which prevents its use when
planning repetitive activities. Therefore, the use of activity-based scheduling can lead to a weak plan,
which will require additional resources to make up for unplanned compression and lost time of the
time-schedules (Su & Lucko, 2015). This is common in most of the construction projects, which results
in wasted time and lost productivity (Seppänen, 2009). In construction, it is more important to strive
for efficient resource management, which in turn is driving for location-based scheduling (Kenley &
Seppänen, 2010).

4.2.2 Location-based scheduling
Location-based scheduling has been used since the 1920´s, in the construction of Empire State Building
(Seppänen, 2009), where the project was built upon the concept of an assembly line, through the use
of repetition and continuous flow (Kenley & Seppänen, 2010). The approach used in the building of
Empire State Building did not use an analytical method with calculations, it was just a method of
presentation (Seppänen, 2018). Even though location-based scheduling has been around for a long
time, the use has been limited by the popularity of activity-based methods (Kenley & Seppänen, 2010)
The main benefit of location-based scheduling systems is their possibility to visually compare the timeschedule against the progress since it is possible to plot and compare the situations in the same
diagram. Although, the current knowledge of location-based scheduling is weak, especially how
methods differ (Su & Lucko, 2016). Hence, the purpose of these subheadings is to explain and
contribute to an increased understanding of the methods; Line-of-Balance, Flowline and LocationBased Management System.

4.3 Location-based scheduling methods
4.3.1 Line-of-Balance (LOB)
The planning method Line-of-Balance, LOB, was created in the 1940's and was the first (Seppänen,
2018) analytical graphical scheduling method for systematic location-based planning (Frandson, et al.,
2015) in production (Kenley & Seppänen, 2010). Its strength is in planning repetitive tasks (Su & Lucko,
2015) and is now used in construction (Kenley & Seppänen, 2010). It is a scheduling method that
regards location as a dimension, to facilitate the use and planning of continuous resources. The
simplified planning makes it possible to reduce the scheduled use of subcontractors at the workplace,
to reduce the costs. Because of this, LOB is considered to be a method of repetitive construction
projects and is not suitable for non-repetitive unique projects (Soini, et al., 2004).
The use of LOB requires the location hierarchy to be designed so that all the critical sites of this project
are represented, a so-called location breakdown structure, LBS. In housing construction often means
that individual buildings are characterised at the highest level, followed by floor plan and where
individual apartments represent the lowest hierarchy level (Kenley & Seppänen, 2010). After the LBS
has been determined, Soini et al. (2004) state that the activities shall be drawn to the locations where
they will be performed, and all activities should be resource-loaded and based on quantities. The
resource requirement is estimated from the cost of the project, while the quantities are calculated for
all project locations (Soini, et al., 2004).
Furthermore, all internal work, regardless of the task, should be performed synchronously at the same
rate (Soini, et al., 2004). The takt-time is mainly controlled by the number of teams performing each
task. Although, the main principle with LOB is that the same work is planned to be carried out
continuously, with as few resource changes as possible (Soini, et al., 2004). In a LOB schedule, crews
and their corresponding activities are visualised by two closed lines as a parallelogram, see Figure 6,
(Su & Lucko, 2015), which makes it possible to consider the work of different crews in parallel.
Therefore, LOB schedules are described as crew-oriented, since repetitive activities can be conducted
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by different crews (Su & Lucko, 2016). The X-axis of the parallelogram corresponds to the time it takes
to perform an activity for the crew, while its slope represents the delivery rate of finishing repetitive
units, not the production rate (Su & Lucko, 2015). In LOB, the Y-axis represents the cumulative
production (Kenley & Seppänen, 2010). According to Kenley and Seppänen (2010), time buffers are
illustrated by the space between two activities, the parallelograms.

Figure 6 - LOB parallelogram (Authors’ image)

4.3.2 Flowline
According to Kenley & Seppänen (2005), a method outweighed by LOB is the Flowline method. The
methods are similar and flowline is therefore often confused with LOB (Kenley & Seppänen, 2010). The
difference is that Flowline focuses on how a crew operates, where each activity is visualised by a single
line, see Figure 7, unlike the parallelogram used in the LOB (Kenley & Seppänen, 2010). In Flowline,
the single line represents an activity, and the Y-axis represents the location, with time on the X-axis
(Kenley & Seppänen, 2010), and the slope represents the production rate (Su & Lucko, 2015).
Therefore, Flowline demands detailed planning, to be accurate about the use of resources (Frandson,
et al., 2015).
Further, Flowline also differs from LOB because the method is based on discrete locations, not the time
it takes for the crew to complete an activity (Seppänen, 2018). Seppänen (2018) states that the
Flowline method does not consider flexible location breakdown structures and is often used as a
schedule visualisation technique in, for example, Location-Based Management Systems.
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Figure 7 - Flowline (Authors’ image)

4.2.5 Location-Based Management System (LBMS)
Location-based management system, LBMS, is a concept for integrating networks of management
system components, a concept that potentially could involve all phases of the construction process.
The concept is created by Kenley and Seppänen (2010) and is built on previous work, such as layered
logic calculations for CPM and the use of Flowline for visualisation (Frandson, et al., 2015). Kenley and
Seppänen (2010) chose these previous methods in order to make it possible to optimise the timeschedule with LBMS, while influencing the use of continuous work (Seppänen, 2018) according to the
principles of lean production (Kenley & Seppänen, 2010).To function, LBMS needs a location
breakdown structure and activities for each location, but also requires the production time for each
activity, as well as the number of working days and working hours for the project (Frandson, et al.,
2015).
Seppänen (2018) states that LBS is used as a basis for planning and controlling projects in LBMS, and
that LBMS is the first planning tool that uses hierarchical LBS with an unlimited number of hierarchy
levels (Seppänen, 2018). The use of locations adds better control over the project and allow for better
reuse of information (Kenley & Seppänen, 2010). In LBMS, columns are used to describe the location
hierarchy visually, see Figure 8. For example, the project can be divided into individual residential
buildings, which can be divided into floors to be divided into apartments (Seppänen, 2018). Kenley and
Seppänen (2010) state that each hierarchy level has its own purpose, where the highest hierarchical
level contains sections that are independent of each other and can begin in parallel or in any order, an
opportunity that allows optimisation of the time-schedule. The intermediate layer is used instead of
planning the production flow for the various parts of the building, while the lowest level is used for
detailed planning (Kenley & Seppänen, 2010).
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Figure 8 - Example of a location-based hierarchy (Authors’ image)

All activities of the same kind are aggregated and defined to locations in LBMS (Kenley & Seppänen,
2010). The aggregated activities are used for control (Kenley & Seppänen, 2010), and it is assumed that
activities flow through the locations in LBMS, compared to the activity-based methods where the
activities are locked to one location (Seppänen, 2018). The activities are based on quantities, either
from BIM software or from time-schedules (Seppänen, 2018) and each activity is designated to a
hierarchy level (Kenley & Seppänen, 2010). In general, the activities contain information of production
data, labour resources, time and cost. The resource requirement is the same for the activities, but its
productivity, quantities and work teams vary for different locations (Kenley & Seppänen, 2010).
Layered logic is then used in LBMS to automate the design of logic between activities, with the use of
CPM logic, to reduce the complexity of time-schedules (Seppänen, 2018). This logic is not hierarchical,
just the relationship between two activities, to create one predecessor and one successor in each
location, allowing for continuous work by changing the start date for early locations in the timeschedule (Kenley & Seppänen, 2010).
In LBMS, activities are considered continuous, without interruption between locations, which means
that the same crew can work continuously with their activity without having to interrupt between
different locations. Benefits of this flow are clear directions for the crew, reduced waste (Kenley &
Seppänen, 2010), better productivity, and an order winner to sign subcontractors (Seppänen, 2018).
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Another advantage of continuous workflow is the ability to optimise the time-schedule. Areas of
improvements by optimisation can be found by studying voids, time-buffers, between activities, see
Figure 9. Optimisation can also be performed by synchronising the production rate of these activities,
and by eliminating the void between these activities, see Figure 10. Although, optimisation can also be
conducted by increasing or decreasing the labour activities (Seppänen, 2018), to find the optimal
amount of labour for each activity (Frandson, et al., 2015), and to achieve continuous flow (Kenley &
Seppänen, 2010), see Figure 11. According to Frandson, et al. (2015), the bottleneck activities are those
with the gentlest slopes. Although, the optimised time-schedules are more exposed to various risks
(Seppänen, 2018).

VOID

VOID

Figure 9 - A time-schedule visualised by flowline with voids between activities and uneven production rates (Authors’ image)

Figure 10 - The same time-schedule with an eliminated void between activities, but with the unsynchronised production rate
(Authors’ image)
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Figure 11 - An optimal time-schedule with synchronised activities (Authors’ image)

Different risks in time-schedules can affect production, risks that can be managed within LBMS using
buffers, generally time buffers (Seppänen, 2018). Buffers can be used either for locations or production
rates (Kenley & Seppänen, 2010). These buffers are implemented to maintain the continuous workflow
by postponing the start of critical activities (Seppänen, 2018), where uncertainty is expected (Kenley
& Seppänen, 2010), see Figure 12.

Figure 12 - Synchronised time-schedule with added time-buffers (Authors’ image)
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4.4 Scheduling software
In the construction industry, there is a lot of different scheduling software to use when scheduling a
project. The main idea with a scheduling software is to successfully perform and complete a
construction project on an adequate time-scheduling of the activities of the project. Execution of the
project and amount of working time for each activity is needed to construct the time-schedule
(Valenko & Klanšek, 2017). Three scheduling software is described below to get an overview of
different time-scheduling methods.
Microsoft project is a time-scheduling software for graphical representation and control of timeschedules. The scheduling software uses the activity-based scheduling methods and is primarily used
for planning, monitoring and control of the project. It also represents one of the most recognised
software packages for project management in construction. Microsoft project is using a Ganttschedule as a tool for visualising the time-schedule for planned activities. (Valenko & Klanšek, 2017)
Asta Powerproject is a project scheduling software that manages time-schedule, resources and
monitoring of a construction project. It is designed to support construction planners work and are
based on their input to meet the needs of the industry. Asta Powerproject gives the organisation
clear visibility over the project so multiple users can work in collaboration and view the project in
real-time for information. The software uses a activity-based scheduling to visualise the timeschedule and the critical path is outlined in the activities. (Elecosoft, 2016)
VICO Schedule Planner is a technical solution developed by VICO Software for the construction
industry. The software uses Kenley and Seppänen’s (2010) location-based management system
(Kenley & Seppänen, 2010), to visualise the time-schedules through flowline and to create a realistic
view of the activities and to easier detect activity clashes. VICO Schedule Planner provides a project
plan to control workflow to further streamline the productivity improvements during the production
phase. The software supports the approach to managing construction project based on location-based
quantity information in VICO Schedule Planner. The location-based management system assists in
identifying problems, monitoring progress, initiating control action and providing the information
needed to manage a project. (Trimble, 2016). The software that is most suited for this study, which is
also desired to be used by the company is VICO Schedule Planner, due to the use of location-based
management system and its unlimited number of hierarchy levels and the option to optimise the timeschedules.
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4.5 VICO Office – VICO Schedule planner
VICO Schedule Planner uses location-based management system for the creation of time-schedule
and visualises it in a flowline view. VICO Schedule Planner uses traditional construction activities,
except that they are based on precise quantities from the project´s location. The time-schedule is
visualised with an X-axis which shows the time of the project and Y-axis which shows the project´s
location. The combination of both X and Y axis is driven by production rates that provide a more
detailed view of the time-schedule.

4.5.1 Creating a time-schedule
In VICO Schedule Planner, it is possible to import 3D models from software such as ArchiCAD, Revit
and Tekla, to automatically create location-based time-schedules, 4D BIM schedules (Vico Software,
2016), as well as drawing the time-schedules manually. VICO Schedule Planner also enables estimation
of quantities and prices (Kenley & Seppänen, 2010) and the ability to decrease the project time through
optimisation, better productivity, transparency and predictability (Vico Software, 2016).
The first step of creating a Time-schedule in VICO is name and set the time frame of the project.
Followed by the determination of day length, currency and location hierarchy level, see Figure 13
Based on the hierarchy and sub-hierarchy levels as well as the time frame of the project, a grid network
is generated by VICO, see Figure 14.

Figure 13 - First step in VICO Schedule Planner (Authors’ image)
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Figure 14 - Grid network in VICO Schedule Planner (Authors’ image)

The grid network is then used to draw the activities to the right locations and within an expected time
frame, as visualised in Figure 15. By clicking on activities, options for the chosen activities appears,
where it is possible to name the activity, change the time frame, the duration of the activity and its
location sequence, see Figure 16. Here, it is also possible to assign subcontractors and number of
workers to the chosen activity, see Figure 17, and to assign quantities such as square meters etc., as
shown in Figure 18. These steps are then repeated until all activities are assigned names, dates,
resources and quantities, see Figure 19. Dependencies can then be drawn between activities, with the
preferred precision level regarding the location hierarchy as visualised in Figure 20.
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Figure 15 - Activities in VICO Schedule Planner (Authors’ image)

Figure 16 - General options in VICO Schedule Planner (Authors’ image)
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Figure 17 - Resource options in VICO Schedule Planner (Authors’ image)

Figure 18 - Quantities options in VICO Schedule Planner (Authors’ image)
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Figure 19 - Activities with assigned names, dates, resources and quantities

Figure 20 - Dependencies in Dependencies in VICO Schedule Planner (Authors’ image)
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4.5.2 Performing a risk simulation in VICO Schedule Planner
There is also a risk simulation tool in VICO Schedule Planner, where simulations of the time-schedule
are run. The risk analysis tool uses the dependencies between activities, the locations, crew sizes,
quantities and different risk levels for each activity to simulate the time-schedule’s probability of
unfolding as planned (Trimble, 2016) and to identify overlapping activities in the different locations
(Danmarks Tekniske Universitet, 2017). A stoplight system, with different colours is provided to
visualise the outcome of the simulation and the areas of concern. The risk analysis tool uses four
factors to measure the risks; High, Intermediate, low and zero risk, see Figure 21. There is lack of
information regarding how the software uses the different risk levels, whether they are using a normal
or log-normal distribution. An advantage of the VICO’s risk analysis tool is the easiness to simulate
several different “what-if” scenarios based on different combinations of risks for the activities to find
the most appropriate time-schedule (Trimble, 2016).

Figure 21 - Example of risks in VICO Schedule Planner (Authors’ image)

Based on the simulation chosen amount of iterations, see Figure 22, an expected finishing date is
provided together with the earliest and latest finishing date, as visualised in Figure 23. The expected
labour costs of the project are also provided from the simulation, see Figure 24. Monte Carlo
Simulation can be used to get an even distributed risk allocation for each activity in VICO’s risk
simulation tool. It creates a randomised distribution for the start of a scheduled task and task’s
duration to find a robust solution for the time-schedule. The simulation steps are described in the
following sections.

Figure 22 - Number of iterations (Authors’ image)
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Figure 23 - The simulated results regarding time in VICO Schedule Planner (Authors’ image)

Figure 24 - The simulated results regarding costs in VICO Schedule Planner (Authors’ image)

4.5 Monte Carlo Simulation
A random number generator is used in many standard statistical methods and most analyses require
a random sampling (Gentle, 2010). Monte Carlo Simulation is using a computational algorithm based
on repeated random number to obtain numerical results. The idea behind the method is to use
randomness to solve problems that could be deterministic in principle. Monte Carlo simulation is
often used in mathematical and physical problems and are useful when it is difficult to use other
approaches. (Kroese, et al., 2014). The simulation needs a reliable way of generating random
numbers and most generators compute pseudo-random numbers (Brandimarte, 2014).
Monte Carlo simulation contains stochastic values, which means that variables are randomised based
on a probability distribution, which allows different iterations to select different values (Boussabaine
& Kirkham, 2008). A pseudo-random number sampling algorithm is used to distribute the random

29

numbers into number according to the probability distribution. A Monte Carlo simulation is for
example used in Microsoft Excel (Ayres, et al. (2017). The mathematical background for Monte Carlo
simulation is described with the stochastic vector xi and a given function F. According to Kalos &
Whitlock (1986), the expected value F(xi) is approximated using N independent observations of x. The
function is designated xi, where i = 1, 2, .... N. Equation 1 is used to mathematically describe Monte
Carlo simulation (Kalos & Whitlock, 1986).
#

1
( 𝐹(𝑥 + )
𝑥̅ # =
𝑁
+-.

(1)

The main idea behind Monte Carlo simulation is that the result is based on statistical analysis and
repeated random sampling. Monte Carlo simulation is typically recognised by a large number of
unknown parameters, which are obtained by sampling random numbers. It is easy to test and re-run
simulation due to it use deterministic techniques such as pseudo random sequencing. To obtain a high
quality of a Monte Carlo simulation the pseudo-random number generator needs to have a certain
characteristic such as long period of time before the sequence repeats. It is also important that the
values from the pseudo-random numbers generator pass the tests for randomness.
According to (Li, et al., 2014) Monte Carlo simulation is very capable of handling multiple probability
distributions and is very useful when its multiple products with variations in uncertainty and outcome.
According to Joubert & Pretorius (2017), numerous articles refers to use of Monte Carlo simulation in
their project time-schedule simulation. The simulation gives project managers indicators of project
performance, completion date and budget targets (Joubert & Pretorius, 2017). A disadvantage of
Monte Carlo method is that when using random numbers, it is impossible to reproduce exactly the
same results in the random generator (Buslenko, et al., 1967).
Monte Carlo simulation can be used to estimate the uncertainty levels of an activity in risk
simulation. This is useful in VICO Schedule Planner, where risk levels for the different activities are
graded from zero to high. In the proposed example, activity one has low risk to start late and the
activity has intermediate risk to be delayed. These risks for respective activity will show the
uncertainty of the project. In this example, Microsoft Excel is used which is using the formula:
Randbetween (1;4) to generate a risk level. The numbers 1,2,3 and 4 corresponds to zero, low,
intermediate and high risk, see Figure 25.

Figure 25 - Monte Carlo Simulation in Microsoft Excel example (Authors’ image)
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5 Current state description and analysis
This chapter includes a current state description of the current project in which the case study is
conducted. The information presented in this chapter is a compilation of company data and interviews
from individuals at the company, people who have worked on the project or who have experience from
similar projects. Furthermore, an analysis is carried out on the presented current state description. The
chapter is divided into four parts: current state description of the time-schedules, current state
description of the actual workflow, current state analysis and the validation of the current state
description. The current state description and the analysis, together with the frame of results, form a
basis for further analysis.

5.1 Current state description of the time-schedules
In the current state, the company uses Gantt schedules, see Figure 26, to create the time-schedules.
The yellow colour in the figure represents building 1 and the blue colour represents building 2. The
green colour illustrates when work is planned for both the buildings at the same time. In this project,
the estimated project time is 85 working days and there are activities planned to be carried out by the
same craftsman in two or three houses at the same time and there is no predetermined order in which
the activities are to be performed, which results in the craftsmen working on different houses on
different days. This is also not defined in their contracts, their contracts are only written for a fixed
period, in which their activities have to be completed.

Figure 26 - The Gantt schedule for the project (Authors’ image)

Project and site managers with experience from several of the company's projects point out the
importance of subcontractors following the detailed time-schedule and that everyone involved in the
project has cooperated and worked in a committed way. According to the managers, the best way to
keep a dedicated staff and subcontractors is to give them the right conditions, which in most cases are
time, since other problems in the project can usually be solved on the spot.
The managers are also aware that they must be better at planning time buffers between different
activities. It is common for activities to be performed on several houses at the same time and that the
estimated activity time is too small, which results in no activity being completed or the need to increase
resources. Something the respondents say is because there is no knowledge of what activities are
critical to the project or that consideration is not taken for conditions such as season, darkness, field
work, etc.
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Figure 27 – Flowline visualisation of the time-schedule (Authors’ image)

Today, RCC does not use location-based scheduling for their projects. To facilitate the comparison
between time-schedules, the Gantt schedule in Figure 26 is converted to location-based scheduling,
see Figure 27. As shown in Figure 27 there is a lot of time-buffers in the schedule where no valueadding activities are performed, while several activities in the time-schedule are planned to be carried
out over a very long period of time. This means that activities collide with each other because of
undefined planning and different production rates. See Table 2 for the planned activities and their
representing colour in Figure 27. See appendix 1 for a better view of the image in Figure 27.
Assumptions are made regarding the man hour expected labour cost, because of lack of information.
Therefore, the number of workers per activity is taken from the secondary data and since the hourly
labour for activities could not be calculated, 450 SEK per hour will from this point be used for every
activity. This cost is a compilation of those activities where the labour cost could be calculated. Key
factors for the original time-schedule is presented in Table 3, the table presents the dates of the
project, the projects number man hours, number of working days and expected labour costs.
Table 2 - Planned activities in the original time-schedule
Assembly of access balconies
Assembly of balconies
Electrical box
Exterior complement of access balconies
Exterior complement of balconies
Exterior complement of modular joints
Fibre in apartments
Fireproofing of apartments
Internal carpentry
Internal coating
Internal electricity
Internal heating
Paperboard orientation work for the access balcony roofs
Sheet metal work
Sheet metal work for the elevator top
Work on roofs
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Table 3 - Summary of the key factors for the original time-schedule

Original time-schedule

Planned start
date

Planned
end date

Planned amount
of man hours

Expected amount
of working days

Expected labour cost
(SEK)

2017-10-23

2018-02-23

2552

85

1148400

5.2 Current state description of the actual workflow
From the beginning, the hired consultant had the directives to observe data for building 2. Four weeks
after the start of building 1, the management decided that observations should also include this
building. According the consultant collecting the on-site data, there is a significant variation in
productivity, where the carpenters are working intensively, on the verge of being understaffed, with a
little documented waiting time, while the electricians are noted at the construction site for two hours
even though they have been procured over a period of two weeks. The consultant also says that the
construction was stagnant some days due to the absence of the craftsmen. Unfortunately, it is
common that the craftsmen are not in place, even though they are planned to work with their
activities. On-site personnel believe that the absence is a result of an overestimation of the time
requirement, which according to the personnel results in the absence of incentives to complete the
work directly. The absence of craftsmen results in wasted working time for the entire project. Major
differences are noted for the various buildings. Where the same activity is performed in half, in
comparison with the second building.
The managers stated that the communication in the projects is often inadequate because not
everybody gets the same information and that, among other things, subcontractors have not been told
from the beginning what applies, both at times and in staffing.

Figure 28 - Flowline visualisation of the actual work (Authors’ image)

In Figure 28, small value-adding steps can be seen on the horizontal lines. This is a limitation in the
software regarding the implementation of the actual workflow. For example see the coating of the
stairwell in building 1, at week 11 in March. Figure 28 illustrates how many activities are performed at
the same time at the construction site and is based on the data in Table 4, and that none of the
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activities is performed continuously. The lack of continuous work results in days and sometimes weeks
where no activity is performed for each building, neither inside nor outside the buildings. Although the
work is carried out discontinuously with large time-buffers between work on different activities, Figure
28 shows that work is productive once conducted, see appendix 2 for a better view of the image in
Figure 28. Table 4 is based on the provided secondary data, consisting of 82 000 metrics collected
during 6 000 rounds. See Table 4 for the colours representing the activities in Figure 28. Key factors for
the actual work is presented in Table 5 presents the dates of the project, the projects number man
hours, number of working days and expected labour costs.
Table 4 - Data on the required time per activity for each house
Time in G
(working days)

Time in H
(working days)

Assembly of access balconies

83

-

Assembly of elevator

146

-

Assembly of elevators

26

34

Assembly of railings

9

-

Boarding work

22

-

Coarse Cleaning

24

22

Coating of elevator

3

-

Coating of stairwell

19

-

Electrical box

5

4

Electricity in framework

44

-

Exterior completion of access balconies

39

22

Exterior completion of balconies

6

8

Exterior completion of modular joints

79

-

Fibre in apartments

47

47

Fireproofing of apartments

19

12

Fireproofing of roof

8

9

Internal carpentry

106

82

Internal coating

127

98

Internal complement of modular joints

16

8

Internal electricity

12

12

Internal heating

37

22

Internal water

22

6

Paperboard orientation work for the
elevator top and access balcony roofs

11

7

Roof work

99

6

Sewage

19

23

Sheet metal work

8

-

Sheet metal work for the elevator top

32

-

Ventilation work

51

33

Activity

Table 5 - Summary of key factors for the actual work

Actual work

Planned start date

Planned end date

Planned amount
of man hours

Expected amount
of working days

Expected labour
cost (SEK)

2017-11-22

2018-04-12

2720

102

1224000
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5.3 Current state analysis
It can be assumed that the lack of continuous work in the buildings depend on different factors in the
original schedule. Factors such as not taking into consideration how activities depend on each other
and, in many cases, are planned to be carried out simultaneously in each building. Not all activities are
planned for both houses can also be a source of error in the original time-schedule that is solved at the
production site and may contribute to days and weeks where no work is done in each building. Other
factors may be how the contractors are procured, the overestimation of time for activities creates
opportunities for subcontractors to work on other construction sites, resulting in days were no-one is
performing value-adding activities at the studied project. It can also be noted that the same activities
are not always planned for both buildings, which feels wrongly planned and inconsistent as both
buildings are identical. However, the activities are carried out at a high pace when the work has been
carried out and has required less time than planned. Various shortcomings in the original timeschedule and the low lead times for actual work suggest that there is room for improvement in the
company's time-schedules and that the use of location-based schedules can simplify the visualisation
of schedules to improve communication in the project.
As can be seen in Table 3 and Table 5 there is a large difference between the original time-schedule
and the actual work. Based on the conducted activities, the planned amount of man hours is
overestimated in the original time-schedule compared to the actual workflow. Almost the same time
is needed, even though almost half of the activities are not planned in the time-schedule. This is also
clear in the expected labour costs, which is almost the same. Although the actual work needs less time
than predicted, see man hours in Table 3 and Table 5 the project was still delayed for 17 days. This
may be due to insufficient knowledge of resource management, detail planning and critical
dependencies between activities in a RCC project. If the project is planned for wrong dependencies,
resources will need to return to the workplace when their tasks can be performed. This would create
a chain effect that would affect several subcontractors.
In Figure 28, it can be seen that subcontractors in many cases return to the workplace to complete
activities, hence, it is impossible to exclude the theory that the wrong dependencies or time estimation
is used in the schedule. However, the actual work was observer four weeks later than expected. The
late observations regarding building 1 have resulted in missing working days and labour costs. Those
observations would have resulted in a better view of the actual work and would have increased the
difference between the original time-schedule and the actual workflow.

5.4 Validation of the current state description
The validity of the data lies in the fact that it is provided by the consultant hired by the company itself.
For the data to be interpreted correctly, visits were made to the hired consultant to understand the
structure of the collected information. However, a potential source of error in the company's
observation is that the craftsmen working on piece work are not always in place so that they can be
observed by RCC, which might be the case with, for example, the electricians. Also, the results obtained
from the interviews regarding the current state description are sent to the respective respondent for
validation.
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6. Results
The following chapter summarises the results of the interviews and the given secondary data. The
chapter consists of four parts: Dependencies between the various activities in the project, the
theoretically shortest and the realistic time-schedule and the result of the simulations in terms of time
and cost. Finally, the validation of the results is presented in the chapter.

6.1 Dependencies between activities
Figure 29 shows the findings from the interviews between all the activities, for which data is collected.
The dependency links are drawn for a house, from left to right, where the activities start with the
assembly of the house-module and ending with painting and cleaning of the house. The dependencies
do not consider the working hours, or the number of workers needed for the different activities.
According to VICO Schedule Planner, the critical line is the red-marked activities in Figure 29. The figure
illustrates the dependency links between the activities with planned time-buffers in the critical line to
counter delays. See appendix 3 for a better view of the dependencies.

Figure 29 - Dependency links between activities (Authors’ image)

The validity of the dependencies is in the conducted interviews, the interviews have been conducted
with five different respondents, one of whom is the consultant who collected the data on site, a
project and a site manager with experience from other projects, an assembly manager and
production manager. After each interview, the results are sent to the respondent in question for
validation. The dependencies in Figure 29 are drawn based on the answers between the
respondents, the respondent's role in relation to the respective activity, as well as the respondents'
argument for how the dependency is for the activities in the completion phase. To validate the
dependency links presented in Figure 29, they are sent to the production manager for validation.

6.2 Time-schedules
For the creation of the new time-schedules, assumptions are made to use the activities, data and
parameters consistently. The working time is limited to five working days per week with the working
time 8 hours a day in the new time-schedules, where the work is rounded up to complete days. All
resources, staff and subcontractors are planned to be used continuously in the project. The average
data collected for each activity is used to create a more credible image of the project. Since the
consultant began the work four weeks after building started in house 1, there is no data for a number
of activities, hence it is assumed that the required time for these activities is the same as for the
activities in house 1.
Two improved time-schedules are created to reduce the lead time and labour costs for the on-site
complementary process. The first schedule is the theoretical shortest time-schedule followed by a
realistic time-schedule. In both schedules, the starting week is assumed to be week 43 with to mimic
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the studied project. The difference between the time-schedules is that in the theoretically shortest
time-schedule the houses are assumed to have their own staff and subcontractors, which enables the
activities to be carried out in parallel in both houses. The time-schedules are based on the collected
secondary data presented in Table 4 and is used to illustrate the workflow in Figure 28.

6.2.1 The theoretical shortest time-schedule
In Figure 30 the theoretical shortest time-schedule for this case study is presented, from finishing the
assembly of modules to cleaning before the inspection. In the theoretically shortest time-schedule the
houses are assumed to have their own staff and subcontractors, which enables the activities to be
carried out in parallel in both houses. The only limitation regarding labour is the size of RCC’s own
assembly crews. By enabling the activities to be performed in parallel in both houses, the theoretical
shortest time-schedule is created. The purpose of the theoretical shortest time-schedule is to present
the potential lead time RCC can work towards if they maximise their efforts. In the theoretically
shortest schedule, the work is scheduled to be completed for both houses after four weeks. See
appendix 5 for a better view of the figure.

Figure 30 – The theoretically shortest time-schedule (Authors’ image)
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Table 6 presents the number of workers in each house and the activities carried out by each profession.
The respective profession is categorised with a colour, which is linked to the time-schedule in Figure
30. In Table 7, key factors for the theoretical shortest time-schedule is presented. The key factors are
the dates of the project, the projects number man hours, number of working days and expected labour
costs.
Table 6 – Resource usage per house in the theoretically shortest time-schedule
Number of
workers for
each building

Profession
Assembly team

3
4
2
2
1
2
3
1
2
2

Subcontractor metal

2

Subcontractor Ground

1

Subcontractor Elevator

2
2
2
2

Subcontractor electricity

Subcontractor Roof

2

Subcontractor Fireproofing

1
2

Subcontractor Ventilation
Subcontractor Water

2
2
2

Subcontractor heating

2

Subcontractor Joinery

2

Subcontractor Coating

2

Subcontractor cleaning

2

Activities

Assembly of access balconies
Work on roofs
Sheet metal work
Exterior complement of modular joints
Paperboard orientation work for the elevator
top
Exterior complement of access balconies
Assembly of balconies
Exterior complement of access balconies
Boarding work
Internal complement of modular joints
Sheet metal work for the elevator top
Electrical box
Assembly of elevator
Electricity in framework
Internal electricity
Fibre in apartments
Paperboard orientation work for the access
balcony roofs
Fireproofing of roof and elevator
Fireproofing of apartments
Ventilation
Sewage
Internal water
Internal heating
Internal carpentry
Internal coating
Coarse cleaning

Table 7 - Summary of key factors for the theoretical shortest time-schedule

Theoretical shortest timeschedule

Planned
start date

Planned
end date

Planned amount
of man hours

Expected amount
of working days

Expected labour
cost (SEK)

2017-10-23

2017-11-16

2720

19

1224000

A simulation with 100 000 iterations is carried out based on the realistic time-schedule in Figure 30.
After every 1000th iteration, different risk levels are randomized using Monte Carlo simulation. The
simulations resulted in that 26 working days and a labour cost of 1 220 028 SEK is needed to complete
an on-site project in the theoretical shortest time-schedule, see Table 8 and Table 9.
On average, the earliest and the longest completion requires 20 and 34 working days for a labour cost
of SEK 1 153 538 and SEK 1 299 370. The result of the simulation has a low standard deviation for the
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variation of time and labour cost, where the uncertainty increases with the required number of
working days. See appendix 6 for simulated project time and expected labour cost.
Table 8 – Result of the simulation for the theoretically shortest time-schedule with regard to lead time
Simulated amount of working days

The standard deviation of the
simulated working (days)

Earliest completion

20

1.44

Expected completion

26

1.74

Latest completion

34

3.97

Table 9 - Result from the simulation for the theoretically shortest time-schedule with regards to labour costs
Simulated labour cost (SEK)

The standard deviation of the
simulated labour cost (SEK)

Lowest labour cost

1 153 538

14 697

Expected labour cost

1 220 028

12 484

Highest labour cost

1 299 370

25 732

6.2.2 The realistic time-schedule
In Figure 31 the realistic time-schedule for this case study is presented, from finishing the assembly of
modules to cleaning before the inspection. In the realistic time-schedule, the same staff are assumed
for both houses and hence creates a resource dependency for all activities, preventing activities from
being carried out on two houses simultaneously. The realistic time-schedule also contains time-buffers
between after the completion of the internal modular joints and before the carpentry starts in the
apartments, both time buffers are two days. Time buffers are used to minimise the impact of delay in
the critical line. All activities with subcontractors are scheduled to be conducted when it is possible to
work continuously through the buildings.
The purpose of the realistic time-schedule is to present an achievable lead time in a RCC project that
the company can work towards. In the realistic time-schedule, construction is assumed to start with
house 1, since it contains more activities due to the stairwell with elevator. The work is scheduled to
be completed for both houses after nine weeks in the realistic time-schedule. See appendix 7 for a
better view of the figure. The purpose of the realistic time-schedule. The purpose of the theoretical
shortest time-schedule is to present the potential lead time RCC can work towards.
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Figure 31 – The realistic time-schedules with time-buffers (Authors’ image)
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Table 10 presents the number of workers in each house and the activities carried out by each
profession. The respective profession is categorised with a colour, which is linked to the time-schedule
in Figure 31. In Table 11, key factors for the theoretical shortest time-schedule is presented. The key
factors are the dates of the project, the projects number man hours, number of working days and
expected labour costs.
Table 10 - Resource usage per activity in the realistic time-schedule
Profession
Assembly team

Number of workers
for each building
3
4
2
2
1
2
3
1
2
2

Subcontractor metal

2

Subcontractor Ground

1

Subcontractor Elevator

2
2
2
2

Subcontractor electricity

Subcontractor Roof
Subcontractor
Fireproofing

Activities
Assembly of access balconies
Work on roofs
Sheet metal work
Exterior complement of modular joints
Paperboard orientation work for the elevator top
Exterior complement of access balconies
Assembly of balconies
Exterior complement of access balconies
Boarding work
Internal complement of modular joints
Sheet metal work for the elevator top
Electrical box
Assembly of elevator
Electricity in framework
Internal electricity
Fibre in apartments
Paperboard orientation work for the access
balcony roofs
Fireproofing of roof and elevator
Fireproofing of apartments

2
1
2

Ventilation
Subcontractor Ventilation
Subcontractor Water

2
2
2

Subcontractor heating

2

Subcontractor Joinery

2

Subcontractor Coating

2

Subcontractor cleaning

2

Sewage
Internal water
Internal heating
Internal carpentry
Internal coating
Coarse cleaning

Table 11 - Summary of key factors for the realistic time-schedule

Realistic time-schedule

Planned start
date

Planned end
date

Planned amount
of man hours

Expected amount
of working days

Expected labour
cost (SEK)

2017-10-23

2017-12-19

2720

42

1224000

A simulation with 100 000 iterations were carried out based on the realistic time-schedule in Figure
31. After every 1000th iteration, different risk levels were randomised using Monte Carlo simulation.
The simulation resulted in that 47 working days and a labour cost of 1 243 621 SEK are needed to
complete an on-site project in the realistic time-schedule, see Table 12, Table 13 and Figure 8.
On average, the earliest and longest completion requires 41 and 56 working days for an operating cost
of SEK 1 181 766 and SEK 1 312 783. The result of the simulation has a low standard deviation for the
variation of time and labour cost due to the time buffers inserted, where the uncertainty still increases
with the required number of working days. See appendix 8 for simulated project time and expected
labour cost.
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Table 12 - Results from the simulation for the realistic time-schedule with regard to lead time
Simulated amount of working days

The standard deviation of the
simulated working days

Earliest completion

41

0.92

Expected completion

47

1.43

Latest completion

56

2.27

Table 13 - Result of the simulation for the realistic schedule with regards to labour costs
Simulated labour cost (SEK)

The standard deviation of the
simulated labour cost (SEK)

Lowest labour cost

1 181 766

10 246

Expected labour cost

1 243 621

8 055

Highest labour cost

1 312 783

22 783

6.3 Comparison of results
In Table 14 the results from the four different scenarios; original time-schedule, actual workflow,
theoretical shortest time-schedule and the realistic time-schedule are presented. Both the theoretical
shortest and the realistic time-schedule have expected and simulated amount of working days and
labour costs, in contrast to the original time-schedule and the actual work. Expected numbers of
working days is obtained from the respective time-schedule. For the theoretical shortest and the
realistic time-schedules, the expected number of working days is based on the secondary data and the
dependency links. The comparison in Table 14, present similar labour costs between the different timeschedules, but a major difference in working days.
Table 14 - Summary of predicted and simulated key factors
Planned start
date
Original time-schedule

2017-10-23

Actual work
Theoretical shortest
time-schedule

2017-11-22

Realistic time-schedule

2017-10-23

2017-10-23

Planned
end date
2018-0223
2018-0412
2017-1116
2017-1219

Planned
amount of
man hours

Expected
amount of
working days

Simulated
amount of
working days

Expected
labour cost
(SEK)

Simulated
labour cost
(SEK)

2552

85

-

1148400

-

2720

102

-

1224000

-

2720

19

26

1224000

1220028

2720

42

47

1224000

1243621

6.3.1 Test of Significance
In Figure 32 and Figure 33, two student t-test are presented and are based on the results in table 8,
table 9, table 12 and table 13. The results is based on a 95% confidence interval together with 100
observations. As can be seen in both figures, there is a small statistical spread in the results and the
realistic time-schedule is more stable than the theoretical shortest time-schedule.
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Figure 32 - Test of significance regarding lead time (Authors' Image)

Figure 33 - Test of significance regarding labour cost (Authors' Image)

6.4 Probability of finishing on time
Robustness is added to the time-schedules by simulation of the probability of finishing the projects on
time. Therefore, 20 simulations were conducted for each time-schedule regarding the probability of
finishing on time. In Table 15 the simulation results regarding the probability that the theoretical
shortest and realistic time-schedule is finished at a shortest and realistic end date.
The probability of the theoretical shortest time-schedule to be finished on the average of 26 days,
2017-11-27, is used to keep the time-schedule as compact as possible. In a theoretical shortest timeschedule, the deadline should be expected on being immediately after the last activity. Meanwhile,
the realistic time-schedule is simulated to find at which date it can be finished with a probability of
95%. The 95% is requested by RCC, in order to be used in their time-schedules and is chosen based on
previous results, 2018-01-11.
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Table 15 - Probability of finishing on the set end date

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean value

Theoretical shortest time-schedule
Deadline 2017-11-27
68%
47%
51%
60%
50%
46%
37%
59%
56%
50%
77%
61%
64%
29%
61%
60%
45%
56%
81%
39%
54,85%

Realistic time-schedule
Deadline 2018-01-11
97%
97%
97%
95%
96%
97%
96%
96%
94%
95%
95%
95%
95%
97%
97%
98%
98%
99%
97%
95%
96,30%

6.5 Validation of time-schedules
In the creation of dependency between business activities, four independent interviews is conducted
with people at different positions within the company, to ensure that a good mix of opinions are
collected. Each interview is subsequently supplemented with a summary of the interview, in order to
avoid taking their own conclusions and to avoid missing essential information. When a compilation of
the dependencies from the interviews is developed, they are sent to three of the respondents for
validation.
To ensure that a reasonable number of workers per activity have been used in the study in the creation
of the time-schedules, the number of workers is contributed from the secondary data and is
supplemented with interviews with three different respondents. In order to ensure a robust result
regarding lead time and labour costs for the respective schedule, these 100 000 times are simulated
in VICO Schedule Planner, with at different risk levels according to Monte Carlo simulations. After the
simulations are carried out, a validation interview is conducted with production manager to validate
the feasibility of the time-schedules.
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7. Analysis and recommendations
In this chapter, the result is analysed together with the information presented in the current description,
in order to fulfil the purpose and answer the questions. The chapter then concludes with recommended
measures for the company to be used to improve / standardise its schedules for the completion process.

7.1 Time-schedule analysis
As illustrated in Figure 27 and Figure 28, there are major differences in the original time-schedule and
how the work has been carried out in the project. It can be assumed that the company has major
problems with the creation of their time-schedules but also in how they are followed. As the results of
the current state interviews, both the project and site managers at the company are well aware that
the right conditions must be given to the subcontractors, regarding time and keep them satisfied. The
fact that the original time-schedule has not worked may be due to lack of communication between the
project manager and site manager, but also between site manager and subcontractors. One problem
may be that there is too much time, which reduces the incentive for both site manager and
subcontractor to complete the activities on time and the entire project earlier than expected. The
actual work in Figure 28 shows that incentives are missing when activities are performed sporadically
and not completed as early as possible.
The subcontractors do not perform the activities continuously and do not complete them earlier than
expected, due to shortcomings in the original time-schedule. The original time-schedule do not take
into account the dependencies that exist between different activities. How subcontractors are
procured has shown to have an influence in how they perform their activities, as subcontractors with
too much time will prioritise other work at the same time, which contributes to the sporadic work at
RCC's projects. Subcontractors who instead are purchased for an underestimated time will not
complete their activities on time, which creates a chain effect in the project. RCC should therefore
value good subcontractors to increase the chances of the time-schedule being followed.
The theoretically shortest time-schedule, see Figure 30, where the houses were completed in parallel
would reduce the planned project time in the original time-schedule by 69% without the estimated
time buffers for inspection, and 74% compared to the actual work. A realistic time-schedule, as
visualised in Figure 31, with scheduled time buffers would instead reduce the projected time for the
completion phase in the original time-schedule by 45% with the included time buffers between the
activities. Compared to the actual work time, the realistic time-schedule would decrease the project
time by 54%. The times for the theoretical shortest and realistic time-schedules is in this comparison
based on the simulated expected project time, for a fair comparison. The difference between the
theoretically shortest and the realistic time-schedules, is the performance of the work and the time
buffers, resulting in the projection time for the theoretically shortest time-schedule being 44% less
than the realistic.
Since the realistic and theoretically shortest time-schedule has the same number of hours worked, the
labour cost differs slightly between the two time-schedules. The minor difference comes from the
simulations where different risk levels were used, which results in different labour costs. The
advantage of the realistic time-schedule is that subcontractors are planned to work continuously
through the project and that time buffers are planned between activities, see Figure 31.
Subcontractors given the opportunity to work continuously can result in faster learning of how the
activities are to be performed and planned continuous work can prevent subcontractors from engaging
in other assignments at the same time. If resources are planned to be used continuously, it will create
additional time buffers that increase the security of the project. A disadvantage of the theoretically
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shortest schedule is that it is based on the purchase of the workforce and is planned for each house,
which requires twice as many resources, see Table 4 and Table 10. The theoretical shortest timeschedule would create more daily planning, since the amount of resources on-site will increase, and
difficulties could be to find the amount of highly skilled staff that is required. The time buffers
contained in the schedule result in a more secure outcome of the project, which can be read from the
standard deviations in Table 8 and Table 12.
Uncertainty in the schedules is contained in the secondary data collected by the company. That the
company has only collected data for a project, which means that reliability can be low even if the
houses themselves are standardised. In other buildings, there are other conditions and subcontractors,
which means that the times for different activities can be changed. Data needs to be collected in a
number of projects of the same character but different project managers and site managers to
generate more secure data based on the schedules.
There was an uncertainty in the dependencies between activities when each interview was held
individually without the opportunity for discussion between the respondents, which results in the
dependencies varying between the activities but that the dependency matches were consistent
overall. Similarly, there may be uncertainty in the number of workers in the schedules, as geographical
location, competence and location manager experience may vary. See Table 16 for a summary of the
analysis.
Table 16 - Summary of the analysis

-

The on-site managers have overestimated the amount of man hours needed for the project,
but the time frame is too small to finish both buildings on time.

-

There is no clear link between the activity's dependencies and execution

-

The work is seldom carried out continuously

-

The proposed time-schedules would decrease the lead time with 69% and 45%, respectively

-

The expected and simulated labour costs have minor differences, indicating that
improvement in the time-schedules can be done within increasing the cost.

7.2 Recommendations for an action plan
The proposed actions to improve RCC’s completion phase on-site is divided in to short-term and
long-term action plans. All short-term actions can be implemented immediately, while the long-term
actions are milestones for RCC to work towards.

7.2.1 Short-term recommendations
Based on the current state description and the results the following short-term action plan is
proposed to the company to reduce the lead time of its completion production phase, see Figure 34.
To improve the upcoming projects, RCC should encourage their on-site managers to plan the whole
project before the on-site construction begins. This would facilitate the workflow since all involved
would know when milestones are accomplished. It would also encourage everyone to complete their
task before the deadline, since it is more important for them to be finished on time. The project and
site managers should also be encouraged to use resource planning. As it is today, the subcontractors
do not work continuously which can be a problem since they can acquire parallel job offers and not
prioritise RCC’s project. Therefore, detailed planning is important when the resources are scheduled,
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in order for the activities to take the time they are planned for. Clear communication and visual
planning are two tools to improve workflow and the resources presence on-site.
RCC should set high demands for their subcontractors regarding coordination and construction
logistics, to develop their construction process regarding awareness of resource utilisation, material
supply and supply chain management. Not all subcontractors are aware of the demands and what
happens when there is a lack of attendance and delays as well as the following consequences for the
project. It could facilitate long-term relationships.
In their upcoming projects, RCC should prioritise to finish activities before moving on to the next.
This applies to RCC's own personnel and subcontractors. From the intervews, it has been found that
the time for assembly activities often are underestimated. According to the personnel at RCC, this
often results in unfinished activities. By completing activities, negative chain effects can be avoided.
Finally, RCC should reduce the amount of time buffers to shorten their time-schedules. Reduced time
buffers will increase the risk of delay and increase the number of workers on-site, since more
activities will be performed in parallel. This will result in large saving with regard to lead time and will
immediately improve the ROCE for the project.
Plan the whole
project before the
start

Resource planning

Improve
communication
and visual planning

Set high demands
on subcontractors

Complete tasks
before continuing

Reduce the amount
of time-buffers

Figure 34 - Short-term recommendations (Authors’ image)

7.2.2 Long-term recommendations
Based on the current state description and the results the following long-term action plan is proposed
to the company to reduce the lead time of its completion production phase, see Figure 35. Initially, the
RCC should collect more data to ensure the planned time frame for project managers and site
managers to be able to design more reliable schedules. If more data is collected, an overall timeschedule can be created for the planning and construction of an RCC housing, including occupancy
date. To collect more data, RCC is recommended to mimic Professor Olli Seppänen's research project
in Finland (Seppänen, 2017). In the research project all labour, building materials and tools are tracked
electronically. RCC is also recommended to measure the time duration of each activity by electronically
tracking the personnel performing the activity.
In the following step, RCC should organise a workshop for project managers and site managers where
the addicts for the completion activities in an RCC house should be discussed and determined. Since
the buildings are standardised, the activities to be performed in the completion phase are relatively
identical, hence the dependencies between activities should be determined, to in a first step,
standardise the time-schedules for the completion phase on-site.
The third step in the action plan is to train project managers and site managers in location-based
scheduling with associated software. For instance, in Location-based management system and VICO
Schedule Planner. Based on the previous recommendation, the fourth measure may be to plan
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continuously with any time buffers between critical activities, to visually compare the time-schedule
against the progress, and alter the time-schedule if needed, since it is possible to plot and compare
the workflow in the same diagram. It is recommended that RCC provide clearer guidelines for how to
perform and document experience retrieval and how to handle the experience. Today, it is difficult
with experience reimbursement, as previous schedules are not saved, but revised and saved outside
the previous copy. Finally, in the long-term RCC should encourage their project and site managers to
create long-term relationships with their subcontractors, which is an important part of industrialised
house-building, see Figure 35.

Current state

Collect more
data

Introduce
location-based
scheduling in the
organisation

Determination
of dependencies

Create
continuous timeschedules with
time buffers

Figure 35 - Proposed action plan (Authors’ image)
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Clear guidelines
for experience
reimbursement

Long-term
relations

8. Conclusion
In this chapter, the aims and questions of the thesis will be answered. The questions are answered by
describing each individual question and justifying how they have been answered, followed by a
discussion on purpose fulfilment.

8.1 Research questions
8.1.1 Research question 1
RQ1: How has the time-schedule for the project been scheduled and how does it differ from the actual
work?
The time-schedule for the studied project lacks activities that are needed, it has a lot of time buffers
planned, and the activities are scheduled for a long time. There is no clear underlying dependence
between the activities, which creates an unclear workflow. Due to the shortcomings in the original
time-schedule, the actual workflow has been performed irregularly and ineffectively. The activities are
not completed because subcontractors are not continuously the workplace. Sometimes there is no
work conducted for several weeks, but the work was productive when performed. Even though the
original time-schedule was planned to end earlier than the actual work did, it was still calculated to
need more man hours than needed. In the original time-schedule, only half of the activities were
planned which limited the basis for comparison.

8.1.2 Research question 2
RQ2: What would the theoretically shortest time-schedule be for the company compared to the
original time-schedule with regards to lead time and labour cost?
The result for the theoretically shortest time-schedule is presented in Figure 30. According to that
time-schedule, the project would average 26 working days at a labour cost of 1 220 028 SEK. In the
theoretically shortest time-schedule, the work would be carried out in parallel in both houses, where
each building has its own workforce.

8.1.3 Research question 3
RQ3: What would an improved realistic time-schedule be compared to the original and the
theoretically shortest time-schedules, with regards to lead time and labour cost?
The result for the realistic time-schedule is presented in Figure 31. According to that schedule, the
project would average 47 working days at a labour cost of 1 243 621 SEK. In the realistic time-schedule,
the work would start in building 1 because of its stairwell and elevator. The work is conducted by the
same workforce, resulting in the assembly personnel having to complete all activities in building 1
before commencing building 2. The subcontractors are planned to perform their activities
continuously, resulting in time-buffers before it is possible to work without waiting time between the
buildings.

8.1.4 Research question 4
RQ4: What could a possible action plan be, to reduce the lead time and labour costs of the on-site
completion process?
In this master thesis, several different improvement suggestions were found. These are summarised
in the action plan in Figure 36. The proposed recommendations were divided in to short-term and
long-term recommendations. All short-term recommendations are meant to be implemented
immediately in RCC’s organisation while the long-term recommendations are something the
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company can work towards step by step.

Short-term recommendations
Long-term recommendations

- Plan the whole project before it
begins
- Use resource planning

1. Collect more data to reduce the
variability

- Improve communication and visual
planning

2. Determine the dependencies in a
RCC-project

- Reduce the amount of time-buffers

3. Introduce location-based scheduling
in the organisation
4. Create continuous time-schedules
after CPM-activities
5. Long-term relations

- Complete tasks before continuing
- Set high demands on subcontractors

Figure 36 - Summary of recommendations (Authors’ image)

8.2 Fulfilment of purpose
This thesis focuses on the time-schedules of RCC’s completion of the work on-site. The purpose of this
thesis is to analyse RCCs time-schedules for the completion phase, with the goal of reducing the lead
times of their projects, with the assumption that shorter lead times results in an improved return on
capital employed, ROCE.
As can be seen in Figure 30, Figure 31 and Table 14 RCC’s current time-schedule was analysed and
two improved time-schedules were proposed. The new time-schedules were expected to reduce the
lead time of the completion phase on-site, which also was confirmed by the simulations. The
assumed labour cost for the original time-schedule was nearly as high as the labour cost for the new
time-scheduled. Even though, only half of the activities were planned from the start. Because of the
reduced lead time and labour cost, the theoretical shortest and the realistic time-schedule is both
expected to improve RCC’s return on capital employed.
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9. Discussion
The following sections discuss the feasibility of the recommendations given. The generalisation of this
thesis work is also discussed while proposals for future research are presented.

9.1 Feasibility of recommendations
The recommendations proposed to RCC must be considered as fully reasonable for a company that
has standardised most of its processes. The recommendations have start costs, but costs are
considered negligible in the long run as improved time-schedules contribute to shorter projections,
which is assumed to improve RCC’s return on capital employed, ROCE. Should RCC follow the proposed
recommendations, the right conditions for improved time-schedules would be given to project
managers and site managers.

9.2 Generalisability
Since the study is conducted on a case company, and because the result is based on one of the
company's projects with particular circumstances, the result is difficult to generalise. Nevertheless,
extensive quantitative data is the foundation behind the results together with validated interviews and
are therefore considered applicable to other similar projects at the casualty company. The result is
also considered applicable to other types of businesses in which industrial house-building is used.
These companies could face similar challenges regarding the completion phase regarding the timeschedules, resource utilisation and costs, although the activities to be performed on-site may differ
between different companies.

9.3 Research quality
The research quality in this thesis is discussed by using reliability and validity. To ensure a good
reliability and to establish validity in this research, the essential information from the interviews as
well as the secondary data is stored in appendix. Although, the information is analysed by specific
persons collected from a specific case and respondents. Hence, it is almost impossible to know
whether other research could repeat the study exactly. Although if a repetition of this study is
conducted, the main findings should be the same independent of the researcher.
The reliability of the interviews is affected by the fact that only a few players have been interviewed.
However, with regard to different positions at RCC, the majority of people at the different levels have
been interviewed, which strengthens reliability, especially since their answers are in many cases
consistent and very rarely contradicting each other. The reliability of the interview is somewhat
weakened by the fact that the interviews have not been transcribed but first summarised and then
summarised in the tables in appendix 4. This creates room for personal interpretation of the compiler,
but as conclusions are mainly drawn from answers given by several interviewees, this risk is small.
Provided that the data provided by the consultant for the study is a true and fair view of the work in
the project, the reliability of the data analysis must be considered good then the data has not been
reformed but studied relatively superficially in its original form with simple analysis methodology.
The case study is based on secondary data, interviews and data analysis. The secondary data is seen
as valid, even though the lack of data from similar projects. Although, the lack of triangulation together
with the possibility of missing observations in the data decreases the secondary data’s validity. The
risk with interviews is the interviewers’ possibility to make misinterpretations of the respondent’s
answers. Therefore, all respondents have read summaries from their respective interviews and
corrections have been made if necessary. In the case of semi-structured interviews there are further
risks. The interviewer leads the respondent; either because of their own conviction or on due to an
initial sense of opinion or emotional behaviour from the respondent. Validity in the interviews has
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been ensured by collecting and triangulating data from multiple sources, i.e. interviews with a mix of
people at RCC. A potential weakness in the interviews is related to the addictive relationships. In an
ideal scenario, a workshop would have been organised where the respondents together in a discussion
would have come to a common decision, which would have minimised the uncertainty in the
dependencies. In this study, the interviews were conducted separately, but all respondents approved
the proposed dependency links, which means that the validity of the links can be considered good.
As the actual labour costs cannot be obtained for all subcontractors, an average was reported on the
entrepreneurs who went, creating an uncertainty in the report. On the other hand, there is a security
in the cost, as the same percentage difference should exist between the comparative scenario studied.
Otherwise, the result in terms of shortened lead times and the costs of both schedules has high validity.
The high validity is based on the large number of simulation, as well as the regular use of Monte Carlo
simulation for different levels of risk. See Table 10 for a summary of the tactics used to ensure reliability
and validity.
Table 17 - Tactics to ensure reliability and validity

Test

Tactic

Subchapter in which the
tactic occurs

Reliability

Essential information from interviews in appendix

Data collection

Essential information from secondary data in appendix

Data collection

Use of multiple validation interviews

Current state, Results

Use of Monte Carlo simulation for the risk levels

Results

Use of high number of simulations

Results

Use of multiple interviews

Current state, Results

Validity

9.4 Ethical and societal aspects
In this study, there are both ethical and durable, relevant to discuss. Ethical scripts from this study
include how the secondary data has been collected. The monitoring of workers at the construction
site created stress and uncertainty, as several subcontractors were not comfortable with data
collection. Hence, it is also relevant to note how our recommendation regarding more data collection
with technical equipment may have ethical difficulties. To electronically monitor those working on
RCC's projects will involve the union and more. Should the RCC implement any of the proposed
schedules, they could also affect the working conditions at the construction site. For example, more
people will work at the same time at the workplace and that a given production rate must be
followed.
Societal aspects such as economic, social and ecological sustainability are also affected by this study.
By reducing lead time for RCC's complete production process, it is assumed that the company's ROCE
will be improved. As RCC would commit to projects for a shorter period of time than today, they also
have the opportunity to implement more projects per year than they do today. This would improve
the company's financial situation, but also enable price cuts for customers. Therefore, the result of
this study is considered to have a positive impact on the economic aspect.
With the assumption that RCC lowers the price of their products, the social aspect would be
improved for many, as the opportunity for self-living increases for a lot of people. This study does not
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affect the company's ecological aspects in production. But a further assumption is that the result
from this would allow more customers to afford and move into environmentally friendly wooden
houses

9.5 Future research
The initial idea for this master thesis was to study how a theoretical shortest and a realistic timeschedule would affect both the lead time and the labour costs of the studied project. However, the
lack of planned activities in the initial time-schedule together with the difficulty of identifying the real
labour costs, forced this study to only focus on the effects regarding lead time. Because of this, and
based on this study's generalisability in Chapter 9.2, it is recommended that this method should be
repeated in future studies, on other projects within RCC where both lead time and labour costs can be
taken in to account. This would contribute to the robustness and generalisation of the results and
working methods in this master thesis.
It would also be interesting with a similar study on another company to see how the results regarding
lead time and dependencies between activities would alter. When it comes to industrialised housebuilding, some sort of completion production phase will be required on-site, and the same need may
therefore exist in other companies. A broader study where the focus is on the completion production
phase could also be interesting. Such a study could study the difference in the competing process
based on the company's production system, the degree of standardisation or if there is a common and
robust solution, such as similar dependencies. An alternative methodology that can be used for these
studies may be to use optimisation learning to find a solution to the problem.
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Aktivitet
Avlopp
Brandtätning tak
Brandtätning lgh
El i schakt
El inv. hus
El markskåp
El trapphus
Fiber lgh
Gavelfasader inkl brandtätningar
Gavelfasader exkl brandtätningar
Injustering vent/OVK-besiktning
Inv. Kompl. Modulskarvar
Kompl. Loftgångsbryggor
Montage balkonger
Montage hiss
Montage loftgångar
Montage loftgångsbryggor
Montage spalie
Montage räcken
Målningsarbeten hiss
Målningsarbeten inv. lgh
Målningsarbeten trapphus
Panelsättning
Pappläggning loftgångstak + hisstopp
Plåtarbeten hisstopp
Plåtarbeten midjeplåt gavelfasader
Reparation av fuktskada
Snickerier inv. hus
Ställningsarbeten
Takarbeten
Kompl. Balkonger
Kompl. Loftgångar
Kompl. Modulskarvar
Vatten inv. hus
Ventilationsarbeten
Värme inv. hus
Försyn
Grovstädning
Summa

Arbetstider
Tid i hus G Tid i hus H Tot arbetstid [tim]
19
23
42
8
9
17
19
12
31
44
0
44
6
0
6
5
4
9
6
0
6
47
19
66
121
0
121
60
73
133
5
3
8
16
8
24
11
10
21
26
34
60
146
0
146
83
0
83
16
16
32
17
0
17
9
0
9
3
0
3
127
98
225
19
0
19
22
0
22
11
7
18
32
0
32
8
0
8
0
106
106
106
82
188
77
28
105
99
6
105
6
8
14
39
22
61
79
0
79
22
6
28
51
33
84
37
22
59
16
17
33
24
22
46
1442
668
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G

Responsible person:
Buildings
Nivå3

The table below contains information from each simulation run. Each
column represents the finishing date and labour cost for each
simulation. In each simulation run, 1000 simulations are conducted
No.
Earliest
simulation finish date
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-16
2017-11-16
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-17
2017-11-20
2017-11-20
2017-11-20
2017-11-17
2017-11-16
2017-11-17
2017-11-20
2017-11-17
2017-11-20
2017-11-20
2017-11-17

Expected
finish date

Latest
Lowest labour Expected labour Highest labour
finish date
cost
cost
cost

2017-11-28
2017-11-27
2017-11-28
2017-11-28
2017-11-28
2017-11-27
2017-11-28
2017-11-28
2017-11-27
2017-11-28
2017-11-27
2017-11-28
2017-11-28
2017-11-28
2017-11-28
2017-11-27
2017-11-27
2017-11-27
2017-11-27
2017-11-27
2017-11-27
2017-11-28
2017-11-28
2017-11-27
2017-11-29
2017-11-27
2017-11-27
2017-11-27
2017-11-24
2017-11-28
2017-11-27
2017-11-28
2017-11-28
2017-11-29
2017-11-28
2017-11-28
2017-11-28
2017-11-29
2017-11-27
2017-11-20
2017-11-24
2017-11-27
2017-11-20
2017-11-27

2017-12-06
2017-12-06
2017-12-07
2017-12-07
2017-12-06
2017-12-08
2017-12-12
2017-12-06
2017-12-13
2017-12-08
2017-12-07
2017-12-07
2017-12-08
2017-12-07
2017-12-06
2017-12-05
2017-12-07
2017-12-05
2017-12-08
2017-12-07
2017-12-07
2017-12-06
2017-12-07
2017-12-07
2017-12-11
2017-12-07
2017-12-06
2017-12-06
2017-12-06
2017-12-08
2017-12-06
2017-12-11
2017-12-06
2017-12-11
2017-12-07
2017-12-06
2017-12-14
2017-12-13
2017-12-07
2017-12-11
2017-12-06
2017-12-05
2017-12-12
2017-12-08

1 153 672.00 kr
1 169 429.00 kr
1 143 089.00 kr
1 161 451.00 kr
1 166 289.00 kr
1 155 607.00 kr
1 153 470.00 kr
1 144 166.00 kr
1 153 171.00 kr
1 143 636.00 kr
1 152 077.00 kr
1 155 613.00 kr
1 161 798.00 kr
1 160 956.00 kr
1 144 256.00 kr
1 156 248.00 kr
1 172 082.00 kr
1 156 515.00 kr
1 128 245.00 kr
1 171 841.00 kr
1 168 783.00 kr
1 151 707.00 kr
1 144 568.00 kr
1 166 686.00 kr
1 163 236.00 kr
1 126 092.00 kr
1 175 838.00 kr
1 151 616.00 kr
1 147 836.00 kr
1 138 503.00 kr
1 149 144.00 kr
1 127 944.00 kr
1 152 182.00 kr
1 147 115.00 kr
1 148 726.00 kr
1 147 735.00 kr
1 136 879.00 kr
1 159 141.00 kr
1 161 806.00 kr
1 128 323.00 kr
1 148 219.00 kr
1 157 877.00 kr
1 153 045.00 kr
1 154 197.00 kr

1 242 104.00 kr
1 207 097.00 kr
1 220 559.00 kr
1 213 443.00 kr
1 217 833.00 kr
1 219 424.00 kr
1 224 379.00 kr
1 222 983.00 kr
1 213 221.00 kr
1 226 187.00 kr
1 220 042.00 kr
1 227 018.00 kr
1 223 082.00 kr
1 234 002.00 kr
1 216 796.00 kr
1 221 371.00 kr
1 213 382.00 kr
1 216 550.00 kr
1 231 309.00 kr
1 214 270.00 kr
1 213 747.00 kr
1 207 725.00 kr
1 237 225.00 kr
1 209 550.00 kr
1 217 440.00 kr
1 224 747.00 kr
1 202 974.00 kr
1 221 483.00 kr
1 224 206.00 kr
1 230 358.00 kr
1 236 643.00 kr
1 220 112.00 kr
1 223 546.00 kr
1 210 033.00 kr
1 223 607.00 kr
1 218 579.00 kr
1 223 462.00 kr
1 224 117.00 kr
1 217 607.00 kr
1 218 046.00 kr
1 225 344.00 kr
1 221 497.00 kr
1 213 862.00 kr
1 238 781.00 kr

1 330 892.00 kr
1 249 150.00 kr
1 317 860.00 kr
1 270 371.00 kr
1 283 761.00 kr
1 303 739.00 kr
1 303 457.00 kr
1 305 332.00 kr
1 288 821.00 kr
1 311 577.00 kr
1 312 758.00 kr
1 313 237.00 kr
1 312 975.00 kr
1 316 549.00 kr
1 230 871.00 kr
1 283 308.00 kr
1 254 667.00 kr
1 284 850.00 kr
1 338 826.00 kr
1 272 259.00 kr
1 270 075.00 kr
1 267 284.00 kr
1 327 549.00 kr
1 276 732.00 kr
1 292 491.00 kr
1 323 365.00 kr
1 235 772.00 kr
1 310 739.00 kr
1 320 927.00 kr
1 343 775.00 kr
1 325 881.00 kr
1 312 311.00 kr
1 296 647.00 kr
1 269 385.00 kr
1 312 933.00 kr
1 281 723.00 kr
1 311 811.00 kr
1 309 842.00 kr
1 270 660.00 kr
1 330 633.00 kr
1 315 682.00 kr
1 312 960.00 kr
1 288 753.00 kr
1 322 524.00 kr

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-16
2017-11-17
2017-11-20
2017-11-16
2017-11-20
2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-20
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-16
2017-11-20
2017-11-16
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-17
2017-11-20
2017-11-17
2017-11-21
2017-11-17
2017-11-20

2017-11-28
2017-11-27
2017-11-27
2017-11-27
2017-11-28
2017-11-28
2017-11-27
2017-11-27
2017-11-29
2017-11-27
2017-11-27
2017-11-28
2017-12-01
2017-11-29
2017-11-27
2017-11-28
2017-11-27
2017-11-27
2017-11-27
2017-12-01
2017-11-27
2017-11-28
2017-11-27
2017-11-28
2017-11-28
2017-11-27
2017-11-24
2017-11-27
2017-12-01
2017-11-27
2017-11-24
2017-11-28
2017-11-28
2017-11-29
2017-12-01
2017-11-27
2017-11-27
2017-11-24
2017-11-27
2017-11-27
2017-11-28
2017-11-27
2017-12-01
2017-11-26
2017-11-29
2017-12-01
2017-11-27
2017-11-28
2017-11-27
2017-11-25

2017-12-12
2017-12-07
2017-12-05
2017-12-18
2017-12-13
2017-12-06
2017-12-07
2017-12-06
2017-12-11
2017-12-06
2017-12-08
2017-12-07
2017-12-06
2017-12-12
2017-12-06
2017-12-11
2017-12-11
2017-12-05
2017-12-06
2017-12-07
2017-12-05
2017-12-07
2017-12-06
2017-12-07
2017-12-08
2017-12-07
2017-12-05
2017-11-08
2017-12-12
2017-12-05
2017-12-06
2017-12-07
2017-12-11
2017-12-08
2017-12-06
2017-12-06
2017-12-01
2017-12-15
2017-12-08
2017-12-06
2017-12-07
2017-12-06
2017-12-08
2017-12-06
2017-12-05
2017-12-07
2017-12-11
2017-12-07
2017-12-06
2017-12-05

1 154 488.00 kr
1 143 054.00 kr
1 140 561.00 kr
1 143 975.00 kr
1 149 569.00 kr
1 132 095.00 kr
1 152 208.00 kr
1 164 312.00 kr
1 154 739.00 kr
1 163 971.00 kr
1 151 856.00 kr
1 167 888.00 kr
1 151 824.00 kr
1 135 221.00 kr
1 154 288.00 kr
1 132 466.00 kr
1 158 628.00 kr
1 151 845.00 kr
1 141 152.00 kr
1 151 849.00 kr
1 148 859.00 kr
1 164 329.00 kr
1 158 877.00 kr
1 148 116.00 kr
1 174 165.00 kr
1 169 538.00 kr
1 224 324.00 kr
1 142 602.00 kr
1 142 279.00 kr
1 158 721.00 kr
1 143 816.00 kr
1 153 838.00 kr
1 137 912.00 kr
1 142 475.00 kr
1 161 321.00 kr
1 168 169.00 kr
1 135 430.00 kr
1 143 196.00 kr
1 157 613.00 kr
1 159 192.00 kr
1 157 034.00 kr
1 148 179.00 kr
1 129 908.00 kr
1 152 511.00 kr
1 149 698.00 kr
1 165 117.00 kr
1 144 469.00 kr
1 157 251.00 kr
1 167 899.00 kr
1 138 894.00 kr

1 216 763.00 kr
1 215 536.00 kr
1 205 240.00 kr
1 228 671.00 kr
1 226 255.00 kr
1 221 141.00 kr
1 224 993.00 kr
1 216 713.00 kr
1 215 718.00 kr
1 220 612.00 kr
1 210 040.00 kr
1 208 906.00 kr
1 216 953.00 kr
1 238 184.00 kr
1 219 297.00 kr
1 215 040.00 kr
1 234 144.00 kr
1 225 864.00 kr
1 227 899.00 kr
1 224 604.00 kr
1 217 448.00 kr
1 220 664.00 kr
1 229 013.00 kr
1 240 756.00 kr
1 204 242.00 kr
1 199 686.00 kr
1 175 725.00 kr
1 219 433.00 kr
1 215 231.00 kr
1 224 254.00 kr
1 230 651.00 kr
1 225 576.00 kr
1 231 290.00 kr
1 222 471.00 kr
1 222 045.00 kr
1 214 370.00 kr
1 224 655.00 kr
1 239 312.00 kr
1 228 980.00 kr
1 209 055.00 kr
1 208 459.00 kr
1 215 522.00 kr
1 218 163.00 kr
1 229 653.00 kr
1 222 334.00 kr
1 219 423.00 kr
1 223 820.00 kr
1 233 642.00 kr
1 209 111.00 kr
1 223 405.00 kr

1 291 397.00 kr
1 288 660.00 kr
1 272 874.00 kr
1 333 307.00 kr
1 308 906.00 kr
1 301 739.00 kr
1 311 623.00 kr
1 284 271.00 kr
1 285 544.00 kr
1 289 199.00 kr
1 281 077.00 kr
1 257 440.00 kr
1 300 135.00 kr
1 339 228.00 kr
1 283 014.00 kr
1 290 109.00 kr
1 323 432.00 kr
1 307 066.00 kr
1 316 853.00 kr
1 303 176.00 kr
1 297 462.00 kr
1 283 085.00 kr
1 310 561.00 kr
1 347 922.00 kr
1 243 527.00 kr
1 233 199.00 kr
1 284 286.00 kr
1 314 942.00 kr
1 295 042.00 kr
1 299 435.00 kr
1 313 235.00 kr
1 312 126.00 kr
1 354 942.00 kr
1 298 419.00 kr
1 273 737.00 kr
1 262 368.00 kr
1 322 074.00 kr
1 351 043.00 kr
1 316 007.00 kr
1 265 556.00 kr
1 260 713.00 kr
1 301 830.00 kr
1 295 314.00 kr
1 318 736.00 kr
1 311 043.00 kr
1 286 194.00 kr
1 328 854.00 kr
1 320 235.00 kr
1 312 050.00 kr
1 319 804.00 kr

95
96
97
98
99
100

2017-11-20
2017-11-20
2017-11-20
2017-11-17
2017-11-17
2017-11-20

2017-11-27
2017-11-24
2017-11-28
2017-11-28
2017-11-27
2017-11-27

2017-12-07
2017-12-08
2017-12-08
2017-12-07
2017-12-05
2017-12-08

1 137 126.00 kr
1 154 856.00 kr
1 163 483.00 kr
1 161 044.00 kr
1 220 460.00 kr
1 164 331.00 kr

1 228 537.00 kr
1 224 251.00 kr
1 216 666.00 kr
1 217 579.00 kr
1 142 768.00 kr
1 232 361.00 kr

1 321 079.00 kr
1 311 172.00 kr
1 284 331.00 kr
1 281 276.00 kr
1 307 839.00 kr
1 312 871.00 kr
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52
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The table below contains information from each simulation run. Each
column represents the finishing date and labour cost for each
simulation. In each simulation run, 1000 simulations are conducted
No.
Earliest
simulation finish date
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-15
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-15
2017-12-19
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-18

Expected
finish date

Latest
Lowest labour Expected labour Highest labour
finish date
cost
cost
cost

2017-12-27
2017-12-27
2017-12-28
2017-12-28
2017-12-27
2017-12-27
2017-12-28
2017-12-27
2017-12-27
2017-12-28
2017-12-27
2017-12-27
2017-12-27
2017-12-26
2017-12-28
2017-12-22
2017-12-22
2017-12-22
2017-12-27
2017-12-26
2017-12-26
2017-12-28
2017-12-26
2017-12-27
2017-12-22
2017-12-27
2017-12-27
2017-12-27
2017-12-26
2017-12-26
2017-12-26
2017-12-26
2017-12-22
2017-12-26
2017-12-22
2017-12-27
2017-12-26
2017-12-26
2017-12-26
2017-12-28
2017-12-26
2017-12-27
2017-12-27
2017-12-26

2018-01-05
2018-01-05
2018-01-11
2018-01-09
2018-01-10
2018-01-11
2018-01-09
2018-01-10
2018-01-10
2018-01-09
2018-01-08
2018-01-10
2018-01-09
2018-01-05
2018-01-10
2018-01-04
2018-01-04
2018-01-08
2018-01-11
2018-01-05
2018-01-08
2018-01-10
2018-01-10
2018-01-10
2018-01-03
2018-01-09
2018-01-10
2018-01-09
2018-01-10
2018-01-09
2018-01-09
2018-01-03
2018-01-05
2018-01-09
2018-01-03
2018-01-09
2018-01-05
2018-01-09
2018-01-10
2018-01-10
2018-01-08
2018-01-05
2018-01-09
2018-01-11

1 183 627.00 kr
1 193 246.00 kr
1 171 082.00 kr
1 185 745.00 kr
1 187 929.00 kr
1 150 346.00 kr
1 184 275.00 kr
1 200 312.00 kr
1 192 654.00 kr
1 189 864.00 kr
1 184 135.00 kr
1 195 888.00 kr
1 154 423.00 kr
1 187 783.00 kr
1 192 832.00 kr
1 191 977.00 kr
1 195 657.00 kr
1 174 651.00 kr
1 183 127.00 kr
1 185 612.00 kr
1 172 280.00 kr
1 172 483.00 kr
1 168 426.00 kr
1 180 839.00 kr
1 177 649.00 kr
1 188 489.00 kr
1 192 795.00 kr
1 189 156.00 kr
1 181 685.00 kr
1 168 467.00 kr
1 164 177.00 kr
1 185 439.00 kr
1 170 636.00 kr
1 177 049.00 kr
1 174 057.00 kr
1 170 756.00 kr
1 170 400.00 kr
1 164 639.00 kr
1 178 822.00 kr
1 185 020.00 kr
1 185 455.00 kr
1 179 293.00 kr
1 178 678.00 kr
1 210 106.00 kr

1 252 926.00 kr
1 256 848.00 kr
1 250 150.00 kr
1 245 821.00 kr
1 247 571.00 kr
1 250 799.00 kr
1 246 451.00 kr
1 238 088.00 kr
1 238 354.00 kr
1 233 025.00 kr
1 255 527.00 kr
1 237 800.00 kr
1 259 937.00 kr
1 233 849.00 kr
1 236 115.00 kr
1 255 435.00 kr
1 253 587.00 kr
1 236 745.00 kr
1 249 395.00 kr
1 249 212.00 kr
1 227 956.00 kr
1 248 157.00 kr
1 250 360.00 kr
1 246 260.00 kr
1 237 767.00 kr
1 240 890.00 kr
1 228 242.00 kr
1 241 443.00 kr
1 248 333.00 kr
1 249 221.00 kr
1 244 966.00 kr
1 259 505.00 kr
1 244 463.00 kr
1 238 923.00 kr
1 241 470.00 kr
1 250 390.00 kr
1 238 743.00 kr
1 252 990.00 kr
1 248 668.00 kr
1 244 418.00 kr
1 225 389.00 kr
1 233 307.00 kr
1 243 532.00 kr
1 245 529.00 kr

1 328 172.00 kr
1 337 592.00 kr
1 326 085.00 kr
1 332 564.00 kr
1 337 946.00 kr
1 338 290.00 kr
1 311 928.00 kr
1 282 524.00 kr
1 285 456.00 kr
1 278 111.00 kr
1 336 751.00 kr
1 276 587.00 kr
1 360 543.00 kr
1 291 670.00 kr
1 280 357.00 kr
1 336 846.00 kr
1 308 226.00 kr
1 303 943.00 kr
1 316 849.00 kr
1 333 469.00 kr
1 273 901.00 kr
1 338 557.00 kr
1 328 851.00 kr
1 327 993.00 kr
1 307 372.00 kr
1 304 705.00 kr
1 269 769.00 kr
1 300 455.00 kr
1 326 686.00 kr
1 336 597.00 kr
1 335 116.00 kr
1 349 388.00 kr
1 321 112.00 kr
1 304 375.00 kr
1 316 042.00 kr
1 344 311.00 kr
1 304 701.00 kr
1 358 033.00 kr
1 307 270.00 kr
1 298 832.00 kr
1 266 815.00 kr
1 302 631.00 kr
1 317 718.00 kr
1 285 089.00 kr

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-18
2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19
2017-12-15
2017-12-18
2017-12-15
2017-12-18
2017-12-19
2017-12-19
2017-12-19
2017-12-15
2017-12-19
2017-12-19
2017-12-19
2017-12-18

2017-12-28
2017-12-27
2017-12-27
2017-12-27
2017-12-28
2017-12-28
2017-12-26
2017-12-26
2017-12-26
2017-12-26
2017-12-26
2017-12-27
2017-12-27
2017-12-26
2017-12-27
2017-12-28
2017-12-27
2017-12-28
2017-12-27
2017-12-27
2017-12-26
2017-12-27
2017-12-27
2017-12-28
2017-12-27
2017-12-27
2017-12-27
2017-12-27
2017-12-26
2017-12-26
2017-12-28
2017-12-26
2017-12-22
2017-12-28
2017-12-26
2017-12-27
2017-12-27
2017-12-27
2017-12-27
2017-12-27
2017-12-27
2017-12-28
2017-12-27
2017-12-27
2017-12-28
2017-12-28
2017-12-26
2017-12-28
2017-12-27
2017-12-27

2018-01-10
2018-01-08
2018-01-08
2018-01-09
2018-01-10
2018-01-09
2018-01-09
2018-01-10
2018-01-08
2018-01-04
2018-01-04
2018-01-10
2018-01-10
2018-01-08
2018-01-09
2018-01-10
2018-01-09
2018-01-10
2018-01-10
2018-01-12
2018-01-03
2018-01-10
2018-01-08
2018-01-10
2018-01-10
2018-01-08
2018-01-10
2018-01-08
2018-01-04
2018-01-09
2018-01-09
2018-01-05
2018-01-05
2018-01-10
2018-01-05
2018-01-10
2018-01-11
2018-01-08
2018-01-05
2018-01-10
2018-01-10
2018-01-10
2018-01-09
2018-01-10
2018-01-10
2018-01-08
2018-01-05
2018-01-10
2018-01-09
2018-01-09

1 185 417.00 kr
1 180 610.00 kr
1 170 970.00 kr
1 179 179.00 kr
1 180 993.00 kr
1 175 632.00 kr
1 195 777.00 kr
1 184 257.00 kr
1 175 108.00 kr
1 184 817.00 kr
1 203 948.00 kr
1 179 834.00 kr
1 175 760.00 kr
1 168 800.00 kr
1 192 239.00 kr
1 179 320.00 kr
1 181 785.00 kr
1 173 558.00 kr
1 180 074.00 kr
1 189 222.00 kr
1 180 846.00 kr
1 183 523.00 kr
1 197 536.00 kr
1 190 379.00 kr
1 194 861.00 kr
1 180 311.00 kr
1 202 678.00 kr
1 168 786.00 kr
1 179 997.00 kr
1 170 441.00 kr
1 193 317.00 kr
1 184 843.00 kr
1 179 178.00 kr
1 196 528.00 kr
1 189 676.00 kr
1 164 835.00 kr
1 179 345.00 kr
1 181 191.00 kr
1 192 066.00 kr
1 168 883.00 kr
1 178 290.00 kr
1 177 982.00 kr
1 184 285.00 kr
1 170 232.00 kr
1 178 553.00 kr
1 180 435.00 kr
1 178 109.00 kr
1 177 543.00 kr
1 180 764.00 kr
1 174 484.00 kr

1 244 565.00 kr
1 254 481.00 kr
1 249 175.00 kr
1 247 542.00 kr
1 234 526.00 kr
1 251 136.00 kr
1 239 400.00 kr
1 238 182.00 kr
1 241 997.00 kr
1 244 559.00 kr
1 242 582.00 kr
1 258 782.00 kr
1 240 329.00 kr
1 249 339.00 kr
1 230 017.00 kr
1 256 300.00 kr
1 239 073.00 kr
1 236 261.00 kr
1 247 357.00 kr
1 245 529.00 kr
1 232 028.00 kr
1 243 911.00 kr
1 233 910.00 kr
1 252 257.00 kr
1 251 583.00 kr
1 239 920.00 kr
1 244 288.00 kr
1 244 928.00 kr
1 254 429.00 kr
1 237 718.00 kr
1 229 275.00 kr
1 248 110.00 kr
1 246 174.00 kr
1 239 329.00 kr
1 241 440.00 kr
1 238 338.00 kr
1 250 257.00 kr
1 235 105.00 kr
1 235 028.00 kr
1 238 314.00 kr
1 225 729.00 kr
1 249 766.00 kr
1 240 445.00 kr
1 240 255.00 kr
1 240 785.00 kr
1 251 265.00 kr
1 244 053.00 kr
1 243 760.00 kr
1 239 138.00 kr
1 237 433.00 kr

1 324 100.00 kr
1 326 737.00 kr
1 319 395.00 kr
1 316 152.00 kr
1 290 458.00 kr
1 326 930.00 kr
1 292 563.00 kr
1 319 953.00 kr
1 348 620.00 kr
1 307 386.00 kr
1 297 768.00 kr
1 332 359.00 kr
1 304 657.00 kr
1 343 826.00 kr
1 269 697.00 kr
1 354 352.00 kr
1 305 978.00 kr
1 312 660.00 kr
1 318 902.00 kr
1 306 746.00 kr
1 283 192.00 kr
1 309 943.00 kr
1 272 921.00 kr
1 326 617.00 kr
1 318 277.00 kr
1 318 707.00 kr
1 288 391.00 kr
1 323 786.00 kr
1 347 760.00 kr
1 318 409.00 kr
1 258 172.00 kr
1 322 742.00 kr
1 331 774.00 kr
1 286 904.00 kr
1 307 323.00 kr
1 304 407.00 kr
1 330 340.00 kr
1 293 570.00 kr
1 278 550.00 kr
1 315 130.00 kr
1 283 625.00 kr
1 313 708.00 kr
1 301 874.00 kr
1 314 903.00 kr
1 322 412.00 kr
1 314 353.00 kr
1 307 837.00 kr
1 329 439.00 kr
1 321 596.00 kr
1 313 475.00 kr

95
96
97
98
99
100

2017-12-18
2017-12-19
2017-12-19
2017-12-18
2017-12-19
2017-12-19

2017-12-26
2017-12-26
2017-12-27
2017-12-27
2017-12-26
2017-12-27

2018-01-11
2018-01-05
2018-01-09
2018-01-09
2018-01-09
2018-01-09

1 174 912.00 kr
1 182 087.00 kr
1 200 231.00 kr
1 184 239.00 kr
1 174 848.00 kr
1 191 084.00 kr

1 262 666.00 kr
1 230 861.00 kr
1 233 860.00 kr
1 247 136.00 kr
1 252 134.00 kr
1 236 752.00 kr

1 356 727.00 kr
1 284 562.00 kr
1 279 971.00 kr
1 318 592.00 kr
1 335 930.00 kr
1 292 877.00 kr

