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Management summary 
We executed this research at Company X located in X. Company X produces shuttering slabs. These are 

concrete floors that are fully customized to the needs of the customer. In the near future the demand for 

shuttering slabs will increase, because more and more buildings, especially houses, need to be made. Because 

of this, it is desired to improve the production process to have higher production efficiency. With observation, 

interviews with employees and with data analysis, we identified the problems. The core problem is that the 

delivery of concrete mix, with the concrete mix truck, at workstation 17 is too late. A truck with concrete mix is 

continuously driving from the concrete mix plant towards the production hall and back to supply workstation 

17 with concrete mix to pour it into the mould. Besides the main core problem, there are more problems at 

other workstations that cause the production process to not achieve the desired 8 “soft” production moulds 

per hour. A “soft” production mould is a mould with all the parts in it and with the concrete mix that is not 

hardened yet. The name “soft” production mould is used, because only at workstation 2 the products 

(shuttering slabs) are “hardened”. The shuttering slabs in the mould harden in the curing chamber and are 

then transported towards workstation 2 where they are lifted out of the mould. The goal of this research is to 

come up with solutions that improve the processes at the workstations that are underperforming (have a 

output lower than 8 “soft” production moulds per hour). The following question is this main research question: 

“How can Company X achieve a higher production rate?” 

In order to answer this question, we first need to know what the current production process looks like. By 

observing and analysing data we explained the production process. The current production process consists of 

11 workstations and 9 stations. At the workstations something is done to the mould to in the end get a “soft” 

production mould and the other stations are buffers. The focus of this research is on workstations 2, 3, 5, 7, 17 

and 18, because at these workstations time exceedings occur which limits the production process to achieve 

the 8 “soft” production moulds per hour.  

A literature study on how to improve the workstations is done, with the knowledge of how all the processes 

work. From the literature study, we identified techniques and methods which can help improve the processes 

at the workstations. First some lean tools and techniques are identified. One of the lean tools that we used is 

Value Stream Mapping (VSM). With VSM a map is made to make a visual representation of the production 

process and to show where things have to be improved. Another thing that we used is the 5S Methodology. 

With this methodology the processes at the workstations is organized and standardized to make the work 

easier for the employees. Cellular Manufacturing is used to combine similar work at different workstations to 

for example reduce setup and flow times. Besides this, SMED lean manufacturing is used. This methodology is 

used to reduce the changeover / refill times and setup times at the workstations.  

Besides Lean tools and techniques, Six Sigma is used to minimize the variation at the workstations. This will 

create a more balanced flow of work and will lead to reductions in waiting times at the workstations.  

We also identified some methods to improve the bottlenecks. The Theory of Constraints (TOC) is used to get 

rid of a bottleneck in the production process. The five focussing steps (5FS) and the drum-buffer-rope (DBR) 

methodology is used to achieve this. The 5FS is a stepwise approach to get rid of a bottleneck. The DBR 

methodology is a methodology that is used to control the release of jobs with the information from the 

performance of the bottleneck. With DBR, buffers are used to have work or inventory ready for the constraint 

in order for the constraint to never be out of work. The buffer also absorbs variability.  

In order to come up with solutions we first need to know the causes for the problems. The current 

performance of the workstations is measured and visualized with the help of a Value Stream Map. First the 
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bottleneck is identified and the performance indicators are measured to see what goes wrong at the 

workstations.  

With the causes for the problems known we search for solutions. A lot of solutions options are generated and 

with a weighted decision matrix, which includes the criteria from Company X., the best solutions are chosen.  

For workstation 17 and 18 the delivery of concrete is inconsistent. The best option would be to get an extra 

concrete mix truck to deliver concrete mix to create a bigger time buffer. The extra truck can already be filled 

with concrete mix when the other is still at the production hall to deliver the mix to workstation 17 and 18. 

Besides this, a communication device would be good to implement as it is a quick and inexpensive option and 

this would lead to a smaller travel and filling time. The implementation of a new machine however, is 

expensive and hard to implement. On the other hand, It will most likely lead to a lower lead time because it 

would be more accurate and faster in pouring the concrete and it will lead to better quality.  

For workstation 7 the button to transport the mould from 7 to 8 is not pressed at workstation 8 and the refill 

times of steel coils are too high. The work that is done at workstation 8 should be moved to workstation 10. 

This is possible because the work will add up to an average lead time that would be lower than 7.5 minutes. 

Furthermore, because nothing is done at workstation 8 in that situation the mould can go automatically from 7 

to 8. Because of this solution the button does not have to be pressed, which removes the problem. Besides 

this, the inventory of lattice girders (reinforcement for into the mould) at workstation 7 must be made bigger 

to create a bigger buffer during the refill of steel coils. The machine stops producing lattice girders when a 

refill happens and thus when there are enough lattice girders in inventory to place into the mould then the 

placement of lattice girders at workstation 7 does not have to stop. Another thing that must be done is to 

prepare for a steel coil refill before it is empty and not when it is empty.  

For workstation 2 the amount of work that needs to be done for two people is too much and thus the amount 

of shuttering slabs in the mould must not be bigger than 2 to stay under the desired lead time (more than 2 

shuttering slabs leads to a output lower than 8 “soft” moulds per hour). Besides this, during a break an 

employee from another workstation must take over the work from the employee that is taking a break. To 

prevent product damages a new machine is needed and organisational measures must be taken at the other 

workstations to make sure the quality increases.  

For workstation 3 the work is not done in the right order. The work needs to be done according to the 

standardized work description. This will lead to a lower lead time and makes it easier for the employees.   

For workstation 5 the preparation of the work is done at the wrong time and the transportation takes too long. 

The work for the upcoming moulds needs to be prepared in the time they have left from the current mould. 

Also, a laser system needs to be made to make the transport faster, but also safe. When someone steps into 

the laser the mould stops with transporting and with the laser the mould can thus be transported 

automatically without leading to an unsafe situation.  

The potential impact of these solutions is varying per workstation from an increase in individual output of 2% 

to 33% and a decrease in variation of 26% to 53%. With this it is still hard to say if the overall output will 

become 8 “soft” moulds per hour. However, it will be a lot higher than the output of the whole process, which 

is 6.4 “soft” moulds per hour. This is because workstations 17 and 18 (the bottleneck) will improve a lot and 

the variation of the other workstations will go down, which creates a more balanced flow of work.   

Based on the research, we make the following important recommendations: 
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• The first recommendation is to evaluate whether and to what extent the solutions have improved the 

production process and thus to see where further improvements have to be made. The whole process 

of analyzing the processes and getting to solutions can be done over and over again to achieve 

continuous improvement. 

 

• Another recommendation is to listen to the employees more often and to really involve them in the 

process of decision making. They are the eyes and ears of the process and know way more than often 

is thought. This will also lead to more motivated employees that think about process improvement. 

This recommendation can be strengthened with a saying from the Lean methodology: Tell me, I 

forget. Show me, I remember. Involve me, I understand. 

 

• Furthermore, with regards to data gathering a recommendation would be to have more sensors or 

other data gathering methods to get more information about the performance of the production 

process. Currently no information is available about how long it actually takes to do the work (this is 

only measured by hand in this research) and thus also how long a mould is waiting to be transported 

to the next (work)station. Another recommendation would be to document all the failures and 

variations in production in some documentation system. With this, causes for underperformance are 

easier to trace back.  

 

• The last recommendation is for the employees that are not working at the production process, but do 

make decisions regarding the production process. They should go into the production hall more often 

to see what happens. You cannot see everything on a screen and from data.  

Overall, Company X can improve their production process of shuttering slabs. Some solutions can already be 

implemented and some need more research.  
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1. Introduction 
We executed this bachelor thesis at Company X. The thesis focuses on analysing the production process and 

improving the bottlenecks to get a higher output. Section 1.1 gives an introduction to the company. 

Furthermore, Section 1.2 explains the problem that occurs at the production process, Section 1.3 gives a short 

overview of the research design, Section 1.4 the intended deliverables and Section 1.5 gives the conclusion of 

the introduction.  

1.1   Company description  
Company X is located in  censored  and they make 5 types of concrete related products. The most important 

one is the traditional shuttering slab (type of concrete floor), which is made in the first production hall 

together with special reinforcement. The traditional shuttering slab is made on an advanced carousel system, 

which is a roller system that allows the moulds to travel from station to station. The system is powered with 

small motors. A mould is a sort of big table that can be filled with different parts and in the end a shuttering 

slab is made. The process of making these shuttering slabs can be seen in Figure 1.1. 

  

 

Figure 1.1: The production process of shuttering slabs. 
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The production process 

There are 20 stations in total. At 11 of these 20 stations something is done (see U2, U3, U4, U5, U6, U7, U8, 

U10, U17, U18 and U19 in Figure 2). The stations where something is done are workstations. At the other 

stations nothing is done (see U9, U11, U12, U13, U14, U15, U20, U24, U1 in Figure 2). These are buffers or 

stations at the curing chamber (see U24 and U1 in Figure 2), which are also sort of buffers. The stations at the 

curing chamber are there to transport a production mould in or out of the curing chamber.  

The process starts at U4 where an empty clean mould is coming from U3. Starting at U4 and ending at U19 the 

empty mould is filled with different parts. A mould with all the different parts and with the unhardened 

concrete mix in it is called a “soft” production mould. This “soft” production mould is transported into the 

curing chamber to harden and will then become a “hardened” production mould. The “hardened” production 

mould is transported from U1 to U2 when the product(s) in the mould is/are hardened (see Figure 1.2). The 

product is a shuttering slab. A “hardened” production mould can contain more than 1 shuttering slab. The 

number of shuttering slabs in a “hardened” production mould depends on the sizes of the shuttering slabs. An 

empty mould is 12.5 meters long and 3 meters wide. A shuttering slab can have all kinds of sizes in this range 

and thus more shuttering slabs can be made in a mould. At U2 the shuttering slab(s) is (are) taken out of the 

mould and put on a stack to be transported to the outside “tas” field. This is a big field that is located outside 

to store all the stacks before being transported to the construction site. At U3 the empty mould is cleaned to 

be used again. The empty mould is then transported to U4 where the whole process starts again.  

 

 

 

 

Censored 
 

 

 

 

Figure 1.2: Hardened production mould. 

 

1.2   Problem description  
This section explains the problems that the company is facing. Section 1.2.1 describes the action problem the 

company has and Section 1.2.2 explains the problems in the production process. Furthermore, Section 1.2.3 

explains the core problems.  

1.2.1   The action problem 
According to Company X, the current production process is not working efficiently. The main production is the 

production of shuttering slabs. Company X, which is the problem owner, indicates that the production output 

should be 8 “soft” production moulds per hour. To achieve a production output of 8 “soft” moulds per hour 

the work at the workstations should be done in 7.5 minutes including the transport time (60/8 = 7.5 minutes). 
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However, currently there is no production output of 8 “soft” production moulds per hour. This means that 

there is a gap between the norm and the reality. The action problem is defined as follows: 

“The production rate of “soft” production moulds, at Company X, is currently 6.4 “soft” production moulds per 

hour and the production needs to go to 8 “soft” production moulds per hour” 

 

1.2.2   Problem identification 
There are a lot of problems that cause the production process to not achieve the production output of 8 “soft” 

production moulds per hour. The problem cluster in Figure 1.3 shows the problems at the production process. 

The problems that lead to the box “machine problems” are problems at the machines. Besides this, the 

problems that lead to the box “human problems” are problems that are occurring due to human actions.  

 

 

Figure 1.3: The problem cluster. 

  

Problem at workstation 2 

At workstation 2 the shuttering slab(s) are taken out of the mould and are put on a stack with a crane. This 

process takes too much time.  

Problem at workstation 3 

At workstation 3 the mould from workstation 2 is cleaned. This process is done too slowly, because it can be 

done in 7.5 minutes (including transport time), but it does not always happen.   
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Problem at workstation 4 

The plotter machine draws lines on the mould to give an indication where certain parts have to be placed or 

glued at workstation 5. The plotter does not always take the optimal path when plotting contours on the 

bottom of the empty mould. This is a problem in the software of the machine, but it is not a very big problem. 

Most of the time the plotter is fast enough to plot the contours within 7.5 minutes (which gives an output of 8 

“soft” production moulds per hour). However, optimizing the machine can improve the speed of the work that 

is done at this workstation. 

Problem at workstation 5 

The installation of metal shutterings (see Figure 1.4) on the mould and the installation of certain 

supplementary parts is done at workstation 5. The biggest problem here is that the preparation of the work is 

done inefficiently. The preparation of the work consists of cutting supplementary parts in the right sizes. 

Sometimes the people have some time left from working on placing the supplementary parts on the previous 

mould and in that time they could have prepared for the upcoming mould. However, they start to work on the 

supplementary parts only when the next mould arrives. 

  

 

 

 

Censored 
 

 

 

Figure 1.4: Metal shutterings.  

  

Problem at workstation 6 

The mesh spacer machine is a machine that places plastic rings on the bottom of the mould to elevate the 

reinforcement. The mesh spacer at workstation 6 has the same kind of problem as the plotter machine at 

workstation 4. It does not always take the optimal paths and the optimal options (the best option of type of 

distance holder) when it comes to choosing the type of distance holders (see Figure 1.5). Thus here there is 

also an optimization problem. 
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Figure 1.5: Distance holders. 

 

Problems at workstation 7 

At workstation 7 the lattice girders are placed on the mould by a crane. The machine making the lattice 

girders, called the VGA Versa lattice girder welding machine, sometimes has a failure. Furthermore, activities 

around the machine are not done efficiently. One of the problems is that the refill of steel coils is done very 

inefficiently and this takes a lot of time which can lead to a standstill in the production process. 

Problems at workstation 17 and 18 

At workstations 17 and 18 the pouring of concrete is sometimes done too fast. The employees have enough 

time to pour the concrete mix into the mould, but they think they have to do it as fast as possible. Because of 

this the quality of the shuttering slab is sometimes very bad and the slab has to be repaired at workstation 2, 

which takes extra time. Besides this, the slab can become too thick and this is a waste of concrete mix. 

However, the bigger problem is concerning the delivery of concrete mix. Often the work at workstation 17 and 

18 is at a standstill, because there is no concrete mix. Concrete mix is delivered by a concrete mix truck that 

continuously drives from the concrete mix plant towards the production hall and back. The problem is that this 

takes too long and that the production is at a standstill.  

1.2.3   Motivation of core problems 
From the book “Solving Managerial Problems Systematically” (Heerkens & Winden, 2017), a core problem has 

the following characteristics: 

●       There should be a clear relationship with other problems 

●       The problem should not have a direct cause itself 

●       The problem should be able to be influenced 

●       If there are more core problems, then choose the most important one 

 

The core problems based on the problem cluster in Figure 1.3 at Company X are: 

1. The concrete mix is delivered too late by the concrete mix truck a lot of the time at workstation 17 

and 18.  
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2. The pouring of concrete is not done properly at workstation 17 and 18. 

3. The activities at workstations 7 are not done efficiently.  

4. The work at station 2 is taking too long.  

5. The cleaning at workstation 3 is done too slowly. 

6. The preparation of work is sometimes done too late at workstation 5. 

The measurable variable is the production output. The production output is divided into two types: The 

production output of the whole process and the production output of an individual workstation. The 

production output of the whole process includes the outputs of all the (work)stations and also includes the 

time the (work)stations are empty. Furthermore, the production output of an individual workstation includes 

the times a mould is at the workstation and excludes the times the workstation is empty. This is because the 

performance of the individual workstations is relevant in order to know what the output is and how much it 

should increase. The overall production output is relevant for the complete performance of the process.  

 

1.3   Research design 
We solved the core problems to achieve the desired production rate of 8 “soft” production moulds per hour. 

The main research question of this research is: 

● How can Company X achieve a higher production rate? 

By answering the following knowledge questions during the research we are able to answer the main research 

question:  

● What does the current production process look like? 

To answer this knowledge question we did a descriptive study to see what the current situation looks like. We 

gathered information about the production process by interviewing the head of production, the foremen and 

some employees that work at the production process. Besides this with the use of the guideline book from the 

company we made a good description of the activities at certain workstations. With this information we used 

Value Stream Mapping to make an overview of all the value streams of the process. We also used observation 

to see what happens at the different workstations. 

● What theories and methods, based on scientific literature and case studies, can be used to improve the 

process at the workstations 2, 3, 5, 7, 17 and 18? 

To answer this knowledge question we did an explanatory study in the form of a literature study. We 

conducted an systematic literature review to gather theories and methods that can be used to improve the 

process at the workstations. We described the theories and methods in further detail. Furthermore, the 

information helps with choosing a solution approach. 

● What problems are occurring at and around workstations 2, 3, 5, 7, 17 and 18? 

To answer this knowledge question we conducted an explanatory study. Again with the help of interviews with 

the stakeholders mentioned before, we gathered problems at the workstations. Besides this we analysed the 

data from the software system with Excel to see when things go wrong and together with the information 

from the teams channel (here the failures are documented) we identified the causes and relationships.  

• What are the solution options to tackle the problem(s) at workstations 2, 3, 5, 7, 17 and 18? 
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To answer this knowledge question we did an explanatory study. We discussed the theories and methods that 

are found with the previous knowledge question. Furthermore we used the relevant methods and or theories 

to come up with a solution approach and eventually to come up with solutions options.  

• Which solution options can be implemented by Company X, taking into account the criteria from the 

company? 

To answer this knowledge question we conducted an explanatory study. With the help of criteria from the 

company, we selected possible solutions and an implementation plan is made for these solutions. We 

discussed the criteria that is used with the supervisor at the company. The plan must be understandable for 

the employees that work directly at the production process and gives a base for further research.  

1.4   Deliverables  
We made the following deliverables during the assignment: 

● Description and a current-state Value Stream Map of the production process. 

● List of the problems occurring at the workstations and solution approach on how to solve these 

problems. 

● The best solutions based on criteria and an implementation plan on how to implement the best 

solution(s) for the problems that are found. 

● Advice on how to proceed further with especially advice on how to approach the workstations in the 

future to eliminate the next bottleneck and so on. 
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2   Overview of the production process  
This chapter describes and explains the current situation of the production process at Company X. 

Furthermore, this chapter answers the following research question:   

“What does the current production process of making shuttering slabs look like?” 

Section 2.1 describes the relevant workstations to get a good understanding of what activities take place. In 

the end Section 2.2 gives the conclusion.  

2.1 The workstations  
We see the complete production process layout in Figure 2.1. The Us with a number indicate the different 

(work)stations. The production starts with U4 and ends with U3 and it operates in a circular manner. This 

means that the moulds from U3 (end of the process) starts again at U4 (begin of the process). U16 is used as a 

repair station. The focus is on workstations 2, 3, 5, 7, 17 and 18 because the core problems occur at these 

stations. This section explains these workstations in more detail. Appendix A explains the other (work)stations. 

 

 

 

Censored 

 

 

 
 

Figure 2.1: Production process layout.  

 

U2 (demoulding station)  

At this workstation the shuttering slab(s) are lifted out of the mould (see Figure 2.2) and placed at a stacking 

place with a small crane. Figure 2.3 shows an empty mould. The crane is operated by one person. Before 

lifting, the person that operates the crane has to manually place the hooks of the crane under the lattice 

girders. Some waste is cleared from the shuttering slab by a second person. This waste can be EPS circles 

(foam circles to make holes in the shuttering slab for electricity etcetera), cardboard corners or the EPS beams 

(to separate different shuttering slabs). The shuttering slabs can be stacked at 2 different stacking places and if 

needed a 3rd place can be made available. Wooden beams have to be placed at the bottom of a stack to 

support the shuttering slabs. The amount of wooden beams is depending on the weight of the complete stack. 

Besides the wooden beams, some smaller wooden blocks or special bricks are put between the different 
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shuttering slabs. These are there to separate the shuttering slab(s), because otherwise the bottom would be 

damaged by the lattice girders of another shuttering slab. They also operate as pressure points and this 

ensures the shuttering slabs stay in place during transport. Furthermore, on each stack a sticker is stuck to the 

side with information and the number of the stack is painted on top of the stack to show the crane outside 

which stack it is. We see the timeline of the work, with the time it takes on average at this workstation, in 

Figure 2.4. The green part is the process time that the employees have, to do the work, to still be under the 

7.5 minutes including transport time. 

 

Censored 

 

 
 

Figure 2.2: Hardened production mould towed out of the mould.  
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Figure 2.3: Demoulded mould.  
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Figure 2.4: Timeline of the work at workstation 2.  

 

U3 (cleaning station) 

The metal shutterings are taken out of the mould and are placed at the end of the mould by one employee. 

Then they are towed by a magnetic crane onto a roller bar system. The crane is operated by the same 

employee. The metal shutterings can be pushed onto an automatic conveyor belt via a roller bar system. This 

conveyor belt transports the metal shutterings to workstation 5. Furthermore, parts of waste, like cardboard, 

concrete and EPS that stick to the bottom of the mould, are scraped off the mould with a special tool. The 

sides of the mould are also wiped clean with a broom. This is done by the same employee that operates the 

crane. The other small parts of waste are wiped off the bottom of the mould by the cleaning machine and 

afterwards the machine cleans the surface of the mould. If the mould is still not clean the process of scraping 

and cleaning is done again until the mould is clean (see Figure 2.5 for a clean mould). We see the timeline of 

the work at this workstation in Figure 2.6.  

 

 

Censored 

 

 
 

Figure 2.5: Clean mould. 
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Figure 2.6: Timeline of the work at workstation 3.  

 

U5 (installation)  

The people at this station put the metal shutterings (these beams separate different shuttering slabs in the 

mould). We see this in Figure 2.7. On the right places that were plotted by the plotter at U4. In the moulds 2 or 

3 of these metal shutterings are placed. The supplementary parts (see Table 2.1) are glued on the bottom of 

the mould on the plotted places by two employees (see Figure 2.8). These are added to the mould, because 

these are places where electricity, ventilation, sewer systems, etcetera will be located. The material of the 

supplementary parts can be removed or drilled away easier than the concrete of the shuttering slab itself. EPS, 

gypsum and tempex are a lot less hard than concrete. Some of the supplementary parts need to be made into 

the right dimension at the workstation and some already have the right dimension. After this, the sides of the 

mould are sprayed with a special liquid to prevent the concrete mix from sticking to the mould. Two 

employees are working here to get the work done. We see the timeline of the work at this workstation in 

Figure 2.9. 
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Figure 2.7: Metal shutterings.  
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Figure 2.8: Mould with supplementary parts.  

 

Table 2.1: List of supplementary parts. 

Part name Explanation Picture 

1. Tempex beams These are styrofoam beams. They 
are glued onto the bottom of the 
mould to separate different 
shuttering slabs from each other. 
They are smaller than the metal 
shutterings. 

Censored 
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2. Gypsum blocks These are glued onto the bottom of 
the mould to create places where 
someone later on can drill out parts 
of the slab more easily. It is a lot 
softer than the concrete. It is used 
because ventilation or other types of 
pipe systems need to go through the 
slab. 

Censored 
 

3. EPS cylinders These are glued onto the bottom of 
the mould to also be able to make 
openings in the slab more easily. 

Censored 
 

4. Cardboard corners These are glued onto the mould to 
keep the metal shutterings in place 
and to make small adjustments for 
the shape of the shuttering slab. 

Censored 
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Figure 2.9: Timeline of the work at workstation 5.  

 

U7 (lattice girder placement) 

The first process at workstation 7 is the production of lattice girders with the VGA Versa welding machine. 

Steel wires are needed to make the lattice girders and because of that some steel coils are standing near the 

machine to feed the machine with steel wires. 6 steel coils are standing on 6 reels to each feed the machine 

with a steel wire for certain parts of the lattice girder. There are 2 coils to feed 8mm wire to A and B, 2 to feed 

6mm wire to C and D, 1 to feed 8mm to E or 1 to feed 10 mm wire to E (see Figure 2.10). If these coils are 

empty, they need to be filled again with new steel coils.  

 

 

Figure 2.10: Steel wire layout.  

 

The machine can make lattice girders of different heights and lengths. The minimum height that can be made 

is 80mm and can go up to 360mm in steps of 10mm. Besides this the minimum length the machine can make 

is 800mm and the maximum length is 11500mm. The machine first bends the diagonal wires (see C and D in 
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Figure 2.10) and then welds the different wires together to make a lattice girder with the layout. When the 

lattice girder has the right length, it will be cut by the machine, and it will start to make the next one. The 

finished lattice girders are transported by a small lift and put on to a belt as inventory for the automatic crane.  

The second process at workstation 7 is the process of placing the lattice girders on the reinforcement mat (see 

the orange arrow in Figure 2.11) in the mould by an automatic crane. The automatic crane can pick up 1 to 4 

lattice girders at once from the inventory and place it into the mould. The crane has two grappling devices that 

do this. The lattice girders must be of the same height and somewhat of the same length to be picked 

together. The inventory is located one level above the mould and because of this the crane has to transport 

the grappling devices horizontally to pick the lattice girders from the inventory and vertically to go down and 

place them into the mould. We see the end result in Figure 2.11. Furthermore, we see the timeline of the work 

at this workstation in Figure 2.12. The refill scenario happens when a steel coil is empty.  

 

 

 

Censored 

 

 
  

Figure 2.11: Lattice girders placed on the reinforcement mats.  
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Figure 2.12: Timeline of the work at workstation 7.  

 

U17 (concrete pouring) 

At this station the concrete mix is poured into the mould with all the parts in it (see Figure 2.13). This is done 

by a machine that is operated by 1 person. The machine is also filled at this station with a gutter that is 

connected to the outside of the building. A concrete mix truck can connect itself to this gutter and then the 

concrete mix can be poured into the machine. We see the timeline of the work at this workstation in Figure 

2.14. The refill scenario happens when the machine does not have any concrete mix anymore. The machine 

will then be filled up again with concrete mix from the truck.  

 

 

Censored 

 

 
 

Figure 2.13: Concrete mix poured into mould.  
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Figure 2.14: Timeline of the work at workstation 17.  

 

U18 (concrete pouring and vibrating)  

The pouring machine can also get to this station. However, this station can also be used as a shaking or 

vibration platform to equally distribute the concrete mix. Furthermore, the person at this station will distribute 

the concrete equally if necessary with a rake and he will take away concrete mix from the supplementary 

parts. Before shaking or vibrating the mould, some clamps are placed at the metal shutterings to prevent them 

from moving. Shaking is always done and vibrating is sometimes done. Vibrating is only needed when the 

concrete mix is a bit too dry or when too much concrete mix is poured at a certain place. Figure 2.15 shows 

how the “soft” production mould looks when everything is done. Furthermore, we see the timeline of the work 

at this workstation in Figure 2.16.  
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Figure 2.15: Mould with concrete mix vibrated/shaked.  

 

 

Figure 2.16: Timeline of the work at workstation 18.  

2.2 Conclusion 
We explained the production process in this chapter, by answering the following research question: 

“What does the current production process look like?” 

The current production process consists of 11 workstations and 9 stations. At the workstations something is 

done in the mould to in the end get a “soft” production mould and the other stations are buffers. 

Workstations 2, 3, 5, 7, 17 and 18 are explained in more detail, because the focus is on these workstations. 

At workstation 2 the “hardened” production mould comes out of the curing chamber and the shuttering slabs 

are lifted out of the mould. Furthermore, at workstation 3 the empty mould is cleaned. At workstation 5 some 

supplementary parts are placed into the mould to make holes for electricity etc. and to separate the different 

shutterings slabs in the mould. At workstation 7 the lattice girders are made and are placed on the 

reinforcement mats. In the end at workstation 17 and 18 the concrete mix is poured into the mould and the 

mould is vibrated to equally distribute the concrete mix. Stations 1, 9, 11, 12, 13, 14, 15, 20 and 24 are buffers 

and station 16 is a repair station.   
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3   Improving the production process: Literature review 
This chapter describes the methods and theories to improve the production process at Company X. 

Furthermore, this chapter answers the following research question: 

“What theories and methods, based on scientific literature and case studies, can be used to improve the 

process at the workstations 2, 3, 5, 7, 17 and 18?” 

Section 3.1 gives background information on the production process at Company X and what has to be done to 

achieve a higher production output. Section 3.2 explains the Lean methodology and gives some tools and 

techniques. Furthermore, Section 3.3 explains Six Sigma. Moreover, Section 3.4 explains the Theory of 

Constraints and the methods and theories that are derived from this methodology. In the end Section 3.5 gives 

the conclusion. 

 

3.1 Prefabrication processes 

Construction on-site has been criticized for a long time, because it has a low productivity, it has poor safety 

records and it is environmentally unfriendly due to large waste production (Deffense et al., 2011). 

Prefabrication on the other hand, can offer some advantages when compared with traditional on-site 

construction methods. It reduces costs, construction time, waste production and it increases quality and safety 

on-site (Deffense et al., 2011).  

Company X has a prefabrication production process that makes shuttering slabs. The production process does 

not achieve the performance that the company desires. This underperformance leads to a lower production 

output. By searching for methods and theories that can improve the production process, a higher production 

output and thus a better working prefabrication production process can be achieved.  

The main goal of this literature study is to gather methods and theories that can reduce the lead time of the 

different workstations and especially the workstations that are underperforming. Underperformance occurs 

when a workstation has lead times higher than 7.5 minutes.   

  

3.2 Lean methodology 

Lean is a method that can be used to minimize unnecessary waste or minimize non-value adding (NVA) 

activities. The Lean method comes from the Toyota Production System (TPS) from the early 1950s in Japan 

(Antony et al., 2011). The NVA activities can be split up into 2 types. Type 1is the waste that is generated 

during the process, but cannot be avoided and type 2 is waste that occurs during the process, but can and 

must be avoided/reduced. Furthermore, these 2 types can be split into 8 sub-categories (Khairunnisa et al., 

2020 & Ahmad et al., 2019):  

● Transportation: Movement of people or parts between workstations that is unnecessary.  

● Inventory: Materials and products that are in inventory do not have any value added to them. Cash is 

reduced and is tied to the inventory. Besides this, storage is needed which costs money. Some 

materials and or products need to be preserved in inventory and might become obsolete or damaged, 

which will also cost money.  
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● Motion: Movement of people or parts within a process that is unnecessary.  

● Waiting: People or parts waiting for a work cycle to finish. 

● Overproduction: Products that are produced too much, too early and/or too fast.  

● Over/Excess-processing: Making something extra to the product that the customer does not need, 

want or care about.  

● Defects: All defects must be repaired or reworked. This is extra unnecessary time.  

● People and unexploited knowledge: People are not always working in an optimal way and the 

knowledge of employees is not used or not used enough.  

 

Several Lean tools and methods can be used to improve a production process. Sections 3.2.1, 3.2.2, 3.2.3 and 

3.2.4 give an overview and an explanation of Value Stream Mapping, the 5S Methodology, Cellular 

Manufacturing and Single Minute Exchange of Dies Methodology respectively.  

3.2.1 Value Stream Mapping (VSM) 
VSM can be used to map the complete process with visual icons (Deffense et al., 2011). It is useful, because it 

can give a better and clear understanding of the process. The method breaks the process down into smaller, 

more detailed steps. Furthermore, it shows the information about process times and the amount of materials 

together with the production rate of the product and a lot more. A current-state value stream map visualises 

the current situation of the production process (Deffense et al., 2011). Kaizen bursts in the value stream map 

show where things have to be made better (Deffense et al., 2011). “Kai” literally means change and “zen” 

literally means good and together it means good change or more logical continual improvement (Deffense et 

al., 2011). The next step is to make a future state map. This shows how the process should perform in the 

future. After this a plan must be created to get to this future state map.  

Some advantages of VSM can be listed as follows: 

1. The process can be seen visually as a whole and not only as individual processes (Fawaz et al., 2006).  

2. It creates a good basis of what the production process looks like and from there good decisions can be 
made (Fawaz et al., 2006).  

3. Next to the production flows the communication and information flows can be seen (Manjunath et al., 
2014).  

4. The ability to collect, analyze and present information in a short period of time (Manjunath et al., 
2014).  

Possible downsides of VSM can be that it is basic and that sometimes not all information is needed from the 

Value Stream Map and thus some excess work is done.  

3.2.2 5S Methodology  
The 5S Methodology aims at organization and standardization of work (Deffense et al., 2011). Organization is 

important, because a structure of how the production should go is needed to have a fluent process. This 

structure should be managed to ensure continuation. Standardization is important, because it ensures that 

steps are the same each time and that the worker can easily do this without having to think every time a 

product has to be made. The 5S’s are (Deffense et al., 2011): 

● Seiri (Sorting): Only keep the essential tools and materials and get rid of all the others. 
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● Seiton (Stabilize): All items that are used at the workplaces should have a specific place and clearly 

marked/labeled. The items must be placed in such a way that the workflow can be efficient.  

● Seiso (Systematic Cleaning): Maintaining and cleaning the machines should be a continuous job. All 

workplaces should be clean and organized to improve workflow.  

● Seiketsu (Standardizing): The work that is done at workplaces should be consistent and standardized, 

following the previous rules established. 

● Shitsuke (Sustaining): Once the previous rules have been established, they 

will be the standard for future work. The focus now is to maintain these new rules and continuously 

seek improvement, repeating the steps all over again. 

 

Some of the advantages of 5S are the following (Dominquez et al., 2015): 

1. When implemented it establishes and maintains quality.  

2. When implemented it increases productivity.  

3. When implemented it increases safety. 

 

A big disadvantage of 5S is that the implementation can be hard. The organization needs to have full 

commitment to achieve quality, to motivate the staff in order to achieve competitiveness (Dominquez et al., 

2015).   

 

3.2.3 Cellular Manufacturing 
Cellular Manufacturing is a Lean method (E.P.A., 2021). The method combines similar equipment and work 

cells joined by their similarities (Deffense et al., 2011). A cell is a cluster of dissimilar processes or machines 

that are close together (Hyer et al., 1989). In a production process there can be a combination of cells.  

Some advantages of Cellular Manufacturing are that setup times (by using the same equipment) and flow 

times can be reduced (by reducing setup and move time, waiting time for movement of work, and by using 

small transfer batches (a transfer batch is explained in Section 3.4)) (Hyer et al., 1989). This will lead to less 

inventory and a lower market response time.  A disadvantage is that the employees have to be trained to fully 

understand and perform well within the cells.  

 

3.2.4 Single Minute Exchange of Dies (SMED) Methodology 
Single Minute Exchange of Dies is a methodology that can be used to reduce setup and or changeover times 

(Ferradás and Salonitis, 2013). Ferradás and Salonitis also state that changeover time is the period between 

the last good product from the previous production order leaving the machine and the first good product 

coming out from the following production order.  

There are two types of activities when conducting a changeover (Ferradás and Salonitis, 2013). There are 

internal and external activities. The internal activities can only be done when the machine is shut down and 

the external activities can be done when the machine is running. Furthermore, three steps have to be done to 

reduce the changeover time: 
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● Step 1: The internal and external activities must be identified and separated.  

● Step 2: The internal activities must be converted to external activities as much as possible. 

● Step 3: The activities, internal and external, must be streamlined to have an efficient and quick 

changeover/refill. 

 

The benefits of SMED are the following (Al-Akel et al., 2017 & Ferradás and Salonitis, 2013): 

1. It reduces batch sizes, which leads to more flexibility and improved product flow in the production 

process. 

2. The downtime between two batches and of the equipment can be shortened and standardized.  

3. Leads to an increase in production output.  

4. Better teamwork and better workload are expected.  

 

However, there are also some downsides. Sometimes for complex manufacturing systems the simple use of 

the SMED methodology is not enough (Faccio, 2013). Furthermore, because of the strict application the 

methodology is not a very efficient way to reduce setup times in every situation (Ferradás and Salonitis, 2013). 

The example that is give is for an automotive supplier and this can thus maybe not be as successful for a 

different kind of manufacturer.  

 

3.3 Six Sigma 

Six Sigma is a method that can be used to reduce waste and remove variability in production (Oguz et al., 

2012). In a Six Sigma process there are only 3.4 defects per million opportunities (Council For Six Sigma 

Certification, 2018). This means that 99.99966 percent of the time products are made without defects. In a lot 

of cases this is not possible, but the goal is to always improve to get closer to that number.  

Variation  

One of the ways to continuously improve is to remove variation. Variation is unwanted, because it causes 

inconsistency in processes and this will lead to inconsistency in the quality of the product. Furthermore, 

inconsistency in the quality of the product will lead to lower customer satisfaction (Council For Six Sigma 

Certification, 2018). The causes for variation can be categorized in several classes (Oguz et al., 2012): 

● Late delivery of material and equipment 

● Design errors 

● Change orders (work is added or deleted from the original order) 

● Equipment breakdowns 

● Tool malfunctions 

● Improper crew utilization 

● Labor strikes 
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● Environmental breakdowns (weather problems) 

● Poorly designed production system 

● Accidents 

● Work that is too hard, because of the physical aspect 

 

The production process can operate in a more balanced flow when the variation is reduced. Variation can be 

reduced by following the DMAIC approach with the following steps (Aziz and Ketabforoush, 2021 and Farhad 

et al, 2009): 

● Step 1: Define  

Define the requirements and expectations of the customer, define the project boundaries and define 

the process by mapping the business flow.  

● Step 2: Measure 

In this step the process is measured and especially the manufacturing parameters to see what goes 

wrong. This is done by measuring and observing the process, waiting and transport times of the 

workstations.  

● Step 3: Analyze 

In this step the data from the previous step is analyzed. The causes are analyzed by looking at the 

variation. The causes with the highest variation should be taken care of.  

● Step 4: Improve 

In this step the problems that cause the most variation are improved. This is done by finding solutions 

for the causes and implementing these.  

● Step 5: Control  

 In this step the solutions for the causes are controlled.  

 

The benefits of Six Sigma are the following (Aziz and Ketabforoush, 2021): 

1. Tthe return of investment can be increased significantly.  

2. Structural and stepwise method to control and solve the variations.  

3. The defect roots can be found easier with the DMAIC cycle.  

 

However, Six Sigma could also lead to undesired results (Aziz and Ketabforoush, 2021). This is due to the 

incorrect use of statistics. Besides this, a lot of companies hesitate to implement Six Sigma, because in a lot of 

cases the process could not improve with Six Sigma (Aziz and Ketabforoush, 2021). This is because the method 

did not comply with the sources of the defects. Furthermore, with the industries and technology rapidly 

developing the need for more than one quality improvement method may be desirable (Aziz and 

Ketabforoush, 2021).  
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3.4 Theory Of Constraints (TOC) 

The concept of TOC is that every system has at least one constraint (Naik and Pandit, n.a.). If this would not be 

the case, then all companies would make unlimited profit. Because of this, a constraint is anything that limits a 

system to achieve higher performance. Naik and Pandit (n.a.) conclude that TOC has two big components. The 

first one is philosophy, which is the backbone of the principle of TOC. The Five Focusing Steps (5FS) and the 

Drum-Buffer-Rope (DBR) scheduling methodology are the theories and methods that cover the philosophy. 

The second component is a generic approach to analyse and solve problems with the Thinking Process (TP). 

TOC has developed from Optimized Production Technology (OPT), which is based on the following 9 scheduling 

rules: 

1. Balance flow, not capacity. This means that the work should be done in the lead time of the 

bottleneck or a little bit faster (to fill the buffer and always have work ready for the bottleneck). This 

leads to less work-in-progress and less waiting time of employees not doing anything.  

2. The utilization level of a non-constraint (non-bottleneck) is determined by some other constraint in 

the system and not by its own. The bottleneck decides the pace of the process (when all other 

stations can do things faster).  

3. Activation and utilization of a resource are not synonymous. ExpertsMind (n.a.) conclude that for 

example when the inventory for workstation 5 is 100 parts and it can process 100 parts per hour, but 

workstation 17 can only process 60 parts per hour. Then the utilization can be 100% for both, 

however because workstation 17 can only process 60 parts per hour (100% activation, because it gets 

60 from other workstations), workstation 5 will also process 60 parts per hour (pace of the bottleneck) 

and then the activation of workstation 5 is only 60%.  

4. Any time lost at the bottleneck is lost time for the whole system. 

5. Any time saved at the bottleneck is just a mirage.  

6. Bottlenecks decide both throughput and inventories. 

7. The transfer batch may not, and many times should not, be equal to the process batch. ExpertsMind 

(n.a.) conclude that the transfer batch is the batch of products or parts that are finished and go to the 

next process and the process batch is the batch of products that will be processed. The statement 

means that a process batch of 50 parts should not be first completely finished before going to the 

next phase, but it should already transfer some of the finished parts. This will lead to a shorter lead 

time. We see this in Figure 3.1 below.  
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Figure 3.1: Transfer batch versus process batch.  

Note. The image was created to give an insight on batch types. From “Transfer Batch and Process Batch 

Assignment Help”, by ExpertsMind.com, 2021.  

 

8. The process batch should be variable, not fixed. At some points in time the process batch can and 

should be larger or smaller depending on the pace of the bottleneck. When the buffers in front of the 

bottleneck become empty then the process batch should maybe be bigger towards the bottleneck. 

The other way around also applies.  

9. Schedules should be established by looking at all the constraints simultaneously. Lead times are the 

result of a schedule and cannot be predetermined.  

 

The benefits of TOC are the following (Naik and Pandit, n.a.): 

1. It improves the annual sales. 

2. It reduces late orders. 

3. It reduces finished product inventory. 
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3.4.1 Five Focusing Steps (5FS) 
The principle of TOC consists of five focusing steps 5FS (Naik and Pandit, n.a.). The following steps are needed 

to identity and get rid of the bottleneck: 

● Step 1: Identify the constraint of the system also called the bottleneck of the system.  

● Step 2: Decide how to exploit the bottlenecks. This can be done by removing limitations that reduce 

the flow and non-productive time.  

● Step 3: Make all other non-constraints (non-bottlenecks) operate to the likes of the constraint 

(bottleneck).  

● Step 4: Increase the output of the bottleneck.  

● Step 5: Find the new bottleneck and begin again at step 1.  

 

3.4.2 Drum Buffer Rope (DBR) scheduling methodology 
Drum Buffer Rope (DBR) is a theory that was developed by Eliyahu M. Goldratt, and it is used to control the 

release of jobs with the information from the performance of the bottleneck (Qu et al., 2017). The two main 

issues that can be addressed with DBR is the ability of the system to execute the wanted product flow and the 

impact of deviations on the product flow (Naik and Pandit, n.a.).  

The drum of the system is the constraint of the system (Qu et al., 2017). This is the (work)station that decides 

the pace of the process. This means that the (work)station that has the lowest output is the drum of the 

process and this (work)station decides the production output of the whole production process. There are 

three types of bottlenecks (Qu et al., 2017): 

● Type 1: This is a moderate bottleneck, where process times at all non-bottlenecks are reduced by 5%. 

● Type 2: This is a severe bottleneck, where process times at all non-bottlenecks are reduced by 20%.  

● Type 3: This is a very severe bottleneck, where process times at all non-bottlenecks are reduced by 

35%.  

 

Furthermore, if there are more bottlenecks in the system then they should be directly next to each other or 

separated by 4 non-bottlenecks (Qu et al., 2017). 

The buffer is the amount of work measured in terms of time in front of the constraint (Qu et al., 2017). These 

buffers are also called Time-Buffers (T-Bs) (Naik and Pandit, n.a.). The idea of a buffer is to have work or 

inventory ready for the constraint in order for the constraint to never be out of work. Another characteristic of 

the buffer is to absorb variability.  

T-Bs can be divided into 3 types (Naik and Pandit, n.a.): 

● Constraint buffers: These are the buffers that contain parts that are waiting in front of a constraint.  

● Assembly buffers: These are the buffers that contain parts which are not processed by a constraint 

but need to be made with constraint parts.  

● Shipping buffers: These buffers contain the finished products that are ready to be shipped.  
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Qu et al. (2017) conclude that the rope is the communication for providing feedback on how the release of 

work is controlled. The rope is a sort of mechanism that warns the stations in front of the buffer to release 

more work when needed (when the buffer is becoming empty) or to slow down work when needed (when the 

buffer is becoming full). There are two ropes (Qu et al., 2017): 

● Rope 1: This rope exploits the constraint by determining the schedule at the bottleneck.  

● Rope 2: This rope makes sure that the system operates to the performance of the constraint.  

 

3.5 Conclusion 
We explained the theories and methods that can be used to improve the production process in this chapter, 

by answering the following research question: 

“What theories and methods, based on scientific literature and case studies, can be used to improve the 

process at the workstations 2, 3, 5, 7, 17 and 18?” 

We will use Lean to minimize unnecessary waste or minimize non-value adding activities at the workstations. 

The following lean tools and methodologies are used: 

● One of the lean tools that we will use is Value Stream Mapping (VSM). With VSM a map can be made 

to make a visual representation of the production process and to show where things have to be 

improved.  

● Another thing that we will use is the 5S Methodology. With this methodology the processes at the 

workstations can be organized and standardized to make the work easier for the employees.  

● We will use Cellular Manufacturing to combine similar work at different workstations to for example 

reduce setup and flow times.  

● Besides this, we will also use SMED lean manufacturing. This methodology can be used to reduce the 

changeover and setup times at the workstations.  

We will use Six Sigma to minimize the variation at the workstations. This will create a more balanced flow of 

work and will lead to reductions in waiting times at the workstations.  

We will use the Theory of Constraints (TOC) to get rid of a bottleneck in the production process. The Five 

Focusing Steps (5FS) and the Drum-Buffer-Rope (DBR) methodology are used to achieve this. The 5FS is a 

stepwise approach to get rid of a bottleneck. The DBR methodology is a methodology that we will use to 

control the release of jobs with the information from the performance of the bottleneck (Qu et al., 2017). With 

DBR, buffers are used to have work or inventory ready for the constraint in order for the constraint to never be 

out of work. The buffer also absorbs variability.  
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4   Problem analysis 
The aim of this chapter is to give an approach on how the problems at the workstations are analysed. This 

chapter answers the following research question: 

“What problems are occurring at and around workstations 2, 3, 5, 7, 17 and 18?” 

Section 4.1 gives an analysis of the production process to see how the workstations perform. Furthermore, 

Section 4.2 gives a more detailed overview of the activities or events that cause these problems at the 

workstations. In the end Section 4.3 gives the conclusion.  

 

4.1 Performance analysis 
Section 4.1.1 gives an analysis of the bottleneck by looking at the output per workstation. Furthermore, 

Section 4.1.2 gives an analysis of the whole process with the help of a Value Stream Map.  

We do the bottleneck analysis to identify the worst performing workstation and we do the workstation 

analysis to see how all workstations are performing in more detail to see what the problems are. Besides this 

we define the order of importance to fix the workstations by looking at the performances of the different 

workstations.  

 

4.1.1 Bottleneck analysis   
We use the 5FS method to improve the bottleneck (worst performing workstation). This method uses a 

stepwise approach to get rid of a bottleneck. The first step of 5FS is to identify the bottleneck. The lowest 

production output decides which workstation is the bottleneck. We see the production output of the 

individual workstations in Table 4.1. We use all the outputs per workstation individually in the months March 

and April. With this we are able to calculate the performance per station and thus we can see which 

workstation is the worst performing station (the bottleneck). We conclude that workstation 17 is the 

bottleneck, because it has the lowest production output. Appendix B.1 shows how the output is calculated in 

more detail.   

 

Table 4.1: Production output of the workstations.  

Workstation 2 3 5 7 17 18 

“soft” moulds per hour 8.99 9.86 9.90 11.23 7.47 8.41 
 

4.1.2 Workstation performances  
We use step 2 and 3 from the DMAIC approach from Six Sigma to analyze the workstation's performances by 

looking at the amount of time exceedings (lead time of a mould at a workstation is larger than 7.5 minutes) 

and by looking at the performance indicators in the VSM (see Figure 4.3). With this information we are able to 

identify the order of importance to fix the workstations and the problems per workstation.  

In Figure 4.1 we see the number of time exceedings per workstation (this is calculated with the analysis in 

Appendix B.1). A time exceeding is a time period of a mould standing at a workstation that takes longer than 

7.5 minutes including transport time, that is caused at the workstation itself (this can be 00:07:31, but also 

00:09:45). This means that for example time exceedings at workstation 3 that are caused by workstation 4 are 
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not included in the number of time exceedings at workstation 3. With this we can see how the workstations 

perform individually. Furthermore, we do not take into account the size of the time exceeding for this analysis. 

We will take the size into account at the problem analysis to see what causes the most exceeded time.  

 

 

Figure 4.1: Number of time exceedings per workstation.  

 

We see that besides the output of workstation 17 (from Table 4.1) also the number of time exceedings is the 

highest for this workstation. This means that workstation 17 is the worst performing workstation. At 

workstations 2, 3, 5, 7 and 18 also a lot of time exceedings occur, which also lead to a lower production output 

of the whole process. We do not only need to fix the bottleneck, but we also need to take care of the causes 

for the time exceedings at the non-bottlenecks in order to achieve a higher production output.  

A part of the first step of the DMAIC approach from Six Sigma is to map the process. Making a Value Stream 

Map (VSM) helps visualizing the whole performance of the production process. We do not only include 

workstations 2, 3, 5, 7, 17 and 18, but also the other (work)stations to get a full overview. The second step of 

the DMAIC approach from Six Sigma is to measure the performance parameters. We make a current-state 

VSM to see how the current production process performs. We see this VSM in Figure 4.3 and Figure 4.2 shows 

the legend. The measurements and explanation of the data in the VSM are explained in Appendix B.2. 
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Figure 4.2: Legend VSM.  
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Figure 4.3: Current-state VSM.  

 

 



32 

 

Workstation 18 has the most time exceedings after workstation 17 (see Figure 4.1), which leads to a high 

variability in lead times (see Kaizen burst E). Workstation 7 is next because it also has a high variability in lead 

times and it has the next highest amount of time exceedings (see Figure 4.3 and Kaizen burst A). Workstations 

2 and 3 both have high process times (see Kaizen burst F and G), but workstation 2 has the lowest output (see 

Table 4.1). Furthermore, workstation 5 also has a lot of time exceedings (see Figure 4.1), but it still performs 

well according to the VSM (see Figure 4.3). The order to fix the workstations is 17, 18, 7, 2, 3 and 5.  

4.2 Problems at the workstations 
Getting the causes for the problems at the workstations is the next step of the DMAIC approach from Six 

Sigma. Analysing the time exceedings of the workstations will provide more information about the causes for 

the problems. Section 4.2.1 gives the analysis for the problems at workstation 17 and 18. Furthermore Section 

4.2.2 for workstation 7, Section 4.2.3 for workstation 2, Section 4.2.4 for workstation 3 and Section 4.2.5 for 

workstation 5.  

4.2.1 Workstations 17 and 18 
These workstations currently work simultaneously and that is why the analysis includes both. The second step 

of 5FS is to decide how to exploit the bottleneck. This can be done by removing limitations that reduce the 

flow and non-productive time. We must first identify the limitations (causes for the high lead times and the 

high variability in lead times). With the first, second and third step of the DMAIC approach from Six Sigma we 

identify and analyze the root cause for the variation in lead times and the high lead times. This is done by 

analysing the time exceedings at the workstations from the month March and April (Appendix C.3 explains the 

full analysis in more detail). The analysis works as follows: 

1. Put all the time periods of the moulds from the software program of the workstations 17 and 18 in 

Excel (only 30 production days in the month March and April could be analysed, because the data 

from the other production days was missing). The software program collects all the time periods that 

a mould is standing at a certain (work)station.  

2. Mark all the time exceedings (time periods over 7.5 minutes) to see when the process is 

underperforming.  

3. Collect information about why a time exceeding can occur. At these workstations this can be a break, 

a shift change, a late delivery of concrete or unknown. This information is from the Microsoft Teams 

channel of Company X (here all failures and refill times are documented) and from the company 

(times the truck delivers concrete).  

4. Assign the causes to the time exceedings.  

5. Calculate the time that is lost (time the mould is standing at the workstation for longer than 7.5 

minutes) due to a certain cause to see what the biggest problems are.  

 

From the analysis the following things causes workstations 17 and 18 to underperform:  

● Late delivery of concrete mix: We see in Table 4.2 that the late delivery of concrete mix is the main 

cause for time exceedings at workstations 17 and 18. The concrete mix is delivered by one truck from 

“Company Z”, which is located close-by. One truck is completely dedicated to deliver concrete mix to 

Company X. However, the problem is that the truck is almost always too late. The late delivery is the 

main reason why there is a high variation at workstations 17 and 18 and why there are so many time 

exceedings. 



33 

 

● Breaks: We see in Table 4.2 that not many breaks cause a time exceeding and that little time is lost.  

● Shift changes: We see in Table 4.2 that not many shift changes cause a time exceeding and that little 

time is lost.  

● Unknown: We see in Table 4.2 that a lot of time is lost due to unknown reasons. These reasons cannot 

be traced back.  

Table 4.2: Causes and time information for workstations 17 and 18.  

cause  number of time 
exceedings 

average exceeded 
time per cause 

total time lost in 
days 

moulds lost 

late delivery of 
concrete mix 

623 00:10:23 4.49 861.8 

breaks 22 00:05:00 0.08 14.7 
shift changes 8 00:02:31 0.01 2.7 
unknown 374 00:04:26 1.15 221.1 
Total production 
time 

- - 11.09 - 

 total moulds lost: 1100.3 

  

There is another reason besides the time exceedings why workstations 17 and 18 are not performing 

optimally. From the 9 scheduling rules from the TOC methodology, any time lost at the bottleneck is lost time 

for the whole process. This means that if the bottleneck is not working all the time then that time is lost in the 

whole process. The utilization rates of workstations 17 and 18 are not 100% and because of that the 

bottleneck is not used optimally. We see the current utilization rates in Table 4.3. A utilization rate of 100% is 

most likely not possible, but it is desired to have an as high as possible utilization rate for the bottleneck. The 

full utilization calculation is in Appendix B.2.7.  

 

Table 4.3: Current utilization rate workstation 17 and 18.  

 Utilization rate workstation 17 Utilization rate workstation 18 
With breaks included 88% 85% 
With breaks excluded  93% 91% 

 

4.2.2 Workstation 7 
The first problem is that the variation of lead times is very high, which sometimes leads to time exceedings. 

We use the same approach for getting the root causes as at workstations 17 and 18 (Appendix C.2 explains the 

full analysis in more detail). From the analysis the following things causes workstation 7 to get time 

exceedings:  

● Steel coil refill: A steel coil has to be refilled when the reel is empty. We see in Table 4.4 column “time 

exceeded on average” that at steel coil refills where a time exceeding occurs, a lot of time is lost.  

● Not pressing the button at workstation 8 to transport the mould from workstation 7: A button must 

be pressed in order for the mould to be transported from workstation 7 to workstation 8. This is not 

done quickly enough and because of that a lot of time is lost (see Table 4.4).  
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● Machine failures: A machine failure is something that happens at or in the machine that causes the 

machine to stop. This can be for example that the wire is not going straight into the machine or that a 

bold breaks in the machine. This does not happen too often, but it is a cause for some of the time 

exceedings at this workstation. However, when it happens a lot of time is lost per occurrence (see 

Table 4.4).  

● Welding blocks changeovers: There is little data registered about when this refill happens. However, a 

changeover of welding blocks happens more often than documented (failures and changeovers are 

documented in the Teams channel of Company X). Most likely these time exceedings are also included 

in the unknown causes.  

● Unknown: It is not possible to get the causes for these time exceedings.  

 

Table 4.4: Causes and time information for workstation 7.  

cause  number of time 
exceedings  

average exceeded 
time per cause 

total time lost moulds lost 
  

steel coil refill 129 00:04:14 09:06:11 72.8 
not pressing button 101 00:10:46 18:07:22 145.0 
machine failures  16 00:11:36 03:05:37 24.7 
welding changeover 4 00:11:04 00:44:14 5.9 
unknown 254 00:04:11 17:42:08 141.6 
Total production 
time 

- - 25.33 days - 

 total moulds lost: 390.1 

 

Another reason why workstation 7 is not performing optimally is that the VGA Versa welding machine has a 

high lead time (time it takes between the beginning of making the lattice girder and finishing it). We can see 

this in the VSM (Figure 4.3) at Kaizen burst B. This is due to the process and waiting time at the machine. The 

process time is 00:05:48 and the waiting time is 00:02:18 and together this exceeds the 7.5 minutes. This is not 

measured by the GPA software (software that measures when a mould is at a certain workstation), but it is 

measured by observing the machine making lattice girders.  

 

4.2.3 Workstation 2 
The problem at workstation 2 is that the work is not always done in or under 7.5 minutes (including transport 

time), which leads to a time exceeding. We use the same approach for getting the root causes as at 

workstations 17 and 18 (Appendix C.1 explains the full analysis in more detail). From the analysis the following 

things causes workstation 7 to get time exceedings:  

● Breaks: Breaks happen at 9:00, 12:00, 18:00 and 21:00 and they are 15 minutes long. We see in Table 

4.5 column “time exceeded on average” that, at breaks where a time exceeding occurs, a lot of time is 

lost. Furthermore, the total amount of moulds that could have been produced in that time is also very 

high.  

● Shift changes: A shift change happens at 14:30, however the time lost in total is not that much and it 

also does not happen that often (see Table 4.5).  
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● The number of shuttering slabs in the mould: When there are 3 or more shuttering slabs in a mould, it 

is very likely that there will be a time exceeding, because the time it takes to lift out 3 slabs will exceed 

the 7.5 minutes. All in all the work can often not be done in time with two people when there are 

more than 3 shuttering slabs in the mould. We see in Table 4.5 that a lot of time is lost and that it 

happens often. 

● The shuttering slab is damaged: Repairs have to be done when a shuttering slab is damaged. We see 

in Table 4.5 that a lot of time is lost and that it happens often. 

● Unknown: A lot of time is lost due to these unknown causes (see Table 4.5). However, these causes 

cannot be traced back. An assumption (observed at workstation 2) for one of the unknown causes is 

that a lot of the time the mould at workstation 2 can go to workstation 3, but the employee from 

workstation 3 is doing things at workstation 2 and that is why the mould cannot move on.  

 

Table 4.5: Causes and time information for workstation 2.  

cause number of time 
exceedings 

time exceeded on 
average 

total time lost moulds lost 

Breaks 49 00:13:01 10:37:36 85.0 
Shift changes 5 00:04:11 00:20:57 2.8 
3 shuttering slabs 104 00:02:21 04:04:24 32.6 
4 shuttering slabs 12 00:02:28 00:29:41 4.0 
5 shuttering slabs 1 00:00:25 00:00:25 0.1 
product damages 36 00:05:34 03:20:13 26.7 
unknown 259 00:03:03 13:08:53 105.2 
Total production 
time 

- - 24.98 days - 

 total moulds lost: 256.3 

 

4.2.4 Workstation 3 
The main problem at this workstation is that the work is not done in or under 7.5 minutes (including transport 

time) at some moulds. We use a different approach for finding the causes for the time exceedings. Due to time 

constraints the time exceedings are not analysed, but the process is observed to see how long certain activities 

take and thus to see what causes the moulds to be longer than 7.5 minutes at the workstation. The following 

things cause workstations 3 to get time exceedings: 

● Wrong priority decisions: The employee at this workstation sometimes does a job that has less priority 

than another job. A job that has less priority is a job that does not have to be done in order for the 

mould to move on from workstation 3 to workstation 4. The jobs with less priority are: The transport 

of the metal shutterings to workstation 5 and sawing the cardboard corners in half and putting them 

in the containers.  

● Not pressing the button for transport: A button needs to be pressed at workstation 3 in order to 

transport the mould to workstation 4. This is done too late sometimes.  

● Very dirty mould: Sometimes the mould is very dirty and then it takes a lot of time to clean it. 

Furthermore, sometimes the cleaning machine needs to go over the mould a second time and this 

takes too long.  
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● Mould from workstation 2 could have gone to workstation 3: The employee at workstation 3 is laying 

the metal shutterings at the front of the mould at workstation 2, while the mould could have already 

gone to workstation 3. 

 

4.2.5 Workstation 5 
This section discusses the problem at workstation 5. There is not a very clear cause at workstation 5 for why 

the work is sometimes not done in or under 7.5 minutes. It is difficult if not impossible to trace back the 

cause(s) for the time exceedings at workstation 5. However, we see in Table 4.6 that the time it takes to place 

the supplementary parts onto the bottom of the mould is very doable. We see the work that has to be done in 

Figure 4.5 and 4.6. The electricity boxes are done at workstation 10 and the other things at workstation 5.  

 

 

Table 4.6: Process times with certain moulds.  

Process times  Explanation  
00:05:54 In Figure 32 it can be seen that a lot of 

supplementary parts have to be placed and this can 
still be done in the given time.  

00:04:20 In Figure 33 a mould can be seen with less work.  
    

 

Figure 4.4: Legend mould examples.  
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Figure 4.5: Example 1 of a mould where supplementary parts have to be placed. 

 

 

Figure 4.6: Example 2 of a mould where supplementary parts have to be placed. 

 

The work can be done in the time they have (within 00:06:55). The main cause of a time exceeding can only be 

that the preparation of work is not done at the right time. Furthermore, sometimes the button is not pressed 

quick enough to transport the mould from workstation 5 to workstation 6.  

 

4.3 Conclusion  
In this chapter the performance of the workstations and the problems at these workstations are analysed, by 

answering the following research question: 

“What problems are occurring at and around workstations 2, 3, 5, 7, 17 and 18?” 

We measured and visualized the current performance of the workstations with the help of a Value Stream 

Map. First, we identified the bottleneck and we measured the other performance indicators to see what goes 

wrong at the workstations. At workstation 17 the lead time is too high, which leads to a lower production 

output than 8 “soft” production moulds per hour. Also, the variation in lead times is very high and this leads to 

an unbalanced production flow. This is also the case at workstation 18 and 7. Next to the high variation in lead 

times at workstation 7, the VGA Versa machine has a high lead time and there are high refill times of steel 

coils. Furthermore, at workstation 2 and 3 the process times are very high, which leads to time exceedings.  

The causes for these problems at the workstations are the following: 

● At workstation 17 and 18 the delivery of concrete mix is late a lot of the time. Besides this, some time 

is lost due to some of the breaks and some of the shift changes. However, the time lost is very low. 

Furthermore, workstation 17 is not fully utilized.  
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● At workstation 7 the biggest problem is that the button at workstation 8 is not pressed quickly enough 

and due to this the mould waits at workstation 7. Besides this, the steel coil refills take too much time, 

and this leads to a high lead time. Furthermore, machine failures also cause the workstation to get 

time exceedings and thus a higher lead time. Next to these problems the VGA Versa welding machine 

is not always producing when it could have. This is due to the inventory being full. This is a problem, 

because when there is a steel coil refill more inventory is needed, and this could have been there if 

the inventory was bigger and if the machine could produce. Another problem is that the automatic 

crane cannot operate when the machine is stopped.  

● At workstation 2 the main problem is that at breaks the lead times are too high. This is due to the 

employees taking too long breaks or because only one employee is working at that time because the 

other one is taking a break. Besides this, when the number of shuttering slabs is 3 or more then the 

work can become too much and then time exceedings can occur. Furthermore, product damages also 

lead to a lot of time exceedings.  

● At workstation 3 the work is not done in or under 7.5 minutes at some moulds. This is due to a wrong 

working method and wrong priority decisions.  

● At workstation 5 the preparation of work is not done at the right moment. When there is time left 

from a mould then the employees just wait for the next mould and then prepare this mould. Besides 

this the time it takes for transport takes too long because the employees do not always press the 

button quickly enough.  
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5   Solution approach 
The aim of this chapter is to give an approach on how to get solutions for the problems at the workstations. 

This chapter answers the following research question: 

“What are the solution options to tackle the problem(s) at workstations 2, 3, 5, 7, 17 and 18? 

Section 5.1 explains the solution approach for the different workstations. Lastly, Section 5.2 gives the 

conclusion.  

 

5.1 Solution options 
This section explains the approach to get solution options. We use Step 2 and 3 from 5FS and step 4 of the 

DMAIC approach from Six Sigma. Step 2 and 3 from 5FS are: exploit the bottleneck (workstations 17 and 18) 

and to make all other non-bottlenecks (workstations 7, 2, 3 and 5) operate to the likes of the bottleneck. Step 

4 from DMAIC is: the problems that cause the variation must be improved by finding solutions. Besides this we 

use some Lean methods to improve the workstations.  

Section 5.1.1 explains the approach for workstations 17 and 18, Section 5.1.2 for workstation 7, Section 5.1.3 

for workstation 2, Section 5.1.4 for workstation 3 and Section 5.1.5 for workstation 5.  

 

5.1.1 Workstations 17 and 18 
The variation in lead times and the high lead times are caused by the late delivery of concrete mix, breaks, shift 

changes and unknown causes. However, breaks and shift changes only account for 2% of the times lost and 

unknown causes cannot be investigated and thus these will not be taken into account. With a brainstorm 

session with the supervisor of the company and talking with employees the ideas for solutions are made. The 

following things can be done to reduce the lost time when concrete mix is delivered late: 

1. Making a communication device that can show how long it takes for the truck to be back at the 

concrete mix plant. The concrete mix plant could then start earlier with making the concrete mix. 

From the DBR methodology (Section 3.4.2) this forms a sort of rope of the system for the bottleneck 

to communicate with the concrete mix plant.  

2. Having a bigger truck with more concrete mix. This creates less movement of resources, thus less 

waste, and fewer chances of late delivery of resources. However, the problem that will occur is that 

the machine can still only take 4.5 m3 of concrete mix and then the problem of not having concrete 

will only be decreased by a ratio of 1.5 on average for example when the new truck can have 12 m3 of 

concrete mix. This is because the truck has 12 m3 and not 9 m3 of concrete mix (current truck 

capacity) and can thus stay 1.5 times longer at Company X. This leads to 1.5 times less trips to the 

concrete plant and thus 1.5 times less times it can be delivered too late.  

3. Adding another truck to this system then it would perform even better, because the truck can leave 

right away or even already be at Company X when the other truck leaves. 

4. Having a bigger machine which is able to have 9 m3 instead of 4.5 m3 concrete mix. This creates a 

larger time buffer for the truck to get concrete mix.  

5. Making a buffer container where concrete mix can be stored. When the truck arrives, it would be able 

to pour all the concrete in the container and then immediately drive back to get new concrete mix. 
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The machine can then fill up from the container. This creates a larger time buffer for the truck to get 

concrete mix. 

6. A complete new concrete mixer at the concrete mix plant completely dedicated to Company X. With 

this there will never be a case where the truck has to wait for another truck. 

We can see the results of the solutions in Table 5.1. Appendix D.1 gives a more detailed explanation. With  

solutions 1, 2 and 3 it is crucial that the truck from Company X can always be directly filled at the concrete mix 

plant. Otherwise the travel + filling time would increase and would may become bigger than the time to 

bridge. If the travel + filling time is bigger than the time to bridge than time exceedings occur and thus time is 

lost. The following calculations show how to get to the results:  

● Moulds per full machine = concrete mix in machine / concrete mix in a mould on average (1,9 m3) 

● Moulds per full truck = concrete mix in truck / concrete mix in a mould on average (1,9 m3) 

● Travel + filling time truck: 

○ Current situation = 00:19:02 when the truck can be filled directly at the concrete mix plant 

(measured by travelling with the truck) and 00:31:48 when there is a different truck first.  

○ Solution 1, 3, 4 and 5 = outward journey + filling truck ((weighing second batch + blending 

first batch) + (weighing third batch + blending second batch) + blending third batch + filling 

the truck 3x) + return journey = 00:02:57 + 00:03:00*3 + 00:00:15*3 + 00:03:19 = 00:16:01  

○ Solution 2 = solution 1 + extra batch + filling = 00:16:01 + 00:03:00 + 00:00:15 = 00:19:16 

○ Solution 6 = 00:00:30 when the truck is already at Company X  (needs some time to attach to 

the machine) or 00:03:19 (return journey)  

● Time to bridge = 00:07:30 (desired lead time per mould) * moulds per full machine (either 2.36 or 

4.73) 

Table 5.1: New travel + filling times with the several solutions.   

 concrete mix in 
machine (m3) 

moulds per 
full 
machine  

concrete mix 
in truck (m3) 

moulds 
per full 
truck 

Travel + 
filling time 
truck  

Time to 
bridge 

current 
situation  

4.5 2.36 9 4.73 00:19:02 - 
00:31:48 

00:17:42 

solution 1  4.5 2.36 9 4.73 00:16:01  00:17:42 
solution 2 4.5 2.36 12 6.31 00:19:16 00:17:42 
Solution 3 4.5 2.36 9 4.73 00:00:30 - 

00:03:19 
00:17:42 

solution 4 9 4.73 9 4.73 00:16:01 00:35:29 
solution 5 4.5 2.36 9 4.73 00:16:01 00:35:29 
solution 6 4.5 2.36 9 4.73 00:16:01 00:17:42 

 

The utilization rate at workstations 17 and 18 (Section 4.2.1) are 85-88% (breaks included) and this is high, but 

it can be increased by making sure that the buffers before workstation 17 are full enough to always have a 

mould ready for workstation 17 when needed. This can be done with the following two approaches: 

● From the TOC methodology the pace of the other workstations must be balanced to the pace of 

workstation 17. From the DBR methodology the rope of the system, which should be located from 17 

to the other workstations, must give signals to the workstations how fast they should operate. When 

the buffers get empty, the workstations should process the mould faster and when the buffer is full, 
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the workstations should process the moulds a bit slower. The pace of the process must be balanced to 

the pace of the bottleneck. The solutions for making the other workstations more balanced is 

described in Sections 5.1.2, 5.1.3, 5.1.4 and 5.1.5.  

 

● Workstation 17 needs to work at a balanced pace. When workstation 17 has concrete mix, it should 

not process the moulds to fast. This is because when workstation 17 does the work in 3 minutes and 

the (work)stations before 17 cannot do the work this fast, then the buffer becomes empty and then 

workstation 17 cannot do anything. This leads to a lower utilization rate. It would not be bad to 

process the moulds at workstation 17 faster, because it will not lead to a lower output, but when the 

employees pour the concrete mix too fast then this can lead to quality issues. This will lead to a lower 

output in the future. Organisation measures are needed to keep the quality high. These measures can 

be implemented at all the workstations and are discussed in Section 5.1.3. 

5.1.2 Workstation 7 
The variation in lead times is caused by high refilling times of steel coils at the VGA Versa welding machine, by 

not pressing the button to transport the mould from workstation 7 to 8, by machine failures, by welding blocks 

changeovers and by unknown causes. For the welding blocks changeovers little data is known and thus we did 

not take it into account. We could not investigate the unknown causes. We inspired the solution options 

mostly from the theory at Chapter 3 and by talking with employees and the supervisor at the company. The 

following things can be done to deal with the causes:  

1. Having more lattice girders at the automatic crane to create a bigger buffer (DBR) to deal with 

variation (Six Sigma). When there are enough lattice girders in the inventory to cover the steel coil 

refill time and the machine can make the lattice girders faster than that they are processed by the 

automatic crane then this can decrease the variation in lead times. This is because, when a steel coil 

refill is happening the automatic crane has enough lattice girders to place on the reinforcement mats 

and the machine can fill up the inventory again when the steel coil refill is finished. The amount of 

lattice girders that need to be in the inventory for this solution can be seen in Table 5.2 in the last 

column. The second column represents the amount of lattice girders that have to be placed in a 

mould (first the average of 9 and then the maximum of 16). The third column represents the extra 

time that needs to be covered with a buffer due to the refill time (this is the refill time – the lead time 

of the mould). The fourth column represents the time that is available for making extra lattice girders 

and placing these in the mould. The fifth column represents the number of lattice girders that need to 

be in inventory extra because the time to make and place is not enough to finish the mould in 7.5 

minutes. The last column represents the total amount of inventory that needs to be in inventory to 

cover the lead time of two moulds. Appendix D.2.1 shows a more detailed calculation.  

Besides this, the automatic crane must operate separately from the VGA Versa welding machine. This 

means that when the machine is shut down, the crane must be able to place the lattice girders. 

Otherwise this solution will not work. Furthermore, the waiting time can be decreases when the 

automatic crane operates separately. This is because when the crane picks up lattice girders there will 

be space again for the machine to make lattice girders and thus the waiting time will be less and the 

lead time of the machine will decrease. With even more inventory space the waiting time will be 

decreased even more.  
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Table 5.2: Refill times with inventory levels needed. 

Refill time Number of lattice 
girders per mould 
on average (desired 
lead time of 
00:07:30) 

Extra time to 
cover due to 
refill time 

Time to make 
up to 9 / 16 
girders and 
place them 

Needed extra 
inventory 
because not 
possible to 
make up to 9 
/16 

Total inventory 
/ buffer places 
needed 

00:12:11 9 00:12:11 - 
00:07:30 = 
00:04:41 

00:07:30 - 
00:04:41 = 
00:02:49 

6 9 + 6 = 15 

00:09:11 9 00:09:11 - 
00:07:30 = 
00:01:41 

00:07:30 - 
00:01:41 
= 00:05:49 

2 9 + 2 = 11 

00:04:12 9 00:04:12 - 
00:07:30 = - 
00:03:18 

00:07:30 + 
00:03:18 
= 00:10:48 

0 9 - 5 = 4 

 

00:12:11 16 00:12:11 - 
00:07:30 = 
00:04:41 

00:07:30 - 
00:04:41 = 
00:02:49 

13 16 + 13 = 29 

00:09:11 16 00:09:11 - 
00:07:30 = 
00:01:41 

00:07:30 - 
00:01:41 
= 00:05:49 

9 16 + 9 = 25 

00:04:12 16 00:04:12 - 
00:07:30 = - 
00:03:18 

00:07:30 + 
00:03:18 
= 00:10:48 

2 16 + 2 = 18 

 

2. Preparing for a steel coil refill before the steel coil is empty. This can be done by having an employee 

standing at the machine all the time (from solution 4 the employee from workstation 8 can be placed 

at workstation 7) to anticipate the refill and doing some activities before the refill with the SMED 

Manufacturing methodology. First identify the internal and external activities. The internal activities 

can only be done when the machine is shut down and the external activities can be done when the 

machine is running. Currently all activities are performed when the machine is shut down, because 

the steel coil becomes empty. However, some of the internal activities can be done when the steel 

coil is not empty yet. An internal activity that can be converted to an external activity is the placement 

of the crane near the steel coils. This will save a lot of time. The amount of time a refill will take with 

this solution can be seen in Table 5.3. at solution 2 Appendix D.2.2 shows more detailed calculations.  

3. Having extra steel coil reels at the machine. With this only the time needed to weld the old steel wire 

to the new steel wire is needed, because now all the types of steel coils have a duplicate reel. The 

internal activity of placing the steel coil is now converted to an external activity. The amount of time a 

refill will take with this solution can be seen in Table 5.3 at solution 3. Appendix D.2.2 shows more 

detailed calculations.  
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Table 5.3: Time a refill takes.  

Situation Refill time 
Currently 00:12:11 
Solution 2 00:09:11 
Solution 3 00:04:12 

 

4. With the inspiration from the Cellular Manufacturing method work can be combined to make a more 

steady flow of production and in this case to also create an extra buffer after workstation 7. Moving 

the work from workstation 8 to a (work)station further in the line in order for the mould at 

workstation 7 to move automatically to workstation 8. This solution can be implemented, because 

when the work from workstation 8 and workstation 10 are combined, it will not exceed 7.5 minutes 

(see Figure 5.1). A big benefit from this solution is that the employee from workstation 8 can be used 

to stand permanently at the VGA Versa welding machine. In Table 5.4 we can see that all the time lost 

due to not pressing the button would be gone.  

 

 

Figure 5.1: Work from workstation 8 and workstation 10 combined. 

 

5. Making an alert system that alerts the employees that the button has to be pushed in order for the 

mould to go to the next (work)station. We see in Table 5.4 that the solution would get rid of 95-98% 

of the lost time.  

Table 5.4: Time improvements per solution.  

 time it takes currently without 
solution 

time it would take with solution possible time 
improvement (%) 

solution 4 00:10:46 lost per mould 00:00:00 100 
solution 5 00:10:46 lost per mould 00:00:10 - 00:00:30 

depends on the speed of the employee 
Most likely 95-98 
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5.1.3 Workstation 2 
The problems at this workstation are that at some breaks, when more than two shuttering slabs are in the 

mould and when the shuttering slab is damaged. We could not investigate the unknown causes. At the time of 

a break one of the two employees is most of the time taking a break which leads to more work for one 

employee and this cannot be done in the desired process time. The solution for this problem is the following: 

1. Get an employee from another workstation (workstation where less work has to be done at that 

moment) to work at workstation 2 during the break to prevent time exceedings.  

The solutions for too many shuttering slabs in the mould are the following: 

2. Do not have three or more shuttering slabs in a mould. We see in Figure 5.2 that with two shuttering 

slabs the work can be done in the desired time. This creates more balance in the lead times and thus 

reduces the variation.  

 

 

Figure 5.2: Timeline of the work at workstation 2. 

 

The solution for the product damages cannot be implemented at this workstation but should be implemented 

at all the other workstations. From the Lean methodology, product damages must be reduced, because it 

causes rework or even reprocessing which takes unnecessary extra time. The damages come from a number of 

different activities: 

● Due to wrong pouring of concrete mix into the mould. 

● Due to not spraying in the mould well enough with an anti-sticking liquid in order for the concrete mix 

to not stick to the mould. 

● Due to not cleaning the mould well enough.  

 

The following solutions would prevent this from happening: 

3. With a new machine the concrete can be poured in the mould with more accuracy.  
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4. Organisational measures: 

a. The employees need to take time for the pouring of concrete and not do this too fast at 

workstation 17 and 18. 

b. The employees should take time for spraying in the mould at workstation 5. 

c. Cleaning at workstation 3 needs to be done in the right way. The work description at Section 

5.1.4 gives this as a solution.  

d. The lattice girders must be attached properly to the reinforcement mat at workstation 7.  

 

5.1.4 Workstation 3 
The process times at workstation 3 are sometimes too high. This is due to wrong priority decisions, not 

pressing the button for transport, a very dirty mould and the mould could have gone earlier from workstation 

2 to 3. We can fix these problems with the inspiration from the 5S methodology by making a standardized 

work description that the employee can follow. We see the work description in Figure 5.3. The main principle 

for this work description are that the employees know exactly what to do when a certain start option presents 

itself. A more detailed principle is to do certain things at the same time. For example let the machine clean the 

mould and at the same time lift the metal shutterings onto the roller belt. Another one is to do things that can 

be done at any time of the day only when the work at the mould is done. All the activities that make sure that 

the mould can go as fast as possible from workstation 3 to workstation 4 must be done first in the right order. 

 

 

Figure 5.3: Standardized work description (censored).  

 

With this description the time it currently takes for a mould to be processed can be decreased. We see the 

current time it takes in Figure 5.4 and the future time it takes when the standardized work description would 

be implemented in Figure 5.5. The sawing of cardboard corners can be done at any time of the day when time 

is left (see “other work” in Figure 5.5).  



46 

 

 

Figure 5.4: Current timeline of workstation 3.  

 

 

Figure 5.5: Future timeline of workstation 3 

5.1.5 Workstation 5 
The main problem at this workstation is that the preparation of work is not done at the right time which leads 

to time exceedings. The process time for placing the supplementary parts can easily be done without causing a 

time exceeding. We see this in Figure 5.6. The solution to this problem is the following: 

1. Prepare for the next moulds in the waiting time to create a buffer for more difficult moulds (see 

Figure 5.7). 
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Figure 5.6: Current timeline of workstation 5.  

 

 

Figure 5.7: Future timeline of workstation 5. 

 

Moreover, the button is not always pressed to transport the mould to workstation 6 when it could have been 

pressed. The following solution can be implemented: 

2. A special system can be made where the mould is transported automatically from workstation 4 to 

workstation 5 in a safe manner. The system is called a light barrier. When you step into the laser then 

the mould stops with transport. This is a method to make sure that employees cannot do it wrong. It 

sort of prevents wrong decisions.  

5.2 Conclusion 
In this chapter we explain the solution approach for all the problems at each workstation. From this approach 

we formulated the solution options by answering the following research question: 

“What are the solution options to tackle the problem(s) at workstations 2, 3, 5, 7, 17 and 18? 

We formulated the following solution options with the inspiration from the theory in Chapter 3 to deal with 

the problems from Chapter 4 at the corresponding workstation:  

• Potential solution options for workstations 17 and 18 

1. Communication device.  

2. Bigger concrete mix truck. 

3. Extra concrete mix truck. 

4. Bigger machine. 

5. Buffer container.  

6. New concrete mixer at the concrete mix plant.  

 

• Potential solution options for workstation 7  

1. More inventory space at the automatic crane.  

2. Preparing for a steel coil refill. 
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3. Extra steel coil reels at the machine.  

4. Combine the work from workstations 8 and 10 and move it all to 10.  

5. Alert system to push button.  

 

• Potential solution options for workstation 2 

1. Get an employee from another workstation during the break. 

2. Do not have more than two shuttering slabs in a mould.  

3. New machine at workstations 17 and 18.  

4. Organisational measures. 

 

• Potential solution option for workstation 3 

1. Standardized work description.   

 

• Potential solution options for workstation 5 

1. Prepare for the next moulds in the waiting time.  

2. Automatic transport system with light barrier. 
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6 Solution choice  
This chapter describes what solutions are relevant to implement by answering the following research question: 

“Which solution options can be implemented by Company X, taking into account the criteria from the 

company?” 

Section 6.1 discusses the solution options from Chapter 5 to see which are relevant to implement. With the 

use of criteria we scored the different solutions options to see which are the best to implement. Besides this, 

Section 6.2 describes some first steps for implementation and Section 6.3 explains the impact of the solutions.  

6.1 Solution selection 
Almost all solution options have a positive impact on the performance of the production process. However, 

some are not feasible or too expensive. In order to decide which solutions are the best to implement for 

workstations 17 and 18, 7 and 2, criteria is needed. For workstations 3 and 5 no criteria is needed, because 

there are no solutions options that are compared. The approach that we used at workstations 3 and 5 is to 

observe the workstations and to see what can be made better. At the other workstation we also analysed the 

data from the software, but due to time constraints this is not done at workstations 3 and 5. To decide what 

criteria to use, a brainstorm session with the supervisor from the company is done. We see the criteria from 

the brainstorm in Table 6.1 The solution options from Chapter 5 are assessed with the criteria from Table 6.1. 

Each criterion gets a weight, which indicates how important the criterion is to the company. We see the 

weights for each criterion in Table 6.1. Furthermore, the solution options can get a score from 1 to 5. We gave 

a score of 1 when the solution option is scoring very low on the given criterion and a 5 when the solution 

option is scoring very high on the given criterion. Besides this, a criterion can get a X when it is not feasible or 

when it is too expensive. In the end we multiplied all the scores with the weights to see which solutions are the 

best to implement.  

Table 6.1: Criteria from the company.  

Corresponding letter  Criterion Weight 

A easy to implement (technical and organisational) 
 

4 

B expected decrease in lead time  4 
C needed extra knowledge of employee (when high extra knowledge 

is needed then the points given will go down) 
3 

D expected costs (safety costs included) 3 
E durable for the future 2 
F increase in quality 5 

 

We see the solution options with their corresponding scores in Table 6.2. We discussed these scores with the 

supervisor from the company. Furthermore, information which includes the estimated costs for the solution 

options are provided by the company. The total score is the sum of the scores at the letter times the weights 

from Table 6.1. The range of the total score is between x (not possible) and 105. A solution option is discarded 

when the option gets an x on any criterion. The detailed scoring calculation is shown in Appendix E.  

Table 6.2: Solution scores for workstations 17 and 18, 7 and 2. 

Solution option Score 

Workstation 17 and 18 
1.Communication device A:4, B:2, C:3, D:5, E:5, F:1, Total:63 
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2.Bigger concrete mix truck A:3, B:1, C:5, D:3, E:3, F:1, Total:51 
3.Extra concrete mix truck A:5, B:5, C:5, D:3, E:3, F:1, Total:75 
4.Bigger machine A:2, B:4, C:1, D:1, E:4, F:5, Total:63 
5.Buffer container A:1, B:4, C:1, D:1, E:2, F:1 Total:35 
6.New concrete mixer at the concrete mix plant A:1, B:2, C:5, D:x, E:5, F:1, Total:x 
Workstation 7 
1.More inventory space at the automatic crane A:3, B:5, C:5, D:3, E:3, F:1, Total:67 
2.Preparing for a steel coil refill A:5, B:3, C:3, D:5, E:5, F:1, Total:71 
3.Extra steel coil reels at the machine A:x, B:5, C:3, D:2, E:3, F:1, Total:x 
4.Combine the work from workstation 8 and 10 and move it all 
to 10 

A:4, B:5, C:5, D:4, E:5, F:1, Total:78 

5.Alert system to push button A:5, B:4, C:4, D:5, E:4, F:1, Total:76 
Workstation 2 
1.Get an employee from another workstation during the break A:5, B:5, C:4, D:5, E:2, F:3, Total:86 
2.Do not have more than two shuttering slabs in a mould A:5, B:4, C:5, D:3, E:2, F:3, Total:79 
3.New machine at workstation 17 and 18 A:2, B:4, C:1, D:1, E:4, F:5, Total:63 
4.Organisational measures A:4, B:3, C:3, D:5, E:5, F:5, Total:87 

 

We see in Table 6.2 that for workstation 17 and 18 solution option 6 is not possible, because the option is not 

possible due to too high costs. Besides this, the buffer container is also a bad option to implement with only a 

score of 35. Furthermore, the bigger truck is worse that the extra truck. The best option would be to get an 

extra truck. Besides this, a communication device would be good to implement as it is a quick and inexpensive 

option. The new machine however, is expensive and not easy to implement. On the other hand, It will most 

likely lead to a lower lead time and to better quality.  

We see from Table 6.2 that for workstation 7 solution option 3 is not possible, because it is not feasible. It is 

very hard to implement this option. Solutions 4 and 5 are options for the same problem (not pushing the 

button to transport the mould towards workstation 8). Solution 4 will completely get rid of the problem and an 

employee is free. Solution 5 is cheaper, because no extra safety is needed (for the other options extra safety 

measurements must be taken). From this we conclude that solution 4 is better. Solution 2 should be 

implemented no matter what, because no extra costs and work will be created and the lead time will improve. 

Furthermore, solution 1 is also a good option to implement, because it will greatly lower the lead time.  

We see from Table 6.2 that for workstation 2 solution option 3 is the same as for workstation 17 and 18. The 

solution is expensive and hard to implement, but will lead to more quality and to a lower lead time. Solution 

option 1 should be implemented immediately, because without the lead time will not decrease a lot. However, 

for the future this will not be a good solution. Solution 2 should also be implemented to lower the lead time, 

but it will decrease the turnover because of lesser products in the mould. Solution option 4 should be 

implemented right away. It is easy to implement, it is fairly cheap, it will decrease the lead time and it will 

increase the quality a lot.  

From Chapter 5 we see that for workstation 3 there is only one solution option which is the standardized work 

description. Furthermore, for workstation 5 the options are to prepare for the next mould in the waiting time 

and make a special light barrier system to transport the moulds automatically to the next workstation. These 

two solution options for workstation 5 are both good solutions to implement in order to improve the 

workstation.   
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6.2 Solution implementation 
We made a plan for the implementation of the solutions that have been selected. Section 6.2.1 explains the 

plan for workstation 17 and 18, Section 6.2.2 for workstation 7, Section 6.2.3 for workstation 2, Section 6.2.4 

for workstation 3 and Section 6.2.5 for workstation 5.  

6.2.1 Plan for workstation 17 and 18 
The first thing that must be done is to make the delivery of concrete mix more consistent. The best solution for 

this is to have a more consistent delivery. A communication device to communicate with the concrete mix 

plant can make the delivery more consistent. Company X already has this, but it is not used in the right way. 

They should get around the table with the operators at the concrete plant and discuss how they should use it. 

Company X and the concrete mix plant are both directed from the same holding so it is possible to discuss it 

with the director from the holding to show how much it can increase production. Besides this, an extra 

concrete mix truck would be good to implement. This will create a bigger time buffer for the trucks to get 

concrete mix and for the machine to pour the concrete mix into the moulds. With two trucks it should be 

possible to get a lead time of 7.5 minutes per mould. Furthermore, a bigger machine could be a good option. 

With a bigger machine more concrete mix can be poured into the machine and this means that the truck has 

more time to get to the concrete plant and back. The type of machine depends on the criteria of the Company 

X. They should analyse and discuss the different options and if it is possible to implement it at the 

workstations. They should also train the employees on how to work with the “new” machine.  

6.2.2 Plan for workstation 7 
The first thing that must be done is to get rid of the button problem. To achieve this, Company X should move 

the work at workstation 8 to workstation 10 and make the transport system from workstation 7 to 8, from 

workstation 8 to 9 and from workstation 9 to 10 automatic. Company X should also make sure that everything 

is safe. They already work with a company that makes all the workstations safe with barriers and sensors. The 

second thing that must be done is to reduce the refill times at the VGA Versa welding machine. The refill time 

can be reduced by preparing for steel coil refill before the reel is empty. All activities that can be done before a 

refill must be done before the refill. With this the time for the actual refill will be reduced. Another solution is 

to create a time buffer. The buffer makes sure that there are enough lattice girders at the crane for placement. 

To achieve this the inventory area must change. Either the amount of places must be made bigger or the 

lattice girders must be placed on top of each other and the crane must then be able to pick them up in stacks. 

Company X must discuss and analyse what the options for this are. The option to have more steel coil reels 

cannot be done because the implementation would be very difficult and that is why it would be better to start 

with the preparation of the refills.  

6.2.3 Plan for workstation 2 
When there is a break then one employee (of two) is taking a break. When this happens an employee from 

another workstation must be placed at workstation 2 to be able to still do the work in 7.5 minutes and thus to 

prevent time exceedings. To balance the amount of work that needs to be done can be done by not having too 

many shuttering slabs in the mould. It is desired to only have a maximum of 2 shuttering slabs in the mould.  If 

more shuttering slabs are desired, then more research needs to be done at this workstation to make the work 

that has to be done easier and faster. Furthermore, to prevent product damages the best option is to 

implement some organisational measures. The employees at workstation 5 must take their time with spraying 

in the mould and the employee at workstation 3 should do the work according to the work description to clean 

the mould in a good way. This must be managed by the foremen. Furthermore, at workstations 17 and 18 the 

employees must work at a balanced pace and thus not too fast (currently they do the work to fast and this 
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leads to product damages). This can be done by putting the head of production at the workstations and letting 

him give instructions on how they should do it. A bigger machine at workstation 17 and 18 could also be a 

good option to increase the quality.   

6.2.4 Plan for workstation 3 
At this workstation the work that has to be done must be in the right order of priority and the employees that 

are working here must exactly know what to do when. The work description (from Chapter 5 Figure 5.3) must 

be followed to do the work in the right way. Organisation is very important here, because most employees 

who are new, start at this workstation. The best thing to achieve this is to have someone that is experienced 

help them and teach them how to do the work here properly. Besides this, the mould at workstation 2 must, if 

possible, be transported immediately to workstation 2. The employees must learn this right from the start.  

6.2.5 Plan for workstation 5 
The best thing to do at workstation 5 is to prepare for the next moulds in the time that is left from the current 

mould. If the work is done at the mould then the employees should prepare for the upcoming moulds. With 

this, upcoming moulds with more work can be compensated, because these moulds could have already been 

prepared in the time that was left from easier moulds. Another thing that would be good to implement is a 

laser system that stops the mould from transporting when there is something crossing the laser. With this the 

mould can be transported automatic and safety will still be high. Company X already knows this kind of laser 

system exists and how they should implement this.  

6.2.6 Overall plan for the workstations 
In Table 6.3 we see what solution must be done by who at which time and what he or she has to do.  

Table 6.3: Overview implementation plan for workstation 17 and 18, 7, 2, 3 and 5.  

Priority of implementation Who has to do it? What needs to be done? 

1 Communication device Head of production and 
director. 

They need to discuss with the director of 
the holding and from de concrete mix plant 
to keep using the device because it will 
benefit the company. 

1 Preparing for a steel coil refill Foremen and 
employees at 
workstation 7. 

The foremen need to show the employees 
that refill the steel coils to prepare the refill 
before they are empty.  

1 Combine the work from 
workstation 8 and 10 and move it 
all to 10 

This is already done. 
But should be 
maintained by the 
foremen. 

Maintain this solution. 

1 Standardized work description  Head of production. Give the new employees at this workstation 
the work description and place it on the 
fence next to workstation 2. 

1 Prepare for the next moulds in 
the waiting time to create a 
buffer for more difficult moulds 

Foremen and 
employees at 
workstation 5. 

The foremen need to tell the employees 
that they need to prepare the work for the 
next moulds in the time they have left.  

1 Organisational measures Head of production and 
foremen. 

They should give a clear presentation with 
all the employees of how it should be done. 

1 Get an employee from another 
workstation during the break 

Foremen. The foremen should manage that there is 
an employee ready to take the work over.  
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2 Extra concrete mix truck Head of production and 
director. 

The head of production should look for the 
right concrete mix truck and discuss this 
with the director. 

2 Not more than two shuttering 
slabs in the mould 

Head of production. The head of production should look if it is 
really beneficial to have less shuttering slabs 
into the mould or have more and thus have 
more products but a higher lead time. 
Currently the employees cannot do the 
work in the given time so something must 
be done. 

2 Laser system Head of production. The head of production should look for a 
good laser system. Company X already 
works with a company that can make these.  

   

3 More inventory space at the 
automatic crane 

Head of production. The head of production should look what 
the options are to create a bigger inventory 
space. You can either place the lattice 
girders on top of each other or make more 
individual places. 

3 Get a bigger machine  Head of production and 
employees at 
workstation 17 and 18. 

They should look what would be a good new 
machine at workstation 17 and 18. 

 

6.3 Solution impact 
The solutions that we choose all have an impact on the output of the production process. With the 

communication device and an extra truck the time exceedings that cause a late delivery can be prevented. 

Besides this, a new machine will increase the buffer time for the trucks and will increase the quality of the 

products, which will remove the time exceedings that cause the product damages at workstation 2. With the 

preparation of the steel coil refills and extra places for lattice girders the steel coil refill time exceedings can be 

removed. Furthermore, by moving the work from workstation 8 to workstation 10 and making the transport 

automatic from workstation 7 to 8 , the time exceedings caused by not pressing the button can be removed. 

At workstation 2 placing a person from another workstation when there is a break at this workstation will 

remove the break time exceedings. Besides this, when only two shutterings slabs are placed in the mould the 

time exceedings regarding more than 2 shuttering slabs can be removed. The time exceedings at workstation 3 

will be removed when the standardized work description is used. At workstation 5 work must be prepared and 

when this is done then there should not be any time exceedings. In Table 6.3 we see the potential impact of 

the chosen solutions. We see that for every workstation the number of “soft” moulds per hour will increase 

with the solutions from Section 6.1. Besides this the variation of the lead times will go down a lot. Another 

thing that we see in Table 6.3 is that the output in March and April was around 6.4 “soft”moulds per hour for 

the whole process. This will also increase significantly, because the bottleneck (workstations 17 and 18) will 

improve a lot and the variation of the other workstations will go down, which creates a more balanced flow of 

work. However, we cannot say exactly how much the entire process will benefit from the solutions. Appendix F 

explains how the information in Table 6.3 are calculated.  
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Table 6.4: Potential impact of the chosen solutions. 

Workstation 2 3 5 7 17+18 

Number of time periods measured 
(March + April) 

4027 4098 4035 4089 3574 

Number of time exceedings measured 
(March + April) 

466 472 495 504 1027 

Number of time exceedings with 
solutions implemented 

264 0 0 274 404 

 
“soft” moulds per hour whole process 6.39 6.40 6.41 6.41 6.34 / 6.39 

“soft” moulds per hour (March + April) 8.99 9.86 9.90 11.23 7.47 / 8.41 
“soft” moulds per hour with solutions 
implemented 

9.40 10.13 10.12 12.13 9.95 / 11.20 

Improvement in percentage +5% +3% +2% +8% +33% / +33% 

 
Variation (March + April) 00:02:55 00:02:09 00:02:38 00:04:14 00:06:59 / 

00:07:32 

Variation with solutions implemented  00:01:49 00:01:13 00:01:14 00:03:09 00:03:46 / 
00:03:41 

Improvement in percentage -38% -43% -53% -26% -46% / -51% 
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7   Conclusions, recommendations & discussion 
This research gives solutions to improve the production process and to thus achieve a higher production rate. 

We answered different research questions in the conclusion of every chapter. All these conclusions help 

answer the main research question. The main research question of the research is: 

“How can Company X achieve a higher production rate?” 

Section 7.1 gives the conclusion of the research. Furthermore, Section 7.2 gives recommendations. In the end 

Section 7.3 gives some advice for future research.  

7.1 Conclusions 
This section gives the main conclusions of this research. The aim of this research is to achieve a higher 

production output by improving the underperforming workstations. In order to know how to achieve this the 

following research question is answered: 

“How can Company X achieve a higher production rate?” 

To answer the main research question, several other research questions have been formulated to each 

contribute to answering the main research question.  

“What does the current production process look like?” 

The current production process consists of 11 workstations and 9 other stations, which are buffers. At the 

workstations something is done to the mould to in the end get a “soft” production mould. All the 

(work)stations are forming a circular process where the end-product (shuttering slabs) are taken out of the 

mould at one of the workstations.  

“What theories and methods, based on scientific literature and case studies, can be used to improve 

the process at the workstations 2, 3, 5, 7, 17 and 18?” 

The relevant theories and methods that are used to improve the process at the workstations are some Lean 

techniques, Six Sigma and some methods from the TOC. From Lean, VSM is used to make a clear overview of 

the performance of the process. With this some problems can be indicated with kaizen bursts that have to be 

improved. Furthermore, with the 5S Methodology, Cellular Manufacturing and SMED manufacturing are used 

to improve different workstations. From Six Sigma the DMAIC approach to analyze the performance and to get 

to the root cause is used. From the TOC some scheduling rules, 5FS and DBR scheduling methodology is used. 

The scheduling rules are used to improve certain workstations, the 5FS to analyze and improve the bottleneck 

and DBR to create buffers for the bottleneck and other workstations.  

“What problems are occurring at and around workstations 2, 3, 5, 7, 17 and 18?” 

The problems and the causes for the problems are identified and analyzed for workstation 2, 3, 4, 7, 17 and 

18. This is done by looking at the causes that make the workstations underperform. In Excel all the time 

periods are analyzed to see what the causes are. For workstation 17 and 18 the main cause is the late delivery 

of concrete mix. Besides this, some time is lost due to breaks and shift changes and the utilization rate is not 

optimal. For workstation 7 the main causes are that the button is not pressed quickly enough to transport the 

mould to workstation 8, the steel coil refills take too long and the machine has failures. Furthermore, the VGA 

Versa welding machine is not used optimally because there is not enough inventory space and the automatic 

crane stops working when a refill is done. For workstation 2 the amount of shuttering slabs in the mould is too 

much, during a break a lot of time is lost and product damages lead to rework. For workstation 3 the work is 
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not done in the right way and the mould could have already gone to workstation 3 from workstation 2, but this 

is not done immediately. For workstation 5 the work is not prepared at the right time and the mould is not 

transported quick enough towards and from workstation 5.  

“What are the solution options to tackle the problem(s) at workstations 2, 3, 5, 7, 17 and 18? 

In order to get rid of the problems at workstation 17 and 18 and too improve the production process a couple 

of solution options are possible. A communication device can be made to communicate with the concrete mix 

plant. Furthermore, a bigger concrete mix truck can be bought or even get an extra one. A bigger machine is 

also an option or a buffer container to have some concrete mix ready for the machine. Moreover, a completely 

new concrete mixer at the concrete mix plant is also an option.  

At workstation 7 more inventory space at the automatic crane can be made to have more lattice girders ready 

to be placed into the mould. Preparing for a steel coil refill is another option to reduce the lead time. 

Furthermore, extra steel coil reels at the machine would also reduce the lead time. In order to transport the 

mould from workstation 7 to workstation 8 can be done quicker by having either an alarm system to alert the 

employee or by combining the work from workstations 8 and 10 and moving it all to 10.  

The lead time at workstation 2 can be reduced by getting an employee from another workstation during the 

break, because one employee from this station is having a break. Furthermore, it is recommended to not have 

more than two shuttering slabs in a mould. To prevent product damages a new machine at workstation 17 and 

18 is an option. Besides these options some organisation measures are options to reduce the amount of 

product damages.  

For workstation 3 there is only one option and that is the standardized work description. With the description 

the work can be done under 7,5 minutes which is desired to get an output of 8 “soft” production moulds per 

hour.  

At workstation 5 the preparation of work can be done in the waiting time for the next mould. This will reduce 

the lead time and will help with harder moulds, because already some work is done beforehand. Besides this, 

the transportation can be made automatic with a light barrier added. When an employee crosses the light 

barrier then the mould stops moving.  

“Which solution options can be implemented by Company X, taking into account the criteria from the 

company?” 

There are a lot of solution options, but based on the criteria the following options are the best to implement: 

● For workstation 17 and 18 the best option would be to get an extra concrete mix truck to create a 

bigger time buffer. Besides this, a communication device would be good to implement as it is a quick 

and inexpensive option. A new machine to pour concrete mix however, is expensive and not easy to 

implement. On the other hand, It will most likely lead to a lower lead time and to better quality. With 

these solutions the average output of these workstations could potentially go from 7.47 and 8.41 to 

9.95 and 11.20 for workstations 17 and 18 respectively. Besides this the variation could go from 

00:06:59 and 00:07:32 to 00:03:46 and 00:03:41 for workstations 17 and 18 respectively.  

● For workstation 7 the work at workstation 8 should be moved to workstation 10 to automatically 

transport the mould from 7 to 8. Besides this, the inventory of lattice girders must be made bigger to 

create a bigger buffer for the refill of steel coils and to have the machine make more lattice girders, 

because it does not have to stop that often anymore because of a full inventory. Another thing that 

must be done is to prepare for a steel coil refill before it is empty. With these solutions the average 
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output of this workstation could potentially go from 11.23 to 12.13. Besides this the variation could go 

from 00:04:14 to 00:03:09. 

● For workstation 2 the amount of work is too much and thus the amount of shuttering slabs in the 

mould must not be bigger than 2. Besides this, during a break an employee from another workstation 

must take over the work. To prevent product damages a new machine is needed and organisational 

measures must be taken at the other workstations to make sure the quality increases. With these 

solutions the average output of this workstation could potentially go from 8.99 to 9.40. Besides this 

the variation could go from 00:02:55 to 00:01:49. 

● For workstation 3 the work needs to be done according to the standardized work description from 

Chapter 5 Section 5.1.3. With this solution the average output of this workstation could potentially go 

from 9.86 to 10.13. Besides this the variation could go from 00:02:09 to 00:01:13. 

• For workstation 5 the work for the upcoming moulds needs to be prepared in the time they have left 

from the current mould. Also, a laser system needs to be made to make the transport faster, but also 

safe. When someone steps into the laser the mould stops with transporting and with the laser the 

mould can thus be transported automatically without leading to an unsafe situation. With these 

solutions the average output of this workstation could potentially go from 9.90 to 10.12. Besides this 

the variation could go from 00:02:38 to 00:01:14. 

For best solutions for the workstations, we made a short implementation plan. The plans consist of a couple of 

general steps Company X has to take to implement the solutions.  

All in all, Company X can improve their production process by implementing the solutions proposed in this 

thesis. For some solutions some further research is needed, but a good understanding is given of what goes 

wrong and what could be done to get rid of this.  

 

7.2 Recommendations 
The results of this research will give a good basis for improving the production process. This section describes 

the recommendations for Company X.  

The first recommendation is to evaluate whether and to what extent the solutions have improved the 

production process and thus to see where further improvements have to be made. The whole process of 

analyzing the processes and getting to solutions can be done over and over again to achieve continuous 

improvement.  

Another recommendation is to listen to the employees more often and to really involve them in the process of 

decision making. They are the eyes and ears of the process and know way more than often is thought. This will 

also lead to more motivated employees that think about process improvement. This recommendation can be 

strengthened with a saying from the Lean methodology: Tell me, I forget. Show me, I remember. Involve me, I 

understand. 

Furthermore, with regards to data gathering a recommendation would be to have more sensors or other data 

gathering methods to get even more information about the performance of the production process. Currently 

no information is available about how long it actually takes to do the work (this is only measured by hand in 

this research) and thus also how long a mould is waiting to be transported to the next (work)station. Another 

recommendation would be to document all the failures and variations in production in some documentation 
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system. With this, causes for underperformance are easier to trace back, because currently a lot of time 

exceedings are unknown.  

The last recommendation is for the employees that are not working at the production process but do make 

decisions regarding the production process. They should go into the production hall more often to see what 

happens. You cannot see everything on a screen and from data.  

 

7.3 Limitations 
There are some limitations within this research. We identified the following limitations: 

● For some workstations there was limited data available. An example of this is the data of the arrival 

times of the concrete trucks. Only 11 days (in total time) could be analysed in comparison to 25 days. 

Furthermore, the performance of some workstations has been measured and led to not a lot of 

results, which could lead to inaccurate outcomes when calculating certain things.  

● Besides the limited availability of data also the quality of some data is not the highest. For the arrival 

times the truck drivers have to fill in a paper when they arrive and when they leave. Most of the time 

they just fill it in whenever they have time and they roughly estimate what time it is (a lot of the times 

per 5 minutes).  

● The data that is used was from the months March and April. This is not very up-to-date anymore and 

there is a chance that some solutions do not hold anymore. However, most recommendations can still 

be discussed and edited where needed with new data.  

● Some workstations are not analysed in much detail. Workstations 2 and 5 are analysed limited due to 

time constraints. The conclusions that are made are a good starting point, but future research is 

advised.  

● The implementation plans for the solutions at the different workstations are not very detailed. This is 

because time is limited and because more than one workstation was analysed. It is however a good 

starting point where the company can build upon.  

 

7.4 Future research  
Company X can improve the production process even further. The following things can be done to further 

improve the production process: 

● The main recommendation for the future is to further analyse the production process to see what the 

next bottleneck is and improve this bottleneck and thus the production process. This can be done with 

the methods that are described in this research.  

● The research focuses on increasing the production rate of the production process and not on the 

amount of profit that would be generated. A recommendation for future research is to look into what 

the optimal production rate should be to generate the most profit. This can mean that a higher 

production rate may not result in more profit or maybe that it does.  

● The research does not focus on inventory levels of certain parts and materials, because Company X 

has a policy to have as much inventory as possible to never run out of parts and materials. However, it 



59 

 

would maybe be better to have lower inventory levels. A recommendation for future research is to 

look into inventory management.  

● Workstations 2 and 5 are not analysed in much detail. This is because of time constraints and because 

of limited data. For future research it would be a good idea to further analyse this workstation and to 

come up with more concrete solutions.  
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Appendix A: Other (work)stations 
This appendix explains the other (work)stations besides 17, 18, 7, 2, 3 and 5, because the core problems do 

not occur here. However, it is good to know what happens at the other workstations.   

U4 (plotter) 

The machine (plotter) automatically puts lines of paint (plots contours) on the bottom of the empty mould. On 

these plotted lines employees, who are standing at workstation 5, put certain things on the mould. We see an 

example of a plotted mould in Figure A.1. 

 

 

 

Censored 

 

 
 

Figure A.1: Plotted mould.   

U6 (mesh spacer)  

A machine places distance holders on the bottom of the mould to support the reinforcement that will be put 

in the mould after the distance holders by the mesh spacer (see Figure A.2). These distance holders are there 

to raise the reinforcement in order for it to be in the concrete. The distance holders can be 15, 20, 25, 30 or 35 

mm high depending on what the height of the reinforcement has to be in the concrete. The machine can lay 

the 15 mm, 25 mm and the 30 mm types and the workers can lay the 20 mm and the 35 mm types. In the end 

a big crane places (a) reinforcement mat(s) onto the distance holders.  
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Censored 

 

 
 

Figure A.2: Mould with reinforcement mats.  

U8 (installation) 

At this station the lattice girders are connected to the reinforcement with metal wires. This is done manually. 

Furthermore, a special part is added in order to make the stacking of the shuttering slabs easier at the 

construction site. This is done by 2 employees. We see the timeline of the work at this workstation in Figure 

A.3. 

 

 

Figure A.3: Timeline of the work at workstation 8.  
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U9 (buffer) 

This station is used as a buffer in order to have a place ready to transport a mould from U8 to this station or to 

have a mould ready to transport to U10.  

 

U10 (installation) 

Other supplementary parts like electro boxes, and metal casings for the EPS circles are added to the whole 

frame (see Figure A.4). The electro boxes are added, because at these places a light connection will be placed. 

The metal casings for the EPS circles are added, because a ventilation system or something else needs to be 

placed there and the metal casings form a strong frame around the EPS circles. These parts can be easily 

removed in comparison to the concrete of the shuttering slab itself. Besides this, labels are added to the lattice 

girders and a piece of paper with information is placed on the mould. This is done by 3 employees and an 

inspection is done to see if the reinforcement is placed correctly. We see the parts with explanations in Table 

A.1 and the timeline of the work at this workstation in Figure A.5. 

 

 

 

Censored 

 

 
 

Figure A.4: Moulds with supplementary parts added.  
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Table A.1: List of supplementary parts.  

Part name Explanation Picture 

1. Electric boxes These are placed onto the mould 
and strapped to the lattice 
girders. They are there because 
later on light boxes or other 
electrical applications can be 
made here. 

 

2. Metal casings These are placed around the 
styrofoam circles to form a 
stronger frame.  
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Figure A.5: Timeline of the work at workstation 10.  

 

U11, U12, U13, U14, U15 (buffers) 

These stations are used as a buffer in order to have a place ready to transport a mould from workstation 10 to 

these stations or to have a mould ready for workstation 17.  

U16 

This station is currently not used for production. However, it is used for repairs.  

U19 (checking) 

The mould is transported to this station and a last check is done to see if the concrete mix is well distributed. 

Also, the clamps are taken off and the number of the shuttering slab is etched into the concrete mix. The 

person at workstation 19 will also bevel the concrete mix at the sides of the mould to make sure that the slab 

stays in the 3000mm range. The person from U18 does this.  

 

U20 (buffer) 

The mould with everything in it is transported to this station to wait before going to U24.  

U24 (curing chamber) 

The “soft” production mould is transported into the curing chamber and stacked at the previously made “soft” 

production moulds. A large crane tows the “soft” production mould to the right stack to harden.  

U1 (curing chamber)  

The mould, with the shuttering slab in it, is placed on this station by a large crane. This large crane is the same 

one used at U24. The mould with the shuttering slab(s) comes out of the curing chamber and goes to 

workstation U2 via a transport system.  
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Appendix B: Production process observations and 
measurements  
Section B.1 explains the bottleneck calculations. In addition, Section B.2 explains the individual workstation 

performance calculations.  

B.1 Bottleneck calculations  
Data from the GPA software is collected from every (work)station from every shift from the months March and 

April. An example of one shift can be seen in Figure B.1. The data that is used includes 42 shifts from March 

and 28 shifts from April. These shifts are divided into morning and afternoon shifts. A morning shift is from 

6:00:00 to 14:30:00 (8.5 hours including 2*15 minutes break) and an afternoon shift is from 14:30:00 to 

00:30:00 (10 hours including 2*15 minutes break).  

 

 

Figure B.1: Raw data from the morning shift of March the 5th.  

 

The date, mould number and time period from the mould on a certain (work)station are also listed (see Figure 

B.1). From this data the time periods are extracted to different sheets. The data from one shift can be seen in 

Figure B.2.  
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Figure B.2: Extracted data from the morning shift of March the 5th.  

 

The data from workstations 2, 3, 4, 5, 6, 7, 10, 17 and 18 are put in different sheets to analyse the causes. 

Furthermore, the time periods are put in such a way that the time periods horizontally represent the moulds 

at the workstations at the “same” time and the time periods vertically represent the moulds that are on that 

workstation after each other. With this the time exceedings that were caused by the next workstation first are 

marked red (see Figure B.3), then deleted (see Figure B.4) and replaced with the average time period of 

moulds at that workstation (see Figure B.5).  

 

 

Figure B.3: Data from the morning shift of April the 1st with time exceedings marked.  

 



69 

 

 

Figure B.4: Data from the morning shift of April the 1st with causes from other workstation deleted.  

 

 

Figure B.5: Data from the morning shift of April the 1st with replaced average time period.  

 

From this data the production rate per workstation is calculated. A better overview of the performance is 

obtained, because the time exceedings that were caused by other workstations are deleted. The calculation 

for the production rate per workstation per shift can be seen in Figure B.6. The sum of all the time periods 

represent the times the moulds were on the workstations, the number of moulds is the total amount of 

moulds produced and the average production per station is the production rate per workstation that was 

achieved. The real number of moulds per hour is the overall production rate that was achieved during the 

whole shift.  
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Figure B.6: Calculation of the production rate per workstation and the overall production rate from the morning shift of March the 

1st.  

All the production rates of the different workstations of all the different shifts of the month March and April 

are summed up and in Figure B.7 a part of the performances of the workstations are given. Furthermore, in 

Figure B.8 the “real” production rates, which are the production rates that the process actually achieved, are 

given.  

 

Figure B.7: Part of the performances of the workstations.  
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Figure B.8: Part of “real” production rates of the workstations.  

B.2 Workstation performance calculations 
Data from the bottleneck calculations from Appendix B.1 are used to further analyze the performance per 

workstation.  

B.2.1 Lead times  
The lead time (LT) represents the time between the mould arriving at the current (work)station and the mould 

arriving at the next (work)station. Because of this, this also includes the transport time from the current 

(work)station to the next (work)station. The lead times are from the software program of Company X from the 

month March and April.  

The lead times for (work)stations 1 - 7, 10, 17 and 18 are calculated by summing up all the time periods with 

the time exceedings caused by other workstations replaced with the average of the workstation of the moulds 

standing at the workstations. This can be seen in Figure B.9 in the yellow row.  
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Figure B.9: Lead time calculations for (work)stations 1 - 7, 10, 17 and 18.  

The lead times for (work)stations 8, 9, 11 - 15, 19, 20 and 24 are calculated by summing up all the time periods 

(also caused by other workstations) of the moulds standing at the workstations and taking the average from 

this. This can be seen in Figure B.10. In this figure also the other (work)stations are given, but these give a 

wrong indication of the performance of these (work)stations. The performance of (work)stations 8, 9, 11-15, 

19, 20 and 24 are not that relevant and that is why no detailed calculation is used as with (work)stations 1 - 7, 

10, 17 and 18.  

 

Figure B.10: Lead time calculations for (work)stations 8, 9, 11 - 15, 19, 20 and 24.  

The lead time for the making of lattice girders at workstation 7 is calculated a bit differently, because this 

process happens next to workstation 7 and not on it. The lead time for making lattice girders can be calculated 

by adding the process time and the waiting time together and dividing this with the number of moulds 

(transport time is not included because this is almost 0). This can be seen in Figure B.11. The process time 

(making lattice girders in Figure B.11) calculation can be seen at B.2.2 and the waiting time (machine is waiting 

in Figure B.11) calculation can be seen at B.2.4.  
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Figure B.11: Lead time calculation making lattice girders.  

All the lead times of all the workstations are in Table B.5 in Appendix B.2.8.  

B.2.2 Process times  
The process time (PT) represents the time the work takes at the workstations. The data is from measurements, 

observations and the software program. The process times are calculated by first measuring the times at the 

workstations and then processing these times in Excel.  

Workstation 2 

The measurements can be seen in Figure B.12. The number of openings are the number of gaps in the 

shuttering slabs. More gaps mean more work, because there is more waste to remove. The waste to remove 

are the EPS cylinders, EPS beams and cardboard corners. The process time is the time between picking up the 

first shuttering slab and picking up the second shuttering slab. This is because this represents picking up one 

slab out of the mould. In Figure B.13 all the measurements that have been done of picking up one slab out of 

the mould are given.  

 

 

Figure B.12: Measurements workstation 2 of one hardened production mould.  
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Figure B.13: Process times of picking one shuttering slab out of the hardened production mould.  

Workstation 3 

At workstation 3 several things happen and are measured. First the process time of the cleaning machine is 

measured. This can be seen in Figure B.14. Furthermore, the process time of the employee is measured. The 

tasks that are measured are placing metal shutterings at the front of the mould (have to be taken out of the 

mould and then placing them at the front), towing the metal shutterings on the roller bar system and scraping 

the waste from the bottom of the floor (see Figure B.15). Besides this some smaller tasks are done at 

workstation 3. These include cutting the cardboard corners, brooming the sides of the mould and pushing the 

metal shutterings onto the conveyor belt. However, these tasks can be done during transport of the mould or 

when the other tasks are finished.  

 

 

Figure B.14: Measurements cleaning machine.  
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Figure B.15: Measurements process time employee.  

Workstation 4 

The process time of the plotter machine is measured and can be seen in Figure B.16.  

 

 

Figure B.16: Measurements plotter machine.  

 

Workstation 5 

The process time of the placing of supplementary parts is measured and can be seen in Figure B.17.  

 

 
Figure B.17: Measurements placing supplementary parts.  
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Workstation 6 

The process time of the work done at workstation 6 is measured from the GPA software because everything 

here is done automatically and thus can be easily measured from previous data. The measurements can be 

seen in Figure B.18. 

 

Figure B.18: Measurements work at workstation 6.  

Workstation 7 

2 processes happen at the same time at workstation 7. The first one is the making of lattice girders by the VGA 

Versa welding machine and the second is the placement of the lattice girders on the reinforcement mats in the 

mould by the automatic crane. For the process time of the making of lattice girders the production times are 

measured from different kinds of heights and lengths (see Figure B.19). With this data the average process 

time can be calculated per meter per type of height (see Figure B.20). Furthermore, for each mould the time 

needed to make the lattice girders can be calculated with the amount of meters times 8 seconds plus 2 

seconds cutting time for each lattice girder (see Figure B.21). In the end the process times per mould can be 

summed up and divided by the amount of moulds to get the average process time of the lattice girders per 

mould (see Figure B.22).  
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Figure B.19: Part of the measurements of the making of lattice girders. 

 

 

Figure B.20: Average production time per meter lattice girder. 

 

 

Figure B.21: Process time calculation making of lattice girders of one mould.  
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Figure B.22: Average process time for making lattice girders for one mould. 

 

Measurements for the placement of lattice girders can be seen in Figure B.23. The average process time (see 

Figure B.24) per mould can be calculated by summing up all the intervals that the crane is placing lattice 

girders and then get the average plus the average transport time per mould (including the transport of lattice 

girders with the crane). The calculations for the average placing time and the average transport time is 

explained below.  

  

Figure B.23: Measurements for the placement of lattice girders of one mould.  
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Figure B.24: Average process time of placing lattice girders.  

 

In Figure B.25 two different sheets are put together to show how the time calculations are done. The similar 

shapes and colors means that for example the time in the red circle on the left side in the figure is the same as 

the time in the red circle on the right side of the figure. 

In Figure B.25 certain things can be seen. Only transport time means that the crane is able to pick the lattice 

girders from the inventory and directly place them on the reinforcement mats in the mould without having to 

wait. These transport times lay in the range of 00:00:11 - 00:00:50. All the times above that range also include 

waiting time and these times can be seen in the column transport + waiting. To separate the waiting from the 

transport time the average transport time is subtracted from the transport + waiting time. This can be seen in 

Figure 64 as the time in the green circle (00:03:15) minus the average transport time of 00:00:43 is 00:02:32, 

which is waiting time. The time in the light blue circle (00:01:15) is pure waiting time because the mould could 

have already gone to workstation 8. This waiting time is added with the first interval time of the next mould 

(black square “00:01:04”), because there is also waiting time included in this interval. This is because it is 

higher than the 00:00:11 - 00:00:50 transport range. These times are added and again the average transport 

time is subtracted to get the waiting time. This is done for all the moulds that are measured.  

To get the average placing time from Figure B.24, all the placing times are summed up and divided by the total 

number of moulds (see Figure B.25 column “placing time”). Furthermore, to get the average transport time 

from Figure B.24, all the transport times (columns “only transport times” + “transport time” from Figure B.25) 

are summed up and divided by the number of moulds.  

 

 

Figure B.25: Time calculation for workstation 7. 
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All the process times of all the workstations are in Table B.5 in Appendix B.2.8. 

B.2.3 Transport times  
The transport time (TT) represents the time between the mould leaving the (work)station and the mould 

arriving at the next (work)station.  

The transport times are measured at the production process between the relevant (work)stations and can be 

seen in Figure B.26 and B.27. The transport times on the last row of the figure is used in the calculation as the 

average transport time.  

 

 

Figure B.26: Transport times of (work)stations part 1.  

 

 

Figure B.27: Transport times of (work)stations part 2.  

 

All the transport times of all the workstations are in Table B.5 in Appendix B.2.8. 

B.2.4 Waiting times  
The waiting time (WT) represents the time the mould can go to the next station, but is not able to. Important 

to take into account is that this time does not include the waiting time that no mould is at the (work)station.  

The waiting times are calculated by subtracting the transport and the process time from the lead time. This 

can be seen in Table B.1.  
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Table B.1: Waiting times of the relevant (work)stations.  

(work)station Lead time (LT) Process time (PT) Transport time (TT)  Waiting time (WT)  

2 00:06:40 00:04:38 - 00:06:57 00:00:36 00:01:26 - 00:00:00 

3 00:06:08    

4 00:05:40 00:04:10 00:00:52 00:00:38 

5 00:06:10 00:05:06 00:00:53 00:00:11 

6 00:05:44 00:04:37 00:00:35 00:00:32 

7 (overall) 00:05:25 00:02:33 00:01:20 00:02:52 

7 (VGA Versa) 00:08:06 00:05:48 00:00:00 00:02:18 

7 (placing crane) 00:05:25 00:02:33 00:01:20 00:02:52 

8 00:03:32 00:01:38 00:00:22 00:01:32 

10 00:04:45 00:01:40 00:01:21 00:01:44 

17 00:07:53 00:02:27 00:01:01 00:04:25 

18 00:07:09 00:04:04 00:00:25 00:02:40 

19 00:02:20 00:00:41   

 

All the waiting times of all the workstations are in Table B.5 in Appendix B.2.8. 

B.2.6 Refill times  
The refill times (RT) represent the time it takes to refill a resource material. For workstation 7 it represents the 

time to change a steel coil. Furthermore, for workstation 17 it represents the time it takes to fill the machine 

with 4.5 m3 of concrete mix. The refill times at workstations 7 and 17 do not happen at every new mould. 

However, they are linked to the amount of steel or concrete mix that is needed per mould.  
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The refill times of workstations 7 and 17-18 is measured and can be seen in Figure B.28 and Table B.2. 

 

Figure B.28: Refill time of workstation 7. 

 

Table B.2: Refill time of workstations 17 and 18.  

Begin End  Time period 
10:19:39 10:22:55 00:03:16 

10:58:16 11:00:48 00:02:32 

11:36:03 11:38:32 00:02:29 
11:49:14 11:52:25 00:03:11 

12:12:05 12:14:45 00:02:40 
 Average: 00:02:50 

 

All the refill times of all the workstations are in Table B.5 in Appendix B.2.8. 

B.2.5 Standard deviation 
The standard deviation (STD) is the average amount of variability in the dataset. It means how much time each 

time period is away from the mean on average (Bhandari, 2020). Furthermore, the higher the standard 

deviation the higher the variability in the dataset.  

The standard deviation per station has been calculated in Excel with the STDEV.S function with the range from 

the data from March and April. The standard deviation per (work)station can be seen in Figure B.29. 

 

Figure B.29: Standard deviation for the relevant (work)stations.  

 

All the standard deviations of all the workstations are in Table B.5 in Appendix B.2.8. 
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B.2.7 Utilization rates  
The utilization rate (UT) is the percentage of time that a mould is on the (work)station. For the VGA Versa 

machine it is the time the machine could make lattice girders. The first number is the utilization rate where the 

breaks are excluded and the second number is the utilization rate where the breaks are included.  

The utilization rates of the workstations have been calculated with the following formulas: 

● Total available production time = sum of all the shifts where the time periods data is from 

● Total transport time = transport time of previous station to current station * number of moulds 

produced  

● Total real available production time = total available production time - total transport time 

● Total production time = sum of all the time periods data 

● Utilization rate = (total production time / total real available production time) * 100 

The utilization rates together with the other information can be seen in Table B.3 and B.4. The utilization rate 

of the VGA Versa welding machine is calculated by looking at the percentage of time the machine is making 

lattice girders and this is from the measurements in Excel.  

 

Table B.3: Utilization rates of the workstations with break times excluded.  

(work)station  Total available 
production 
time (in days) 

Total transport 
time (in days) 

Total real 
available 
production 
time (in days) 

Total 
production 
time (in days) 

Utilization rate  

2 25,27083 2,750301 22,52053 23,17311 97% 

3 25,27083 1,727315 23,54352 21,03299 84% 
4 25,27083 1,680271 23,59056 19,96884 80% 

5 25,27083 2,455152 22,81568 20,93505 86% 

6 25,27083 2,542237 22,7286 19,01213 79% 
7 25,27083 1,653403 23,61743 16,12934 64% 

7 (VGA Versa 
welding 
machine)  

- - 0,27557 0,19750 72% 

8 25,27083 3,779931 21,4909 10,75495 47% 
10 25,27083 1,502463 23,76837 14,55667 58% 

17 25,27083 1,53712 23,73371 22,1594 88% 
18 25,27083 2,910573 22,36026 20,28654 85% 

 

Table B.4: Utilization rates of the workstations with break times included.  

(work)station  Total available 
production 
time (in days) 

Total transport 
time (in days) 

Total real 
available 
production 
time (in days) 

Total 
production 
time (in days) 

Utilization rate  

2 26,72917 2,750301 23,97887 23,17311 100% 

3 26,72917 1,727315 25,00185 21,03299 89% 
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4 26,72917 1,680271 25,0489 19,96884 85% 

5 26,72917 2,455152 24,27402 20,93505 92% 

6 26,72917 2,542237 24,18693 19,01213 84% 
7 26,72917 1,653403 25,07576 16,12934 68% 

7 (VGA Versa 
welding 
machine)  

- - 0,27557 0,19750 72% 

8 26,72917 3,779931 22,94924 10,75495 50% 
10 26,72917 1,502463 25,2267 14,55667 61% 

17 26,72917 1,53712 25,19205 22,1594 93% 

18 26,72917 2,910573 23,81859 20,28654 91% 
 

All the standard deviations of all the workstations are in Table B.5 in Appendix B.2.8. 

B.2.8 Performance of the (work)stations 
Table B.5 shows all the performances of the (work)stations.  

Table B.5: All the different times per (work)station.  

(work)stat
ion 

Lead time 
(LT) 

Process 
time (PT) 

Transport 
time (TT)  

Waiting 
time (WT)  

Refill time 
(RT)  

Standard 
deviation 
(STD) 

Utilization 
rate (UT) 

1 00:05:16 - 00:00:58 00:04:18 - 00:01:35 - 
2 00:06:40 00:05:42 - 

00:08:01 
00:00:36 00:01:26 - 

00:00:00 
- 00:02:55 97-100% 

3 00:06:08 00:06:57 00:00:35 00:00:00 - 00:02:09 84-89% 
4 00:05:40 00:04:10 00:00:52 00:00:38 - 00:01:38 80-85% 

5 00:06:10 00:05:06 00:00:53 00:00:11 - 00:02:27 86-92% 

6 00:05:44 00:04:37 00:00:35 00:00:32 - 00:02:38 79-84% 
7 (overall) 00:05:25 00:02:33 00:01:20 00:02:52 00:12:11 00:04:14 64-68% 

7 (VGA 
versa) 

00:08:06 00:05:48 00:00:00 00:02:18 00:12:11 00:00:57 72% 

7 (placing 
crane) 

00:05:25 00:02:33 00:01:20 00:02:52 - 00:04:14 64-68% 

8 00:03:32 00:01:38 00:00:22 00:01:32 - - 47-50% 

9 00:02:27 - 00:00:32 00:01:55 - - - 
10 00:04:45 00:01:38 00:01:21 00:01:46 - 00:03:47 58-61% 

11 - 15 00:27:20 - 00:00:33 
(from 15 
to 17) 

Not 
relevant 

- - - 

17 00:07:53 00:02:27 00:01:01 00:04:25 00:02:50 / 
4.5 m3 

00:06:59 88-93% 

18 00:07:09 00:04:04 00:00:25 00:02:40 - 00:07:32 85-91% 

19 00:02:20 00:00:41 00:00:31 00:00:58 - - - 

20 00:01:29 - 00:01:16 00:00:13 - - - 
24 00:00:43 - - 00:00:43 - - - 
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Appendix C: Problems and causes 
Section C.1 explains the problems and causes at workstation 2. Section C.2 explains the problems and causes 

at workstation 7. In the end Section C.3 explains the problems and causes at workstation 17 and 18.  

C.1 Problems and causes workstation 2 
This section gives a more detailed explanation of the problems and causes at workstation 2. The data that is 

used consists of 42 shifts from March and 28 shifts from April.  

C.1.1 List of product damages that had to be repaired at workstation 2 
In Figure C.2 to C.5 the list of product damages can be seen. When the shuttering slabs are towed out of the 

mould damages can be seen or can happen during the towing. These damages are documented. From this list 

the date and time it happened could be traced back.  

 

 

Figure C.1: Legend for the list of product damages.  
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Figure C.2: List of product damages at workstation 2 part 1. 

 

 

Figure C.3: List of product damages at workstation 2 part 2. 
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Figure C.4: List of product damages at workstation 2 part 3. 

 

 

Figure C.5: List of product damages at workstation 2 part 4. 

 

 

Figure C.6: Percentage of damages that caused a time exceeding. 

 

C.1.2 Analysis of causes 
In Figure C.7 a part of the analysis is shown of the causes for the time exceedings. From the raw data the times 

are put behind the time exceedings and then the cause for the time exceedings is put behind it.  
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Figure C.7: Part of the analysis of the causes for the time exceedings of the 7th of April.  

 

With this information the total amount of causes can be calculated together with the amount of time that is 

lost per cause. The total time exceeded is calculated by subtracting the aloud 7.5 minutes per mould from the 

total time per cause. Furthermore, the average can be calculated by dividing the total exceeded time by the 

total number of moulds of that cause. This can be seen in Figure C.8 and C.9.  

 

 

Figure C.8: Causes and time information. 
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Figure C.9: Time exceeded per cause 

C.2 Problems and causes workstation 7 
This section gives a more detailed explanation of the problems and causes at workstation 7. The data that is 

used consists of 42 shifts from March and 28 shifts from April.  

C.2.1 Steel coil changeovers, welding blocks changeovers and machine failures  
In Figure C.10 to C.15 the list of causes is given. This list is made with the information from the Teams channel 

of Company X.  

 

 

Figure C.10: Part 1 of the list of causes.  

 



90 

 

 

Figure C.11: Part 2 of the list of causes.  

 

Figure C.12: Part 3 of the list of causes.  
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Figure C.13: Part 4 of the list of causes.  

 

Figure C.14: Part 5 of the list of causes.  
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Figure C.15: Part 6 of the list of causes.  

 

C.2.2 Analysis of causes 
In Figure C.16 a part of the analysis can be seen to find other causes for the time exceedings at workstation 7. 

For every time exceeding first the time when this happens from the raw data is put behind the time exceeding. 

The next step is to look in the GPA software program what happens at the time exceeding. When the time 

exceeding happens due to a time exceeding at workstation 17 then “storten” is put behind it. Furthermore, 

when the time exceeding happens and workstation 8 is free, then it is assumed that the mould could have 

gone to workstation 8. “Niet doordrukken van 8” is then put behind the time exceeding. All the other time 

exceedings cannot be coupled to a cause. These are labeled with “unknown”.  

 

 

Figure C.16: Part of the analysis for the causes of workstation 7.  

 

In Figure C.17 all the causes are summed up and also the corresponding times. Besides this the average time 

exceeded per cause is calculated by dividing the total exceeded time with the total number of the 

corresponding cause. The total exceeded time is calculated with the formula: total time in days - (total number 

* 00:07:30).  
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Figure C.17: Number of causes with the corresponding times.  

 

C.3 Problems and causes workstation 17 and 18 
This section gives a more detailed explanation of the problems and causes at workstation 17 and 18.  

C.3.1 Concrete mix deliveries   
The days of the deliveries of concrete mix where data was known from can be seen in Figure C.18. Figure C.19 

shows one delivery ticket. Furthermore, on a day almost every 45-60 minutes a delivery is done.  

 

 

Figure C.18: Days where data was known.  
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Censored 

 

 
 

Figure C.19: A delivery ticket from the 26th of May. 

 

C.3.2 Analysis of causes 
Figure C.20 shows a part of the data analysis from the morning of March the 5th. The first column shows the 

time periods of the moulds at workstation 17 and the second column that of workstation 18. From the raw 

data the time that the time exceeding happens is put behind the corresponding time exceeding. With the 

information from the delivery tickets the cause “late delivery of concrete mix” is put behind the corresponding 

time exceedings. Furthermore, for the cause “possibly a more complex mould” this is also done. The rest of 

the time exceedings are labeled as unknown, because nothing is known about those time exceedings.  
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Figure C.20: Part of analysis of causes for time exceedings at workstation 17 and 18.  

 

With all the causes added to the corresponding time exceedings the causes are summed up (see Figure C.21). 

Besides this the number of times means the number of times the cause happened. The time in days means the 

time exceedings all summed up together. Furthermore, the number of measurements means the number of 

time periods that are summed up (time periods from 17 and 18). This is used to get an average time exceeding 

for workstation 17 and 18. With all this data the average time that is lost (average exceeded time in Figure 

C.21) per time that the corresponding cause happens is calculated. This is done by dividing the lost time (time 

exceeded in Figure C.21) by the number of measurements.  
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Figure C.21: Causes with time information.  
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Appendix D: Solution approach 
This Appendix explains the solution approach in more detail. Section D.1 gives the delivery of concrete mix 

calculations. Furthermore, section D.2 gives the calculations for the solutions for workstation 7.  

D.1: Concrete mix delivery calculations 
In Table D.1 the calculations for the amount of concrete mix on average per mould can be seen together with 

the amount that can be in a full machine and in a full truck. Furthermore, in Table D.2 it can be seen how long 

the concrete mix truck has to travel and how long it takes to fill the truck with concrete mix and in Table D.3 

and D.4 the possible future traveling and filling times can be seen for solution 1, 3, 4 and 5 and 2 respectively.  

Table D.1: Average amount of concrete mix per mould.  

 average mould minimum mould maximum mould 
maximum surface area mould (mm2) 36600000 36600000 36600000 

average utilization rate of surface area mould (%) 80 80 80 
average thickness of shuttering slab (mm) 65 50 80 

amount of concrete mix needed (mm3) 1903200000 1464000000 2342400000 

amount of concrete mix needed (m3) 1,9032 1,464 2,3424 
concrete mix that can be in machine (m3) 4,5 4,5 4,5 

amount of moulds per full machine  2,36443884 3,073770492 1,921106557 
concrete mix in truck (m3) 9 9 9 

amount of moulds per full truck 4,72887768 6,147540984 3,842213115 
 

Table D.2: Current travel time and filling time of the concrete mix truck.  

What Time What Time period 

leaving the factory 11:52:58 outward journey 00:02:57 
start filling  11:55:55 filling truck 00:12:46 

end filling 12:08:41 return journey 00:03:19 
arriving at factory 12:12:00 total: 0:19:02 

  if there is a truck just  in front of the truck: 0:31:48 (+ filling time of 
truck)  

 

Table D.3: Future travel time and filling time solution 1, 3, 4 and 5.  

What  Time period 
outward journey  00:02:57 

filling truck weighing second batch + blending first batch (3 
m3) 

00:03:00  

weighing third batch + blending second batch (3 
m3) 

00:03:00  

blending third batch (3 m3) 00:03:00  

filling (3 times) 3*00:00:15 = 00:00:45 

return journey   00:03:19 

 Total time truck is gone: 00:16:01 
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Table D.4: Future travel time and filling time solution 2. 

What  Time period 

outward journey  00:02:57 
filling truck weighing second batch + blending first batch (3 

m3) 
00:03:00  

weighing third batch + blending second batch (3 
m3) 

00:03:00  

Weighing fourth batch + blending third batch (3 
m3) 

00:03:00  

Blending fourth batch (3m3) 00:03:00 

filling (4 times) 4*00:00:15 = 00:00:45 

return journey   00:03:19 

 Total time truck is gone: 00:19:16 

 

D.2: Solution calculations workstation 7 
This section gives a more detailed explanation of the solutions for workstation 7.  

D.2.1: Solution 1 calculations 
We see in Figure D.1 the lead times at workstation 7 excluding transport times and waiting times for other 

(work)stations. The inventory column means the amount of lattice girders in inventory and the second row 

means the number of lattice girders that have to be placed in the mould.  

 

 

Figure D.1: Lead times of moulds with a certain number of lattice girders to be placed with inventory levels. 

 

We see the calculation in Figure D.2. It takes 50 seconds on average to place a set of lattice girders and it takes 

40 seconds on average to make a lattice girder. The amount of lattice girders per placement is on average 2.7, 

but for simplicity we take 3. The VGA Versa machine will always make up to 3 lattice girders to be in inventory 

for placement. This means that when there are 0 in inventory then 3 will first be made before placement. 

During placement 1.25 lattice girders can be made and after the placemet 1.75 have to be made for example 

before another placement can be done. 
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Figure D.2: Lead time calculations. 

 

In Figure D.3 the lead times can be seen when a refill of 00:12:11 (current situation) has to be done. we see 

that the work can only be done in 7.5 minutes when there are as many lattice girders in inventory as that have 

to be placed. If there are 1 or more lattice girders in inventory than these can be placed during the refill time. 

Furthermore, for example when there are 6 lattice girders then these can already be placed in the refill time. 

For Figure D.3 and D.4 this is the same. However the refill times are different and for a refill time of 00:04:12 

an inventory of one less than the amount of lattice girders is sometimes possible to still keep within the 7.5 

minutes.  

 

 

Figure D.3: Lead times with refill time of 00:12:11. 
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Figure D.4: Lead times with refill time of 00:09:11. 

 

 

Figure D.5: Lead times with refill time of 00:04:12. 

 

See Table D.5 for the inventory / buffer calculations. 

Table D.5: Inventory / buffer calculations.  

Refill time Number of lattice 
girders per mould 
(1 mould takes 
00:07:30) 

Extra time to 
cover due to 
refill time 

Time to make 
up to 9 / 16 
girders and 
place them 

Amount of girders 
to make and place 
in the time of 
previous column 

Total inventory 
/ buffer places 
needed 

00:12:11 9 00:12:11 - 
00:07:30 = 
00:04:41 

00:07:30 - 
00:04:41  = 
00:02:49 

3 9 + 9 - 3 = 15 

00:09:11 9 00:09:11 - 
00:07:30 = 
00:01:41 

00:07:30 - 
00:01:41 
= 00:05:49 

7 9 + 9 - 7 = 11 

00:04:12 9 00:04:12 - 
00:07:30 = - 
00:03:18 

00:07:30 + 
00:03:18 
= 00:10:48 

14 9 + 9 - 14 = 4 

 

00:12:11 16 00:12:11 - 
00:07:30 = 

00:07:30 - 
00:04:41  = 

3 16 + 16 - 3 = 29 
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00:04:41 00:02:49 
00:09:11 16 00:09:11 - 

00:07:30 = 
00:01:41 

00:07:30 - 
00:01:41 
= 00:05:49 

7 16 + 16 - 7 = 25 

00:04:12 16 00:04:12 - 
00:07:30 = - 
00:03:18 

00:07:30 + 
00:03:18 
= 00:10:48 

14 16 + 16 - 14 = 
18 

 

D.2.2: Solution 2 and 3 calculations  
We see in Table D.6 the current refill situation. In Table D.7 we see the refill time when solution 2 is 

implemented and in Table D.8 we see the refill time when solution 3 is implemented.  

Table D.6: Current refill situation. 

activity time interval internal or external 

working at 8 and notice 
refill 

13:07:58   external 

at machine to see what 
is wrong 

13:08:27 00:00:29 external 

got the crane and placed 
it near the steel coil 

13:11:09 00:02:42 external 

walked to the reel that is 
almost empty 

13:11:20 00:00:11 internal 

cut the wire and placed 
it in welding machine 

13:11:52 00:00:32 internal 

reel has been made 
ready  

13:12:34 00:00:42 internal 

walked to the steel coil 
where the crane must be 
placed in 

13:12:37 00:00:03 internal 

placed the crane in the 
steel coil  

13:13:11 00:00:34 internal 

coil is towed on reel  13:14:26 00:01:15 internal 

reel is made ready again  13:14:51 00:00:25 internal 

crane has been placed in 
other steel coil for safety 
reasons 

13:15:15 00:00:24 internal 

walked to steel coil  13:15:36 00:00:21 internal 

done with cutting  13:15:57 00:00:21 internal 

done with welding  13:17:42 00:01:45 internal 
walked to steel coil  13:17:58 00:00:16 internal 

done smoothing 13:19:02 00:01:04 internal 
starting machine again 13:20:09 00:01:07 internal 

total internal time:  00:12:11  
 

Tabel D.7: Solution 2 refill time. 

activity interval internal or external 
employee at 7 sees that steel coil   external 
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is almost empty 
got the crane and placed it near 
the steel coil 

00:02:42 external 

stop machine    internal 
walked to the reel that is almost 
empty  

00:00:22 internal 

cut the wire and placed it in 
weldingmachine 

00:00:32 internal 

reel has been made ready  00:00:42 internal 
walked to the steel coil where the 
crane must be placed in 

00:00:03 internal 

placed the crane in the steel coil  00:00:34 internal 

coil is towed on reel  00:01:15 internal 
reel is made ready again  00:00:25 internal 

crane has been placed in other 
steel coil for safety reasons 

00:00:24 internal 

walked to steel coil  00:00:21 internal 

done with cutting  00:00:21 internal 

done with welding  00:01:45 internal 
walked to steel coil  00:00:16 internal 

done smoothen 00:01:04 internal 
starting machine again 00:01:07 internal 

total internal time: 00:09:11  
 

Table D.8: Solution 3 refill time.  

activity interval internal or external 

employee at 7 sees that steel coil 
is almost empty 

  external 

got the crane and placed it near 
the steel coil 

00:02:42 external 

walked to the reel that is almost 
empty  

00:00:58 external 

cut the wire and placed it in 
welding machine 

00:00:32 external 

reel has been made ready  00:00:42 external 

walked to the steel coil where the 
crane must be placed in 

00:00:03 external 

placed the crane in the steel coil  00:00:34 external 

coil is towed on reel  00:01:15 external 

reel is made ready again  00:00:25 external 
crane has been placed in other 
steel coil for safety reasons 

00:00:24 external 

walked to steel coil  00:00:21 external 
done with cutting  00:00:21 external 

stop machine    internal 

walked to the reel that is almost 
empty  

00:00:22 internal 
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done with welding  00:01:45 internal 
walked to steel coil  00:00:16 internal 

done smoothen 00:01:04 internal 
starting machine again 00:01:07 internal 

total internal time:  00:04:12  
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Appendix E: Solution selection 
This appendix shows the calculations for the solution options selection. For example in Table E.1 we can see 

that for the total score in column 4 for criterion A the weight (4) is multiplied with the score (4) to get the total 

(16). This is done for all criteria for all solution options to in the end see which solution options are the best. 

The same is done in Table E.2 and E.3. 

Table E.1: Decision matrix workstations 17 and 18. 

crite
rion 

weighting 
1 - 5 

option 
1 

 option 
2 

 option 
3 

 option 
4 

 option 
5 

 option 
6 

 

  score  total score  total score  total score  total score  total score  total 

A 4 4 16 3 12 5 20 2 8 1 4 1 4 

B 4 2 8 x x 5 20 4 16 4 16 2 8 

C 3 3 9 5 15 5 15 1 3 1 3 5 15 

D 3 5 15 3 9 3 9 1 3 1 3 x x 

E 2 5 10 3 6 3 6 4 8 2 4 5 10 

F 5 1 5 1 5 1 5 5 25 1 5 1 5 

total   63  x  75  63  35  x 

 

Table E.2: Decision matrix workstation 7. 

criterion weighting 1 - 5 option 1  option 2  option 3  option 4  option 5  

   total score  total score  total score  total score  total 

A 4 3 12 5 20 x x 4 16 5 20 

B 4 5 20 3 12 5 20 5 20 4 16 

C 3 5 15 3 9 3 9 5 15 4 12 

D 3 3 9 5 15 2 6 4 12 5 15 

E 2 3 6 5 10 3 6 5 10 4 8 

F 5 1 5 1 5 1 5 1 5 1 5 

total   67  71  x  78  76 

 

Table E.3: Decision matrix workstation 2. 

criterion weighting 1 - 5 option 1  option 2  option 3  option 4  

 

 score  total score  total score  total score  total 

A 
4 5 20 5 20 2 8 4 16 
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B 

4 5 20 4 16 4 16 3 12 

C 

3 4 12 5 15 1 3 3 9 

D 

3 5 15 3 9 1 3 5 15 

E 

2 2 4 2 4 4 8 5 10 

F 

5 3 15 3 15 5 25 5 25 

total 

  86  79  63  87 
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Appendix F: Potential impact of the chosen solutions 
The impact of the chosen solutions is calculated in this appendix. The is done with the information from all the 

Excell files that are collected, measured and calculated during the other chapters.  

Table F.1: Calculation information.  

Workstation 2 3 5 7 17+18 

Time periods 
(March + April) 

2418 + 1609 
= 4027  

2487 + 1611 
= 4028 

2420  + 1615 
= 4035 

4089  1787 + 1806 = 
3593 

Time exceedings 
(March and April)  

210 + 256 = 
466 

216 + 256 = 
472 

158 + 337 = 
495 

504 1027 

Time exceeding 
with solutions 
implemented 

466 – 49 
(Breaks) – 
117 (Number 
of slabs) – 36 
(Product 
damages) = 
264 

472 – 472 = 0 495 – 495 = 0 504 – 129 
(steel coil refill) 
– 101 (Not 
pressing 
button) = 274 

1027 – 623 
(Late delivery 
of concrete 
mix) = 404 

“soft”moulds per 
hour with 
solutions 
implemented 

01:00:00 / 
00:06:23 = 
9.40 

01:00:00 / 
00:05:55 = 
10.13 

01:00:00 / 
00:05:56 = 
10.12 

01:00:00 / 
00:04:57 = 
12.13 

01:00:00 / 
00:06:02 = 
9.95 and 
01:00:00 / 
00:05:21 = 
11.20 

 

The output calculations are done by replacing the time exceedings when the solutions are implemented. For 

workstation 2 the time exceedings caused by the breaks, number of slabs and product damages are replaced 

with the average lead time of the workstation, which is 00:06:41. For workstation 3 potentially all time 

exceedings can be replaced with 00:07:30, because with the standardized work description there should not 

be any time exceeding at this workstation. In practice this will most likely not be the case, however this is a 

potential improvement. For workstation 5 the same applies as for workstation 3. Potentially all time 

exceedings can be replaced with 00:07:30. For workstation 7 the time exceedings caused by steel coil refills 

are replaced by 00:07:30. This is because with the solutions the steel coil refill should not exceed the 00:07:30 

anymore. Furthermore, the exceedings caused by not pressing the button can be replaced with the average 

lead time of workstation 7, which is 00:05:21. For workstation 17 and 18 only the information from certain 

shifts could be used, because from the other shifts data was missing of the delivery of concrete mix. From 

these shifts the time exceedings caused by a late delivery of concrete mix are replaced by the average 

00:07:30, because the lead time should not exceed the 00:07:30 anymore with the solutions. With all this 

information the new output is calculated and also the new variation of the lead times.  

 


