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Sammanfattning  

Det här examensarbetet är en jämförelsestudie i hållbarhet mellan två olika 

gjutformar för betong genom användandet av en Multi Criteria Decision Making 

(MCDM) metod. Hållbarhet är ett brett begrepp som ofta definieras i tre olika delar, 

ekonomisk- social och miljömässig hållbarhet. Det här examensarbetet strävar efter 

att definiera vad hållbarhet är när det kommer till monolitisk gjutning av betong, så 

kallad platsgjuten betong. Hållbarhet är i det här examensarbetet indelat i tre delar, 

ekonomisk- arbetsmiljömässig- och miljömässig hållbarhet.   

Även om de två formarna som undersökts, DUO och TRIO, fyller samma funktion 

skiljer de sig markant åt. Den första, TRIO är gjord av stål och plywood, den är tung, 

högljudd, med en stor area och i behov av en kran för montering. Den andra, DUO är 

gjord av kompositmaterialet Polytech, den är lätt, tystlåten, med en liten area och 

monteras utan kran.    Målet med MCDM-metoden är att skapa ett verktyg med syftet 

att underlätta valet av gjutform för platsgjuten betong när hållbarhet är en viktig 

faktor.  Syftet är att underlätta valet av form för beställaren.   

Arbetet är en fallstudie med både kvalitativa och kvantitativa metoder. Som en del i 

ett led att skapa en rättvis jämförelse mellan formarna har ett fiktivt projekt skapats. 

Genom det fiktiva projektet har formarna kunnat jämföras under exakt samma 

förutsättningar, det har lett till en rättvis bedömning och att ett rättvist resultat har 

blivit möjligt.  

I det fiktiva projektet visade det sig att TRIO var bästa valet ur arbetsmiljömässig och 

ekonomisk hållbarhet, ur miljömässig hållbarhet visade det sig att DUO var bäst. 

Vidare har det varit svårt att få full validitet i MCDM metoden, alla kriterier har inte 

kunnat uppfyllas under miljöområdet. Miljöområdet har varit det svåraste att 

undersöka och att få fram relevant data i.  

MCDM har goda möjligheter att tillföra stor nytta om det fanns mer standardiserade 

data att mata in i den. I detta arbetet blev väldigt mycket arbete nerlagt för ett litet 

resultat.  
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Abstract  

This Bachelor thesis is a comparison of two different concrete forms viewed from a 

sustainable perspective by using a Multi Criteria Decision Making (MCDM) method. 

Sustainability is a broad concept, often degraded in three parts which are financial-, 

environmental- and social sustainability. This Bachelor thesis strives to determine 

what sustainability is when it comes to monolithic concrete casting in Sweden. In this 

Bachelor thesis sustainability has been degraded in three parts, financial-, 

environmental- and work environmental sustainability. 

Although, the two different forms fill the same function, they differ in many areas. 

The first one, TRIO, is made of steel and plywood and is heavy, loud, with a big area 

and in need of a crane to be able to assemble the form. The second one, DUO, is made 

from the composite material Polytech and is almost soundless, with a smaller area 

and lightweight to be able to be used without crane.     

The purpose of the MCDM-method is to create a tool with the purpose of facilitating 

the choice of concrete forms for monolithic casting while taking sustainability into 

account. The tool is to ease the decision in building production for both the 

contractor and for designers.  

The Bachelor thesis is a case study with both qualitative and quantitative methods. To 

make a fair comparison between the two forms in this Bachelor thesis, a fictitious 

project is created to evaluate different criteria for sustainability in design and 

production. This is done under the same premises to be able to obtain an equivalent 

result. 

In the fictitious project it turned out that TRIO was the best choice from work 

environment and economic sustainability, from environmental sustainability it 

turned out that DUO was the best. Furthermore, it has been difficult to obtain full 

validity in the MCDM method, all criteria have not been fulfilled in the environmental 

field. The environmental area has been the most difficult to investigate and to obtain 

relevant data in.MCDM has good opportunities to provide great benefit if there were 

more standardized data to put into it. In this work, very much work was done for a 

small result. 
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1 Background  
The questions of sustainability have been discussed extensively for over three decades 

ever since the Brundtland report (Brundtland Gro Harlem, 1988) was released in 

1987. The report set a new standard by defining sustainable development into three 

categories: Economic Growth, Environmental protection and Social Equality. 

Regarding the limited resources and environmental impacts of the world, a 

sustainable lifestyle gets more and more important and must be addressed seriously 

(Zolfaniae, et al., 2018). This bachelor thesis will in a gentle way try to define the term 

Sustainable development in the following categories.  

Sustainable Work environment: The human element is a critical component through 

all the construction progress. How does the two different form systems affect the 

workers when one is heavy and loud and the other is light and soundless? 

Sustainable Financial: The financial perspective is of a high priority from the 

construction companies. Which forms is the most suitable in the financial aspect? 

Sustainable environment: Which one is best in the aspects of environment and 

ecological sustainability? Investigate fact of the forms and the impact they make on 

the environment during manufacturing and lifespan. 

Even though Sweden have one of the world's safest work environment when it comes 

to the building industry, occupational accidents give rise to much human suffering as 

well as high cost for the society, companies and for the individual (Sanandaji, 2017) 

(Eurostat, 2019).  Sweden is not to be considered a developing country, still there is 

an increasing demand on durable solutions in the process of construction. (Plessis, 

2007).  The Swedish companies Skanska, NCC, MTA, PEAB and JM is some of 

Sweden's major construction companies, and they all have clear goals in 

sustainability including green construction and work environment (SKANSKA, 2019) 

(PEAB, 2019) (NCC, 2019) (JM, 2019) (MTA, 2019). Even though there are clear 

goals, the approach in all areas of construction has not yet been covered. In recent 

years some would argue that research and development of new innovative products 

for the monolithic casting has reached a minor breakthrough (Allgemeine-

bauzeitung, 2016). 

1.1 Problem description 
There is a lack of tools for contractors to make a sustainable choice for a sustainable 

progress in financial, work environment and environmental issues during 

production.  

1.2 Aim and purpose   
The aim of this bachelor thesis is to investigate two different concrete forms for 

monolithic casting through a sustainable point of view and in the process create a 

MCDM for the contractor. In this thesis a project will be fabricated and, in this 

project, the MCDM will be investigated to see if it is possible to enable the contractor 
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to determine a suitable form for their construction projects. In this fabricated project 

it will also be possible to investigate the financial and environmental sustainability.   

The purpose is to help the contractors to achieve their goals in sustainability.   

1.3 Demarcation   
In this bachelor thesis there is a need for creating a fictive project in order to make a 

fair comparison. Therefor there is a need of demarcation for the project assignment 

into scenarios where both forms can be compared under the exact same 

circumstances in the exact same construction so that the forms can be used equally 

with equal chance of results.  This bachelor thesis will only compare DUO and TRIO. 

The project that will be created will be a small house, with walls 2.7-meter high, walls 

13.2-meter wide and 15.6-meter long. Inside the house there are two walls in the 

center of the wide part going towards the middle, 6.5-meter long each. This is to be 

considered a fair construction in which both forms have an equal chance of result 

(Appendix 9.4.2). 

The properties of the concrete construction will be the same independently on which 

form is used, energy consumption over a life cycle and similar criteria which is 

dependent on the properties of the construction becomes irrelevant. Even though, it 

is important from an environmental perspective it is not relevant for our 

comparison.    

  



3 
 

2 Theory 

2.1 Sustainability defined  
The modern concept of Sustainability was founded in the Brundtland´s report (1987) 

where it was stated as: “sustainable development seeks to meet the need and 

aspiration of the present without compromising the ability to meet those of the 

future” (Zolfaniae, et al., 2018). This quote has made a substantial impact and have 

made it possible to redefine the definition of sustainability to fit into other areas and 

industries in a wide range (Berardi, 2013). Sustainable construction has a lot more to 

do with the design and management of the building and its construction and the 

choices of construction material rather than only energy efficiency. It is applied to all 

faces of the project, from design to operation (Plessis, 2007).  

 

Figure 1. Traditional definition of Sustainable development 

 

Sustainability development is a broad concept which includes the long-term 

development of ecological, financial and social growth. To achieve a more sustainable 

development all three aspects must be taken into consideration through the entire life 

cycle of the construction (GhaffarianHoseini, et al., 2013). However, the influence of 

each and any of the three aspects can be different for every project (Zolfaniae, et al., 

2018). These three aspects are often referred to as figure 1 where sustainability act in 

the middle where all three aspects interact. 

Even though sustainability has gained popularity in both society and construction, 

the efforts in developing sustainable projects are not as highly prioritized in the 

practical work (de Paula, et al., 2016). Construction engineering involves all stages of 

the life cycle of building, from designing the structure to maintenance and the 

rehabilitation of the object (Zavadskas, et al., 2018).  
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Sustainability is a wide concept with many of the criteria's intersecting in different 

levels of the three factors: social- environmental- and financial. All three 

are intertwined and to some extent dependent of each other (Rwamamara & 

Simonsson, 2011).  

2.2 Social sustainability  
With the patterns of urbanization, migration and technological progress, the social 

sustainability has achieved a more central role in companies’ organizations. Potential 

employees also value the social sustainability higher than before in the companies 

where they apply for work (Schönborn, et al., 2019).  

 

Figure 2. The definition of sustainable work environment in this report 

From a social sustainable point of view, the working environment will act as the main 

criteria. This is according to (Kamali & Hewage, 2016) the most important indicator 

in social sustainability.  The working environment has been proved to be very 

important for the financial sustainability as well. Injuries due to poor working 

environment are very expensive for the company but also for the society in a greater 

perspective (Sanandaji, 2017). The safety in the construction sector is worse than in 

other sectors and is viewed as a chronic problem. The main problem is Work Related 

Musculoskeletal Disorder (WMSD). WMSD is the most common reason for sick leave 

and is an occupational related injury and the main reason for workers to call in sick 

(Rwamamara & Simonsson, 2011) (Arbetsmiljöverket, 2018). These injuries occur 

from working in a repetitive way with heavy lifts in awkward positions (Rwamamara 

& Simonsson, 2011). Concrete workers are the third worst profession in the 

construction industry when it comes to risk for injuries, both smaller injuries and 

injuries that leads to at least 14 days of sick leave (Samuelson, 2018).   



5 
 

Since the only factors regarding the social sustainability is work environment related 

factors on the construction site, “sustainable work environment” will be used as a 

term instead of “social sustainability”. This can be seen in figure 2. 

Another factor for having a sustainable working environment is the noise levels on 

the construction site. The most harmful situation for the hearing is sudden loud 

noises higher than 80 dB (Forss, 2005).  

2.3 Sustainable environment 
Environmental sustainability has been receiving a higher level of interest in the latest 

years within the construction sector. This is due to both that the society has become 

more aware of the environmental effects that the modern human lifestyle produces 

and that green building certification systems have been widely spread. However, 

although the awareness of sustainability is high among the contractors, the 

implementation is low due to the attitude that sustainable construction cost more and 

that there simply is lack of knowledge in how to build in a sustainable way (de Paula, 

et al., 2016).  

 

Figure 3. The definition of sustainable environment in this project 

The construction sector plays a main part in the environmental issues of the world as 

it is stated to be responsible for 40% of the energy consumption in the world. The 

energy consumption is viewed as the most important criteria regarding the 

environmental sustainability in construction (GhaffarianHoseini, et al., 2013). 

However, since this bachelor thesis only investigates the environmental impact of the 

production phase, this will not be investigated further and is therefore not mentioned 

in figure 3.   

The differences in the production phase come from the different materials on which 

the forms are made with and the environmental impact of transportations. The most 
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important factors are whether the material is renewable, recyclable and durable 

(Khoshnava, et al., 2015).   

2.4 Sustainable finance  
Even though companies do not have a better profit margin in general while building 

in an environment sustainable way, they can still profit from doing it since it results 

in a better reputation and a better probability of winning new contracts (de Paula, et 

al., 2016). As earlier stated, the social sustainability regarding working environment 

is also important for the long-term financial sustainability since workers on sick leave 

costs a large amount of money for the company (Simonsson & Rwamamara, 2007). 

Even though, there are not strictly positive in a short-term financial perspective to 

work in a sustainable way, there is larger positive impact in the long-term financially 

to work in a sustainability way (Isaksson & Linderoth, 2018).  

 

Figure 4. The definition of sustainable finance in this project. 

The reporting of sustainability has increased in company annual reports and 

stakeholders gets more interested in not just the companies´ financial results but also 

on their environmental and social practices. It is more valuable for companies´ 

reputation today to work seriously with sustainability which is needed for good 

partnerships and to attract investors (Siew, et al., 2012). This is also an example on 

how the sustainability perspective makes a positive impact on the long-term financial 

situation for the company.  

2.5 Earlier Studies  in the area of sustainability and construction 

There are some studies that have ranked criterions related to this case study. 23 

criterions where investigated in an earlier study based on how important every 

criterion is for evaluating green construction material. The material was stated to be 

of great significant with the criterion “natural, plentiful or renewable” being the 

second most important and the other criterion “recycled content” being the 7th most 
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important. The other criterions among the ten most significant criterions is not 

relevant for the environmental comparison, however, the most important criterion is 

the “affordability from cradle to gate” which should be taken into consideration in the 

sustainability evaluation (Khoshnava, et al., 2015).  

The study made by (Kamali & Hewage, 2016) ranked 33 indicators from Very High 

(VH) to Very Low (VL). The indicators that interact with this study is shown in table 

1. 

Table 1. Evaluation of criterions from the study made by (Kamali & Hewage, 2016). 

Category Influence (%) Rank Level of importance 

Workforce health and safety 91.25 1 VH 

Design and construction time 87.24 2 VH 

Design and construction costs 86.38 3 VH 

Waste management 81.47 6 H 

Renewable materials 70.73 22 M 

Renewable energy use 66.90 26 M 

 

The workforce health and safety which contains all three of the work environment 

criterions; heavy lifting, noises and crane is ranked as the most important indicator. 

Both the design and construction time and costs are somewhere similar and of high 

importance. These two are also trespassing each other in this case study since both 

the time and costs will be used to calculate a total cost comparison between the 

formworks. The waste management, which can be referred to the criterion of the 

form lifecycle where the recyclability is of great significance, also has a high level of 

importance. A bit surprising, compared to other studies (Khoshnava, et al., 2015), the 

renewable materials is not ranked very high in this study. Also, the renewable energy 

which can be compared to the CO2-criterion has been gotten a low level of 

importance. This goes against (Zolfaniae, et al., 2018)) where it is stated that 

pollution is to be among the most important indicators.   

2.6 Environmental data 
A study made in Poland investigated the Life Cycle Assessment (LCA) of steel 

production. This study used a Cradle-to-gate method for evaluating the LCA. In 

Poland, steel is made in two different process routes. It is made either with the basic 

oxygen furnace (BOF) route or the electric arc furnace (EAF) route. In 2011, the BOF 

route stood for 50.4% of the steel production and the EAF route for 49.6%. They 

found out that the Carbon Footprint (CF) for BOF steel was 2459 kg CO2/ton steel 

and for the EAF steel 913 kg CO2/ton steel. The Energy Demand (ED) for BOF steel 

was 35413 MJ/ton steel and for the EAF steel 8066 MJ/ton steel (Burchal-Korol, 

2013).   

A review of bio-based plastics compared to fossil-based plastics has been made in 

Germany. This study did a review of 29 studies investigating the environmental 
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impact from cradle-to-gate of bio-based plastic. They compared this with the 

environmental data of fossil-based plastic that PlasticEurope has released in 2010. 

The Global Warming Potential (GWP) for bio-based plastic where ranged between (-

300)-11900 kg CO2/ton bio-based plastic and the fossil-based plastic was ranged 

between 1600-6400 kg CO2/ton fossil-based plastic. The Non-Renewable Energy Use 

(NREU) for bio-based plastic where ranged between 11900-92000 MJ/ton bio-based 

plastic and the fossil-based plastic was ranged between 55500-155900 MJ/ton fossil-

based plastic (Spierling, et al., 2018). The comparison between the two studies and 

their results of carbon emissions and energy used is shown in table 2. 

The lifecycle can be divided into three parts (among others): manufacturing, time of 

application and recyclability (Kucukvar, et al., 2014). The “cradle-to-gate” method 

means that it only focuses in the manufacturing process.  

Table 2. Comparison between environmental data in (Burchal-Korol, 2013) and 

(Spierling, et al., 2018). 

 CF/GWP (kg CO2/ton 

material) 

ED/NREU (MJ/ton 

material) 

BOF Steel 2459 35413 

EAF Steel 913 8066 

Bio-based Plastic (-300)-11900 11900-92000 

Fossil-based Plastic 1600-6400 55500-155900 
 

The fuel consumption of a truck is dependent on the load in which the truck has. The 

unit for this is referred to as l/tonkm (litre per tonkilometer). From an earlier 

students’ examination paper, the fuel consumption was stated to depend on the year 

model of the truck. This study did not investigate later year models than from the 

1990s since it was written in 2005. These trucks have a fuel consumption 0,0300 

l/tonkm. This value is for trucks with a total weight above 16 ton (Andersson, 2005).    
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3 Methodology  

3.1 Qualitative and Quantitative method  
The qualitative and quantitative methods is different methods for collecting data. 

Scientist who work with the quantitative method to collect data is more interested in 

how people experiencing the world. They collect their data with interviews and do 

conclusions from what experts in the area says. The quantitative method is based on 

facts, statistics and relations between facts from different sources. The scientists 

using this want to use scientifically proven theses to prove their conclusions. The 

quantitative method is more likely to be proven with generalized conclusions 

(Andersen, 1994).  

In this bachelor thesis a quantitative method has been used to get as valid 

conclusions as possible. It has not been possible to measure everything in a statistic 

valid way. Therefore, a qualitative method has been used to fill the missing data so 

that a result can be achieved, in which conclusions are drawn from. The investigation 

in work environment has been done through qualitative interviews. The financial and 

environmental criterions have been investigated quantitative with some exceptions. 

From the hybrid qualitative and quantitative method, the results were tested in a 

Multi Criteria Decision Making method.   

From the hybrid qualitative and quantitative method, the results will be tested in a 

Multi Criteria Decision Making method.   

 

3.2 Case Study  
A case study is a method where the author studies a project with limited time and 

strictly demarcations. There are examples of case studies who are larger than this, but 

it is rare. The most common way to implement this method is by making the study as 

a project itself. The authors identify something that has not been investigated and 

examines it as a project. This can for example be a new teaching method in schools. 

This method has both advantages and disadvantages which are often debated by 

scientists (Bell, 2006). Some scientist means that this method does not bring much of 

value since the results cannot be generalized since it has only been tested in one 

restricted and unique situation. An argument against this is that depending on how 

common the situation is, the results can be generalized (Bell, 2006). 

A fictitious house project was made and compared the sustainability consequences of 

using a light formwork of plastic composite or a heavy formwork of steel. The case 

was demarked to a one-story house since this is the fairest situation to compare 

between these two forms. The light plastic composite formwork is new on the market 

and has not been reviewed scientifically. This gives the case study a valid reason to be 

made. The results can be generalized with other one-story houses but are irrelevant to 

multi-stories houses since that affects the circumstances of the construction project 

too much. It can also be relevant to smaller projects. 



10 
 

3.3 Data collection 
The theoretical data has mostly been collected from Halmstad University´s search 

engine “onesearch”. Google scholar has also been used to some extent. The words 

used in these searches has primary been sustainability (social, economic and 

environmental), construction and work environment. Secondary search words have 

been MCDM and Life Cycle Analysis (LCA). 

The empirical data used was collected both in form of documental data and 

interviews. The interviews can be read in more detailed under chapter 3.7. The 

documental data that was received was mostly part of the financial investigation in 

the case study. Documental data was also searched for in regard of the environmental 

aspect of the case study but could not be found.  

3.4 Deductive method   
One of the main purposes for science is to explain and predict certain events. 

Deductive conclusions are central in most sciences and most of the world’s scientists 

accept this method for making conclusions. The word deductive originates from Latin 

and means “lead away from”. That means starting from certain premises that are 

known to be true and proceed according to certain rules to conclusions. To work with 

the deductive method is to draw conclusions from things that are known to be true 

through a logical thinking. 

The deductive method in this bachelor thesis was used to draw conclusions. The 

framework used was based on previous results from similar studies that are 

scientifically proven. Therefore, it could be assumed that this framework was made 

on scientific basis. The framework has afterwards been analyzed with an empirical 

method, either from documental data or interviews. From this, conclusions can be 

deduced (Andersen, 1994). 

3.5 Multi Criteria Decision Making method (MCDM)  
The Multi Criteria Decision Making method has been used to evaluate different 

solutions where there are multiple criteria effecting the result. The Multi Criteria 

Decision Making method is often used by researches to solve complex decisions. It is 

based on creating a framework of multiple criteria which have different relative 

importance for the result. Based on the criteria's importance and their influence in 

the different options, the MCDM method gives the best option to use. In this case, 

every criterion comes from one of the three categories of sustainability. 

Environmental- work environmental- and financial sustainability. The MCDM is 

developed from evaluating every criterion in the framework on how influential they 

are for the result (Zolfaniae, et al., 2018).   

There are many different MCDM methods existing which are popular to use while 

making decisions in problems where many factors influence the consequences of the 

choice. MCDM was used for deciding the most suitable place in Egypt to build a 

nuclear plant (Abudeif, et al., 2015). It has also been used to decide which way was 

most suitable to construct a hotel project (Zolfaniae, et al., 2018). Even more 
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problems solved by the MCDM method can be read about in the review published last 

year in Turkey (Kaya, et al., 2018).  The methods used are complex and it needs a 

great understanding in mathematics to be able to use them. However, it is a method 

which can be used independent on how large the decision is. In this study, a 

simplified method that is easy to use and not as time consuming was used.  

3.6 Framework  
The framework of criterions was made from a quantitative analysis based on earlier 

studies that was investigating sustainability problems. This framework is shown in 

figure 5. The original framework was after that investigated by the staff at Peri which 

could be seen as experts in this area. It has been supplemented based on the 

demarcations in this study. 

 

Figure 5. The original framework. 

After the interview with the design team leader Altin (Appendix 9.4.2), some 

criterions did not make any difference in the result between the different forms and 

some could not be answered since the data was missing. It was discovered that the 

reinforcement assembly and making of blueprints costs the same for both types of 

forms. Therefore, these are ignored based on the demarcation.  

In the interview with the head of sales manager Mikael (Appendix 9.4.1), Mikael 

stated that the delivery of the forms from PERI to the construction site costs the same 

for the contractors. Therefore, this cost is ignored based on the demarcations.   

In the interview with the environment and qualitative responsible manager Björn 

(Appendix 9.4.3), it was discovered that the documental data needed for evaluating 

the forms environmentally did not exist. From the point of life cycle, conclusions can 

still be drawn from scientific reports comparing plastic and steel in a life cycle 
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analysis. However, these are from studies that are most likely not specific to the type 

of steel or plastic in the forms from PERI, so it does reduce the validity of the results. 

There is no information on the form materials and this will have to be ignored.   

After our semi-structured interviews, the framework was developed to this:  

 
 

Figure 6. The framework after removing irrelevant criterions. 

The remaining criterions is evaluated in following way:  

 F1 – Rent forms. A blueprint was created of a one-story house with the 

formwork needed to construct it (Appendix 9.1). From this, the sales 

department at PERI provided the cost for renting the forms needed (Appendix 

9.2.4).   

 F2 – Assemble forms. For TRIO, a standard time table was received from PERI 

that stated how many hours every square meter takes to assemble (Appendix 

9.4.6) From this, a total time was calculated (Appendix 9.2.2). From statistics, 

the cost of an employee was calculated per hour. (Appendix 9.2.3). With DUO, 

such standard time could not be given us about DUO from PERI since it is a 

new product. Therefore, interviews were made with construction workers who 

have worked with both forms and the sales department at PERI who estimated 

the time (Appendix 9.4.5) (Appendix 9.4.6) 

 F3 – Crane (TRIO). The assembling time was used the same way as the labor 

cost. A local crane company was contacted which provided with the cost per 

hour for hiring a crane for this job (Appendix 9.2.2.2).   

 F4 – Casting Concrete. A local concrete casting company was contacted. They 

provided a model for all costs that they charged for. This model was used for 
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calculating the cost for this project. The time needed is quite different since the 

steel form has larger strength properties and the concrete can be poured at a 

higher velocity (Appendix 9.2.1).   

 WE1 – Heavy lifts. This was investigated interviews of construction workers 

who have experience working with forms. Some had worked with both TRIO 

and DUO, some had worked only with TRIO and one had worked only with 

DUO (Appendix 9.4.5). 

 WE2 – Noise levels. The noises have been measured at PERI(Appendix 9.5).  

How the workers are affected by the noise-levels was one of the questions 

asked for in the interviews (Appendix 9.4.5).   

 WE3 – Crane. The workers conception of the risks while working with a crane 

nearby was asked in the interviews. The answers are analyzed together with 

work environment statistics in Sweden (Appendix 9.4.5).   

 E1 – Crane CO2. Attempts has been made to analyze this, however there has 

been a lack of documental data.  

 E2 – Forms lifecycle. Attempts has been made to analyze this, however there 

has been a lack of documental data.  There is no conducted LCA on either of 

the forms. 

 E3 – Transportation. Since the TRIO forms are so much heavier, they make a 

difference in CO2 emission. This was calculated with theoretical data. 

To summarize, the financial criterions was examined with documental data. The only 

exception was the time to assemble the DUO form which was analyzed from the 

interviews. The financial data was calculated together under the criterion “total cost”. 

The work environmental criterions were analyzed from interviews, statistics in sick 

leaves due to working injuries and with regulations from the work environment 

authorities in Sweden. The environmental criterions were analyzed from both 

scientific and documental data. 

3.7 Interviews  
The interviews were made in a semi-structured way with the head of sales manager, 

environment and qualitative responsible manager and construction team leader of 

PERI. These interviews were made to complete the data collection and to understand 

the process between PERI and the contractors to ensure that criterions where 

relevant.   

A survey was sent to contractors to get a better understanding on how they see the 

different criterions while making decisions that affect the working situation. This 

survey was sent out to 75 people who worked as contractor engineers and supervisors 

and 35 answers were received. The respondents answered with a survey made online 

which secures their anonymity, there is no knowledge if the answers differ with the 

profession. 59 out of 70 recipients of the survey were from the same company. This 

company is known to been working towards a more sustainable work environment 

and has won awards as the best employer in the construction industry many years in 
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a row due to their solid work towards a more sustainable construction industry. It is 

likely that this might affect the results of the survey.  

Visits were made to workplaces in order to interview construction workers about the 

work environment and their perception of sustainability in monolithic concrete 

casting but also to get their view of how long it takes to mount DUO compared to 

TRIO. These where made with 10 workers who had different experience in working 

with formworks. 9 of the workers had experience with assembling Trio. 5 of these had 

also worked with Duo and the other 4 had only worked with Trio. 1 of the workers 

had only worked with Duo. 

3.8 Reliability and validity 
Reliability is a measurement on in what extent the results of the exact same process 

under the same circumstances correspond. It is a measurement on the accuracy of the 

results and conclusions of a paper. E.g. in a survey study, do the same people answer 

the same thing on the same questions with one month between? If the respondent 

answers the same, this means that the results and conclusion will be the same, which 

gives it a good reliability. However, the respondent might have experienced 

something between the time lapse of the questions that makes him answer 

differently. This will affect the results and conclusions and therefore lower the 

reliability of the paper. While doing a case study with empirical data leading to the 

conclusions, a reliability test should be used to check the reliability. This could be 

done by asking the same question again after a certain time or asking question in a 

different way but about the same thing. In the second alternative you can also check 

so that there have not been any misunderstandings of the questions (Bell, 2006). 

There was a lack of time to make a reliability test, therefor it is uncertain how the 

reliability of this study is.  

Validity is a more complex concept. This is a measurement about how the questions 

measure the things that you want to. This is important for the value of the results of a 

study. If the study is missing validity, the conclusions is not worth anything. One way 

to describe validity is that if another scientist or student do the same study, with the 

same method, they should reach the same results and conclusions. If the study is 

missing reliability, this means that it is missing validity. However, just because the 

study has a high reliability, this does not mean that the validity is high. A question 

can give the same answers at different time, which gives a high reliability but still 

measure the wrong thing, which gives a low validity (Bell, 2006).   

This study cannot be generalized to a greater perspective since it is missing validity. 

This means that conclusions cannot be drawn on other kinds of construction project 

or other kinds of form works. There was a lack of documental data needed to get a 

result for the questions asked. It was therefore needed to take statistics from sources, 

and from studies that are not very similar to this case study. It has not been possible 

to measure the answers according to the questions fully and this gives the study a low 

validity.    
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4 Empirical Study  

4.1 Formworks Systems  
It is possible to cast concrete in various ways. In the Swedish building industry there 

are, due to high labor cost mainly two different ways to cast concrete. Precast in a 

factory and onsite monolithic casting (Appendix 9.4.2) (Nunnally, 2011). In countries 

where work labor is cheaper, conventional formworks are more common. The DUO 

form was mainly produced to be a better alternative than conventional casting with 

forms built by timber (Appendix 9.4.1). 

4.1.1 Comparison with DUO AND TRIO 

DUO is a new form that was introduced to the market in 2016. DUO is made from a 

newly developed material called polytech. This is extremely light in comparison with 

its strength. DUO is made to be quiet and light. No tools are needed to lock the form 

parts together except for the form lock itself.  

The form lock is shaped as a handle that lock tight with a twist, ensuring the forms to 

be aligned and straight as shown in picture 1. 

 

Picture 1. Illustrates how the Duo-forms are locked together.  

The DUO forms are light. The heaviest form part weighs in at just under 25 kg. The 

forms are locked together on the ground and put in place two by two as shown in 

picture 2, making the process fast and efficient.  
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Picture 2. Illustrating two workers assembling two jointed form parts of DUO. 

TRIO is a versatile form consisting of a steel frame with an 18 mm plywood board 

facing the concrete. TRIO is the bigger and heavier form. Both the size and the weight 

require the use of a crane at the construction site as seen in picture 3.  

 

Picture 3. Shows mounting of TRIO using a crane to lift the forms in place. 

Only one part is required for all panel connections, a form lock called the BFD 

Alignment Coupler. An illustration on how the BFD works and is assembled is shown 

in figure 7 and picture 4. When the BFD is used it aligns the panels in three directions 



17 
 

at ones. To lock the panels together a hammer is required. The hammer causes loud 

noise (Appendix 9.4.5) (Appendix 9.5) up to 88DB. 

 

Figure 7 and picture 4. Illustrates how the BFD locks Trio-forms together. 

 

In table 3 different properties of the forms are shown in a more graphical way. 

Table 3. Different properties of DUO and TRIO. 

  MAXIMUM AND 
MINIMUM WEIGTH/PANEL 
(kg)  

MAXIMUM AND 
MINIMUM 
AREA/PANEL  
(m2)  

IN NEED OF 
CRANE  

MAXIMUM FORM 
PRESSURE (IN 
OUR PROJECT) (kN)  

LIFE 
EXPECTANCY  
/FORM  

RECYCABLE    

DUO  
(reference in 
compendia)  

25 ; 2,43  1,215 ; 0,09  OPTIONAL  55  10 YEARS  YES   

TRIO  
(reference in 
compendia)  

398 ; 15  6,48 ; 0,18  YES  80  UNTIL 
CONSIDERED 
UNFIT  

YES   

4.2 Sustainable work environment  
In the framework there are three subcategories to the sustainable work environment 

as seen in figure 6. Here follows a summarization of the interviews with the workers 

that discussed these subcategories (Appendix 9.4.5)  

WE1 – Heavy lifting: All the workers with experience of both forms thought it was 

more physically straining for the body to work with DUO compared to TRIO. TRIO 

was found to be the easy form due the fact that the crane did all the heavy lifting and 

therefore not as physically straining as DUO. A majority of the workers said it 

happens that they occasionally need to use muscular power working with TRIO due 
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to lack of time and stress. This includes lifting smaller TRIO forms and push the 

forms in place. Stress and lack of time where the biggest risk with TRIO, not the 

weight of the form. The majority of the respondents did, from the aspect of heavy 

lifting, think that they rather work with TRIO.  

WE2 - Noises: All workers with experience of both forms considered DUO to be the 

best option with regard to the sound level. Being able to listen to the radio, being able 

to speak in a normal conversation tone was perceived as very positive. The workers 

with experience from TRIO alone did not have much opinion about the sound level. 

They were accustomed to working with a lot of noise surrounding them and used to 

always using hearing protection. Occasionally, however, the hearing protection were 

taken off to either talk to the crane operator or a colleague. If the other colleagues 

were not aware of this, it happened that a BFD was hit, with a high unexpected noise 

level as a result. They all agreed that it was their own responsibility to use hearing 

protectors in a correct way. Many of the respondents had an explicit wish that they 

should have received hearing protection with communication possibilities from their 

respective companies, which would make the communication with the crane operator 

both easier and safer.  

While testing the noise level at Peri´s ware house, a level of 88 dB was reached 

(Appendix 9.5). This is above the limit at 80 dB which has been set In Sweden (Forss, 

2005). 

WE3 – Crane: Approximately 700 injuries occur every year in Sweden because of 

cranes and other mechanical lifts and 50% of these results in an absence from work 

for more than 14 days (Arbetsmiljöverket, 2019). Most respondents drew attention to 

the wind factor as the biggest risk in when working with a crane. From this survey, 

the contractors were completely united in the opinion that they prefer a crane on the 

working site because of the work environment. The workers preferred to use the 

crane even though there are risks with it. This is because it is still perceived as a 

better working environment. 

4.3 Financial sustainability 
In the framework there are four subcategories to the financial sustainability. Here 

follows a summarization of the data collected for these subcategories.  

FS1. Rent forms: The design department at PERI uses a special license for AUTOCAD 

called PERICAD (PC). In PC the entire product portfolio of PERI is available in a 

catalog. To this project it was possible to use PC to make blueprints for both forms 

(Appendix 9.1). The total time used to create the two blueprints where basically 

identic. When the drawings are finished, PC itself calculates the optimal number of 

parts offer the entire project. That list shows the number of units, weight per unit, 

total number of unit and total weight of all the units (Appendix 9.3). This list is sent 

to the sales department. The sales department easily calculates the total price 

(Appendix 9.2.4). The price is divided into two pieces. The first is a standard cost for 
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renting that covers the cost of maintenance, the other is based on for how long the 

forms will be at the construction site. 

FS2- Assemble forms: One of the big differences between TRIO and DUO is that 

TRIO requires a crane. In the fictitious project, crane was used to mount TRIO but 

not DUO. Elia Express (EE), a local crane distributor company in Halmstad was 

contacted by phone to be able to get an idea of what that cost will be. Based on the 

crane- and labor cost, based on the time needed for assembling the forms it was 

possible to calculate the total price for each form.  

The labor cost was made with statistical data from the central statistical bureau of 

Sweden, it is calculated with two concrete workers which are the minimum required 

number of workers to assemble both forms. The time for mounting TRIO was 

received from PERI, based on a standard time per square meter (Appendix 9.4.6) 

Since DUO still is a new form there were no standard time per square meter at PERI, 

therefor the time is based on workers perception of an assembling time (Appendix 

9.4.5) 

FS3- Crane (TRIO): Since TRIO is required to have a crane available for the assemble, 

this cost needs to be taken in consideration additional to the cost of hiring the 

formworks. In the fictitious project, crane was used to mount TRIO but not DUO. 

This is because, in construction projects that have a crane regardless of forms, TRIO 

would be the obvious choice (Appendix 9.4.2) A truck with mounted crane and an 

operator costs approximately 860+VAT SEK/hour.  

FS4- Casting concrete: A local concrete company in Varberg was contacted to solve 

the cost of casting concrete. From this company data was received including price m3, 

price after 15 minutes of pumping concrete (SEK/minute), maximum velocity of 

pump (m3/minute), size of truck. In the fictitious project, based on the required 

volume of concrete in addition to the maximum form pressure. The price is different 

due to the fact that the two forms has different capacity to handle the hydrostatic 

pressure of the concrete (Appendix 9.2.1). Therefor the velocity of the concrete pump 

will vary, and this affect the time and, in the end, the total price.  

4.4 Environmental sustainability 
E1 – Crane CO2 

Documental data for carbon emissions from the crane could not be found and will not 

be in the results. The crane is mandatory while working with TRIO and optional while 

working with DUO. In the case study, crane has been deselected while working with 

DUO. 

E2 – Forms lifecycle 

The lifecycle can be divided into three parts: manufacturing, time of application and 

recyclability (Kucukvar, et al., 2014). It does not exist any documental data on the 

different forms’ lifecycle. The data that was searched for was an LCA on the 
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environmental footprints that the forms make. There was no information in the 

manufacturing process of the forms. Different processes give different footprints as 

can be seen in table 2. The life expectancy in years is also unclear as shown in table 3. 

DUO is said to have a life expectancy for 10 years and TRIO until it is seen as unfit. 

The TRIO is unfit when it has worn out and starting to rust or in some way damage at 

the work site. It is known that both forms are recycled at Stena recycling. Even 

though TRIO is considered unfit and has started to rust, there are still much steel that 

can be recycled. (Sales man) 

E3 – Transportation CO2 

The carbon emissions were handled with theoretical data. This is shown under Result 

together with the other environmental criterions. 

4.5 Results 
In this chapter, the results of the calculations and the evaluation of criterions from 

the contractors’ survey will be presented. The MCDM and the analysis of the workers 

interview will be presented in chapter 5. 

4.5.1 Total costs 

The total costs are calculated from the data received in the empiric chapter 4.3. Every 

calculation is referred to an Appendix in figure 7 and 8. 

Total cost of TRIO: 278 938 SEK.  

Total cost of DUO: 314 313 SEK. 

 

Figure 7. Total cost TRIO: 278 938 SEK 

TRIO

Forms Rent 57 795 SEK 9.2.4.2 

Machines

Casting
106 681 

SEK
9.2.1.2

Assemblage 70 465 SEK 9.2.2.2

Labour

Assemblage 42 443 SEK 9.2.2.2

Casting 1 554 SEK 9.2.1.2
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Figure 8. Total cost of DUO: 314 313 SEK 

4.5.2 Carbon emissions 

The CO2 emissions is according to Lars Rapp (Rapp, 2019) at the transportation 

authority 2600 g CO2/L diesel. The fuel consumption is 0,030 L/tonkm. The weight 

load of Trio is 11 560 kg and Duo 4 366 kg (Appendix 9.3). If we choose to calculate 

with a heavy truck at 7,5 ton, the TRIO total weight is 19 060 kg and Duo is 11 866 kg. 

The fuel consumption of Trio will be 0,572 L/km which gives a carbon emission at 

1487 g CO2/km. The DUO will have a fuel consumption at 0,356 L/km and a carbon 

emission of 926 g CO2/km.  

4.5.3 Evaluation of criterion 

The Survey made with contractors was made to get an idea of how they value the 

different criterions when deciding about how to manage their constructions site. In 

the questions 1-5, the contractors were asked to value each criterion in a scale of 1-10.  

1. How important is the total cost? 

2. Work environment, how important is it to reduce noise?  

3. Environment, how important is it to use environmentally friendly 

construction materials? 

4. Environment, how important is it to reduce carbon dioxide 

emissions? 

5. Work environment, how important is it to avoid heavy lifting for the 

workers? 

DUO

Forms Rent 66 936 SEK 9.2.4.1 

Machines Casting
117 769 

SEK
9.2.1.1

Labour

Asemblage
127 329 

SEK
9.2.2.1

Casting 2279 SEK 9.2.1.1
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Figure 9. Evaluation of criterion from managers. 

 

Figure 10. Evaluation of criterion from managers. 

 

Table 4. Criterions influence of decision-making. 

Criterion Influence Rank 

Heavy lifting 

(WE) 

0,860 1 

Total cost (FS) 0,836 2 

Noises (WE) 0,777 3 

Form Material 

(ES) 

0,769 4 

CO2 (ES) 0,659 5 

Crane (WE) 0 6 

 

8,36
7,77 7,69

6,59

8,6

1 2 3 4 5

Average, questions 1-5
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5 Analysis 
In this chapter, the empiric and theoretical data is evaluated and mixed together in 

the MCDM-model.  

5.1 Work environment 
The result from the empiric data clearly show that TRIO is the preferred form from 

the workers perspective. The simple reason for this is the reduced lifting from 

working with crane. The workers do, like the contractors valuate the lifting a great 

deal. Duo is considered to be a good form to work with in the perspective of the sound 

level is the criteria and if the wall is not higher than 1.35m. The interviewed workers 

thought that heavy lifting was more important than the noise level since it is easier to 

protect your hearing, but it is more difficult to protect yourself from wearing out your 

body.  

Underneath in table 5, the work environmental aspects of the two forms has been 

given values. These values were later put together with table 4, so that the MCDM-

model could work. The crane has been ignored since none of the contractors actually 

thought about working without crane in regards of safety. The workers also 

appreciated the crane doing the lifting even though some thought that it was stressful 

to work beside a crane.  

 2 out of 6 thought that heavy lifting was not an issue while working with DUO. 

Value: 0.33 

 9 out of 9 thought that heavy lifting was not an issue while working with TRIO. 

Value: 1 

 6 out of 9 thought that the noise level was not disturbing while working with 

TRIO. Value: 0,67 

 6 out of 6 thought that the noise level was not disturbing while working with 

DUO. Value: 1 

Table 5. Indicator values of work environmental criterions. 

Criterion Form Indicator respondents percentual Indicator 
value 

Heavy lifting DUO 2/6 33% 0,33 
Heavy lifting TRIO 9/9 100% 1 
Noises DUO  6/6 100% 1 
Noises TRIO 6/9 67% 0,67 

5.2 Financial  
As seen in figure 7 and 8, the total cost for Trio was 278 938 SEK and the total cost 

for Duo was 314 313 SEK. Since Trio is the better alternative in this aspect, this will 

be given the indicator value of 1 for the MCDM-model. The cost of Trio divided with 

the cost of Duo gives us the number 0,89. This means that Trio is 11% cheaper and 

Duo is given the indicator value 0,89 for the MCDM-model. 
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To be able to calculate the time it would take to assemble DUO, the workers 

(Appendix 9.4.5) and the technical salesman (Appendix 9.4.6) was asked about this. 

They all answered between at least 2-3 times as much time as TRIO. Since the 

technical salesman has the most experience in this area, his answer of three times as 

much time was used for the calculations. 

5.3 Sustainable environment  
This chapter was supposed to be divided into carbon emissions and forms lifecycle. 

There is no LCA connected to any of the forms, so this will have to be excluded. The 

theoretical data that was found in table 2 are too insecure to draw any conclusions 

from. The type of plastic used in Duo and the process of which the steel frame of Trio 

is manufactured from are unknown. To use these theoretical data with so little 

knowledge would be more like rolling a dice than to be scientific. Therefore, this data 

is excluded. The criterion “form material” was remained in the MCDM-model so that 

it would be visible that it still was a relevant criterion. The carbon emissions were also 

supposed to be divided into the trucks and the cranes carbon emission. We have not 

succeeded in finding the carbon emissions of the cranes and this is therefore excluded 

in the MCDM-model as well.   

In the fictitious project, it was calculated how many articles and the weight of these 

that each form gave. With this data it was possible, using the weight, to calculate the 

amount of diesel and thus the amount of CO2 that followed with the transport for 

each kilometre driven.  

With the trucks carbon emission of 1 487 g CO2/km for Trio and 926 g CO2/km for 

Duo, the value for Duo will be set to 1 and the Value for Trio 0,69. This value is given 

after dividing Duo´s carbon emission with Trio´s. These data come from trucks with 

year models between 1990 and 2005 and can for that reason be wrong. The relation 

between the different emissions is what is interesting, and this should be accurate. It 

was also said that the data was for trucks with a total weight above 16 ton which Duo 

do not exceed in this example. Therefore, the carbon emission of Duo is probably 

higher in reality, but at the same time, the CO2 emissions from Trio´s crane could not 

be found so the advantages on missing data most probably still works in Trio´s favor.  

5.4 MCDM 
The MCDM-model is put together with the influence each criterion has for the 

decision-making in the contractor’s perspective. This is multiplied together with the 

indicators that have been analysed from documental data (total cost), theoretical data 

(Carbon emission) and interviews (heavy lifting and noise level). These indicators 

have been evaluated in the analysis chapter above. The sum of the influential factor 

and each forms indicator is later added together to see which form are the most 

sustainable in this project. 
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Table 6. The MCDM-model evaluating the forms in a sustainability context. 

Criterion Influence (I) Duo Indicator (DI) Trio Indicator (TI) I*DI I*TI 

Heavy lifting 0,86 0,33 1 0,2838 0,86 

Total Cost 0,836 0,89 1 0,74404 0,836 

Noise level 0,777 1 0,67 0,777 0,52059 

Form material 0,769 0 0 0 0 

Carbon emission 0,659 1 0,69 0,659 0,45471 

Crane safety 0 0 0 0 0 

   

Sum: 2,46384 2,6713 

As seen in table 6, DUO receives a total value of 2,6713 and DUO a total value of 

2,4638. There is not a big difference, but it is still clear that Trio should be the 

preferred formwork for contractors in a construction of this size. 
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6 Discussion 

6.1 Financial sustainability 
The two most influential criterions for decision making which were relevant for this 

construction project was heavy lifting and total cost. Both these criterions work in 

TRIO´s favour. It can be said that the larger the construction get; the more TRIO will 

outcompete DUO in these two criterions. This is due to TRIO´s possibility to move a 

complete formworks wall to the next phase of the construction. DUO must be 

disassembled and re-assembled on the next place. If the construction gets larger, 

there will be more phases and more times that the formwork will have to be moved. 

The differences in total cost will therefore be larger since this is the factor that makes 

DUO more expensive to use then TRIO in the short term. There will also be more 

unnecessary lifting for the workers which would make the difference in this criterion 

even larger. Probably, this would also influence the financial aspect for the company 

in the long term as well. As said in the theoretical chapter, the work environment has 

a large impact on the financial aspect for the companies in the long term (Simonsson 

& Rwamamara, 2007). Since these criterions affect the sustainability of the project 

the most, it can be said that for the size of this project and even larger construction, 

TRIO will always outcompete DUO. 

While looking at the total costs, the big differences between DUO and TRIO is crane 

assemblage (TRIO costs 70 465 SEK more) and the labour work assemblage (DUO 

costs 84 886 SEK more). The crane assemblage costs more per hour (860 + 259 ∗ 2 =

1378 𝑆𝐸𝐾) than the labour force (259 ∗ 2 = 518 𝑆𝐸𝐾). However, the crane saves more 

time than it costs, especially in constructions where the concrete is casted in different 

phases. In constructions where there is just one phase, the assemblage time would 

not have been as much as three times as long and in that situation, DUO should have 

been cheaper. The heavy lifting would still have been better in TRIO, but it is seen 

that at some point, in smaller constructions, DUO would outcompete TRIO in our 

sustainability model. In this situation, DUO would be better than TRIO in “total 

cost”, “noise level” and carbon emissions.  

The labor cost varies a lot between different countries which makes the prioritization 

different. Sweden has one of the EU´s highest labor costs (Eurostat, 2018), the need 

for using technological solutions for a more efficient and shorter process is more 

prioritized than in countries where wages costs less for the contractors. The sales 

manager at Peri said that DUO was invented to compete with conventual formworks 

which are more common in less developed countries (Appendix 9.4.1). In these 

countries, it does not matter that DUO takes three times as long to assemble since the 

costs for labor work is much smaller than the cost for a crane. The breaking point for 

where the Duo could be favorable in these countries is most probably at a larger 

construction than what it is in Sweden. 

Another factor which influences the financial result is the size of the construction site. 

The crane cost can be very different based on whether there is a crane which exists on 
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the site already. If the crane is already there, the cost will be lower because of the lack 

of an establishment cost and the fact that the crane probably is meant to be used for 

more than mounting forms. If the site is so big so that there is a tower crane 

assembled, the cost per hour is probably also very favourable which makes it more 

favourable to use the TRIO on these places.  

6.2 Environmental sustainability 
Even though environmental sustainability has been receiving a higher level of interest 

academically in the past years, it is not all clear how the interest of this subject looks 

like in real life. In the survey with the contractors they did value the criterion of CO2 

to be least favorable. (Appendix 9.4.4). For this bachelor thesis, more than one 

attempt has been made to find data on how the forms affect the environment. It has 

not been conducted one single LCA on either of the forms. Not even TRIO, that has 

been on the market for a long time has any sufficient data regarding the 

environmental impact the form makes.  

Is it possible that the lack of knowledge regarding the environmental impacts of the 

forms comes from a low implementation in environmental sustainability form the 

construction industry (de Paula, et al., 2016). If there would be a great interest of 

environmental sustainability in the industry, would not the effect be a greater 

demand on knowledge on how certain products affect the environment? 

Regarding the impact of emissions from transport. Many attempts have been made to 

find “up to date” and relevant relationships between fuel consumption and weight of 

goods. This relation has been of interest due to the fact that the total weight of the 

forms affects the fuel consumption and therefor the CO2 emissions. The data in this 

study comes from trucks manufactured between 1990 and 2005. However, in recent 

years, the rules of CO2 emissions for trucks have become tougher and tougher making 

this data somehow obsolete. The fact that the trucker's fleet of Sweden has a great 

diversity in models it is supposed to be not all that easy for a contractor to demand a 

truck with low emissions. 

Regarding the environmental impact of cranes when handling the TRIO form. There 

has not been time to investigate the endless number of cranes and the different 

impact they make independently of each other when carrying TRIO forms.  

6.3 Work environmental sustainability 
The case study was only a fictitious project which have some effects on the results. It 

could be noticed in the interviews with the workers that their experience made some 

differences in their answers. The noise levels were the most distinctive criterion that 

was affected from the workers experience. The workers who worked on construction 

sites did not care about the difference between the noises between DUO and TRIO, 

probably because of all other noises that exists on a construction site. The workers 

would still have to use ear protections if they worked with DUO on a construction site 

and therefore thought that the advantage from DUO in this aspect did not affect them 

at all. However, the workers with experience from working at smaller construction 
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sites, e.g. moulding walls or pools, appreciated the silence a great deal while working 

with DUO, since they could listen to the radio and have a conversation with their 

colleagues at the same time as they worked. If this case study would have followed a 

project which were real, the answers would probably be more accurate to what we 

were investigating. If this model is to be used, the indicators for DUO and TRIO in 

regards of the noise levels would have to be different depending on where the 

construction is supposed to take place.  

To work with a crane under the right circumstances was not considered a big problem 

from the workers point of view. On the other hand, there was a lot of risks mentioned 

in the context of the crane. A good safety system was desired since many of the 

workers had experienced being close to accidents. The workers who were interviewed 

in this study found that on several occasions they were close to having an accident 

when working with a crane. First after the fact that an accident almost occurred the 

job was postponed. The most common factor for this was wind. It was desired from 

the workers that the crane work should be stopped earlier, before the wind makes it 

dangerous. Furthermore, it was desired from the workers the possibility to 

communicate with the crane operator without removing the ear protection. The third 

complains about the crane was that it was stressful from the reason that the workers 

had to adapt to the operator's pace. All these three factors are consequences of using 

a crane, but it is not the crane itself that is the problem. These risk factors could easily 

be solved by stopping the crane work in time, get proper safety gear and enough time 

for the work. It is all factors that supervisors and contractors have responsibility for. 

6.4 Interviews 
The survey made with the contractors which can be seen in figure 11 and table 4 gave 

a quite surprisingly result. In the interview made with the sales manager from Peri, 

stated that the total cost was all that the contractors cared about while buying 

services from suppliers (Appendix 9.4.1). However, the survey showed us that the 

work environment was highly prioritized from contractors while planning and 

designing the project. The total cost is a complicated thing, as earlier stated, the 

short-term costs might affect the long-term costs for a company (Simonsson & 

Rwamamara, 2007). In other words, a cheap variant of constructing, might be more 

physically stressful and straining for the workers and give higher costs in the future 

due to sick leave. However, it can be said that the results for table 4 is very similar 

with the results from table 1 even though 35 respondents do not give a statistically 

approved result. The respondents were mostly from a local company which has a 

reputation about caring a lot about their workers which can have made an impact to 

this result.  

The interviews made with the workers are not enough to make a valid result on the 

indicators used in the MCDM-model. Especially on the DUO-forms where only 6 

workers were found to have experience in working with it. This gives every answer an 

impact of 16,7 % for the indicator and the chance is therefore a too big factor. 
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6.5 MCDM 
The Multi Criteria Decision Making method has been used to evaluate different 

solutions where there are multiple criteria effecting the result. However, in this study, 

it has been difficult to obtain all the environmental data to fill all the criteria in this 

method. Therefore, the validity of MCDM in this study is uncertain. When the 

method can be used fully with all criteria filled, it can be assumed to have a greater 

validity. 
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7   Conclusions 

7.1 Sustainability in construction 
The question of sustainability has been discussed for a long period of time in the 

construction industry. The link between work environment and long-term financial 

sustainability seems to be something that contractors takes seriously. The 

environmental part of sustainability is less prioritized which our survey with the 

contractors show. This part was also much harder to investigate. The fact that this 

data is so hard to find is probably from the reason that there is a smaller demand for 

this area. The suppliers, in this case Peri, would most likely have been able to provide 

these data if the contractors asked for it. The big construction companies in Sweden 

market themselves with applying sustainability in their daily work. Since this thesis 

has been working hard with investigating the whole sustainability spectra, and failed, 

it could most likely be stated that these companies fail with the sustainability as well. 

Even though, a lot of work is proven to be done in work environment and long-term 

financial sustainability, there is a lack of knowledge in the environmental aspect. The 

data is too hard to find to be able to work with the whole concept of sustainability. 

Sustainability investigations are necessary, but it turned out sustainability is a 

complex subject. The first impression that the authors of this bachelor thesis got from 

the two investigated forms where that DUO would be the obvious choice for a project 

this size. At first impression, the light, innovative and recyclable form sounded great 

in a sustainability perspective. However, after interviewing workers and surveyed 

contractors this perception changed. From the MCDM-method used, it is clear that 

TRIO is the preferable choice for this project and every project that is larger.   

7.2 MCDM 
The MCDM-method has been proven valuable in earlier studies. It has mostly been 

used with very complex mathematics and for more complex decisions. It has probably 

not been used in this kind of smaller decision-making questions since it takes a lot of 

resources for a small reward. If it is possible to standardize this model that was 

created for this thesis, it could be an easy way to work sustainable even in the small 

decision-making questions. To be able to use it on a daily basis in the construction 

sector, it needs to be easy to use. It is not possible to use as much time to analyze 

these small questions as this thesis has done, the reward is to small in comparison 

with the effort it takes.  

The purpose of this thesis was to create a model which made decision-making easier 

from a sustainable perspective. This was not created with success, but many things 

were still learned in the process and conclusions can still be drawn from this. The 

method which was created in this thesis cannot be validated since it has only been 

used in a fictitious project. If this is impossible in general because of sustainability 

being such a complex subject which cannot be simplified to the model that was used 

in table 6 cannot be said for certain. It might also be a lack of knowledge from the 

authors that made the MCDM-method less successful. However, the authors believe 
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at this moment, that the availability of environmental is too small to work with the 

sustainability concept.  

7.3 Proposals for future studies 
Is it possible to generalize an MCDM-method that are easy to use for decision-making 

on daily based problems with a sustainability perspective?  

Is it possible to find the point of breakeven where DUO is the more obvious choice 

over TRIO?   
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9 Appendix 

9.1  Blueprints of case study 
The construction 13,2x16,2 m and the inside walls are 12,6x15,6 m. The indoor walls 

are 6,5 m. 

The outside concrete walls are 0,3 m thick and the indoor walls are 0,2 m thick. The 

height is 2,7 m.    

The formwork walls area will be: (16,2 + 13,2 + 15,6 + 12,6 + 6,5 ∗ 2) ∗ 2 ∗ 2,7 =

381,1𝑚2 

The Concrete volume will be: ((13,2 ∗ 2 + 15,6 ∗ 2) ∗ 0,3 + (6,5 ∗ 2) ∗ 0,2) ∗ 2,7 =

53,7𝑚3 

9.1.1 DUO 
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Figure 11. Blueprint of Duo formwork on the fictitious project. 

9.1.2 TRIO 

 

Figure 12. Blueprint of Trio formwork on the fictitious project. 
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9.2 Calculations of case study 

9.2.1 Concrete casting 

9.2.1.1 DUO 

 

 

Figure 13. Illustration of formwork load calculator of Duo from Peri. 

With DUO, the maximum form pressure is 55 kN which gives a maximum rise of 

concrete to 0.92 m/h. This gives each stage the time of casting: 
2.7

0.92
=

2.93 ℎ 𝑜𝑟 176 𝑚𝑖𝑛. This gives the total time of casting to be: 176 ∗ 3 =

528 min 𝑜𝑟 8.8 ℎ.  

The cost of unloading is 22 𝑆𝐸𝐾/𝑚𝑖𝑛 above 15 minutes. The time for DUO is: 528 −

45 = 483 𝑚𝑖𝑛.  
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A concrete worker is also needed which cost 259 SEK/h (Appendix 9.2.3) 

Table 6. Calculation of the costs of casting the concrete with Duo. 

Kind of cost quantity amount @ Total cost 

Establishment cost 3 x 2 298 6 894 

For each m3 pumped x 53,7 124 6 658,8 

Cleaning 3 x 950 2 850 
Unloading above 15 
minutes 3 483 22 31 878 

Cost of concrete x 53,7 1 294 69 487,8 

Concrete worker 1 8,8 259 2 279,2 

      Sum: 
120 048 

SEK 

 

9.2.1.2 TRIO 
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Figure 14. Illustration of formwork load calculator of Trio from Peri. 

The TRIO formwork can achieve a maximum form pressure to 80 kN. Since the 

specific weight of concrete is 24 kN/m3. and the height of the walls are 2.7 m, the 

maximum pressure on the walls are: 24 ∗ 2.7 = 64.8𝑘𝑁/𝑚2 (Figure 14) 

Therefore, TRIO casting can casted with the maximum pace from the concrete truck 

because the pressure cannot exceed the TRIO capacity. The truck has a capacity of 

casting 9 m3/h which was used in the calculation. This makes the total time to be: 
53,7

9
= 6ℎ 𝑜𝑟 360 𝑚𝑖𝑛  

The cost of unloading is 22 𝑆𝐸𝐾/𝑚𝑖𝑛 above 15 minutes. The time for TRIO is 

therefore 360 − 45 = 315 𝑚𝑖𝑛.  

A concrete worker is also needed which cost 259 𝑆𝐸𝐾/ℎ (HÄnvisa) 

Table 7. Calculation of the costs of casting the concrete with Trio. 

Kind of cost quantity amount @ Total cost 

Establishment cost 3 x 2 298 6 894 

For each m3 pumped x 53,7 124 6 658,8 

Cleaning 3 x 950 2 850 
Unloading above 15 
minutes 3 315 22 20 790 

Cost of concrete x 53,7 1 294 69 487,8 

Concrete worker 1 6 259 1 554 

      Sum: 
108 235 

SEK 

 

9.2.2 Cost of assembling the forms 

9.2.2.1 DUO 
The assemblage needs two workers. PERI could not provide a standard time like they 

could with TRIO. Based on the interviews, it was counted that DUO takes three times 

as much time to assemble as TRIO does. Therefore, it was calculated with 0,645 h/m2 

(Appendix 9.4.6). 

The DUO formwork is 381,1 m2 (Appendix 9.1). 

One worker cost 259 SEK/h 

The cost of assembling the DUO form is: 2 ∗ 259 ∗ 0,645 ∗ 381,1 = 127 329 𝑆𝐸𝐾 

9.2.2.2 TRIO 
The assemblage needs two workers and a crane, and according to Appendix 9.4.6 it 

takes 0.215 h/𝑚2. 

The TRIO Formwork is 381,1 𝑚2 (Appendix 9.1). 
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One worker cost 259 SEK/h (Appendix 9.2.3) 

Therefore, the labor cost for assemblage TRIO is: 2 ∗ 259 ∗ 0.215 ∗ 381,1 =

42 443 𝑆𝐸𝐾 

A local company which rents cranes was contacted. The mobile crane would cost 860 

SEK/h + VAT. 

Since the TRIO takes 0.215 h/m2 and the formwork is 381.1 m2 the cost for the crane 

will be: 860 ∗ 0.215 ∗ 381,1 = 70 465 𝑆𝐸𝐾.  

The total cost for assemble the TRIO form is: 70 465 + 42 443 = 112 908 𝑆𝐸𝐾 

9.2.3 Labor Cost 

SSYK 7113 is the code of the concrete workers profession in construction. The search 

is done to search for the average salary in all sectors and for both genders in Sweden. 

The average salary for 2017 (most recent numbers available) was 31 600 SEK.  

 

Figure 15. Illustrates the process of finding the average salary for concrete workers 

on (Centralbyrån, u.d.).  
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Figure 16. The data that was used for calculating the costs for company/year. 

 

Figure 17. Illustrates the process of finding the total cost for the employers in 

Sweden beyond the salary cost (Verksamt, 2019) (Verksamt.se, a cooperation 

project by Swedish authorities for entrepreneurship) 

The calculation is made on the average salary for an employee’s age of 30 years old 

and with the tax-laws applied on the date of 1st March 2019. The total cost for an 

employee with a salary of 31 600 SEK/month is 535 350 SEK/year. 

The average salary for concrete workers is 31 600 SEK/month (Figure 15). This gives 

the company a cost of 535 350 SEK/year (Figure 17). This give a cost of:  
535 350

12
=

44 613 𝑆𝐸𝐾/𝑚𝑜𝑛𝑡ℎ. A month consists of 172h which gives a cost of: 
44 613

172
=

259 𝑆𝑒𝑘/ℎ (Centralbyrån, u.d.). This calculation is made without consideration of sick 

leave, vacation and other legally right reason to not go to work. The cost/h is 

therefore a little bit higher for the company in real life.  



44 
 

9.2.4 Forms cost 

The rent costs of the forms are divided into two separate cost. One standard cost and 

one cost that is dependent on for how long the forms are on rent.  

9.2.4.1 DUO 

The total rent cost is 35 364 + 31 572 = 66 936 𝑆𝐸𝐾 

 

Figure 18. The rent cost for Duo based on the time that the material is rented. 
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Figure 19. The rent cost for Duo based on the standard cost for renting material. 

9.2.4.2 TRIO 

The rent cost is 28 754 + 29 041 = 57 795 𝑆𝐸𝐾 
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Figure 20. The rent cost for Trio based on the time that the material is rented. 
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Figure 21. The rent cost for Trio based on the standard cost for renting material.  
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9.3 Form information  

9.3.1 Duo 

 

Figure 22. Information of the Area and weights for Duo of the material needed for 

the construction. 

9.3.2 Trio 
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Figure 23. Information of the Area and weights for Trio of the material needed for 

the construction. 

9.4 Interviews 

9.4.1 Sales Manager PERI 

1. If we start with the sustainability perspective regarding environment, work 

environment and financial. How would you say that contractors rank these 

while deciding what kind of form that they will use? 

- Of course, it´s the cost! When it comes to us suppliers, the cost is the absolute 

most important factor.  

2. What kind of project is there where both Duo and Trio can be used? 

- It can be simple retaining walls or smaller houses. We have made a basement 

in a larger construction when there was a lack of larger cranes. There is a 

possibility to build with both but if a crane is available in a larger construction, 

Trio is the obvious choice. 

3. We have received standard times for how long it takes to assemble Trio, do you 

have anything similar with duo? 

- Sadly, no since it is such a new product, this has not been developed yet. I wish 

we had it, but we know that it goes fast to assemble Duo as well. Duo is mostly 

competing on the market with conventual formworks and we know that it is 

faster in comparison with that. 

4. How does transportations costs differ from ware house to construction site 

between the forms? 

- There are no differences at all in that aspect. 

9.4.2 Designer manager PERI 

1. You have seen our fictitious project, a house 2.7m high, 13.2x15.6x2 in 
circumference with two walls in the building. Is this a suitable construction to 
make an equal comparison for both the forms?  

- Yes, I think so. I believe it will be a fair comparison.   
2. In what manner is concrete structures manufactured in Sweden as of today?  
- It is way too expensive to have people building forms on site. You either use 

pre-manufactured walls ore you rent forms from us or from our main 
competitor.   Even though renting from us is not cheap, it is still cheaper than 
paying labor   to build onsite. Time is the most valuable asset in the 
construction industry.   

3. TRIO is in need of crane while with DUO it is optional. It seems that there is a 
crane in many construction sites regardless of which form is used. How come?  

- Cranes are used to so much more than just lifting the forms in place. The 
cranes are used by everyone regardless of there is a crane or not. If there is a 
crane onsite many choose to lift DUO with crane as well.   

4. Is there any difference in making the blueprints for the different forms?  
- No, it is as time consuming to make blueprint to both forms.   
5. Are there anything else that cancel each other out?   
- Putting reinforcement in place, making space for windows and doors will look 

the same in both project and will take the same amount of time...    
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9.4.3 Environmental manager PERI 

1. We are missing data about how the forms are taken care of after 

consumptions, is it something that you have information about? 

- The Duo forms are made in plastic and is recyclable to 100%. When we junk 

these here in Halmstad, we take it to “Stena recycling” and they take care of it. 

It´s the same thing with Trio, when it is worn out and starting to rust, we send 

it to the metal recycling at this company. Even when it is worn out, there is 

plenty of steel who hasn´t rusted and this is being recycled. The same goes for 

the plywood. All plywood that we are replacing here is being recycled at Stena 

and goes to chipping or heat recovery.  

2. If there is a construction that can choose between Duo and Trio, what is the 

differences with transportations? 

- Above all, Duo is lighter which gives a smaller loading on the trucks which 

affects the fuel consumption. Duo is assembled by hand, so there is no crane 

that are releasing carbon emissions on the site as well.  

3. Do Peri manufacture Duo in their own factories? 

- Yes, it was from the beginning an Italian company who manufactured these 

forms. Peri choose to buy this company, but the manufacturing is still made in 

Italy. Even if it is not developed by Peri, it is now a Peri product. The Trio is 

manufactured in Weißenhorn in Germany.  

4. Do you have any data on what Duo consists of more than it is a composite 

polytech material? 

- No, I don´t have any molecule formula if that´s what you wonder. It is a 

composite material with plastic-like properties. 

5. IS there any kind of lifecycle analysis made on Duo and Trio? 

- No, that doesn´t exist, neither here in Sweden or in the factories 

9.4.4 Survey contractors 

The Survey made with contractors was made to get an idea of how they value the 

different criterions when deciding about how to manage their constructions site. In 

the questions 1-5, the contractors were asked to value each criterion in a scale of 1-10. 

On the 6th question, a yes or no answer was asked for. 

1. How important is the total cost? 

2. Work environment, how important is it to reduce noise?  

3. Environment, how important is it to use environmentally friendly construction 

materials? 

4. Environment, how important is it to reduce carbon dioxide emissions? 

5. Work environment, how important is it to avoid heavy lifting for the workers? 

6. Do you avoid using crane on the construction site due to safety? (Yes/No) 
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Figure 24. Survey answers of question 1. 

 

Figure 25. Survey answers of question 2. 
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Figure 26. Survey answers of question 3. 

 

Figure 27. Survey answers of question 4. 
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Figure 28. Survey answers of question 5. 

 

Figure 29. Survey answers of question 6. 

 

9.4.5 Interviews of the workers 

The tables underneath is a summarization of what the workers answered from the 

interviews. The first 4 answers are from the workers that had only experience with 

TRIO. The questions were asked as: 

1. How many years of experience do you have in the construction sector? 

2. How many years of experience do you have in working with formworks? 

3. How do you feel about heavy lifting while working with TRIO? 

4. How do you feel about the safety on the construction site while working with a 

crane nearby? 

5. How do you feel about the noise level while working with TRIO? 

6. If you want to add something about work environment and safety, feel free to 

do so. 
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3. It has happened that I have been lifting TRIO pieces of 60-70 kg because of the 

crane worker has been booked for too little time. 

4. There is always a risk for injuries when a crane is lifting heavy elements, 

especially when it is windy. We have stopped the process many times due to an 

injury almost occurred due to wind. The work should be stopped before an 

injury almost occurs.  

5. I always wear ear protection. It might be a problem when I need to talk in the 

radio with the crane operator. At that time, I must remove my protection and if 

my partner hit the form lock at that time it might injure my hearings. I don´t 

think that is a big problem if you are aware of it. 

W2 

1. 10 years 

2. Couple of years 

3. Sometimes, I have been pushing the forms in the right position instead of 

asking the crane operator to lift it up, so it is easier to handle. Due to stress 

and lack of time.  

4. The wind can make it dangerous. It is important to stop the action in time 

before it gets risky. 

5. The noises can be unpleasant but are no problem if ear protection is used in a 
correct way. 

W7 

1. 27 years 

2. 10 years 

3. I have carried pieces of 60 kg because the crane was used by someone else than 

us because of stress. 

4. I trust PERI that they take care of the material they send out. I am aware that 

chains can brake while lifting heavy elements. 
5. It is not a problem, I always use hearing protection.  

W8 

1. 29 years 

2. 29 years 

3. I have pushed big forms because the crane operator is bad at communication, 

it is easier to do it myself because of stress. 

4. To have a great communication with the crane operator, especially if it is 

windy. It is both responsibilities to take a break if it is windy.  

5. I almost always use hearing protection. If I don’t I am aware that there are 

loud sounds coming.  

The questions underneath was asked for the workers who had experience in working 
with both DUO and TRIO. The questions asked were: 

1. How many years of experience do you have in the construction sector? 
2. How many years of experience do you have in working with formworks? 
3. How do you feel about the differences in heavy lifting with the different forms? 
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4. How do you feel about the safety on the construction site while working with a 

crane nearby? 

5. How do you feel about the noise level and the difference between the different 

forms? 

6. If you got to choose one form to work with in regards of work environment, 

which would you rather have and why? 

7. How much time would you say that DUO takes to assemble compared to 

TRIO? 

8. If you want to add something about work environment and safety, feel free to 

do so. 

W3 

1. 20 years 

2. 15 years 

3. There is not a lot of lifting with the body while using a crane. However, there 

are still some pushing needed to get the form in the right position. I would say 

that DUO is worse when we must lift it during a whole day.  

4. Lifting with machines are always a risk. Especially the lifting connection must 

be safe. TRIO is good in this way since it has special holes to connect the lifting 

device with.  

5. It is comfortable working with DUO since it is so quiet but there is no problem 

with TRIO when ear protection is used. It is good however that the 

surrounding doesn´t get disturbed with loud noises. 

6. I rather have noises then lifting with my body. Since you need to carry the 

DUO forms, I prefer TRIO. 

7. TRIO is faster than DUO in the assembling but mostly while moving between 

phases since you can move the assembled TRIO form. Maybe three times as 

fast. 

8. I can´t see that we could use DUO in our projects since they are too large, so it 

is hard to compare. DUO might be good to use on smaller things though. 

W4  

1. 14 years 

2. 14 years 

3. When there is a crane available, you don´t have to lift very much with your 

own body. If there is a large construction, TRIO might be easier since the crane 

lift for you. 

4. If it gets windy or dark in the winter which interrupts the vision.  

5. The noises are no problems for me. You wear ear protections and get quite 

used to high noises on a construction site. 

6. Heavy lifting is worse than noises, so I would say that I rather work with TRIO. 

7. DUO takes more time, maybe at least twice as much. 

8. I think that crane is comfortable to have on the site. Rather than lifting by 

yourself. 

W5 
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1. 17 years 

2. 3 years 

3. I would say that DUO is worse. With TRIO, you have to carry some formlocks 

and such things but with DUO, you carry everything, all the time.  

4. You need to be more aware when there is a crane nearby. If the lifting 

connection is made correctly, I see no problems.  

5. The noises are being tough when you are exposed to them all day. The DUO is 

wonderful in this aspect, especially on a site where we are alone. Otherwise 

there are loud noises anyway. 

6. TRIO has the most advantages. If you, hurt your back while lifting, that is far 

worse than hurt your hearing in my point of view.  

7. No opinion 

8. The TRIO is far easier to move since you don’t have to disassemble it. The 
DUO also has a lot more formties which takes time.  

W6 

1. 9 years 

2. 3 years 

3. A form of DUO only weighs 25 kg but when carrying those for 30 times a day, 

it still gets tough. The TRIO is easier since the crane carry most for you. 

4. You must be observant with a crane on the site. The chains can always break, 

and you must never stand underneath the aggregate that is being lifted.  

5. The noises get rough after some time. If working with TRIO, we should be 

connected through radio in our ear protections so that we don´t need to take 

them off to communicate. Duo is way better to work in in that perspective. 

6. I think that DUO is perfect for smaller project where you don´t need to pile the 

forms. In anything higher than that, I would prefer TRIO any day. DUO could 

be good while constructing vaults. 

7. As soon as you must pile the DUO forms, I would say that it takes at least twice 

as much time. The forms also needed to be calibrated. 

8. The ear protection should be supplemented with microphone for 

communication.  

W9 

1. 20 years  

2. Used both formworks occasionally  

3. I think that would be Duo, since we used the crane with Trio. I experienced 

Trio to be more stressful where you can´t work at your own speed but have to 

keep up with the crane operator.  

4. It is always stressful with a crane. As I mentioned earlier, I don´t like to work 

at sites with a crane.   

5. Duo is amazingly quiet. It is fantastic to work with. Trio is way too noisy and 

loud.  

6. Duo, it is easy to handle, and the weight makes it easy to assemble!  

7. We assembled our construction for two days (A pool). I don´t know how much 

time Trio would take but it would have gone faster.   
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8. I have only positive things to say about Duo. It is easy to assemble and very 

quiet.   

W10 

Worker number 10 had only experience in Duo but not with Trio. However, he 

thought that Duo was very good to work with since it was so quiet. He had no opinion 

in any other question. 

 

9.4.6 Interview with local sales manager at PERI 

1.Is there any numbers or standard times for how long time it takes to assemble TRIO 

and DUO. 

- There are standard times for how long it takes to assemble TRIO. When the height 

is 2.7 m as in your case it is estimated to 0.215h/m2 to mount the TRIO form for each 

phase. When it comes to DUO it is more difficult. There has not been, as far as I know 

any test to see how fast it is to be assembled. But I estimate it to take about three 

times longer. Since it is needed to be disassembled in pieces and then moved and 

then assembled again in the next phase. This is where TRIO takes the lead, the crane 

moves almost your first phase in one take.    
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9.5 Test of sound level 
 

 

Figure 30. Illustrates the result of the decibel-test of the noise made from TRIO.  
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