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Abstract  
This thesis is the final component of the Master of Science degree within Industrial design engineering 

at Luleå University of Technology. The purpose of the project was to analyze an issue and developing 

a conceptual solution based on scientific knowledge within the field. The project was carried out at 

SmålandsVillan's production facility in Sundsvall which produces module bungalows and 

condominiums. The objective of the project was to define and analyze why the company struggled with 

sick leaves among the operators and the aim was to develop a solution to ease the strained work situation. 

When the project was initiated in January, the given issues were that two workstations, floor and middle 

joist system, had high sick leave due to physically demanding work and that they had been struggling 

with backlogs in the previous fall. The mapping of the current state started with a wide scanning of 

empirical data of sick leaves but also incidents and accidents for all teams at the facility. The data 

showed that the two workstations had higher sick leave than most of the other teams, thus the project 

carried out a more thorough mapping on these workstations. The focused mapping was carried out in 

two steps: First by observing ergonomic postures and analyzing with a modified version of the Ovako 

Working Posture Analyzing System (OWAS), and secondly by interviewing the operators to map their 

mental work situation. When the mappings were put together and analyzed, it was clear that the cause 

of the issues at floor joist system was a conflict between the operators and managers rather than 

physically demanding work. The facility had expanded its production in the fall and in that process, 

floor joist system lost stock areas, fell behind in the production pace, and got in a conflict with the 

managers. Because of the layout issues, the project focus was widened to map the current layout as well. 

At middle joist system, the found issues were static kneeling postures and carrying heavy loads.  

The ideation phase of the project was carried out in two parallel paths: One to develop a new layout at 

floor joist system, and the other to develop ergonomic equipment for middle joist system. The operators 

were highly involved in the process to define what issues to solve and find suitable solutions. A total of 

five concepts were obtained, two ergonomic solutions and three layouts. By a joint specification of 

requirements, one of the layout concepts was chosen for further development. The final development of 

the concept contained detailed solutions at several areas related to the workstation. In the current layout, 

the operators were forced to walk in the forklift aisles to get materials. This issue was not eliminated 

but reduced in the final concept development: By placing heavy materials closer to the worktables, the 

operators did not have to carry loads as far, thus the risk of musculoskeletal disorders was decreased. 

The accident risk when operators walk in the forklift aisles was also reduced because both distances and 

number of walks were decreased. In addition to the layout, ergonomic equipment of a pushcart and 

height adjustable table were also evaluated to further ease the strain on the bodies when handling heavy 

loads. 

Due to lack of time, it was not possible to calculate the optimal stock sizes. Therefore, the 

recommendation to SmålandsVillan is to first calculate material needs and thereafter implement the 

detailed areas one by one, and finally implement ergonomic equipment.  
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Sammanfattning 
Denna rapport är det sista momentet i utbildningen Civilingenjör inom Teknisk Design med inriktning 

mot produktionsdesign vid Luleå Tekniska Universitet. Avsikten med projektet var att analysera ett 

problem och ta fram en konceptuell lösning baserat på vetenskap inom ämnet. Projektet genomfördes 

vid SmålandsVillans produktionsenhet i Sundsvall, vilka producerar modulhus och bostadsrätter. Syftet 

med projektet var att hitta och analysera orsakerna till varför företaget hade problem med sjukfrånvaro 

bland operatörerna och målet med projektet var att ta fram en lösning för att underlätta arbetssituationen. 

När projektet startade i januari var given fakta att vid två arbetsstationer, golv- och mellanbjälk, var 

sjukfrånvaro vanligt förekommande, arbetet var fysiskt krävande och under hösten hade det varit 

problem med släpande produktion. Kartläggningen av den nuvarande situationen började med en bred 

scanning där empiriska data över sjukfrånvaro, tillbud och olyckor jämfördes mellan alla arbetslag på 

fabriken. Sammanställningen visade att det var högre sjukfrånvaro vid de två arbetsstationerna än vid 

de flesta andra stationerna och därför fokuserades den detaljerade nulägesanalysen på dessa två. Den 

djupgående nulägesanalysen genomfördes i två steg: Först observerades belastningsergonomi genom en 

modifierad version av Ovako Working Posture Analyzing System (OWAS) och därefter intervjuades 

operatörerna för att kartlägga den mentala arbetssituationen. När den fysiska och mentala kartläggningen 

sammanställdes visade det sig att orsaken bakom problemen vid golvbjälk snarare var en konflikt mellan 

arbetslaget och cheferna under hösten än det fysiska arbetet. Fabriken hade expanderat produktionen 

under hösten och därmed förlorade golvbälk lagerytor, kom efter i produktionstakten och hamnade i en 

konflikt med cheferna. På grund av layoutproblemen breddades projektets fokus för att kartlägga den 

nuvarande layouten. Vid mellanbjälk var problemen att många moment tvingade operatörerna att stå på 

knä och att bära tunga laster.  

Idégenereringsfasen genomfördes i två parallella spår: Den ena för att ta fram layoutkoncept för 

golvbjälk och den andra för ergonomiska hjälpmedel för mellanbjälk. Operatörerna var engagerade i 

processen för att hitta vilka problem som fanns och vilka lösningar som skulle passa. Totalt togs fem 

koncept fram, två ergonomiska hjälpmedel och tre layouter. Genom en gemensam kravspecifikation 

valdes en av layouterna för vidare utveckling. Den fortsatta utvecklingen av konceptet innefattade 

detaljerade lösningar för flera områden som var relevanta för arbetsstationen. I den nuvarande layouten 

var operatörerna tvungna att gå i truckgångarna för att hämta material. Detta problem eliminerades inte 

men minskades i det slutgiltiga konceptet. Genom att placera tunga material nära arbetsborden behövde 

inte operatörerna bära lasterna lika långt och därmed minskade riskerna för belastningsskador. 

Olycksrisken när operatörer går i truckgångarna minskades också eftersom både sträcka och antalet 

vändor de gick i gångarna minskade. Layoutförändringen kompletterades med ergonomiska hjälpmedel, 

i form av en magasinskärra och ett höj- och sänkbart bord för att ytterligare minska den fysiska 

belastningen. 

På grund av tidsbrist var det inte möjligt att optimera hur mycket material som behövdes vid stationen. 

Därför är rekommendationen till SmålandsVillan att först beräkna materialbehov och därefter 

implementera de detaljerade områdena ett i taget och slutligen de ergonomiska hjälpmedlen.  
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1  Introduction  
This project was the final component of the Master of Science degree within Industrial design 

engineering at Luleå University of Technology. The purpose of the project was to manage and carry out 

a project within the field by using knowledge from previous courses to analyze an issue and develop a 

conceptual solution. The investigated issue was a high number of sick leave among operators at 

SmålandsVillan’s production plant in Sundsvall. The aim was to develop a solution together with an 

implementation plan to eliminate or decrease the sick leave at one or a few workstations. When the 

project started, it was not decided if the solution would be an updated workstation, a new way of 

working, or a change on an organizational level. This chapter introduces the project by describing its 

purpose and stakeholders, together with objective and aim, but also limitations.  

1.1  BACKGROUND 

SmålandsVillan is a part of OBOS group and 

produces module bungalows. Their business 

approach is to deliver “much house for the 

money” which means that they deliver houses 

with high quality at a low cost. To keep the cost 

low they have 19 standardized house models 

and the interior design is limited to a few 

choices (SmålandsVillan, 2017).  

The production facility in Sundsvall was 

founded in 2006 with the purpose to deliver 

houses to the northern regions of Sweden. In 

2009, the economic crisis stroke and the orders 

went down. Since SmålandsVillan recently had 

invested in the plant, they chose to keep the 

production going at a low pace. Before the 

crisis, they had almost a hundred operators and 

after the downsizing, there were only 13 left. In 

2013, the demands increased and the production 

expanded. Now they produce 10 modules per 

week (which is about 4 bungalows) and the 

number of operators has increased to a hundred 

and counting. In 2016, they introduced a new 

production line called “Start Living” where they 

produce condominiums. The new production 

line was placed in the production storage area, 

and the production storage was moved to 

Söråker, about 30 km away from the facility. In 

the expansions, there were disturbances with 

the coordination of materials which caused 

heavy backlogs. To get the production back on 

track, the managers’ focus was to meet the order 

requests and keeping the throughput time low. 

Because of the focus on the production flow, the 

operators’ work situation got neglected with the 

consequence of high sick leave. This project 

aims to analyze the source of the issues in the 

work environment and find a solution to 

improve the work conditions for two 

workstations where the sick leave frequency 

was high.  

1.2  STAKEHOLDERS 

The primary stakeholders are the operators at 

the workstations the project focused on since 

their work situation will be evaluated and 

improved. Operators at other stations and 

managers are also affected since the reduced 

sick leaves will stabilize the production 

conditions and consequently, the production 

flow. SmålandsVillan’s building sites will have 

more reliable construction plans when the 

number and delay of backlogs are reduced. A 

secondary stakeholder is SmålandsVillan’s 

production plant in Vrigstad since they might 

have similar issues.  

1.3  OBJECTIVE AND AIM 

The objective is to define and analyze why sick 

leaves are common among operators in the 

production. The aim is to develop a solution to 

ease the strained work situation and 

consequently eliminate or decrease the number 

and lengths of the sick leaves. What the solution 

will be depends on the underlying factors, it 

could be an organizational change or a new way 

of working for a specific workstation.  

The number of sick leaves was a consequence 

of several problems at the site. A stated fact 

before the project started was that the work was 

physically demanding. The purpose of the 

research questions was to investigate if the 

physical demands were the reason behind the 

sick leaves, or if there were other underlying 



 
2 

factors. The research questions were the 

following: 

i. Which are the common musculoskeletal 

issues at the workstations?  

• What is causing the musculoskeletal 

issues? 

• What are the operators and managers 

attitude to sick leave and 

musculoskeletal disorders? 

• What are the routines when operators 

are absent from work? 

 

ii. Are there any other reasons for the high sick 

leave statistics? 

• For which reasons are operators absent 

from work?  

• Are absences more common in any 

certain groups? 

• How often and for how long are 

operators absent from work? 

1.4 PROJECT SCOPE  

The project focused on two teams with similar 

tasks and issues in the production. The other 

teams were only included in the wide scanning 

to compare sick leave statistics between the 

teams. A few operators in other teams were 

involved in the development phase since their 

work was affected in the final concept solution. 

The final concept was not planned to be 

implemented in this project due to lack of time. 

Instead, the project resulted in an 

implementation plan that SmålandsVillan could 

use if they wanted to implement the concept.  

Tasks and material flow were included in the 

project with the foundation of ergonomics, but 

production efficiency in task order, techniques, 

or stock sizes were excluded due to lack of time. 

The production flow was excluded since the 

major issues already had been solved in the 

expansion phase. The production of roof 

cassettes was also excluded since the 

production of these was isolated from the rest of 

the production.  

1.5  THESIS OUTLINE 

The thesis is structured in chronological order 

as the project was performed. Chapter 2 

presents the theoretical framework the project 

relies on. This chapter starts with a general 

presentation of the subject, followed by more 

detailed knowledge in specific areas. Chapter 3 

presents the course of action of the project. 

Every phase is described with its purpose, what 

methods were used and how they were 

practiced in the project. The chapter ends with 

a discussion of how the methods were used to 

reflect about the reliability of the results. 

Chapter 4 to 6 present the results of the project. 

First, the current state is described, followed by 

concept development and last is the 

implementation plan. Chapter 7 discusses the 

results of the project by analyzing the result 

with the theoretical foundation. The relevance 

of the result is also discussed with a focus on 

the company, SmålandsVillan in Sundsvall, but 

also with a wider perspective. The discussion 

ends with a critical reflection of the result, how 

the choice of actions affected the outcome. 

Chapter 8 presents the conclusions from the 

project based on objective, aim, and research 

questions stated in chapter 1. The 9th chapter 

presents recommendations to the company of 

how they should proceed to implement the 

concept. After the numbered chapters, works 

cited and appendices presented.  
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2 Theoretical framework 
This chapter presents the foundation of scientific knowledge as the project relies on. The purpose of the 

scientific groundwork is to obtain reliable analyzes and conclusions and thereby also a trustworthy 

outcome of the project. To achieve a decent foundation, the knowledge was collected from scientific 

articles and specialist literature within relevant areas. Since the thesis was the final component to a 

degree within industrial design engineering, the theoretical framework starts with a general presentation 

of the field, followed by detailed knowledge within specific areas which were relevant to the project.  

2.1  INDUSTRIAL DESIGN 
ENGINEERING 

Industrial design engineering is a broad 

discipline with a focus to develop workplaces 

and products to fit human needs. The field 

includes subjects as psychosocial and 

organizational work environments, as well as 

physical needs and limitations, along with 

interactions between humans and technical 

systems (Bohgard, et al., 2010). Because of the 

broad nature of the area, the theoretical 

framework in this thesis is limited to a general 

presentation of production development, 

followed by knowledge specifically relevant to 

the project. First is a presentation of the 

organizational philosophy Lean production, 

followed by hazards in industrial environments. 

Thereafter is an occupational focus of physical 

and psychosocial work environment, and the 

chapter ends with knowledge regarding user 

involvement in development processes.  

2.2 PRODUCTION DEVELOPMENT 

Bellgran and Säfsten (2010) described 

“production development” as an extensive term, 

which includes creating new production 

systems and refining existing ones as well as 

developing production ability. Developing 

production systems is a continuous process 

since the conditions on the market are 

constantly changing. Customers demand high 

quality, low prices, and deliveries to be on time. 

Additionally, new products are expected to be 

presented continuously. It is necessary to 

develop the production system to cope with 

these demands and to retain market share 

(Bellgran & Säfsten, 2010). SmålandsVillan is 

no exception; by placing a production plant in 

Sundsvall they managed to deliver bungalows 

to northern Sweden and the facility have been 

expanding and increasing the production 

volume as the demands have varied over the 

years. By adding a second production line they 

offered the customers alternative living 

solutions, and the company entered a broader 

market. The second production line has a longer 

production forecast which makes the facility not 

as sensitive to high land low seasons.  

2.2.1 Competitive factors 

Bellgran and Säfsten (2010) wrote that 

competitive factors are commonly used to 

describe companies’ objectives, performance 

measures, or competitive priorities. Four 

important factors are cost, quality, flexibility, 

and deliverability. These factors determine 

which company will get the order, depending on 

which factors the customer value the most. Cost 

refers to keeping the price low on the products; 

to be cost efficient. The quality factor is the 

ability to meet customer expectations and 

needs; it can either be striving to deliver as high 

quality as possible or only meeting basic 

requirements. Flexibility is the production’s 

ability to adopt changes in production. There 

are several ways to be flexible, for example, 

production volume, number of products, or 

ability to customize products. Deliverability can 

mean the ability to deliver fast or reliability, 

which refers to delivering on a planned 

schedule (Bellgran & Säfsten, 2010). 

SmålandsVillan uses competitive factors in 

their business approach to reach customers who 

value low cost and high quality. To meet these 

demands, the company chose to limit the 

flexibility to 19 house standardized models and 

limited alternatives of interior design. In an 

open interview with the production manager, it 

was stated that deliverability also is important 

since many actors are involved when a house is 

delivered, such as transporters, crane drivers, 

and construction workers.  
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2.3 LEAN PRODUCTION 

SmålandsVillan uses Lean production and 

therefore the principles and core values 

described below was considered throughout the 

project, especially when choosing methods, 

analyzing results, and evaluating concepts.  

In the 1980’s, Toyota got the world’s attention 

since their cars had better quality than 

American brand’s (Liker, 2004). Their 

engineering and manufacturing techniques 

stood out and the product was a car with high 

quality at a fair price and at the same time 

Toyota was more profitable than their 

competitors. The Toyota production system, 

also called “Lean production” was spread and 

industries all over the world embraced Toyota’s 

philosophy and techniques. According to 

Bellgran and Säfsten (2010), Lean production is 

often associated with world-class production. 

The core of Lean production is to acquire a 

system to make the work easy for the employees 

(Liker, 2004). Lean production is depending on 

the people, it is a culture and a mindset among 

the employees.  

Liker (2004) stated four categories of principles 

which shall be executed to obtain a Lean 

production. The first category is long-term 

philosophy, which means that decisions shall be 

made to gain long-term benefits even if it will 

postpone or strike down short-term financial 

goals. The second category is that the right 

process will produce the right parts. In practice, 

this means that the production process shall 

have a continuous flow of material, parts, and 

information to avoid waiting, along with using 

a pull-system to avoid over-production. 

Likewise, engaging the employees is crucial to 

improve processes and routines to even out the 

production flow and obtain a culture of fixing 

errors and problems to improve quality. The 

third category is developing employees and 

partners to add value to the organization. To 

obtain a long-lasting culture, all employees 

shall know the company’s core values and 

beliefs and work together in teams towards 

defined goals. The culture is extended outside 

the company itself; partners and suppliers shall 

be considered a part of the culture and be treated 

as an extension of the company. Helping 

partners improve their businesses shows their 

value to the company and promotes long-term 

collaborations. The fourth category is obtaining 

a learning organization by continuously finding 

the source of errors and issues. When a situation 

occurs, the Lean philosophy encourages 

involved employees to have a close look at the 

issue to fully understand the problem. 

Additionally, the philosophy promotes slow 

decision making and evaluating all alternatives 

together, but when the decision is made, the 

implementation shall be rapid. Continuous 

improvements and reflection over previous 

decisions are necessary to obtain a learning 

organization (Liker, 2004). 

A core value of Lean production is to eliminate 

everything that does not add value to the 

products (Bellgran & Säfsten, 2010; Mann, 

2010). Value-adding actions are tasks which 

transform materials into finished products. 

Examples of value-adding actions in 

manufacturing are processing and assembling 

and other productive actions. Non-value-adding 

actions are considered wastes. The major 

wastes in manufacturing are overproduction, 

waiting, transportation, over-processing, 

inventory, motion, and defects. Liker (2004) 

added another waste: Unused employee 

creativity. He meant that a company who does 

not listen to the employees would lose ideas, 

skills, and opportunities to learn from each 

other and improve the production system. 

2.3.1 Lean tools 

In addition to the categories of principles, there 

are also tools which characterize Lean 

production. In an article review Shahir Yahya, 

Mohammad, Omar, and Ferdin Ramly (2016) 

listed over 50 Lean tools widely used around the 

world. They concluded that the amount and 

selection of the most used tools variated 

between countries. Out of the defined tools, 11 

were used or planned to be implemented at 

SmålandsVillan: 

• 5S – The tool is a wide concept with the 

purpose to get the workplace structured 

and clean (Liker, 2004). The term stands 

for five actions: Sorting material and 

equipment to get rid of everything that is 

not necessary; Straightening the stock to 

have a specific place to store every item; 

Shine refers to cleaning the workplace 

and machines along with controlling to 
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find potential quality errors; 

Standardizing actions and routines to 

maintain the previously mentioned 

actions; and Sustaining is an action of 

discipline to retain the structured 

workplace obtained by the other actions. 

• Cellular manufacturing – A production cell 

consists of people, machines, or 

workstations. They are placed closely to 

each other to form a sequence of 

processing. The advantage of this 

arrangement is to obtain a one-piece-

flow, where the part travels from one 

station to the next without waiting for 

batches or transportation (Liker, 2004). 

• Kaizen (Continuous improvements) – The 

core of Kaizen is learning by continuous 

improvements (Liker, 2004). Mistakes 

and errors are considered to be 

opportunities to learn and develop the 

production and organization.  

• Heijunka (level out the workload) – When 

building to order, the workload can vary 

a lot depending on when orders are 

placed. To even out the workload, 

companies place the customers in a 

queue and extending the delivery time 

(Liker, 2004).  

• Just-in-time (JIT) – Delivering parts at the 

very moment they are needed at the 

station is called JIT. The delivery system 

is used for raw material to the 

workstations as well as within the 

production system, also called 

continuous flows (Bellgran & Säfsten, 

2010).  

• Takt time – Lean production systems are 

designed to produce at a defined pace. 

The takt time is how long time the 

operators have to finish a job before it is 

moved to the next station. The rate is 

based on customer demands of how 

many products shall be finished and the 

available work hours in a period (Mann, 

2010).  

• Autonomous work groups – The level of 

autonomy is how much influence and 

control the teams have on their work 

situation (Bellgran & Säfsten, 2010).  

• Benchmarking – A research method used in 

development processes to get knowledge 

in how others have solved similar issues. 

A benchmarking can be carried out at a 

company with similar production system 

or products to learn from their 

experiences (Bellgran & Säfsten, 2010).  

• Continuous flows – To obtain a continuous 

production flow, the variation of 

products needs to be limited. The 

products are continuously moved from 

one station to the next, as described at 

takt time above (Bellgran & Säfsten, 

2010).  

• Job rotation – Rotating operators between 

tasks gain several benefits: Ergonomic 

stress can be decreased which reduces the 

risk of musculoskeletal injuries, and 

operators learn many tasks which make 

the production less sensitive to sick leave 

and other work absences (Mann, 2010).  

• Visual control – The benefit of visual 

control is that it is easy to receive 

information. A visual tool in 

manufacturing can be used to show 

where items belong, status of a work in 

process, or other measurements (Liker, 

2004).  

2.4 HAZARDS IN INDUSTRIAL 
ENVIRONMENTS 

The production area at SmålandsVillan was 

relatively small and contained a lot of materials. 

Potential hazards related to this issue is 

described in this section. First, risks with 

forklifts and pedestrian workers is presented, 

followed by emergency planning with focus on 

workplace design.  

2.4.1 Forklifts and pedestrian workers 

Forklifts are used in industries to handle 

materials and provide many benefits: They are 

flexible, increase productivity, and reduce the 

manual handling of materials. But in addition to 

these benefits, forklifts are also involved in 

many incidents and accidents (Collins, Smith, 

Baker, Landsittel, & Warner, 1999a). A forklift 

is designed to move freely and at the same time 

being rigid and heavy enough to handle heavy 

loads, but these characteristics are also the 

reason behind inherent hazards, especially 

towards pedestrian workers (Horberry, Larsson, 

Johnston, & Lambert, 2004; Collins, Smith, 

Baker, Landsittel, & Warner, 1999a; Collins, 

Smith, Baker, & Warner, 1999b). The forklift’s 

speed is commonly a reason behind accidents 
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where pedestrians are involved, and the injuries 

are often severe. A common accident is when a 

pedestrian walks out to the aisle and is hit by a 

forklift. These accidents are especially common 

where large materials or machines are placed 

adjacent to the corridor, since both the 

pedestrian and forklift are hidden from each 

other. Another common accident is when a 

forklift strikes a material which in turn pinches 

an employee (Collins, Smith, Baker, Landsittel, 

& Warner, 1999a; Collins, Smith, Baker, & 

Warner, 1999b). Actions to prevent this kind of 

accidents are more education to the forklift 

drivers since most of the accidents occur when 

the driver has limited experience (Collins, 

Smith, Baker, & Warner, 1999b), but only 

education and training is not enough to prevent 

accidents (Horberry, Larsson, Johnston, & 

Lambert, 2004). Additional actions to prevent 

accidents are installing dome mirrors where the 

sight is limited; separating pedestrians and 

forklifts by installing physical barriers, defining 

separate aisles for forklifts and pedestrians; 

examining workstations to determine if there 

are any materials or interiors that could become 

a pinch point for operators if struck by a forklift; 

and install audible and visual safety signals on 

the forklifts to make it easier for the pedestrians 

to observe when a forklift is nearby (Collins, 

Smith, Baker, Landsittel, & Warner, 1999a; 

Collins, Smith, Baker, & Warner, 1999b). The 

Swedish Work Environment Authority stated in 

its provisions for workplace design that when 

hazards cannot be avoided, warning signs shall 

be used to clearly mark areas where a risk is 

heightened (Swedish Work Environment 

Authority, 2017).  

2.4.2 Emergency planning 

In the Swedish Work Environment Authority’s 

provisions for workplace design, it is stated that 

all emergency gates and doors shall be easily 

accessible and free from obstacles. The gates 

and doors shall be clearly marked with signs 

and other guiding marks. When planning a 

workplace design, it is important to consider the 

consequences of a fire or other danger that 

occurs in an unfavorable area in concern of 

evacuation (Swedish Work Environment 

Authority, 2017).  

2.5  ERGONOMICS 

As described in section 2.2, developing existing 

and new systems is a continuous process and 

essential for companies’ survival on the market. 

All systems interact with humans in some way 

and hence ergonomics is a key factor to succeed 

with improvements (Bohgard, et al., 2010). At 

SmålandsVillan, the system development in the 

expansions focused on production flows, and 

development focusing on ergonomics had not 

been carried out yet. 

Ergonomics is a wide field, even though it is 

mostly associated with physical conditions, it 

also includes cognitive and organizational 

ergonomics. These areas deal with how the 

human perceives and process information, and 

how the job is designed (Long, 2014). When the 

discipline is applied to work, it deals with how 

the job affect humans’ physical and mental 

health by studying people’s capacities and 

capabilities in certain work situations (The 

Eastman Kodak Company, 2007). The studies 

are the foundation when designing workplaces 

and equipment to fit human needs. Investigated 

topics are physiological responses to physically 

demanding work, as well as environmental 

conditions such as heat, noise, and visual 

conditions, among other things. By designing 

the work after human abilities and needs, 

companies gain benefits such as improved 

productivity, health, and satisfied employees 

(The Eastman Kodak Company, 2007).  

2.5.1 Physically demanding work 

When the project started, the given facts were 

that musculoskeletal injuries were common and 

led to sick leave among operators at two 

workstations. The work was physically 

demanding and consisted of manual handling 

tasks. Mathiassen, Munck-Ulfsfält, Nilsson, 

and Thornblad (2007) wrote that manual 

handling work demands the body to repletely 

use much muscular force in short periods. 

Manual handling tasks are often demanding for 

back, arms, and legs, but also for the lower arms 

when handheld tools are used. In heavy tasks, 

several muscles are activated to stabilize the 

body. For instance, several muscles in the 

shoulder are activated when the hand is 

performing heavy or detailed tasks. The needed 

force from each muscle depends on three 
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factors; load weight, how far from the body it 

is, and how fast the movement is. Besides, the 

body posture affects the needed force to retain 

the body in balance, a forward leaned posture is 

often more demanding for the back than 

standing upright (Mathiassen, Munck-Ulfsfält, 

Nilsson, & Thornblad, 2007).  

Depending on the tasks a person performs, the 

muscles are either relaxed, in dynamic motion, 

or holding static postures (Kroemer & 

Grandjean, 1997). Dynamic motion is when the 

muscle alternates between contractions and 

extensions, and static postures are when the 

muscle is remaining a contraction for a period. 

The main difference in dynamic and static 

efforts is the blood supply. The authors 

described the difference as following: 

During a strong static effort the blood 

vessels are compressed by the internal 

pressure of the muscle tissue so that blood 

no longer flows through the muscle. 

During dynamic effort, on the other hand, 

as when walking, the muscle acts as a 

pump in the blood system: compression 

squeezes blood out of the muscle and 

subsequent relaxation releases a fresh flow 

of blood into it. 

(Kroemer & Grandjean, 1997, p. 7) 

Hence a muscle in dynamic motion is 

constantly provided with new blood, which is a 

source of sugar and oxygen but also removes 

waste products. Contrariwise, muscles in static 

postures are not provided with energy which 

demands the muscle to rely on its own reserves, 

and waste products are amassed within the 

muscle which causes acute pain of muscular 

fatigue. Many tasks are both static and dynamic 

thus there is no definite line between the 

conditions. A task is considered to be static if a 

muscle is remained contracted with a high force 

for at least ten seconds, a moderate force for one 

minute, or minor force for at least five minutes. 

Minor force is defined as one-third of maximum 

force. There are many tasks within production 

work which include static postures, such as 

bending the back, holding tools, pushing or 

pulling objects, and raising shoulders for long 

periods (Kroemer & Grandjean, 1997).  

2.5.2 Work-related injuries 

Manual handling work can lead to different 

kinds of injuries. The Eastman Kodak Company 

(2007) listed four common musculoskeletal 

overexertion injuries. The first was muscle 

overexertion injury which appears when a 

person uses more force than the body can 

handle. The reason behind this issue is that the 

task is not adapted to the person who works 

there and causes fatigue to the active muscles, 

either by lifting too heavy loads or holding 

static postures for a long period. The second 

injury was muscle overuse, which appears when 

the body performs tasks it is not used to do. This 

is common when people start a new job and to 

avoid these injuries The Eastman Kodak 

company recommends to plan a break-in pattern 

to slowly increase the exposure to the body over 

a week or two. The third injury was 

inflammatory response to a sustained or 

repetitive load, which is caused by static or 

repetitive work with moderately heavy loads for 

a long period. Some people seem to be more 

vulnerable to these injuries than others which 

could be explained by personal risk factors, or 

psychosocial issues. The fourth injury was 

musculoskeletal disorders which can be 

chronical issues and are often caused by 

entrapped nerves such as carpal tunnel 

syndrome, rotator cuff syndrome, or tennis 

elbow. Inflamed bursae in shoulders and knees, 

as well as disc degeneration in the neck and 

back, are also common injuries. The injuries are 

caused by muscle fatigue or strain (The 

Eastman Kodak Company, 2007).  

Kroemer and Grandjean (2009), wrote that 

overexertion injuries are common in the lower 

back, but stated that the source of the injuries is 

wear on the back, and particularly the lumbar 

intervertebral discs, rather than high force in the 

muscles. Further, they wrote that these injuries 

are common when handling loads and people 

with physically demanding work are more 

exposed to these injuries than the average 

population. Intervertebral discs are found 

between the vertebraes in the spine and aim to 

make the spine flexible and absorb shocks from 

movements such as running and jumping. The 

discs are constantly loaded with pressure from 

holding the body upright and when the person 

holds a load, the pressure on the discs increase. 

Aditionally, the pressure increases if the back is 
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bent because the force is applied asymmetrical 

to the discs, and the risk of injuries is 

heightened. Nachemson and Elfström (1970) 

studied how the pressure on the discs vary when 

lifting loads with different body postures. They 

measured the pressure on the disc between the 

third and fourth lumbar vertebrae. The result 

showed that standing upright implied a pressure 

of 860 N, and standing upright while holding a 

load of 20 kg increased the pressure to 1,220 N. 

The pressure was heightened to 2,100 N when 

the person was holding the load while bending 

the knees and keeping the back straight. The 

highest pressure was found when the person 

held the load with straight legs and back bent, 

where the pressure was 3,270 N. Hence keeping 

the back in a straight posture is essential to 

avoid injuries (Kroemer & Grandjean, 1997).  

2.5.3 Manual lifts 

The distance between a load and the body is the 

major factor of how heavy loads a person can 

carry without risk for injuries as illustrated in 

Figure 1 (The Eastman Kodak Company, 2007). 

The horizontal distance is measured from the 

lower spine to the hands and the length is 

essential for how heavy loads one can hold. The 

height of a lift determines which muscles are 

used to hold the load. The legs, arms, and trunk 

are large muscle groups and can be used for lifts 

close to the body and below the waist. Lifts 

above the shoulders demand upper body 

strength, which is in average 45-50 % of the leg 

strength hence the acceptable weight is lower 

for these lifts.  

 

In addition to horizontal and vertical distances, 

asymmetrical movements are also affecting the 

acceptable weight. Especially harmful 

movements include rotations in the spine. The 

risk for injuries increases with the degree of 

rotation in the spine (The Eastman Kodak 

Company, 2007; Pheasant, 1996). As described 

in section 2.5.2, the lumbar spine is exposed and 

vulnerable to injuries when the trunk is loaded 

with external weight, and the risk of injuries is 

further heightened in asymmetrical loads.  

2.5.4 Visual ergonomics 

Visual ergonomics deals with both physical and 

cognitive ergonomics (Long & Long, 2012). 

The core of the area is what a person can see in 

relation to the task’s demands (Long & Ritcher, 

2014). If the visual conditions are poor, the 

person can adopt awkward postures to be able 

to perform the task. The consequence can be 

physical pain, commonly in neck, shoulders, 

and eyes. Kroemer and Grandjean (1997) wrote 

that the conditions affect the visual capacities to 

see clearly and visual capacities are measured 

with three factors: Visual acuity, contrast 

sensitivity, and speed of perception. Visual 

acuity is the ability to spot small objects and 

details. The acuity decreases if the conditions 

are poor and the ability decreases also with 

aging. Contrast sensitivity is the ability to 

distinguish small differences in luminance; the 

ability to detect small differences in grades of 

shading and nuances in brightness, which are 

Figure 1: Lifting conditions based on height and distance 
from the body. Illustration inspired by United states 

department of labour (2017) and Pheasant (1996) 
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clues for the perception of shapes and forms. 

Contrast sensitivity is greater for large areas 

than small, and if the areas have sharp 

boundaries. The authors guessed that contrast 

sensitivity is more important than acuity for 

many jobs. The speed of perception is the time 

it takes from an appearance of an object to when 

the brain is conscious of the appearance. The 

speed of appearance is shortened with increased 

lighting and higher luminance contrast between 

the object and its surroundings, thus visual 

acuity, contrast sensitivity, lighting, and speed 

of perception are closely related (Kroemer & 

Grandjean, 1997).  

2.6 ORGANIZATIONAL AND WORK 
PSYCHOLOGY 

An organization is structured through authority 

to define who shall do a certain task, make 

decisions, and how information shall be shared 

among employees, but the structure also defines 

work groups and who the formal leaders are 

(Rothmann & Cooper, 2008). When the project 

started, the psychosocial work environment at 

SmålandsVillan was unknown. Their 

production is organized by groups and since the 

project focused on two of these groups, this 

chapter is concentrated to individual values and 

group behavior.  

Rothmann and Cooper (2008) wrote that a 

person’s values are the personal beliefs of how 

to act or not to act. The values are the 

foundation of an individual’s attitudes and 

preferences, but also goals or states to strive for. 

An organization does also have values, 

commonly known as organizational culture, and 

forms a social environment. Employees which 

share their personal values with the 

organization are more productive and satisfied. 

Contrariwise, values which are incompatible 

with the organization’s values cause conflicts, 

frustration, and nonproductivity. Values shall 

not be equated to attitudes even though they are 

related. Values are solid beliefs which affect the 

person’s overall behavior of situations, while 

attitudes are the person’s response towards 

specific objects, persons, or situations. In a 

group, all members have their own beliefs and 

attitudes. If the members have resembling 

values, the group is more likely to work 

efficiently. If the members do not share values 

the risk of conflicts increases within the group, 

but these groups also are more willing to learn 

and change. Regardless of whether the 

members share values or not, groups have 

norms the members shall follow. A norm is a 

behavior a member is expected to follow and 

evolves from the members shared values; if 

there is a diversity in an issue it will not evolve 

to a norm. Another effect of groups is cohesion, 

which is the members’ ability to stay together. 

Groups with high cohesion communicate more, 

have higher morale, and therefore more 

productive than groups with low cohesion. 

Members in high cohesion groups are more 

willing to help each other and pay attention to 

problems. In low cohesion groups, the members 

are withdrawn; they are quiet, bored, and idle. 

They only do the work they must, and nothing 

more (Rothmann & Cooper, 2008).  

2.7 USER INVOLVEMENT 

The project of this thesis focused on the 

operators’ work environment thus they would 

be highly affected by the outcome of the project. 

Involving skilled and experienced operators 

accesses higher knowledge of the current 

situation, but provides also relevant feedback in 

the development process (Strambi, et al., 2012). 

In addition to gathering knowledge to the 

development process, involving the users is also 

beneficial in the implementation process 

because it can provide higher user satisfaction. 

In a research article, Amoako-Gyampah and 

White (1993) stated that involving the users in 

the development process significantly increased 

user satisfaction, but it was not only the 

participation itself that affected the satisfaction: 

The operators’ perception of how their opinions 

were valued played an important role. If the 

operators had doubts regarding their influence, 

the satisfaction decreased.  
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3 Course of action 
This chapter presents how the project was executed. First, the project process and planning is described, 

followed by how the literature review was carried out to obtain the theoretical foundation. Thereafter, 

the project’s phases are presented, describing how methods were chosen and applied in the project. The 

chapter end with a discussion of the methods’ strengths and weaknesses and how they affected the 

course and outcome of the project. 

3.1 PROCESS 

The project was managed with a method called 

Project spiral, an iterative method to obtain a 

truthful representation of the situation within a 

short period (Karlsson, Osvalder, Rose, Eklund, 

& Odenrick, 2010). The project spiral is based 

on a project circle, where the phases are 

visualized as slices in a circle (Figure 2). The 

circle is run multiple times and between each 

lap, the focus is put to the next phase each time.  

 

The method is iterative which means that the 

phases can be repeated. One phase is in focus, 

but the previous phase is still active to make it 

possible to go back and refine the work. 

Similarly, the next phase is active to make sure 

that the result of the current phase will be useful 

when the project proceeds to the next phase 

(Karlsson, Osvalder, Rose, Eklund, & 

Odenrick, 2010).  

The project spiral was chosen because of the 

nature of the project. The project focus was to 

be defined in the middle of the process and 

therefore it was necessary to make sure that 

each phase had a solid groundwork for the next 

phase to rely on. If something had to be added 

to a previous phase it was possible to go back 

and complement the work.  

The project focused on the operators’ work 

environment thus they were involved in all 

phases of the project. By involving skilled and 

experienced operators, a higher knowledge of 

the current situation can be obtained, but 

operators can also provide relevant feedback in 

the development process (Strambi, et al., 2012). 

In addition to gathering knowledge to the 

development process, involving the users is also 

beneficial in the implementation process 

because it can provide higher user satisfaction. 

In a research article, Amoako-Gyampah and 

White (1993) stated that involving the users in 

the development process significantly increased 

user satisfaction, but it was not only the 

participation itself that affected the satisfaction: 

The operators’ perception of how their opinions 

were valued played an important role. If the 

operators had doubts regarding their influence, 

the satisfaction decreased.  

3.2 PROJECT PLANNING 

During the first week of the project, a project 

plan was formed. The purpose of the plan was 

to define objective and aim along with research 

questions for the project, but also task 

descriptions and goals for each phase, among 

other things. A Gantt scheme was created to 

visualize when and for how long each phase 

was planned (Appendix I). Scheduled 

deadlines, such as presentations and 

submissions, together with public holidays were 

also included to visualize how much time was 

disposable overall. A detailed plan was written 

in the end of each week. The plan stated the 

tasks to perform the following week and 

deviations from the previous plan.  

Parallelly with writing the project plan, a brief 

current state scanning was carried out of 

Figure 2: Illustration of the project spiral, inspired by 
Karlsson, Osvalder, Rose, Eklund, and Odenrick (2010) 
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SmålandsVillan’s business approach and the 

production plant’s history. The purpose of the 

scanning was to get a hint of the company’s core 

values and why the issues have appeared.  

3.3 LITERATURE REVIEW 

The purpose of the literature review was to 

establish a scientific foundation for the project. 

All decisions and conclusions were based on the 

knowledge presented in the theoretical 

framework to obtain a reliable outcome. To 

ensure the gathered knowledge would present a 

trustworthy presentation of the fields, several 

sources were used with different perspectives in 

the matters. The sources were peer-reviewed 

and specialist literature. The peer-reviewed 

literature was found at the well-established 

search engines Scopus, IOS Press, and Luleå 

University of Technology’s own search engine 

PRIMO. Common search words and phrases 

were “musculoskeletal disorders”, “sick leave”, 

“lean”, and “layout development”. Specialist 

literature were found at the university libraries 

of Sundsvall and Luleå.  

The literature review was carried out 

simultaneously as the other phases of the 

project to ensure the work had support in the 

scientific foundation. The search focused on 

topical fields as the project progressed to find 

relevant literature and the work could easily be 

adjusted to the knowledge.  

3.4 MAPPING OF THE CURRENT 
STATE 

When the project started, the facts given from 

the production manager was that the production 

plant had issues with physically demanding 

work that lead to sick leave among the operators 

at workstations; floor and middle joist system. 

The purpose of the current state phase was to 

investigate if the physically demanding work 

was causing the sick leave, or if there were any 

other reasons behind the issues. The following 

sections present how the mapping was executed 

from a wide scanning of all teams to a narrow 

focus on floor and middle joist system teams.  

3.4.1 Empirical data 

Data collection was made as a wide screening 

of the complete production at the facility to 

compare the statistics of floor and middle joist 

system to the other stations. Data of sick leave 

statistics were given from OBOS Group’s 

human resources department and data regarding 

the number of operators per team were given 

from the production manager at the facility in 

Sundsvall. The information was merged to find 

statistics between sick leave and different 

groups of operators, such as gender, age, and 

teams. Data about incidents and accidents were 

collected from OBOS Group database. 

Reported incidents and accidents were counted 

for each production team as far as possible. A 

few reports did not declare at which station a 

situation occurred. These cases were collected 

as not defined categories. Statistics of sick 

leave, incidents, and accidents were based on 

the year of 2016.  

3.4.2 Ergonomics 

The workstations in focus were observed 

several times to gather needed information and 

obtain a truthful perception of the situation. As 

described in the theoretical framework, 

musculoskeletal injuries can occur in several 

circumstances. Therefore, it was important to 

choose a proper ergonomic analyze method to 

find the potential risks. Brief observations 

together with open interviews with operators 

were carried out to get a hint of how the 

workstations were structured and how the tasks 

were performed to choose a method to analyze 

the ergonomics at the stations.  In the initial 

observations and interviews, kneeling and static 

postures were mentioned as issues hence it was 

necessary to choose a method which included 

these postures. Since the scanning was wide, it 

was also necessary to take work environment 

into account and it was preferred if the analysis 

would not be too time-consuming. The 

considered methods were Rapid Entire Body 

Assessment (REBA) because it was a rapid 

method and included the whole body (Cornell 

University Ergonomics, 2017); Risk 

Assessment and Management tool for manual 

handling Proactively (RAMP II) which aimed 

to give a thorough analysis of ergonomics and 

other work-related risk factors (Kungliga 

Tekniska Högskolan, 2017); and Ovako  
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Working Posture Analyzing System (OWAS) 

because it analyzed the whole body and the 

result was presented as a risk grading (Nevada-

Puranen, 1995). The methods’ strengths and 

weaknesses with regard to the project’s needs 

are visualized in Table 1. 

Table 1: Ergonomic analysis methods 

 REBA RAMP II  OWAS 

Kneeling 

postures 

Not 

considered 

Not 

considered 
Included 

Static 

postures 

Not 

considered 
Included Included 

Work 

environment 

Not 

considered 
Included 

Not 

considered 

Analyzing 

time 
Rapid 

Time 

consuming 

Relatively 

rapid 

Comparable 

results 
Easy Difficult 

Relatively 

easy 

Since kneeling was a common posture, it was 

necessary to use a method which took this 

posture into account in the analysis, or the result 

would be misguiding. Therefore, OWAS was 

chosen to be the ergonomic analysis method. 

Since the method did not include work 

environment, the information would need to be 

gathered through interviews.  

The OWAS method divides the body postures 

into four categories; back, arms, legs, and 

carried load (Nevada-Puranen, 1995). Each 

category has gradings of how much impact the 

posture has on the musculoskeletal system 

(Table 2). The work is observed through filming 

or photographing in sequence. Body postures 

are analyzed at defined time lapses and each 

posture is given a four-figure code to describe 

the posture. The postures are summarized by 

percentage of total work and are divided into 

four action categories to evaluate the urgency of 

redesigning the work.  

Table 2: OWAS grading of body postures 

Category Gradings of postures 

Back 

1. Straight 

2. Bent 

3. Twisted 

4. Bent and twisted 

Arms 

1. Both arms below shoulder level 

2. One arm at or above shoulder level 

3. Both arms at or above shoulder level 

Legs 

1. Sitting 

2. Standing on two straight legs 

3.Standing on one straight leg 

4.Standing or squatting on two bent legs 

5. Standing or squatting on one bent leg 

6. Kneeling 

7. Walking 

Carried 

load 

1. Less than 10 kg 

2. Between 10-20 kg 

3. Greater than 20 kg 

According to the open interviews, operators 

helped each other when it was needed and 

consequently, the tasks could vary from day to 

day. To make a realistic ergonomic analysis the 

OWAS method had to be modified to fit these 

variations. Instead of showing the posture’s 

percentage of the day to calculate the need for 

further investigation, the method in this project 

showed the actual time the operator was 

standing in a posture when building one 

module. If operators helped each other in a task, 

the time of each operator was added up to show 

how long time it would take for one operator to 

finish the task.  

The observations were performed at one table at 

the time. The postures were documented with a 

camera on a stative, placed at the short side of 

the table to view as much of the table as 

possible. When operators were working at the 

opposite side of the table, the camera was 

zoomed to the operator. Apart from that, the 

camera was not moved. Before the camera was 

rigged, the operators were asked if they allowed 

being studied, and after the filming, they were 

asked if the work had been carried out as normal 

or if anything was different.  

3.4.3 Work environment 

Interviews and informal discussions with 

managers and operators are methods used to 

understand a situation in its content; managers 

can provide a wide perspective and the 

operators add detailed knowledge to the 

analysis. Besides, engaging the operators and 

requesting their input in the analysis phase can 

improve their acceptance to changes in the daily 

work (Grant, 2012). Based on this knowledge, 

both operators and managers were interviewed 

in the project. A thorough scanning of the 

operators work situation was carried out first, 

followed by interviews with the managers 

focusing on specific areas.  
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The mapping of the operators’ mental work 

situation was carried out by surveys and 

interviews. The surveys were given to the 

operators in the beginning of the interviews to 

make it easy for the operators to add comments 

or ask if there were any questions to the survey. 

The purpose of combining surveys and 

interviews was to minimize the time the 

operator was away from work, but also to make 

the analyzing effective. In the surveys, rapid 

grading opinions in specific areas were gathered 

such as how the visual conditions were at the 

station and if the operator had influence in 

several matters. The interview questions were 

based on issues observed in the objective 

mapping, mentioned issues in the open 

interviews together with the scientific 

foundation and a checklist of ergonomics by the 

Swedish work environment authority. The 

questions concerned the operators’ knowledge 

about Lean production along with their attitude 

towards ergonomics, security equipment, and 

sick leave but also thoughts about the 

psychosocial work environment and relations 

within the group and towards managers. The 

questions were open to give the operators the 

opportunity to answer freely but several help-

words were prepared to guide or help the 

operators to think of relevant matters. The 

complete interview template is found in 

Appendix II. The interviews were combined 

with tools to visualize physical and mental 

stress. A body map was used to show where the 

bodies were sore and a demand-control chart to 

show mental stress.  

Karasek (1979) developed a stress-management 

tool called “the job strain model” to estimate 

mental strain among employees. The model was 

developed to measure work environment based 

on two core factors; job demands on the worker 

and freedom of action to meet these demands. 

The term “demands” includes several stressing 

factors for the person, such as workload 

demands. “Control” refers to the level of 

discretion to handle the demands. These terms 

together show the level of mental strain, which 

is divided into four categories (Figure 3).  

 

Karasek tested the model on data collected from 

national surveys of workers in the United States 

and Sweden. The authors concluded that the 

model predicted significant variations in mental 

strain even though the model had limitations; 

nor individual perceptions of mental strain 

neither social relations within teams and 

organization were considered, and the relation 

between the level of discretion and job strain 

was not distinguished. Another study was made 

to test the reliability of the job strain model 

(Barbosa de Aguiar, de Jesus Mendes da 

Fonseca, & Goncalves Valente, 2010). They 

study was carried through as a test-retest over a 

period of seven to 15 days. The participants 

were 52 restaurant employees of three 

restaurants. The study showed that the freedom 

of action was inconsistent, but apart from that, 

the model was reliable with good stability.  

The interviews were carried out within two 

days, one day per team. The operators were 

interviewed one at the time. The operators 

answered most of the questions and a few times 

operators brought up issues which were not 

asked but relevant for current state mapping. 

These comments were documented as 

additional comments in the interview 

summaries. The demand-control charts were 

merged for each team but difficult to interpret. 

No one of the operators was familiar with the 

chart and they had never thought about what 

demands and control they had. As the authors of 

the mental strain studies mentioned, the 

“control” term was interpreted in many ways, 

but so was also “demand”. The operators 

interpret the task differently and the merged 

chart showed spread answers. Both “demand” 

and “control” was counted as unreliable and 

therefore, the demand-control chart is not 

Figure 3: Demand-control chart of the job strain model. 
Illustration inspired by Karasek (1979) 
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presented in the results.  

When the interviews were analyzed, two 

managers were interviewed; the production 

manager for the facility and the production 

maintenance manager who was responsible for 

the Lean implementation. Questions to the 

managers were based on the operators’ answers 

to get their view of specific areas, but also 

overall opinions on other matters such as 

musculoskeletal disorders and sick leave. 

3.4.4 Analysis of results and reworking the 
time schedule 

When the current state was analyzed, other 

reasons for sick leave than ergonomics were 

found. The teams had different needs of areas to 

develop; floor joist system needed a new layout 

and middle joist system needed ergonomic 

equipment. The remaining time of the project 

was not enough to develop a solution for each 

team and for that reason, the project had to 

focus on one of the issues. A plan to define 

project focus was obtained; a specification of 

requirements would be defined and concepts for 

both issues would be compared to the 

requirements in order to choose one concept for 

further development. To make layout concepts, 

the current state phase had to be repeated to map 

the current layout of the station. The Gantt 

schedule was reworked to repeat the phase 

(Appendix V).  

3.4.5 Mapping the current layout 

SmålandsVillan had a drawing of the complete 

factory, but there was a lack of details at floor 

joist system workstation; it only included walls, 

tables, and a few stocks. In order to have a 

complete layout of the area, the drawing was 

printed out and brought to the workstation. 

Together with a measuring tape, the missing 

stocks, work tables, and other parts were filled 

in. Open interviews with the operators were 

held to make sure no details were left out. The 

operators showed which stocks belonged to the 

station since not all were placed adjacent to the 

workstation. The complete layout of the station 

was built in a 3D-modeling program to make 

sure all parts had right dimensions. All areas 

were color coded to mark what the station 

contained and to visualize where the limitations 

were. In the project planning, other teams at the 

facility were excluded in this project. Because 

of that, the other workstations’ stock areas were 

considered locked. When the layout was 

modeled, the operators showed what stock 

belonged to which table to visualize material 

flows. 

3.5 BENCHMARKING 

The purpose of a benchmarking is to see how 

others have solved similar issues, take part of 

their experiences to avoid making the same 

mistakes, but also to get inspiration of how a 

solution can be formed (Magrab, Gupta, 

McCluskey, & Sandborn, 2010). In this project, 

the benchmarking was carried out at Start 

Living’s joist system workstation. The 

workstation was chosen because it was newly 

implemented and had come further in the 

implementation of Lean. Since it was a new 

line, it was assumed to have more suitable 

solutions for their layout. Before the 

benchmarking, the production manager was 

interviewed of how the implementation of the 

line was carried out to find possible strengths 

and weaknesses in the layout to get useful 

results of the benchmarking. The benchmarking 

was carried out by a guided tour with the team 

leader. She explained how the workstation was 

structured, how they worked with developing 

the area and their challenges.  

Online benchmarks were also carried out to find 

other stock solutions than they already had at 

floor and Start Living joist system workstations. 

The benchmarks were carried out through 

Google search engine and examples of used 

search words are “manufacturing stock 

solutions” and “manufacturing pallet stock”. 

3.6 IDEATION 

The ideation phase was the bridge between the 

current state phase and the outcome of the 

project. As described in the theoretical 

framework, development projects which 

include the users in the development process 

result in higher user satisfaction hence the 

operators were highly involved in this phase. To 

engage the operators in the process, the phase 

started with brainstorming sessions. The 

method was suitable because it gathered all 
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operators’ thoughts at the same time. Kelley, 

Littman, and Peters (2001) described 

brainstorming as a playful tool and a method to 

be taken seriously and often practiced in groups 

to collectively produce a wide range of ideas. 

Further, the authors stated rules and tools that 

shall be applied to obtain a succeeded session, 

such as avoiding criticism and debating to 

prevent inhabitation of ideas, defining a focus 

to generate ideas around, and document all 

ideas to make the participants inspired and build 

on each other’s ideas.  

The teams’ different needs of development 

were considered in the ideation phase; a 

brainstorming session was carried out with each 

team and focused on their respective issues. The 

operators had never or rarely participated in a 

brainstorming session, which made the 

planning critical for the outcome. The 

brainstorm sessions were planned with warm-

up exercises found at TED talks, where Tim 

Brown (2017) carried out exercises with the 

audience. In the first exercise, the audience was 

given pieces of paper with circles on and were 

asked to make drawings of the circles. This was 

a rapid exercise and the purpose was to make 

drawings of as many circles as possible within 

a minute. Tim Brown’s speech also inspired to 

the second exercise in the brainstorm session, 

but this exercise was not performed in the 

speech. The exercise is called “What can I do 

with this?” and the participants were asked to 

come up with ideas of alternative applications 

of an existing thing within a short period. This 

was an exercise to open the mind to see things 

in a new way. The third and final exercise was 

also found at Tim Brown’s speech; the 

participants were asked to make drawings of 

each other within 30 seconds. The purpose of 

this exercise was to empathize that the 

importance was not to have good ideas or being 

an artist but to express enough details to make 

the others understand and not judge each other. 

The brainstorms were planned with defined 

issues and suggestions of ideas based the 

current state analysis to help the operators to 

come up with new ideas.  

When the first exercise was presented to the 

operators they tried to do the task but struggled 

to come up with ideas to draw in the circles. 

They mostly used the circles as frames and not 

as a part of the drawings. Since they had a hard 

time coming up with ideas, the second exercise 

was estimated to be too hard since it demanded 

the mind to be able to transform an existing 

thing into something new. Therefore, the 

second exercise was not performed. The third 

exercise turned out well even though some 

participants hesitated in the beginning. In Tim 

Brown’s speech, he said that people excuse 

themselves when they showed their drawings, 

but the operators did not. There were laughter 

and no judgments. In the beginning of the 

brainstorm sessions, the operators were given 

inspirational tools to help them come up with 

ideas. The floor joist system team was given 

sheets of paper to draw ideas and layouts 

without area limitations and later they were 

given a plain layout of their work area and cut-

outs of their stocks to move around within the 

area. The middle joist system team was given 

example-ideas of how their issues could be 

solved or eased.  

After the sessions, a systematic layout planning 

was carried out to visualize which equipment 

and stocks should be placed closest to each 

other and the tables. The operators were not 

included in this action, their needs were 

discussed in the brainstorms and open 

interviews.  

The ideas from the brainstormings and the 

systematic layout planning were merged to 

several concepts. The concepts were presented 

to the operators for feedback and to make sure 

that there were no requirements or advantages 

in the current situation they did not mention in 

the brainstormings.  

The production manager was also included in 

the ideation phase through an open interview. 

The purpose was to get an insight of the 

managers’ long-term plans for the workstation 

and economic constraints. In the interview, it 

was agreed that if the project would focus on a 

layout solution it would result in a short-term 

and a long-term solution, where the short-term 

solution would be a layout where the service 

staff mounted sewage and the long term where 

sewage was delivered as complete assemblies.  
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3.7 CONCEPT EVALUATION 

The purpose of the specification of 

requirements was to define the requirements 

which the concepts was supposed to fulfill and 

to grade the importance for each requirement. 

The competitive factors and ergonomics 

described in the theoretical framework were the 

foundation when the requirements were 

established. The requirements concerning 

economics were graded by the production 

manager and the operators graded the 

requirements regarding ergonomics and 

usability.  

The concepts were graded to each requirement 

to visualize the concepts’ strengths and 

weaknesses. The concepts were given scores by 

multiplying the requirement grades to the 

corresponding fulfillment grades and the scores 

were given by summing up the products of the 

multiplications. The gradings spanned over 

five-level scales and each level was explained 

with words to make the evaluation equal to all 

concepts. The implementation cost was graded 

on a three-level scale because it was difficult to 

estimate a total cost in the early stage of the 

concepts, but also because the production 

manager graded the cost as “no importance” as 

the variation between the concepts was 

tolerably low. A few requirements concerned 

either layout or ergonomics, which complicated 

the comparison between all concepts. To make 

a reliable comparison the total scores were also 

presented as percentage of theoretical 

maximum. A greenfield concept was also 

presented to show what the layout could look 

like if the building’s limitations were 

disregarded.  

The concepts’ characteristics were analyzed 

with the theoretical framework and together 

with thoughts from the operators and the team 

leader one of the concepts was chosen for 

further development.  

3.8 FINAL CONCEPT DEVELOPMENT 

The purpose of the final concept development 

phase was to obtain a detailed layout concept of 

a long-term solution. The major difference 

between the current state and the long-term 

solution was the stock at the upper wall since 

the sewage stock would be shrunken when the 

sewages would be delivered as assemblies, but 

the areas behind the forklift aisle were 

developed as well. The utilization of all these 

areas together could ease the work for the 

operators by making the distances of carrying 

heavy load shorter. There were four areas where 

the utilization was investigated and one 

additional area where extra space could be 

accessible. The areas were investigated at the 

same time, but focusing on one at the time. All 

areas were approached in the same way: First, 

the current area was investigated based on its 

size and what materials was stored there. 

Secondly, desired materials to store in the area 

was defined. The third step was online 

benchmarks to find other solutions to use in the 

area to fit the materials. The fourth step was to 

develop solutions based on the findings and 

discuss the alternatives with the operators. The 

fifth step was to choose a solution for the area.  

The first investigated area was at the upper wall. 

The sewage was planned to be delivered as 

assemblies hence the component stock would 

be otiose. The operators estimated that the 

sewage stock could be cut to half its size, and to 

obtain a reliable layout plan, the true sewage 

stock area was evaluated. By interviewing the 

operators how they stored today, it was possible 

to define the strengths and weaknesses of the 

current solution. A second benchmarking was 

carried out at Start Living to analyze their 

sewage stock solution and an online research 

was carried out to find alternative solutions.  

The second area was merely investigated; it was 

at the left wall, an area where most of the 

materials were not allowed to be stored since it 

blocked a switchboard. However, the material 

needs were investigated to be moved to another 

area.  

The third investigated area was behind the 

forklift aisle where the mounting line stored 

parquet floors. In the brainstorm session, one 

idea was to store the parquet floors on pallet 

racking and use the space underneath for stock 

to floor joist system. To know if this was a 

feasible solution, the idea was presented to the 

team leader at the mounting line to discuss their 

needs and limitations. To discover if it was 

possible to store materials under the line’s 

stocks, an online benchmarking was carried out 
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with the concern of material dimensions to find 

available storage solutions. The benchmarking 

solutions were not optimizing the area thus a 

specially designed solution was also 

investigated through contacting suppliers 

asking if it was possible to manufacture a 

customized solution and what it would cost. The 

conclusion of the investigation was that the area 

was not usable, thus the remaining areas had to 

be utilized to their fullest.  

The last area to investigate was the current aisle 

area, which was close to the tables. There were 

several needs to fulfill and compromise 

between in the development of this area: 

Desired materials to store in the area were both 

the current materials and the materials in front 

of the switchboard but it was not possible to 

store all these materials in the area thus the 

heaviest materials were prioritized. The 

materials were manually handled by the 

operators and therefore, the materials had to be 

placed where they could reach them and the 

heavy materials at comfortable heights. The 

area solutions were presented to the operators 

for feedback.  

When the areas were developed, additional 

ergonomic equipment was investigated as well. 

In the development process, ideas for 

equipment came up and these were investigated 

last. The ideas were investments rather than 

developing new equipment, thus the 

investigations were carried out through online 

benchmarks.  

3.9 IMPLEMENTATION PLAN 

Since implementation was not planned to be 

carried out within the time limit of the project, 

an implementation plan was stated. It described 

in which order the areas should be 

implemented, based on the knowledge in the 

theoretical framework. The implementation 

plan also included estimated implementation 

cost. It was not possible to declare if the concept 

would affect the production efficiency and 

therefore it was not possible to calculate a time 

of which the investment would have repaid 

itself. Therefore, only an implementation cost 

was presented. The costs for each part were 

found at online benchmarks of Swedish sites to 

avoid tax fees and other additional costs. The 

prize for a custom ordered pallet racking was 

not available online thus a pallet racking 

producer was contacted for an estimated cost.  

3.10 METHOD DISCUSSION 

The iterative project management method, the 

project spiral, was well suited for this project. 

Several times it was necessary to go back to the 

current state phase and gather more 

information, which is encouraged to do with 

this method. Since the background information 

was limited when the project started and the 

outcome was not stated, it was necessary to start 

with a wide scanning and after the first 

conclusions, narrowing down the focus several 

times until the final concept was developed. The 

outcome of the project would have been more 

complete if the ergonomic analysis also had 

been carried out a second time with a focus on 

layout and carrying loads, but due to the limited 

time, this was not possible. If this was 

performed, it would have been possible to 

define how much the concept would ease the 

strain on the operators’ bodies, and it would 

have been easier to motivate why 

SmålandsVillan should invest in the solution. 

However, to cover up for this information loss, 

the operators were highly involved in the 

process since they have the most knowledge of 

the work situation.  

The sick leave analysis, as well as incidents and 

accidents, were based on data given from the 

company. The reliability of the incidents and 

accidents is difficult to know, if any data is 

incomplete is difficult to discover. The quality 

manager encouraged the operators to report all 

incidents and accidents, but it is difficult to 

estimate the number of non-reported cases. The 

sick leave data was also incomplete, the data did 

not show what caused the sick leaves. In the 

interviews with the operators, it was mentioned 

that it was common that new operators at their 

stations often got sick because of the 

environment before they got used to it, which 

could have been one reason behind the high sick 

leave. It is possible that other conclusions 

would have been made if the data was complete.  

When the OWAS method was modified, the 

method’s way to define risks and need of 

redesigning the workstation was lost. But as 
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motivated in section 3.4.2, it was more suited to 

the situation since the work could vary from day 

to day, which the method did not consider. To 

make a proper OWAS analysis, the work would 

need to be studied for a long period to find 

common work patterns that the operators did 

not describe and based on that the risks of 

injuries would be estimated. This was not 

possible to do in the project because the 

ergonomic analysis was just one part of a wide 

scanning thus the time was limited. Besides, 

together with the interviews and the statistics 

analysis, a more thorough analysis of the work 

situation was obtained than a proper OWAS 

analysis would ever achieve alone.  

The demand-control illustration was supposed 

to show if the work situation put the operators 

in a mindset where they were passive, active, 

and high or low strain. The boxes were included 

in the illustration they were given but not the 

labels, to avoid affecting the results. Some of 

the operators did not seem to understand how a 

chart works, which makes their answers not as 

reliable as the operators who understood 

because they might have marked something else 

than they wanted to express. Because of the 

unreliable result, it was not possible to make 

conclusions based on the charts and therefore 

they were not presented in the report. However, 

most of the operators were talkative in the 

interviews and through their answers, it was 

possible to make conclusions of how the 

workload affected them.  

The reason behind carrying out the 

benchmarking at the other line in the factory 

was because they had a similar production and 

dealt with similar issues. The team at Start 

Living had tried several solutions but their 

documentation was not complete. They had 

documentations of what they changed, not why 

or the outcome of the change. If this would have 

been accessible, the results of the benchmarking 

could have been more beneficial.  

The brainstorm sessions were carried out with 

both floor and middle joist system. The 

differences between the groups were clear in 

this phase: The operators at middle joist system 

came easily up with ideas and solutions to their 

issues. The operators at floor joist system, on 

the other hand, had a hard time thinking of 

solutions even when creative tools were 

presented. To cover up for the lack of ideas, 

layout concepts were based on their issues and 

presented to them for feedback. By doing so, 

they could come up with ideas and define what 

they liked or not. The managers were not 

involved in this phase because in conversations 

with them, it was clear that they were just as 

problem-oriented as the operators. If the 

operators and managers would have been more 

solution-oriented, the concepts could have 

turned out differently and the project outcome 

could have been something else. However, the 

purpose of the phase was to create ideas and 

based on the people working at the facility, it 

was necessary to adjust the phase based on the 

individuals to reach the target of the phase.  

The specification of requirements was an 

essential milestone in the project since its result 

highly affected the project’s outcome. The 

requirements were based on the theoretical 

framework and discussed with the production 

manager to validate that the requirements were 

suitable for evaluating the concepts. Nor the 

manager neither operators were involved in the 

evaluation of the concepts. It is possible that the 

outcome could have been different if they were 

involved in the act, but because of the limited 

time, they were not present. To make sure that 

the evaluation was in line with the manager’s 

and operators’ thoughts, they were involved in 

the process before. As mentioned, the 

production manager was involved in the 

specification of requirements and he was also 

asked to grade the requirements to make sure 

that the concept that would be chosen was in 

line with the priorities of the management. The 

operators were involved several times in the 

concept development, as described in the 

discussion of the ideation phase. 

The final concept development was highly 

based on the issues defined by the operators, 

team leader, and maintenance manager. As 

described in the theoretical framework, it is 

more likely that the operators will accept a 

change if they are involved in the process. 

Therefore, all their ideas were investigated to 

discuss the benefits and disadvantages of each 

idea. But as mentioned earlier in this chapter, 

the operators had a hard time coming up with 

new ideas, thus their ideas were complemented 

with benchmarks. Some areas had several 

solutions to choose between, but the evaluation 
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was not as thorough as when the concepts were 

evaluated. It is possible that if all areas would 

have been developed as thoroughly as the early 

concept development there could have been 

more innovative and effective solutions, but due 

to the limited time, this was not possible to carry 

out. To cover up for the lack of time, the online 

findings were discussed with the operators to 

get their thoughts on the alternative solutions. 

The maintenance manager was also involved to 

get feedback from multiple perspectives.  

The implementation plan was based on the 

inherent hazards in the facility’s current 

situation. The focus of the project was to 

improve the work conditions for the operators 

hence many decisions were based on 

ergonomics science. However, there were 

inherent hazards in the current layout that was 

given the highest priority in the implementation 

plan. Besides, the implementation would also 

ease the stress on the operators’ bodies thus it 

was necessary to implement the part of the 

concept.  
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4  Current state 
To make improvements of an issue it is necessary to understand the cause of the problem. To fully 

understand the reasons behind the high sick leave, a wide screening of the work situation was carried 

out together with a thorough study at the floor and middle joist system stations. This chapter presents 

results of the screening, observations, and interviews. The gathered information is summarized in an 

analysis and the chapter ends with an additional information gathering to map the layout.  

4.1 PRODUCTION FLOW AND 
ORGANIZATION STRUCTURE 

Before the issues were investigated, the 

production flows and organization structure 

were mapped. This section presents the result of 

the mapping. 

There are two production lines at the factory; 

SmålandsVillan produces bungalows and Start 

Living produce condominiums. Both lines are 

structured in the same way, illustrated in Figure 

4. To make it clear, from now on “production 

line” refers to the whole production system, 

from joists and walls to unloading and 

packaging complete modules, and “mounting 

line” refers to the part of the production where 

water, electricity, and interiors among other 

things are installed. The mounting line is split 

between two teams, which is visible in Figure 4. 

The middle joist system is the ceiling of a 

module but is called “middle” because in many 

of the house models it is possible to furnish the 

attic to a second floor, and the joist system is in 

the middle of the floors. 

A difference in production lines between 

SmålandsVillan and Start Living is how the 

joist systems are produced. At the production of 

SmålandsVillan, the floor and middle joist 

system are built on separate stations, but at Start 

Living both joist systems are built at the same 

station, which means that the team switches 

between producing floors and middles. The 

different ways of producing floor and middle 

joist systems are also viewable in Figure 5; 

SmålandsVillan's production of joist systems is 

divided into two teams but at Start Living it is 

only one team. The procedure at the raising 

stations are alike at both production lines and 

the station is the bottleneck at both production 

lines. At this station, the floor joist system, 

outer and inner wall together with middle joist 

system are assembled to a module. A bungalow 

is made of 2-4 modules and a condominium 

consists of 2-3 modules. When a module is 

assembled, it’s moved to the mounting line. The 

mounting line is divided into part one and part 

two with different teams. The final station is 

controlling and unloading the module from the 

line but also packaging to protect the module 

from the weather outside. Modules have 

ceilings but no roof, which make them 

vulnerable to bad weather. A roof is made of 

several cassettes which are also produced in the 

factory, but the production of cassettes is 

completely isolated from the other production 

lines and therefore not illustrated in Figure 4.  

Figure 4: Schematic production flow  
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The organization structure is divided by color 

into four categories in Figure 5. Management is 

gray and production teams are orange, green 

and blue. Each production team is dedicated to 

a station and therefore the teams are named after 

the station. Orange colored teams build only 

SmålandsVillan, green build Start Living, and 

blue teams work at both production lines but the 

operators are assigned to work at one of the 

lines. Operators belong to a specific team but 

every morning the team leaders distribute 

operators to where resources are needed to 

cover up for work absences and meet 

production quotas. The production leaders 

manage the production together.  

4.2 EMPIRICAL DATA 

The empirical data was collected for all teams 

at the facility but since roof cassettes were 

excluded from the project, their data is not 

presented.  

4.2.1 Sick leave 

Sick leave statistics of 2016 is based on 

operators who were employed in January 2017. 

Insourced operators and operators who quit 

their job in 2016 are excluded from the statistics 

due to limited available data. Distribution of 

sick leave hours per scheduled hours is shown 

in Table 3. The table shows the percentage of 

sick leave per scheduled work, divided into 

groups of gender and age together with the 

number of operators in respective group.  

Table 3: Sick leave percentage by gender and age 

 Women Men 

≤ 29 years 
Operators 3 34 

Sick leave (%) 4.69 4.4 

30-49 years 
Operators 4 39 

Sick leave (%) 7.0 2.5 

≥ 50 years 
Operators 0 7 

Sick leave (%) N/A 3.5 

Women in the age of 30-49 years h a higher 

quota of sick leave hours compared to the other 

groups. The lowest quota is found among men 

in the same age. Women over 50 years old is 

marked with N/A, not available, because there 

are no female operators in that age span at the 

facility.  

Sick leave for respective team is shown in Table 

4. There are two numbers in the operators’ 

column; the first is employed operators on 

which the statistics are based on, and the 

number in parenthesis shows the number of 

insourced operators to show how many 

operators are not included in the data.  

The highest percentage of sick leave per 

scheduled hours was found at floor and middle 

joist system and raising. Start Living’s joist 

system team had a low percentage, but also 

many insourced operators thus the data is 

unreliable.  

 

Figure 5: Organization structure 
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Table 4: Scheduled hours and sick leave for respective team  

 Operators 
Scheduled 

work hours 

Hours of long-

term sick leave 

Total hours 

of sick leave 

Total hours of sick 

leave per planned 

work hours 

Floor joist system 5 (+1) 6,039 0 447 7.4% 

Middle joist system 4 (+1) 5,345 0 293 5.5% 

Joist system (SL) 2 (+4) 1,356 0 15 1.1% 

Inner wall 4 (+0) 3,512 0 57 1.6% 

Outer wall 9 (+1) 16,386 0 370 2.3% 

Raising 6 (+0) 8,665 0 572 6.6% 

Start line 5 (+3) 7,390 0 273 3.7% 

Mounting line part 1 14 (+2) 18,897 0 909 4.8% 

Mounting line part 2 11 (+1) 18,429 0 938 5.1% 

Unloading line, packaging 2 (+3) 4,070 0 131 3.2% 

4.2.2 Incidents and accidents 

Operators, team leaders, and managers report 

incidents and accidents continuously as they 

occur to OBOS Group database. Additionally, 

team leaders are expected to report one 

observation a week to avoid potential incidents 

and accidents, as a part of continuous 

improvements.  

The data of incidents and accidents is divided 

into five categories: incidents, severe incidents, 

accidents, severe accidents, and Lost Time 

Accident Rate (L-TAR). Incidents and severe 

incidents are cases where the person could have 

been hurt but wasn’t. Accidents are cases where 

a person is hurt in some way. L-TAR is 

accidents with the consequence that the person 

is absent from work the day after the accident. 

L-TAR is a numerical value that OBOS Group 

is about to implement to minimize the number 

of accidents that lead to sick leave at each 

facility. The reported incidents and accidents 

from 2016 are based on both employed and 

insourced operators and are summarized in 

Figure 6.  

A few reports did not declare at which station 

the case happened and therefore three 

categories were added to cover up for 

information loss; joist system (not def.), 

mounting line (not def.), and not defined. Start 

Figure 6: Incidents and accidents per production team 
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Living’s joist system had a lower amount of 

reports than SmålandsVillan’s corresponding 

teams. This could be because Start Living’s 

production line was introduced in august, after 

the summer break and only running for the 

second half of the year.  

In an open interview the quality manager, who 

manage documentation of incidents and 

accidents, said that there are many unreported 

incidents and accidents. He said that there is a 

culture at the facility that when working in the 

industry, smaller injuries are to live with. There 

are also cases when the person has to admit he 

or she took unnecessary risks, making the 

person embarrassed and avoiding reporting. 

However, when there were accidents, the 

manager convinced people to report these issues 

as well. Simple incidents, such as tripping, was 

another example of cases who were not reported 

because the person was not hurt. Finally, he said 

that floor joist system team were good at 

reporting both incidents and accidents. 

4.3 FLOOR AND MIDDLE JOIST 
SYSTEM 

The work situations at floor and middle joist 

system were thoroughly investigated to find the 

reasons behind the high sick leave statistics. 

This section presents the physical work 

situation first, followed by the mental work 

situations. 

4.3.1 The workstations 

The workstations are presented below with a 

focus on tasks and ergonomics. Floor joist 

system station is presented first, followed by 

middle joist system station. 

The floor joist system station consists of three 

tables, illustrated in Figure 7. A summary of 

poor postures at each table is presented below 

and the complete OWAS analysis is found in 

appendix III.  

Most of the operations at table 1 took less than 

five minutes and the body postures were mostly 

standing with a bent back and arms working 

close to the body lifting a low workload. 

Operations who stood out were nailing 

blocking, sawing end particle board and 

stapling windbreak cloth while bending the 

body. When the operators nailed blockings, 

they hold the blocking with the body and bent 

over to nail it to the joist, which caused a poor 

posture. The interviews confirmed that nailing 

blocking and stapling and gluing windbreak 

cloth were the heaviest tasks (Figure 8). 

Bending on the table was heavy for the body 

and it was easier if they run to finish the task as 

fast as possible, but on the other hand, they need 

to watch out to not fall off the table. Close to the 

table, there was a door who was supposed to 

close automatically, but it did not always work 

and the air got cold in the winter. Besides that, 

the air heater at the door made the windbreak 

cloth wavy. 

 

Figure 8: Upper drawing illustrates bending on top of 
the table. Lower drawing illustrates nailing blocking 

Figure 7: Tasks for each table at floor joist system station 
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At table 2, many tasks demanded the operator 

to kneel on the joists with the back bent (Figure 

9). Most of these operations took about 10 

minutes, but a few operations took around 20 up 

to 50 minutes. At the most time-consuming 

tasks, there were two or three operators working 

together and thus the time standing in this 

posture was shortened.  

 

Mounting sewage was one of these postures and 

an operator mentioned this as a heavy task 

because of the posture, but also because they 

bend, stand up and bend again. The OWAS 

analysis also showed easier postures at the 

second table, where the operator was standing 

with the back bent and working close to the 

body. These tasks took around 10 minutes, but 

a few took around 20 and 40 minutes. In the 

interviews, packing insulation was mentioned 

as a heavy task because the insulation itches and 

irritates the respiratory. They remove insulation 

dust from the clothes with compressed air but 

there is nothing they can do about the dust they 

breathe in. Apart from that, it was heavy to work 

on top of the table in the summer because it got 

hot. 

At table 3, the postures were variated; kneeling, 

bent and twisted back, as well as raising hands 

to shoulder height were common postures but 

all of them were during short periods, one or a 

few minutes at the time. One of the demanding 

tasks were pushing PEX pipes through holes in 

particle boards when the boards were mounted 

(Figure 10). 

 
Additional comments about heavy work in the 

interviews were the air quality; an operator said 

that the quality was poor but they were used to 

it, another said that they used compressed air to 

get rid of dust from clothes and components 

which made the air dusty. Jumping on and off 

the tables all day was also mentioned as heavy. 

The body maps were merged to an illustration 

to show where and how common the operators 

were tired, sore, or in pain (Figure 11).  

 

Common areas were wrists, feet, and back. An 

operator marked the head because he got tired, 

but had no issues with the rest of the body. 

Another marked a shoulder due to old injuries 

that hurt when working. Three operators 

marked areas in the back but did not add any 

comments. Two marked wrists and said that 

they got hurt from using nailer due to bad grip, 

and screwdriver because every time the screw 

got stuck in the wood, the driver twisted the 

wrist. One marked shins and calves due to 

standing all day, and two marked the feet 

because jumping on and off tables hurt.  

Figure 9: Packing insulation while kneeling on top of the 
joists 

Figure 10: Pushing PEX pipes through holes in particle 
boards 

Figure 11: Summarized body map from all operators at 
floor joist system team 
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The survey result showed that the overall visual 

conditions varied between the operators (Figure 

12). One operator had impaired vision and had 

to concentrate to see sometimes. Another 

operator checked illuminance as “always a 

problem” said it was because a light was 

flickering.  

The team leader said in an open interview that 

the layout planning at floor joist system 

workstation was poor. The stock solutions 

around the tables are not optimized to what the 

operators need and the stock areas are 

unnecessarily big.  

The middle joist system station consists of four 

tables, illustrated in Figure 13. The tasks for 

each table are presented as a summary of the 

poor postures found in the OWAS analysis. The 

complete OWAS analysis is found in appendix 

IV. 

At table 1, the common postures were standing 

with bent and twisted back while working with 

one hand at shoulder level, as well as standing 

with bent back working close to the body. In the 

beginning of the work, the operator lifted the 

joists from stock to the table, which caused him 

to do lift heavy load around 20 times (Figure 

14). This task was mentioned as heavy in the 

interviews, and using the Travers would take 

too long. Apart from that, nailing blocking on 

top of the table was also a mentioned task 

because they stood bent over working at knee-

height and the task was supposed to go fast. 

 
At table 2, the common postures were standing 

or walking with bent back with arms close to the 

body, but kneeling or bending on the table was 

also reoccurring postures (Figure 15).  

 

Figure 14: Upper drawing illustrates carrying a heavy 
load. Middle drawing illustrates working with one arm at 
shoulder level. Lower drawing illustrates bending on top 

of the table 

Figure 15: Illustration of a kneeling posture at table 2 

Figure 12: Operators’ opinions on visual conditions at 
floor joist system station 

Figure 13: Middle joist system operation layout 
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At table 3, there was a risk to damage the ceiling 

boards if operators walked between the joists 

thus it was necessary to balance on the joists 

when the operators walked on the table. When 

they kneeled, they had to place knees on the 

joists, which made the variation of kneeling 

postures limited. In the OWAS analysis it was 

clear that the posture of many tasks was 

kneeling on the joists, but mostly for a few 

minutes at the time. An extraordinary posture 

was carrying insulation but the total time for 

this task was only a few minutes (Figure 16).  

 

At table 4, the postures variated; both kneeling 

and standing were common, almost always with 

the back bent. A few tasks demanded the 

operator to work with the hands at shoulder 

level and the last task was carrying a heavy load 

of particle boards. In the interviews, operators 

mentioned nailing blockings as a heavy task 

because they work on top of the table kneeling 

along with mounting requirements, the 

blockings had to be perpendicular and at the 

right height to the joists. An operator said that 

running duct cables was heavy because it 

involved a lot of bending and kneeling (Figure 

17).  

 

Overall, postures that were commonly 

mentioned as heavy in the interviews were 

being on top of the tables, especially at table 3 

and 4 because the operators must walk and 

kneel on top of the joists. Balancing was 

demanding for both body and mind. Nailers 

were also mentioned as a problem because the 

grip was poor and the machines were heavy. 

Packing insulation was heavy because of the 

itching, and the air quality was also mentioned 

in the interviews. An operator got sick of the 

insulation dust and used breathing mask when 

he packed insulation. He added that the air in 

the whole facility is dusty but it is not possible 

to use breathing mask all the time because it 

would get too sweaty. The body maps were 

merged and showed variated areas of pain and 

soreness (Figure 18).  

 

 

Figure 16: Upper drawing illustrates kneeling posture. 
Lower drawing illustrates carrying insulation over the 

head 

Figure 17: Upper drawing illustrates kneeling posture 
when running duct cables. Lower drawing illustrates 

carrying heavy load of particle boards 

Figure 18: Summarized body map of operators at middle 
joist system team 
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An operator got sore shoulders from carrying 

joists at table 1. Three operators marked areas 

in the back, one said it was due to kneeling and 

bending the back. An operator marked an 

elbow. Someone else marked lower arms 

because the grip of the nailer was 

uncomfortable. One marked wrists because of 

carpal tunnel syndrome. One marked hands. An 

operator marked fingertips from pushing the 

ceiling boards on table 2. Two marked the knees 

and one the feet but no one added comments for 

it. One operator did not mark any areas. 

The survey result showed that the overall visual 

conditions at the station were never or rarely a 

problem (Figure 19). 

The production manager said that the lights will 

be replaced at floor and middle joist system 

work areas. The replacement will be carried out 

in sessions with planned start in the fall of 2017. 

He commented the air quality by saying that 

they had done improvements and it was hard to 

do further actions. The operators shall use 

breathing protection when it is dust in the air. 

He said that the operators complain when it’s 

too hot or too cold, but some of the issues had 

to be accepted since it was an industry. All 

industries have their environmental issues, he 

said. There was a central vacuum cleaner 

installed to the stations but the function went 

down when many used it at the same time.  

The team leader said in an open interview that 

the major issue at floor joist system was the 

layout. In the expansions, they had lost parts of 

the stock space closest to the station and the 

stock solutions were neither optimized to fit the 

operators’ needs nor 5S. The layout at middle 

joist system had recently been reworked to fit 

the standardization of 5S. The issues at middle 

joist system were ergonomics, they needed 

ergonomic equipment to handle the demanding 

work.  

4.3.2 The work situations 

The work situations at floor and middle joist 

system stations are presented below. The 

surveys and interviews are summarized with a 

focus on the organization, ergonomics, and 

psychosocial work environment. Two managers 

were interviewed; the maintenance manager 

who are responsible for Lean implementation, 

and the production manager who have the 

highest responsibility of the facility. Summaries 

of their interview answers are presented after 

the teams. The interview questions to the 

managers were based on the answers from the 

teams to get their view on the organization and 

psychosocial work environment in the high 

season. There was also an open interview with 

the team leader which was originally not a part 

of the mapping, but still relevant to get a wider 

perception of the issues in the fall and therefore 

is included in the result.  

Organization 

A few members of the floor joist system team 

knew vaguely about Lean and especially 5S but 

the others did not know what it was. One of the 

members knew that 5S would be implemented 

later. At middle joist system team, the answers 

were divided; one said that they use 5S, 

someone else did not know about Lean and 

others knew vaguely about it. One member had 

been introduced to Lean thinking. The 

maintenance manager said that all operators 

were taught Lean a few years ago, and these 

operators have carried on the knowledge to new 

operators. Operators employed in the spring of 

2016 and later have not learnt Lean due to the 

expansions. Further, he said that it is not known 

when the next education will take place because 

a manager at the headquarters is responsible for 

offering education to the operators. The 

manager also said that Lean production worked 

better before the expansions because the 

operators knew what Lean was. In the 

expansions, many operators were employed at 

the same time and some of them had never 

worked in a production before or never worked 

at all, and these people knew nothing about 

Lean. When the production takt got higher, 

Figure 19: Operators’ opinions on visual conditions at 
middle joist system station 
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there was not enough time to teach the new 

operators both tasks and Lean philosophy.  

The maintenance manager also said that the 

high season in 2016 started immediately after 

the summer break when the production of Start 

Living started. The takt time was 10 modules a 

week, the same as before the holiday. When the 

high season peaked the takt time was 12 

modules a week and the backlogs were 14 

modules at the most. Now, the takt time is 7 

modules a week and they are hiring operators to 

cope with the high season better this year. Once 

before, they had backlogs of 8 modules and that 

time they said they would never let this happen 

again. When there was a backlog of one or two 

modules, the team leader was supposed to act 

but the warnings came late that time. The 

manager wished the team leaders to notice this 

kind of issues earlier.  

The team leader of floor and middle joist system 

described the high season from his point of 

view. He said that when the new line was 

implemented, the coordination of materials got 

out of balance, materials were not delivered as 

it should. It was a mess and before the issues 

were solved, the production takt was leveled up.  

Both managers’ versions of the issues in 2016 

started at floor joist system, they were not 

synchronized with the rest of the production. 

The team did not produce as much as they were 

supposed to and said they were burnt out, 

among other things. The managers said that 

when the production is not going well and 

backlogs are rising on the daily control board, 

people get sensitive and release aggression on 

all kind of things, such as missing drawings. 

Now, when the takt time is low, they never hear 

about this kind of problems. When backlogs 

were a fact, it was too late to hire additional 

operators, over time was the only option. The 

backlogs started in September and it took until 

February to reach zero backlogs. The 

production manager said that the group itself 

was the problem behind the backlogs. They 

hired additional operators to change the 

dynamic in the group, but the problems 

remained. They moved the informal leader to 

another station for a while and when he came 

back to floor joist system, the backlogs started 

to decrease. After a few weeks, the backlogs 

were almost gone.  

The production manager said that when the 

floor joist system team got rid of their backlogs, 

middle joists system team started having 

backlogs instead. There were issues with sick 

leave and absence due to care of children among 

other things. There was not a single day in 

December where the whole team was present. 

At the time, there was no one hired to work as a 

buffer in case of absence and so the team got 

backlogs. When the issues at middle joist 

system were solved, the issues with backlogs 

moved through all teams in the production line.  

The maintenance manager thought that the ideal 

workload was to produce at 80% of the 

operators’ capacity at the normal state, and 

when it was needed they would work at 120% 

for a period to reach 80% again, but that was not 

what happened in the fall. The operators had 

said it was too heavy, and the manager said that 

it was the human instinct to protect itself. At the 

corresponding station at Start Living, on the 

other hand, they handled the backlogs 

differently. They started with a month of 

backlogs because the production started late. 

The team chose to work hard and overtime for 

a few weeks to get rid of their backlogs, and 

they made it.  

Ergonomics 

The introduction for new operators was similar 

at both floor and middle joist system stations. 

The new operator is taught tasks as they come 

by, and depending on how much pressure is on 

the team at that moment and where they need 

manpower, the operator is taught more or fewer 

tasks. The operators adjust the teaching after 

how experienced the new operator is, but they 

always teach tool safety. They have no focus on 

ergonomics, and efficiency is taught later.  

The use of protective equipment varied between 

the teams; at floor joist system, most the 

operators used protective equipment, but one 

wore goggles only when there was a high risk 

of getting something in the eyes. At middle joist 

system, on the other hand, the majority did not 

wear goggles because they got misty. One 

operator used breathing mask when handling 

insulation even though it got sweaty. Both 

groups used the available tools, and at floor joist 

system an operator wanted to have an additional 

table to split the tasks of the third table into two 
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tables and someone else wanted to have spare 

tools because when there was a failure they did 

not have enough tools to do their job, and the 

most failures were in the high season.  

The general thought of musculoskeletal 

disorders varied between the operators at both 

teams. At floor joist system team one operator 

was not bothered at all “A little bit of pain here 

and there, so what?” while another said that 

musculoskeletal disorders are signs of 

weakness. He meant that it’s the person’s 

responsibility to make sure the body is strong 

enough. Others said that musculoskeletal 

disorders shall be avoided and one added that in 

the high season they only worked where they 

were the most effective and that made the work 

monotone. At middle joist system team, the 

general thought was that musculoskeletal 

disorders shall be avoided, one said that it 

would be devastating to his physical activities 

in the free time. A few operators thought that 

working at all tables reduced the risk of 

disorders. One of them said that they want 

everyone to know all tables, but it is to be more 

flexible and not to prevent musculoskeletal 

disorders.  

The general answer to sick leave at floor joist 

system team was based on loyalty. They did not 

blame anyone for being absent and when the 

takt time was high, many felt bad for leaving the 

others with higher workload since they knew 

that no one would come to cover up the absence. 

The team was more sensitive if some operators 

were absent than others, depending on at which 

table the person worked. At middle joist system 

team, the general answer was that the workload 

got heavier when someone was absent because 

no one could step in. One said that the team 

leader had helped them a couple of times when 

they risked getting backlogs, but he was not 

supposed to do so. One did not like to be at 

home for the team’s sake, another because of 

lost income, and someone else got restless.  

All operators at floor joist system, (apart from 

one who did not answer) had physical activities 

in the free time but no one thought that the 

activities affected the work negatively. One 

operator adjusted the activities after how much 

energy was left after the work day, another tried 

not to think about if he was tired or not. 

Someone else said that everything physical is 

heavy and did not make a big deal about it. An 

operator had only sporadic activities and gave 

him more energy at work. One said that he 

worked out and had adjusted the training to be 

strong enough to handle the work. All operators 

at middle joist system team had physical 

activities in the free time. One lost motivation 

to go to the gym in the high season last year and 

someone else had to cut the training a bit when 

he started working at SmålandsVillan, and 

someone else said that he tried not to slack the 

training when he was tired from work.  

According to the production manager, it was the 

managers’ initiative to rotate operators between 

the tasks at the stations. They did not want to be 

depending on individuals since it made the 

production system sensitive to absences. 

Besides, the work gets more variated and 

stimulating if the operators know more tasks, 

and it is better for the body. Apart from that, it 

is easier to avoid groups within teams when 

everybody work with each other.  

Psychosocial work environment 

The general thoughts of the work at the floor 

joist system team was mostly a source of 

income and the team made the work funny. A 

few appreciated having a physical job. One said 

that it was all right now but in the fall, the 

managers threatened him to lose his job if he 

refused work overtime. Since then, he had put 

up a mental wall towards the managers. The 

operators said that the work was mostly 

monotone, but one said that it was the physical 

work who was monotone, the mind was 

stimulated. At middle joist system, the common 

answer was a source of income and the team 

was making the work funny, but a few also 

added employment security as a factor they 

appreciated. The work was mostly monotone, 

but operators who worked on all tables felt like 

they had more variation than the others. 

In floor joist system team, all members felt they 

had support from each other but the perceived 

support from managers varied. Some felt they 

had support, others said that they had too little 

contact with managers to have an opinion, and 

others said they had no support because they did 

not get any support in the fall last year. At 

middle joist system, the members answered 

alike, they had support from each other but did 
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not have enough contact with the managers to 

have an opinion.  

The production manager said that when there 

were backlogs, it was a clear difference between 

the people who worked overtime and who 

checked out 4 pm sharp. He said that it did not 

bother him if the operators were not loyal to the 

company, it was worse when operators were not 

loyal to each other. 

The perceived production pace for each team is 

presented below in a four-colored scale, from 

“too slow” to “too fast”. At floor joist system, 

four operators made separated markings for the 

high and low season and one did not answer 

(Figure 20).  

 

An operator thought the work was constant and 

slightly fast. All four operators who divided the 

answer to high and low season thought the work 

pace was too slow or slightly slow, and all of 

them thought the work pace was too fast in the 

high season.  

Experienced work pace for middle joist system 

team is compiled in Figure 21.  

 

One operator chose not to answer. The 

operators who answered thought the perceived 

work pace was constant, three thought the work 

pace was slightly fast, and one thought it was 

slightly slow.  

4.4 ANALYSIS 

The sick leave statistics showed the percentage 

of sick leave divided per gender and age. It did 

not show whether the sick leave was due to 

musculoskeletal disorders, flues, mental issues, 

or other reasons. The statistics showed that 

women in the age span of 30-49 years had 

higher sick leave percentage than other groups. 

If this group is more vulnerable or exposed to 

risks or environmental factors is not known. 

The group is small, one person’s percentage 

could have affected the groups’ percentage and 

the result could be misguiding. However, there 

was no need for further investigation in this 

matter for the project since all operators at floor 

and middle joist system were men.  

Sick leave statistics for each team showed that 

floor and middle joist system, as well as raising, 

had highest percentual sick leave of all teams. 

The statistics of the corresponding joist system 

team at Start Living is not comparable since it 

showed sick leave for two out of six operators. 

However, floor and middle joist system and 

raising teams work at, or before, the bottleneck 

of the production line. In an open interview, the 

production manager said that the high absence 

caused problems in the production flow when 

modules were not finished in time. On the other 

Figure 20: Perceived production pace among the floor 
joist system operators 

Figure 21: Perceived work pace among the operators in 
middle joist system team 
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hand, the interviews with team members at floor 

joist system and the production manager 

indicated that there was a big conflict in the fall 

and aftermaths are still infecting the relations. 

The conflict was the primary cause of the 

backlogs rather than sick leave at floor joist 

system. 

An identified problem at both workstations was 

physically demanding tasks and postures. The 

operators are constantly using their bodies and 

when the takt time is rising, bodies and minds 

are under a lot of stress. In the high season in 

the fall of 2016, the backlogs and heavy work 

came to a point for floor joist system team 

where relations and trust between operators and 

managers were harmed. The demanding work 

situations were visible in the sick leave 

statistics, where floor and middle joist system 

teams had highest sick leave percentage in the 

production. The number of incidents and 

accidents, however, did not stand out compared 

to other teams.  

The OWAS analysis and body map together 

with interviews showed mostly the same result. 

For example, postures mentioned as poor were 

also scored high in the OWAS analysis. One 

difference though was legs; OWAS analysis 

scored kneeling as a bad posture but the 

operators had pain in the back. This could be 

explained as the leg posture gives the back a 

poor posture, and as described in the theoretical 

framework, leaning forwards is demanding for 

the lower back. The OWAS analysis thereby 

showed where the issue was and not where the 

pain would be. A disadvantage of a rapid 

method is the lack of details, common issues 

such as sore wrists were not noted in the OWAS 

analysis. At middle joist system team, the body 

map showed that the sore areas were more 

variated. The reason of this could be that they 

did not rotate the work between the tables as 

much as floor joist system team. The OWAS 

analysis showed that table 1 had poorest back 

postures, but the postures were mostly alike at 

other tables. In the theoretical framework, four 

kinds of musculoskeletal overexertion injuries 

were described and three of them were found 

among the operators. Potential muscle 

overexertion injuries and musculoskeletal 

disorders were found at all tables since the tasks 

demanded the operators to kneel, bend and twist 

their backs, and carry heavy loads, to mention a 

few postures with increased risk of injuries. 

Both teams had work rotation in mind and were 

planning to rotate the operators among all 

tables. This could decrease the risk of muscle 

overuse, and to avoid these injuries they should 

obtain a break-in schedule when they teach each 

other the tasks to eliminate the risk of injuries. 

When new operators were introduced to the 

workstation they were taught one table, and to 

decrease the risk of muscle overuse they should 

start with a table where the tasks have variated 

postures that were not static. As a suggestion, 

floor joist system should start at table 3 and 

middle joist system should start at table 4. It will 

probably be easier to introduce new employees 

in an ergonomic safe way when all experienced 

operators know all tables.  

Even though the workstations had similar tasks, 

there were differences between the groups that 

lead to different needs of development. At 

middle joist system, the nature of the work was 

demanding for both body and mind. The 

kneeling and balancing on top of the joists as 

well as carrying joists were more demanding 

tasks for middle than floor joist system team. At 

floor joist system team, on the other hand, the 

group unity was highly valued. Their answers in 

the interviews often included the team’s 

wellbeing. The middle joist system team was 

more objective in their answers and they did not 

have the same loyalty. One possible reason for 

this difference could be the conflict in the fall 

between floor joist system team and the 

managers. The operators at floor joist system 

said that they felt they were treated in a bad way 

and they felt the need to help each other when 

they were under a lot of stress.  

As described in the theoretical framework, if the 

personal values are different than the 

company’s values and culture, there is a risk for 

conflicts. The production manager said that he 

was not bothered if the operators were not loyal 

to the company, it was worse if they were not 

loyal to the team. The members in floor joist 

system team were highly loyal to each other, 

thus they had the same values of teamwork yet 

there was a big conflict in the fall. One 

explanation for this could be that other values 

were conflicting. Perhaps it was the demand to 

work over-time work that started the conflict, or 

escalated it. It is not possible to state what 

caused the conflict and what was issues that 
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came with it. The cause is not relevant for the 

project’s proceeding, but it is clear that 

aftermaths are still affecting the relations.   

The floor joist system team and the team leader 

said that their need for development is a new 

layout rather than ergonomic equipment. The 

urgent need for a layout could be because the 

operators lost stock areas and got involved in a 

conflict with the managers in the same period. 

Because of the differences between the teams, 

the course of development was split into two 

paths; ergonomics with middle joist system or 

layout with floor joist system. To choose which 

way the project would take, a mapping of the 

current layout of floor joist system workstation 

was carried out. 

4.5 LAYOUT  

The current layout of floor joist system 

workstation is presented in Figure 22. The 

tables are colored blue, as indicated in the 

figure. Two buffer stocks and the next station, 

Raising, are also included but colored gray.  

 The workstation had an employee who served 

the station with material and other services, 

from now on called “service staff”. To mention 

a few of his tasks, he drove the forklift, mounted 

sewage pipes, and built sewage frames. Many 

of the stocks were pallets on the ground and 

therefore the placement could vary a bit. There 

were no markings on the ground to specify 

where the pallets shall be placed, the 

Figure 23: Mapping of material flow from stocks to the tables 

Table 1    Table 2      Table 3     Buffer      Buffer        Raising 

Figure 22: Current layout of floor joist system workstation 

Table 1      Table 2       Table 3     Buffer      Buffer         Raising 
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placements were agreements between the 

service staff and the operators. Most of the 

materials at the station were refilled once a 

week. The team leader said that the sewage 

stock was ineffective and unnecessarily wide. 

The operators said that the most annoying thing 

with the layout was that the cleaning equipment, 

such as brooms, were never where they shall be. 

There was no defined place where they are 

supposed to be stored, but they were usually 

stored close to the saw at Table 2. At Table 1 

they lifted the pallets with blockings over the 

joists which took a long time. The pallets were 

packed with materials that lasted for 1-2 weeks. 

To refill particle boards at Table 1, the service 

staff must move the insulation first. There were 

particle boards placed on the opposite side of 

the forklift aisles which were heavy to carry. 

The service staff placed PEX pipes in the 

marking left of the forklift aisle and the 

operators carried the conduits to the holders at 

Table 2. In Figure 23 the material transportation 

from stocks to the tables is illustrated. Most of 

the materials were carried by the operators, but 

Traverses were also used. The service staff 

refilled the stocks.  

The operators said in an open interview that 

they did not like to carry material in the forklift 

aisle, especially heavy loads and long distances 

as they are forced to do today.  

4.5.1 Analysis 

To build joist systems, many large materials 

were required and there was a lack of space for 

stocks. Yet they had more materials than needed 

at the workstation since many materials were 

refilled once a week. On the other hand, many 

materials were delivered on pallets thus it was 

effective to deliver a complete pallet instead of 

only the needed materials for the day. Dividing 

pallets into batches would increase the 

workload for the service staff, and it would not 

be value-adding activities. However, there were 

several temporary stocks which demanded the 

service staff to move materials multiple times. 

These materials should be stored at the 

production storage in Söråker until needed at 

the workstation. The urgent issues were the long 

walks in the forklift aisle, which was stated as 

critical hazards in the theoretical framework. 

Reducing lengths and number of walks, 

together with warning signs would decrease the 

accident risk.  

4.6 BENCHMARKING 

The benchmarking was carried out at Start 

Living, the new production line in the factory. 

The production manager said in an open 

interview that the operators planned the 

workstation layout by themselves since they 

had knowledge in the work and got the 

opportunity to create the layout they wanted. 

The operators went to a benchmarking at 

SmålandsVillan’s corresponding production 

plant in Vrigstad, which already had been 

producing Start Living modules for a year or 

two, to share their experiences. 

At the visit at Start Living’s joist system 

workstation, the evident difference between 

Start Living’s and SmålandsVillan’s 

workstations is that Start Living produce both 

joist systems at one station. Hence, they have 

more components to store at the workstation but 

Start Living’s joist system workstation’s area 

was also noticeably larger than floor joist 

system’s area. Start Living have five tables, 

compared to floor joist system who have three. 

Another difference is that SmålandsVillan 

builds 19 house models and the models to build 

depend on what the customers have ordered, but 

Start Living build condominium project orders 

and at the moment they build only one house 

model but in a few weeks, they will work on a 

new project with more variation in the house 

models.  

Start living implemented several Lean tools 

when the workstation was introduced. 

Continuous improvements were used diligently 

and the ideas and changes were documented on 

paper in a binder. The layout had been improved 

several times to find better ways to store and 

easier ways to handle material. The operators 

came up with ideas and reorganized the layout 

themselves. They also used 5S to organize and 

look after the workstation. The team leader did 

not want too much material adjacent to the 

workstation, she preferred the service team to 

refill the stocks more frequently. She did not 

describe it as a Lean tool, even if it was one kind 

of JIT.  
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5  Concept development 
Floor and middle joist system teams focused on separate issues; ergonomic equipment and layout 

planning. Even though the layout planning focused on ergonomics with the concern of carrying materials 

and equipment, the fields are namely separated as “ergonomics” and “layout” in the concept 

development below.  

5.1 IDEATION 

Floor joist system team focused on layout 

improvements. They had lost stock areas in the 

expansions hence they needed to restructure the 

area. New placements of tools and stock 

solutions were generated. In the session, they 

were asked to describe their dream layout with 

no concerns of dimensions. In Figure 24, a stock 

and a layout idea from the brainstorm is 

presented.  

 
Upper drawing is an idea of pallet stock, drawn 

in a side view. The idea is to store material 

under the mounting line’s stock by using pallet 

racking. The lower drawing is a favorable 

layout; the operators wrote where they wanted 

to store material without concern of limitations 

of stock dimensions and the building. When the 

cut-out layout was presented, the operators 

showed where they wanted the stocks to be and 

they estimated that the stock of sewage could be 

restructured and would only need half its size 

(Figure 25).  

 

Middle joist system team focused on the 

suggested issues and came up with ideas of how 

to ease workload with new equipment. A 

sample of ideas is presented in Figure 26.  

 

One of the ideas in the figure is a Travers rolling 

on the frame of the joist system for the operator 

to sit on. The purpose was to get a more 

comfortable sitting posture and to move easier 

on the table.  

  

Figure 24: Drawings of stock and layout suggestions 
from brainstorm session 

Figure 25: Cut-out layout was used in the layout 
brainstorm session 

Figure 26: Sample of drawings from brainstorm with 
middle joist system team 
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The systematic layout planning visualized 

which stocks and equipment needed the closest 

placement to each other and the tables. The 

stocks and equipment were identified by letters 

as shown in Figure 27. 

The letters were used in a connections chart, 

where the desired closeness was visualized. The 

connection chart is presented in Figure 28. The 

need for closeness was graded on a 4-graded 

scale and colored to be easier to read: 

X. Must not be placed close to each other 

(red) 

1. No need for closeness (light blue) 

2. Desired closeness (middle blue) 

3. Must be adjacent (dark blue) 

 

There were no areas that must not be placed 

next to each other. Most of the stocks did not 

need to be close to each other and this is because 

most of the material is carried directly to the 

tables. The stocks that shall be closest to the 

tables were heavy loads of particle boards and 

water conduit reels. 

In the interview with the production manager, it 

was stated that improvements of the floor joist 

workstation were planned in the budget and 

there would not be any problem to invest in any 

solutions as long as it was relatively small costs. 

The long-term plan at the station was to buy 

complete sewage pipes so the service staff 

would not have to mount them. This would 

probably make the sewage stock smaller.  

5.2 EARLY CONCEPTS 

The ideas were merged to concepts for both 

layout and ergonomic solutions. The 

ergonomics concepts are presented first 

followed by layout solutions. The concepts 

were named after their unique solutions. In open 

interviews with the operators at floor joist 

system it was stated that the critical area in the 

layout was at the forklift aisle hence the layout 

concepts are named after how the insulation 

saw was placed. To make the differences 

Figure 28: Connection chart visualizing desired 
closeness 

Figure 27: Equipment and stocks defined by letters 
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between the concepts stand out, it is only the 

material around the insulation saw that is 

marked in the concept descriptions. In the 

brainstorming, an idea was to store underneath 

the mounting line’s stocks. If this was a feasible 

solution was not investigated in the early 

concepts, only the available area in the current 

state was used in this phase.  

5.2.1 Work Order 

Work Order concept was a change of tasks at 

table 1. The current task order is described in 

Figure 29. The gray rectangles in the figure 

illustrate the stock of joists. The left illustration 

shows how the operator placed all four frame 

beams on the table and nailed three of them, 

marked with blue circles, before carrying the 

joists to the table. The right illustration shows 

that the operator is forced to lift the joists over 

the nailed frame. The operators said they did 

this because they placed the joists at markings 

on the frame and there are three variations of 

markings among the house models.  

 
The concept’s solution of task order is 

presented in Figure 30. The three beams to the 

right is nailed first, as illustrated to the left in 

the figure. The table surface is marked with the 

variations of joist placements to make it easier 

for the operator to place the joists on the table, 

and thereafter the final frame beam is placed 

which is shown in the right illustration. 

The benefit of this concept is that the operator 

does not have to lift the joists as high as in the 

current situation, which would ease the physical 

stress on the body. In the OWAS analysis and 

interviews it was stated that carrying joists was 

a demanding task and by doing this change the 

strain on shoulders and arms would decrease. 

The weakness of this concept is that the 

operator still has to carry the joists. The task is 

made easier but it is still a demanding task for 

the body. 

5.2.2 Travers 

This concept eases the movements on table 3, 

where the operators kneeled and walked on top 

of the joists. The concept’s solution is a small 

Travers rolling on the joists with a kneeling-seat 

for the operator to sit on (Figure 31). 

The Travers runs back and forth on the frame 

and the seat runs sidewards on the Travers. This 

makes it possible to move freely above the joists 

by dragging himself forward. The seat is 

slightly forward tilted to ease the stress on the 

back, which was a common area of pain 

according to the interviews and body map. The 

weakness of this concept is that the operator 

might sit longer periods in the same position 

than today and if the operators help each other 

they need multiple Traverses running on the 

frame.  

5.2.3 Current Saw  

As the name of the concept indicate, the saw has 

the same placement in the concept as in the 

current layout (Figure 32). The Masonite at 

Figure 29: Current task order at table 1 

Figure 31: Kneeling Travers on the joist frame 

Figure 30: Suggested order of tasks 
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table 1 were placed right in front of the table, 

which was closer than the placement in the 

current layout. The Masonite were heavy which 

made the placement important. In the current 

layout, the service staff had to move the 

insulation to refill the stock of these Masonite 

and in this concept this issue was solved. The 

gray square above and below table 2 is water 

conduit reels, which the operator wished to be 

placed near the center of the short side to make 

it easier to run the PEX pipes. The placement in 

this layout is closer to the center of the side 

compared to the current layout.  

The weakness in this concept is the distance 

between the Masonite at table 1 and the 

insulation to its right is approximately 0.3 

meters, which means that the service staff has 

small marginals when refilling the Masonite 

and insulation.  

5.2.4 Moved Saw  

Moved Saw was a concept where the insulation 

and the saw were moved sidewards to the right 

(Figure 33). The Insulation saw is moved to the 

right side of the pillars and the insulation is 

Figure 32: Layout concept of Current Saw 

Table 1       Table 2        Table 3 

Table 1      Table 2       Table 3 

Figure 33:Layout concept of Moved Saw 
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structured in the same way as today, but also 

moved to the right. The Masonite at table 1 is 

moved to the left to make it easier to refill the 

stock. In the current layout, the service staff has 

to move two pallets of insulation and with this 

concept, he would only have to move one.  

The insulation would be carried a shorter way 

in this concept compared to the current layout, 

but the weakness of this concept is that the 

Masonite would be carried a longer way than 

today, which is heavy for the body. 

5.2.5 Turned Saw  

The thought of turning the saw perpendicular to 

the current position was to make more room for 

the service staff to refill the stocks. As shown in 

Figure 35, the saw is turned and moved closer 

to table 2 and the insulation is placed adjacent 

to the pillars. The water conduit reel is placed 

closer to table 2 than in the current layout. The 

weakness in this concept is that the operators 

have to walk around the particle boards, 

insulation saw, or water conduit reel to reach the 

insulation.  

5.2.6 Greenfield 

A greenfield layout concept was developed to 

show how the stocks could be placed if the 

building was not limiting the alternatives. The 

purpose of obtaining a greenfield solution was 

to find new ways to place stocks and work 

tables. The greenfield solution presented in 

Figure 34 have a different placement of the 

tables. Table 1 and 2 are flipping tables in the 

current layout and because of that, they are 

Figure 34: Greenfield layout concept 

Table 2    Table 3    Buffer 

 2 
 
Table 1 

Table 1      Table 2       Table 3 

Figure 35:Layout concept of Turned Saw 
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placed along each other. The third table as the 

buffer is placed after each other to make more 

room for stock close to the tables.  

When this concept was developed, the focus 

was to minimize the path length when carrying 

heavy loads. Carrying lightweight material was 

second priority and the ability to refill stocks 

came third. The stocks were based on the 

current layout, the stocks could be shrunken if 

material flows were refilled more continuously, 

but it was not considered since flows were 

excluded in the project.  

5.3 CONCEPT EVALUATION 

Six requirements were defined of which three 

were valid for all concepts, two specified for 

layouts, and one for ergonomics. The 

importance of fulfillment was graded as 

following factors: 

1.  No importance  

2. Vaguely important 

3. Considerable importance 

4. Very important 

5. Highest priority 

The requirements’ gradings were discussed 

with the production manager. His opinion was 

that expansion ability would be graded highest 

to fit future production demands. But since the 

project focused on ergonomics, these 

requirements were given highest priority and 

expansion second highest. The production 

manager also said that implementation cost had 

no importance and was therefore graded the 

lowest. The area demand requirement was 

graded as vaguely important and easier refill 

was graded considerably important.  

The concepts’ fulfillment gradings were 

comparisons to the current state hence the 

grading scale spanned from poorer to clearly 

better conditions. The grading was applicable 

for all requirements apart from implementation 

cost, which was given a separate grading. The 

general grading was as following:  

1. Poorer conditions 

2. No change 

3. Slightly better 

4. Appreciably better 

5. Clearly better 

Implementation cost was not comparable to the 

current state. The factors of interest were how 

high and time consuming the implementation 

would be. The grading was defined as: 

1. Time-consuming and high 

implementation cost 

2. High implementation cost  

3. Low investment cost 

To make it clearer which concepts fulfilled the 

requirements more than others, the total score is 

presented both as numerical value and 

percentage of maximum. Table 5 shows an 

excerpt from the concept evaluation, the 

complete evaluation is found in appendix VI. 

The three requirements in the bottom are 

specified to either ergonomics or layout. Not 

applicable requirements are marked with a 

hyphen-minus. The requirements “Area 

demands”, “Carried distance”, and “Time in 

poor postures” generated high scores if the 

concept would increase the demand.  

Among the concepts at middle joist system, 

Work order got 60% of maximum compared to 

Travers who got 45%. Work order got a higher 

score because it reduced the time in poor 

Table 5: Excerpt from the concept evaluation 

 Middle joist system Floor joist system 

 Factor Work Order Travers Current Saw Moved Saw Turned Saw Greenfield 

Implementation cost 1 3 1 3 3 3 - 

Expansion ability 4 2 2 2 2 2 4 

Area demands 2 2 1 3 3 3 1 

Easier refill 3 - - 4 3 5 3 

Carried distance 5 - - 5 1 3 5 

Time in poor postures 5 4 3 - - - - 

Total  35 26 54 31 47 52 

Percentage of 

maximum 
 60% 45% 74% 42% 64% - 
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postures more and was also cheaper to 

implement. Travers would affect the area 

demand in a negative way since the Travers 

would need to be stored somewhere when it was 

not used.  

The concepts at floor joist system were graded 

similarly for implementation cost, expansion 

ability, and reduced area demands. An 

explanation for this could be the limited 

alternatives of storing, and regardless of the 

alternatives, the operators needed the similar 

stock solutions. The differences were found at 

the ability to refill stocks and reduced carried 

distance. When carried distance for both 

Masonite and insulation was summarized, 

Current saw reduced the carried distance the 

most, Moved Saw made the conditions worse 

and Turned Saw made the conditions slightly 

better. The ability to refill the stocks easily was 

appreciably better at Current saw, slightly better 

at Moved Saw and clearly better at Turned Saw.  

The result of Greenfield is not presented in 

percentage since the concept is not evaluated in 

concern of implementation cost. The greenfield 

concept was included in the specification of 

requirements to visualize if the other layout 

concepts were close to ideal or not or if they had 

other advantages. All the other concepts got a 

higher score than Greenfield at area demands 

since the green field placement of tables and 

stocks were spread over a large area. Both 

turned saw and current saw got a higher score 

than Greenfield at “Easier refill” because of the 

ability to refill stocks was the third priority in 

the ergonomically optimized solution.  

5.3.1 Analysis 

The concept with the highest score was Current 

Saw since it made the work easier for both 

operators and the service staff. Current Saw 

fulfilled many of the desired closeness’ in the 

connection chart; the Masonite were placed 

adjacent to table 1 and the water conduit reel 

was placed almost centered in front of table 2. 

In an open interview with the team leader, it was 

stated the need for a new layout was more 

urgent than ergonomic equipment. Based on the 

scores in the concept evaluation together with 

the relationship chart and the team leader’s 

opinion, Current Saw was chosen as the concept 

to move forward with.  

All concepts had individual strengths and 

weaknesses. By changing perspectives and 

redefining what is most important, the result of 

the best-suited solution would change. The 

production manager wanted expansion ability 

to be graded highest priority, but since the core 

of the project was to eliminate sick leave, the 

highest grading was given to requirements 

concerning ergonomics in some way. If the 

service staff’s mental ergonomics was the focus 

of this project, the result among layouts would 

probably change and Turned Saw could be the 

chosen concept.  

5.4 FINAL CONCEPT DEVELOPMENT 

In the current layout, floor joist system had a 

few stock areas behind the forklift aisles. The 

operators preferred not to cross the forklift aisle 

with material as they do today (visualized in the 

current state layout, Figure 23) and additionally 

they wanted the material stocks as close to the 

tables as possible. Since they had a lack of 

disposable area and heavy loads to carry, the 

areas behind the forklift aisle had to be 

investigated to discover more efficient stock 

solutions. The wish to avoid walking in the 

forklift aisles had to be down-prioritized since 

the advantage of these areas was that they were 

close to the tables. Additionally, the sewage 

area was investigated as well since the operators 

estimated the area to be cut to half. The 

investigated areas are numbered in Figure 36. 

 

Area 1 is PEX pipes and drop panels hereafter 

named “Left wall area”; area 2 is under a strive 

and stores particle boards, named “Strive area”; 

area 3 is stock for sewage and guiding beams 

and is named “Upper wall area”. Area 4 

Figure 36: Stock areas of special interest in the concept 
development 
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investigated an idea to store under the line’s 

stock, named “Line area”, and area 5 is 

bathroom boards and insulation, named 

“Current aisle area”. Each area is presented 

below with current state analysis and 

development, followed by a detailed equipment 

analysis to ease tasks related to layout.  

5.4.1 Left wall area 

The area was a temporary stock of PEX pipes 

and stock of drop panels. The area is visualized 

in Figure 37. An issue with this stock was not 

visible in the figure: The pallet racking was 

placed in front of a switchboard thus there were 

several risks in this area. If there would be a fire 

in the switchboard, there would be smoke close 

to a fire-extinguisher (placed to the right of the 

door, viewable to the right in Figure 37) and it 

would be difficult to put down the fire when the 

pallet racking filled with materials is in front of 

the switchboard. For this reason, the materials 

had to be moved. 

 

When the photography was taken, the stock was 

recently refilled. According to the operators, it 

was common that the PEX pipes were stored on 

the floor when the pallet racking was full. The 

PEX pipes were divided into three part numbers 

of which two were frequently used. This stock 

was conflicting three of the Lean production 

tools: 5S, continuous flows, and JIT because the 

stock was not sorted and the materials were 

delivered long before it was needed at the 

station.  

The stock supplied Start Living with PEX pipes 

as well, but they did not carry the material 

themselves; their service staff used her forklift 

to transport the material to the workstation. The 

operators at floor joist system carried both 

conduits and drop panels to the workstation. 

Carrying drop panels demanded two operators 

since they were large and heavy, and it was a 

long way to walk.  

5.4.2 Strive area 

Particle boards are stored at the area under the 

strive together with materials to the line, as 

shown in Figure 38. 

 

The area is used as a temporary stock, the 

forklift places the material there until it is 

needed at table 3. The operators never handle 

material in this area. This is not in line with the 

Lean production tool JIT since the material is 

delivered earlier than needed. The advantage of 

this area is that it is close to table 3, but since it 

is under a strive its utilization is limited. 

Another disadvantage is that, according to the 

operators, the area is often blocked by other 

parts to the production line, as shown to the left 

in the figure.  

5.4.3 Upper wall area 

The sewage stock solution is presented first, 

followed by guiding beams and climp storage 

solution.  

5.4.3.1 Sewage stock 

The sewage stock was divided into three areas 

as shown earlier in Figure 36. The stocks are 

presented in usage order: First is component 

stock (the area in the middle), followed by 

assembly work table (the area to the right) and 

finally assembly stock (the area to the left). The 

component stock is presented in Figure 39.  

Figure 37: Current stocks at the left wall area  

Figure 38: Current stock under the strive 
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The stock contained different kinds of pipe 

bends and on top of the stock are pre-built 

sewage fixtures. The components are assembled 

at the work table, presented in Figure 40. In the 

long-term solution, the sewage would be 

delivered as assemblies hence the component 

stock and work table would be otiose. This 

stock was partly conforming to the Lean 

production philosophy since the most of the 

components were sorted and clearly marked.  

 
On the wall behind the table, all kinds of 

assemblies are visualized but not all of them are 

used. Adjacent to the table are long pipes stored, 

leaning to the walls. This work table was in 

harmony the Lean philosophy because it was 

visual how each assembly shall look like and 

made visual control easy. On the other hand, 

there was materials on both sides of the table, 

which was not in line with the Lean philosophy. 

The assembly stock is presented in Figure 41. 

 

On the floor under the pallet racking, wooden 

distances and planks are stored on pallets. The 

distances are also stored on the first floor of the 

racking. The reason behind the double stock is 

to ease the work for the operators so they do not 

have to Lean down to the floor to pick up the 

distances. Larger distances are stored to the left 

on the first floor. On the second floor, pipe 

assemblies are stored, even though the stock 

was almost empty in the picture. On the third 

floor is nothing relevant to the production 

stored. Apart from sewage, the pallet racking 

also stores rubber stripes, found on the floor, 

crawling space ventilations, found to the right 

on the first floor, and a 4.4 meters long clamp 

lying on the second floor. This stock was partly 

compatible with the Lean philosophy. All parts 

had defined places to be stored, but not all of 

them were marked. The stock of distances were 

much larger than it needed to be, thus JIT and 

5S were not fulfilled. 

At the second benchmarking at Start Living it 

was found that their sewage component stock 

was at least as area demanding as at floor joist 

system, but their stock of assemblies was more 

efficient; they stored the assemblies standing 

upright in a wire basket. The online search of 

alternative stock solutions was partly based on 

the findings at the benchmarking. Different 

kinds of wire baskets were found to hold 

standing assemblies as well as keeping small 

assemblies lying in baskets, but stock shelves 

were also a considered alternative. The 

distances and planks which were delivered on 

pallets were preferred to be stored on pallet 

racking to avoid unnecessary repacking, which 

is a waste in Lean production’s philosophy. 

Conceptual wire baskets are found in Figure 42, 

Figure 39: Sewage component stock 

Figure 40: Work table to assemble sewage pipes 

Figure 41: Sewage assemblies and additional materials 
to mount sewage 



 
43 

the dimensions are not set.  

 

The left wire basket would store small 

assemblies. The benefit with wire baskets 

compared to plastic containers is that the 

assemblies are visible, which is supported in the 

Lean philosophy. Amounts and variants are 

easy to see and pick. The right wire basket 

would store long assemblies. If needed it would 

be possible to divide the basket into areas to 

separate the different pipe assemblies, which 

would also be in line with Lean.  

Parts to store in a pallet racking were distances, 

crawling space ventilations, rubber stripes, but 

also sewage fixtures since they were stored at 

the component stock. Additionally, the clamp 

shall also be stored in the pallet racking. The 

operators had to be able to reach all materials 

thus the material could not be placed too high, 

and at the same time, the pallet racking could 

not be too area demanding since the space 

would be used for other materials. Two pallet 

racking sizes were considered: two and three 

pallets wide, and the number of pallets were 

estimated to be seven or eight, depending on 

how much space the sewage fixtures would 

need. The alternatives are visualized in Figure 

43. 

 

The heights of the pallets are based on the 

heights in the current storage, which was 50 cm. 

At both alternatives, all pallets would be placed 

on drawer units to make it easier for the 

operators to collect materials. When the 

alternatives were compared, it was clear that the 

alternative to the right, two pallets wide, was 

too high. The pallets on the top floor would be 

two meters above the floor and not reachable for 

the operators. The left alternative, three pallets 

wide, was a suitable solution since all pallets 

were reachable, and it was also possible to fit an 

additional pallet on the top floor if needed. 

Another benefit with the left alternative is that 

it is wider and it would be possible to store the 

clamp horizontally as in the current solution, 

adjacent to one of the beams. The disadvantage 

of this solution was that the pallets had to be 

placed straight to the drawing units and the 

forklift would need more space than today, the 

service staff said that with the forklifts they had 

today he could place pallets on the floor but not 

in the racking. New smaller forklifts were 

planned to be bought and the needed space was 

calculated on the smallest of these forklifts. The 

distance from the wall to the table was 247 cm 

and the pallet racking was 110 cm deep. The 

available space for the forklift was 137 cm but 

the smallest forklift needed 168 cm to place 

pallets in the racking hence the space was too 

small.  

A second concept was to store the materials in 

stock shelves. In this concept, the distances 

would be stored in plastic boxes and other 

materials on the shelves. The advantage of this 

concept was that it was not as area demanding 

as the pallet racking concept and the 

disadvantage was that it was not as easy to refill. 

In the benchmarking two kinds of plastic boxes 

were found, one where all sides were equally 

Figure 42: Wire baskets to store sewage assemblies 

Figure 43: Pallet racking alternatives 
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high, as shown on the lower shelf in Figure 44, 

and boxes with cut-outs as shown on the middle 

shelf. The cut-out model would make it easier 

for the operators to pick materials, but the full-

front model would make the refilling easier 

since the service staff could take the boxes to 

the saw where the distances are cut. 

 

The boxes were presented to the operators 

which preferred the open front. They were 

concerned about the size of the boxes, they were 

about a half or a third of the size of the volume 

of the current stock. In the current situation, 

they had a large stock of both boxes and pallets 

that was rarely refilled and the operators 

estimated the stock to last for months. The Lean 

production philosophy, presented in chapter 1, 

promotes materials to be delivered just in time 

when it is needed, which was not the case for 

these stocks. Since this project excluded 

production flows, the actual material need was 

not investigated. SmålandsVillan had a material 

storage in Söråker which daily delivered 

materials to other stations at the facility, which 

could be used for these materials as well. This 

issue was not further investigated, but is 

discussed in chapter 7. A suggestion of how a 

storage shelf could be used is presented in 

Figure 45.  

 

The measurements are conceptual, needed 

width is presented in the illustration rather than 

available widths on the market. As described in 

the theoretical framework, heavy loads shall be 

placed in height with the waist or lower to use 

large muscle groups in the lift. Therefore, the 

sewage fixtures are placed at the lowest shelf 

together with rubber stripes. The distances are 

placed in elbow height to make it easy for the 

operators to see and grab the parts without 

bending the back. Crawling space ventilations 

are also placed on this shelf because the hoses 

are loose in the ends hence it is preferable if it 

is easy to see the parts when grabbing it. At the 

third shelf, long and short planks are stored. 

This height is approximately in level with the 

shoulders. These materials were light weight 

thus it would not be a demanding task for the 

muscle groups to pick the materials. To make 

this concept harmonize with the Lean 

philosophy, the actual material need would 

have to be investigated, and all shelves shall 

have signs of what part to store there.  

In the current solution, a 4.4 meters long climp 

was lying on the second shelf. If the cap would 

be placed the same way in this solution it would 

be hanging in the air for approximately a meter 

at both sides. The solution was to store the 

clamp with the guiding beams, which were long 

planks. 

5.4.3.2 Guiding beams and climp stock 

The guiding beams stock in the current layout 

did not have a specified placement, the service 

staff put the needed planks on the floor close to 

table 3, as visualized earlier in Figure 36. The 

planks were between 3.7 and 4 meters long. 

Figure 44: Stock shelf with plastic boxes 

Figure 45: Suggested use of the storage shelf  
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This stock solution was not in line with the Lean 

production philosophy. As described in the 

theoretical framework, the philosophy 

promotes all materials to have a defined place 

to be stored, and the materials shall not be lying 

on the floor to make the cleaning easier. Thus, 

the beams needed a new storage solution.  

Considered areas were at the upper wall and the 

strive area. The strive area was long enough 

since the particle boards and beams were the 

same length. However, if there would be room 

enough at the upper wall it would be beneficial 

since the operators would not have to walk in 

the forklift aisle to pick materials.  

A benchmarking was carried out to find 

available storage solutions. Storage shelves, 

pallet racking, and cantilever racks were 

considered. Standard measurements of pallet 

racking and storage shelves were not long 

enough to store the materials, frames divided 

the shelves and it would be complicated to pick 

materials and refill the stock. A cantilever rack, 

on the other hand, is constructed to fit long 

materials. A detailed benchmarking of available 

cantilever rack solutions was carried out to find 

available dimensions. The result is presented in 

Table 6. Since the weights of the materials were 

light, this limitation is not presented but only 

sources with racks for lightweight materials are 

presented. The beam length varied from about 

3,700 to 4,000 mm thus the length of the ends 

varied, which is visualized in the table by 

longest and shortest end length. Beam and 

clamp end is the length the end would stick out 

on each side of the rack, given that the part is 

placed centered in the cantilever rack. The 

section width of 1,250 mm was calculated for 

both two and three sections since three sections 

would be almost too wide and two sections too 

short, but the alternatives were relevant in the 

comparison.  

Table 6: Cantilever rack dimensions 

 
Section width (mm) 

800 1,000 1,100 1,250 1,500 2,000 

No. of  

sections 
4 3 3 3 2 2 1 

Rack width 

(mm) 
3,200 3,000 3,300 3,750 2,500 3,000 2,000 

Beam end 

(mm) 

250 -

400 

350 -

500 

200 -

350 

(-25) 

- 125 

600 -

750 

350 -

500 

850 -

1,000 

Clamp end 

(mm) 
600 700 5,500 325 950 700 1,200 

Source 

Witre, 

2017a; 

Runela
ndhs, 

2017a 

AJ 

Produkt

er, 
2017a; 

Hylllag

ret, 
2017 

Witre, 

2017b; 

Runela
ndhs, 

2017b 

AJ 

Produkter, 

2017b; 
Witre, 

2017c 

Witre, 

2017d; 

Runela
ndhs, 

2017c 

Runela

ndhs, 

2017d 

The clamp and the beams were lightweight 

enough for the operators to carry them by 

themselves. Therefore, it was necessary to 

choose a cantilever rack with space in the 

middle, to make it easy for the operator to grab 

the parts. The two sections wide racks would 

have a column in the middle, thus a three 

sections wide rack was preferable. On the other 

hand, with a two sections wide rack, it would be 

possible to store material underneath the rack, 

which would be a less area demanding solution 

and the operators would not need to walk as far 

to pick materials. Figure 46 presents two of the 

alternatives; three sections 1,100 mm width is 

illustrated in the top of the figure and two 

sections 1,500 mm below. These lengths were 

chosen to illustrate how long the ends would 

stick out for different rack widths.  

 

The illustration shows that a pallet would fit 

underneath the rack with two sections, but not 

with three since it would stick out far from the 

wall, about 1200 mm. It is also viewable that it 

would be easier to pick the material in the upper 

alternative since there is no column in the 

middle. In order to choose between two and 

three sections, the core issues were considered. 

Figure 46: Cantilever rack alternatives 
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In the current situation, the major issues were 

that operators had to walk far to pick materials 

and they carried heavy loads. No one of these 

materials was heavy, thus the handling was 

relatively easy even if the operators could not 

grab the materials at its middle point. The two 

sections wide rack would make the walking 

distance to the pallet underneath shorter thus 

this solution was chosen. The pallet was 1,200 

mm long thus the suitable section width was 

1,500 mm.  

An alternative solution to cantilever rack was to 

store the clamp upright, using one of the pillars 

of the building as storage. The pillars were H-

beams which made it possible to place the 

clamp in a cut-out as shown in Figure 47.  

 

The advantage of this solution was its area 

demand, but the disadvantage was that the 

operators would have to handle a 4,4 meters 

long clamp upright. It was lightweight but still 

long to handle. In Figure 47, there is a simple 

lock to hold the clamp in place 1,300 mm above 

the floor (marked by a blue arrow), thus its 

length is visualized. Even though the tool was 

lightweight, the operators would have to control 

its movement when laying it down at the table 

and raising it after the task is complete. A 

second disadvantage was that the beams would 

need another storage solution.  

In order to choose a proper alternative, the 

cantilever rack was placed at the upper wall 

layout to find out if there was enough space. In 

Figure 48, it was clear that there was enough 

space to fit the cantilever rack. In the layout, the 

pallet that was placed under the rack in Figure 

46, was here placed to the right of the rack. It 

was still unused space to the right at the wall, 

thus it was clearly enough space to fit the 

cantilever rack. The cantilever rack solution 

was chosen since there was enough space, it was 

a better solution in an ergonomic perspective, 

and it would also fit the beams.  

When the layout at the upper wall was planned, 

both carrying distances and forklift hazards 

were considered. The materials were supposed 

to be placed as close to the tables as possible, 

but having a forklift driving adjacent where the 

operators work would increase the risk of 

accidents. Therefore, all materials were placed 

to the right since that was from where the 

forklift drove into the area, and the operators did 

not work there.  

Figure 47: Storing the clamp in a H-beam pillar 

Figure 48: Layout at the upper wall 
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5.4.4 Line area 

An idea in the brainstorming session was to 

store material underneath the mounting line’s 

stock. In the area of interest, parquet floors are 

stored (Figure 49). The floors consist of three 

part numbers and shall be placed next to each 

other, but it is not necessary to have two pallets 

of each part number adjacent to the mounting 

line. The work area at mounting line was on a 

plateau, 44 cm above the ground. The plateau is 

visible to the left in Figure 49.  

 

In a meeting with the team leader at the 

mounting line, it was stated that they could 

allow their pallets to be stored one meter above 

the ground. This constraint was critical since the 

height would also be reduced by the pallet 

racking and leaving a small space to use for 

stock to floor joist system. The second 

constraint was the dimensions of the line’s 

material. In the area, they stored parquet floors 

which were 220 cm long and weighed 700 kg 

each. Since the pallets were large and heavy 

they would need to be stored on a pallet racking 

with three beams instead of two. The team 

leader wished all three parquet variations to be 

stored in the same way to make the work easy 

for the operators and service staff. The 

constraints are visualized in Figure 50. If the 

parquet pallets would be stored on a pallet 

racking it shall either be one pallet per frame, as 

shown to in the top of the figure, or two pallets 

on the same shelf, as shown in the bottom of the 

figure. 

 

 Because of the pallets weight, the preferred 

alternative is one frame between each pallet, as 

shown in the upper illustration. On the other 

hand, the material at floor joist system are often 

longer than 220 cm and therefore the lower 

alternative would be favorable.  

Standard measurements of pallet racking were 

found in an online benchmarking (EAB, 2017a; 

EAB, 2017b; GEMO Lagerinredningar AB, 

2017; Weland Lagersystem AB, 2017; 

Constructor, 2017). Some of the sources had 

different maximum load thus only the highest 

load is presented in Table 7.  

Table 7: Pallet racking standard measurements 

Beam 

length 

(mm) 

Max load per 

beam (kg) 

Source 

950 1*1,000=1,000 (EAB, 2017b) 

1,850 2*1,000=2,000 
(EAB, 2017a) 

(EAB, 2017b) 

2,300 2*1,000=2,000 (EAB, 2017b) 

2,750 3*1,000=3,000 (EAB, 2017b) 

3,600 4*1,000=4,000 
(EAB, 2017a) 

(EAB, 2017b) 

The result from the benchmarking stated that 

the three longest beams were long enough to fit 

one or two pallets, but since there would be only 

100 mm width of marginals, the risk for 

accidents was high thus the width was 

considered too small. Therefore, the 

alternatives were 2,750 and 3,600 mm. Both 

alternatives would fit one pallet thus the 

suitable length was 2,750 mm, 3,600 mm would 

be unnecessary wide with a lot of dead space. 

Figure 49: Current area of the line’s stock 

Figure 50: Constraints and alternatives to observe when 
evaluating stock alternatives  
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The total width of a pallet racking with 2,750 

mm beams was estimated with frames with an 

approximate width of 100 mm (Constructor, 

2017). The total width of the pallet racking was 

calculated to  

3 ∗ 2,750𝑏𝑒𝑎𝑚 + 4 ∗ 100𝑓𝑟𝑎𝑚𝑒 = 8,650 𝑚𝑚 

Note that beam length was an approximation 

based on average width thus the needed length 

could differ a few centimeters. However, the 

area was 6.94 meters long and therefore if it was 

not practicable to fit the 8,65 meters long pallet 

racking, thus special designing a pallet racking 

was investigated. In a mail conversation with a 

pallet racking supplier it was stated that it was 

possible to construct a pallet racking up to 5 

meters long but the manufacturing cost would 

be high, thus the supplier’s recommendation 

was to find other storage solutions. The 

conclusion of the investigation was that this 

area was not available for floor joist system.  

5.4.5 Current aisle area 

Among the areas behind the forklift aisles, this 

area was closest to the work tables. Since the 

line area was not available for storage, the 

utilization of this area had to be investigated. In 

the current layout, bathroom boards and 

insulation were stored in the area (Figure 51). 

The bathroom boards were heavy and the 

operators wished to carry them as short distance 

as possible. The insulation was not heavy to 

carry and the operators stored the least used 

insulation here.  

 

To minimize carrying heavy loads, the heaviest 

materials were prioritized to be stored in the 

area. The material wished to be moved to this 

area were PEX pipes and drop panels, which 

were stored at the left wall area in the current 

layout. The bathroom boards which were 

already stored in the current aisle area was 

supposed to be kept in the area. The storage 

alternatives were pallet racking since the 

material was heavy. The dimensions of the area 

and the desired materials to store are 

summarized in Table 8.  

Table 8: Dimensions of materials and the current aisle 
area  

Area/Material Dimensions (cm) 

Current aisle area 512*120 (L*D) 

Bathroom boards 235*125*70 (L*D*H) 

Insulation 200*122*240 (L*D*H)  

PEX pipes 80*120*100 (L*D*H)  

Drop panels 240*182*(3*38) (L*D*H)  

The height of the area was not specified in the 

table because the ceiling height was not a 

limitation. The drop panels were stored as three 

pallets on top of each other, which is visualized 

in the table.  

A few limitations were stated based on the 

material’s dimensions: Since the drop panels 

were wide, they ought to be stored on the floor 

under the pallet racking. The insulation pallet 

had to be placed on the floor as well because the 

pallet was high and the operators had to be able 

to reach the material. The Bathroom boards 

could be stored in the pallet racking, but at a 

comfortable carrying height for the operators. 

Most of the PEX pipes could be placed high, but 

the reachable PEX pipes had to be close to the 

floor since they were heavy.  

When the line area was evaluated several pallet 

racking alternatives were found in the 

benchmarking. Based on the founding, the 

suggested storage solution was a 3+2 pallets 

wide racking, as visualized in Figure 52. Since 

the insulation pallet was large and high and the 

material was light weight, it was not stored in 

the area. Instead, it was placed at the left wall 

area next to the switchboard. 

Figure 51: Photography of the current aisle area 
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The drop panels are placed on the floor. As 

visualized in the figure, the pallet is deeper than 

the pallet racking. To avoid accidents, the pallet 

racking should be placed in line with the pallet’s 

front since pallet racking are equipped with 

impact protections on the sides. The forklift 

aisle in the current layout was four meters wide 

and the minimum limit was 3.5 meters. The 

pallet racking would stick out approximately 

0.6 meters thus the forklift aisle would be too 

narrow. On the other side of the forklift aisle 

was the insulation saw and in an open interview 

with the operators, it could easily be moved to 

make the aisle wide enough. The bathroom 

boards are found in the pallet racking above the 

drop panels. If the drop panel stock was smaller 

and refilled more often, the bathroom boards 

could be placed lower and it would be easier to 

get an ergonomic height when the operators lift 

these particle boards. The gray pallets are PEX 

pipes of which the two lowest pallets are 

reachable for the operators. The stock area is 

512 cm wide and since the pallet racking is only 

478 cm wide, it is an empty space of 34 cm. It 

could be possible to fit a pushcart in this area 

and minimizing the carrying distance of PEX 

pipes. To make this solution harmonizing with 

the Lean philosophy, the actual material need 

would have to be investigated, and all materials 

shall have marked stock places.  

As described in the theoretical framework, 

pedestrians are exposed to risks of severe 

accidents when walking in a forklift aisle. This 

concept would shorten the walking distance to 

pick PEX pipes and drop panels, but also the 

number of walks since the insulation would be 

placed adjacent to the workstation. The risk is 

still present though, and therefore actions to 

prevent accidents should be carried out. As 

described in the theoretical framework, visual 

conditions affect the visual acuity, contrast 

sensitivity and speed of perception, thus clear 

markings together with good visual conditions 

are essential to help pedestrians and forklift 

drivers to see each other and prevent accidents. 

Another risk factor is the pallet racking since it 

will stick out in the aisle, but with floor 

markings along the forklift aisle it would be 

easier for the forklift driver to go straight. In 

order to inform the forklift drivers where 

pedestrians may cross the aisle, the area should 

be marked like a crossroad. The forklifts were 

equipped with blue spots which marked 5 

meters behind the forklift when backing, but to 

help the operators know if a forklift is coming, 

audible and visual warnings should be installed 

on the forklifts. Additionally, a dome mirror 

would help both drivers and pedestrians to 

detect each other.  

5.4.6 Ergonomic equipment 

In addition to the new layout, the ergonomics 

would be improved by investing in ergonomic 

equipment. As described in 5.4.6 Current aisle 

area, a pushcart would ease the strain on the 

operators’ bodies since they would not have to 

carry the PEX pipes. In the current layout, the 

distance from the stock to the reel at the upper 

wall was approximately 35 meters, and with the 

concept layout, the distance would be about 28 

meters, which is shorter but still a long way to 

carry heavy loads. To further ease the strain on 

the bodies, the operators should use a pushcart 

to move PEX pipes.  

In an online benchmarking, several pushcarts 

were found, specialized to fit different areas of 

use. At the workstation, the floor was hard and 

even and partly covered with rubber carpets. 

There was a risk for flat wheels since nails could 

lie on the floor thus the wheels should be solid. 

When the pushcart was not used, it would be 

stored next to the pallet racking. The space was 

approximately 34 cm hence the pushcart would 

need to be foldable to fit in the space. In the 

benchmarking, many pushcarts with foldable 

platforms were around 33-36 cm deep when 

folded (AJ Produkter, 2017c; Cowab, 2017a) 

but there were also completely foldable models 

where the wheels were foldable as well. These 

Figure 52: Storage concept of the current aisle area 
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pushcarts were 5-15 cm deep (AJ Produkter, 

2017d; Cowab, 2017b; K-Rauta, 2017). Since 

the available area was roughly estimated, the 

actual space could either be larger or smaller 

than calculated and therefore it was not possible 

to state the optimal pushcart. Based on the Lean 

production philosophy, time spent on folding 

and unfolding a pushcart would be a non-value-

adding action and should be avoided. The 

completely foldable pushcarts had more 

compact design and smaller wheels thus it was 

possible that they could fit in the area even if the 

wheels were unfolded, ready to use. Many of 

the completely foldable pushcarts were also 

lighter than the bigger alternatives and therefore 

easier to set aside in a small area.  

The second ergonomic equipment was a lifting 

table at table 1, where the operators lifted 

Masonite from a pallet to the table. The 

Masonite were heavy and their placement in the 

layout was discussed in the early concepts, but 

the stock solution was not considered. The 

operators wanted to lift the Masonite as short 

distance as possible, and not upwards to the 

table. In the current situation, there were often 

two pallets on top of each other, placed on a 

fixed table thus the lifting height was 

comfortable for short periods; it was too high 

when it was newly filled, and when it was close 

to empty it was too low. When the pallets were 

full the height was around 126 cm and when the 

material was close to empty, the height was 

down to approximately 60 cm. To make the 

lifting height more ergonomic a lifting table 

could be installed. The Masonite were large, 

4,000*1,200 mm, but a few tables with the right 

dimensions were found in an online 

benchmarking. The tables had the same 

limitations concerning height and speed, thus 

the difference was the cost and the cheapest was 

chosen in the implementation plan.  
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6 Implementation plan 
The project’s limited time made it impossible to implement the concept before the project ended. 

Therefore, the final development of the project was an implementation plan, describing in what order 

the actions shall be performed and estimated cost.  

The upper wall area, current aisle area and 

ergonomic equipment were independent from 

each other thus the implementation order was 

not critical. However, as a recommendation, the 

first area which should be implemented is the 

current aisle area since it blocked a 

switchboard. As described in the theoretical 

framework, there shall never be materials in 

emergency gates thus it is critical to solve this 

issue. A second benefit with starting with this 

area is that the walking distance in the forklift 

aisle be shortened, which also will decrease the 

accident risk. As a part of the implementation, 

the forklift aisle shall be marked on the floor, 

and crosswalk markings where operators cross 

the aisle. The second implementation should be 

the ergonomic equipment since it would reduce 

the stress on the operators’ bodies, and the pallet 

racking must be implemented before the 

pushcart is bought. The third implementation 

shall therefore be the upper wall area.  

The cost for implementing each part of the 

concept is presented in Table 9. The pallet 

racking cost and the height adjustable table 

were given by a reseller. The cantilever rack 

was summarized costs for the needed parts 

visualized in Figure 46: Three columns, two 

strut sections, and nine arms. As described in 

the section of ergonomic equipment, the 

pushcart that will fit has to be decided when the 

pallet racking is mounted, thus the pushcart in 

Table 9 is a suggested foldable pushcart. The 

plastic boxes without cut-outs were counted to 

give as much volume as the pallets have today.  

The total cost for the concept is 103,347 SEK, 

but the cost only includes materials. Additional 

costs such as delivery, and installation are not 

included because of the project’s conceptual 

nature. Before the concept is implemented, 

actual material needs shall be calculated thus 

the cost of materials, deliveries and installation 

can vary.  

Table 9: Investment cost 

Part Component Cost (SEK) Source 

Current aisle area 
Pallet racking 12,500 (BifAB, 2017) 

Total area cost 12,500 - 

Ergonomic 

equipment 

Pushcart 699 (K-Rauta, 2017) 

Height adjustable table 78,285 (Hymo AB, 2017) 

Total equipment cost 78,984 - 

Upper wall area 

Wire basket for small assemblies (4 pcs) 1,620 (Witre, 2017e) 

Wire baskets for long assemblies  995 (AJ Produkter, 2017e) 

Stock shelf (2440 mm) 3,060 (AJ Produkter, 2017f) 

Plastic boxes with cut-outs (4 pcs) 640 (AJ Produkter, 2017g) 

Plastic boxes without cut-out (12 pcs) 2,100 (AJ Produkter, 2017h) 

Cantilever rack (two sections 1,500 mm) 3,448 (Witre, 2017d; Witre, 2017f; Witre, 2017g) 

Total area cost 11,863 - 

Total concept cost 103,347 - 
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7 Discussion  
This chapter discusses the result of the project with regard to the theoretical framework and how the 

obtained knowledge is relevant to SmålandsVillan and similar companies. The chapter ends with a 

reflection of how the result could have turned out if the project had been carried out differently.  

7.1 POSITIONING THE RESULT 

The project was Lean-oriented in many aspects. 

Eliminating waste is essential in Lean 

philosophy, and the final concept reduces 

transportation which is one of the major wastes. 

Not engaging the employees is another waste 

which was considered in the project. Operators 

were highly involved in all phases for several 

reasons: They provided the project with 

knowledge about the current situation and they 

provided feedback by finding weaknesses and 

strengths in the concept development phase. A 

waste that was not considered in the project was 

inventory. There were large material stocks at 

the workstation but this waste had to be 

excluded from the project because of limited 

time. If it had been considered, the final concept 

could have solved the issues differently.  

From a safety point of view, this concept 

improves the work situation in several ways. As 

described in the theoretical framework, dangers 

in unfavorable areas shall be considered when a 

workplace is designed. At the left wall, a 

switchboard was blocked by a pallet racking. 

The hazard in this area is solved in the final 

concept of the project. Another hazard in the 

current state was not completely removed: The 

operators still ha ve to walk in the forklift 

corridor. In the theoretical framework, it was 

stated that pedestrians and forklifts shall be 

completely separated, but if it was not possible 

other actions shall be performed to minimize 

the risks. In this concept, the lengths and 

number of walks are reduced and thereby is also 

the risk of accidents decreased. The 

scientifically recommended additional actions 

to prevent accidents that are applicable in this 

situation are floor markings to visualize to 

operators and service staff where the risk for 

accidents is high.  

This concept improves the work conditions for 

the operators in many ways; the carrying of 

heavy loads are decreased, the interactions with 

forklifts are reduced, and materials are placed in 

ergonomic heights. Even though the work is 

still heavy, the operators will save time and the 

reduce strain on their bodies. By carrying loads 

shorter distances, the muscles’ static work is 

shortened which reduces muscle fatigue, and 

when the heavy bathroom boards are placed in 

height of the hips or elbows, the pressure on the 

lumbar disks is reduced.  

Obtained knowledge that could be useful to 

others is how relationships between operators 

and managers affect the work situation. It is also 

important to not solely rely on one person’s 

story of a conflict since the other perspective 

can show a completely different story. For 

instance, depending on who described the 

issues with the backlogs in the fall, the origin of 

the issues differ: The managers said that floor 

joist system caused the problems, and one 

operator said that the heavy backlogs came 

when he was forced to move to another station 

because he refused working over-time. The 

team leader, on the other hand, said that the 

reason behind the backlogs was the failed 

coordination of materials and leveling up the 

production takt before the issues were solved.  

It is clear that in order to make a layout plan 

based on ergonomics, it is essential to analyze 

the material flow first to know how much 

materials shall be stored. When ergonomics is 

in focus, the materials dimensions and the 

stocks’ heights and distances from the 

workstation are essential factors. When more 

material than needed is considered, larger 

stocks than necessary are planned. The 

consequence is that the optimal height of a shelf 

can be neglected to fit materials, as for the pallet 

racking. The stocks can also be wider than 

necessary, as for the storage shelf, which forces 

other materials to be placed further away from 

the tables than necessary.  

Another useful knowledge is how to generate 

ideas with people who are too focused on the 

issues to think of solutions. One way to get 
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around the problem is to present ideas to the 

people to discuss. In this project, the 

brainstorming session with floor joist system 

did not generate as many ideas as needed, which 

forced other inspirational solutions to be carried 

out. Several ideas based on their issues were 

presented to the operators and they gave 

feedback of their opinions. This worked out 

well, the operators were able to discuss benefits 

and disadvantages when they were offered a 

concrete idea. To start the discussion and 

prevent the operators to stay problem-oriented, 

one or a few poor ideas were presented first.  

7.2 RELEVANCE 

This project is highly relevant to 

SmålandsVillan since the developed concept 

offers solutions to many issues at the floor joist 

system workstation, but also the other stations 

because it was stated in the project that material 

needs shall be optimized before layout 

planning. The outcome of the project is also 

relevant to other companies which are 

expanding, handling large materials, or are 

planning to develop workstations stocks and 

material handling. The conclusion that a 

conflict caused backlogs is relevant to all kinds 

of organizations because it shows that conflicts 

affect productivity negatively.  

7.3 REFLECTION 

In the beginning of the project, the known facts 

were issues with sick leave due to physical 

demanding work at two workstations, and they 

had struggled with backlogs. The chosen 

methods to map the current state were OWAS 

analyses and interviews. The methods worked 

out well since several issues were found: Apart 

from ergonomics, multiple issues from the 

expansions were found. However, in the 

analysis, it was stated that it was the conflict 

rather than physical demands that caused 

backlogs and sick leave. If this would have been 

stated when the project was initiated, the project 

would probably have been carried out in a 

different way, and with another outcome. 

Maybe these issues could have been found in 

the initial interviews at the workstations if other 

questions had been asked.  

When the project included the layout in the 

focus, the given facts were that there had been 

issues with the production flow but it was 

already solved. Based on that, the project 

excluded production flows and material needs 

to focus on ergonomics. With the consideration 

that there were ergonomic issues related to the 

layout, and the limited time would probably not 

have been enough to investigate material needs 

and flows, the decision to focus on ergonomics 

was suitable for the situation. However, if it 

would have been known from the beginning of 

the project that material flows and stock sizes 

were not optimized, the project could have been 

executed in a different way. If the layout issue 

would have been known from the project’s start, 

a more detailed analysis could have been 

carried out including number of walks, weights 

of the loads, and material needs. If the actual 

material need had been optimized or at least 

known when the project started, the layout 

would probably have been looking differently 

since there would not be unnecessary materials 

in the area.  

When the implementation plan was carried out, 

an investment cost was presented. The reason 

for not presenting an investment calculation 

was that it was not possible to show how much 

time the operators would save, how much more 

they could produce when the strain on the 

bodies were reduced, or how much the sick-

leave would decrease. In order to present an 

investment calculation, a broader and more 

detailed current state analysis shall be carried 

out to be able to do a more detailed solution. By 

doing so, it would be possible to compare how 

much time is saved when walking distances are 

shortened, how much money is saved with 

reduced material stocks, among other things.  

Maybe, situation at floor joist system was not 

improved earlier because both managers and 

operators focused on the problems and not how 

to solve them. Together with the conflict in the 

fall last year, the relationship between the team 

and managers was damaged and it could have 

made the cooperation to develop the 

workstation difficult. In this project, the 

operators were engaged in the development 

process and hopefully the operators learnt how 

to discuss ideas, and if the managers decide to 

implement the concept, the operators will be 

inspired to further develop their workstation. 
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8 Conclusions 
This chapter discusses how the project responds to its objective and aim, together with the research 

questions stated in the introduction.  

8.1 PROJECT OBJECTIVE AND AIM 

The objective was to define and analyze why 

sick leave was common among operators. In the 

current state analysis, it was found that several 

factors combined caused the high sick leave, 

thus the objective of the project was fulfilled. At 

floor joist system, these factors were 

ergonomics, layout changes, and backlogs 

together with a conflict. The aim of the project 

was to develop a solution which would ease the 

strained work situation and consequently 

eliminate or decrease the number and lengths of 

the sick leaves. The final concept eases the 

strain in the work situation in many ways since 

the distance of carried load is reduced, materials 

are placed at ergonomic heights, and accident 

risks are reduced. It is possible that the concept 

will contribute to decrease the number and 

lengths of sick leaves, but since a conflict 

affected the statistics it is not known what the 

normal state of sick leave is, and therefore it is 

not possible to estimate how the sick leaves will 

decrease.  

8.2 RESEARCH QUESTION 1 

Which are the common musculoskeletal issues 

at the workstations?  

At floor joist system, the common areas of pain 

were in the back, wrists, and calves or feet. The 

cause of the issues in the back were postures 

where the back was bent, but also kneeling 

postures. Legs and feet hurt because the 

operators were standing or walk most of the 

time, and wrist hurt because they held tools such 

as nailers and screwdrivers. The concept would 

decrease the walking distance and especially the 

length when carrying loads. This could increase 

the pain in back, legs and feet, but since the 

operators probably will spend the gained time 

to build, the issues are not necessarily reduced.  

8.3 RESEARCH QUESTION 2  

Are there any other reasons for the high sick 

leave statistics? 

At floor joist system, the main cause of sick 

leaves in the fall of 2016 was a conflict between 

the operators at flor joist system and the 

managers. The conflict caused a negative 

atmosphere and increased backlogs. The heavy 

physical and mental work situation probably 

caused the high sick leave. Since the facility has 

expanded for a few years in a row, there is no 

normal state and therefore it is neither possible 

to see in previous statistics how the expansion 

in the fall affected the sick leave nor how much 

sick leave they use to have. Because of this 

reason, it is not possible to estimate how the 

outcome of the project might affect the 

statistics. However, by asking this question in 

the beginning of the project, the groundwork in 

the current state was carried out thoroughly and 

described from several perspectives thus the 

phase resulted in a reliable perception of the 

situation.  
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9 Recommentations 

To implement the concept, the managers at 

SmålandsVillan should optimize how much 

material is needed at the workstation. By doing 

so, a smaller pallet racking and shelf will be 

needed than presented in this thesis, which is in 

line with the Lean philosophy’s core of 

avoiding waste in inventory. When smaller 

stocks are planned, the managers will also need 

to configure the station’s service staff’s 

workload since he will have to refill the stocks 

more often, called JIT in Lean philosophy. 

When the concept at the upper wall was 

developed, it was with the foundation that the 

sewages will be delivered as assemblies thus 

this must be realized before the upper wall can 

be implemented. As described in chapter 6, the 

first area to implement is the current corridor 

area followed by ergonomic equipment, and 

finally the upper wall area. The urge of 

implementing the current corridor area makes it 

necessary to investigate the material need and 

flow of PEX pipes and drop panels first. The 

sewage assembly delivery is not as urgent and 

can wait to be investigated until the current 

corridor area is up and running.  

In the previous implementation that affected the 

workstation, the new line Start Living, a 

conflict harmed the relations between managers 

and operators. In order to avoid that happening 

again, the operators shall be involved in the 

implementation phase since user involvement 

increases satisfaction and acceptance of 

changes, as described in the theoretical 

framework.  
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Appendix I – Gantt scheme in the 
project planning phase 
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Appendix II – Interview template 
 

 

Intervjufrågor / Interview questions 

Intervjufrågorna för varje del presenteras först på svenska och därefter översatta på engelska i kursiv 

stil. 

The interview questions for each part are first presented in Swedish and then followed by English 

translation in italic. 

 

 

Lean produktion / Lean production  

• Känner du till lean? 

o Att SmålandsVillan använder det 

o Vad det innebär med verktyg och filosofi 

▪ Daglig styrning, kontinuerliga flöden, ständiga förbättringar, 5S, just in time, 

engagerad personal, standardiserat arbetssätt, mm 

• Har du fått introduktion eller utbildning om lean? 

o Om ja, av vem? 

▪ Operatörer, chefer, extern person 

▪ Används det på samma sätt som det lärdes ut? 

 

• Do you know about lean? 

o That SmålandsVillan is using it 

o What it means by tools and philosophy  

▪ Daily control, production flow, continuous improvements, 5S, just in time, engaged 

staff, standardized way of work, among other things 

• Have you been introduced or educated in lean? 

o If yes, by whom? 

▪ Other operators, managers, external people 

▪ Is it used in the same way as it was taught? 
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Belastningsergonomi / Ergonomics 

• Hur mycket upplärning fick du när du kom till stationen första gången? 

o För att klara arbetet på egen hand 

o För att kunna jobba effektivt 

o För att arbeta på ett säkert sätt 

▪ Ergonomiskt 

▪ Med verktyg 

▪ Hur man inte bör göra 

• Använder du hjälpmedel och skyddsutrustning som finns tillgängligt? 

o Varför, varför inte 

o Är det något som saknas som skulle underlätta arbetet 

• Vilka moment tycker du är jobbiga och varför? 

o Fysiskt, temperatur, luft, ljud, ljus, stress, olycksrisk, verktyg 

• Hur känns kroppen efter arbetsdagens slut? 

o Kroppskarta (illustration) 

• Hur resonerar du kring belastningsskador? 

o Något man får leva med, bör undvikas, oundvikligt 

o Kunskap om belastningsskador 

o Gör du något konkret för att undvika belastningsskador? 

• Hur resonerar du kring sjukfrånvaro? 

o När lagmedlemmar är borta 

o Att sjukanmäla sig själv 

• Ägnar du dig åt fysiska aktiviteter på fritiden? 

o Vad i så fall, och hur påverkar jobbet fritiden och vice versa? 

 

• How much teaching were you given when you first came to the work station? 

o To work on your own 

o To work effectively 

o To work in a safe way 

▪ Ergonomically 

▪ With tools 

▪ What not to do 

• Do you use available tools and protective equipment? 

o Why, why not 

o Is there anything missing that would ease the work 

• Which operations do you think is heaviest and why? 

o Physically, temperature, air quality, noise, light, pressure, risk of accidents, tools 

• How does the body feel after a work day? 

o Body map (illustration) 

• What do you think of musculoskeletal disorders? 

o Something to live with, shall be avoided, inescapable 

o Knowledge about musculoskeletal disorders 

o Actions to avoid musculoskeletal disorders 

• What do you think of sick leave? 

o When team members are absent 

o To be away from work 

• Do you do physical activities in your free time? 

If yes, what and how does the work affect the activity and vice versa 
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Psykosocial arbetsmiljö / Psychosocial work environment  

• Vad tycker du om ditt arbete generellt? 

o Roligt, tråkigt, inkomstkälla 

• Upplever du arbetet varierat eller monotont? 

o Ergonomiskt 

o Psykiskt  

• Hur mycket krav har du på dig och hur mycket kontroll har du över arbetet/situationen?  

o Krav-kontroll (illustration) 

• Upplever du att du har stöd från… 

o Arbetskamrater 

o Chefer  

o Andra  

 

• What is your general thoughts of your work? 

o Funny, boing, income source 

• Do you think your work is variated or monotone? 

o Ergonomically 

o Psychologically 

• How high demands are on you and how much control do you have?  

o Control-demand (illustration) 

• Do you feel you have support from…  

o Team members 

o Managers 

o Others 
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Appendix III – Floor joist system OWAS 
analysis 
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Appendix IV – Middle joist system 
OWAS analysis 
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Appendix V – Reworked Gantt scheme 
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Appendix VI – Concept evaluation 

 


