
LICENTIATE T H E S I S

Luleå University of  Technology
Department of Human Work Sciences, Division of Industrial Work Environment

:|: -|: - -- ⁄ -- 

:

The Healthy Construction Workplace 

Best Practices in the Swedish Construction Industry 
to prevent work-related musculoskeletal disorders 

among construction workers

Romuald A. Rwamamara 

Department of Human Work Sciences 
Division of Industrial Work Environment 

Luleå University of Technology 

The Healthy Construction Workplace

Best Practices in the Swedish Construction Industry
to prevent work-related musculoskeletal  
disorders among construction workers

Romuald A. Rwamamara



I

PREFACE

I am thankful to the Lord my God without whom my best efforts could have come to 
nothing.

I am so grateful to my wife, Sarah, who was my editor, faithful critic and best friend, who 
tirelessly and effectively accomplished a thousand other tasks so that I could write this 
thesis.

Many thanks to Professor Ove Lagerqvist and to my friend Dr Patrik Svanerudh who 
both encouraged me in many ways and helped me to harmonise a number of ideas I wrote 
in my early drafts of the research project proposal that eventually led to the financing of 
the project work presented in this thesis. 

This thesis would have been impossible to write without Jan-Erik Östberg from Peab 
whom I met for the first time at the beginning of 2002, and who was encouraging and 
warm to the project ideas I shared with him. 

The financial support to perform this thesis is mainly from PEAB through SBUF 
(Development Fund of the Swedish Construction Industry). Also ByggForum Nord has 
contributed with support which is gratefully acknowledged. 

I would like to also thank my supervisors Dr Bo Johansson, Professor Jan Johansson and 
Professor Ove Lagerqvist for giving me their valuable comments while writing this 
thesis.  I am also grateful for all the valuable e-mail communications and informative 
seminars I have had with members of the reference group of the project “the healthy 
construction workplace”.   

I am thankful to the Division of Industrial Work Environment, which provided me a 
platform to work on this thesis. 

I would like to thank Dr Björn Samuelsson for those informative scientific papers and 
reports he sent to me to read every now and then.  

And finally, this thesis would have been practically impossible without all the support 
and cooperation I received from the many construction workers and site managers who 
participated in the project “the healthy construction workplace”. 

Romuald Rwamamara 

Luleå, April 2005



II



III

ABSTRACT

This thesis focuses on the reduction of work-related musculoskeletal disorders through 
the successful strategies contributing to a healthy construction workplace. The aim of this 
work is to contribute towards the understanding of a healthy construction workplace 
brought about by the best practices implemented by large construction sites. From a 
preventive perspective, a model for the construction workplace system balance can be 
used to identify strategies. Specifically this is aimed at: 

Identifying and describing the best practices conducive to work-related 
musculoskeletal health in the construction work environment. 
Providing recommendations to contribute to healthy construction workplaces, thus 
improving work-related musculoskeletal health and preventing the musculoskeletal 
disorders among construction workers. 

To identify the best practices in the Swedish industry to prevent work-related 
musculoskeletal disorders; several construction projects were investigated using 
interviews, site observations and company documents study. In every construction 
project, the investigation focused on six areas of the construction workplace system 
balance, namely the planning (including the pre-production planning), the technology 
used at the construction site, the work organization, the work environment, the work tasks 
performed and the individual worker.   

The results have shown that there are numerous best practices both in the pre-production 
and the production phases of the construction projects. Although, best practices were 
identified in the different areas of the construction workplace system balance, there 
seems to be a significant need for good practices in Systematic Work Environment 
Management (SWEM) and the implications of some payments methods on the production 
schedule had left much to be desired as far as construction workers’ work-related 
musculoskeletal health is concerned.

Limitations of the results are that there has been poor participation of the designers and 
the developers of the different construction projects investigated in the research study. 
Also, the participation of subcontractors’ managers in this study was unexpectedly low. 
Another limitation of the study was a cultural attitude of interview respondents who did 
not often think that they had anything better than another construction workplace. This 
made it hard to ascertain the best practices from the interview participants.   

Based on the results and conclusions in this thesis a number of general recommendations 
are given: 

To increase the involvement of developers in the implementation of the work 
environment plan. 
Consider educating both the management and the employees about SWEM through 
workshops, and make an evaluation of SWEM with a procreative measurement. 
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Housekeeping responsibilities should be spelt out in contracts and tender documents, 
and these documents should define the responsibilities.
The management should consider providing opportunities to workers for physical 
fitness/training during work hours. 
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ACRONYMS AND ATYPICAL WORDS    

ACS-P  Automatic Climbing System-Platform 

ACS   Automatic Climbing System 

BCA   The Central Work Environment Council for the Construction Environment 

Back belt Back support or abdominal belt used by construction workers during load 
lifting 

EC   European Council 

Foot profile A database of the construction company’s workers feet anthropometry 
which allows the employer to purchase hard-toe shoes that are customer 
made.   

MSDs  Musculoskeletal Disorders 

PC   Personal Computer 

PPE   Personal Protective Equipment 

SCC   Self Compacting Concrete 

SWEM  Systematic Work Environment Management 

WMSDs  Work-related Musculoskeletal Disorders 

WHO   World Health Organisation 
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1. Background

Work Environment problems in the Swedish Construction industry 

The Swedish construction work environment is regarded as the safest in the world 
(Flanagan et al., 2000) on the subject of physical health, working conditions, injuries and 
accidents. Nevertheless, there are work environment related health problems to be tackled 
since these risk factors cause relatively high costs influencing the projects. Public debate 
in recent years has focused increasingly on work environment issues, not least in view of 
the dramatic rise in the cost of ill-health. The work environment alone cannot account for 
the large number of long-term sick leaves, but it is one of several factors involved, and 
improvements in the workplace are seen to be the most important single measure for 
reducing the incidence of ill-health. 

Due to the large number and the magnitude of occupational musculoskeletal disorders, 
the construction industry has been chosen by the Swedish Work Environment Authority 
as one of the six priority employment sectors which are a target for its prevention 
programme (http://www.av.se/webbshop/pdfroot/adi_569.pdf).

Many construction work tasks are physically very strenuous, and the incidence of work-
related injuries/accidents among construction workers is considerably higher than that in 
most other occupations. In Sweden fewer than five percent of construction workers 
remain in the occupation until retirement age, the majority leaving for physically less 
demanding jobs or early retirement (Ahlborg, 1997). 

From 1995 to 2001, the construction industry has had an occupational injury frequency 
fifty percent higher than the average of all industries in the country. In the construction 
industry and between years 1997 and 2001, the number of registered incidences of work-
related injuries came to 5500 work-related injuries; this is the equivalent of 24 injured out 
of 1000 employees; and the most common injuries in construction industry were 
musculoskeletal injuries (including both accidents and diseases) which constitute 33 
percent of all injuries (www.av.se/statistik/doc/0000253.pdf). For more clarity, this thesis  
report will not deal with all occupational injuries such as those emanating from work-
related accidents, but only work-related musculoskeletal disorders (MSDs) described as a 
whole range of disorders which are not typically the result of an acute or instantaneous 
event, but which are the result of a chronic development.     

Since 1997, the construction industry in Sweden has slowly increased its activities after 
going through a recession period. From 1997 to 2001, the number of those gainfully 
employed in this industry increased by 13 percent which amounts to a total of 237 000 
employees and self-employed in the year 2001 (www.av.se/statistik/doc/0000253.pdf). 

The research study presented in this thesis report has a two-fold origin. Firstly, under the 
project theme “the healthy construction workplace,” a pilot study entitled “An 
exploratory study for the construction workplace” was carried out during autumn and 
winter of 2002/03; the pilot study’s literature review identified the construction work as a 

http://www.av.se/webbshop/pdfroot/adi_569.pdf
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sector with several musculoskeletal risks. There is also an agreement among employers 
and employees organisations on the priority to be given to health problems. The problem 
of musculoskeletal disorders was found to be much more complex and that the problem 
could hardly be solved through individual efforts. The pilot study investigation has 
further shown that individual worksites and construction projects undergo systematic and 
effective work to improve the work environment but very little is done by the industry as 
a whole; therefore it was found important to identify and systematize those good 
practices and formulate a strategy about how to spread them to other construction 
workplaces, thus using the best practices effectively as a method.       

Secondly, this research project responds to PEAB1’s work environment aim which states 
that all activities should be planned with the aim of a good work environment in order to 
eliminate work-related injuries and illnesses; further this thesis contributes to the SBUF 
(Development Fund of the Swedish Construction Industry) main aim, particularly to its 
partial aim to support the development of methods and equipments which make 
construction work, service and maintenance more attractive and suitable to human 
beings.

1 Peab is one of the Nordic countries' leading companies in the field of Construction and Civil Engineering.  
  Peab Group net sales are SEK 20 billion and Peab has about 10,000 employees. http://www.peab.com 

http://www.peab.com
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2. Research Objectives 

There are two general objectives underlying this research study. In the absence of enough 
information about good industry practices promoting musculoskeletal health, the first 
objective consists of identifying and describing strategies and activities (i.e., best 
practices2), which have proved to be successful in the fight against the development of 
work-related musculoskeletal injuries in the construction industry. The second objective 
is to formulate recommendations substantial to the musculoskeletal injuries prevention, 
specific to the construction work environment; thus to bring about immediate actions or 
to guide further research studies on identified issues.

Concisely, best practices are defined as the processes, practices, and systems identified in 
public and private organizations that performed exceptionally well and are widely 
recognized as improving an organization's performance and efficiency in specific areas. 
Successfully identifying and applying best practices can reduce business expenses and 
improve organizational efficiency (http://www.gao.gov/special.pubs/bprag/bprgloss.htm). 

The research objectives of this study were fulfilled by systematically following through 
the steps shown in the chart below: 

Figure 1: A flowchart of the research process. 

2 Best practices or good practices are those implemented solutions to prevent the exposure of workers to 
risks during construction activities. (htt://agency.eu.int/news/press_releases/en/19_04_2004/index.htm). 

Identify construction projects 
to participate in the study 

Conduct interviews 
Do sites observations 

Search internal company documents 

Identify best practices

Formulate 
recommendations 

http://www.gao.gov/special.pubs/bprag/bprgloss.htm
htt://agency.eu.int/news/press_releases/en/19_04_2004/index.htm
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3. Research study delimitations 

The research study focused on the issue of musculoskeletal injuries in the construction 
industry, because these injuries are on the increase and they constitute 73 percent of all 
work-related diseases among construction workers (BCA 2003:1). There are other issues 
such as health risks resulting from exposure to noise or chemicals, however these issues 
are clearly less important and therefore not part of this research. Accidents incidences did 
not concern this research study either. 

As far as this research study is concerned, the focus was put on the following 
construction trades: scaffolding erectors, concrete workers, carpenters, roofers, carpet 
layers, electricians, plumbers and heavy machines operators. There are several 
occupational groups that were not included in this study, this delimitation was based on 
the choice of occupational categories that have been mostly affected by musculoskeletal 
injuries and illness in which the number of workers affected is high.

Furthermore, the study was limited to 13 large construction workplaces; all situated in the 
northern region (i.e., Luleå, Gammelstad and Vindeln) and southern region (i.e., 
Linköping, Örebro, Stockholm, Lidingö, Malmö, Stefantorp and Lund) of Sweden. 
The reason for this delimitation was to be able to have the possibility to study specialised 
operations done with a large spectrum of building projects. An additional reason for 
studying these large construction sites was based on the fact that work environment 
issues are generally dealt with professionally in larger organisations more than in small 
ones.

This research study was further limited to the building construction projects, which meant 
that the study has excluded the roads, tunnels and bridges construction projects.
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4. Reference group: origin, make-up and role 

Due to the nature of this research study, there was a need for a reference group with 
adequate and broad knowledge in the construction industry and more specifically in the 
field of construction work environment. This group was formed at the beginning of the 
project study in order to obtain the support of the industry which would help to achieve 
different tasks pertaining to the project.

The reference group consists of three representatives from construction workers unions 
and a number of representatives from various construction organisations, employers 
association. Members of the reference group are as follows: 

Employees union:  The Swedish Building Workers' Union (Byggnadsarbetareförbundet) 
with the following three representatives: 

- Kjell Johansson 
- Göran Söderlund 
- Ove Bengtsberg 

Employers Associations and organisations: 
- ByggForum Nord with one representative: Thomas Olofsson
- Galaxen AB with one representative: Berndt Stenlund
- BCA, the Construction Industry’s Central Work Environment      

Council (Byggindustrins Centrala Arbetsmiljöråd) with one 
representative: Björn Samuelson

- PEAB, a construction company with one representative:  
Jan-Erik Östberg 

- NCC, a construction company with one representative:  
Carina Vestrin 

The ultimate role of the reference group consists of three aspects. The first aspect was to 
facilitate communication between the researcher and potential study objects. The second 
was to make construction employers and workers aware of the importance of the project; 
finally, the third aspect was to share their expertise and comments in regard to results 
reports during the project. 

In general, the project reference group has fulfilled its role especially by actively making 
the industry aware of the importance of this research study; and further giving valuable 
contacts in various construction projects whose managers, supervisors and workers 
participated in the project study. Finally, the reference group has achieved its role by 
participating in meetings and e-mail correspondence to discuss and comment on results, 
conclusions and recommendations from the project study. 
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5. Theoretical frame of reference 

The following theories have been chosen for this thesis report, firstly because these 
theories explain the fundamental nature of health and its relationship to work, and 
secondly because the work presented in this thesis is health-related in terms of seeking 
successful strategies to reduce the musculoskeletal disorders/injuries at the construction 
workplace.

5.1 Health promotion 

To have an understanding of the concept health promotion, this thesis refers to the World 
Health Organisation (WHO)’s definition of health promotion which states: 

"Health promotion is the process of enabling people to increase control over, and to 
improve, their health. To reach a state of complete physical, mental and social well-
being, an individual or group must be able to identify and to realize aspirations, to satisfy 
needs, and to change or cope with the environment. Health is, therefore, seen as a 
resource for everyday life, not the objective of living.  Health is a positive concept 
emphasizing social and personal resources, as well as physical capacities. Therefore, 
health promotion goes beyond healthy life-styles to well-being." (WHO, 1986).  

According to the WHO Ottawa document (World Health Organisation, 1986), health 
promotion can be divided into the following activities: 

Development of a healthy public policy 
Creation of supportive environments 
Strengthening of community action 
Development of personal skills (healthy life-style) 
Reorienting health services to promote the health of the working population 

Kaukiainen (2000), states that the aims to provide health promotion should consist of a 
safe, stimulating, satisfying and pleasant setting for life and work conditions. 
Furthermore, health promotion supports development by dispensing knowledge, 
providing education and enhancing life skills. 

Concepts of health promotion include health during work and leisure time, in the society, 
but also in the policy of health implementation. The Luxembourg declaration on 
workplace health promotion (1997) was the combined efforts of employers, workers and 
the society to improve the health and well-being of people at work. The declaration was 
based on directive 89/391/EC (Occupational Health Service Legislation and Practice) of 
the European Council (EC) and on a profile of the workplace as a public health setting. 
The workplace health promotion is a modern corporate strategy aimed at preventing 
work-related diseases, accidents, injuries, occupational diseases and stress and at 
enhancing the health promotion potential and well-being of the work force. According to 
Kaukiainen (2000), the related assumptions are that, firstly healthy people mean healthy 
organizations and secondly workplace promotion is evidence-based and successful. The 
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European network for workplace health promotion (1997) emphasizes the following 
activities: 

Increasing the awareness of the workplace health promotion and promoting the 
responsibility for health with regard to all stakeholders 
Identifying and disseminating models of good practice 
Developing guidelines for effective workplace health promotion 
Ensuring commitment of the member states of the European Union to the incorporation 
of respective policies 
Addressing the specific challenges of working together with small-scale enterprises. 

5.2 Health promotion in the workplace 

According to Bengtsson et al. (2002), one must always pay attention to the people’s life 
situation when it comes to their health, because the relationship between people and the 
environment is strong. The state of health is influenced by a number of the surrounding 
and individual-related factors. 

5.2.1 Promotion and Prevention 

There are first and foremost two concepts that are interesting to point out when speaking 
about health and ill health (Menckel and Österblom, 2004). These are promotion and 
prevention. The main difference between the two concepts is that prevention is often 
directed to a specific risk group whereas promotion is directed to all. 

Menckel and Österblom (2004) stated that it is traditionally perceived that the systematic 
work environment management has been focused on prevention, which means to identify, 
eliminate or reduce risks for injuries and ill health. Menckel and Österblom carried on 
arguing that the Swedish legislation is also based on and focused on the prevention 
approach. They explain that the concept promotion focuses more on creating supportive 
environments and conditions for a better health for all for example on the worksite. The 
health promoting work focuses on the possibilities for good health and refers to the 
development work and commitment, which can make it easier for the management to 
adopt the perspective. For a workplace to be health promoting, it requires fair support, 
respect and an encouraging management. It should be in the interest of the employers to 
have productive and healthy employees, and this requires that conditions for the good 
health be in place. 

According to Menckel and Österblom (2002) discuss the difference between the 
systematic work environment management/the good workplace and preventing 
illness/promoting health saying that it should be remembered that a good work 
environment is not the goal in itself, but the means to create the desirable conditions for 
the good health. Thus, an active work environment management is the means to prevent 
illness, whereas the good workplace is created through commitment and health promotion 
activities. 
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5.2.2 Health promotion processes 

Menckel and Österblom (2004) have come up with three key words that they perceived as 
important in bringing about health promoting processes at the workplace. Those key 
words are leadership, resources and own strength and Menckel and Österblom state that 
these three build the foundation for a healthy workplace. The following diagram (see 
figure 2) was translated from its original Swedish format.  

Figure 2: Exchanges between work, society and the individual worker health 
(Source: Menckel and Österblom 2004:219 in Johansson et al., 2004). 

The diagram (figure 2) shows that leadership is needed to lead the workplace to the goal 
of good health. Resources are also necessary to achieve the goal. Of course, it is also 
important that people invest in their own strength, put together their own resources, and 
be willing to participate and commit themselves to the health promotion processes.   

According to Menckel and Österblom (2004), a management system for the workplace 
health promotion (WHP) or healthy workplaces can be successful if it takes the 
Luxemburg Declaration (1997) as its basic structure.  The workplace health promotion 
will reach its aim if it is oriented along the following guidelines:  

All staff has to be involved (participation). 

WHP has to be integrated in all important decisions and in all areas of organisations 
(integration).

Work 
environment 

Work content 

Work 
organisation 

Capacities, 
expectations

and needs 

Culture/society, 
manners and 

customs 

Private life 

Work 
performance 

Satisfaction 
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All measures and programs have to be oriented to a problem-solving cycle: needs 
analysis, setting priorities, planning, implementation, continuous control and 
evaluation (project management). 
WHP includes individual-directed and environment-directed measures from various 
fields. It combines the strategy of risk reduction with the strategy of the development 
of protection factors and health potentials (comprehensiveness). 

5.3 Best practices 

5.3.1 What are best practices?

In the context of this thesis, ‘best practices’ are those processes, practices, and systems 
identified in the building construction projects/organisations that performed exceptionally 
well, and are widely recognised as promoting health and safety as well as effective at 
eliminating or reducing ill health (i.e., work-related musculoskeletal disorders).  

Belle (2000) declared that it is critical for improving performance that benchmarking 
singles out those practices that have proved themselves to be the best in a given area. By 
finding examples of superior performance in other organisations and understanding the 
“best” processes and practices driving that performance, organisations can improve their 
own performance and tailor these examples to their own situation. 

5.3.2 Identifying  best practices 

At its most basic level, identification of best practices occurs when a practitioner notes 
(often informally) that one activity works better than another, or when groups of 
practitioners share information about what works best. However, a strong argument can 
be made for developing a more systematic method for identifying best practices, one that 
encourages the continuous development and evolution of guidelines and criteria based on 
feedback from practitioners’ experiences (Kahan and Goodstadt, 2001). 

5.4 Musculoskeletal Health 

5.4.1 Definition of health 

The World Health Organization (WHO) definition that has not been amended since 1948, 
states that health is a state of complete physical, mental and social well-being and not 
merely the absence of disease or infirmity. Medin and Alexandersson (2000) define 
health more broadly with the following definitions: 

Health as the absence of illness 
Health as resource, strength 
Health as being in balance, in good form  
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5.4.2 What are Work-related musculoskeletal disorders? 

The term work-related musculoskeletal disorders (MSDs) describes a whole range of 
disorders which are not typically the result of an acute or instantaneous event, but which 
are the result of a chronic development, Moreover, these disorders are either worsened by 
work conditions (or made to last longer), or else have a direct association with the work 
environment or the work performance. Various other risk factors, including personal 
characteristics (for example physical limitations) as well as societal factors may also help 
to contribute to the development of these disorders (Armstrong et al., 1993).

The association of these disorders with the workplace factors was first recognised in the 
18th century by the Italian Professor of medicine, Bernardino Ramazzini, who in his 
treatise De Morbis Artificum Diatriba (Diseases of Workers), referred not only to 
swollen, painful hands of bakers, resulting from their kneading of the dough, but also to 
the bent, hump-backed men and women who have sedentary jobs. Ramazzini wrote about 
the health hazards of office workers: “The maladies that afflict the clerks mentioned 
earlier arise from the three causes: first, constant sitting, secondly the incessant 
movement of the hand and always in the same direction, thirdly the strain on the mind 
from the effort not to disfigure the books by errors or cause loss to their employers when 
they add, subtract, or do other sums in arithmetic” (Arksey, 1998). The 1970’s witnessed 
an increase in technical literature referring to the work-relatedness of these conditions, 
although the causal relationship between MSDs and work-related factors remains a 
subject of discussion. 

The World Health Organisation (1985) has defined work-related disorders as multi-
factorial, in the sense that a number of risk factors (for example physical, work 
organisation, psychosocial, individual and socio-cultural) may be causative. A disorder is 
work-related when work procedures, equipment, or environment contribute significantly 
to the cause of the disorder (we note that “disorder” is a broader category than “injury” 
and better captures the range of phenomena being considered) (National Research 
Council, 1999).

5.4.3 Descriptive Models of MSD development 

i. A broad conceptual framework 

Various models attempting to describe the pathways leading to the development of MSD 
have been formulated. Indeed, a composite conceptual framework of physiological 
pathways and factors that potentially contribute to musculoskeletal disorders has been 
formulated bringing together a number of other, simpler models (National Research 
Council, 1999). 

Figure 3 outlines a broad conceptual framework, indicating the roles that various work 
and other factors may play in the development of musculoskeletal disorders.  
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This framework serves as a useful heuristic to examine the diverse literatures associated 
with musculoskeletal disorders, reflecting the role that various factors such as work 
procedures, equipment, and environment; organisational factors; physical and 
psychological factors of individuals; non-work-related activities; organisational factors; 
and social factors, can play in their development. Its overall structure suggests the 
physiological pathways by which musculoskeletal disorders can occur or, conversely, can 
be avoided (National Research Council, 1999). 

Figure 3: A conceptual framework of physiological pathways and factors that 
potentially contribute to musculoskeletal disorders (National Research Council, 
1999).
The working situation is characterised by the demands of work and by the extent of 
autonomy and opportunities for workers to change the working situation by altering the 
work demands. The working situation determines the way a worker performs the work 
activity, and the methods adopted by the individual worker will affect the duration and 
frequency of exposure to work postures, executed movements and the forces exerted 
(Simoneau et al, 1996).

MSDs do affect a wide variety of construction occupations, and are not specific to any 
type of job of work activity. However occupational groups in construction are exposed to 
various kinds of physical workload, involving different parts of the body (Holmström et 
al., 1995). 
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ii. Not only physical but psychological also 

There is increasing evidence that both psychological and individual factors play a role in 
the development of work-related MSDs. The term “psychological” is an all-inclusive one 
describing a variety of factors within and outside the workplace: job dissatisfaction, 
intensified workload and time pressure, monotonous work, limited job control, role 
ambiguity and limited social support from supervisors and co-workers have been cited as 
examples of psychosocial factors within the workplace (Gauci and Vella, 2000; 
Hoogendoorn et el., 2000; Heliovaara et al., 1991; Bernard et al., 1997).

Several studies of working life have shown that the risk of illness increases with a 
stressful working situation. A stressful working situation involves high work demands 
with little possibilities to make one’s own decision and improvement. The risk increases 
as an individual experiences the stressful situation. In the long term, this stressful 
situation can lead to physiological changes which weaken the body resistance to disease 
and thus lead to illness (Karasek and Theorell, 1990). Besides psychological factors, 
examples of individual factors that can influence a person response to risk factors for 
MSD in the workplace include age, gender, and cigarette smoking (Rosecrance and 
Cook, 1998).

iii. Causes of Work-related MSDs 

Work-related MSDs or WMSDs are a complex phenomenon. Several risk factors3

interacting with one another contribute to their development. Risk factors which can 
cause or which may have an association with MSDs include repetitive, forceful or 
prolonged exertions of the hands, frequent or heavy lifting, pushing, pulling or carrying 
of heavy objects and prolonged awkward postures. Jobs or working conditions presenting 
multiple risk factors will have a higher probability of causing musculoskeletal problems, 
and the level of risk depends on the intensity, frequency, and duration of the exposure to 
these conditions and the individual’s capacity to meet the force or other job demands that 
might be involved (Simoneau et al., 1996). 

3 Risk factors are activities, actions, conditions or exposures that can increase your chance of developing a 
musculoskeletal disorder (August 27, 1999 ACCSHwmd4_8mhs.wpd) 



13

Table 1 show the three major modulators on which the seriousness of a risk factor 
depends.

Table 1: Synopsis of risk factors (Source: Simoneau et al., 1996). (The sign X is used 
in the table to indicate multiplication or a times sign)     

Risk factor Modulators
Awkward postures 

Effort and force 

Static muscular work 

Repetition

Invariability of work 

Shocks and impacts 

Mechanical pressures 

Vibrations

Cold

Organisational factors

X Intensity
Duration
Frequency

= Risk of work-
related MSDs 

According to Simoneau et al. (1996), a synopsis of risk factors includes awkward 
postures, effort and force, static muscular work, repetition, invariability of work, shocks 
and impacts, mechanical pressures, vibrations, cold and organisational factors.

In summary, work-related musculoskeletal disorders have a multi-factorial background 
which includes the physical/biomechanical factors and psychological factors. According 
to Djupsjöbacka (2004), the physical risk factors encompass work postures, heavy 
dynamic work, light repetitive work, static work, vibrations, temperature, lighting and 
noise; whereas the psychological factors include work demands (time pressure, difficult 
work tasks), influence, social support (from the supervisor, work mates), salary and 
rewards, work times and role allocation/ambiguity.  
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5.5 The construction industry 

5.5.1 The situation in today’s construction industry 

The construction industry is a complex industry that employs a large manpower. This 
sector is characterised by the mobility of workers, a constant change of workplaces, a 
tremendous diversity in regard to the importance and type of work performed, an extreme 
sensitivity to economic instability and large cyclical and seasonal variations in activity 
level.

The Swedish construction industry is basically a male-dominated industry. Therefore, the 
men are the likely selected band of physically strong individuals, which influences both 
the pace of work and the choice of work methods. Practical rules on the construction site 
are like many other work organisations, suited to the male’s culture. And examples of 
this, is the design of venues and workplaces, work times allocation, the time taken per 
each work task, as well as the use of different techniques (Olofsson, 2000).  

It can be said of today’s construction workers, that they still hold some of the traditions 
that have been in the Swedish construction sector for the last hundred years. One tradition 
that comes from the handicraft fraternity, where a construction worker is a craftsman, 
another tradition is that construction work hast its roots in the military technology, thus a 
construction worker is something of a civil soldier (Olofsson, 2000). 

According to Olofsson (2000), a review of construction activities today, reveals a range 
of contradictory relationships. There is a hierarchically organised leadership compared to 
a flat organisation of work teams under a foreman. There is also an inconsistency in 
strong work teams which give a sense of social security but which also implies a strong 
social control. In the same way the collective reward via group piece work and a 
collective or no feedback, appears incongruous in a profession which to everyone seems 
to be characterised by independence and wide freedom. There is another inconsistency 
that as a professional labourer with a broad specialised education often a narrow choice 
of work tasks is made, implying a later risk of marginalisation when unable to cope with 
the work pace.

In different aspects, the building construction sector differs a lot from other economic 
activity sectors. For example the highlight of musculoskeletal injuries in this sector has 
been common both in national newspapers and scientific writings. The peculiarity of this 
industry is very much related to the nature of the construction firms, construction work 
environment, and the diversity of actors and of the workforce. Several authors have 
described the complexity of the situation in the construction industry (Niskanen, 1993; 
Ringen et al., 1995ab and 1996, Koningsveld and Van der Molen, 1997).

The complexity and instability inherent to this sector have repercussions on health and 
safety of construction workers. Many construction tasks are physically very strenuous, 
and the incidence of work-related injuries/accidents among construction workers is 
considerably higher than that in most other occupations. In Sweden fewer than 5 percent 
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of construction workers remain in the occupation until retirement age, the majority 
leaving for physically less demanding jobs or early retirement (Ahlborg, 1997).  

Tasks are often carried out in unfavourable postures with highly repetitive movements, 
and thus generating a load believed to increase the risk of injury (Cederqvist and 
Lindberg, 1993). Also the cold weather conditions in Sweden affect the working 
environment. In addition, time pressure on construction sites may lead to disregard of 
recommendations such as safety equipment regulations, and thus constitute a risk factor 
that should not be neglected. The number of work diseases increases considerably with 
increasing age for many occupations in the construction industry (Nordin and Bengtsson, 
2001).

The risk of long sick leave is also high and work accidents have a high incidence rate. In 
Sweden, the construction industry has the highest fatal injury rate (TT, 2001), roughly 
twice the average for Swedish workers. The Swedish construction industry’s workers 
have about twice as high prevalence of pain as its white-collar workers (SBAF, 1991). 
The building construction industry in Sweden holds a number of records in the area of 
occupational injuries, to the point that it has been designated as one of the first ten 
industrial sectors that deserve priority in terms of prevention work. 

Some investigation statistics on occupational accidents and work-related injuries have 
identified that building construction has registered the heaviest increase in recent years 
among male workers in the construction industry, where the accident rate has risen by 
nearly 20 percent since 1997 (Nordin and Bengtsson, 2001). 

5.5.2 Positioning of the Swedish construction industry 

In the light of statistics on work-related diseases and occupational accidents and findings 
from the work environment survey, and also with reference to the gravity of the problems 
and the number of workers affected; the construction sector has been recently chosen by 
the Swedish Work Environment Authority as one of the six priority employment sectors. 

The construction industry is hugely diverse. The year 2001 recorded about 237 000 
employees and self-employed in the construction industry, of these workers, 92 percent 
and 8 percent are respectively the proportion of men and women working within this 
industry. Numbers of those gainfully employed increased by 13 percent from 1997 to 
2001 (www.av.se/statistik/dok/0000253.pdf).

Some of the recent reports have been reviewed to show how significant the present 
situation is as far as the occupational injuries are concerned, especially those injuries that 
affect the muscle and the skeleton of the construction workers.
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i. Sweden vs. other European Union countries 

Over many years a great deal of effort has gone into reducing the number of people who 
are killed, injured or suffer ill-health as a result of construction work. Thus, the Swedish 
construction industry is considered as one of the healthiest in the world and particularly 
in the European Union (see figure 4).

Figure 4: Reported occupational accidents with more than 3 sick days per 100 000
employees in year 2000 within European Union 15 member countries.  Source: 
Eurostat, Kjell Blom, CTS (2004). 

In figure 4, Sweden reports second to Ireland in terms of the European Union (EU) 
countries with the least of occupational accidents, this indicates that the Swedish 
construction workplace is relatively better in comparison to the rest of EU construction 
sites.
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ii. The Swedish construction industry vs. other industry sectors  

While the Swedish construction industry is regarded as one of the safest in the world 
(Flanagan et al., 2001) regarding the physical health, working conditions, accidents and 
also fatalities; the facts are still depressing in the construction industry in comparison to 
the overall Swedish industry: 

Occupational injuries frequency in the construction industry is 50 percent higher 
than that of the overall industry average. 
Manual material handling injuries are double those of the whole industry’s 
average.
More than 60 percent of those reported occupational diseases are due to 
musculoskeletal injuries. 
(www.av.se/statistik/dok/0000253.pdf)

This figure below shows how reported occupational injuries have increased over the 
years in six different sectors of the Swedish industry. 

Figure 5: Reported occupational injuries (accidents + diseases) in six Swedish 
industry sectors 1995-2001. Number per 1000 of those gainfully employed. Source: 
AV/ISA, SCB/RAMS (CTS/KB) 
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iii. Frequently reported injuries in the construction industry 

These facts and trends of reported occupational injuries alone are a cause of concern, but 
the recent rise of 85 percent in the number of construction musculoskeletal diseases 
which constitute 33 percent of all injuries (during the period 1997-2001) brought further 
pressure for a step change in the health and safety performance of the industry.   
The figure below from AV/ISA and the Swedish Statistical Central Bureau indicates how 
musculoskeletal diseases have continually been on a steep climb since 1997.

Figure 6: Most commonly reported occupational injuries in the Swedish 
construction industry from year 1995 through to year 2001. Source: AV/ISA, 
SCB/RAMS (CTS/LL). 

Between the years 1997 and 2001, the number of registered incidences of work-related 
injuries (including work-related accidents and diseases) amounted to 5500; this is the 
equivalent of 24 injured out of 1000 employees (www.av.se/statistik/dok/0000253.pdf).

The most common injuries in the construction industry are musculoskeletal injuries 
(including both accidents and diseases) which constitute 33 percent of all injuries; then 
long absences from work are attributed to fall accidents which make up for 20 percent of 
all injuries.  

There has been an overall increase of occupational injuries; occupational accidents have 
increased by 5 percent and occupational diseases have also increased by 80 percent. 
Among those occupational diseases, most alarming were musculoskeletal disorders which 
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increased by 85 percent; social and organisational factors have unusually increased by 
250 percent. 

iv. Musculoskeletal diseases magnitude in the construction industry 

Samuelson and Lundholm (2004) state that since 1997, occupational diseases have ceased 
to incline and have been steady. For example, the number of reported cases in 2003 is on 
the average at the same level as the two previous years 2001 and 2002. The most 
common diseases are still the musculoskeletal disorders which of all occupational 
diseases reported constituted 73 percent in 2001, 73 percent in 2002, and 75 percent in 
2003 (Samuelson and Lundholm, 2002, 2003, 2004). These numbers are relatively close 
and there is no large variation between the numbers of cases reported in the last three 
years.

Table 2: The following table shows the number of reported musculoskeletal 
injuries/disorders (MSD) due to ergonomic factors among various construction 
occupational groups in the last three years. (Statistics for more than 14 days sick 
leave are were not available for the year 2001).   

Occupational group Year 2001 Year 2002 Year 2003 
 Reported 

MSD
injuries 

More
than 14 
days sick 
leave

Reported
MSD
injuries 

More
than 14 
days sick 
leave

Reported
MSD
injuries 

More
than 14 
days sick 
leave

Carpenters 295 - 255 188 292 219
Concrete workers 79 - 75 55 86 66
Floor workers 48 - 45 34 38 29
Scaffolding workers 14 - 12 9 14 12
Roofers 13 - 24 16 13 8
Construction
equipment operators 

13 - 12 5 36 28

Others (including 
electricians and 
plumbers) 

279 - 254 172 329 254

Total  741 - 677 479 808 616

Source: The statistics were compiled from the yearly publications of BCA 
(Byggindustrins Centrala Arbetsmljöråd) , BCA 2002:2; BCA 2003:1; BCA 2004:3. 

Table 2 shows the occupational groups mostly affected by work-related musculoskeletal 
disorders are the carpenters, the concrete workers and floor workers. However, the 
remaining five occupational groups have been relatively affected. 

Variations between the last three years in terms of musculoskeletal disorders and the sick 
leaves days due to those disorders are not outstandingly significant. However, the trend 
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shows that numbers of sick leaves caused by musculoskeletal disorders have gradually 
increased in the last three years (namely 2001, 2002 and 2003).   

In a study conducted jointly by the Association of Swedish Construction Industry 
Employers and the Building Construction Workers Union, through BCA (the Central 
Work environment Council for the Construction industry), among 582 construction 
workers of which 53 percent had left the industry it was shown that 53 percent of the 
participants have not had work-related health problems; however 34 percent of 
participants indicated that they have had work-related musculoskeletal problems 
(Samuelson and Andersson, 2002). It is obvious that the problem of work-related 
musculoskeletal disorders is unfortunately still part of the construction work life in 
Sweden.

5.5.3 How to handle work-related MSDs in the construction workplace 

There are a few solutions or best practices in the construction workplace that have been 
known for reducing or eliminating the work-related musculoskeletal problem among 
workers.

These best practices also called ‘ergonomic interventions’ by some authors have been 
classified by Schneider (1999) as follows: 

New materials  
New tools and equipment 
Improved work practices 
Improved work organisation and planning  
Education and exercise 
Personal protective equipment 

i. New materials

Construction materials have changed over the past few decades. Poured concrete has 
replaced a lot of brick walls. Many sections of houses now come prefabricated. 
Sometimes the changes are beneficial from an ergonomic point of view. The trend in 
newer materials can be useful when lightweight materials are designed. For example, the 
Army Corps of Engineers worked with the University of Nebraska to design a new 
masonry block, the Nebraska A block, which is half the weight of a traditional block but 
just as strong (Hooker, 1996). The weight and the diameter of drywall make its use 
hazardous. In Sweden, the industry has been promoting the use of 90 cm drywall boards, 
which are easier to install than the larger size, but consequently increase the amount of 
drywall taping and screwing required (Isakson et al., 1991; Björklund et al., 1991). The 
use of fibreglass ladders reduces the weight of handling compared with wood ladders. 
Plastic piping has also reduced the weight of materials for plumbers (Schneider, 1999). 
New types of concrete have emerged, for example the self-compactable concrete which is 
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work environment friendly during structure building as there is no vibration during the 
placement process where the concrete reinforcement makes proper vibration difficult or 
impossible (Byfors and Grauers, 1997; Emborg, 2003). 

ii. New tools and equipment

New tools and equipment are constantly being used to make construction work easier. 
Tool catalogues from tool suppliers and trade publications are a good source for keeping 
up with such tools (see Appendix C). These tools are designed to reduce the need for 
bending, i.e., allow for work from a standing height, with guns for fastening roofing 
insulation and automatic feeding screw guns for fastening flooring. Hand tools can 
reduce the stress on the hand by having softer, easier-to-hold surfaces. Handles are 
available to make carrying materials easier. Carts and dollies can be used to help move 
materials around a site and reduce the need of manual handling. Pulleys and hoists make 
it easier to lift materials. Stands, such as pipe stands, can be used to bring work to waist 
height. Sit-stand stools or matting can reduce the risk of back injury from standing on 
concrete all day (Redfern, 1995). Racks can be used for storing materials at waist height. 
Power tools can be purchased with vibration dampening to reduce the amount of 
vibration transmitted to the hands. Construction vehicles now have better-designed cabs 
available which are more comfortable and reduce the transmission of whole-body 
vibration through the seat. Many of the best tools have been designed or invented by 
trades people who felt they needed something new to do the job right or easier (Wigmore 
and Moir, 1997). The proper design of tools requires usability testing with trades people 
to understand the way tools are used in the field and the demands placed on them by 
workers (Bobjer and Jansson, 1997). The design of any new tool or equipment should 
include on evaluation to demonstrate reduced risk of injury, at least, a reduction in risk-
factor exposure.

iii. Improved work practices 

Improved work practices involve changing how the work is done. By substituting a 
scissors lift for a ladder, workers can get to overhead work more easily and position 
themselves closer to the work, requiring less work with arms above shoulder level. 
Getting two workers to carry drywall (e.g., using drywall handles on the front and back) 
or relying on carts and dollies can reduce the risk of injury from materials handling. For 
those tasks where manual handling is unavoidable, teaching better work technique is 
important. For example, lifting heavy bags from ground level should be done from a 
kneeling position by sliding the bag into the knee and then standing. Drywall boards 
should first be tipped on end before being picked up (CSAO, 1991). Studies have shown 
that work techniques of older, experienced workers may be more efficient and 
ergonomically preferable than those of apprentices or novices (Authier et al., 1996). 
Training in these techniques could help reduce the risk of musculoskeletal injuries 
although it is unclear at this point how effective such training is.
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iv. Improved work organization and planning 

This means changing the way work is organised to reduce the risk of injury. The site 
managers, work supervisors and health and safety representatives have a major role to 
play in the proper planning of the construction work to make sure the work tasks gets 
done under healthy work conditions. They need to make sure that materials are delivered 
on time and as close to the work area where they will be used as possible. They need to 
make sure work is done by various subcontractors on time in order to prevent heavy 
production pressures on workers. A Swedish project called “Building for the 21st

Century” has called bringing workers into the production planning process the best 
method to improve planning and reduce production pressures (Schneider, 1999). 

Sufficient materials handlers should be available to make sure workers are supplied with 
the materials and equipment they need when they need it. They need to ensure the 
availability and usability of materials handling devices (carts, dollies, hoists, cranes). 
Crane time can sometimes be at premium and proper scheduling of crane time can 
significantly reduce manual materials handling. A proper break schedule is also critical. 
Insufficient rests lead to fatigue and reduce productivity as well as increasing risk of 
injury. In addition to scheduled rest breaks, short mini-breaks (e.g., 30 second 
“micropauses”) have been shown to reduce fatigue and increase productivity in drywall 
installers (Andersson, 1991). Piece rate work has been shown to be a risk factor for 
musculoskeletal injuries (Brisson et al., 1989, Lennerlöf, 1991). The distribution of 
workload is another important work organisation issue that needs to be addressed. 

Improved housekeeping has also been shown to be related to reduced risk of injury 
(Oxenburgh, 1991). This is an important work organisation issue, because it requires the 
cooperation and coordination of all subcontractors on the site. Superintendents must 
make clear that each subcontractor is responsible for their housekeeping to avoid creating 
a hazard for others. Sometimes they take on more responsibility and develop joint clean 
up to organise housekeeping on a site-wide basis.

Job rotation, e.g., rotating workers between physically demanding and less physically 
demanding jobs, can sometimes be done in construction. In addition teaming up of 
workers who can often rotate tasks is possible. Another concern is that often young 
workers carry a disproportionate amount of the heavy work on a site. By reducing the 
workload for all workers, the work can be distributed more evenly and more fairly. 

Architects and engineers also have a major role to play upstream, while the project is 
being designed. By specifying lighter-weight materials, they can reduce the load on the 
construction workers. In Sweden, designers placed pipes on the wall of a utility tunnel 
instead of overhead reducing the amount of overhead work (Björk, 1984). The more 
ergonomics can be considered in the design of buildings, the less we have to rely on post 
hoc changes being made as the building is constructed. Site managers and work 
supervisors also need to structure production activities so that issues of ergonomics can 
be incorporated into their regular safety program and workarounds. A construction 
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ergonomics checklist has been designed specifically to get safety personnel thinking 
about ergonomics issues on their worksite (CPWR, 1997). 

v. Training  and exercise

Training and exercise have also been suggested as effective interventions for ergonomic 
risk factors in construction. Ergonomics training is becoming more common in the 
construction trades. Contractors who do ergonomics training tend to focus on proper 
lifting techniques and stretching exercises, while these new training programs focus on 
identification of risk factors and problem solving to identify potential solutions. They 
also tend to include more participatory training techniques, where workers are active 
participants in the learning process, which appear to be more effective and allow workers 
to share their knowledge of conditions and experiences in crafting solutions (Shurman et 
al., 1994). 

Labelling of the weights of materials to be manually handled may also help reduce the 
risk of musculoskeletal injuries (Butler et al., 1993). It has been suggested that 
construction materials be labelled where possible with the weight and colour coded labels 
to indicate whether it is safe to lift manually and/or alone (Schneider, 1994a). 

Exercise or stretching programs have become popular among construction contractors 
over the past few years. They operate on the assumption that by stretching the muscles 
and tendons prior to work, they can better adjust to the stress placed on them later in the 
day. There have been two evaluations done on stretching programs in the construction 
industry, one in Sweden and one in the U.S (Cederqvist, 1994; Hecker and Gibbons, 
1997). Both were surveys of workers involved in a pre-job stretching program. Both 
found positive results. Workers who did the stretching exercises liked them and felt that 
they helped in reducing fatigue and increasing awareness of ergonomic risk factors. In 
general they felt better at the end of the day. A large percentage also continued doing the 
exercises on weekends and said they would continue doing them on their next job. While 
this does not necessarily translate into lower injury rates, these positive indicators provide 
some support for continuing these programs and further evaluation of their impact.      

vi. Personal protective equipment (PPE)  

According to Schneider (1999), several PPE are being used on the construction site to 
reduce musculoskeletal disorders, however he stresses that PPE could lead to a state of 
complacence where the risk factor is not taken away because the worker must rely on the 
proper use of the device to intervene and modify the effect of the exposure. While some 
work can be modified to allow work to be done from a standing height, there will still be 
some work required at floor level. Kneeling will have to be done at some point. Large 
amounts of time spent kneeling has been correlated with knee disorders in construction. 
The problem is that workers don’t like to wear kneepads. The straps used to keep them on 
bind against the back of the legs and make them uncomfortable to wear. One possible 
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solution is trousers with kneepad pockets in front of legs. Shoulder pads are also 
available for construction workers who have to carry materials on their shoulders, where 
contact stresses can pinch nerves and tendons and contribute to shoulder disorders. They 
are also inner sole pads for shoes designed to reduce stress on the back for those workers 
who have to walk around all day on concrete.

The most controversial protective equipment issue in ergonomics for construction 
workers is the use of back support belts. During the 1990s they have become increasingly 
popular among contractors. Yet there is little evidence to support their use in preventing 
back injuries in the first instance (NIOSH, Back Belt Working Group, 1994), although a 
recent study indicated they may have some efficacy (Kraus et al., 1996). If they are used, 
use should be voluntary and should be accompanied by an education and training 
program on proper use.     

5.6 Literature review summary 

The Concepts of health promotion include health during work and leisure time, in the 
society, but also in the policy of health implementation.  The promotion concept focuses 
more on creating supportive environments and conditions for a better health for all on the 
worksite for example.  

A comprehensive approach is needed to handle the problem of musculoskeletal disorders 
among construction workers, especially those most affected.  

Work-related MSDs are a complex phenomenon and they have a multi-factorial 
background. Several risk factors interacting with one another contribute to their 
development. Diverse literatures associated with musculoskeletal disorders, reflect the 
role that various factors such as work procedures, equipment, and environment; 
organisational factors; physical and psychological factors of individuals; non-work-
related activities; organisational factors; and social factors, can play in their development. 

The Swedish construction industry has been affected by the problem of musculoskeletal 
disorders that are due to various factors named above. The development and magnitude 
of the problem in the construction industry is due to the fact that very little is being done 
to rectify this problem.  

Literature showed that there have been few solutions ergonomic interventions at the 
construction workplace and these interventions have been known for reducing or 
eliminating the work-related musculoskeletal problem among workers. 
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6. Theoretical models 

6.1 The work system model 

Every workplace has a work system that can be characterised by its technology, 
organisation, environment, tasks, and the people necessary to perform these tasks. Smith 
and Sainfort (1989) suggest that the connections between these components may be in or 
out of balance. When any of the connections are broken or out of balance, performance or 
quality suffers and/or more injuries occur. Ensuring that these connections are balanced 
can improve the health of any workplace (see figure 7). 

                                                    Work system balance 

Figure 7: A balanced model of a work system (Smith and Sainfort, 1989). 

Most occupations contain one or more tasks required for performance. Karasek and 
Theorell (1996) and a number of other authors have outlined principles for designing 
healthy work tasks for human-machine systems.  

The ability to accomplish tasks and the load on the individual accomplishing the tasks are 
often determined by the technology being used by the worker. Carriere et al. (1998) 
examined the relationship between the introduction of new technologies and health and 
safety system; they noticed that the most effective companies adapted new technologies 
faster, but had a more developed technological infrastructure that included involving 
employees in the information gathering and decision-making processes regarding new 
technologies. Effective companies also informed employees of new technologies prior to 
their introduction, whereas ineffective companies did not. 

Work environment refers to the work conditions that may affect individual workers in 
the workplace. Typically this includes the cold weather, the vibration emissions, and 
mechanical environments (Smith and Sainfort, 1989). 

Manuele (1997) noted that an organisation’s culture determines the level of safety 
attained, and management’s commitment or non-commitment to safety is an outward sign 
of that culture. Often the consequences of organisational restructuring and downsizing are 
poor health and safety, along with increased injury and absenteeism (Vahtera et al., 
1997). However, a company can improve health and safety and reduce turnover even 
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while performing organisational streamlining if employees participate in the process 
(Pierce, 1998). 

All individuals enter the work environment with a variety of inherent and learned 
strengths and weaknesses. These include cultural background, age, gender, language 
skills, general health status, motivation, skill level, notions about how to perform the 
work required expectations, and ways of interacting with co-workers, supervisors and 
management. A healthy work environment builds on those strengths and motivations to 
develop a continuous learning and sharing work environment that rewards creativity, 
problem-solving initiative, responsibility, and teamwork. Open communication and 
participation are integral to supportive work environment (Jaffe, 1995). 

6.2 Ergonomic intervention research model 

The following model illustrates four significant issues determining occupational 
musculoskeletal health. According to this, successful ergonomic intervention research 
may include initiatives and research areas that are usually not considered, for example, 
the rationalisation strategy of a company (Westgaard and Winkel, 1997). 
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……………………………………………………

Worker

Figure 8: A model of the relationship between mechanical exposure and 
musculoskeletal health effects (Westgaard and Winkel, 1997). 
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In the figure 8, the thin-lined boxes indicate a conceptual exposure health effect 
relationship to the individual worker. Internal exposure results in acute physiological 
and psychological responses such as the development of fatigue or discomfort. On a 
longer time scale these responses may cause adverse health affects, like persistent 
discomfort or pain, and/or clinical signs. The coupling between the different elements can 
be influenced by effect modifiers, related to the environment and the individual worker
(e.g., work method, age, gender, temperature, fitness; Jensen et al., 1993; Hales et al., 
1994). Variables in the thin lined boxes may serve as outcome variables when evaluating 
the effect of an intervention. 

The internal exposure (e.g., intramuscular pressure, EMG load, and arm 
abduction/flexion) is to a large extent determined by the external exposure (e.g., weight 
of objects, duration of tasks, working height). External exposure is at company level 
determined by the production system, consisting of material factors such as products, 
tools, personnel, and their organisation according to rationalisation strategy, and by 
organisational culture (e.g., management attitudes, knowledge of health issues, and 
systematic activities regarding safety, health and environment: SHE management). 
Finally, community forces such as legislation, market forces, technology developments, 
general education level etc. influence activities and decisions made at the company level 
(Westgaard and Winkel, 1997). 

In this model there are two issues related to the production system the rationalisation 
strategy and the organisational culture. With respect to rationalisation strategy, 
companies in the developed countries are to an increasing extent organising their 
production system to obtain high flexibility (Björkman, 1996). This requires multiple 
skills and decentralised responsibility of the workforce. For the individual worker the 
result may be increased exposure variation and more self-control. Organisational culture 
may alternatively be changed without primary consideration of material production 
system, e.g., by ensuring that SHE management activities are considered in the normal 
operation of a company. Both the rationalisation strategy and organisational culture 
influence each other (Westgaard and Winkel, 1997). 

6.3 A model of analysis for the construction workplace 

The construction workplace system model takes into account of the technology used at 
the workplace, the organisational culture, the work environment, task, the planning and 
the individual worker. As far as the individual worker is concerned, it is his 
musculoskeletal health is the focus. When all the components are in balance, then the 
health at the construction workplace can be improved. In addition to the five components 
described originally for the ‘Work System balance’ (see figure 7), a sixth component 
(i.e., the planning) was added to constitute the improved model (see figure 9).  
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                                            Construction Workplace System balance 

Figure 9: A model for the construction workplace balance modified from work 
system models (Smith and Sainfort ,1989; Westgaard and Winkel, 1997). 

According to this model (see figure 9), every construction workplace can be characterised 
by the planning4 carried out, by the organisation performed, the technology used, the 
work tasks performed, the physical work environment as well as those individuals that 
carry out various work tasks. If these components are not balanced, then problems in 
various forms emerge, for example low productivity, low quality or injuries and other ill 
health among the personnel. However, through a good balance of these components, a 
corresponding positive result could be attained. 

This model above takes into account of external influence exerted on the individual 
through the mentioned factors, which interact. All interaction relationships are not shown 
in this simplified model above. The relationship varies in strength and direction 
depending on which workplace is studied. 

In this the research study I followed the model in figure 9 which is better than the other 
models (see figures 7 and 8) because it considers the planning component which 
important to the construction workplace’s health. Hendrickson and Au (2000) stated that 
construction planning is a fundamental and challenging activity in the management and 
execution of construction projects. 

4 Pre-production planning is defined as the process of developing sufficient strategic information for 
developers to address risk and decide to commit resources to maximize the chance for a successful project. 
Research conducted by the CII Pre-Project Planning Research Team indicates that well-performed pre-
project planning can increase the chances of meeting the projects work environment goals (CII, 1997). 
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7. Methodology 

In this research there are two research methods used, the review of literature and case
studies.  The literature studies did concentrate on the main areas in the research model; 
planning, organisation, technology, physical work environment, work tasks as well as the 
individual/personnel. Research studies on best practices leading to the reduction of 
musculoskeletal injuries in the construction industry were also reviewed.

Firstly, a literature review was carried out during the whole research project period. 
Further, to make investigations as efficient as possible, research and industry experts in 
different areas were consulted on for advice during the project. 

Secondly, through case studies research, several construction activities were 
investigated in order to identify the best practices within the construction industry. Case 
studies were the main investigating tool in this research work. In his classic book on case 
study research, Yin (1994) argues that case research and survey methods are better suited 
than other techniques for analysing contemporary events. Case study research is superior 
to survey methods at answering “why’s” and “how’s” because the case analysis can 
explore more deeply into motivations and actions than structured surveys. Thus, this is 
the reason why the case studies were chosen as an investigative tool in the research study.

7.1 Qualitative approach versus Quantitative approach 

Described by Bell and cited by Remenyi et al (1998), the case study approach is an 
umbrella term for a family of research methods that focus on an enquiry around a specific 
instance or event. Research methods have two different approaches; they can take either a 
qualitative or quantitative approach, as described by Patel and Tebelius (1987). 
Quantitative methods usually include the investigation of frequencies and different 
measurable variables with the aim of explaining a certain phenomenon. Aronsson et al. 
(1988) presents as a defining feature of a quantitative investigation the fact that it can be 
analysed numerically. A good example of a quantitative method is a questionnaire where 
respondents answer by choosing a number on a fixed scale. A qualitative analysis, on the 
other hand, includes the evaluation and interpretation of different phenomena. One 
example of a qualitative research method, according to Patel and Tebelius (1987), is 
interviews where the interviewer has to interpret the respondent’s answer before he can 
draw any conclusions from the interview. The latter alternative has been used in this 
thesis.

The major advantage of using a qualitative method is that it gives the respondent the 
opportunity to speak freely, which can provide important data that would not be received 
in a quantitative method. Another advantage is that the respondent can ask for more 
information if he does not understand the question, and the interviewer can ask further 
questions if the information received is interesting and needs clarification. The 
disadvantages of a qualitative method are the risk that the interviewer can steer the 
respondent with questions, and that the interpretation of the data collected may be 
coloured by the interviewer’s personal views. In this thesis, the case studies research 
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method has been used as an evidence-collection approach to present a wide range of 
sources of evidence, and therefore a qualitative strategy has been used (Ramenyi et al., 
1998).

7.2 Multiple data collection methods 

Because a single source of data cannot fully capture the complexities of a case study and 
although some sources might be more appropriate than others, using different sources of 
data (i.e., interviews, observations and documentation) was ideal. 

One of the preferred principles of data collection stated by Yin (1994) is the use of 
multiple sources of evidence. This is an important principle because different sources of 
evidence can present different aspects of the study, all of which will add to our 
understanding of the case. Moreover, multiple sources of evidence lead to an important 
element of data analysis in case study research, triangulation.

In this research study, triangulation is important because when more than one source of 
evidence points out a certain interpretation of events, or certain key interactions or key 
facts, the quality of the data and the overall validity of the case studies are improved 
(Stake, 2000) in (Denzin and Lincoln, eds.2000). 

For the reasons mentioned above, three data collection methods, namely interviews, 
observations and text/ documentation were used in this research project. 

7.2.1 Interviews

During the research study, data collection took place first through interviews with people 
selected bearing in mind the question at issue on which light should shed upon. 
Interviews were carried out as semi-structured interviews and were documented through 
the use of tape recording for further analysis.

In-depth interviews were conducted by the author of this thesis with the approval of the 
respondents. Although an interview guide (Appendix A) was used to be sure to cover all 
aspects of the topic the interviewer had significant freedom to encourage interviewees to 
elaborate or explain answers. It was even possible to digress from the topic outline, if it 
was thought to be fruitful. 

Ninety in-depth semi-structured interviews were conducted with construction workers, 
contractors, sub-contractors, designers and developers. With the help of an interview 
guide and within the framework of six different areas, the interviews were conversational 
and open-ended, typically varying between 30 and 90 minutes in duration.  

Interviews were all conducted by the same interviewer (a civil engineer researcher, 
holding a Master of Science degree in Industrial Ergonomics).  
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Interviews consisted of 39 questions/statements divided in the following six different 
themes: 

Construction work planning 
Work organisation 
Production techniques and production equipment 
Physical Work environment 
Characteristics of work tasks and duties 
Individual’s health and knowledge of good work methods from a health perspective  

7.2.2 Observation and documentation 

Observation was another method that was chosen for the research study. According to 
Stake (1994) the qualitative case study researcher spends the majority of the time 
personally in contact with the activities and operations of the case. Observational 
techniques are therefore very relevant for those using case studies research. During the 
fieldwork or investigation period, there was an overlap of data collection and analysis, 
and the reason for this was to speed up the analysis, but also it revealed useful 
adjustments for data collection. 

Interviews and observations were completed with a study of relevant internal documents, 
which were made available by the principal contractors’ management. In some cases, 
photography was used during the investigation of best practices in the industry. 

During the research project, guided work site visits were conducted to observe and 
document the identified problematic jobs, tasks, job site organisation, work practices, 
equipment and tools being used.

During construction sites observations, photographs were taken (by the author of this 
thesis) and consequently documenting interesting occurrences and solutions.

7.3 Selection criteria and units of analysis 

Thirteen large construction sites in different regions of Sweden were chosen as cases to 
be studied. Construction workplaces were selected on a convenience basis from the 
Swedish construction industry and were invited via telephone or e-mail to participate in 
the study. Being an area of concern, a criterion for participation was that construction 
projects/organisations had distinguished themselves in one or more areas, namely, 
planning, work organisation, technical aspects, work tasks, and physical environment. 
Another criterion was the size of the construction which had to be large (at least 100 
construction workers) because the research study is limited to large construction 
workplaces.

Yin (1994) calls case research with multiple units of analysis embedded case studies as 
opposed to holistic designs where no logical subunits can be identified.
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Below is a set of multiple units of analysis adopted as main interview themes to 
investigate and analyse with respect to the six areas of the research model presented 
earlier:

Planning of work: This unit of analysis includes a long and short-term health 
promotion planning in the construction process; the planning of the workplace in 
regard to workers musculoskeletal injury; worker participation in the pre-production 
planning work.

Organisation of the workplace: This unit is concerned with the description of the 
work organisation system and the cooperation between construction process actors in 
regard to worksite’s health promotion; the implementation and management of the 
Systematic Work Environment; the influence of salary and bonus system at the 
workplace; the influence of production schedule on workers musculoskeletal health; 
information flow and communication at the workplace; worker’s training in MSD 
health issues and worker participation and influence on the employer MSD health 
policy.

Technical aspects: This unit consists of the new and existing production technology 
used and the mechanical aids and personal protective equipment available at the 
construction worksite to protect the worker’s musculoskeletal health.

Physical environment: This includes the description of the physical workplace and 
its influence on musculoskeletal health; the influence of the weather on worker’s 
MSD health and performance.

Work tasks characteristics:  This unit consists of the description of the main work 
tasks for seven construction trades; worker’s competent initiative during work task 
performance; the effect of work tasks on workers MSD health; risk/health promoting 
factors present in work tasks performance.

Individual’s traits: describes by and large the worker’s health and the worker’s 
knowledge of good work methods and use of PPE (personal protective equipment).

These six units of analysis were the themes around which the interviews, observations 
and documentation were analysed. For the interviews, tape records were transcribed and 
searched for statements containing some best practices. Observations notes and pictures, 
and documentation were also examined to establish any best practices they may contain.     
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7.4 Validity and reliability   

According to Svensson (1996), validity and reliability are central to the evaluation. 
Validity and reliability are more or less integrated in case studies, Validity has to do with 
trustworthiness, that there is empirical evidence, and the researcher has made reasonable 
interpretation of the evidence, and that the result is useful in some context (Yin, 1994; 
Miles and Huberman, 1994). Validity issues are concerned with the design of the study, 
methods for data collection, the analysis and the results. The design guides the process of 
collecting, analyzing and interpreting the observations, and therefore, validity has to be 
taken into consideration when designing, therefore, validity has to be taken into 
consideration when designing the study. The results of a case study depend on multiple 
sources of evidence with data needing to converge in a triangulation (Yin, 1994). 
Triangulation is a common technique to eliminate validity threats in a case study (Yin, 
1994; Denzin, 1989). Further, Denzin (1989) remarked that triangulation is very 
important in the research act if one wants to find evidence for, explain, predict, or 
understand certain empirical phenomena. Reliability is whether the same result would be 
obtained is the study is repeated. Svensson (1996) says that it is important to remember 
that each event of interviews and observations are unique. It is impossible to recreate the 
very moment of an interaction. The uniqueness of the moment requires that each occasion 
be validated on its own. 

In this research study, a triangulation strategy was used in order to increase the validity of 
the study. Multiple cases or large construction sites were investigated, and multiple 
sources of evidence were used in each case. Multiple data collection techniques such as 
interviews, observations and examination of documents were used in each of the cases or 
construction sites that were investigated.   

Furthermore, to increase the validity of the study results, the reference group was 
consulted on the results and their comments and critics were considered in the final 
results report. 
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8. Empirical Study 

This chapter presents the results and discussions of the interviews, observations and the 
documentation. Case studies were conducted on large construction sites employing on the 
average 50 to 200 hundred workers. 

8.1 Interview investigation 

The aim with this interview investigation was to identify good practices conducive to 
musculoskeletal health of construction workers. Respondents to the interviews are actors 
in different phases of the construction process. 

Ninety people were interviewed. What all these respondents have in common is the rich 
experience acquired from working with large construction projects and workplaces. 
Among those interviewed, 70 of them have at least 15 years of work experience in the 
construction industry, whereas the rest (20 respondents) have worked at least 3 years in 
their occupation in the construction sector. The respondents were chosen to represent 
their occupational roles which usually take part in different stages of the construction 
process. Designers (in this case architects and construction engineers) have very little 
contact with the construction site; however these designers were selected because they 
have the technical knowledge necessary when it comes to design of the object of 
construction which potentially could influence the musculoskeletal health of the 
occupational groups at the construction workplace itself.

Table 3: The breakdown of the respondents according to their occupational 
groups.

Gender Experience 
in years 

Occupational group  Number of  
Respondents
(N=90) Male Female

Average of 
Occupational
experience
(in years) 

Max. Min. 

Developer 5 5 0 22 25 15 
Architect, engineer 5 4 1 18 27 3 
Site manager, 
supervisor

19 19 0 15 25 6 

Concrete worker 11 11 0 21 26 12 
Carpenter 12 12 0 25 35 15 
Sub-contractor manager 3 3 0 12 15 9 
Electrician 7 7 0 15 25 6 
Heating and ventilation 
plumber 

6 6 0 12 20 5 

Scaffolding worker 6 6 0 15 20 10 
Roofer 5 5 0 20 25 10 
Floor layer  6 6 0 10 13 7 
Machine operator 5 5 0 12 16 5 
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8.1.1 Results of the Interviews  

Results from the interview investigation are presented in the form of texts, but also in 
tables and figures, where the respondents’ knowledge and information on work practices 
throughout the construction process are revealed. In general, work practices are 
mentioned in results; however the emphasis is on those good practices that bring about a 
construction workplace that is musculoskeletal-healthy. 

8.1.1.1 Planning of work and workplace 

i. Long and short term work planning 

Both long and short term planning of health issues in the construction process were seen 
by respondents as an indispensable phase of an effective and healthy production process. 
Construction projects require planning and scheduling at several levels of detail. Health 
issues long-term planning starts with the preliminary hazard analysis of construction 
processes. These plans are detailed and updated at both medium-term and short term 
planning levels. A high level master schedule maintained throughout the project is 
coordinated with the short-term/look-ahead schedules to manage detailed flow. A 
common requirement during planning and scheduling is to match the product, the process 
and the promotion of health issues at the workplace.   

Developers reported that they know they are legally responsible for work environment 
health and safety; but their responsibility in this regard was delegated to the main 
building contractor who would therefore supervise the reinforcement of the Work 
Environment Plan agreed upon by both the main contractor and the developer. The Work 
Environment Plan was described by respondents as a written document outlining the 
overall order and safety rules to be followed during the production process. 

“The Work Environment Law says that the developer is responsible (for the planning for 
a healthy and safe construction work environment), but in reality we have very little to do 
with the planning, so in practice it’s not working (as the law says),” said a developer.

Respondents, especially workers were often negative about property developers who take 
very little interest in the workplace planning and the production process. Property 
developers were often seen as ignorant of the benefits that can be gained from health 
issues planning and safety innovation. It was suggested that fear of prosecution actions is 
their main driver to influence health issues consideration. 

Site managers reported that in some cases, the principal contractor who determines 
appropriate construction methods and schedules all required construction site activities 
into logical steps, requires sometimes sophisticated estimating and scheduling techniques, 
and use of computers with specialized software. The use of computer software is said to 
facilitate the handling of projects organisation plans, risk analysis, work preparation and 
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working pace analysis. These computer programs are said to be a very good tool for 
health and safety issues planning and the follow-up of the potential risks factors is made 
easier by continually checking the risks assessment list. 

“We have a software system in our computers… for every project that starts we fill in all 
new information in the system. This system contains many details and lots of different 
information. The system has a lot of forms in which one can fill in a signature list of 
different actors involved in the project, the project organisation plan, the risks 
assessment, work preparation. Then one can focus on the project and analyse for 
example the work pace and how this can contribute to health risks. Afterwards a risk 
analysis form is filled in, and then prevention strategies and their regular follow-ups are 
entered into the program. The program is an excellent instrument, especially because it 
allows you to put all the project pieces together,” states a project manager.

The starting point in the early stage of the planning process is a risk analysis; this entails 
assessing potential risks and health threats that could occur and their influence on the 
construction work and process if they occur. A risk analysis is documented and earlier 
information on risks from past projects is taken into consideration and control/prevention
measures are planned beforehand. A risk analysis is both necessary and a way to increase 
awareness; and control measures are taken to avoid the risks. This risk analysis has been 
an important part in the pre-planning and planning work, safety work, and preventive 
healthcare.  

“For us risk analysis of various work tasks is a vital part in the pre-production planning, 
it is done when we plan for our workplace with regard to musculoskeletal risks,” claimed 
an electrician worker.

Concerning the planning of health issues in construction process, employers and worker 
representatives stated that a risk analysis checklist is used to know what mechanical aids, 
tools and equipment to plan into the production process. A risk analysis or risk inventory 
is usually carried out by site managers and supervisors seeking to identify possible risks 
(e.g. work at height and heavy lifting), and feasible solutions are provided for those work 
tasks with health risks. It was also expressed that a risk inventory was often completed 
into the work environment plan by those risks identified on the subcontractors’ side of the 
production process.

A number of site managers and supervisors did point out that health issues considerations 
were missing in the building designs made by architects; a reasonable risk analysis of the 
construction process was said to be quasi inexistent in the designing process. On their 
part, architects admitted that they felt unconcerned by and were absent in the planning 
process.

“Risk analysis of work tasks is an important part of planning, and designers should know 
how things work in the entire construction process,” states an electrician worker.   
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The design process itself was the subject of many criticisms, directed towards the 
inadequate provision for health issues (i.e., musculoskeletal health) in the design process. 
Architects were seen as distant from the construction site issues and unaware of their own 
impact upon health issues. 

With regard to good work environment issues, respondents mentioned that the short term 
planning involves coordinating weekly meetings as well as safety rounds. During 
interviews, it was expressed that worker representatives and safety representatives do 
participate in the early stage of pre-production planning; in the long term planning they 
usually help to plan healthy and safe work methods, whereas for the short term planning 
these worker representatives lead and inform on health issues in weekly safety meetings. 
It was stated the planning team sought to implement work methods that are known to 
promote a good work environment on construction site. The reduction of musculoskeletal 
load on workers is one of the main criteria for choosing certain work methods to be used 
at the production stage.

One of the problems expressed by the subcontractors is that they do not have an 
opportunity to participate in detail in the pre-production planning, because they often 
arrive after the main planning has ended and therefore are forced to just fit in. 

The following statement of a floor layer subcontractor explains what they do to improve 
their workers’ musculoskeletal health, despite their limited participation in the pre-
production process: 

“When we have finished with the risk analysis, in the long term planning we seek to 
improve work duties by providing mechanical aids and ergonomic tools to eliminate 
identified awkward work postures in different work situations. Short term planning is 
often very difficult for us, once we get a construction site; we quickly plan for it and bring 
in work materials. By the time we come into the construction process, the general 
contractor has already decided what is needed. We are often not left with enough time for 
planning, and we only have very little influence on the site which already has a well-
planned and functioning organisation.” states a floor layer contractor.

One of the noteworthy points as far as the health issues implementation in the long and 
short terms planning are concerned; is the participation of construction workers through 
their workers representative and safety supervisor. 

ii. Workplace planning 

The common issues raised during workplace planning are space availability which 
resulted in construction activities in the master schedule. When the production process 
approached, there was a need for a more detailed schedule for the construction project. 
Two or three-week look-ahead schedules were developed taking resource and space 
availability and other constraints into account.
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To plan a healthy workplace, the site management team and worker representatives did 
set out the rules applicable to the construction site, taking into account, where necessary, 
shared construction site installations such as access and various areas, plant and 
equipment, and collective protective equipment.  

“We have a partial plan where we plan our parking places and cranes places, the 
availability of space is crucial because we need to lift heavy materials with cranes and 
boom trucks, thus avoiding most awkward exertion to construction workers. In principle, 
while planning activities, we try to minimise manual material handling at all times,”
stated a site manager.    

When respondents were asked how the construction workplace is planned out with regard 
to musculoskeletal risk factors; site managers and worker representatives perceived the 
implementation of ergonomic conditions on the construction site as an important matter 
in order to improve workers’ musculoskeletal health. That meant for example, to decrease 
MSD risk factors such as manual handling of building materials.  Site managers said that 
they use construction equipment such as a crane or a traverse; and building material such 
as the self-compactable concrete (also known as self-placing concrete or non-vibration 
concrete) which eliminates the need for vibration in a placement process where the 
reinforcement makes proper vibration impossible. It was stated by respondents that pre-
fabricated components are often planned into the production process, thus avoiding some 
awkward, heavy and repetitive work tasks and creating a better workplace for 
construction workers. 

“We use cranes to handle most of the heavy lifting in our work, we also use current 
methods of form reinforcement, all of which in order to reduce manual material 
handling. Planning the workplace includes making space for prefabricated modules that 
will be assembled at the construction site by workers,” said a site manager.  

In general, site managers said that they evaluate various construction work methods and 
determine the most cost-effective as well as health promoting plan and schedule. Site 
managers determine appropriate work methods and schedule all required construction site 
activities into logical, specific steps and budget the time required to meet the deadlines. 
Mechanical aids and suitable Personal Protective Equipment (PPE) are selected; however 
the site management acknowledges that it is not always possible to know all that is 
needed in the planning of an injury free workplace because of a number of reasons such 
as weak coordination with subcontractors and suppliers changes in logistics schedule. 
The consistency between the overall schedule and look-ahead schedules is very limited. 
Also, the look-ahead schedules are done shortly before construction, so the opportunities 
to proactively consider possible problems early are restricted.   

“As far as the musculoskeletal problems are concerned, we meet with all involved in the 
building phase planning to discuss the whole production process through, and plan all 
work activities that will be carried out. In pre-production planning meetings, we check 
the availability of mechanical aids that will be appropriate to use for planned work tasks, 
and select the right equipment that will be used to perform those tasks. With all the sub-
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contractors to come at the construction site, we’re not sure of all the safety measures to 
be taken from the beginning, instead our workplace health needs become clear 
progressively and the control measures are improved along the way. One needs to be 
aware and flexible as making changes becomes unavoidable in the master schedule and 
short-term schedules,” states an electrician and worker representative.

In the interviews, more than half of the managers and safety supervisors stated that while 
safety through design is a familiar concept in occupational safety and health generally, 
they expressed that it has had limited application to the prevention of hazardous 
exposures to construction workers. Architects and engineers clearly consider health and 
safety in their designs, but the target of their efforts has traditionally been the end user of 
the facility rather than those who will construct it. 

“When it comes to promoting a healthy work environment, architects should consider not 
drawing outsized windows and bulky gypsum board panels,” said a general contractor.

Addressing construction site health issues during the design phase requires designers to 
be knowledgeable about the concepts and practical aspects of designing for safety. 
Interviews with designers (architects) indicated that the implementation of health and 
safety knowledge in the design is currently impeded due to the boundary established 
between design and construction in both education and practice. 

“It’s important for us architects to start getting actively involved in the choice of 
materials used at the construction site, and most importantly we need to acquire more 
knowledge on health and safety issues that occur during the whole construction process 
and bear those issues in mind while designing a house,” states an architect who has been 
involved in one of the biggest construction projects in Sweden. 

In the interviews, architects themselves acknowledged that in order to facilitate designing 
for health promotion requires a change in the traditional designer mindset; and 
furthermore, they said that for the construction industry, this change is best affected 
through education when the designers are learning their occupation. 

iii. Planning of construction materials and equipment flows

The planning of construction products was very much described by respondents as part of 
the construction logistics. In general, safety supervisors, worker representatives and the 
site manager identify, then analyse all production material needed in the context of the 
constructor’s activity, and then go over the production process to look for all actions 
triggering or resulting from product movements.  

To optimise construction material and equipment flows, corrective actions are mainly 
implemented to remove useless operations, improve storage area distribution (i.e., works 
and storage areas are always made accessible) thus optimising the working space for 
construction workers.
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Respondents expressed the importance of health and safety planning outlining items such 
as the determination of routes and areas for the passage and movement of equipment, 
areas for the storage of various materials, etc. and the conditions under which various 
materials are handled (handling and lifting equipment, working platforms, removal of 
waste and debris, dangerous materials, etc.).  

“When planning and choosing building products, we look at the manual handling aspect 
of materials we plan to purchase; they should be easy to handle and preferably light 
materials, otherwise, we plan to use boom trucks to lift prefabricated elements and other 
materials onto the roof and floors” states a floor layer sub-contractor.

The main contractor generally implements installations at the start of construction, 
including powerful lifting equipment to move heavy and bulky material. Loads are often 
hooked and landed directly where they are used. This contractor then disassembles part of 
his own installations when other contractors start working.

Shared arrangements for access to various areas, as well as handling and lifting 
equipment, are very highly recommended to avoid supplies being made in difficult 
conditions or with inappropriate equipment, carrying loads on stairs or on a worker’s 
back, for example.  

These arrangements usually encompass access to the lower and upper floors of the 
construction. In some cases, for outfitting and finishing works, workers can use lifting 
equipment such as lifts operated before completion date.  

Planning new and industrialised products and product systems into the production 
process has become very common in the quest for solutions making work tasks easier. At 
the planning level, there is a discussion about what materials would be used and which 
ones would be prefabricated.

“Before the start of the production process, plumbers and the management in the 
company go though the drawings and try to make a master schedule, and then we discuss 
which materials we will use and what building components we can prefabricate in 
factory. In regard to prevention of musculoskeletal injuries, we try to plan into the 
production, materials and equipment which make work easier,” states a heating and 
ventilation plumber. 

In interviews, both the management and the worker representation expressed that the 
demands by several developers to bring their investments into immediate service, has led 
to tighter schedules. This has resulted in a high degree of off-site prefabrication and 
automated work processes. When planning for this industrialised construction, more 
attention is paid to the design of product components and ease of installation. Further, it 
was expressed that the off-site prefabrication is preferred to the traditional construction, 
which entails heavy lifting and awkward postures. 
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“The material is brought in all the time, and when a floor is finished, we bring in as 
much materials as we can, for instance the gypsum boards are lifted in and the insulation 
is done. In time schedule, there is more and more development of prefabricated walls, 
stairs and balconies; and outsized windows are avoided. For concrete workers, we have 
also tried to use a non-vibrating self-compacting concrete; for carpenters, we buy a lot of 
prefabricated elements which are assembled on site, this requires less nailing of walls, 
partial prefabrication is always part of the structure of a building,” said a site manager.      

According to managers and workers, design occurs upstream of construction and 
consequently designers influence health and ergonomic issues directly through: design in 
general, selection of type of structural frame, detail, method of fixing, and specification. 
Various interventions, such as, prefabrication, pre-casting, preassembly and sheet or 
membrane type materials are planned into the building process in order to lessen the 
impact of the construction process on the human body. 

The selection of correct tools, materials and equipment received a number of comments, 
with these appearing to be influenced by availability and work scheduling factors. 
Although it was generally acknowledged that tools are often good and new to each 
construction site, it was suggested that their selection is too cost motivated and that they 
are not always freely available.  

iv. Worker participation 

The interviews showed that worker involvement was widely seen as a potential key factor 
in improving health in construction work performance. However, worker participation in 
the pre-production planning phase was quasi inexistent for most of the workers 
interviewed, however these workers stated that their views are represented by their 
representatives and safety supervisors in the safety committees during the planning 
process.

“Construction workers are consulted in the pre-production planning, for instance we 
look at the roof design and discuss how we can modify it in order to make it easier to 
build, or we can have it half prefabricated. The site manager, supervisors and health and 
safety representatives, all have their suggestions about how to improve on what we plan 
to do in the production phase. This is how we have been working together and more 
worker participation is also happening on the subcontractor side as their various 
scheduled activities are assessed,” stated a site manager.    

Although some construction workers have claimed that they are not at all involved in the 
planning process, about a half of worker representatives argued in the interviews that they 
are involved in the process but they felt that there was not much that they could 
influence.
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“Before the building phase starts, construction workers are not really involved in the 
planning process, but over time they (workers) will have some role to play in the 
(planning) process,” states a site manager. 

Further, an electrician who is also a worker representative expresses the following; “as a 
worker representative I participate in the pre-production planning, but there is not much 
one can influence.”

There is a certain degree of worker consultation that happens indirectly at the level of 
worker representation as it has been expressed by the main contractor’s employees such 
as carpenters and concrete workers.

“As concrete workers, our participation in the planning phase is achieved through our 
representative who participates in meetings and discusses the material to be used in the 
production phase,” said a concrete worker.

“We usually have a starting meeting to go through all planned activities during the phase 
of production. Everyone who will have something to do with the building phase 
participates in this planning meeting, even our rehabilitation personnel comes along to 
this meeting,” states a carpenter.  

“As far as pre-production planning is concerned, concrete workers and carpenters are 
represented in the discussions about the work tools and mechanical aids needed for their 
health and safety,” affirmed a concrete worker who is a health and safety representative.

Workers` opinions are taken into account through the risk identification and control 
participatory cycle. Such a cycle provides relevant information for health issues planning 
and control, since new risks are identified and the effectiveness of existing controls is 
evaluated. Health and safety planning diffusion was achieved mostly by informing 
workers on safety plans before workers started carrying out their tasks. In addition to the 
monthly general meetings, safety performance indicators are also disseminated in weekly 
safety meetings. It was also mentioned that the rehabilitation personnel, where such 
personnel is part of the principal contractor’s staff, are often in the planning meetings.   

In summary, although there is still a further need to plan and design health and safety into 
constructions before and during the production phase; there has been great improvement 
in pre-production planning in terms of health issues, especially those of musculoskeletal 
problems. This section of work and workplace planning could be summed up by the 
following points: 

Planning the work process to minimize or eliminate at best musculoskeletal 
injuries 
Setting health and safety requirements in the master and look-ahead schedules 
Planning the control activities before getting to the construction site 
Choice and purchasing of machinery and work equipment (including PPE) 
Effective consultation and participation of workers on health and safety issues
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8.1.1.2 Workplace Organisation 

i. Description of the work organisation system 

Depending on how large the construction workplace is, the management is made up of 
the site manager and the supervisors. The organisation is a flat hierarchy and site 
managers are responsible for economic and work environment issues.  

Interviews showed that a less hierarchical organisation is taking shape in the construction 
workplace. Construction sites now have a more streamlined organisation which is 
replacing the hierarchical management principle with a system of cooperation based on 
negotiation. Here is a typical example of the organisation structure as explained by a site 
manager, “I work as a site manager, and in the organisation we have a project manager 
who oversees several projects, especially during the planning stage. As a site manager, 
my work is very much to do with building work and time planning, etc., to my assistance I 
have a number of work supervisors as well as health and safety representatives working 
with me. I also work with all our subcontractors coordinating health and safety on the 
site through a number of meetings we have together.”

In much larger construction sites such as the Turning Torso project in Malmö, interviews 
revealed that the organisation structure included even a planner, a quality engineer, and a 
person in charge with the prefabrication needs. In this type of construction workplace, 
there is also a larger technical team involved.   

In the interviews, it has been indicated that there are regular meetings with subcontractors 
on health and safety issues and joint discussion on work schedules. The following quote 
from a site manager articulated the cooperation on health issues in the work organisation: 
“We have meetings every second week with subcontractors and worker representatives, 
then we have safety rounds and each health and safety issue is prioritised together with 
subcontractors. We complete each other in regard to the work environment plan, and our 
personnel choose their own work supervisors. We coordinate a number of work 
supervisors on the construction site and set up a number of requirements to refer to in 
kick-off meetings,” stated a site manager.

With the current organisation at the construction site, site managers expressed in the 
interviews that it is difficult to lead a workplace with so many contractors who seldom 
meet and with different attitudes even though the main contractor is quite careful in the 
choice of subcontractors. 

In the interviews, site managers expressed that they have too much administration work 
to do above production issues. The site manager is a key person in the construction 
process, and he has possibilities to influence the construction process. In the past his 
work tasks focused solely on technical questions on the construction site, while the 
administrative work was performed by the personnel at the contractor head quarters. 
However, today there is a different situation. Since the construction site administration 
has been trimmed down and documentation requirements have increased, site managers 
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work has shifted to more administrative work. Site managers have responsibility for 
economy, salaries, schedules, forecasts, workers’ personal issues, quality control and 
contacts with authorities.

The increasing administrative responsibility takes too much time from the sites’ 
managers to the point where they feel that they have no time for health and safety matters 
on the construction site.
“There is too much to do for site managers as far as the administrative work at the 
construction site is concerned. Our work burden has become too heavy and we find 
ourselves with not much time left to deal with health issues. I really wish actors such as 
designers were more involved in the improvement of health and reduction of 
musculoskeletal injuries on the construction site, by considering work environment issues 
at the design phase,” states one site manager.               

In general, the construction workplace quality of method statements, procedures and 
other general construction site organisation issues occupied close to two thirds of the time 
allocated to each interview that was conducted. 

According to managers and workers, safety and health on the job in the construction 
industry starts with contractors, employers and employees accepting their individual and 
shared responsibilities for preventing work-related injury and disease. It requires a 
proactive and systematic approach in creating and maintaining a safe and healthy 
workplace.

“Work environment and health and safety issues are a natural part of the work 
organisation in the construction workplace,” states a site manager.   

Respondents described problems with constant revision of work schedules. Changes to 
work in progress also contribute to planning problems, arising from modifications in 
areas such as design, scheduling, as a result of transport and delivery problems, or as a 
result of weather conditions. The consequences of planning problems were described as 
occupational groups overlap and loss of work sequence, work backlog, taking short-cuts, 
and the generation of time pressure; all of which were felt to contribute to the 
musculoskeletal risk circumstances.  

A number of criticisms were made regarding the fact that sub-contractors come late in the 
work organisation process. Sub-contractors were seen as distanced from responsibility, 
often inadequately supervised, and ignorant of and not committed to the common 
responsibilities of the construction work environment as far as where musculoskeletal 
health is concerned. Furthermore, subcontractors said that they sometimes have a 
shortage of well-trained workers depending on how big their job is on the construction 
site.

Scaffolding workers have a particular organisational problem not shared with any other 
construction group; they complained that they are not recognized as an occupational 
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group or category, thus making them feel that they belong nowhere in the industry at 
large.

ii. Implementation and management of the Systematic Work Environment 
Management (SWEM) 

A range of comments were offered, recounting the shortcomings in performance and 
implementation of a System for Working Environment Management (see Appendix B), 
or circumstances which can have a negative impact upon the performances of personnel 
involved in the work organisation at construction site level. Time pressures upon 
construction workers and poor availability of competent supervision were cited 
frequently.

Often in the interviews, both employers and workers indicated that the construction 
workplace is still largely subjected to a traditional Work Environment Management 
which regards the health promotion at the construction workplace as an exclusive duty of 
developers and health and safety representatives and sometimes work-related health 
consultants companies are invited in to help train work supervisors. 

Both site managers and construction workers did not seem to be knowledgeable on the 
Systematic Work Environment Management (SWEM) as this site manager expressed it, 
“we have no such a thing as the systematic work environment management; instead we 
have the usual traditional work environment management which includes a number of 
safety representatives. However, we are informed about the systematic work environment 
management by the developers, and its implementation hasn’t been straightforward so 
far, however we use the help of a health and safety consulting company.”

Workers were mostly ignorant of SWEM and some wrongly believed that SWEM was 
the responsibility of the workers union, as this floor layer expressed it, “The union does it 
but we need more information on the Systematic Work Environment Management. It will 
be good for us to know more about it.”

Furthermore, during the course of the interviews, three-fourths of the health and safety 
representatives thought they were familiar with SWEM, but in actual fact they had a 
misunderstanding of SWEM as the following statement  of an electrician safety 
representative shows it, “It is me as the health and safety representative who is 
responsible for making sure that SWEM works in our workplace, but I have been bad at it 
for different reasons; I think it needs commitment to improve health and safety work in 
our company, it’s not so easy to combine work and responsibility.”

“We have no special organisation for SWEM, however as a site manager I have the 
responsibility to coordinate SWEM; I have work supervisors who are trained in work 
environment issues, and this goes also for subcontractors. With these people we meet 
once each week, and go through the work environment issues of an ergonomic and a 
chemical nature as well as psychosocial conditions. We then make decisions and plan 
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measures to manage efficiently and solve problems and prevent accidents and injuries. 
Of course we do document and follow up on all the essential activities. The way we are 
running SWEM is working well but it could be better and will be better as subcontractors 
understand it better,” stated a site manager who had clearly understood how to run 
SWEM.   

According to the interviews, each new construction workplace has its own particular 
work environment issues and their control measures, therefore the management and 
workers did apply SWEM bearing in mind the particularities of each workplace; a 
scaffolding worker expressed it this way, “We have put a lot of efforts in SWEM, 
scaffolding workers and the management in our company use the SWEM as a way to 
eliminate musculoskeletal disorders and we seek to work more healthily. However, each 
project is really different from another, so we seek to apply customize SWEM to each new 
construction site”

Some workers have a partial understanding of what SWEM is used for, as one of the 
plumbers put it, “The SWEM in our workplace entails documenting everything 
concerning the environment and which materials we should use, then we have health and 
safety representatives who conduct regular safety rounds on site.”

In the interviews, some general contractors acknowledged that they have SWEM in their 
organisations, and also have a person responsible for SWEM which aims to improve the 
work environment for construction workers. This responsible person evaluates the 
personnel and does even help in rehabilitation of workers.

Subcontractors have expressed that their SWEM activities are badly documented. 
However they prided in themselves in the fact that decisions and control measures are 
taken reasonably fast.

Employers identified the greatest disadvantage in their way of organizing SWEM, and 
that is having the person responsible for SWEM sitting at the company office which is far 
removed from where the SWEM should be applied, that is the site. It was also said that 
this arrangement does not favour the use of experience acquired from past projects. 

For the SWEM to be implemented more successfully, site managers have suggested that a 
full-time employee could be appointed to work only with health and safety issues, and 
thus implementing and doing follow-ups on SWEM activities. 

The interviews showed that, due to the lack of commitment and adequate leadership on 
the management behalf, SWEM has not been used as it should have been. However, both 
employers and employees recognised the value of SWEM where it was applied properly, 
as this work supervisor put it, “Systematic Work Environment Management has only 
advantages for us at the construction workplace.”
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iii. Influence of salary and other reward system on the workplace 

The implications of payment methods upon performance, quality and efficiency were 
mentioned on numerous occasions. There are reportedly less fixed wages for construction 
workers, as most of the work is now target or bonus related. Financial expectations are 
high and exceeding the work target and increasing bonus-related pay is considered 
essential for income. Bonus pay may be safety-related, but it seems that most often bonus 
pay is solely related to task performance. 

Bonus is exclusively based on task performance as it was expressed in the interviews by a 
carpenter, “Other than corporate discounts and a home PC for example, our bonus is the 
piece rate system we have, and the more we work, the more money we earn.”

Other than the bonus pay, interviews have indicated that construction workers do get a 
variety of corporate benefits which include free gym access, car loans, car fuel discount, 
different types of insurances for workers and their families, health care partial indemnity, 
parental leave and home PC payable over five years. In some construction workplaces, 
workers have even had a benefit of health therapy massage for which they only pay a 
minimal amount.     

In the interviews, some construction workers expressed how detrimental the piece rate 
system is to the health of workers. One of those workers, a roof worker who worked on 
monthly salary conveyed his informed opinion in these words: “I believe that the monthly 
salary is the best if one gets a higher salary which allows us to work at normal pace. 
However, when one works on piece rate you wear out and the risk for injury is much 
higher unfortunately.”

Some workers in the interviews noted how harmful the piece rate is to health in contrast 
to the monthly salary system which benefits both the worker’s health and the work 
quality, as this plumber put it, “We have a monthly salary, because working on piece rate 
is detrimental to one’s musculoskeletal health, and leads to premature retirement. 
However with the monthly salary, we don’t need to work rashly, there is a good work 
pace and attention is paid to the quality of work performed.”

“We have a fixed monthly salary instead of the piece rate, because this is about 
eliminating high health risks for us, furthermore this helps prevent risks for other work 
groups. So, we have a good salary from the beginning and we have enough production 
time which prevents us from stressing out. Sometimes our salary is not so high but we are 
paid back with a low risk of work–related musculoskeletal injury,” remarked a 
scaffolding worker justifying his contentment with the monthly salary system.    

A site manager explained what he perceived as one of the negative results of the bonus 
pay, “It seems that the piecework system drives the construction workers to do things 
hastily. Compressed production times have been a hindrance against a healthy work 
environment. Unsafe shortcuts become necessary”
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Despite all the negative aspects of the piece rate system, several individuals across all 
construction groups have expressed their penchant to this salary system justifying the 
downsides by the financial benefits. This carpenter defended it, “I think the piece rate 
system is the best because this system allows me to influence my own salary. The faster I 
work the more I earn. However with the (monthly) normal salary, there is always a limit, 
but the piece rate salary has no limit.”

Other than its financial benefits, the piece rate system has been said to be a driving power 
for workers in their commitment to the work, as expressed by an electrician, “We work 
with the piece rate which I think is a driving power for our commitment to our work 
duties, I think this is a positive side we should contemplate.”
Furthermore workers have attributed yet another benefit to the piece rate system, and that 
is the workers ability to organise their job as an electrician put it, “… with piece rate we 
work harder but we get to plan our work ourselves in order to make it better, this is why I 
think piece rate is better.”

In the interviews, employers saw the piece rate system as a problem to a healthy 
construction workplace, even though this salary system is quite popular with construction 
groups. A site manager explained the dilemma, “This issue is emotional, and many 
workers prefer the piece rate system which is part of their old tradition. However, if one 
looks at the work environment issues, then workers should have the monthly salary 
system instead. I think those who have a fixed (monthly) salary are less likely to be 
injured because of working rashly. But this could differ from worker to worker.”

iv. Influence of production schedule on workers’ musculoskeletal health 

The desire to maintain a high profile was reported, yet construction workers, felt that this 
resulted in reduced time schedules for the production process, reduced construction site 
space. The general opinion seemed to be that production pressures cause time and output 
pressure, while continuous cost cutting induces a compromise of healthy working 
methods. Workload and time pressures, revised work patterns and long hours’ culture 
(and lengthy travel time) were reported to be prevalent in the industry. 

In interviews, both sites managers and construction workers have expressed their 
frustration with production times that have become shorter minimising chances of good 
job performance and musculoskeletal health at work. Like several of site managers 
interviewed, one of the site managers puts it this way, “Short production times are a 
huge stress factor on site, and construction workers know that they must achieve so much 
in a short time in order to earn more money through the piece rate system. Production 
pressures have been a hindrance to a good work environment, and thus the biggest health 
risk factor we have today.”

Furthermore, interviews showed that the competition between contractors is not the only 
reason for shortening production times, but also a poor planning is an influencing factor 
as expressed by one of the site managers, “It’s been very tight as far as production is 
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concerned and this is due to poor planning. The developer has not taken his 
responsibility for the work environment seriously which has been left to the general 
contractor. It’s acceptable to build fast, but this requires a good planning starting from 
the earliest phases of the construction process.”     

The interviews have also indicated that production times are recently becoming shorter 
and shorter and therefore having an effect on construction workers’ health as this 
concrete worker puts it, “In recent years, production schedules have become shorter and 
shorter for us and this has very much increased the physical strain on workers. Work is 
becoming more strenuous and heavier. Nowadays, time pressures are being felt when we 
work. Of course, it is understandable that this problem is affecting the whole society 
where money comes first and the human welfare comes last.”

In the interviews, electricians and plumbers expressed dissatisfaction with the current 
production process planning, saying that they often come last in the production sequence 
of different construction workers scheduled to work on the construction site; thus the 
closer an occupational group is to the end of the sequence, the greater is the physical 
stress felt by the occupational group because the production schedule needs to be kept. 

“Towards the end of the building work, the production is rushed and we need more 
resources than what was originally planned from the start,” stated an electrician worker 
representative.

Further, production pressures were found to lead to conflicts between workers and 
musculoskeletal injuries as it were put for example by the following workers:  

“Pressed production time leads to conflicts between occupational groups, when 
occupational groups work simultaneously in the same space, it can be irritating; and 
these conflicts lead to absenteeism which makes the planning fall apart, and the problem 
of musculoskeletal injury arises,” stated a plumber. 

“In recent years, shorter production times are becoming a common currency which not 
only leads to more stress, but also increases the work load for us and thus making us 
prone to musculoskeletal injuries,” expressed a concrete worker. 

“Production pressures are a constant problem, they are a big problem. I believe that 
there is a relationship between pressed production times and the occurrence of work-
related musculoskeletal injuries among our occupational group,” said an electrician.   

Plumbers, electricians, worker representatives and supervisors have all acknowledged 
that they experienced stress and work overload due to production pressures which lead to 
absenteeism.    

The construction process itself has changed, production times have been shortened 
significantly and instead of having building materials in storage, they are manufactured 
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on order, and this makes the construction workplace more sensitive to the delivery 
interferences.

In the interviews, construction workers suggested how one could deal with production 
pressures; a concrete worker said, “I believe that it’s important for the contractor to 
discuss the production schedule with the developer in order to come up with reasonable 
production times.”

Many workers in the interviews stated that in order to promote a healthy construction 
workplace; production pressures should be avoided through an efficient activities 
schedule planning in order to avoid having several occupational groups working 
simultaneously where there is no sufficient work space. 

In the interviews, solutions such as space scheduling were suggested to counteract 
negative effects of production pressures. Other than an efficient site layout planning; 
employers have said they have implemented good practices such as allowing workers to 
take more frequent breaks. However some of the subcontractors suggested those daily 
work hours should be reduced or the break time should be elongated, thus allowing 
recovery time for workers. 

“Production pressures are a big problem for us. To solve this issue, I think work breaks 
should be longer or workers should have shorter work days,” stated a scaffolding 
subcontractor.

Interviewees described different experiences of supervision, with contradictory 
observations that there is both more and less supervision nowadays. At construction site 
level, the efficiency of supervision was seen to deteriorate with a rise of volume of sub-
contractors labour, yet where supervision was regarded as good, sub-contractors would 
conform to standard. 

However, in order to bring about a healthier work environment, a new type of 
organisation is being promoted, the type of work organisation that encouraged a joint 
coordination by all contractors involved in a construction project; this led to a just-in-
time access to necessary materials and equipment for construction workers, and the work 
rotation among workers and respect of production schedules by various construction 
groups on the site. 

v. Information flow and communication at the workplace

Workers and managers had similar perceptions about the information flow and 
communication except in the areas of health and safety and ergonomic solutions. 
Sometimes, site managers passed on information directly to workers, but usually the site 
manager goes through worker representatives to communicate to the workers.  
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One of the site managers explained their workplace communication this way, “Guys 
(workers) are well informed, as far as information is concerned we seek to hold planning 
meetings together once a month. Every week we have a meeting with worker 
representatives and go through what has happened and what will happen in the 
construction workplace, accordingly worker representatives have the responsibility to 
communicate to the workers.”

According to the interviews, communication between managers, supervisors, worker 
representatives and workers, is every now and then about identifying and analysing 
different risks present at the construction site, and then do the planning of control 
measures to eliminate those identified risks. Furthermore, workers meet with their 
representatives once a week and then site managers have monthly meetings where 
everyone on the site is informed about what’s happening in the project and in the 
company. Site managers said that they try to clarify all questions brought up in the start 
meeting in which they go through all the logistics and needs of the project. Work 
supervisors are frequently out on the site, informing workers on different issues 
pertaining to the project. Interviews have also indicated that there exists an information 
flow between site management and subcontractors through coordination meetings. 

There have been complaints among workers that communication between different 
construction groups needs to be improved, thus promoting a healthy construction 
workplace as one of plumbers commented, “To create a healthy construction workplace 
it’s important to collaborate with other construction groups, to have a good 
communication at our shared workplace.” Despite some complaints, several workers 
expressed their satisfaction with the quality of communication that exists between the 
management and workers, as one machine operator put it, “we get all work-related 
information through the management.”

In the interviews, worker satisfaction was also attributed to a regular communication and 
a good information flow between managers and workers. Regular communication was 
said to be a positive factor for preventing psychological stress among work groups. In 
some construction workplaces, there were no planned formal meetings between managers 
and workers; however, workers said that they had easy access to their site managers when 
necessary.

Subcontractors have expressed that they were generally satisfied with the existing 
communication level, however they observed that information flow can be sufficient or 
inadequate depending on who one works for, and the relationship with the developer.

Site managers are not content with their level of communication about health issues at the 
workplace; managers said that much more could be and needs to be achieved through 
existing communication channels, here it is understood that health issues have not been 
on the top of the agenda at the same level as production issues.
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vi. Worker training and competence 

A number of different criticisms about training were mentioned and the first of these 
concerned the inadequate content and evaluation of site-induction. Likewise training is 
often inappropriately seen as a response to all problems. It was indicated that there is a 
shortage of courses, that training is not provided consistently (absence of manual material 
handling training for construction workers for example) and that the training content pays 
insufficient attention to health and work environment issues and the development of 
practical skills.

In the interviews, it was indicated that regular training is offered to health and safety 
representatives. The training includes health and safety courses which provide knowledge 
to create a good work environment.    

As far as opportunities for training in health issues and work environment are concerned, 
apart from health and safety representatives and worker representatives, the rest of 
construction workers have generally expressed that their employers never sent them to 
any course on health issues. However a small portion of workers have indicated that they 
had participated in some courses or health issues workshops organised by the workers 
unions. Many of the courses offered had shortcomings such as the lack of 
musculoskeletal issues content; these courses were merely focused on prevention of 
sudden accidents and safety handling of chemical materials.  

In the interviews, the majority of workers expressed their lack of up to date knowledge 
about health issues especially musculoskeletal health issues. Workers have said that 
outside the production time, there is hardly any time left to dedicate to knowledge 
development, as one of the concrete workers included, “There is hardly any time for 
health issues knowledge development or competence improvement, thus we never go 
courses on work environment and health issues.”

As far as workers knowledge development and competence improvement are concerned, 
the picture is not totally bleak, because there were few workers and managers who stated 
that some positive steps were being made, as one of the carpenters said, “There are few 
courses in work environment issues, in our company for instance a foundational course 
in work environment, on top of that we have had courses organised by the (workers) 
union.”

“Educational courses on health issues are available to us all in the plumbing work 
group,” stated a plumber.   

Subcontractors’ management said that they did contribute to their workers health issues 
knowledge and competence though the regular information they give to workers in health 
and safety meetings. Subcontractors expected their health and safety representatives to 
convey to their co-workers the knowledge they obtained from courses in which they took 
part.  Here is how a scaffolding subcontractor stated their contribution: “…to upgrade 
workers knowledge on health and work environment issues, as an employer I give to our 
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workers some information pertaining to work environment, this is for example the work 
environment law, the European Union directives.”

In the interviews, some site managers explained that although they have had no formal 
health issues-focused courses for their workers, they stated that they have regular 
discussions with their workers. Some worker representatives expressed that it was 
generally up to each and every one of the workers to figure out the knowledge they 
needed, however worker representatives emphasized that employers have a larger 
responsibility for a constant worker training.

vii. Worker consultation and influence 

Worker consultation has not formally been implemented in construction workplaces, 
other than through open discussions between the management and the workers in the 
weekly and monthly meetings and health and safety committees. 

“In my occupation, I have possibilities to influence the work organisation in regard to 
health and work environment in our company. I usually go to my managers and 
supervisors to discuss these issues,” stated a plumber explaining his easy access to the 
management.  

“Our scaffolding workers have opportunities to speak to our managers and solve health 
problems that arise,” includes a scaffolding subcontractor.

“Our workers are consulted on health and work environment issues … workers influence 
our decisions all the time,” affirms a floor-laying subcontractor.  

Furthermore, construction workers have had a significant influence on their employers’ 
way of dealing with health issues through unions, as one of the site managers stated, “the
union works a lot with work environment questions, especially with the work environment 
program.”

In the interviews, employers, especially site managers asserted that workers are 
resourceful and well worth listening to; their contributions in regard to health and work 
environment issues are appreciated because construction workers are much more familiar 
with the risks to be addressed.

However the tight budget was mentioned as one of the obstacles to workers’ influence on 
health and work environment issues. In the interviews, workers, especially those from the 
subcontracting side have stated that their influence on health issues goes often as far as 
their medium-sized company tight budget goes. Some health issues are influenced by the 
worker consultation through the workers’ recommendations on PPE and the choice of 
building materials and equipment which reduce or eliminate heavy lifting and vibration 
emissions to name a few examples.  



54

In the interviews, carpenters and concrete workers (all employed by general contractors/ 
large organisations) have often expressed their lack of influence in their work 
organisation in regard to health and work environment issues, in contrast to other 
construction trades traditionally employed by subcontractors that have influence in their 
smaller organisations.     

To conclude this section of work organisation, it should be said that short production 
times and the piece rate system, a tight budget and the lack of training create a good 
breeding ground for musculoskeletal injuries and were generally perceived as hindrances 
to a better work environment organisation. Nevertheless, by and large the present work 
organisation at the construction workplace has been promoting workers’ health; 
employers along with projects supervisors (i.e., site managers and work supervisors) 
cooperating to protect the musculoskeletal health of workers by doing the following: 

Avoiding health risks to all construction workers on the site 
Evaluating risks that cannot be avoided 
Combating risks at source (for example buying tools with no or low vibrations) 
Using collective measures to protect workers 
Informing workers of the risks present and the necessary control measures  
Ensuring appropriate training is given to health and safety supervisors 

8.1.1.3 Production technology aspects 

i. Special production techniques

Special production techniques were discussed in the interviews; these techniques were 
only a few of them and were not commonly accessible to construction workplaces that 
were studied.  In the interviews, both the management and construction workers 
identified special production techniques which include the production hall system, the 
Automatic Climbing System (ACS) and the use of prefabricated elements.  

Traverses are the main equipment used in the production hall; they have a great lifting 
capacity and they are easy to operate and so even construction workers themselves can 
use them without the need of a machine operator. In some instances, only a partial 
production was performed in a hall located a few meters away from the actual 
construction site. In the interviews, site managers and workers expressed that the 
production hall system reduces work-related injuries for example slip and fall and 
musculoskeletal injuries in such a way that one may believe that there is even an 
economic gain when the work environment is better. 

“Traverses in the production hall are of great help to us workers, because traverses have 
a safer and high lifting capacity, therefore there is no need for pushing carts; and with 
reduced work load and less heavy lifting, there have been less injury risks and less sick 
leaves for us,” affirmed a 60 year old carpenter. 
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Not only had a better work environment afforded by the production hall promoted 
workers health, but also a better production quality resulted, as one of the site managers 
stated it, “with the production hall system, we’ve had less mechanical loading, fewer 
references on solving risk factors in construction process and shorter concrete drying 
time.”

The Automatic Climbing System-Platform (ACS-P) is a hydraulically operated self-
climbing formwork system for construction of tall concrete structures such as building 
core walls (e.g., Turning Torso project in Malmö). In the interviews, a site manager 
stated that ACS-P improves productivity and safety, it is raised without the use of a 
crane, and it is connected to the structure at all times during climbing process. Platforms 
allow for safe, efficient work and high loads. The climbing sequence begins by stripping 
the formwork from previously cast lifts using carriages on the brackets or platform. 
Leading climbing shoes are then bolted to the anchors in the previous lifts. The hydraulic 
climbing mechanism (figure 10) raises the climbing rails or platform to the leading 
climbing shoe.  

(Picture taken from PERI products webpage) 

In the interviews, the site management and concrete workers said that the ACS-P 
minimizes heavy lifting tasks from floor to floor because of its platform which climbs by 
itself to the next floor to be concreted.

 Concrete workers have expressed their satisfaction with the concrete pumping system 
(see figure 11), which they said has reduced some of their strenuous work tasks 
requirements. 

Figure 10: This picture shows an 
Automatic Climbing Platform used 
to build concrete structures. This 
self-climbing formwork system 
allows safe and efficient work with 
high loads. 
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Figure 11: A concrete pump with a remote control being used by concrete workers. 

The use of prefabricated materials such concrete walls, floors and stairs are said to have 
reduced a number of strenuous work tasks that were commonly performed by concrete 
workers, carpenters and electricians. “Elements are supplied to the construction 
workplace, ready for assembling. Electrical conduit and plumbing can be placed within 
the walls as the wall is constructed off-site in the factory; thus avoiding us drilling 
vibration emissions, heavy lifting of concrete and awkward work postures,” expressed a 
concrete worker and supervisor.  Furthermore, plumbers have specifically pointed out in 
the interviews that the use of prefabricated concrete elements has usually saved plumbers 
from cutting holes in walls, ceilings and floors.  

“Using prefabricated slab walls in our production has avoided us the traditional and 
repetitive work task of nailing of concrete forms,” stated a concrete worker. Figure 12 
shows the installation of concrete walls with the help of a crane.  
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Figure 12: Installation of concrete walls with the assistance of a crane lifting them 
into position. 

“The prefabrication level constantly increases, and this makes work performance easier. 
For instance, pre-plumbed prefabricated units with drainage outlets built in… we only 
need to do the assembly which does not require awkward postures for long periods of 
time,” affirmed a plumber.  Furthermore, plumbers and electricians in the interviews 
continued to say generally that a high degree of prefabrication allowed them more work 
space for movement.    

Further production techniques that came up in the interviews were the roof-lifting system 
which uses roof lifts when the roof is being installed on a building, in the gluing of 
gypsum boards on the walls. Both these two techniques were stated by the site 
management as contributing to the reduction of musculoskeletal disorders. A site 
manager stated that “the installation of the gypsum panels done by gluing them on the 
walls, allows workers to avoid shoulder pains.” In the interviews, the site management, 
carpenters and worker representatives have given credit to the gypsum gluing system for 
not wearing out carpenters’ shoulders. Further on the importance of the gypsum gluing 
system, an engineer affirmed, “Gluing gypsum has dramatically diminished the screwing 
work task, thus decreasing repetitive-work-related injuries.”
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When discussing in the interviews, the new production technology currently used on sites 
and perceived to improve workers musculoskeletal health, some workers did mention that 
the good collaboration with machine manufacturers and being able to work in standing 
position helps a great deal. As a carpenter put it “we have a good partnership with 
manufacturers, and they deliver machines that we would want to have. What 
differentiates us from other sites is that we do our work tasks standing up while other 
(workplaces) crawl on their knees.”   However, there were also workers who did express 
their scepticism towards some new production technology such as the prefabrication of 
building materials or modules being introduced on the construction site. The concern for 
some of the workers is that an increasing degree of prefabrication could in the long run 
make some occupational groups redundant.     

ii. Work tools and Mechanical aids

In the interviews, it was expressed that more and different kinds of equipment are now 
used on construction sites to move materials and to do some of the heavy work. Hoists 
and cranes are commonly used for materials handling. The crane was often named in the 
interviews as the most used and helpful mechanical aid as far as the workers and the site 
management are concerned, for example, “the reinforcing steel is preassembled on the 
ground by a separate crew and lifted into position by the crane. Concrete was also 
delivered via the crane,” said a concrete worker. 

Carts, hoists and cranes (see figure 13) have made it easier to move around and lift 
materials on construction site and reduce the need for manual handling and lifting of 
materials. In the interviews, the management and the workers, they both claimed that 
cranes were generally used to lift most of the heavier loads.  

Figure 13: Cranes used to lift heavy materials into the building. 
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In the interviews, concrete workers and the site management have often stated that 
“working with both concrete and steel reinforcement is traditionally heavy and repetitive 
work, however with the cranes, concrete pumps and rebar-tying machines have relieved 
us from most of the manual material handling,” stated a concrete worker.    

Both the management and the employees have pointed out that the personnel and material 
hoists (figure 14) along with the cranes have been helpful in improving the construction 
workplace in regard to manual material handling, as a scaffolding contractor put it, 
“although nothing much has changed in scaffolding production technology, health and 
safety wise we have benefited from hoists and cranes in terms of the reduction of heavy 
manual material handling tasks.”

Figure 14: A personnel and material hoist. 

It was reported in the interviews that boom trucks (figure 16) are used to lift materials to 
roof levels. Scissors lifts are commonly used to move workers up to work heights. 
Tractor mounted forklifts are used to move materials around on the construction sites. 
Powered equipments such as circular guns, powered screw drivers/guns and pneumatic 
nail guns all are said to have reduced the risk of strains and sprains, for instance, in 
carpenters work and in fact have made their work easier. “Using nail guns instead of a 
hammer prevents forceful physical exertions which we (carpenters) could have been 
exposed to,” affirmed a carpenter.   

An electrician affirmed that “using a battery powered screw gun has mainly reduced 
tennis elbow problem in our work.”

Figure 15 shows an installation of structure-bearing steel columns done by two workers, 
one standing on a scaffolding plank and another standing in a steerable scissor lift.   
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Figure 15: Installation of structure-bearing steel. Note the scissor lift being used by 
the worker to perform work at the right height. 
“With Micromax (steerable scissor lift), we always work at the right height with the right 
posture, and in some instances we use (the steerable scissor lift) instead of climbing and 
carrying a load on a scaffold,” affirmed a carpenter. 

Figure 16: Boom trucks are used to move workers up to work heights and to lift 
materials to roof levels.
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Further, the interviews found that ergonomically designed tools are used in production 
processes to reduce the need for bending, by allowing for work from a standing height, 
using for example guns for fastening roofing insulation and automatic feeding screw guns 
for fastening flooring. Hand tools to reduce the stress on the hand by having softer, easier 
to hold surfaces.

For the rebar-tying tasks performed during the concrete reinforcement, concrete workers 
affirmed that to avoid repetitive and heavy manual material handling required to install 
reinforcing steel; “we have been using the rebar-tying machine which allows us to work 
upright and thus avoiding the bending, twisting, and awkward static trunk posture of 
manual tying at ground level,” said a concrete worker who is also a worker 
representative.

In the interviews, the rebar-tying machine (figure 17) was advocated by even those work 
groups such as electricians who don’t work with steel reinforcement; an electrician stated 
that “the rebar-tying machine is amazing because it reduces the monotonous and 
repetitive rebar-tying work tasks; it is a revolution in the steel reinforcement occupation 
because it protects the worker’s back, knees and wrists.”

(picture taken from Galaxen tools manual) 

In the interviews, a floor layer stated that “for obvious reasons floor laying has been 
traditionally done in a kneeling position, but with recently developed tools such as 
sanding machines, floor stripper, carpet/linoleum rollers, more and more work is being 
carried out standing up, thus saving us from the pain in our knees and backs.” 

Figure 17: The rebar-tying 
machine used in upright 
posture in steel 
reinforcement.
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Figure 18: A self-propelling floor stripper. 

Figure 19: An electrical floor sanding machine. 

Another worker stated that not only their equipment has improved but also their way of 
work performance, “we have upgraded our equipment and our work method, for instance 
when we tear up the floor, we stand up while working on the floor with small expanders. 
Traditionally, a drill machine was used to drill thousands of holes while crawling on the 
floor, this made the back and knees hurt, but we don’t work this way anymore with 
expanders,” affirmed a carpenter.      

Floor layers have said that manual material handling on site has become a lot easier for 
them since the introduction of mechanical aids such carpet trolleys and carpet rollers to 
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carry and push heavy carpet rolls. A carpet layer stated that “carpet trolleys definitely 
help to avoid back pains that normally result from lifting heavy (linoleum) rolls.”
Although a small occupational group, floor layers gladly reported there are more and 
more mechanical aids to help them perform their work tasks.   

In the interviews, both the work supervisors and the different construction groups on the 
site, have highlighted the contribution of various mechanical aids from the simple 
stepladder to the relatively sophisticated steerable scissor lift as far as relieving workers 
from material handling on height is concerned; but electricians have specifically singled 
out the cables trolley which facilitates the carrying of heavy electrical cables. 

Generally, workers expressed their satisfaction with the management in regard to the 
accessibility to the mechanical aids needed. Mechanical aids and ergonomically designed 
tools are being used in most of the thirteen construction projects investigated; however 
some interviewees expressed that some tools are not being used by the industry because 
they are too expensive, require too much time to execute and require long learning times. 
Furthermore, the workers in interviews have expressed that although they were often 
supplied with the necessary mechanical aids they needed; nevertheless workers pointed 
out that the availability of these tools is dependant on the size of the construction project. 
“On the construction site, we use a lot of new tools and mechanical aids, but when we 
work on smaller construction projects, it is then often the common old stuff (mechanical 
aids) that are used on site,” explained a concrete worker.

Some subcontractors and their workers expressed that their subcontracting services are 
generally expensive, this due to the high cost invested in purchasing new work equipment 
and mechanical aids.  A floor layer explained it this way, “today we have invested a lot in 
the new production technology that many don’t have, but we are not the cheapest 
because we have a lot of tools that contribute to a better quality production and a safe 
and healthy work environment.”

iii. New technology developed 

In the interviews, it was sought to know if there were new technologies developed for the 
seven construction workers groups, and if so, how these technologies have influenced 
musculoskeletal disorders among the seven construction groups. 

In the interviews, some workers have said that there is no new technology (i.e., 
mechanical aids, construction equipment and materials) has been developed specifically 
for them. Although workers affirmed that cranes and other equipments are used to 
alleviate their bodies from heavy lifting (for instance during steel reinforcement work), 
workers such as one of the concrete workers stated that “mechanical aids we have access 
to are generally used by all work groups, therefore they have not been specifically 
designed for our construction trade.”
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Some newer technology such as the steerable scissor lift has been used by workers to lift 
and install bulky and heavy windows, thus avoiding heavy manual material handling to 
workers as seen on the Figure 20 below. 

Figure 20: A scissor lift with vacuum arms putting a window pane in place.  

“We install large windows with a mechanical aid, and this has reduced workers muscular 
pains due to heavy lifting and static work tasks,” stated a design engineer. 

The interviews found that new and industrialized production technology were being 
incorporated into the building process. New materials such as the self-compacting, non-
vibration concrete and prefabricated concrete walls, floors and stairs have been 
commonly used in building production. According to the site management, the 
prefabrication of building components has not only benefited different construction 
projects in terms of production quality, but also the improvement of the workplace for 
workers as a site manager affirmed “working with prefabricated concrete structures, 
slabs and columns has reduced musculoskeletal injuries that normally result from the 
heavy work performed while building the structure, pouring concrete and making and 
dismantling work forms.”

The use of self compacting concrete (SCC) has been praised by the site management and 
the concrete workers who said that the concrete has become lighter and no vibration 
emissions; a worker supervisor affirmed “with the self-compacting concrete, the work 
environment is improved because there is no vibration and very little reinforcement 
assembly.”  In the interviews, concrete workers have expressed that when using SCC 
they are less exposed to musculoskeletal disorders such as back pains caused by 
prolonged bending while doing reinforcement, and white fingers due to vibration; a 
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concrete worker affirmed “this new technique (i.e., SCC) has definitely reduced a 
number of injuries that had been common to our work.”

In the interviews, the designers perceived a positive improvement of the workers health 
and work environment through the increased level of prefabrication of façade. As one 
architect put it, “with prefabricated facade coming on the site, the installation time on the 
site has become shorter because these facade elements come with built in windows. The 
installation is facilitated by the crane which lifts the facade onto the building.”

More importantly with new technology is that for instance the production work with 
thinner gypsum panels leads to less heavy manual material handling when working with 
panels. However workers such as machine operators have expressed their dismay when it 
comes to easy access to new and health promoting technology; they said that their 
machines’ seats are not good for their musculoskeletal system and the ergonomically 
designed tractor seating (with compact mechanical or air suspensions with features that 
include fore/aft isolators, ergonomic comfort cushions, adjustable lumbar support and 
headrest) are usually rare equipment in their trucks except on medical doctor’s
recommendation. This difficult access to such new technology is due to the fact that “it is 
an expensive seat that could cost from fifty thousands Swedish Crowns and not every 
employer is quick to buy it for his workers,” stated a machine operator.    

In the interviews, the management especially on the subcontractor side sometimes 
expressed a dilemma about how to get rid of their old fashioned technology without 
incurring a high cost. A scaffolding contractor worker affirmed that “new equipments 
and work tools are lighter to work with, but a scaffolding company will not buy this new 
technology; otherwise what will we do with the old material that we have now.”

The interviews found that new and industrialized materials and equipment have changed 
and are constantly having a positive impact on the construction work environment, and 
thus improving the musculoskeletal health of workers. Many sections of buildings now 
come prefabricated. Sometimes the changes are beneficial from the ergonomic point of 
view. Other times they trade one hazard for another. For example, it was reported by 
floor layers that some prefabricated concretes were too hard that it required a lot of 
efforts to drill holes into them when necessary.  

On the issue of whether workers knew how to use the new technology that was being 
introduced on different construction sites; the employers stated in the interviews that 
“worker representatives were the first to be taught how to use new equipment before it 
was introduced to workers….worker representatives usually come up with their 
suggestions on the new technology,” said a site manager.    

In the interviews, when developers were asked whether they had any formal or informal 
involvement with the technical aspects of production, they responded that they had 
nothing to do with the production work. However, they knew that they had a formal 
responsibility for the safety and health issues at the construction site. An interesting 
comment came from a developer when he was asked to name any successful production 
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strategies in regard to the reduction of musculoskeletal injury, “I react to things that are 
bad (unhealthy and not safe) on the construction site, the good technology and other 
good practices are taken for granted”. This statement indicates a “if it isn’t broken don’t 
fix it” attitude that is present among some of the developers  who  tend to focus on 
addressing health problems when they are there instead of preventing risk factors and 
promoting health practices on the construction site.

Through the interviews with architects, it was also unfortunate to find out that some 
designers have not made or even sought to make even a small contribution to the work 
environment in regard to health and work environment issues. However, some architects 
expressed that there has been some exchange of ideas regarding the design impact on 
production technology and the work environment issues. An architect affirmed that 
“there is a dialogue going on between the contractors and the designers about 
production techniques such as using prefabricated modules that are craned into place. 
The dialogue can be about the manual handling of materials of various sizes. All this is 
done in an attempt to reduce heavy lifting and work tasks performed in awkward 
postures.”

8.1.1.4 Physical work environment 

i. Description of the physical workplace

According to the interviews, the principal contractor ensured that construction workers 
had access to a room to eat meals or take breaks; they also had access to toilets, washing 
facilities and drinking water that is supplied by the principal contractor from a source 
other than the toilet, hand or face washing facilities. Employers did provide workers with 
reasonable access to appropriate and adequate first aid equipment. Although there have 
been complaints from some of the workers about the lack of neatness on their 
construction workplaces, the principal contractor expressed that they implemented and 
maintained safe housekeeping practices, including: an appropriate, safe and clear access 
to and from the workplace; a safe system for collecting, storing and disposing of excess 
or waste materials (in waste containers on site); adequate storage of materials; and an 
adequate number of safety signs.

In interviews, both the site management and construction workers (especially those who 
come last in the production schedule) have affirmed that good lightning, good house 
keeping (keeping the workplace clean) and having enough work space contribute to a 
reduction of injuries while performing work tasks in nearly finished buildings. A site 
manager stated “good house keeping and lighting are very important for us on the 
construction site.”

The site management expressed that good house keeping makes the construction 
workplace a tidy and safe place for their workers. Furthermore, they affirmed that to 
promote the musculoskeletal health for the personnel on site, they not only keep the 
workplace tidy and well lit; but they accommodated different working heights with the 
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use of lifts and access ramps. A site manager affirmed “we seek to reduce heavy lifting 
and working height differences for our production personnel.”  Furthermore, the site 
management stated that through work areas planning, they made space for construction 
equipment and cranes. In addition to this, they said that they have provided disposal bins 
which are often emptied in waste containers.        

According to managers and workers in the interviews, use of new or improved 
construction materials such as the non-vibrating and self-compacting concrete in 
production have considerably reduced the vibration exposure at the workplace.   

In the interviews, some workers stated the work environment has improved much, still 
there are a few unsettled health issues, “We have a number of ergonomic equipments that 
we use to relieve pressure on the body as we do our job mostly in standing position, and 
when drilling concrete elements we use less vibrating machines; although we still get 
vibration emissions from holding a concrete pumping hose,” said a concrete worker. 

Further, a machine operator stated “when we sit on a wrong driving seat, vibration 
becomes a risk factor to our musculoskeletal health.”

Using work tables (see figure 21) and stepladders has been of a great help to the workers 
who seek to avoid awkward postures that could lead to back, shoulder and knee pains. 

Figure 21: Work table for carpenter cutting gyps boards. 
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Figure 22: A stepladder used to work at height indoors. 

Due to building design problems such as tight work spaces, both employers and workers 
have expressed that often workers have had to work in awkward postures (e.g., plumbers 
and electricians). “We do a lot of running up and down stairs and ladders and we still 
work on our knees,” said an electrician. However, some of these work levels issues have 
been solved by the use of equipments such as scissor lifts.  

Concerning tight workspaces architects expressed in the interviews that it was not 
possible to create a comfortable work space in all building designs.  

ii. Work in bad weather conditions 

According to the interviews, the new production methods such as the production hall and 
working under weather cover sheet (see figure 23) are changing the construction work 
into a weather independent one, and thus cutting down all work-related injuries related to 
cold weather. 
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Figure 23: A picture showing a weather cover sheet over a building under 
construction.

During the interviews, often the site management as well as the construction workers 
expressed that their work tasks are increasingly weather independent. A concrete worker 
stated that “the climate does not so much influence our musculoskeletal health because 
we work mostly indoors.” Further, a scaffolding worker expressed that “cold weather and 
rain are disadvantages when performing difficult work tasks which often lead to wrist, 
back and neck pains. However, using the weather protection sheet and wearing right 
clothes has helped to reduce the likelihood of injury.”

In the interviews it was expressed by the site management that due to the outside weather 
conditions that could lead to musculoskeletal injury of workers, there were a number of 
administrative controls to minimize the likelihood, “when it’s cold in winter, we minimize 
as much as possible those work tasks that are normally performed outside, but this also 
depends a lot on good planning,” said a site manager. Although the management has 
claimed that there has been a lot of improvement on the site to reduce injuries due to cold 
weather, some workers and health and safety representatives expressed that working in 
the winter cold and/or in blowing wind is tough work as a plumber put it, “The climate 
has influence on our muscles and skeleton, it is painful to work when it’s cold or when 
it’s snowing or blowing a gale.”

Working on sky rise buildings in windy weather conditions made the workers very tired. 
“The influence of climate is strong, for instance when it’s blowing hard while we are 
working at 80 metres above the ground, it makes us very exhausted. It’s easier to work in 
summer than winter,” stated a concrete worker. 
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In the interviews, the management stated that although they have established proper 
preventive measures, cold weather-related injuries are still happening among young 
workers. One of the site managers affirmed, “Young workers especially think that they 
can go out without right clothes. This fact has consequences that affect those workers; 
they get pains in their knees. One is not careful when one is young; however it’s so 
important to put on the right clothes before performing work outside in cold weather.”

Bad leadership on the part of work supervisors was also blamed by workers for its 
contribution to sometimes exposing workers unnecessarily to the cold work environment.        

In the interviews, cold weather, especially during the winter season, was reported as a 
potential impediment to the optimal performance of outdoor work tasks. However, the 
weather has become less of a health problem for the construction workers as they are 
equipped with the basic personal protective equipment (PPE). “In winter, we have good 
work cloths on,” affirmed a carpenter. With protective equipment such as suitable 
clothing, work gloves, safety headgear and safety footwear; workers are protected against 
both the weather and workplace hazards. “Working in winter or rain is not a problem at 
all for us because we have the right clothing on,” affirmed an electrician.  

Both the management and the employees have expressed that the first control measure 
against musculoskeletal risk factors due to the bad weather, is the right work clothing that 
is suited to various types of weather. 

Furthermore, some workers have stated that when working in winter season, warming-up 
or doing some workplace stretching exercise before starting work in the morning has 
helped prevent work-related injuries. 

Employers made sure that the appropriate personal protective equipment was identified 
for various phases of construction and was being used by workers. 

In the interviews, architects responded that they have not had much to do with the 
physical work environment, let alone how to reduce musculoskeletal injuries in this 
physical workplace.  Furthermore they expressed that they have no training and 
competence to advise on climate influence on the physical work environment. However, 
depending on the time of year and given the opportunity, the architects would suggest to 
contractors to build under a tent, thus workers can work in a sheltered work environment.  

Concluding from all the remarks and statements made in the course of the interview 
questions related to the physical work environment, in order to create a healthy physical 
work environment, not only a human-centred design is necessary, but there seems to be a 
need for thorough planning, and less opportunistic problem solving.        
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8.1.1.5 Work tasks factors 

i. Main work tasks for construction workers  

In regard to the work tasks, this research study has investigated eight construction trades. 
The eight occupational groups are exposed to various kinds of physical workload, 
involving different parts of the body. There are differences in reported pain localisation 
among the occupational groups, which may indicate pain resulting from differing pain- 
provoking mechanical stresses. 

All the eight construction trades expressed that they still have the risk factors such as 
heavy lifting, forceful and repetitive movements and awkward sustained efforts in their 
work tasks. However, these occupational groups also expressed that they have a few 
mechanical aids that have made some of their work tasks easier. The ability to read 
drawings seems to be common among most of the 8 trades. 

According to the interviews conducted with those seven groups of workers, the next 
section is their own description of their main work tasks: 

Carpenters 

In the interviews, carpenters stated that their tasks are varied. Carpenters start almost 
always their work tasks form a drawing, and so, the drawings reading skill is an 
important part of their job. Although carpenters are involved at several stages of the 
construction process, from the preparatory stages of the construction site (e.g., laying the 
foundation of a house) until the furnishings of the kitchen are in place. Carpenters make 
the casing for the concrete around the steel reinforcement. In the traditional production 
process, the casing is made of rough wood, however, at the industrialized construction 
sites, carpenters stated that they often use prefabricated casing forms which are installed 
by carpenters. Inside the buildings, the carpenters install windows and doors, cupboards 
and other woodwork. Carpenters also said that they work between walls, to nail the roof 
and to install the wall lining such as gyps boards, particle boards and panels. Carpenters 
work is physically demanding and it requires heavy lifting which is often done by a crane 
or other mechanical aids. Carpenters stated that their job is mainly a manual work. They 
work with a hammer, a saw and machines of different types such hand tools (i.e., drilling 
machines, nail guns, stationary machines, etc.).          

Concrete workers 

Concrete workers that participated in the interviews stated that they have two main work 
tasks, the first one is the steel reinforcement and the second one is the concrete casting. 
Many concrete workers specialise in reinforcement. It requires among others a good 
knowledge in building drawings study/reading. Concrete workers work tasks have 
developed and have been mechanised to a large extent in comparison to other 
construction trades. Today, heavy work tasks have been made less strenuous by the use of 
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a crane, concrete pumps and other machines. Concrete workers work tasks include the 
installation of prefabricated concrete elements such as walls columns. Drilling holes in 
concrete elements is also one of the typical work tasks a concrete worker has.  

Floor layer 

According to the interviews, floor layers do work in new buildings and on buildings 
renovations. They handle and move flooring materials and equipment. Before covering 
the floor, the floor layer makes sure that the floor surface underneath is even. Sometimes 
a floor layer has to tear away the old carpet, sand down the floor and lay the insulation 
and particle boards. When this is done, the floor layer puts in place the linoleum or the 
parquet floor. Sometimes the parquet arrives as finished parts from the factory; 
sometimes it is laid piece by piece.  Floor layers said that their work can be heavy, 
carpets rolls are quite heavy. Working with carpet-laying partially entails performing 
work on the knees. There are however mechanical aids to help with the lifting and a 
wheeled-stool to sit on instead of working on the knees.

Heating and ventilation Plumbers 

In the interviews, plumbers stated that their main work tasks are to install sewage and 
equipment such as boilers, pumps, heating and cooling systems, gas appliances, water 
tanks, water heaters, and floor heating systems, fixtures such as toilets, wash basins and 
industrial processing units. 

According to the interviews, plumbers stated that they perform the following tasks:  

prepare and/or study drawings and specifications to work out the layout of 
plumbing systems and materials needed; 
find and mark position for connections, then cut holes through walls and floors to 
accommodate pipes, measure pipes and mark cutting or bending lines; 
cut, thread and bend pipes, assemble and install piping, valves and fittings, join 
pipe sections and secure pipes; 
test lines as required by local plumbing regulations; 
install maintain and repair plumbing systems. 

Machine operators

According to the interviews, machine operators must be concentrated and aware of the 
surroundings. They said that their work requires to be in good shape physically and have 
a good visual in order to work safely with the machines they operate. Heavy machinery 
operators drive cranes, various excavation machines and trucks. Machine operators are 
very active in the beginning of construction work, especially during preparatory work of 
the construction site, excavation and backfilling work. This work is typically an outdoor 
occupation constantly done on new construction workplaces. 
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Roofers

According to the interviews, the work of a roofer entails a lot of manual handling; the 
roofer has to carry, lift, and pull heavy, large materials in awkward and bent posture or on 
knees. Roofers build and repair roofs on houses, office-buildings, stores, factories, and 
just about every other structure out there. 

Roofers also said that their work tasks include polishing and floor surface treatment as 
well as installing skirting-boards. Some roofers expressed that their work has been less 
strenuous when the roof is made on the ground then lifted into the roof by a crane. 

Scaffolding worker  

According to the interviews, scaffolding work requires the knowledge of safety 
regulations and doing simple calculations to check if the scaffold holds properly. The 
work of a scaffolding worker entails various tasks (e.g., connecting, bolting) that require 
the worker to climb up on steel columns, to walk on beams. The scaffolding worker has 
to assemble building hoists, to lift the steel columns, assemble them and disassemble 
them when they are no more needed for production. Scaffolding workers stated that their 
work is heavy and that one must be in good shape physically in order to cope with work 
tasks demands. A lifting crane and other mechanical aids are used for those heavy work 
tasks; however there is still a lot that is carried and lifted manually.   

Electricians  

In the interviews, electricians said that their main work tasks entail doing electrical 
installations in residential, office and industrial buildings. They drag electrical cables, 
install electrical equipment and assemble electrical centres. The electricians’ main tasks 
also include setting up cable ladders and wall sockets, and drawing electricity into the 
fans and heat installations. Electricians also install household equipment such as stoves 
and refrigerators. Electricians stated that they had an agile work which is sometimes done 
at heights and in narrow spaces. They said that their work can be dusty and heavy. The 
work is often performed standing with arms above the head. Sometimes, electricians 
work tight spaces, thus leading to awkward postures. To do electrical installations, an 
electrician should be able to follow drawings and diagrams to perform his work correctly. 
Electricians use drilling machines and other hand tools. Once their job is completed, they 
must make a technical description of the installation for others to see how it is done.

ii. Workers’ possibilities to enhance their work tasks 

According to the interviews, there is little possibility for workers to enhance their work 
tasks. A concrete worker stated, “There’s not much enhancement we can do to our job, 
we often stick to those known and tested (work) methods.” Some workers expressed that 
they have had opportunities to influence their work tasks, by doing them in a way that 
makes them more simple and easy to perform. 
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iii. Work tasks contribution to workers’ health 

In the interviews, both the management and the employees have often stated that the 
construction workers’ work tasks do not contribute to their health as such. However, the 
workers have said that it feels good to work outdoors with plenty of fresh air. A carpenter 
affirmed, “we do enjoy the fresh air more than other work groups, however the longevity 
of carpenters is constantly decreasing.”

iv. Reported work-related musculoskeletal pains and control measures 

During the interviews, construction workers reported the different locations of the work-
related musculoskeletal pain that they have experienced due to their work tasks. 
Significant differences in the locations of the pain are shown in Table 4.

Table 4: Different locations of pains as reported by the eight construction groups. 

  *Numbers between brackets are the number of workers interviewed

According to the interviews with workers, the majority of workers across all eight 
occupational groups affirmed that the back and shoulder pains are the prevalent form of 
musculoskeletal pain that often came from performing their job tasks. However, the 
locations of pain such as wrists, hips and legs were rarely mentioned by workers, except 
by the machine operators and the scaffolding workers who expressed having pain 
respectively in wrists and hips and legs.

In the interviews, workers have expressed several control measures they used or applied 
in order to reduce or even prevent the musculoskeletal pains that interfered with their 
work. Many of those measures mentioned by workers are common to most of the eight 
occupational groups. Other control measures that came up in the interviews seemed to be 
significant to some workers groups, and not at all mentioned by other occupational 
groups.
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Carpenters (12)* 3 9 8 5 3 0 0 0 0 
Concrete workers (11) 0 9 9 0 0 0 11 0 0 
Floor layers (6) 0 5 4 4 2 0 0 0 0 
Electricians (7) 5 6 6 4 0 0 2 0 0 
Machine operators (5) 4 3 4 0 0 3 0 0 0 
Plumbers (6) 2 5 3 2 0 0 2 0 0 
Roofers (5) 0 4 0 3 0 0 3 0 0 
Scaffolding worker (6) 5 5 5 5 0 0 0 3 3 
All workers  (N=58) 33% 79% 67% 39% 9% 5% 31% 5% 5% 
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As shown in Table 5; according to the workers who participated in the interviews, the 
most common control measures used to reduce or eliminate musculoskeletal pains at their 
work tasks level are the physical exercise (e.g., having a gym workout after work), the 
use of mechanical aids and the use of the personal protective equipment adapted to the 
work environment where work tasks are being performed. And the least used and 
unorthodox control measures mentioned in the interviews were the massage therapy 
treatment and the use of painkillers to alleviate the pain. 

Table 5: Control measures that were reported in the interviews by the eight 
occupational groups. 
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Rest on weekends X    X    
Work rotation X  X      
Keep upright work posture X  X      
Massage therapy        X 
Pain killers intake        X 
Mechanical aids X X X X  X   
Personal protective 
equipment 

X X    X  X 

v. Balance between the work demands, control and resources 

According to the interviews, the workers have indicated that there exists a delicate 
balance between work requirements, the control over them and the resources available to 
achieve those work demands. Workers have expressed that work demands were often 
large while the human resources (i.e., construction workers) to achieve these demands are 
sometimes limited due to absenteeism within occupational groups working on the site in 
small numbers.  

In the interviews, a small number of workers expressed that the balance between work 
requirements, the control and the resources is one-sided because the management was 
perceived as the only one with control over the quantity (how much to do) and quality 
(how healthily work is performed) of work tasks, and the resources. The resources 
include the money and the production personnel available for production work tasks.

The site managers have however stated in the interviews that the planning work through 
which workers have the opportunity to plan their work tasks, has contributed to the fact 
that there is a balance between work demands, control and resources. Worker 
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representatives have stated that workers often get the resources they need to perform their 
work tasks properly. 

vi. Work-related health influencing factors

According to the interviews, the majority in each group of workers stated that awkward 
work postures had an impact on their musculoskeletal health. In the interviews, 
construction workers mentioned that working above shoulders, working on knees and 
static work led to awkward work postures. Some workers expressed that some awkward 
work postures are due to cramped workspaces or/and lack of appropriate hand tools and 
mechanical aids which restricted workers from performing their work tasks in a good 
work posture.

In the interviews, the second biggest health influencing factor was the handling of heavy 
materials. All workers groups except the machine operators stated that manual material 
handling was still a problem to their musculoskeletal health. However, several workers in 
all occupational groups have acknowledged that recently there has been a decrease in 
manual material handling due to more mechanical aids (such as lifts, cranes, carts, 
trolleys) being brought in on construction sites.

Table 6:  Work-related health influencing factors reported by different 
occupational groups. 

According to the interviews, all workers groups except the roofers affirmed a lack of 
variation in their work tasks as one floor layer expressed it, “the lack of rotation in our 
work tasks can make work monotonous.” Workers have also affirmed that variation of 
work tasks is not always possible because “we have no time to alternate between tasks,”
stated an electrician. Some workers lay the blame on production time pressures for not 
having enough time to rotate between work tasks. Furthermore, some workers expressed 

Occupational groups 

Influencing factors C
ar

pe
nt

er
 (N

=1
2)

 

C
on

cr
et

e 
w

or
ke

r 
(N

=1
1)

Fl
oo

r l
ay

er
 (N

=6
) 

El
ec

tri
ci

an
 (N

=7
) 

M
ac

hi
ne

 o
pe

ra
to

r 
(N

=5
)

Pl
um

be
r (

N
=6

) 

R
oo

fe
r (

N
=5

) 

Sc
af

fo
ld

in
g 

w
or

ke
r (

N
=6

) 
R

is
k 

fa
ct

or
s 

Fr
eq

ue
nc

y

Awkward work posture 8 11 4 6 3 4 4 6 46 
Weight handled 6 7 4 5 - 3 4 6 35 
Lack of variation 3 2 2 3 3 4 - 4 21 
Work cycle length  3 4 - 3 - - - - 10 
High Work pace 6 2 6 5 3 3 - 4 29 
Little Work space 1 6 2 4 3 3 - - 19 
Precision demands 4 6 3 - 5 3 3 4 28 
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that they have tried to do a work rotation, which workers said it was not successful 
because new work tasks took a while to learn for those new workers.  

Other than roofers and scaffolding workers, the remaining six work groups have 
expressed that they sometimes have a problem of confined workspace which often forced 
workers to perform their work tasks in awkward postures and without certain mechanical 
aids. A concrete worker affirmed “in some confined parts of the building, it’s practically 
impossible to use a concrete pump which normally protects us from vibration, concrete 
hose lifting and uncomfortable work postures.”

Excluding the roofers, the other seven occupational groups had workers that felt their 
work had a high pace due to production pressures imposed on them by the management. 
These workers felt that a more rigorous work activities plan could help them avoid a 
stressful, high work pace. 

In the interviews, all workers expressed that their work tasks required competence. 
Furthermore, the workers stated that their competence is not the blameworthy aspect 
when it comes to the development of musculoskeletal disorders, but rather the working 
situation that determines the way a worker performs the work activity. Heavy lifting, 
monotonous work and awkward work postures have been reported as the main issues 
leading to the work-related musculoskeletal disorders among the construction workers.   

In the interviews, it was noted that setting up safely and waiting for arrival of and use of 
safety equipment can take longer than the job itself and that duration of exposure to 
musculoskeletal risk influences an individual‘s choice of healthy and safe working 
methods. 

Finally, as far as the work tasks are concerned, even if the workers used the right 
ergonomic equipment and work methods, there will still be ergonomic injuries caused by 
a poor architectural design of building installations such as those shown in Figure 24 and 
Figure 25.
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8.1.1.6 Individual factors 

i. How good is the worker’s health and physical fitness? 

Although, the workforce on the construction site is an aging one; construction workers 
indicated that their health was good in general and that they liked their occupations 
despite some risk factors their jobs entailed. Young construction workers were described 
as more safety conscious and more likely to follow work instructions, but were reported 
to have a high injury rate, especially within their first week of appointment. 

Although experienced workers were described as having fewer injuries, experience was 
also seen to have a negative side. The range of problems associated with experience were 
noted as work fatigue, over-familiarity and over-confidence, complacency, omission of or 
low safety awareness, and difficulties in changing work techniques.    

In the interviews, workers stated that their fitness and muscle strength and coordination 
was generally good; however both the management and the workers have repeatedly 
affirmed that the workers’ strengths diminish precariously as they approach the ages of 
55 and 60 years old. Like the general worker’s health, muscular strength depended 
furthermore on the worker’s knowledge and application of adequate work methods, but 
also on what workers do after their workday. 

Figure 25: A plumber working 
in awkward posture. 

Figure 24: An electrician forced 
to kneel while performing his 
work tasks. 
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ii. Workers knowledge and use of adequate work methods, and the importance of PPE 

In the interviews, the use of personal protective equipment (PPE) was discussed. It was 
indicated that availability is plentiful among larger companies, but may be less so or 
absent among smaller companies (i.e.; some of the sub-contractors). It was indicated that 
those advocating the use of PPE do not adequately appreciate the considerable loss of 
some mobility and comfort through its wear. However, generally, construction workers 
seemed to value PPE and a number of comments were offered suggesting that their use is 
very important in the prevention of musculoskeletal injuries and other work-related 
diseases.

Although both the workers and the management expressed that knowing and using 
adequate work methods and the PPE were important to preventing work-related 
musculoskeletal injuries. The management has gone a step further and advised and 
implemented more preventive measures such as the introduction of the pre-work 
stretching program and the workers foot profile.   

In the interviews, the management expressed their delight with the foot profile they have 
used to equip their workers with customer-made shoes, thus reducing some of their 
workers musculoskeletal problems, as a site manager “with a foot profile we have been 
able to provide suitable shoes for each worker, and this has mostly reduced problems 
with knees and the back.”

Table 7: A selection of individual factors affecting work-related musculoskeletal 
health of construction workers. (Except for the age of workers, other 
factors are reported in number of workers). 

Occupational groups 

Individual factors C
ar

pe
nt

er
 (N

=1
2)

 

C
on

cr
et

e 
w

or
ke

r 
(N

=1
1)

Fl
oo

r l
ay

er
 (N

=6
) 

El
ec

tri
ci

an
 (N

=7
) 

M
ac

hi
ne

 o
pe

ra
to

r 
(N

=5
)

Pl
um

be
r (

N
=6

) 

R
oo

fe
r (

N
=5

) 

Sc
af

fo
ld

in
g 

w
or

ke
r (

N
=6

) 

Age (average of years) 48 41 35 36 39 48 45 40 
Good muscular strength 
and fitness

10 8 6 5 5 4 5 5 

Physical exercise during 
work time  

2 2 2 0 0 2 1 0 

Physical exercise during 
leisure time  

7 4 2 4 0 4 4 4 

Knowledge and use of 
adequate work methods 

10 8 5 6 5 5 5 5 

Importance of PPE using 12 11 6 7 5 6 5 5 
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In the interviews, workers expressed that they have received an ergonomic training, more 
specifically on how to perform work in a standing position and how to lift safely. 
Through a comprehensive production activities planning, the site management has 
encouraged their workers to use adequate work methods, mechanical aids. As a site 
manager put it, “we try to plan beforehand, so that the workers don’t have to compete 
with the time.”

iii. Physical exercise influence 

According to the interviews, the pre-work stretching program has been claimed by both 
the management and several workers as being an effective way of preparing the workers 
for the physical exertion that the construction work entails. A work supervisor affirmed 
“we have pre-work stretching exercises to help our workers muscular strength.” The site 
management and workers from five of the eight construction trades investigated have 
stated that the pre-work stretching program was offered to workers during the work time, 
as a plumber pointed it out, “during work time, we do a few minutes of stretching 
exercises to warm up before we start work in the morning.”  Further, a concrete worker 
affirms “the pre-work stretching program is a good preventive measure against lifting 
injuries due to the work in the cold weather.”

According to the interviews, workers have ascribed some of their health benefits and their 
muscular strength to their involvement in regular physical exercises; however a number 
of workers have also expressed that it is very difficult to regularly participate in physical 
training (e.g., muscle strength building) due to family commitments that await them after 
their workday. A machine operator put it, “there’s no physical exercise during work time, 
and after work, we have family and children to spend time with, and so, there is really not 
much time left for physical exercise.”

In addition to the control measures mentioned in the interviews, both workers and the 
management have pointed out the massage therapy that is offered to the workers who 
have felt a muscle fatigue or pain. As a floor layer said, “Besides having opportunities to 
train for muscular strength, a massage therapist comes in several times a week to help 
those with muscular pains.”

More broadly, varying views and differing perspectives with respect to general health 
status were noted, with reports of considerable health problems among construction 
workers. The general impression from construction workers was that ill health and 
health-related issues (especially musculoskeletal health issues that develop slowly) are 
under-appreciated in the industry. 
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8.2 Observations at the construction site 

The researcher was given a brief tour of each of the thirteen construction sites where the 
researcher observed production processes, flow of building material, and some of the 
good practices. After the preliminary observations and discussions with the management, 
the researcher randomly chose the production processes to observe on each construction 
site visited. 

A system approach was used to assess the main musculoskeletal hazards, how the 
management and employees have addressed those hazards. An initial assessment of the 
production process was made, including some physical characteristics of the construction 
workplace and the general work environment. 

The presence of musculoskeletal hazards in production operations was assessed. The 
hazards were delineated as manual handling, postural, repetition, and other hazards such 
as vibration and cold. Good practices in terms of control measures for materials handling, 
work platform, setup/design, repetitive work, and tools were also noted.

Health and safety issues were assessed by observing housekeeping, materials handling, 
personal protective equipment, and confined space procedures. Sometimes, because some 
of those aspects of health and safety were not directly observable during our site visit, no 
assessments were made on those topics during the walk-through. 

Hazards such as cold and vibration were assessed by noting characteristics of the source, 
the controls that were in place to potentially reduce exposure, and how the worker 
interfaced with the hazard. 

The researcher/observer started the observations from the top floor, continued floor by 
floor and also observed the outside area. 

8.2.1 Observation items 

The observed items were as follows: 
The site layout arrangement, identifying the different facilities (e.g. offices and tool 
trailers/containers) needed to support construction operations.
Public information and instruction for the health and safety of the personnel.
Working habits (use of PPE and use of adequate work methods). If the worker uses 
all the required safety equipment and does not take any obvious risks. 
Use of mechanical aids (e.g., lifting aids) and ergonomic work equipment (e.g., hand-
held equipment). 
Construction materials used to improve the worker’s musculoskeletal health and the 
work environment. 
Physical construction work environment. If there is sufficient lighting when working 
indoors or during dark winter hours. Production under the weather independent tent 
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or production hall. Housekeeping, not only about keeping the order and tidiness of the 
workplace area, but also having open gangways and waste containers available.    

8.2.2 Observation results 

8.2.2.1 The site layout arrangement 

All thirteen construction sites/projects that were observed for the purpose of this research 
study had a well-described construction site layout plan.
During the observations on construction sites, the following elements were commonly 
observed in the site layout: 

Building signs which gives an overview description of ongoing construction work 
Protection of construction area with fences or planks 
Transportation routes made of asphalt or equivalent
Offices and quarters, these were usually easily accessible and usable for meals 
and meetings with project actors and visitors. 

Figure 26: The blue building block in the picture houses offices, restrooms, meals 
and meetings rooms. 

Transport routes for pedestrians with safety protection and posted safety 
information  
Temporary electricity was made available for production work and projectors 
illuminated the construction site during the evenings and dark winter hours. 
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Telephones, IT and portable radios are being used on the site as an effective 
means of communication between teams of employees and supervisors. 
Material and work areas were well lit and these areas were easily accessible to 
the crane and tractors. These areas were specifically indicated in the site layout 
plan.

Figure 27: The materials areas are located in the vicinity of the crane. 

The storage containers, on an average sized construction site, about six to seven 
containers were available near the construction workplace.
Cranes were well planned and lit up.
Reinforcement station, at this station workers were still doing some heavy lifting, 
however the concrete/reinforcement workers were mostly working upright with 
the rebar-tying machines.
Concrete station and the carpentry workshop were usually located where concrete 
elements and wood frames were easily accessible to cranes and tractors.
The central vacuum cleaner was often located at an area where it was easy to 
empty it. 
Waste sorting, the waste containers for wood, gyps, insulation, metal and mixed 
wastes were easily accessible.
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Figure 28: Waste containers for different types of building waste materials. 

8.2.2.2 Information and instruction for the health of the personnel 

It was observed that a lot of information and instructions have been posted on wallboards 
of lunchrooms and offices at the construction sites. Some examples of instructions were 
simple and practically written in easily readable letters and with eye-catching colours; 
urging the personnel to use PPE 

Figure 29: Instructions for health and safety. 
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8.2.2.3 Use of PPE and use of suitable work methods 

This observation item was more about the healthy work habits of the workers while 
performing their duties. It was observed that all the workers in all occupational groups 
had the right PPE (specific to each group work tasks) on during their work tasks 
performances. 

In the workers coffee/lunch rooms exhibited 
were the information and instructions on the 
work environment and the prevention of 
work-related injuries. 

Among the information that was posted on 
the wall in the workers lunch rooms, were 
the work environment’s aim (see Figure 30), 
pictures and text explaining how to perform 
adequate work methods and postures and 
prevent musculoskeletal injuries. 

Furthermore, pamphlets on health and safety 
at the site (for example the A5 size checklists 
for the construction site) were made handy 
for workers who were advised to keep these 
safety folders in their wallets. These 
checklists include items such as PPE, the 
right mechanical aids for work tasks, good 
lightning, if possible never work alone.

Figure 30: Information on the walls 

Figure 31 shows an example of a construction 
worker wearing a helmet, a safety harness, a 
hard hat, hard toe shoes and gloves. Some PPE 
are specific to the type of work tasks being 
performed; for instance a scaffolding worker 
needs a safety harness because he works at 
height and might be in danger off falling of the 
work platforms while installing or dismantling 
the scaffolds.  

Figure 31: A scaffolding worker in full armor.

Figure 30: Information on the walls. 
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Healthy work habits do not only entail the use of the PPE, but they also include 
performing work tasks according to the right/ergonomic work methods. For instance, it 
was observed that workers worked in teams, relying on others’ help when it came to 
displacing or lifting heavy loads from one place to another (see Figure 32).  

Figure 32: Four concrete workers together lifting a steel structure. 

8.2.2.4 Use of mechanical aids and ergonomic work tools 

Mechanical aids and other work tools are used in a wide range of variety and purposes on 
construction sites. Some mechanical aids were specific to certain construction workers 
groups, whereas others were used generally by all occupational groups.

Most of the mechanical aids observed being used by construction workers, allowed less 
manual material handling and the performance of work tasks in a proper posture (e.g. 
working upright). Furthermore, ergonomic work tools with less vibration emissions and 
proper handgrips were commonplace on the construction sites. 

Mechanical aids such as cranes, building hoists, scissors lifts, boom trucks and tractors 
were commonly used by all eight construction workers groups. However, there were 
other mechanical aids such the scaffold hoist, the linoleum roller and rebar-tying machine 
are particular to only some of the construction work groups. 

During the observations, some of the mechanical aids and work tools that have been used 
on the thirteen construction sites could not be observed as some production operations 
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were over by the time of the observations, therefore those mechanical aids and work tools 
had already been removed from the construction site.    

Table 8: Mechanical aids and equipment used during observations of the eight 
occupational groups. 

Occupational groups 

Mechanical aids & tools C
ar

pe
nt

er
 (N

=1
2)

 

C
on

cr
et

e 
w

or
ke

r 
(N

=1
1)

Fl
oo

r l
ay

er
 (N

=6
) 

El
ec

tri
ci

an
 (N

=7
) 

M
ac

hi
ne

 o
pe

ra
to

r 
(N

=5
)

Pl
um

be
r (

N
=6

) 

R
oo

fe
r (

N
=5

) 

Sc
af

fo
ld

in
g 

w
or

ke
r (

N
=6

) 

Crane x x x x x  x x 
Building hoist x x x x  x x x 
Traverse x x     x x 
Boom trucks x x  x x  x x 
Tractors x x  x x  x  
Scissor lift x x  x  x   
Scaffold hoist        x 
Stepladder x   x  x x x 
Platform truck x  x x  x  x 
Scaffold platform x x  x  x x x 
Carpet trolley   x      
Rebar tying machine  x       
Concrete pump  x       
Nail gun x x     x  
Battery Screwdriver  x x x x  x x  
Cordless drill & sander x x x x  x x  
Expanders x        

The Table 8 shows those mechanical aids, equipment and tools that were observed and 
perceived to be musculoskeletal health promoting. This means that all mechanical aids 
and work tools listed in table 8 were considered as ergonomic in terms of eliminating or 
reducing the loads handled by workers, reducing vibration emissions, reducing or 
removing awkward postures, reducing the height of the work.  The lightweight cordless 
pneumatic and combustion tools such as nail guns and drills, as well as sanders with 
electronic speed controls were among those tools commonly used on the site. Among the 
eight groups of workers, only the machine operators had no specific mechanical aids to 
help them perform their jobs without being exposed to musculoskeletal risk factors. The 
design of the operators’ machines (i.e., cranes, boom trucks and tractors) in terms of good 
visibility (in order to keep the right neck posture), seat comfort with no body vibrations 
and ergonomically designed hand-held controls are more important for machine operators 
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than they are for other construction workers who benefit from the services offered by 
these materials handling machines.     
As it was mentioned earlier, some of the mechanical aids and handling equipment were 
peculiar to one construction workers group and yet very common to another construction 
workers group. 

For example, (in Figure 33) a scaffolding worker is lowering scaffold materials on a 
scaffold hoist to the ground. The scaffold hoist in this case as a mechanical aid, it is only 
used by scaffolding workers on the construction site. This is because the scaffold hoist is 
a mechanical aid that is specific to the scaffolding work, thus not a multifunctional tool in 
terms of it not being able to serve other workers in their specific work tasks. However, 
within the same occupational group, it is common to observe the workers performing 
their work tasks with an across occupational groups mechanical aid such as a boom truck 
(see Figure 34). 

8.2.2.5 Building materials and techniques used to optimize workers health 

During the observations, a number of building materials and techniques were seen being 
used in the production process, this in order to improve the health and safety of 
construction workers, but also to increase the quality of productivity. 

The most noteworthy practice was the assembling of prefabricated concrete materials 
(i.e., walls, floors, stairs, pillars and beams) from the factory onto the construction site. 
The use of prefabricated materials has dramatically cut down the necessity of manual 
materials handling because the prefabricated elements are lifted into the building with the 
help of a crane or a boom truck. Complete roofs and concrete stairs were generally made 

Figure 33: A scaffold hoist       
lowering materials. 

Figure 34: A boom truck lifting a load of 
disassembled scaffold tubes. 
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on the ground in the backyard on the construction site.  Prefabricated concrete walls and 
floors were fitted with electrical conduits and plumbing (see figure 35), thus reducing the 
work tasks such as concrete elements drilling and hole-cutting traditionally performed on 
the construction site.

Figure 35: A concrete element with electrical conduits fitting. 

Once the prefabricated concrete elements were transported to the construction site, it did 
not take long before these elements were lifted in place into the building (see figure 36). 

Figure 36: Installation of several concrete walls. 
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Other than the prefabricated concrete components which were assembled by concrete 
workers on construction site, other prefabricated components such as pre-hung doors and 
windows were lifted by a crane into the building floors just in time for the carpenters to 
do the installation.

During the observations, it was noticed that the use of prefabricated components did not 
only reduce the traditional tasks performed by carpenters and concrete workers, but it has 
also eliminated work tasks such as  cutting holes in walls, ceilings, and floors of a house; 
those tasks that plumbers and electricians sometimes have to do. 

It was observed that when working with 
prefabricated components such as pre-
hung doors and windows and 
prefabricated wall panels and stairs; the 
carpenter’s task was somewhat simpler 
because it did not require as much layout 
work or the cutting and assembly of as 
many pieces. For concrete workers, 
prefabricated walls, partitions, and stairs 
were quickly lifted into place in one 
operation; beams, in some cases entire 
roof assemblies were lifted into place 
using a crane. These prefabricated 
components are designed for easy and 
fast installation and were generally 
installed in a single operation.

In addition, stronger adhesives reduced 
the time needed to join prefabricated 
materials (e.g., gluing the gyps’ boards 
onto the concrete walls). 

Figure 37: Plastic-wrapped pre-hung
doors on the building floor where they
will be installed.

Figure 38 shows a prefabricated ceiling with 
electrical conduits, thus avoiding vibrations 
emissions, awkward and static work postures 
necessary for drilling and making holes in the 
ceiling.

Figure 38: Electrical conduits were already in 
the prefabricated ceiling. 



91

According to the observations made, the buildings based on prefabricated technology, 
required the minimum of carpentry and steel reinforcement work, site clearance and 
excavation. The construction sites using the assembly system; produce less construction 
waste than the traditional construction sites where materials are made on the site. The 
prefabricated components were easy to assemble on-site, thus reducing a number of work 
tasks to be performed by workers and minimizing the risk of work-related 
musculoskeletal injury.

As far as the observations are concerned, a production technology/equipment that stood 
out of the ordinary was the Automatic Climbing Structure-Platform (ACS-P) which was 
only seen on one construction site.  This working platform is a self-climbing scaffold 
which carried high loads, for example the storage of reinforcing steel for the next 
climbing lift. Even the placing boom for the concrete pump could climb on the ACS-P 
units when it was required. All formwork elements are suspended on a distribution frame 
via a crane crab. This self-climbing system has made the concrete work less strenuous 
thus healthier for concrete workers.

8.2.2.6 Physical construction work environment 

Observation items for this section were whether the workplace had sufficient lighting 
especially for indoor work, whether the workplace was well designed, whether there was 
a good housekeeping and finally whether the workplace was protected against the 
influence of bad weather.

Observations made at the sites showed that having sufficient lighting on the site was a 
common practice on all the thirteen construction sites investigated. Indoors workplaces 
were well lit up for workers to perform their work tasks in a healthy and safe manner. 

Figure 39: Lighting inside the building under construction. 
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Concerning the physical workplace design, observations focused on the walkway and 
roof surfaces and fall protection controls. For roof surfaces, it was noticed that sloping 
roofs were coated with abrasive particles, so that roofers and any other workers 
performing any work tasks on the roof surface could work safely on a slip-resistant 
surface (see figure 40).       

Figure 40: Slip-resistant roof surface. 

Furthermore, in order to reduce risks associated with snow and ice, specific measures 
were adopted at the sites, such as spreading sand or salt on walkways, clearing away the 
snow or closing transit routes to vehicle and pedestrian traffic, particularly on outdoor 
stairways, service stairways and ramps. 

According to observations made, railings (see figure 41) were made of rigid material and 
had the necessary strength and stability to prevent or withstand a construction worker or 
an object falling against or over them. 

Figure 41: A carpenter leaning against a safety railing. 

To prevent slipping on sloping roof 
surfaces which could cause back 
injuries, slip-resistant surfaces were 
common on building roofs. The 
slip-resistant roof surfaces were 
also seen on flat surface roofs 
where slippery conditions could be 
created by rainy weather for 
example.   
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During our observations, it was noticed that construction sites were becoming weather 
independent (or at least partially) workplaces where the building was either covered by 
plastic sheets (see figure 42) or there were production tents (see figure 43) on 
construction sites.  

Figure 42: Weather sheet covering buildings under construction. 

Production tents such as the one in figure 43 were used by carpenters to make a complete 
roof on the ground and later lifted up onto the building under construction. 

Figure 43: A carpenter working on roof components in the production tent. 
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During observations, a reasonable level of housekeeping was maintained at the site where 
vacuum cleaners were available. However, too often site upkeep looked like it was not 
considered as part of the job. Putting the building wastes into containers was not enough. 
The containers should be emptied on a regular basis.   

Figure 44: A vacuum cleaner was often used to keep the workplace dust free.

In addition to the vacuum cleaners, to keep the workplace neat and tidy, wheel-bearers 
and platform trucks were used to hold and carry construction rubbish from the workplace 
as seen in the figure 45.

Figure 45: A wheel-bearer packed with waste materials. 
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According to the observations made on the different items deemed to influence the 
musculoskeletal health of workers on the construction site. It can be concluded that most 
of the items were shown to be good practices; however there was a lot of room for 
improvement when it comes to the housekeeping.  

As far as the housekeeping is concerned, observations showed that it lacks coordination; 
too often site upkeep is not considered part of the job, and as a result, each construction 
workers group expects the other to clean up. In defining responsibilities, contractors 
should discuss housekeeping details. Housekeeping responsibilities should be spelt out in 
contracts and tender documents. 
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8.3 Documentation 

The documentation that was studied was obtained from the principal construction 
contractors (i.e., Peab, Skanska, NCC and JM) as well as the developers that led the 
construction projects that were part of the research study. Unfortunately, the 
documentation process was limited to only a few documents due to the often encountered 
unwillingness of the subcontractors’ management to provide the documents pertaining to 
the research project’s purpose.

The documents studied included the contractors’ documents on their general order and 
health and safety regulations (e.g., systematic work environment management) at the 
construction sites, site lay-out plans, work environment plans, corporate benefits for 
employees, statistics on work-related injuries and sick leaves, the overview of preventive 
and rehabilitative work in construction firms, reports of appraisal meetings with 
construction workers. Further documents were studied namely the project’s work 
environment requirements checklist and the production program checklist obtained from 
the developers.

8.3.2 Documentation results 

8.3.2.1 General order and health and safety regulations 

8.3.2.1.1 Systematic Work Environment Management 

Documentation showed that the Systematic Work Environment Management was 
considered an important element of the overall work environment management. 

According to the main contractors’ documents, their Systematic Work Environment 
Management (SWEM) consists of health, safety, and wellbeing; and is integrated in their 
management system. In construction workplaces where a SWEM document was 
available, it encouraged the site personnel to keep the construction site safe, effective and 
enjoyable which required workers to follow instructions and regulations given by the 
work supervisors. The SWEM document stated to the workers that it is their knowledge 
and commitment that can improve the environment. 

SWEM documents at the construction sites outlined their expectations in the following 
areas: 

Risky work (with reference to AFS 1999:3 and AFS 2001:1): with work operations 
involving special risks, a risk assessment and analysis should be done and prevention 
measures should be taken and documented before construction work starts. 
Maintaining order at the construction site, this involves having a work site plan, a 
construction site transport plan and an adequate workspace for the personnel as a way 
of preventing work-related injuries and accidents. 
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Personal Protective Equipment (PPE) must be provided by employers and used to 
provide workers safety against ill-health and accidents.
Safety devices must be installed correctly and safely to prevent injuries to people. 
Waste management as the work environment regulations specified by them. 
Regular inspections for machines (e.g., cranes, lifting equipment, tractors and similar 
machines). 
Environment and health hazard substances, chemical and harmful substances should 
be listed on a database accessible to all the employees, and employers using such 
substances should make sure that their work supervisors provide them with 
information on risks and control measures before production starts. 
Alcohol and drugs are forbidden at the construction site and rehabilitation is provided 
to those workers with alcohol problems. 
Subcontractors should make sure that their own personnel know the current site 
health and safety regulations. And the subcontractors’ representatives (e.g., work 
supervisors) should take part in meetings regarding the safety and work environment 
rounds as required by the safety and health coordinator (this is generally the site 
manager). 

8.3.2.1.2 Responsibility allocation plan for the production 

This document generally outlines the production coordination and responsibility 
allocation. The production responsibility allocation plan focused on assigning different 
production issues such as the quality of building materials, performance of work tasks, 
work health and safety of the construction work environment, to different people in the 
site management. This document made it easier for the personnel on the site to know who 
is responsible for what. 

8.3.2.2 Work environment plan 

The work environment plan is a document that was found on all thirteen construction 
sites in the study. The work environment plan (WEP) is an agreement between the 
developer and the general contractor. It specifies who are the project/production manager 
(i.e., the general contractor), and the main health and safety representatives (including 
subcontractors). This document often specified the schedule for the health and safety 
rounds and did point out that the general order and safety regulations of the general 
contractor should be followed. 

For work activities with special risks, the work environment plan had specific points to 
highlight in the opening meetings and work activities planning. These points included the 
prevention of work-related musculoskeletal injury risks such as: 

Prevention measures (i.e., mechanical aids) against fall from height should be 
put in place where work heights differences exist. 
For work activities requiring assembly and disassembly of heavy building 
materials or components, heavy lifting should be done when possible directly 
from the truck to the assembly place and followed by assembly instructions.     
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8.3.2.3 Site lay-out plans 

The site layout plans identified the different facilities needed to support construction 
operations, determining the size and shape, and positioning them within the boundaries of 
the available on-site areas. Examples of these facilities that were shown on the site layout 
plan were transportation routes, waste containers area, building hoists area, offices area, 
and transport passageways for pedestrians, tool containers space, and carpenter 
workshops area, staging and lay-down areas, and concrete mixing station area, and the 
crane area. The site layout plans did not show however any planned changes to the site 
layout plan over the production time. This static layout plan might contribute to problems 
of work environment as more and more production activities are performed concurrently 
on the construction site.

8.3.1.4 Corporate benefits for employees 

In documents obtained from the four general construction contractors (Skanska, NCC, 
Peab and JM), there seemed to have been a long tradition when it comes to the employees 
benefits. Other than the profit sharing common among those large construction 
employers, there were many other employees’ benefits such as the fuel corporate 
discount, healthcare (e.g., subsidy for physical training and massage therapy), and health 
services (for example through Previa), insurances for the employee and his family, paid 
maternity/paternity leave, discount on home PCs, car loans and business trips insurance. 

8.3.1.5 Statistics of work-related injuries and sick leaves 

By examining the work-related injuries and sick leaves statistics obtained from the 
general contractors on the construction sites, it is obvious that the preventive as well as 
promotional efforts have been made to reduce musculoskeletal injuries. Furthermore the 
early rehabilitation, one example among others was shown to be rewarding to the 
construction companies in a form of reduced sick leaves, increased production quality 
and employee satisfaction. 

The examined documents showed that the following preventive efforts were made by the 
employers for their workers musculoskeletal health: 

Subsidising gym training and health care for workers in their leisure time 
Pre-work stretching 
Corporate healthcare 
Physiotherapist and massage therapist visits at the construction site 
Neck and back school 
Naprapath treatment sessions 
Orthopedic soles and foot profiling 
Appraisal meetings      
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The following statistics compiled from the statistics data obtained from three companies 
showing the statistics on work injuries and sick leaves with decreasing trend: 

Company A: this company has stopped the increasing negative trend. Their 
construction workers have a sick leave (short and long sick leaves) at 6.10 percent.

Table 9: Company A’s occupational diseases trend. 

Year 2000 2001 2002 2003 
Occupational

diseases
181 164 157 146 

Of those 146 occupational diseases reported in year 2003, 91 cases were due to 
ergonomic/musculoskeletal factors. 

Company B: In 1995, this company had around 50 percent of workers’ acute pain from 
the neck, shoulder, back and knee among others, however since then many workers 
have gone through rehabilitation programs provided at the construction workplace, and 
many workers have recovered from intensive injury treatment, to the point that in the 
year 2000, there were about 25 percent of employees with some sort of 
musculoskeletal pain and this pain was of a milder character.   

Company C: This Company has shown a positive trend in terms of continual yearly 
decrease of numbers of work-related injury frequency and the number of sick leaves. 

Table 10: Company C’s statistics for work-injury frequency 
and sick leaves. 

Year 2001 2002 2003 2004 
Work-related 

injury frequency 
16.3 14.3 13.7 11.2 

Sick leaves - - 94.5 94.4 

Company C could not provide sick leaves numbers for years 2001 and 2002, simply 
because they had not done these measurements.   

8.3.1.6 Appraisal meetings reports 

From the appraisal meetings reports the following main points came out: 
Sick leaves among the worker representatives and work supervisors had diminished 
Many construction workers emphasize that the leadership and the cooperation with 
the management is often poor 
Many workers wished that the site management could be more seen out on the 
construction site as well as more regular information meetings 
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Construction workers and the worker representatives and supervisors feel that they are 
less involved in the construction process planning in comparison to the administrative 
management of a construction project. 
Almost 50 percent of the worker representatives and work supervisors emphasized 
that they would like to have a bigger influence in the construction process than they 
have today. 
Workers have seen their control over their own work increased 
A predominant number of construction workers perceive that they get a good salary 
for their knowledge and are satisfied with their salary. 

8.3.1.7 Project’s Work environment requirements and production checklists  

The checklist for the project’s Work Environment requirements is based on the third 
chapter and the fourteenth paragraph of the Work Environment Law, according to which, 
those performing construction work should make sure that work environment aspects are 
taken into consideration during the pre-production planning, during the production period 
as well as during the future maintenance of the building. The checklist is used as a 
support to the pre-production planning and a summary of those most important 
requirements from the regulations “Building and installations work” (AFS 1999:3), “The 
workplace design” (AFS 2000:42) as well as “Ergonomic factors-related strain” (AFS 
1998:1). The checklist states that the developer has the formal responsibility to establish a 
work environment plan which incorporates the solutions of any risky work tasks, related 
to the architects, plumbing and electrical installations designers and others activities           
that have an influence on the building design. 

As for the production checklist, the goal of this instrument is to appoint/establish who 
does what and when. This checklist could also be used as meetings register where the 
record of meetings outcomes and participants are kept. 

Conclusions

To conclude the documentation study results, it can be said that most of the items were 
shown to be good practices; however there was a lot of room for improvement of the site 
layout planning as far as the apparent rigidity of the site layout plans is concerned.

In some projects on-site space can be as crucial a resource as the traditional construction 
resources such as time, capital, labour, equipment and material. In highly congested sites, 
space becomes a very scarce resource that needs to be carefully planned and efficiently 
used. On the other hand, in large sites observed in the study, having abundant space 
available, the proper positioning of site facilities with respect to each other could greatly 
influence material handling. Regardless of site dimensions and its level of congestion, the 
need for careful planning of construction site layouts is evident. 
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Considering the dynamic nature of the construction projects and its direct reflection on 
site requirements in general further complicate the current static layout (one site layout 
that will span the entire project duration) process. Usually this layout will become 
obsolete after any significant progress in the project, as the needs of construction sites 
change considerably from time to another through different phases of construction. 
Therefore, because the needs of construction sites change considerably through different 
phases of construction, creating dynamic layouts that change over time as construction 
work progresses is a necessity. 
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9. Analysis of results and discussion

In this chapter, the analysis and discussion of the results from the empirical investigations 
will be presented in relation to the theoretical frame in chapter 5. Reaching the research 
objective is to a large extent the outcome of the analysis of the results.    

The chief objective of this research project is to identify and describe the strategies and 
activities that have proved successful in the fight against the development of work-related 
injuries in the construction industry. To attain this main objective, investigations themes 
were derived from a construction workplace model which combines six interrelated 
components to contribute to work-related musculoskeletal health (Smith and Sainfort, 
1989; Westgaard and Winkel, 1997). In this analysis section six themes will be analysed 
on the basis of the combined results of the interviews, the observations and the 
documentation. 

9.1 Analysis of the pre-production planning 

A function that should be involved to a greater extent in the workplace planning is that of 
the architect, yet it was shown in the results that in general, architects paid very little 
attention to the workplace planning. Architects and engineers have traditionally focused 
on the end user of the building rather than the construction worker’s interaction with his 
workplace which is often dictated by the design of the building. 

The pre-production planning in the construction projects of the study were made of the 
long-term planning and the short terms planning. These two types of planning were 
found beneficial to the workers’ musculoskeletal health as a thorough and detailed 
planning eliminated production pressures that could arise in the future. 

At the planning stage of every construction project, it became obvious that the developer 
had a clear understanding of his role in the long planning of the work environment. The 
developer put together the work environment plan that took into consideration all the 
work-related health concerns and their proposed solutions. However, the involvement of 
the developer is short-lived as the developer delegates the implementation of the work 
environment plan to the general contractor. This situation results into negative effects on 
the work environment as the reinforcement of the work environment plan lacks the 
authority considered necessary.

The use of computer specialized computer software has facilitated the health/work 
environment issues planning, because of the easy documentation of risk assessments and 
of control measures. Some of the site managers have said that they are regularly using 
computer software for risks documentation and controls update. 

For the workplace planning, a master schedule has acted as a general guide map as far as 
the space availability and construction activities are concerned. The management and the 
employees in some instance have set the rules applicable to their construction site, taking 
into account shared construction site areas and equipment. 
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Part of the healthy workplace planning is the evaluation of work methods. This 
evaluation helps to put in place appropriate work methods that have less or no health risk 
factors. A weak coordination between the general contractor and the subcontractors is 
often seen to be a threat to a comprehensive workplace planning due to a lack of or late 
optimal involvement on the part of subcontractors. General contractors should not be 
satisfied with the subcontractors’ partial participation in the workplace planning; 
otherwise subcontracting employees might be slack in their commitment to the control 
measures.      

The planning of new and industrialized materials for the production process is seen in 
various construction projects as a successful strategy in the quest for solutions for a 
healthy work environment for workers. During pre-production planning, great care is 
taken when choosing building materials to be used in the production. The ease of 
installation of prefabricated building components was preferred to the traditional 
construction process which involves a great deal of manual lifting and awkward postures. 
The planning of building materials and especially the planning and the selection of 
construction equipment and hand tools is often cost motivated which explains why 
ergonomic equipment are not always freely available on the construction site.

Both the interviews and the documentation results have shown the influence of workers is 
constantly increasing through their participation in the health and safety meetings, 
however, many workers still believe that their level of participation could be increased 
further in the pre-production planning where the empirical results have indicated that the 
workers representation was more or less perceived by workers as cosmetic and less 
influential on work-related health issues planning. 

9.2 Analysis of work organization 

According to the empirical study, the organization at the construction site could be 
generally be described as flat and the site manager (e.g., project manager) is responsible 
for economic and work environment issues. Under the supervision of the general 
contractor often represented by the site manager, all employees including the 
administration staff and various subcontractors’ workers work together to fulfil their 
production and work environment demands.         

Although the organization of the construction site is mainly under the leadership of the 
general contractor, when it came to work organization issues, empirical results have 
shown that the subcontractors are part of the joint organization which deals with health 
and safety issues, work schedules and information and communication issues. Study 
results indicated that production activities allocation is well defined to avoid role 
ambiguity among construction occupational groups on the site.

Under the work organization theme, the analysis of the results related to the Systematic 
Work Environment Management (SWEM) has indicated that the employers in general 
and the site management specifically had no good understanding of the SWEM. 
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Furthermore, the majority of the construction workers as well as some of their 
supervisors and health and safety representatives were either ignorant of SWEM or they 
had a misunderstanding of the purpose and the functioning of SWEM.  

The construction workplace is still to a great extent under a traditional work environment 
management which regards health promotion and injury prevention as an exclusive duty 
of health and safety representatives and sometimes hired health consultants.  

Although, some empirical data sources indicated that SWEM brochures and descriptive 
written materials were available at the construction site, SWEM activities were poorly 
documented which is probably due to a limited understanding of SWEM on behalf of 
employers and specifically the site management. The problem is that SWEM is sidelined 
and seen as just another form of management in the construction site organisation. 

The implications of payments methods upon work performance and workers health were 
mentioned numerous times. The majority of construction sites in the study had workers 
working on either monthly salary or piece rate salary. In principle, all employers (i.e., site 
managers, subcontractors’ management and work supervisors) and some employees 
agreed that the piece rate system is detrimental to the health (i.e., musculoskeletal health) 
of construction workers. Both the management and some of the workers have advocated 
for the monthly salary system which they claimed benefits the worker’s musculoskeletal 
health as well as the quality of their work. 

Other rewards systems and corporate benefits were indicated both in interviews and 
documentation results; some of these benefits (i.e. health care partial indemnity, parental 
leave, and massage therapy) were widely regarded by construction workers as part of 
their health promotion and musculoskeletal injury prevention.

The influence of production schedule, translated as workload and time pressures were 
reported to be prevalent on the construction workplace. According to the interviews 
results, reduced time schedules or production pressures cause output pressure which 
induces a compromise of healthy working methods. Furthermore, the majority of workers 
interviewed have linked production pressures to reduced work space, and this situation 
leads to conflicts between different occupational/trade groups competing for the same 
work space. The majority of workers stated that they experienced stress, musculoskeletal 
pain and being absent from work because of the work overload generated by production 
pressures.  Both the management and the employees have suggested a solution to the 
problem of production pressures, and that was an efficient planning that encouraged an 
early joint coordination of all contractors in a construction project. The early joint 
coordination on production schedule was further suggested in the hope that it would 
encourage the respect of the production schedule by various construction trades and the 
timely access to the mechanical aids necessary to perform work without musculoskeletal 
risks.

Information and communication channels are good at the workplace; however not much 
attention has been given particularly to the musculoskeletal health. According to the 
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interview results, a large amount of information and communication is solely focused on 
production issues, leaving a little room for the work environment issues. Observations 
and documentation results indicate however, that there are several documents (e.g., 
pamphlets and flyers) on the prevention of work-related injuries and the promotion of 
work environment health. 

Worker training and competence is another sub-theme of the organization of the 
construction workplace. Interviews results have indicated that regular training is given to 
health and safety representatives through courses often organized by the workers union. 
The rest of workers are not provided any regular training and those training courses rarely 
include the work environment issues. 

Although results from the interviews and documentation have shown that the worker’s
consultation and influence on health issues has increased, however this influence is 
more during the production period while it is less in the pre-production planning phase. 
The workers influence on health issues still has to be significant in the pre-production 
planning.

9.3 Analysis of results on technological aspects 

Results about technical aspects of the construction site have revealed an industrialized 
construction work with a potential impact on the prevention/reduction of work-related 
musculoskeletal injuries. 

Although the importance of mechanical aids such as the crane, the building hoist and the 
scissor have dominated the construction workplace. The empirical results have indicated 
that the construction workplace is being positively changed by special production 
techniques such as the use of prefabrication of building modules, the concrete pump, the 
transverse in the production hall and the Automatic Climbing Systems. Because, these 
systems have a great lifting capacity and have cut down work tasks usually performed in 
awkward and repetitive postures, both the site management and workers perceived these 
systems as some of the successful strategies being implemented on construction site to 
reduce musculoskeletal disorders as well as increasing the quality of production. 

According to the results of the interviews and observations, the mechanical aids (i.e., 
carts, hoists and cranes have reduced the need for manual material handling and lifting of 
materials, thus avoiding musculoskeletal disorders that could have resulted. The use of 
hand tools such as rebar-tying machine and powered equipments (i.e., screw-driver and 
nail guns and drilling guns) were praised in the results as contributing to the 
musculoskeletal health of workers by reducing the risk of back and wrist pains. 

Although most of the mechanical aids and ergonomic hand tools are beneficial across the 
spectrum of the eight construction trades investigated, there were a number of mechanical 
aids specific to certain construction trades such as carpet trolleys and rollers, and scaffold 
hoists which have reduced the strain associated with manual material handling. 
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Other than those equipment and tools industrializing the construction work for the better, 
the results further reported of an introduction of new or improved building products such 
as the use of thinner gypsum (to reduce awkward and heavy manual handling) and the 
self-compacting concrete (SCC) which is non-vibrating, thus reducing vibration 
emissions exposures to construction workers.  

9.4 Analysis of results for the physical work environment 

The state of affairs in the physical construction work environment has been an important 
factor in the reduction of musculoskeletal injury or the promotion of musculoskeletal 
health. According to interviews and observations results, working in confined spaces
forced workers to perform their work tasks in awkward postures. However a well lit up 
construction workplace has made the musculoskeletal injuries caused by trip and fall less 
likely. 

According to the interviews results, cold is a risk factor that can contribute to the 
development of work-related MSD. The interviews results do indicate that it is more 
demanding to perform work under cold conditions, however with the new production 
methods such as the production hall and working under a weather cover sheet are said to 
be transforming the construction workplace into a weather independent one and thus 
cutting down the number of the work-related MSD caused by the cold weather. Other 
than those major cold weather risks controls, interviews and observations results indicate 
that the personal protective equipment (e.g., warm work clothing, gloves, safety footwear 
and headgear) is often worn to increase body comfort while performing work outdoors 
and to prevent injuries related to the cold.

9.5 Analysis of results for work tasks factors 

According to the results from the interviews, seven construction trades with the exception 
of the machines operators, have a work task requirement in common- the ability to read 
and understand the drawings. However when it comes to the common physical demands 
of their jobs, interviews results indicate that manual material handling and awkward work 
postures are from time to time part of the work tasks performed by the construction trades 
investigated.

The interviews results indicated that there is little possibility for workers to enhance 
their work tasks and construction workers did indicate that their work tasks do not 
contribute to their health contrary to the common belief that working outdoors promotes 
health.

The eight construction trades have reported the different locations of pains due to the 
demands of their various work tasks. Back and shoulders were the most frequently 
reported locations of pain by respectively 79 and 67 percent of the 58 workers who were 
interviewed. Back and shoulder pains predominance might be related to the awkward 
postures and heavy lifting risk factors that were reported by most of the workers 
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interviewed. Furthermore, the results indicate that construction workers reported the 
knees and the neck as the next predominant pain locations.       

Interviews and observations results did evoke a number of control measures that 
construction workers have adopted to reduce or even prevent musculoskeletal pains 
which interfere with their work. According to the interviews results, five out of the eight 
construction occupational groups mentioned the physical exercise and mechanical aids as 
their predominant control measures, and four out of the eight construction trades have 
stated that PPE (Personal Protective Equipment) was effective to protect their 
musculoskeletal health at work. 

Despite all the control measures that have been adopted by construction workers, the 
balance between work demands and resources is sometimes tilted. On one hand, 
interview results have indicated that work demands often outweigh the human resources 
(i.e., workers) available to achieve the demands; absenteeism was mentioned as the 
aggravating factor in the situation. On the other hand, according to documentation and 
interviews results, the site managers stated that workers have the opportunity to plan their 
own work tasks, thus leading to a balance between work demands, control and resources. 

The eight construction trades in the study have mentioned several risk factors that they 
felt that they have had an influence on their musculoskeletal health. Among these work-
related health influencing factors: competence demands, awkward postures, the weight 
handled and high work pace and lack of work rotation/variation were the dominant risk 
factors in the workers’ jobs. Although the weight handled or material lifting was still 
considered as a risk factor on the investigated construction sites, both the management 
and the employees reported a decrease in work tasks requiring manual material handling, 
and this was due to an increase of mechanical aids into the construction workplace. 

9.6 Individual factors 

Construction workers perceived that their physical fitness and muscle strength is 
generally good, and although the workforce of the construction sites is an aging one (age 
averages of the eight construction trades range from 35 to 48 years old); construction 
workers indicated that they liked their jobs despite the risks factors their jobs entail.    

According to the interviews and observations results, workers had a good knowledge of 
appropriate work methods and the use of PPE on the construction sites was very 
important to the workers as a means of preventing the work-related musculoskeletal 
injuries. 

In addition to the use of PPE and the application of appropriate work methods, the 
observation and interviews results indicate that the pre-work stretching program at the 
construction sites has been an effective way for preparing workers for physical exertion 
that construction work entails. Regular physical exercise has been attributed the health 
benefits such muscular strength which sustains the worker while performing his work 
tasks. Both the interviews and the documentation results indicate that the massage 
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therapy and naprapathy offered to the workers with muscular fatigue or pain have been 
mentioned as part of the work-related MSD prevention tools.

9.7 Difficulties in the identification and description of best practices

It was mostly difficult to find straight examples of best practices and it is likely 
dependant on the following circumstances: 

It is possible that this study could have given better results if there had been a fair 
participation of the designers and the developers of the different construction projects 
investigated in the research study. This low participation in the study was generally due 
to the designers and developers’ lack of time. 

The participation of subcontractors’ managers in this study was unexpectedly low. 
Although several telephone and e-mail contacts were made with subcontractors, 
inviting them to participate in the study, the invitations were often not responded to or 
declined on several occasions.

Another limitation of the study was a cultural attitude of interview respondents who did 
not often think that they had anything better than another construction workplace. This 
made it hard getting the best practices out of the interview participants. 

Another reason why it was difficult to find good practices could be that they were quite 
simply lacking in some cases. 

Given the above circumstances, it is fitting to present not only a proposal of best 
practices, but also a proposal on areas where good practices need to be developed. 
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10. Best Practices from the empirical study 

The following best practices were compiled from the interviews, the observations and the 
documentation results. Best practices from the empirical results will be classified in two 
categories, called ‘most common’ and ‘less common’.  Best practices will be presented in 
the six following categories: 

Planning
Work organisation 
Technical aspects 
Physical work environment 
Work tasks factors 
Individual factors 

10.1  Planning related best practices 

Most common best practices in planning 

The availability of the Work Environment Plan (WEP) at each construction workplace 
was a good start for efficient planning.  The developer has had the responsibility to 
prepare and bring to term this document which outlines the overall order, safety rules 
and controls for the work risks identified by several actors in the production process. 

The long-term planning of health issues and the work environment starts with the 
preliminary hazard/risk analysis of construction processes. In addition, the short term 
work environment planning involves coordinating weekly meetings as well as safety 
rounds.

The risk analysis is documented and a risk analysis checklist is used to know what 
mechanical aids, tools and equipment to plan into the production process. This risk 
analysis has facilitated the planning of manual material handling equipment such as 
crane, materials and personnel hoists into the production schedule. 

Pre-fabricated components are often planned into the production process, thus avoiding 
some awkward, heavy and repetitive work tasks and creating a better workplace for 
construction workers. 

Planning new and industrialised products and product systems into the production 
process has become very common in the quest for solutions making work tasks easier. 
Further, when planning for this industrialised construction, more attention is paid to the 
design of product components and ease of installation. 
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During the planning, an analysis of all the production material needed in the context of 
the contractors activities is performed to look for all actions that could be triggered or 
result from product movements. 

The use of computer software to facilitate the handling of projects organisation plans, 
risk analysis, work preparation and working pace analysis. These computer programs 
are said to be a very good tool for health and safety issues planning and the follow-up 
of the potential risks factors is made easier by continually checking and updating the 
risks assessment list. 

The site management team and worker representatives did set out the rules applicable 
to the construction site, taking into account, where necessary, shared construction site 
installations such as access to lifting equipment, and collective protective equipment. 

Participation of the worker representatives and health and safety representatives in the 
early stage of pre-production planning. Where the rehabilitation personnel exist, they 
were often in the planning meetings in their capacity of work environment experts from 
the company health care unit. 

Less common best practices in planning 

In the long term planning of health issues, a preliminary hazard analysis is done. This 
long term plan has sub-plans which are detailed and updated at both medium-term and 
short term planning levels.

A detailed schedule for construction projects is prepared and made ready before the 
start of the production phase. Two or three-week look-ahead schedules were developed 
taking resource and space availability and other constraints into account. 

Construction projects management does an evaluation of various construction work 
methods and determine the most cost- effective as well best for the health promotion 
on the site. 

A common requirement during planning and scheduling is to match the product, the 
process and the promotion of health issues at the workplace. 

Earlier information on risks from past projects is taken into consideration and 
control/prevention measures are planned beforehand. 

The risk inventory was often completed into the work environment plan by those risks 
identified on the subcontractors’ side of the production process. 
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10.2 Work organisation 

Most common best practices in the work organisation 

The following are the common best practices in the work organisation of the construction 
site: 

A flat organisation in all involved companies allowed easy access between site 
managers, supervisors and employees and was identified on all the sites investigated. A 
new type of coordination between involved organisations is being promoted, this type 
of work organisation encourages a joint coordination by all contractors involved in a 
construction project; this led to a just-in-time access to necessary materials and 
equipment for construction workers, and the work rotation among workers and respect 
of production schedules by various construction groups on the site. 

The information about health and safety (e.g., MSD prevention pamphlets) is posted on 
boards in coffee rooms and offices at the construction site.

Work supervisors are frequently out on the site, informing workers on different issues 
pertaining to the project. In addition, there exists an information flow between site 
management and subcontractors through coordination meetings. 

A climate of regular and informal communication between different construction 
trades, and between workers and the management was fostered and is said to be a 
positive factor for preventing psychological stress among occupational groups. 
Furthermore, through open discussions between the management and the workers in 
the weekly, monthly meetings and health and safety committees, workers have had an 
influence on the organisation’s health promotion processes or agenda. To some extent 
health issues are being influenced by consulting with workers and accepting their 
recommendations for example on PPE and the choice of building materials and 
equipment which reduce or eliminate heavy lifting and vibration emissions. 

Less common best practices

On some construction workplaces, there is a growing cooperation between contractors 
(i.e., site managers) and subcontractors on health issues regarding their shared 
construction workplace. 

Communication between managers, supervisors, worker representatives and workers, is 
every now and then about identifying and analysing different risks present at the 
construction site, and then doing the planning of control measures to eliminate those 
identified risks.  

Regular training is offered to health and safety representatives. The training includes 
health and safety courses which provide the knowledge to promote health and prevent 
ill health among construction workers. 
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Subcontractors did contribute to their workers health issues knowledge and 
competence through the regular information they provide to the workers during health 
and safety meetings, but also through showing videos on ergonomic working methods. 

Through consultation, the workers’ opinions were taken into account for example in 
the risk identification and through the worker participation, new risks were identified 
and the effectiveness of existing controls was evaluated.  

Site management appreciate and value the resourceful contribution of their workers in 
regard to health and work environment issues because construction workers are much 
more familiar with the risks to be addressed. 

10.3 Technical aspects 

In this section, the technical aspects best practices will include the special production 
techniques, special work tools, mechanical aids and new construction materials used on 
the site to reduce work-related MSD.  The following are some best practices identified: 

Most common best practices

Personnel and material hoists and cranes are commonly used for materials handling 
and installation on the site. A good planning is required for these mechanical aids to be 
used maximally.   

Truck booms, tractor mounted forklifts and steerable scissors lifts on the site are 
commonly used to move materials around and to lift people to different work heights at 
the construction site. 

Powered equipments such as circular guns, powered screw drivers/guns and pneumatic 
nail guns are being used thus the risk of strains and sprains are reduced. 

Various lifting aids such as carpet trolleys, cables trolleys and the scissor lift with 
vacuum arms are used on the site to relieve workers from manual material handling 
work tasks. Furthermore, to solve work heights issues, the use of work tables scissor 
lifts and stepladders has been of a great help to the workers who seek to minimise 
awkward postures that could lead to back, shoulder and knee pains 

Less common best practices 

The use of special production techniques such as the production hall system and the 
Automatic Climbing System-Platform (ACS-P) to reduce work-related MSD caused by 
slip and fall, and to minimise heavy manual material handling. 
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The use of traverses which have a great lifting capacity and the use of the concrete 
pump have reduced the strenuous work tasks performed by workers, especially the 
carpenters and concrete workers. 

Using the roof-lifting system which uses roof lifts when the roof is being installed on a 
building and the gluing of gypsum boards on the walls which eliminates the screwing 
work has lightened the work tasks performed by workers such as roofers and 
carpenters. 

Tools such as the rebar-tying machine used by concrete workers and equipment such as 
the self-propelling floor stripper and the electrical sanding machine used by floor layers 
or small expanders used by carpenters, have been introduced into the construction 
workplace to allow workers to work upright and thus avoid the strenuous working 
positions.   

The use of newer technologies such as the assembling of prefabricated concrete and 
wood components have diminished the number of work tasks traditionally performed 
by workers at the construction site, thus also reducing several awkward work postures.

The use of the self-compacting concrete needs no vibrating procedure with very little 
reinforcement assembly required and workers are less exposed to musculoskeletal 
injuries such as back pains caused by prolonged bending while doing reinforcement, or 
white fingers disorders due to vibration. 

Some of the architects of large construction projects have had a dialogue on production 
techniques with the contractors and advised them manual material handling prevention 
issues by for example using the prefabricated modules.  

10.4  Physical work environment best practices 

The best practices in this section include the elements of improvement of the workspace 
layout and design, the absence of vibration emissions and the level of weather influence, 
which influence the musculoskeletal health of construction workers. 

Most common best practices 

Good lighting is common on the construction site. It is used to prevent trips, slips and 
falls in a dark workplace, both for indoors work tasks and outdoor work such as 
roofing.

To accommodate different working heights and easy transport of materials, the use of 
access ramps is very common at the site. 

Slips resistance surfaces are provided in work areas such as the roof, especially on 
sloping roofs.  
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During winter, windy or rainy weather, the production management does minimise as 
much as possible those work tasks that are normally performed outside. 

Less common best practices 

The introduction of new or improved construction materials such as the non-vibrating 
and self-compacting concrete in the production have considerably reduced the vibration 
exposure at the workplace. 

New production methods such as building in a production hall and working under 
weather cover sheet or under the tent are changing the construction workplace into a 
weather independent one, and thus cutting down all work-related injuries related to 
cold weather. 

10.5  Work tasks factors 

The following few best practices were identified in the performance of the construction 
work tasks: 

Most common best practices 

Hardly any work tasks are performed above shoulder levels due to the preventive 
measures put in place. Electricians and plumbers are still an exception among all the 
eight occupational groups investigated, because it is difficult to change the design of a 
building.

Using mechanical aids, PPE, physical exercise, work rotation and working upright 
were the common preventive measures used by workers to minimise MSD risks. 

Less common best practices 

Workers have opportunities to influence their work tasks, by doing them in a way that 
makes them simpler and easy to perform. 

Warming-up or doing some pre-work stretching exercise before starting work in the 
morning has helped to prevent work-related injuries. 



115

10.6  Individual factors 

The best practices are about individual factors entail what the individual does/can do and 
what the company/employer does to suit work duties to the individual worker. 

Most common best practices 

Understanding the importance of using PPE and the application of appropriate work 
methods and workers physical fitness are encouraged at the construction workplace. 

Massage therapy and naprapathic sessions have reduced the need to stay home because       
of muscular pains. 

Less common best practices

More and more construction workers are involved in pre-work stretching and regular 
physical training after work. 

Foot profiling on construction workplaces has helped reduce work-related MSD of the 
hips, the back and knees. 
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11. Conclusions and Recommendations 

Planning

The study found a lack of consideration for workers musculoskeletal health issues in the 
architectural designs. This points out to the need of training and educating present and 
future architects on how to plan health issues into the construction work environment. A 
change of the traditional designer mindset should be facilitated through education when 
the designers are learning their occupation. Another alternative would be for the 
contractors to develop production methods that meet health and work environment needs, 
if contractors think that the production methods they have been using lead to 
musculoskeletal problems. 

The study showed that developers had very little involvement in the implementation of 
the work environment plan on the construction site. More attention should be placed on 
increasing cooperation between the developer and the general contractor not only on 
designing the work environment plan but also on implementing it. 

A broad worker participation in the pre-production planning should be desired in order to 
have a maximum input as far the potential risks and the controls to readdress them are 
concerned. Furthermore, general contractors should make sure that sub-contractors are 
always part of the pre-production planning in order to voice their identified risk factors.

Work organisation 

Findings of the study indicate that the effective solution to reducing health hazards on the 
construction site is a combination of leadership, remuneration system, employment types 
and worker involvement. Involved employees provide input and report the presence of 
risk factors on the site, report symptoms and injuries, suggest and design solutions and 
provide the central resource for maintaining a risk-minimised project.  

The study showed that the worker training provides a basis for consistent awareness, 
identification, analysis, targeting and control of musculoskeletal disorders. Consider 
providing training to workers, supervisors and site managers as well as others 
participating in the musculoskeletal disorders control program at no cost to them. 

The study findings indicate a misunderstanding of the Systematic Work Environment 
management (SWEM) by both the management and the workers. Consider educating 
both the management and the employees about SWEM through workshops, and make an 
evaluation of SWEM with a proactive measurement.   

One criterion for a contractor to be successful on obtaining a project contract should be 
their worksite health and safety records. 
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Technical aspects 

The study showed the health benefits of the industrialized construction work such as the 
reduction of heavy lifting and awkward postures. A consideration should be given to 
more industrialised production and the development of assembling techniques. 

Findings indicate that the availability of mechanical aids on the site should not depend on 
the size of the construction project but on the nature of the work tasks to be performed. 
Consider doing an evaluation of cost-effectiveness of the positive effects generated by the 
accessibility of mechanical aids. 

Managers on the subcontractor side have expressed a dilemma of how to get rid of their 
old fashioned technology without incurring a high cost when the subcontractor company 
acquires new production equipments. The government could perhaps make a plan on how 
to dispose of the old building equipment or these contractors could be subsidised when 
they get rid of the old equipment such as the heavy scaffold elements. 

   Physical work environment

Findings showed a poor and inadequate planning is the first contributor to a bad physical 
work environment. Therefore consider conducting a thorough planning and not an 
opportunistic problem solving in order to prevent musculoskeletal disorders related to the 
physical work environment. A dynamic site layout should be considered in order to 
accommodate a constantly changing construction workplace. 

The study indicated there is a lack of coordination of housekeeping. Housekeeping 
responsibilities should be spelt out in contracts and tender documents. These documents 
should define the responsibilities and contractors should discuss details. 

The study findings showed that building in weather-sheltered area such as a production 
hall, building under a tent or using a weather cover sheet on building have reduced 
hazards in the physical work environment. Therefore, consider more performance of 
construction work under a weather shelter. 

Work task performance 

The study indicated that there is sometimes a shortage of staff. There should be enough 
hands for the work tasks expected to be performed. The site management and 
subcontractors should consider providing enough manual labour and have some reserve 
workers to replace those who stay home on sick leave or for other reasons. Consider 
doing an estimate of reduced costs for sick leaves due to reduced workload, to support 
your staffing strategy. 
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The findings showed that risk factors such as awkward work postures, heavy lifting and 
high work pace are still plaguing the construction workplace. Consider addressing 
consistently these risk factors by both administrative (e.g., management systems and 
work organization) and engineering (e.g., mechanical aids and ergonomic tools) controls. 

The study showed there is a need for an efficient planning that will make the mechanical 
aids and necessary work tools promptly and readily available to workers while 
performing their work tasks.    

Individual factors

The study showed that workers have different physical work capacities due their age and 
muscular strength. Therefore consider mapping out the individual workers capacities and 
limitations, thus making an individual adjustment. 

The foot profile system was found an effective health promotion solution. If a 
construction employer does not have one already, consider establishing a foot profile for 
construction workers. 

The study findings indicated that regular physical exercise may be contributing to the 
workers musculoskeletal health. The management should consider providing the 
opportunity for workers to do some physical training during work hours, and workers 
should be encouraged to take the opportunity. 

A final comment on the recommendations

Although large construction organizations may be familiar with these measures to control 
health hazards such as the work-related MSD, however these measures are not always 
implemented.  That is why further research should be performed to find out how the best 
practices identified from the industry could be reasonably adopted by the whole wide 
construction industry.  This conclusion leads to a brief description of what should be 
done for further research. 

11.1 Further Research 

The analysis shows that there are many areas that need to be developed, however when 
scrutinising the interviews and documentation results that were analysed, one comes to 
conclude that the following areas require more attention and therefore need to be focused 
on in the future research: 

Creating dynamic layouts that change over time as construction work progresses is 
deemed to be a necessity for a healthy construction workplace. Can one use the 
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industrial layout planning instrument to design good layouts for construction 
workplaces? 
Creating a simplified dynamic layout planning might require developing and testing the 
instrument, the instrument should for example contain a checklist with different items 
to check out in a layout. 
The empirical results have indicated that the workers representation was more or less 
perceived by workers as cosmetic and less influential on work-related health issues 
planning. How does one make sure that there is adequate participation in the pre-
production planning? 

The potential research areas named above are my personal choice and other researchers 
might express their interests in other research areas and thus having a different 
perspective on what should be the research need as far as my description and analysis of 
the best practices in the construction industry are concerned.

Finally, it is important that the research is relevant to the construction companies and 
their construction workers; in other words these builders should have a significant 
influence on deciding what should be researched.    
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APPENDICES

Appendix A 

Appendix A firstly includes the introductory words about the research project prior 
to the interviews session and secondly shows the interview guide used in the 
research study.  

Den hälsosamma byggarbetsplatsen 

Projektet behandlar problemet med en tydligt ökande arbetsrelaterade ohälsa inom 
byggbranschen och vad som kan och bör göras att vända den negativa utvecklingen så att 
istället hälsosamma byggarbetsplatser kan skapas.

Syftet med projektet är att  

1. Identifiera och beskriva strategier och aktiviteter som visat sig vara 
framgångsrika i kampen mot utveckling av arbetsrelaterade belastningssjukdomar
inom byggbranschen.  

2. Sprida kunskap om de strategier och aktiviteter som bidrar till att skapa den 
hälsosamma byggarbetsplatsen till byggnadsindustrin för att därigenom skapa 
förutsättningar för en utveckling av hälsosamma byggarbetsplatser på bred basis.  

Projektet fokuserar på det muskel och skelett belastningsområdet. Projektet fokuseras 
också på följande yrkesgrupper: ställningsbyggare, betongarbetare, snickare, golvläggare, 
takläggare, el- och VVS-installatörer samt maskinförare. 

Fallstudier vid 10 större byggföretag ska ha genomförts via observationer, dokumentation 
och intervjuer med olika byggherrar, entreprenörer (inklusive underentreprenörer), 
konsulter (t.ex.arkitekter), projektledare samt byggarbetare. 

Romuald A. Rwamamara, MSc. 
Division of Industrial Production Environment   

Department of Human Work Sciences 
Luleå University of Technology

Tel. 0920-49 30 39 
E-mail: rorw@arb.luth.se
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This is the interview guide used in the study presented in the thesis. The order 
followed in the interview guide sometimes differs from the one in the thesis. 

1. Planering

Beskriv hur ni arbetar med lång- och kortsiktigt planering i er del av 
byggprocessen. På vilket sätt beaktas hälsofrågorna i planeringen? 

Hur planeras arbetsplatsen med avseende på arbetarnas belastning av muskler och 
skelett?   

Hur planerar ni med avseende på val av byggprodukter, konstruktioner, 
installationer och deras placering för: 

ställningsbyggare, 
betongarbetare,
snickare,
golvläggare,
takläggare,
el- och VVS-installatörer samt 
maskinförare

Medverkar dessa yrkesgrupper i planeringsarbetet inför byggstart? På vilket sätt? 

2. Organisation  

Beskriv i grova drag organisationen av hela byggarbetsplatsen (parter, uppgifter, 
ansvar, befogenheter, resurser, kompetens mm). Vilka företag ingår och hur 
samverkar de? Hur är företagens samarbete med avseende på arbetsmiljö- och 
hälsofrågor?

Varför har ni organiserat er på detta sätt? 

Vilka för- och nackdelar finns det med ert sätt att organisera er? 

Har ni den bemanning som ni önskar er? 

Hur kommer ni att utveckla er organisation? 

Har ni någon speciell organisation för arbetsmiljöarbete? Hur fungerar den? 

Vilka fördelar och nackdelar finns det med ert sätt att organisera 
arbetsmiljöarbetet? 

Vilken lönepolicy har ni och vilket lönesystem tillämpas på arbetsplatsen? 
Varför? 
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Vilka förmåner finns utöver traditionell lön? 

Vilken löneform bedöms vara bäst för yrkesarbetarna? Varför? 

Vilken inverkan har arbetstiderna på yrkesarbetarnas belastning av muskler och 
skelett? Varför?  

Hur fungerar information och kommunikation på byggarbetsplatsen? 

Vilka möjligheter har yrkesarbetarna till kompetens- och kunskapsutveckling i 
arbetsmiljö- och hälsofrågor? 

Vilka möjligheter har yrkesarbetarna att påverka organisationen då det gäller 
frågor som påverkar deras hälsa? 

3. Teknik  

Vilken produktionsteknik är utmärkande för er verksamhet? Finns det något som 
tekniskt skiljer er väsentligt från andra byggarbetsplatser?    

Använder ni någon speciell produktionsteknik som tydligt minskar belastningar 
på muskler och skelett?         

Vilka speciella hjälpmedel och verktyg finns idag på arbetsplatsen för att minska 
belastningar på muskler och skelett? Hur används de? 

Vilken ny teknik utvecklas för de olika yrkesgrupperna?

Hur inför och använder ni ny produktionsteknik? Hur påverkar den nya tekniken 
belastningar av muskler och skelett?  

4. Fysisk arbetsmiljö  

Beskriv arbetsplatsens fysiska arbetsmiljö (utformning, arbetsutrymmen, 
nivåskillnader, underlag, ordning, vibrationer). Hur påverkar den fysiska 
arbetsmiljön belastningen av muskler och skelett?  

Hur påverkar klimatet (vädret) belastningen av muskler och skelett? 

5. Arbetsuppgift

Vilka huvudsakliga arbetsuppgifter har de olika yrkesgrupperna?  
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Vilka möjligheter har yrkesarbetarna att utveckla sina arbetsuppgifter? 

Bidrar arbetsuppgifterna till att främja arbetarnas hälsa? Varför? 

Vilka belastningar av muskler och skelett innebär arbetet (för olika yrkesgrupper) 
och hur hanteras/klaras de? 

Hur är balansen mellan krav, kontroll och resurser?  

Hur påverkas hälsan av följande faktorer i arbetet? 
- arbetsställningar 
- hanterade vikter 
- variation 
- arbetscyklernas längd 
- arbetstakt 
- handlingsutrymme 
- precisionskrav 
- kompetenskrav 
- arbetsobjektens utformning 

6. Individ/personal

Hur pass god är personalens hälsa?  Varför?  

Hur pass god muskelstyrka, kondition och kroppskontroll har personalen? 

Hur stor är sjukfrånvaron? Hur stor andel av sjukfrånvaron beror på besvär och 
skador i muskler och skelett? 

Hur är ålders- och könsfördelningen inom respektive yrkesgrupp? 

Gör personalen något på arbetstid för att vara i god kondition för krävande 
arbetsuppgifter?   

Har personalen kunskap om lämplig arbetsteknik? Används lämplig arbetsteknik? 

Gör personalen något på fritiden för att vara i god kondition för krävande 
arbetsuppgifter?   

Hur viktig är personlig utrustning (kläder, skor etc) och hjälpmedel? Används 
utrustning och hjälpmedel? 
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Appendix B

A diagram showing the cycle of the Systematic Work Environment Management 
(SWEM) (Johansson, 2005). 

        SWEM-Cycle 

Distinguishing features of SWEM (Johansson, 2005): 

Clear work tasks allocation within the general organisation 
Worker participation 
Documentation 
Review/revision (control of function in SWEM-cycle) 

Work Environment 
policy

Risk assessment 
and risk analysis 

Immediate 
preventive or 
corrective 
measures  

Action Plan

Preventive or 
corrective 
measures

Control of effects
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Appendix C 

An example of new tools and equipment in a trade publication      
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