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Abstract 

 

Work performed in the building industry contributes to the formation of many threats for 
employees. Microclimate factors, working at heights as well as dangerous substances used 
in the building space may cause a negative impact on the worker’s health. In order to 
evaluate the safety and comfort of work in the construction industry, a questionnaire 
consisting of closed and open questions was carried out. The aim of this paper was to assess 
the level of safety in the construction industry. The study was carried out on construction of 
buildings in the area of the Lower Silesia Voivodeship. A survey among construction 
workers was conducted. Based on the studies, a number of factors have been identified that 
affect the level of occupational health and safety at work. The functional relation between 
seniority, the employee's age and the length of breaks at work was determined. It turns out 
that a lack of sufficient breaks during construction works was the main reason for 
overloading of employees. According to the respondents, the most common symptoms of 
the neck and lower spine were related to the work performed. In connection with the 
above-mentioned circumstances, more effective methods of improving the organization and 
safety of work in this industry should be developed.  
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Introduction  

 
The construction industry makes a large 
contribution to each country's gross 
domestic product (GDP) (Korkmaz et al., 
2018). Work in the construction industry 
can be classified as one of the most 
dangerous professions (Ganah et al., 2015). 
The wide range of work carried out in 
construction means that many accidents 
are registered in this industry every year 
(Latza, 2000). Among the most common 
causes, organizational, human and 
technical factors were mentioned (Bust et 
al, 2005). Poor work conditions directly 
affect a level of occupational safety and 
satisfaction while performing the duties of 
construction workers. The specificity of the 
construction industry results from its 
diversity and conditions under which the 
work was performed (Haslam 2002). 
Safety is increasingly emphasized as an 
indicator of success in a construction 
project (Mahmoundi et al., 2014). Ensuring 
safety on a construction site is one of the 
most important elements of the entire 
project. In addition, providing an accident-
free workplace on the level of occupational 
safety required the reduction of excessive 
physical and mental load among the 
employees (Hansson et al, 2004; Whysall 
et al, 2006). Current medical studies show 
that load on the musculoskeletal system is 
a common and social problem in many 
countries (Buckle et al, 2002). Many 
reports determine a wide scale of this 
problem and the causes of illnesses among 
manual workers (e.g., farmers) as well as 
white-collar workers Fabunmi et al., 
2005). Musculoskeletal disorders are one 
of the most common health problems at 
work and affect millions of employees 
every year (Boschman et al., 2015). 
According to a study of the European 
Foundation for the Improvement of Living 
and Working Conditions in Dublin, the 
social costs incurred due to the reduction 
of diseases in the musculoskeletal system 
of employees amount to approx. 15% of the 
costs of accidents at work. It should be 
emphasized that about 33% of manual 
workers working in the European Union 
suffer back and spine pain, almost 23% of 
respondents complain about general 
fatigue, and about 13% feel overload of the 

hands. Employees in the construction 
industry were also surveyed (Jarosiewicz, 
2006). In their case, the load on the 
musculoskeletal system may be higher by 
16% compared to other professions 
(Boschman et al., 2015).   
 
Due to the wide range of work performed 
by construction workers, repeatability of 
activities, uncomfortable body position and 
environmental conditions, construction 
workers are particularly exposed to 
musculoskeletal disorders (Stomberg et 
al., 2010). An important factor affecting 
the comfort and productivity of 
construction workers is the ergonomic 
factor (van der Molen et al., 2005). 
Proper employee awareness in the aspect 
of ergonomics lies primarily in the daily 
work with the use of tools, machines and 
devices that do not adversely affect comfort 
and safety at work. Ergonomics is an 
adaptation of the work environment in 
which a person works to his physical 
capabilities (Smith, 2015). It is mainly 
about designing working elements used on 
a daily basis to facilitate work as much as 
possible (Albers et al., 2005; Buckle, 
2005). It is also important to reduce 
injuries resulting from the use of 
construction tools (Sang, 2008). The 
disorders of the musculoskeletal system 
were described by (Bobick et al., 1995; 
Oude et al., 2011; Murphy et al., 1992) as a 
very serious social problem, which 
occurred in many professions. It was 
mainly observed in the construction 
industry, where employees were exposed 
to external loads (Bust et al., 2005; Latza, 
2000). So far, many authors have described 
the methods to improve safety in the 
construction industry (Moir, 2000). 
Mobed et al. (Mobed, 1998) paid special 
attention to the problem of seasonal 
workers working on US farms. Employees 
who lived in California often performed 
very hard work. They had low social status, 
often a lack of valid health insurance, and 
significantly limited access to professional 
healthcare. The work environment in 
relation to musculoskeletal disorders was 
described by the physical and psychological 
factors that accompany the generation of 
this group. The following elements are 
characteristic for many physical activities: 
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high repeatability of arm and hand 
movements, uncomfortable body position 
during work and monotony of movements. 
In the Polish construction industry, over 1 
million workers perform their tasks in an 
uncomfortable position, and about 0.6 
million are exposed to high work 
monotony. Nearly 1.5 million are forced to 
carry heavy loads over distances of 10 m.  
From the presented results it follows that 
the scale of the occurrence of 
musculoskeletal disorders is high and 
therefore, as the authors suggest, more 
attention should be paid to the conditions 
in which people work. According to 
Occhipinti et al. (2007), musculoskeletal 
disorders may result from a performed 
task with high repetition frequency, 
accompanied by a small mass of the 
operated object. Marras and 
Schoenmarklin confirmed the thesis that, 
while performing physical work with a high 
repetition frequency, a risk of wrist 
disorders occurs (Marras et al., 1993; 
Johnston et al., 2005; Sari et al., 2010; 
Osborne et al. 2007). The particularly high 
level of this risk concerns women. 
Particularly dangerous are loads resulting 
from lifting loads above the human 
shoulder line (Sluiter et al., 2001). Neck, 
back, arm and wrist strains are especially 
dangerous (Hales et al.,1994). Often 
disorders in the musculoskeletal system 
result in absence from work (Hansson et 
al., 2004; Oude et al., 2011; Roelen et al., 
2007). They cause very high costs during 
the recovery of the employee (Szeto et al., 
2009). In order to identify the causes of 
musculoskeletal disorders among 
construction workers more precisely, a 
survey was conducted in which the 
relevant information was obtained.  
 

Methodology 

This paper had qualitative and quantitative 
features; hence a standardized 
questionnaire was prepared to collect the 
needed information. The authors assessed 
the level of safety and comfort among 
workers who met some criteria while 
performing selected works in the building 
industry. These criteria included: working 
at least one year in this industry and 

performing a similar activity in this period. 
The total number of participants were 160 
men. The study was conducted in the 
Lower Silesia Voivodeship (Poland) on four 
construction sites. During these studies the 
workers were asked e.g. about their age, 
work experience and type of workstation. 
Information received from the studies was 
used to develop work instructions and to 
create preventive actions aimed at 
improving working conditions by reducing 
the possibility of hazardous situations in 
the work environment. The aim of the 
study was to determine the relationship 
between age, work experience of the 
workers and their suggestions regarding 
determining breaks at work. This approach 
can lead to improvements in effectiveness 
and safety during the working day.  
 
The studies were conducted between May 
and November 2019 on the basis of a 
prepared questionnaire, the authors’ own 
observations and analysis of reports 
describing the health level of employees in 
the building industry. The main research 
problem in this study was to verify 
whether it is possible to improve work 
safety on the construction site. The 
prepared questionnaire included 17 
questions (10 closed and 7 open). The 
collected items in the survey were: age, 
work experience, scope of tasks, effort and 
discomfort level, usability felt, complaints 
and disorders, time needed for rest within 
working day as well as body workload 
connected with a performed task. On the 
basis of the obtained data, eight groups of 
workers were selected: drivers (D), roofers 
(R), plasterers (P), carpenters (C), physical 
workers (Ph), machine operators (M), steel 
fixers (Sf) and pavers (Pa). Basic time at 
work was 8 hours.  
 
An important issue of the studies was to 
obtain information from the respondents 
allowing the improving of working 
conditions and assessment of employee 
satisfaction obtained from daily work. On 
the basis of the collected data and 
relationships between age, work 
experience and time needed for breaks, an 
improved schedule of the working day was 
proposed. Each respondent was asked to 
assess a pain/dissatisfaction level (PDL) at 
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work. Their evaluation ranged from '1' 
("little pain") to '5' ("extreme pain"). Based 
on this information, the PDISS evaluation 
for each type of ailment was calculated. In 
square brackets, an average percentage of 
pain duration (PAINduration) during work 
shift was described. All participants were 
informed about the study aims, and they 
then declared their participation in this 
study. 
 
  For determining the breaks at work, the 
following procedures were used; 
- For heavy work, the number of breaks 
should be greater than three during the 
working day, 
- For one break, its time should be set 
about half of the working day, 
- It is preferable to use more breaks, 
because the effectiveness of breaks 
decreases when their length increases.  

 

The data were processed in Microsoft 
Excel. This program enabled the 
calculation of mean and standard 
deviation. The t-Student test was used to 

analyze the differences between 
workers’ answers by means of the 
STATISTICA 12 program. It was assumed 
that the difference is statistically 
significant where p<0.05 (p-value 
probability). The relationship between 
the effectiveness of surveyed workers on 
working time by means of the 
STATISTICA 12 program was calculated. 
The accuracy coefficient R2 of the 
determined function was also 
determined. 
 
Results  

The structure of examined workstations 
was dominated by pavers (25%), steel 
fixers (21%) and machine operators (15%) 
(Table 1). The total number of surveyed 
workers was 160 men. The age of workers 
ranged from 20 to 60 years. Taking into 
account the age of workers, the most 
numerous group of workers was 30-39 
years' old, as well as persons with 
experience between 2-9 years.  

 

Table 1: Description of the surveyed workers 

 

 

Table 2 presents disorders and complaints 
as the consequences of daily performed 
work by surveyed workers. A majority of 
the respondents indicated pains in the 
lower part of the spine as well as in the 

neck. The pavers reported nearly one third 
of symptoms among all questioned, 
whereas only nine of the drivers had 
experienced pain or disorders.
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Table 2: Number of complaints reported by respondents. In brackets, a mean 

pain/dissatisfaction level (PDISSevaluation) of the respondents was presented. In 

square brackets, an average percentage of pain duration (PAINduration) during the work 

shift was measured. 

 * respondents could indicate more than 1 answer 

 

Type of 

aliments 
D R F C Ph M Sf Pa 

Total numer 

of 

respondents 

Ankles / feet  
PDDISSevaluation 

PAINduration 

(%) - - 1(3)[5] - 1(3)[5] - - 2(3)[25] 4 

Knee/s  
PDDISSevaluation 

PAINduration 

(%) - 2(2)[15] - - 2(5)[20] - - 
9 

(4)[25] 13 

Thighs / hips 
PDDISSevaluation 

PAINduration 

(%) - 1(3)[10] 3(2)[10] - 1(2)[15] - - 3(2)[10] 8 

Lower spine 
PDDISSevaluation 

PAINduration 

(%) 6(4)[15] 1(2)[5] 3(4)[15] 3(1)[5] 6(3)[5] 6(2)[10] 3(2)[10] 6(1)[25] 28 

Neck 
PDDISSevaluation 

PAINduration 

(%) 1(2)[5] 2(4)[10] 3(2)[10] 2(2)[15] - 3(2)[5] 2(1)[5] 6(3)[10] 23 

Elbow/s 
PDDISSevaluation 

PAINduration 

(%) - 3(2)[30] - - 2(1)[5] - 3(2)[25] 6(2)[10] 14 

Arm/s 
PDDISSevaluation 

PAINduration 

(%) 2(1)[5] 2(3)[10] 1(2)[40] 2(2)[25] - 4(1)[5] 3(2)[5] 5(2)[15] 15 

Wrist/s 
PDDISSevaluation 

PAINduration 

(%) - - - - 2(2)[5] - 4(2)[20] 2(4)[25] 8 

Muscle 
stiffness 
PDDISSevaluation 

PAINduration 

(%) - - 1(1)[35] 2(2)[25] 2(4)[5] - 3(3)[5] - 8 

Tingling in the 
limbs 
PDDISSevaluation 

PAINduration 

(%) - 
2(1) 
[10] 1(2)[5] 1(5)[5] - - - 5(4)[15] 9 

Total 9 11 9 10 22 13 18 44 124 
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On the basis of statistical analysis, it was 
found that the results including assessment 
between analyzed professions differ 
significantly from each other by 
p=0.0000004  
(p <0.05). 
 

Assessment of body-posture load of the 

employees while performing selected 

activities in the building industry 

 
Many different tasks performed during the 
working day as well as a wide range of held 

postures were observed (Table 3). The 
most numerous workers held an 
uncomfortable bent and twisted position 
which resulted e.g., from laying paving 
stones (paver). The smallest group of men 
used a shovel during their work. Some 
workers maintained a different position 
during the working day; for instance, they 
lifted heavy objects of various shapes and 
dimensions, while adopting an 
uncomfortable position, for instance, 
standing or sitting without the possibility 
of changing body position. 

 

Table 3: List of the tasks or workers’ positions taken during working day 

* respondents could indicate more than 1 answer 

Among the solutions that could reduce the 
level of disorders or complaints resulting 
from work activities, respondents most 
often indicated a need to use a 30-minute 

break in the middle of work time. 
Undoubtedly, such an approach including 
longer breaks could result in improved 
work efficiency (Fig.1). 

 

Task/Postures N % 

Lifting 11 6 

Pushing the object 4 2 

Bending the torso 14 8 

Digging with a shovel 1 1 

Lifting heavy objects often in an uncomfortable position 6 3 

Many hours work in a sitting position (without the ability to change position) 12 7 

Many hours work in a standing position (without the possibility of changing 
the position) 

10 5 

Many hours work in the neck inclination 12 7 

Many hours work in  the kneeling position (without the possibility of 
changing the position) 

11 6 

Many hours work in the squat (similar position) 9 5 

Frequent twist of the torso 17 9 

Doing work in position with a bended or twisted torso 19 10 

Work in a position with bend or pulled head 21 11 

Work with arms raised above shoulder joints 8 4 

Work with excessively bent or twisted wrists 18 10 

Work with a high degree of repeatability (>5 times per minute) 11 6 

Total 184 100 
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Fig. 1: Estimated time for performing required tasks during work shift reported by 

workers 

As many as 48% of respondents declared 
that they perform a required task during 
one work shift (8-10 hours), another 26% 
for a given activity need 8-9 hours, and 8% 
of respondents took 12-15 hours. 

Necessary time for rest in the opinion of 
48% of respondents should take 10-20 
minutes, 16% confirmed that it should be 
longer than 30 minutes, or even 60 minutes 
(Fig.2). 

 

Fig. 2:  Time for rest during shift work, expected by the respondents 

The minimum time for recovery depends 
on the age of the respondent and increases 
especially in the range of 48-55 years of 
age and differed from 60 to 120 minutes. 
Younger employees up to the age of 35, for 
a minimum regeneration time, declared 
nearly 20 minutes (Fig. 3). It increased 
particularly sharply among more 

experienced employees (over 25 years of 
work) and ranged from 60 to 90 minutes. It 
is more diversified among employees with 
an average length of employment (7-15 
years) and definitely decreased among 
employees who had worked for up to 5 
years and results in only 10 minutes per 8 
hours.
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Fig.3: Time for rest according to the workers’ opinions in relation to their age 

Figure 4 (a-g) presents the courses of 
workers’ effectiveness (a ten-point scale) at 
work resulting from time of work (range 1-
8 hours) based on the opinions of the 
respondents in the building industry. From 
these figures, it can be shown that comfort 
decreases during the next working hour. 
Poor effectiveness of work was observed 
between the fifth and sixth working hours, 

when starting work at 8.00 am. The highest 
comfort at work occurred from 10.00 am to 
11.00 am. During an eight-hour working 
day, the pace was at its lowest. Based on 
this information, the organizational aspect 
of the work should be improved. The best 
solution could include a modified schedule 
of breaks during the working day. 

 

a)                                                                b) 

 

c)                                                                 d) 
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e)                                                                      f) 

 
g) 

  

Fig. 4: (a-g). Assessment of work efficiency declared by workers in relation to a moment 

at work: a) roofer, b) construction worker, c) plasterer, d) steel fixer, e) driver, f) 

machine operator, g) carpenter 
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Figure 5 (a-d) presents an evaluation of 
work comfort and effectiveness according 
to the workers’ opinions while working 
overtime. Based on the obtained results, 
only the drivers, plasterers, physical 
workers, machine operators and pavers  
 

 
worked overtime. There were 
consequences of technological processes 
and work organization on the construction 
site. In some cases, the total time at work 
exceeded 13 hours. 

 

 
a)                                                                b) 

 

c)                                                                   d)  

 

Fig. 5: (a-d). Assessment of work efficiency while working overtime: a) carpenter,  

b) construction worker, c) paver, d) machine operator 

 
Determining breaks during the working 

day  

 

Among the solutions which could reduce 
the level of complaints and risk of 
disorders resulting from performed work, 
respondents most often indicated the need 

to use the right moment for a break during 
a shift. Based on these expectations and the 
author’s own observations, it was proposed 
that there should be a schedule of the rests 
during the working day (1-8 hours) and 
during overtime. 
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 Based on the circumstances as well as the 
procedures listed in the methodology 

chapter, the breaks were worked out. The 
schedules were presented in Figures 6 - 7. 

 

 

Fig. 6:  Proposed distribution of the breaks during the working day for all groups of 

workers 

Repetitive tasks as well as work 
organization required the preparation of 
some specific solutions. For instance, in 
order to reduce the monotony of steel-fixer 
workers, it was proposed that there should 
be a 5-min break after each performed 
hour. Due to working at heights, three 
breaks for a roofer have been proposed. 

The basic rule in designing breaks was a 
period in which the effectiveness of 
workers decreased. A similar approach was 
used for workers who worked overtime. 
Usually, the physical workers were the 
longest at work, hence breaks after each 
hour at work were proposed.   

 

Fig. 7:  Proposed distribution of the breaks during overtime work for selected groups of 

workers 
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The tasks of the building industry require 
the use of workers’ physical force, hence in 
order to minimize a risk of musculoskeletal 
disorders or pain development it is obvious 
that it is necessary to ensure the right level 
of comfort of work and organizational 
issues during the working day.  

Discussion 

 

According to van Tulder et al. 1995 and 
Silverstein et al. 1997 (van Tulder et al., 
1995; Silverstein et al., 1997), activities 
involving overcoming musculoskeletal 
disorders require high financial outlays. 
The health problems related to the 
overloading of construction workers also 
appeared in the Netherlands. The local 
Ministry of Social Affairs promotes 
activities to improve work safety on 
construction site (Arbo, 2006). As 
emphasized by Gillen et al., (2004) and van 
der Molen et al., (2005), very often 
employers do not have sufficient funds for 
preventive actions or do not engage in 
cooperation with entities that provide 
technical solutions in the field of safety and 
ergonomics of work in the market. 
Referring to the research conducted among 
Dutch masons, it should be noted that 
about 45% of them suffer from ailments in 
the lumbar region of the spine and, in the 
shoulder area, about 27% (van der Molen 
et al., 2005). In the conducted research, 
25% of workers felt pain in the lower part 
of the spine, while about 5% complain of 
shoulder pain. The most frequent external 
load during such work was in the range of 
1-6 kg. The total working time in an 
uncomfortable body position was over 4 
hours a day. A significant external burden 
also occurs during surgeons' work, 
especially during operations on patients. 
This is mainly due to the lack of a break 
during the procedure (Slack et al., 2008). It 
is necessary to introduce breaks because 
they will avoid medical errors and 
eliminate mental and physical overload 
(Geurts et al., 2006). Research conducted 
by Hassan and Abou El-Soaud (1997) 
among physical workers in the IT industry 
confirmed that the areas most exposed to 
pain and musculoskeletal disorders are the 

shoulders and neck (66.7% of the subjects) 
and the lower part of the spine (33% of 
people). The authors pointed out that static 
loads combined with dynamic loads such as 
wrists are particularly dangerous because 
in many cases they end with employee 
injuries. As a consequence, symptoms of 
dysfunctions of the nervous and circulatory 
systems of these employees often appear. 
According to the authors, if employees will 
follow the rules of working hours and 
breaks at work, the level of work safety will 
be satisfying.  

Summary 

Based on conducted studies in the real 
work environment, it was found that more 
frequent breaks for industry workers 
should be introduced. A positive 
correlation was prepared between the 
seniority of industry workers and the time 
needed to regenerate during described 
works. In the 48-58 age group, a 
reasonable break-time duration should be 
a total of 120 minutes, hence 15 minutes 
after each work hour. Workers aged 20-30 
have confirmed that their time to regain 
their strength is 20 minutes over an 8-hour 
working period. Despite many 
organizational and technical solutions, as 
well as applied individual protection 
solutions, there are a number of risks in the 
industry space that impact negatively 
workers' health and life, which result in 
disorders of the musculoskeletal system in 
the cervical and lumbar parts, which may 
lead to the development of occupational 
diseases and result in time off work.  As 
demonstrated during twenty-four hours, 
industry workers performed their activities 
for up to 12 hours per day, which 
additionally affects the overload of the 
musculoskeletal system. 
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