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Abstract: This article proposes a methodology for classifying occupational accidents involving
scaffolding based on the knowledge of the causes that led to their occurrence. Each occupational
accident is caused by several causes belonging to three generic groups (technical, organizational,
human) occurring in a different configuration. The aim of this research was to determine the
qualitative and quantitative structure of the causes of accidents caused by falling from scaffolding.
Significant causes were selected from the set of all the causes identified in the analyzed set of
accidents. For this purpose, Pareto–Lorenz analysis and the ABC classification were used. Then, a
set of significant causes containing technical, organizational and human causes was created, which
was the basis for determining the subsets of accidents caused by similar causes. The hierarchical
cluster analysis method, the agglomeration clustering technique and the binding of objects using
the Ward method were proposed to determine the number of characteristic clusters. Three subsets
of accidents with a similar set of causes were obtained. Information on the quality and number of
causes in individual subsets was used to estimate the probability of an accident caused by a given
set of causes and to assess occupational risk in construction. Calculations were performed using
Statistica software.

Keywords: building scaffolding; causes of accidents; classification of the causes of accidents;
Pareto–Lorenz analysis; cluster analysis

1. Introduction

A large and uncontrolled number of occupational safety hazards that occur during
construction works lead to accidents at work or other dangerous situations. The construc-
tion industry is one of the most dangerous branches of the economy in the world [1]. This
is due to the influence of many factors (related to the conditions of construction works, the
type of performed works, the type of used equipment, etc.) on occupational safety [2,3]. In
analyses of the state of occupational safety, the accident factor should be understood as all
types of tangible and intangible activities that directly or indirectly affect the accidentality
phenomenon [2]. In order to reduce the number of accidents, it is necessary to properly
diagnose this phenomenon, and in particular to identify the main factors contributing to
the occurrence of accidents.

1.1. Identification and Analysis of Accident Factors

The identification and analysis of accident factors are important areas of scientific
research, because they are the basis for the proper design and planning of preventive
measures [2,4–6]. In studies of accident factors, questionnaire research and documentation
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analysis are used first. Choudhry and Fang [7] presented the results of a survey concerning
the identification of accident factors, which was conducted among construction workers.
The identified factors were assigned to groups related to: management, safety procedures,
the psychological features of employees, economy and work efficiency, self-assessment, the
experience and perception of risk of employees, the work environment and training and
education in the field of occupational safety. In [2], accident factors, which were identified
on the basis of a research questionnaire, were divided into three groups depending on
the degree of their connection with the accident. Group I included factors directly related
to the construction site, group II involved factors generated in an organization such as
a construction company and group III included factors generated in the surroundings
of a construction company. Among the publications concerning this subject, the work of
Stępień [8] deserves special attention. The author, on the basis of an extensive analysis of the
subject literature, established a detailed classification of accident factors and divided them
into four groups related to: working conditions, employees, management and organization
of work, and the work environment.

Each accident at work is caused by the simultaneous action of several factors that are
the direct causes of the accident [9,10]. The sources of these factors are directly related
to, among others, the construction site [11], the organization of work processes [12], the
organization of the construction enterprise and its size [3,13]. On the basis of the authors’
previous research [3], it was observed that the surroundings of the construction site may
also affect the level of occupational safety. This is confirmed by, among others, the studies
of [14,15], in which particular attention was paid to the impact of the social environment
on the culture of occupational safety in the construction industry.

In Poland, a popular method of classifying the causes of occupational accidents is
the TOL method, which was initiated by Hansen [16,17]. This method assumes that every
accident is the result of three types of causes, namely:

• Technical (T), related to, among others, defects and damage to tools and devices used
during works;

• Organizational (O), related to, among others, the improper organization of the work
process and workstations;

• Human (L), related to the incorrect behavior of employees, their psychophysical
state, etc.

As the research conducted to date shows, a significant proportion of accidents in the
construction industry are related to working at height, including working on building scaf-
foldings [9,18]. Working on these workstations is burdened with a high occupational risk,
and the possible consequences of an accident are usually very serious. This is confirmed,
among others, by studies conducted by Taiwanese scientists [19,20], according to which
accidents involving construction scaffolding account for approximately 30% of all fatal
accidents in the construction industry.

An unfavorable situation related to working at height results from a large amount of
negligence concerning employers and employees performing such works. According to the
inspection of 4779 Polish construction sites, which was carried out by the National Labour
Inspectorate in 2018 [21,22], violations of regulations related to safe work at height were
found in 62% of the cases. In 47% of the inspected construction sites, irregularities directly
related to the use of building scaffoldings were found.

1.2. Causes of Accidents

In order to reduce the number of accidents on building scaffoldings, it is necessary
to properly identify the accidentality phenomenon on these types of structures (and in
particular the main causes that initiate accidents at work), and also to develop effective
tools for risk control and the prevention of accidents at work. Liy et al. [23] indicated
that the main cause of falls from roofs and scaffoldings is the lack of protective barri-
ers. Whitaker et al. [24] determined that the main and most frequent causes of accidents
were: arbitrary modification of the scaffolding structure, the use of defective elements, the



Appl. Sci. 2022, 12, 5514 3 of 15

lack of barriers and construction errors. In turn, Suraji et al. [25] showed that the most
common causes of accidents were: violations of applicable regulations, ignorance of health
and safety rules, insufficient individual and collective protective equipment of employees
and workplaces and an improperly conducted construction process. The above results
were also confirmed by Chi and Han [26]. In turn, Halperin and McCann [20] showed a
strong correlation between the number of defects in the scaffolding structure and the level
of the risk of falling, as well as between the applied safety practices on scaffoldings and
the competences of people running on-the-job training. According to Evanoff et al. [27],
the safety of work on scaffoldings can be improved by using appropriate training methods.
Moreover, Wong et al. [28] analyzed falls from a height in Hong Kong. They divided the
factors influencing accidents into four categories, namely: poor planning, violations of
regulations, hidden dangers caused by others and the incapability of staff. In addition,
the authors identified irregularities in the management of the construction site, which
included: the lack of risk control, the use of dangerous methods and procedures and the
inadequate training and supervision of works. The research presented in the above articles
is of a statistical nature. Based on the analysis of a specific set of accidents, the percentage
share of various causes leading to accidents was determined. A methodical approach to the
analysis of the causes of accidents in the construction industry was presented by Gibb et al.
In [29,30], the authors classified the root causes of an accident at a construction site as:
failure to identify a hazardous condition that existed before or after the commencement of
operations; the decision to continue work after an employee identifies an existing unsafe
condition; and the decision to act in a dangerous manner irrespective of initial conditions.
Błazik-Borowa et al. [31,32] indicated that the occurrence of an accident is largely influ-
enced by conditions that are present throughout the scaffolding’s “life cycle”, including the
stage of preparation of documentation related to the scaffolding, the selection of assembly
elements, the assembly and operation phase and the scaffolding’s disassembly. According
to the literature, the problem of occupational accidents on building scaffoldings occurs in
many countries. This problem is perceived and analyzed with regard to various aspects.

The aim of the research presented in this article was to obtain information concerning
the qualitative and quantitative structure of the causes that result in the greatest number
of occupational accidents involving building scaffoldings. For this purpose, an original
methodology for classifying accidents in terms of their causes was developed based on
Pareto–Lorenz analysis and cluster analysis. Therefore, information about 213 occupational
accidents related to the use of scaffolding was obtained. Based on a thorough analysis of
this information, the sets of causes that led to the accidents were developed and classified
as technical (T), organizational (O) and human (L) causes. From the set of all the identified
causes, the most important causes, which had the greatest impact on the occurrence of
an accident, were selected. The obtained set of causes was the basis for determining the
subsets of accidents caused by a similar set of causes. The calculations were performed
using Statistica software.

2. Research Methodology

The research and analyses were carried out in accordance with the methodology
presented in Figure 1. In the methodology proposed by the authors, two research tasks can
be distinguished:

1. The identification of a set of significant causes that lead to accidents on building
scaffoldings;

2. The development of subsets of similar accidents, and the identification of their causes.
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2.1. The Identification of a Set of Significant Causes That Lead to Accidents on
Building Scaffoldings

Every occupational accident has several different causes. Information on the causes
of accidents can be obtained, among others, from post-accident protocols. A method of
classifying the causes of occupational accidents [16], which is used in Poland, assumes
that each accident is the result of a combination of three types of causes: technical (T),
organizational (O) and human (L). In each of these groups, very significant, significant
and insignificant causes can be distinguished. In order to identify the significance of
the causes, the authors of [10] proposed the use of Pareto–Lorenz analysis and the ABC
classification [33,34].

To classify the causes according to the degree of their influence on the accident, ABC
analysis, which is known in economics and easy to implement, was used. According to the
ABC method, it is necessary to divide the identified causes into three subsets. Therefore, it
was assumed that:

• The set of very significant causes, which is marked as A, includes 80% of all the causes
that can be attributed to a specific group of causes;

• The set of significant causes, which is marked as B, includes the causes that constitute
15% of all the causes that can be attributed to a specific group of causes;

• The set of insignificant causes, which is marked as C, includes 5% of all the causes
identified in the set.

Due to the very large number of possible combinations of all the identified causes of
accidents, the very significant causes (constituting about 80% of all the identified causes of
accidents) were separated from the set of all the causes, and further analysis was carried
out for them.

The occurrence of a cause in the accident can be described in the form of the binary
variable 0–1. The value of 1 means that a given cause occurred, while the value of 0 means
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that the given cause did not occur. The set of all the analyzed accidents is characterized by
a matrix of causes, which is given by the following formula:

AV =



T1,1 . . . Tn,1 . . . On,1 . . . Ln,1 . . . LN,1
T1,2 . . . Tn,2 . . . On,2 . . . Ln,2 . . . LN,2

...
...

...
...

...
...

...
...

...
T1,V . . . Tn,v . . . On,v . . . Ln,v . . . LN,v

...
...

...
...

...
...

...
...

...
T1,V . . . Tn,V . . . On,V . . . Ln,V . . . LN,V


(1)

where:

AV—a set of analyzed accidents;
Tn,v—the n-th technical cause of accident v, (n = 1, 2, 3, . . . , N), (v = 1, 2, 3, . . . , V);
On,v—the n-th organizational cause of accident v;
Ln,v—the n-th human cause of accident v.

2.2. The Development of the Subsets of Similar Accidents, and the Identification of Their Causes

The obtained set of all the causes was the basis for determining the subsets of accidents
that are caused by similar causes. To determine these subsets, the use of cluster analysis
was proposed [35–39]. The criterion for assessing whether an object belongs to a given
subset is the measure of the similarity of objects. In practical considerations, this is the
“dissimilarity” function of objects. This means that if the distance between objects Oa and
Ob is greater than the distance between objects Oa and Oc, then Oa is more “dissimilar” to
Ob than to Oc. Consequently, this leads to a situation where objects Oa and Oc can form
a cluster because they are more “similar” to each other. In the case of qualitative data
analysis, the authors of the paper propose determining the distance measure with the use
of the percentage deviation [35]. The general formula for the distance calculated using the
percentage deviation takes the following form:

d(Oa, Ob) =
the number o f all pairs in which : Pa,n 6= Pb,n

the number o f all pairs
(2)

where:

Oa, Ob—the analyzed objects, i.e., occupational accidents a and b, where a 6= b, and
a, b ∈ {v};
Pa,n, Pb,n—the values of individual parameters that describe the analyzed accidents a and
b, where a 6= b; a, b ∈ {v}; n = 1, 2, 3, . . . , N; and Pa,n, Pb,n ∈ {0, 1}.

In the analyzed task, the objects are individual accident events Av; (v = 1, 2, 3, . . . , V).
The method of hierarchical cluster analysis, the agglomeration technique of grouping and
the binding of objects using the Ward method were proposed in order to determine the
number of clusters [40]. Grabiński’s method was proposed to determine the cut-off point of
the dendrogram [41]. The next step of the analysis was the assignment of accident events
Av to individual clusters, i.e., the development of subsets of similar events in terms of their
causes. The k-means clustering method was proposed for this purpose. According to this
method, the place of division is the achievement of the bond distance for which the inequality
given by the following formula is satisfied:

di+1 > M + kM·sd (3)

where:

d0, d1, . . . , dn−1—the distance between the bonds for subsequent stages: n, n− 1, . . . , 1;
M—the average value of the distance between the bonds;
sd—standard deviation di;
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kM—the constant, ranging from 2.75 to 3.50.

The analysis of the obtained results allows the qualitative and quantitative structure of
the causes of occupational accidents involving construction scaffoldings to be determined.
Table 1 lists the notations used in this paper.

Table 1. Table of notations used in this paper.

Notation Definition

TOL Methodology of accident case classification
T Technical causes
O Organizational causes
L Human causes

AV A set of analyzed accidents
ABC Classification of causes in terms of materiality

A The set of very significant causes
B The set of significant causes
C The set of insignificant causes

3. Results

An analysis of occupational accidents that occurred within the years 2010 to 2017 in
the Dolnośląskie, Lubelskie, Łódzkie, Mazowieckie and Wielkopolskie voivodeships was
carried out. On its basis, 213 accidents involving scaffoldings were identified, for which a
set of 1198 causes was determined. The nomenclature of the detailed causes adopted for the
purposes of the analysis, which is presented in Tables 1–3, is the same as the nomenclature
used in the statistical post-accident cards.

Table 2. Analyzed detailed technical tγ causes.

Type of Technical Cause T
T = {tγ:γ = 1, . . . , 14}

Cardinality of
Occurrence

Share
[%]

Cumulative
Share [%]

Validity Class
of Cause

t1 Lack of or inadequate protective devices 87 26% 26% A

t2
Lack of or inadequate measures of

collective protection 70 21% 47% A

t3 Improper spatial structure of scaffoldings 67 20% 67% A

t4 Improper stability of scaffoldings 56 17% 83% A

t5
Design defects of scaffoldings that are a source

of hazards 12 4% 87% B

t6 Use of substitute materials 11 3% 90% B

t7 Lack of or incorrect signaling of hazards 9 3% 93% B

t8 Insufficient strength of scaffolding components 6 2% 95% B

t9 Failure to meet required technical parameters 6 2% 96% C

t10 Hidden material defects 4 1% 98% C

t11 Excessive use of scaffoldings 3 1% 99% C

t12 Inadequate maintenance of scaffoldings 3 1% 99% C

t13 Excessive use of scaffoldings 1 0% 100% C

t14
Improper repairs and renovations

of scaffoldings 1 0% 100% C
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Table 3. Analyzed detailed organizational causes oδ.

Type of Organizational Causes O
O = {oδ:δ = 1, . . . , 20}

Cardinality of
Occurrence

Share
[%]

Cumulative
Share [%]

Validity Class
of Cause

o1 Lack of supervision 110 18% 18% A

o2
Admission of scaffoldings to operation without

the required inspection and supervision 83 13% 31% A

o3
Lack of or inadequate training in the area of

occupational health and safety 72 12% 43% A

o4
Acceptance of deviations from the rules and
regulations of occupational health and safety 64 10% 53% A

o5 Inadequate professional training of an employee 55 9% 62% A

o6
Lack of instructions on how to use

scaffoldings safely 48 8% 69% A

o7

Admission of an employee to work without
medical examination or with medical

contraindications
46 7% 77% A

o8 Inadequate passages and access points 43 7% 84% B

o9 Lack of personal protective equipment 25 4% 88% B

o10
Acceptance of the use of improper technology

by supervisors 15 2% 90% B

o11 Incorrect job sharing or task scheduling 14 2% 92% B

o12 Improper placement and storage of work tools 11 2% 94% B

o13 Incorrect location of equipment at a workstation 7 1% 95% B

o14
Improper selection of personal

protective equipment 7 1% 96% C

o15 Incorrect coordination of collective work 6 1% 97% C

o16 Incorrect commands of superiors 5 1% 98% C

o17
Not removing unnecessary tools, substances or

energy, e.g., waste 5 1% 99% C

o18 Performing work when short-staffed 3 0% 100% C

o19
Performing work on command that is not

included in the scope of an employee’s duties 2 0% 100% C

o20
Performing work despite having the wrong tools

and materials 1 0% 100% C

3.1. The Identification of a Set of Significant Causes That Lead to Accidents on
Building Scaffoldings

In the analyzed set of accidents AV , technical causes T occurred 336 times in total.
Table 1 lists the identified technical causes T, which are arranged in descending order,
starting with the cause that occurred the greatest number of times. Table 2 contains the
cardinality of occurrences of individual tγ causes, the percentage share of individual tγ

causes, the cumulative percentage share of tγ causes and the validity class of tγ causes.
Figure 2 presents a Pareto–Lorenz diagram that shows the tγ causes, which are or-

dered from the maximum number of occurrences to the minimum number of occurrences,
and also their cumulative percentage share. The figure also shows the validity class of
causes: A—very significant; B—significant; C—insignificant. When analyzing the obtained
results, it should be stated that technical causes t1, t2, t3 and t4, the cumulative share of
which is approximately 83%, are very significant.
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Figure 2. Pareto-Lorenz chart of the identified technical causes.

In the analyzed set of accidents AV , organizational causes O occurred 622 times in
total. Table 3 lists the identified organizational causes O, ordered from the maximum to
the minimum, starting with the cause that occurred most often. Additionally, this table
includes the cardinality of occurrences of individual oδ causes, the percentage share of
individual oδ causes, the cumulative percentage share of oδ causes and the validity class of
oδ causes.

Figure 3 presents a Pareto–Lorenz diagram that shows oδ causes that are ordered
from the maximum cardinality of occurrences to the minimum cardinality of occurrences,
and also their cumulative percentage share. The figure also shows the validity class of
causes: A—very significant; B—significant; C—insignificant. When analyzing the obtained
results, it should be stated that the organizational causes o1–o7, the cumulative share of
which is approximately 77%, are very significant.
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In the analyzed set of accidents A, human causes L occurred 364 times in total. Table 4
lists the identified human causes lτ arranged in descending order, starting with the cause
that occurred the greatest number of times. Additionally, the table contains the cardinality
of occurrences of individual lτ causes, the percentage share of individual lτ causes, the
cumulative percentage share of lτ causes and the validity class of lτ causes.

Table 4. Analyzed detailed human lτ causes.

Type of Human Cause L
L = {lτ :τ = 1, . . . , 26}

Cardinality of
Occurrence

Share
[%]

Cumulative
Share [%]

Validity Class
of Cause

l1
Failure to use personal protective equipment by

an employee 74 20% 20% A

l2 Disregarding danger 49 13% 34% A

l3 Being surprised by an unexpected event 39 11% 45% A

l4
Consumption of alcohol, drugs or

psychotropic substances 36 10% 54% A

l5 Insufficient concentration 33 9% 63% A

l6
Going to, driving through or staying in places that

are forbidden 30 8% 72% A

l7
Performing work that is not included in the scope of

an employee’s duties 20 5% 77% A

l8 Ignorance of hazards 12 3% 80% A

l9
Ignorance of regulations and rules of occupational

health and safety 11 3% 84% B

l10
Using equipment that is not appropriate for

the work 10 3% 86% B

l11
Improper securing of a device (e.g., brake not

applied when parked) 8 2% 88% B

l12 Sudden illness, physical deterioration, fatigue 6 2% 90% B

l13 Improper grasping or holding of materials or tools 5 1% 91% B

l14
Carrying out activities without removing the hazard

(e.g., machine shutdown, power off) 5 1% 93% B

l15 Failure to use collective protection measures 4 1% 94% B

l16 Disregarding superiors’ commands 4 1% 95% B

l17 Improper pace of work 4 1% 96% C

l18 Using a device while people are in the danger zone 2 1% 97% C

l19 Using a device contrary to its intended purpose 2 1% 97% C

l20 Lack of using safety devices by employees 2 1% 98% C

l21
Entering an endangered area without making sure

that there is no danger 2 1% 98% C

l22 Lack of experience 2 1% 99% C

l23 Performing work by hand instead of using devices 1 0% 99% C

l24
Defective installation, fastening, suspension of

devices by an employee 1 0% 99% C

l25 Improper handling of the limbs in the danger zone 1 0% 100% C

l26 Fatigue 1 0% 100% C

Figure 4 presents a Pareto–Lorenz diagram that shows the oδ causes, which are ordered
from the maximum number of occurrences to the minimum number of occurrences, and
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also their cumulative percentage share. The figure also shows the validity class of causes:
A—very significant; B—significant; C—insignificant.
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When analyzing the obtained results, it should be stated that the human causes
l1– l8, the cumulative share of which is about 80%, are very significant. Selected sets of
very significant technical, organizational and human causes, including significant causes
and insignificant causes, which were cumulated to a single indicator, tother, oother or lother
(depending on the type of cause), constituted the basis for determining the subsets of
accidents caused by similar causes.

3.2. The Development of the Subsets of Similar Accidents, and the Identification of Their Causes

As a result of the calculations performed with the use of Statistica software, a dendro-
gram (shown in Figure 5) was obtained. The place of cutting off a dendrogram branch was
determined using Grabiński’s method [41] and marked in Figure 5 with a red line. With
such a cut-off, the analyzed data formed three clusters (k = 3).

In the next step of the analysis, the accidents were classified into three clusters. The
k-means method was used, while at the same time, the previously determined expected
number of clusters k = 3 was assumed. As a result of the conducted classification of all
213 accidents Av into groups with a similar set of causes, three clusters of Ak (k = 1, . . . , 3)
were obtained. The number of accident events Av in individual clusters is as follows:

• Cluster A1—112 accident events Av;
• Cluster A2—66 accident events Av;
• Cluster A3—35 accident events Av.

The detailed characteristics of the obtained clusters are presented in Table 5 and
illustrated by the graph in Figure 6. The individual values in Table 5 and Figure 5 show the
share of a given cause in the subset of accident events Ak. For example, technical causes t1
occurred in 40% of events in group A1 (t1 = 0.40), 24% of events in group A2 (t1 = 0.24)
and 74% of events in group A3 (t1 = 0.74).



Appl. Sci. 2022, 12, 5514 11 of 15Appl. Sci. 2022, 12, x FOR PEER REVIEW 12 of 16 
 

0 5 10 15 20

Bonding distance

91

208

79

98

62

47

180

170

27

165

50

147

112

173

48

 
Figure 5. Dendrogram—a graph showing the clustering of individual 𝐴′ accident events in the sub-
sequent calculation steps (cut-off place—Mojen’s rule [42]). 

Table 5. Characteristics of the obtained clusters—the share of a given cause in the group of accident 
events. 

Causes Cluster 𝑨𝟏 𝑨𝟐 𝑨𝟑 
Technical 𝑇 𝑡  0.40 0.24 0.74 𝑡  0.26 0.59 0.06 𝑡  0.30 0.47 0.20 𝑡  0.26 0.29 0.23 𝑡  0.20 0.27 0.09 

Organizational 𝑂 
𝑜  0.53 0.56 0.40 𝑜  0.22 0.76 0.23 𝑜  0.10 0.74 0.34 𝑜  0.14 0.29 0.83 𝑜  0.17 0.38 0.31 𝑜  0.21 0.29 0.17 𝑜  0.07 0.47 0.20 𝑜  0.13 0.21 0.43 𝑜  0.27 0.48 0.40 

Human 𝐿 
𝑙  0.30 0.29 0.60 𝑙  0.10 0.20 0.71 𝑙  0.17 0.15 0.29 𝑙  0.24 0.11 0.06 𝑙  0.21 0.11 0.06 𝑙  0.07 0.09 0.46 
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Table 5. Characteristics of the obtained clusters—the share of a given cause in the group of acci-
dent events.

Causes
Cluster

A1 A2 A3

Technical T

t1 0.40 0.24 0.74
t2 0.26 0.59 0.06
t3 0.30 0.47 0.20
t4 0.26 0.29 0.23

tother 0.20 0.27 0.09

Organizational O

o1 0.53 0.56 0.40
o2 0.22 0.76 0.23
o3 0.10 0.74 0.34
o4 0.14 0.29 0.83
o5 0.17 0.38 0.31
o6 0.21 0.29 0.17
o7 0.07 0.47 0.20
o8 0.13 0.21 0.43

oother 0.27 0.48 0.40

Human L

l1 0.30 0.29 0.60
l2 0.10 0.20 0.71
l3 0.17 0.15 0.29
l4 0.24 0.11 0.06
l5 0.21 0.11 0.06
l6 0.07 0.09 0.46
l7 0.13 0.03 0.11

lother 0.23 0.33 0.60
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4. Discussion
4.1. The Identification of a Set of Significant Causes That Lead to Accidents on
Building Scaffoldings

On the basis of the obtained results, it can be concluded that in the analyzed case,
the Pareto principle that 20% of the identified causes occur in 80% of accidents involving
scaffolding was not 100% fulfilled. In the analyzed cases, the following proportions of the
causes with regard to their effects occurred:

• Very significant technical causes were: t1—lack of or inadequate protective devices;
t2—lack of or inadequate measures of collective protection; t3—improper spatial struc-
ture of scaffoldings; t4—improper stability of scaffoldings. These causes constituted
28.6% of all the identified technical causes and occurred in 83% of all the accidents.

• Very significant organizational causes were: o1—a lack of supervision; o2—admission
of scaffoldings to operation without the required inspection and supervision; o3—lack
of or inadequate training in the area of occupational health and safety; o4—acceptance
of deviations from the rules and regulations of occupational health and safety; o5—
inadequate professional training of an employee; o6—lack of instructions on how
to use scaffoldings safely; o7—admission of an employee to work without medical
examination or with medical contraindications; o8—inadequate passages and access
points. These causes constituted 40% of all the organizational causes and occurred in
84% all the accidents.

• Very significant human causes were: l1—failure to use personal protective equipment
by an employee; l2—disregarding danger; l3—being surprised by an unexpected
event; l4—consumption of alcohol, drugs or psychotropic substances; l5—insufficient
concentration; l6—going to, driving through or staying in places that are forbid-
den; l7—performing work that is not included in the scope of an employee’s duties;
l8—ignorance of hazards. These causes accounted for 30.76% of all the identified
human causes and occurred in 80% of all the accidents.
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There is a very high probability that with an increase in the number of accidents
involving scaffolding, the obtained proportions will be closer to the theoretical proportion
of the Pareto principle, i.e., 20%/80%.

4.2. The Development of the Subsets of Similar Accidents, and the Identification of Their Causes

Based on the conducted calculations performed with the use of cluster analysis, three
subsets were obtained, which contained accidents that are similar in terms of the causes
that caused them. Set A1 had 112 accidents. The dominant causes in the A1 subset
were: t1—lack of or inadequate protective devices; o1—lack of supervision, and tolerance
of deviations from the provisions and rules of occupational health and safety by supervisors;
l1—failure to use personal protective equipment by an employee, and ignorance of hazards.
Subset A1 included accidents with the most diverse structure of causes. This is evidenced
by the low values of the share of the causes o3, o4, o7, o8, l2, l6 and l7 in subset A1—the
probability of the occurrence of these causes was below 15%. The most common cause in
subset A1 was cause o1, which had a 53% probability of occurring.

Subset A2 had 66 accidents. The dominant causes were those related to: lack of
or inadequate means of collective protection, inadequate scaffolding stability, lack of or
inadequate safety devices, lack of supervision, admission of a material factor to work
without the required inspections and supervision and the fact that supervisors tolerate
deviations from occupational health and safety regulations and rules. In the structure of
subset A2, which consisted of 66 events, a high share of causes o1, o2, o3 and t2 (probability
of the occurrence of causes was above 50%) and a low share of causes l3, l4, l5, l6 and l7
(probability of the occurrence of causes was less than 15%) can be noticed.

Set A3 had 35 accidents. The dominant causes were: lack of or inadequate training
in occupational health and safety, and allowing an employee to work with medical con-
traindications or without medical examinations. It should be noted, however, that the
causes that most often caused accidents in this group were: lack of supervision, lack of or
inadequate safety devices and insufficient professional preparation of an employee. In the
structure of subset A3, which consisted of 35 events, a high share of causes t1, o4, l1, l2 and
lother (the probability of the occurrence of causes was above 60%) and a low share of causes
t2, tother, l4, l5 and l7 (the probability of the occurrence of causes was less than 15%) can
be noticed.

5. Summary

This article proposed a methodology for classifying occupational accidents involving
scaffolding based on the knowledge of the causes that led to their occurrence. The causes
of accidents can be classified into the following generic groups: technical, organizational
and human. Each occupational accident is caused by at least several causes that belong
to the above-mentioned generic groups, which occur in a different configuration. Based
on the analysis of the causes of the set of accidents in each generic group of causes, the
very significant causes that most often lead to an accident were identified. To identify the
significance of the causes, Pareto–Lorenz analysis and the ABC classification were proposed.

The obtained set of all the causes was the basis for determining the subsets of accidents
caused by similar causes. To define these subsets, the use of cluster analysis was proposed.
The hierarchical cluster analysis method, the agglomeration grouping technique and the
binding of objects using the Ward method were proposed in order to determine the number
of characteristic clusters. The result of the adopted methodology was a dendrogram.
Grabiński’s method was proposed to determine the point of cutting off a dendrogram
branch. Afterwards, Av events were assigned to individual clusters, i.e., subsets of similar
events in terms of the causes that caused them were developed. For this purpose, the
k-means grouping method was used.

Based on the calculations, three subsets, which contained similar accidents in terms of
their causes, were obtained. The methodology proposed by the authors of this research can
be used in both the area of scientific research and in engineering practice. The obtained re-
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sults of the tests and analyses can be the basis for the classification and comparison of other
sets of accidents, which are characteristic for technologies used in the construction industry,
construction machines or building facilities under construction. The practical aspect of the
proposed methodology is related to the possibility of formulating conclusions that may
be important for improving work safety in the construction industry by identifying the
causes that most often cause accidents, and then by indicating the appropriate preventive
solutions.

In the scientific research conducted by the authors, information on the number of
causes in individual sets will be used to estimate the probability of an accident caused by a
given cause or a set of causes. The results of these estimates can be used in further research
concerning occupational risk assessment in the construction industry.
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