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THE QUALITATIVE AND QUANTITATIVE STRUCTURE
OF THE CAUSES OF OCCUPATIONAL ACCIDENTS ON
CONSTRUCTION SCAFFOLDING

T. NOWOBILSKI', B. HOLA?

The article presents the results of research, the aim of which was to determine the qualitative and quantitative
structure of the causes of accidents that were a result of falling from scaffolding. An original methodology for
the classification of accidents with regards to their causes was developed and was based on cluster analysis.
An example of using the proposed methodology is provided. 187 post-accident protocols of occupational
accidents involving construction scaffolding, which occurred between 2010 and 2017 in selected Polish
voivodeships, were analyzed. Afterwards, the matrix of accident causes, for which the calculations were made,
was created. Five subsets of accidents were obtained and the accidents were classified to a subset with similar

causes.

Keywords: Classification of accidents, classification methodology, construction scaffolding, cluster analysis,
causes of accidents

1. INTRODUCTION

The construction industry is one of the most dangerous branches of the economy in the world [1].
This is due to the impact of many factors on occupational safety [2, 3, 4], including those related to
the conditions of implementing construction works, the type of carried out works, the type of used

equipment, etc. As can be seen in current research, a significant amount of accidents in the
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construction industry is related to working at heights, including construction scaffoldings [5]. Work
at these workstations carries a high occupational risk. This is influenced by many factors, including
technical, organizational and human factors [6], climatic conditions [7, 8, 9], as well as others. In
order to reduce the number of accidents on construction scaffolding, it is necessary to recognize the
phenomenon and, in particular, to identify the main causes that contribute to the accidents.

The aim of the conducted research was to obtain information on the qualitative and quantitative
structure of the causes that result in the largest number of occupational accidents involving
construction scaffolding. The formulated main objective requires the achievement of intermediate
goals, which include the obtaining of information on occupational accidents involving construction
scaffolding, and also the classification of accidents to subsets with similar causes. The problem was

solved using the data mining method - cluster analysis that is available in Statistica software.

2. TEST METHODOLOGY

The tests and analyzes were carried out in accordance with the methodology presented in Figure 1.

Identification of the qualitative and quantitative structure of the causes of ocoupational accidents on construction scaffolding
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Fig. 1. Scheme of research methodology
Every occupational accident is a result of many causes. Information on the causes of accidents can
be obtained, among others, from post-accident protocols. In the case of work on scaffolding, the
causes of accidents may involve deficiencies and irregularities in the construction of the

scaffolding, improper organization of work on the scaffolding, a lack of medical tests that permit
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work at heights, etc. In Poland, TOL methodology is one of the most widespread methods of
classifying the causes of occupational accidents [10]. It assumes that each accident is the result of
three types of causes, namely: technical (T), organizational (O) and human (L). Additional
significant causes, less significant causes, as well as irrelevant ones can be distinguished in each
generic group. In order to identify the significance of causes in each generic group, the authors of

publication [11] propose the use of Pareto-Lorenz analysis and ABC classification [12, 13].

The occurrence of the cause of an accident can be described in the form of binary variable 0-1. The
value 1 indicates the occurrence of a given cause, while the value 0 means that the cause did not

occur.

The set of all analyzed accidents is characterized by a matrix of causes, which is given by the

formula:
[T1,1 v Tha oo Opg o Lpg LN,1]
|T1’2 wo Tpy o Opg o Lpy o Ly |
21 A, = : : : : : : : :
( ) v Tl,v Tn,v On,v Ln,v LN,v
vy . Toy o Opy .. Lpy . Lyy
where:

v —is the accident number (v = 1,2, 3, ..., V),

n — is the accident cause number (n = 1, 2,3, ..., N).

The resulting set of causes is the basis for the determination of subsets of accidents, which are
caused by a similar set of causes. In order to define such subsets, the use of cluster analysis was
proposed [14, 15, 16]. The criterion for assessing the affiliation of an object to a given subset is the
measure of similarity. In practical considerations, this is a function of the "improbability" of
objects. This means that if the distance between objects O, and Oy, is greater than the distance
between objects O, and O, then object O, is more "unlike" object O, than it is to object O,.
Consequently, this leads to the situation where objects 0, and O, can create a cluster because they

are more "similar" to each other. In the case of qualitative data analysis, the authors propose to
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determine the distance measure using percentage non-compliance [14]. The general formula of the

distance calculated using percentage non-compliance takes the following form:

number of all pairs where: Pq n#Pppn

(2.2) d(0, 0p) =

number of all pairs

where:
0,, 0, — assessed objects — occupational accidents a and b, where a # b, and a, b € {v},

Py Ppn — values of individual parameters that describe the analyzed accidents a and b, where a # b;

a b€ {vkn=123,. ,Nand P p, Ppn € {0,1}.

In the analyzed task, objects refer to individual accidents. The method of hierarchical cluster
analysis, and also the agglomeration technique of grouping and binding objects using the Ward
method [17], which results in the dendrogram, is proposed in order to determine the number of
clusters. Depending on the location of cutting off the branch of the dendrogram, a variable number
of clusters is obtained [18, 19, 20]. According to [14], the cut-off location can be determined using
various methods, including the Mojena rule [21]. According to this method, the place of division is
the achievement of such a binding distance for which the inequality given by the following formula

is fulfilled:

2.3) di+1>M+ky-sy
where:

dy,dy, ..., d,_1 — distance between bonds for subsequent stages: n,n — 1, ..., 1,
M — average value of the distance between bonds,
sq — standard deviation d;,

ky — a constant value ranging from 2,75 to 3,50.

The next step is to assign the analyzed accidents to individual clusters, i.e. the determination of
subsets of accidents that are similar with regards to their causes. For this purpose, the authors
propose the use of the k-means grouping method. Analysis of the obtained results will allow the
qualitative and quantitative structure of the causes of occupational accidents involving construction

scaffolding to be determined.
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3. THE APPLICATION OF THE PROPOSED METHODOLOGY

Occupational accidents, which occurred between 2010 and 2017 in the following voivodships:
Dolnoslaskie, Lubelskie, Lodzkie, Mazowieckie and Wielkopolskie, were subjected to analysis. On
its basis, 187 accidents involving construction scaffolding were identified, for which a set of 1,198
causes was determined. The naming of the detailed causes of accidents included in Table 1, which
was adopted for the purpose of the analysis, is identical to the nomenclature used in statistical
accident cards. From the set of identified organizational, human and technical causes, important
causes that were most often identified in accidental protocols and selected on the basis of Pareto-

Lorenz analysis and ABC classification [12, 13] were selected for further analysis.

The next stage of the research involved the determination of sets of similar accidents. The matrix of
causes Ay was built for the set of all accidents. It was the basis for the calculations when using the
hierarchical cluster analysis method, as a result of which the dendrogram was obtained. The
analysis of the dendrogram, with the assumption of the constant k), = 3,00 in the applied Mojena
method, allowed the expected number of clusters k = 5 to be determined. Accidents were then
grouped into 5 subsets marked as G1 - G5 using the k-means method. The subsets varied with the
number and type of causes - Table 1. This table provides causes that occurred in more than 50% of

accidents that were qualified for a given set.

Table 1. Accident causes

Subgroups of accidents Gl G2 G3 G4 G5

Size of a subset of accidents 29 29 30 31 68
Cause Share of causes in a particular subgroup

Cause name designation of accidents
TECHNICAL CAUSES
Design defects of scaffolding that are a source TL1 0000 | 0034 | 0267 | 0065 | 0.015
of a hazard

Inappropriate spatial structure of scaffolding T1.2 0.207 | 0.897 | 0.167 | 0.032 | 0.206
Incorrect stability of scaffolding T1.4 0.207 | 0.724 | 0.033 | 0.226 | 0.235
A lack of or incorrect safety devices TL.5 0.690 | 0.793 | 0.267 | 0.161 | 0.353
A lack of or improper collective protection measures T1.6 0.069 | 0.483 | 0.333 | 1.000 | 0.000
A lack of or incorrect signalling of hazards T1.8 0.000 | 0.034 | 0.033 | 0.065 | 0.059
The use of substitute materials T2.1 0.000 | 0.069 | 0.067 | 0.161 | 0.044
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ORGANIZATIONAL CAUSES
Incorrect work division or distribution of tasks Ol.1 0.069 | 0.069 | 0.100 | 0.097 | 0.059
A lack of supervision 013 0.517 | 0.517 | 0.433 | 0.677 | 0.485
Incorrect coordination of collective works 01.4 0.103 | 0.172 | 0.000 | 0.000 | 0.059
A lack of instructions on how to use a material factor 01.6 0.103 | 0.414 | 0.433 | 0.161 0.176
Penn15519n to'use a rpaterlal factor leFhout the 017 0379 | 0793 | 0467 | 0484 | 0.162
required inspections and supervisions
Acceptance of deviations from the provisions and
rules of occupational health and safety 01.8 0.793 | 0.586 | 0.233 | 0.258 | 0.088
by supervising people
Inadequate professional preparation of an employee 019 0.345 | 0.379 | 0.133 | 0.323 | 0.250
A lack of or improper training in the field 01.10 0276 | 0448 | 1.000 | 0.097 | 0.103
of occupational health and safety
Acceptance by supervisors of the use oL11 0.069 | 0.138 | 0.033 | 0.000 | 0.118
of inappropriate technology
Allowing an employee to work with medical olL12 0.103 | 0276 | 0.600 | 0.097 | 0.059

contraindications or without medical examinations

Inadequate passages and paths towards objects 022 0.276 | 0.483 | 0.233 | 0.161 | 0.088

Inappropriate placement and storage of work items

(raw materials, semi-finished products, products etc.) 023 0.034 | 0241 | 0.000 ) 0.000 | 0.088
A lack of personal protective equipment 02.5 0.069 | 0.000 | 0.467 | 0.097 | 0.059
HUMAN CAUSES
Using a material factor t?jé is unsuitable for a given L11 0103 | 0.069 | 0000 | 0.032 | 0.059
Improper protection of a material factor L1.4 0.034 | 0.103 | 0.000 | 0.097 | 0.015
Improper gripping/holding of a material factor L1.7 0.000 | 0.069 | 0.000 | 0.000 | 0.044
A lack of using personal protective equipment by an 2.1 0.621 | 0379 | 0200 | 0419 | 0.176
employee
Performing work that is not 1}1cluded in the scope of 131 0103 | 0.034 | 0100 | 0.065 | 0.147
the employee's duties
Moving around, passing through or staying L3.2 0414 | 0.103 | 0.167 | 0.000 | 0.118
in unauthorized places
Performing activities without removing the hazard
(e.g. not turning off a machine, not switching off the L34 0.034 | 0.000 | 0.033 | 0.032 | 0.044
voltage)
Consumption of alcohol, narcotic drugs 145 0069 | 0.172 | 0.100 | 0290 | 0.191

or psychotropic substances

A lack of knowledge about a hazard L5.1 0.103 | 0.103 | 0.133 | 0.000 | 0.029

A lack of knowledge about occupational health and

. Ls5.2 0.069 | 0.069 | 0.200 | 0.000 | 0.000

safety rules and regulations
Disregarding danger (bravery, risk) L5.3 0.897 | 0.000 | 0.167 | 0.129 | 0.103
Insufficient attention when performing an operation L5.5 0.034 | 0.103 | 0.067 | 0.161 | 0.191

Being surprised by an unexpected event L5.6 0.345 | 0.069 | 0.100 | 0.097 | 0.206
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The values included in Table 1 describe the participation of a given cause in a subset of accidents,
e.g. the G4 subset contains 31 accidents. The dominating causes in this subset are: a lack of or
inappropriate collective protection measures and also a lack of supervision. The most numerous set
G5 contains 68 accidents. The causes of accidents in this group are characterized by very high
dispersion, which makes the indication of the dominant causes difficult. However, it should be
noted that the causes that most often result in accidents in this group are: a lack of supervision, a
lack of or inappropriate safety devices, as well as the insufficient professional preparation of an

employee.

4. CONCLUSIONS

In the analysis of the accident rate phenomenon, knowledge about the causes that most often lead to
accidents is crucial. The article proposes a methodology for the classification of occupational
accidents that involve construction scaffolding, which is based on knowledge about the causes that
led to their occurrence. Based on the conducted research and analyses, the following conclusions

were made:

1. The causes of accidents can be classified into the following generic groups: technical,
organizational and human. Every occupational accident is caused by at least several causes that
belong to these generic groups. The relevant causes that very often lead to an accident can be
identified in each generic group of causes based on the analysis of the causes from a large set of

accidents.

2. The built matrix of causes can be the basis for grouping accidents into subsets that involve
accidents caused by similar causes. Such grouping can be carried out using the methodology

proposed in the article, which is based on cluster analysis.

3. Based on the conducted calculations, 5 subsets containing accidents that are similar with regards
to their causes were obtained. The G1 set has 29 accidents. The dominating causes are as
follows: a lack of or inappropriate safety devices, a lack of supervision, acceptance by
supervisors of deviations from the provisions and principles of occupational health and safety, a
lack of using personal protective equipment by an employee, and also the disregarding of risk
(bravery, risk). The G2 set consists of 29 accidents. The dominating causes are as follows:
improper spatial structure of scaffolding, improper stability of scaffolding, a lack of or incorrect

safety devices, a lack of supervision, permitting a material factor to be used without the required
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inspections and supervisions, and also acceptance by supervisors of deviations from the
provisions and principles of occupational health and safety. The G3 set consists of 30 accidents.
The dominating causes in this set are as follows: a lack of or incorrect training in the field of
occupational health and safety, and also allowing an employee to work with medical
contraindications or without medical examinations. The G4 set consists of 31 accidents and the
dominating causes are as follows: a lack of or inappropriate collective protection measures and
also a lack of supervision. The G5 set has 68 accidents. The causes of accidents in this set are
characterized by a very large dispersion, which is why the indication of unambiguous causes is
difficult. However, it should be noted that the causes that most often cause accidents in this set
are: a lack of supervision, a lack of or inappropriate safety devices, and also insufficient

professional preparation of an employee.

4. The proposed methodology can be applied in the area of scientific research and also engineering
practice. The obtained research and analysis results can be the basis for the classification and
comparison of other sets of accidents that are characteristic for construction technologies,
construction machines or constructed building objects. The practical aspect of the proposed
methodology is connected with the possibility of formulating conclusions that may be important
for the improvement of occupational safety in the construction industry. This is due to the
identification of the causes that most often result in accidents, and in turn the indication of

appropriate prophylactic solutions.

5. In the research conducted by the authors, information on the number of causes in individual sets
will be used to estimate the probability of the occurrence of an accident that is a result of a
given cause or set of causes. The results of these estimations can be used in further research on

occupational risk assessment in the construction industry.

The article is the result of the implementation by the authors of research project No. 244388
"Model of the assessment of risk of the occurrence of building catastrophes, accidents and
dangerous events at workplaces with the use of scaffolding”, financed by NCBIR within the
framework of the Programme for Applied Research on the basis of contract No. PBS3/42/19/2015.
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STRUKTURA JAKOSCIOWA I ILOSCIOWA PRZYCZYN WYPADKOW PRZY PRACY NA
RUSZTOWANIACH BUDOWLANYCH

Keywords: Klasyfikacja wypadkow, metodyka klasyfikacji, rusztowania budowlane, analiza skupien, przyczyny
wypadkow

STRESZCZENIE:

Branza budowlana zaliczana jest do jednej z najbardziej niebezpiecznych gatezi gospodarki na §wiecie. Spowodowane
jest to wptywem na bezpieczenstwo pracy wielu czynnikdw, m.in. zwigzanych z warunkami realizacji obiektow
budowlanych, rodzajem prowadzonych robdt, rodzajem stosowanych urzadzen, itp. Jak pokazuja dotychczasowe
badania, znaczna cz¢s¢ wypadkow w budownictwie zwigzana jest z praca na wysokosci, w tym na rusztowaniach
budowlanych. Praca na tych stanowiskach obarczona jest duzym ryzykiem zawodowym. Aby ograniczy¢ liczbe
wypadkow na rusztowaniach budowlanych konieczne jest wilasciwe rozpoznanie zjawiska, a zwlaszcza
zidentyfikowanie glownych przyczyn sprzyjajacych powstawaniu wypadkow.

Celem prowadzonych badan byto uzyskanie informacji o strukturze jakosciowej i ilosciowej przyczyn powodujacych
najwigksza liczb¢ wypadkdw przy pracy z udzialem rusztowan budowlanych. Sformutowany cel gléwny wymaga
osiggnigcia celéw posrednich, do ktérych zaliczono: pozyskanie informacji o wypadkach przy pracy z udzialem
rusztowan budowlanych oraz dokonanie klasyfikacji posiadanego zbioru wypadkéw na podzbiory skupiajace wypadki
o podobnych przyczynach. Do rozwiazania zagadnienia wykorzystano metod¢ eksploracji danych — analiz¢ skupien,
dostepna w oprogramowaniu Statistica. Autorzy artykulu opracowali metodyke klasyfikacji wypadkéw w aspekceie ich

przyczyn przedstawiong na rys. 1.

| Identyfikacja struktury jakosclowej | llodciowej przyczyn wypadkow przy pracy na rusztowaniach budowlanych

\J
ETAP 1: Identyfikacja zbioru istotnych przyczyn
dzgcych do wypadkow przy pracy

|
ETAP 2: Opracowanie podzbloréw wypadkéw

na rusztowaniach podobnych
Analiza skuplen Pakiot
Identyfikacja przyczyn Protok:
W:l/ypa'dk’:)wy M e nowypuu:gwu - metoda hierarchiczna ‘ ’ Statistica ‘
\J
\J
< Metoda TOL Oklm\lm\ml liczby = Reguta
skupien Mojena
Wybor | klasyfikacja e Analiza v
istotnych przyczyn Pareto-Lorenza Analiza skupien - metoda k-srednich \
wypadkow
Klasyfikacja \J
ABC Wyznaczenie podzblorow wypadkow
charakleryzujacych sig podobnymi|
Opracowanie macierzy istotnych przyczyn przyczynami

charakteryzujgcych analizowane wypadki ]
Analiza wynikow |

Y
WNIOSKI

Rys. 1. Schemat opracowanej metodyki badan

W celu weryfikacji metodyki przeprowadzono analiz¢ wypadkow przy pracy, ktore zaistniaty w latach od 2010 do 2017
roku, w wojewodztwach: dolnoslaskim, lubelskim, 0dzkim, mazowieckim i wielkopolskim. Na tej podstawie

zidentyfikowano 187 wypadkoéw z udziatem rusztowan budowlanych, dla ktoérych okreslono zbiér 1198 przyczyn.
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Sposrod zbioru zidentyfikowanych przyczyn technicznych organizacyjnych i ludzkich, do dalszej analizy, wybrano

przyczyny istotne, najczgsciej identyfikowane w protokotach powypadkowych.

Nastepnie okreslono zbiory wypadkéw podobnych. Dla zbioru wszystkich wypadkow, zbudowano macierz przyczyn

istotnych, ktéra byta podstawg ich klasyfikacji. Po przeprowadzeniu obliczen, z wykorzystaniem analizy skupien, przy

zalozeniu stalej k), = 3,00 w zastosowanej metodzie Mojena, uzyskano 5 podzbioréw wypadkoéw réznigcych sig

migdzy soba liczba irodzajem przyczyn. Fragment uzyskanych wynikéw obejmujacych przyczyny techniczne,

przedstawiono w Tabeli 1.

Tabela 1. Przyczyny techniczne wypadkow

Podgrupy wypadkow Gl G2 G3 G4 G5
Liczebnosé¢ podzbioru wypadkow 29 29 30 31 68
Nazwa prayezyny oy | padgrupuh padi
PRZYCZYNY TECHNICZNE
Wady konstrukcyjne rusz'tonania bedace zrodiem TL1 0,000 | 0,034 | 0267 | 0,065 | 0.015
zagrozenia

Niewtasciwa struktura przestrzenna rusztowania T1.2 0,207 | 0,897 | 0,167 | 0,032 | 0,206
Niewlasciwa stateczno$¢ rusztowania T1.4 0,207 | 0,724 | 0,033 | 0,226 | 0,235
Brak lub niewlasciwe urzadzenia zabezpieczajace T1.5 0,690 | 0,793 | 0,267 | 0,161 | 0,353
Brak lub niewtasciwe $rodki ochrony zbiorowe;j Tl.6 0,069 | 0,483 | 0,333 | 1,000 | 0,000
Brak lub niewtasciwa sygnalizacja zagrozen T1.8 0,000 | 0,034 | 0,033 | 0,065 | 0,059
Zastosowanie materiatow zastgpczych T2.1 0,000 | 0,069 | 0,067 | 0,161 | 0,044

Na podstawie przeprowadzonych badan i analiz sformutowano m. in. nastgpujace wnioski:

1.

Na podstawie obliczen, otrzymano 5 podzbioréw zawierajacych wypadki podobne pod katem przyczyn, ktére je
spowodowaty. Przyktadowo, zbior G1 liczy 29 wypadkéw. Dominujacymi przyczynami w tym zbiorze sa: brak lub
niewlasciwe urzadzenia zabezpieczajace, brak nadzoru, tolerowanie, przez osoby sprawujace nadzor odstgpstw od
przepisow i zasad bezpieczenstwa i higieny pracy, nieuzywanie przez pracownika srodkow ochrony indywidualne;j,

lekcewazenie zagrozenia (brawura, ryzykanctwo).

Proponowana metodyka moze by¢ stosowana zard6wno w obszarze badan naukowych, jak i w praktyce
inzynierskiej. Uzyskane wyniki badan i analiz mogg by¢ podstawa do klasyfikacji i pordbwnywania innych zbioréw
wypadkow charakterystycznych dla stosowanych w budownictwie technologii, maszyn budowlanych badz
realizowanych obiektow budowlanych. Praktyczny aspekt proponowanej metodyki wigze si¢ z mozliwoscia
formutowania wnioskow, ktore moga by¢ istotne dla poprawy bezpieczenstwa pracy w budownictwie poprzez
wskazanie przyczyn najczesciej powodujacych wypadki, a nastgpnie wskazanie wilasciwych rozwigzan

profilaktycznych.

W prowadzonych przez autoréw badaniach naukowych, informacje o licznosci przyczyn w poszczegélnych
zbiorach bgda wykorzystane do szacowania prawdopodobiefistwa powstania wypadku spowodowanego poprzez
dang przyczyne lub zbior przyczyn. Wyniki tych oszacowan moga byé wykorzystane w dalszych badaniach

dotyczacych oceny ryzyka zawodowego w budownictwie.
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