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Abstract: The construction sector records a significant number of occupational accidents (A) and near-misses
(NM), making it one of the most dangerous in the economy. In recent years, interest in near-miss events has
been growing among researchers and practicing engineers, as they are considered precursors to occupational
accidents. Based on a review of the literature on the subject and their own experience, the authors of the
article conclude that there is a significant gap in research on near misses in the Polish construction industry.
The authors believe that such studies are necessary in the context of accident reduction. The purpose of
this article is to analyze the time series of near misses and accidents at work. The data used in the study
come from the system of registration of hazardous events implemented in one of the Polish construction
companies, recorded in 2015-2022. Due to the specific nature of construction work and the circumstances
of the event, 8 categories of hazardous events were specified. For each category, a time series was built to
inform about the dynamics of the changes taking place. Box plots were developed for random variables
representing the time intervals between consecutive events, informing about the statistical characteristics of
a given set of events (SHE; ). This research makes it possible to predict the occurrence of specific events
over time and to introduce preventive measures in construction practice.
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1. Introduction

The high accident rate in the construction industry has been confirmed in many scientific
papers [1-7]. Despite the use of numerous collective and individual protective measures in
construction, accidents at work still occur, causing significant injuries to workers [8]. For
example, in 2022, 3703 people were injured in work accidents in Poland, including 41 fatalities
and 48 serious accidents [9]. Work carried out at height, among other things, on construction
scaffolding, is particularly dangerous [10, 11]. Since accidents at work happen all the time,
the study of this negative phenomenon in terms of searching for its causes does not lose its
relevance. The use of multivariate statistical analysis can significantly improve the level of safety
in the construction industry, and precise data analysis is crucial in identifying risk factors [12].

Based on a review of the literature on the subject, the authors of the article found a research
gap in the area of research on so-called near misses. To clarify the relationship between
near-misses and an accidents, it is necessary to define both terms. An accident at work is
considered to be a sudden event, caused by an external cause, resulting in injury or death, which
occurred in connection with work [13]. On the other hand, a near-miss event is considered
aprecursor to a work accident [3,14—16]. A near miss according to PN-ISO 45001:2018-06 [17]
is an incident that does not result in injury and health complaints. A similar definition was
formulated by Thoroman et al. [18], who defined these incidents as those that do not result
in health damage, but in some cases may cause minor property damage. Near-miss incidents,
when analyzed in detail, are a valuable source of information to help reduce occupational
accidents and improve safety in the construction sector [5, 19]. Both occupational accidents
and near-misses are hazardous events that occur due to violations of applicable labor standards
and regulations, leading to disruptions in the proper course of the process [1, 10].

Near-miss incidents in the construction industry are an important area of interest for both
human and economic reasons [20,21]. They inform about the possibility of future accidents
(caused by similar causes) that directly affect the health and lives of workers. The knowledge
gained from the study of near-misses should be used to properly prepare workplaces on
the construction site. Ignoring near-misses can lead to a workplace accident, which in turn,
generates costs in terms of lost work time, stoppage of the construction process, material
and image losses [1, 3]. By analyzing near misses and implementing the conclusions into
construction practice, it is possible to effectively reduce the number of occupational accidents,
which is a key factor in ensuring the health and safety of workers on construction sites.

Dangerous incidents on a construction site occur at random moments in time and form
a stochastic process, which can be represented as a time series [14]. The purpose of the research
presented in this article is to analyze the characteristics of the time series of near-misses and
accidents at work and to determine the attributes of the random variable which is the time
interval between consecutive incidents. The data used in the study comes from the hazardous
event recording system implemented in one of the Polish construction companies. Information
on the random variable of the time interval between consecutive incidents was presented in
the form of box plots. The analysis made it possible to identify characteristic time patterns of
incidents, which can help predict the timing of subsequent incidents (especially accidents),
and more effective prevention and risk management in the construction sector. Ultimately, the
results of the analysis can form the basis for developing occupational safety strategies to reduce
accidents and improve working conditions on construction sites.
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2. Materials and methods

The data used in the study concerned hazardous incidents recorded at one of the leading
construction companies registered in Poland. The recorded incidents occurred between 2015
and 2022. The methodology of the study, proposed by the authors, included 6 stages.

Phase 1. Create a database. The data used in the study were extracted from a hazardous
event registration system implemented at a leading Polish construction company. They were
stored in two-dimensional tables, containing such data as the date of the incident, location of
the incident, area/region, description of the incident, qualification, category, and direct cause of
the incident. Each row of the table contained data on one event. The size of the analyzed set was
2396 hazardous events, including 716 occupational accidents (A) and 1680 near-misses (NM).

Phase 2. Analysis of the structure of hazardous events collected in the database. The set of
all hazardous events (set of hazardous events — SHE) was divided into a set of near misses
(SNM) and a set of accidents (SA):

@2.1) SHE = SAUSNM

where: SHE — set of all events
Each of these collections was categorized by the immediate cause of the incident. The
subsets were divided into 8 categories:

(2.2) SHE;; i=1,...,8

where: SHE| — being hit by objects, SHE, — being run over by a vehicle/being hit by
a vehicle, SHE3 — human environment, SHE4 — fall of a person SHEs — electricity, SHE¢ —
fire/explosion/finding of unexploded munition, SHE; — collapse/burial/being trapped, SHEg —
contact with moving machine parts.

The structure of the defined sets is shown in Fig. 1.
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Fig. 1. Structure of hazardous events in the studied set
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The set of occupational accidents (SA) is the sum of elements A; (i = 1,...,8):

8
2.3) SA = Z A
i=1

The set of near misses (SNM) is the sum of elements NM; (i =1,...,8):

8
(2.4) SNM = Z NM;

i=1

Stage. 3. Build a time series of hazardous events and analyze them. The time series
illustrates changes in the number of near-misses and occupational accidents over the months
and years covered by the analysis. A time interval of 1 month was assumed in the study. For
subsequent years, the average number of incidents was determined.

Stage. 4. Defining the time variable of the interval between events. A new variable was
introduced to represent the time between consecutive events. This variable defines the number
of days between the dates of consecutive events in the sequence:

(2.5) Alj =tj+1 — 1

where: At; — the time between the jth and (j + 1) events, ¢; — time of occurrence of the jth
event, ;41— time of occurrence of (j + 1) event.

The procedure for determining intervals was performed for eight categories of incidents,
for occupational accidents as well as near misses.

Phase 5. Develop box plots for the defined variables. Box plots were prepared for sets of
random variables created in each category of hazardous events. They present key statistics
describing the variables, such as medians, deviations from them, mean values, outliers and
extremes. Figure 2 shows the characteristics of these data using box plots.
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Fig. 2. Characteristics of the box plot with the comparison of probability density functions for normal
distribution according to [22,23]
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Variables belonging to a specific category of hazardous events should be ordered in
ascending order from minimum to maximum value.

The first quartile (Q) is the value of the random variable for which 25% of the random
variables belonging to the category have values equal to or less:

(2.6) 0, = percentile(25)

The median (Q») is the value of a random variable for which 50% of the random variables
belonging to a given category have values equal to or less. The median divides an ordered data
set into two parts from an equal number of observations. If the number of observations in the
set is odd, the median is the value of the middle observation; if even, it is the average of the
two middle values.

2.7 0, = percentile(50)

The third quartile (Q3) is the value of a random variable for which it is found 75% of the
random variables belonging to the category have values equal to or less:

(2.8) Q3 = percentile(75)

The box expressed by the IQR formula covers the range from Q; to O3, which means that
50% of the data is inside the box range. The longer the graph, the more scattered the data. The
range of the box data is:

(2.9) IOR = Q3 -0

Narrows labeled Cpin and Cpyax also indicate the dispersion of the data. These are determined
by quartiles, where the left whisker:

(2.10) Cmin =01 - 1,5-10R
The right whisker is defined as:
(2.11) Chax =03+ 1,5-I0R

Outliers are represented by points, and extreme values are represented by asterisks — these
are observations that deviate from the majority of values in the dataset. Outlier observations
mean values greater than the length of the mustache, so Bpin and Bpax, and extreme values of
Amin and Apax can be the result of measurement errors, unusual situations, or real anomalies
in the data.

(2.12) Bmin < Q1 - 1,5-10R
(2.13) Bmax > Q3+ 1,5-IOR
(2.14) Amin < Q1 -3 -IOR
(2.15) Amax > 03 +3-I0R

The average (E), marked with a green plus, symbolizes average values including all
observations:

(2.16) E = medium(data)

Phase. 6. Summary of study results and final villages.
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3. Results and discussion

Figure 3 shows the monthly distribution of the number of occupational accidents (A)
and near-misses (NM) recorded during the study period. The red colour represents SA, and
the green colour refers to SNM. The dashed lines indicate the average value for SA-the red
dashed line and SNM-the green dashed line for each year, respectively, which allows a quick
assessment of changes over time and identification of trends in both categories of incidents.
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Fig. 3. Time series of NM and A events with average values by year

Both NM and A events show large fluctuations in the number of events in the time period
studied and a downward trend in both. The variability in monthly data may be related to specific
project conditions or seasonal changes in construction activity. In 2015, the average number of
NM events for one month was 48.67, while the average number of A events for one month was
37.92. 2016 saw a 23.08% decrease in the average number of A events to 10.83 events/month
and a 22.09% reduction in the number of NM events to 37.92 events/month compared to the
previous year. The year 2017 is characterized by a further decline. The number of A decreased
by 34.62% to an average of 7.08 events/month, and NM by 52.75% to 17.92 events/month. In
2018, there is a reversal of the trend for A, with an increase in the average number of accidents
by 16.47% to 8.25 incidents/month, while the number of NM continues the downward trend,
decreasing by 44.65% to an average of 9.92 incidents/month. 2019 registers a slight decrease in
the number of A to 7.75 events/month and an increase in NM to 10.50 events/month, a change
of 6.06% for A and 5.85% for NM, respectively, compared to the previous year. The year
2020 brings a marked decrease in A by 51.61% to 3.75 events/month and NM by 38.10% to
6.50 events/month. 2021 sees a 13.33% increase in the number of A over the previous year
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to a value of 4.25 events/month, while the number of NM again drops by 43.59% to 3.67
events/month. In 2022, there was a further decrease in the average number of accidents to
3.75 events per month, but a noticeable increase in the number of near-misses by 36.36%
to an average of 5.00 events per month. In the first two years of the study interval, there is
a noticeable difference between the number of NMs recorded and the number of A events.
The results of the study, concerning the years 2015-2021, confirm the regularity previously
found by Heinrich [24], Bird [25], Zimmerman and Bauer [26], according to which, before an
accident occurs, there will be at least several near misses with similar causes that do not result
in injury to employees. However, in subsequent years, the gap between the number of near
misses recorded and the number of accidents decreases. The question can be asked: what are
the reasons for such a phenomenon? The authors of the study note several factors that may
have influenced such shaping of the near-misses process, namely: improvement of working
conditions on construction sites and increased awareness of risks among workers, reduced
enthusiasm among workers for reporting near-misses due to, for example, fear of sanctions
or the time-consuming nature of reporting activities [27] or a reduction in hours worked and
people employed due to the COVID-19 pandemic. The pandemic has significantly disrupted
work in the construction industry, leading to material shortages, project delays, and changes in
workforce dynamics due to safety concerns and worker availability [28,29]. According to the
authors, the predominant factor contributing to the decline in the number of recorded events
was human influence, which is inherently unpredictable.

Figure 4 shows the box plot and characteristics of the random variable interval between
events for all categories.
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Fig. 4. Box plot of NM and A events for all categories combined
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In the dataset analysed, at all construction sites operated by the subject company, the
average NM event interval was 2 days, while the average A event interval was 4 days. 50% of
NM events occurred in an interval of 1 day or less, while for A, 50% of events occurred in an
interval of 2 days or less. The above figures indicate that the incidence of NM is twice as high
as that of A, confirming the aforementioned regularity in which an occupational accident is
preceded by several occurrences of near misses [24,25]. In addition, it is also important to
note that of all recorded NM events, 50% of them will happen in the interval from 0 to 2 days
and the case of A in the interval from 1 to 5 days.

Figure 4 also shows outlier observations marked with circles and extreme observations
marked with crosses. These can be due to various reasons such as delays in entering information
into the database or mistakes. In addition, they can also be influenced by long interruptions
due to the holiday calendar or seasonality of work. The analysis of the entire set of SHE events
carried out is not very precise, as it does not provide a picture of how individual circumstances
and types of work performed affect the initiation of hazardous events. In the next stage of
the study, statistical analyses were carried out covering observations belonging to individual
subsets of SHE;; i=1,...,8.

Figure 6 shows box plots illustrating the distribution of the time interval between consecutive
A events and consecutive NM events in each of the defined categories.

SHE, Being hit by objects SHE, Being run over by a vehicle/hit by a vehicle
140 5 - 900 SHE -Being run
*
SHE ;-Being hit by overbya e -
abjects SNM A 800 vehiclefhit by a : 2
120 * 3 vehicle
¥ Modian, @ 2 7 Median, @ 3 a7
5 Valuo Mean, E 6 14 700 Value Mean, E Ll 20
m * B Standard & 5 Standard - -
deviation 600 deviation
- * Min o o Min o [
Max 134 134 500 Max 220 861
Qy; Quartile 1 1 2 Q; Quartile 1 1 19
55 % ; Qg; Quartile 3 6 15 400 Qg; Quartile 3 7 78
g Outliers 35;36; 37 Outliers
Eervstions: 537, y 17;18;20; )
-4 ¥ of rulBlum Ry 200 observations, | ys| 185732
" g % B Brin Bns Brin
¥ o
‘ 200 ° ¥ 28;31;33;
Extreme 8567’9552'16031’ Euirorne 35;39;43;
20 i i 96; 101; %
°l::'";w"h G 100 obseravtions, :' :i' 3? 861
ax Amin " s
66;99; 116; 120/134 B 92; 113; 128;
0 —— 134 0 ;‘ 199; 220
AW NM AW NM
(@) (b)
SHE; Working environment SHE, Fall of a person
450 600
SHE 5-Workin
= 9| om, A, SHEqFallofa | g, sA,
400 - environment person
*
- 500
a0 Median, Q; 6 8 Median, Q, 8 9
Value Mean, 18 15 Value Mean, E 2 14
Standard Standard
300 deviation v * 400 deviation & 1
* | Min o 0 % Min [ )
250
. Max_ 395 123 Max 512 115
a; Quartie 1 2 3 300 Q5 Quartile 1 4 4
200 Qi Quartlle’s 5 2l Qg; Quartile 3 21 2
Cunhens 35,2738, | 39;42;49; Lo
Kerstiais, 137,38, | 39;42;49; ;
150 - b n.“msm 41;42;45 [51;56;57;59 200 observations, 2157257; 54;56;62; 63
* sadadial ] Brnax, Brrin $
100
i ! 50; 61; 62; »
¥ Extreme i0%%2 | eor63;70; L
50 (] obseravtions, | 7% 829 | o ggigg Extreme
o n o6 132 226; | " 1V obseravtions, 79,115
o wo Amin 266,395 A A
0 == = 0 = e 364;512
AW NM AW NM

©) (d)



TIME SERIES ANALYSIS OF HAZARDOUS EVENTS BASED ON DATA RECORDED. .. 303

SHE, Electricity

SHE cFire/ Explosion/Finding unexploded SHE g-Firel
1400 o munition Explosion/Findin| g, saq
SHE s-Electricity SNM 5 SAs ‘munition
1200 200 5 Median, Q; 7
Median, @, 6 106 | Value Mean, E 14
Value Mean, E 1 1026 180
1 Standard deviation 2
1000
i1 15 301 160
doviation Min 0
Min 0 813 140 Max 195
800 Max 101 1238 Q;; Quartile 1 2
Qi; Quartile 1 | 2 919 120 Q; Quartile 3. 17
w00 Qg Quartile3 | 13 1132 - Outliers 40; 41; 42; 43;
Outliers 30;33;34; observations, By, |44; 45; 46; 47;
observations, | 35;38;39; - 80 : B 48;52;58; 59
400 Wit Bl 41;43; 45; 46
60
Extreme
5 ; 65; 70; 78;
200 Extrome | 48:51;62; o SRR Nt 6‘;’:1'@ ?95&
obseravtions, | 63;66; 73; - . A o
! Ava, Amin | 7782101 +
0 0 —
AW NM NM
(O] ®
SHE 5-Collapse/Being covered/Being trapped SHE - SHE -Contact with moving machine parts
450 ————————————— | Collapse/Being 900 SHE g-Contact
coverediBeing | 7 Az ‘withmoving SNM SAs
i trapped | - machine parts
Median, Q; 10 116 * Madian, Q; 15 5
350 Value Mean, E £ 151 - Value Mean, E 6 6
Standard
i 36 126 Standard 12 -
300 — 600 deviation |
:l" 127 zgz Min C—
250 = 500 Max 774 365
Q;; Quartile 1 4 51 = T
] Qy; Quartile 1 8 11
Q; Quartile 3 32 236 =
200 400 * Qs; Quartile 3 55 48
* Outliors S ™ .
obsarvations, 76; 78; 89; . Outliers.
150 + L] Biass B 107; 114 300 observations, |149; 165; 182 166; 223; 365
Brax, Brin
100 8 200 E
3 Extrome ¥ 8
i . . Ext
@ L obseravtions, |157; 160; 187 - 100 8 reme 113;123;
Arao Anin olseravtions, | 220;774 | o)
a3 A, Amin !
0 = ) == =
AW NM AW NM

Fig. 6. Box plots of NM and A

The analysis of the obtained results shows that depending on the type of construction work
and the circumstances under which it is carried out, the incidence of near-misses and accidents
at work, which is described by the interval between consecutive events, varies.

Comparing the values of the average intervals between consecutive NM and A events in the
SHE|, SHE,, SHEs, and SHE categories, it should be noted that NM events occur at shorter
intervals than A events. Thus, the occurrence of NM in these categories may be an indicator
signalling safety problems that, if ignored, could lead to an A event. The significant differences
in medians, especially for SA;, indicate the need to approach each category individually.

In the SHE| — being hit by objects category, NMs occur in short intervals (median: 2 days),
while A events have a larger median of 7 days. 50% of NM s occur at 3.5 times shorter intervals
compared to Aj. Therefore, it can be concluded that near misses precede the occurrence of
occupational accidents in this category. The average time interval E between the occurrence of
the next event in the SNM subset is 6 days, while in the SA; subset, it is more than twice as
long at 14 days. 50% of the observations in the SNM subset are between 1 and 6 days, while
in the SA| subset of events, the range is between 2 and 15 days.

In the SHE, — being run over by a vehicle/being hit by a vehicle category, NM» occur much
more frequently (median: 3 days) than A, (median: 47 days). E between the occurrence of the
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next event in the SNM subset is 9 days, and in the SA; subset, it is 80 days. 50% of the events in
the SNM, subset occurred between 1 and 7 days apart, and 50% of A, of this category occurred
between 19 and 78 days apart. The obtained average values and time intervals, especially for
occupational accidents, were very much influenced by outliers and extremes. Eliminating these
values from the study population would have changed the results significantly.

The slight differences in medians in the work environment — SHE3 category suggest a similar
frequency of NM and A events. The median time interval for the SNM3 subset is 6 days, and
for the SA;3 subset is 8 days. The median event interval for the SNM3 subset is 18 days and
for the SA3 subset is 15 days. 50% of NM events occurred with an interval of 2 to § days and
50% of occupational accidents in this category occurred with an interval of 3 to 17 days.

In the SHE, — fall of a person, similar medians were found in the SNM4 and SA4 subsets
and are 8 and 9 days, respectively The average interval between incident occurrence differs by
15 days and is 29 for the SNM,4 subset and 14 for the SA4 subset. 50% of near-miss incidents
occurred with an interval of 4 to 21 days and 50% of occupational accidents in this category
occurred with an interval of 4 to 22 days.

The standout category is SHEs — electricity. The SNMs subset analyzed included 79
near-misses and only 3 workplace accidents. The median interval of SNMs is 6 days. The
average interval between events in the SNM5 subset is 18 days. 50% of the events occurred
between 2 and 13 days apart. The small number of events in the SAs subset means that the
results obtained are not statistically reliable. In the case of electric current, the effect of
electrocution depends mainly on the amount of energy released [30]. A large dose of energy
can cause significant injury to a worker, while a small dose will not cause damage and such an
event will not qualify as a workplace accident. It is likely that in the incidents analyzed, in
many cases, workers were not injured due to too small an electrical discharge.

In the SHE category of fire/explosion/ finding of unexploded munition, only near misses
were recorded. In the SNM¢ subset, the median is 7 days, while the average value of the event
interval is 17 days. 50% of the observations fall between 2 and 17 days. The majority of NMg
involved finding unexploded ordnance and unexploded bombs. The authors surmise that due to
strict procedures for dealing with unexploded ordnance/unexploded ordnance [31] accidents very
rarely occur.

There is a large difference in the values of the individual statistical characteristics in the
SHE7 — collapse/burial/being trapped category. The median in the SA; subset is 116 days and
in the SNM7 subset is 10 days. These values indicate a less frequent occurrence of SA7 subset
events in this category compared to SA{, SAz, SA3, SA4, SAg. Near-miss incidents in SHE~
occur an average of 14.64 times per year, while occupational accidents occur 2.42 times.

In the SHEg-contact with moving machine parts category, NMg occurred more frequently
than occupational accidents. The median in the SNMg subset is 15 days, and in the SAg subset
is 25 days. The median interval in the SNM3g subset of 66 days is significantly higher than in
the SAg subset of 46 days, indicating that NM in this category occurs an average of 5.53 times
per year, while A averages 7.93 times per year.
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4. Conclusions

The results presented in the article provide a picture of the activities of the construction
company in question in the context of occupational safety in the period from 2015 to 2022. A
database containing information on registered near-misses and occupational accidents was
constructed, their structure was examined, and a time series of events was developed. A random
variable was created, being the time elapsed between consecutive events, which allowed
for their in-depth analysis and visualization of their dynamics by means of box plots. The
conclusions of the study are as follows:

— The number of near-misses in the subsequent years of the study interval is greater than
the number of occupational accidents. The exception is the year 2021, in which the
opposite situation was observed.

— The constructed time series for both types of incidents show a definite downward trend
in 2015-2019. In 2020-2022, the average number of reported incidents of both types is
at a similar level.

— The decreasing ratio of near-misses to occupational accidents may indicate the presence of
various factors influencing the development of both phenomena. These include improved
working conditions at construction sites, increased awareness of risks among workers,
reduced enthusiasm among workers for reporting near-misses due to, for example, fear of
sanctions or the time consuming nature of reporting activities, and a reduction in the num-
ber of hours worked and people employed due to the COVID-19 pandemic. This aspect
will be the subject of future research and analysis. Since the number of recorded potential
accident events is decreasing, research should be undertaken to explain this phenomenon.

— The box plots illustrate the distribution of intervals between near misses and occupational
accidents. Analysis of the obtained results indicates that depending on the circumstances
under which construction work is carried out and the type of work, the incidence of
hazardous events varies The smallest average interval between incidents was observed
for the SNM subset — being hit by objects of 6 days.

— Similarly, in the case of occupational accidents, the smallest average time interval between
incidents was observed in the subsets SA| — being hit by objects and SA4 — fall of a person,
which was 14 days. In the SHE; — fire/explosion/finding of unexploded munition category,
only one accident was recorded. The small number of events in the subset of occupational ac-
cidents in the electricity category means that the results obtained are not statistically reliable.

— Thanks to the intervals defined in the article between the occurrence of consecutive near-
misses and occupational accidents, it is possible to predict the occurrence of an occupational
accident. Implementation of the conclusions of the study will contribute to more accurate
accident forecasting, improved safety management practices, better risk assessment.

The research conducted also has its limitations. On the one hand, a weakness of the research
is that it was conducted only in one construction company, and this makes it impossible to
generalize the results to the entire construction industry. On the other hand, the limitation of
the research to only one company is advantageous, since the noted errors and deficiencies
point to specific directions for preventive measures in the surveyed company. Extending the
study to a larger number of enterprises is difficult due to the very limited access to data on near
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misses and accidents at work. This is due to the fact that their registration is not common in
Poland, which makes it much more difficult to conduct research on a larger scale. In addition,
companies are reluctant to agree to access event registration systems. This limits the ability to
compare results between companies.

The authors plan further research to develop mathematical models, including those based
on linear regression, artificial intelligence and machine learning, which, based on data on
near misses, could predict the timing of workplace accidents in, for example, real time. They
are also considering gaining access to the records of hazardous events at other construction
companies so that they can compare their findings.
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Analiza szeregéw czasowych zdarzen niebezpiecznych na podstawie
danych zarejestrowanych w polskiej firmie budowlanej

Stowa kluczowe: budownictwo, szeregi czasowe, wypadki przy pracy, zarzadzanie bezpieczefistwem,
zdarzenia potencjalnie wypadkowe

Streszczenie:

W sektorze budowlanym notuje si¢ znaczna liczbe wypadkéw przy pracy (A) oraz zdarzeii poten-
cjalnie wypadkowych (NM), co sprawia, ze jest on uznawany za jeden z najbardziej niebezpiecznych
w gospodarce. W ostatnich latach zainteresowanie zdarzeniami potencjalnie wypadkowymi wsréd
naukowcOw 1 inzynieréw praktykéw wzrasta, gdyz sa one uwazane za prekursory wypadkéw przy pracy.
Na podstawie przeprowadzonego przegladu literatury przedmiotu oraz do§wiadczen wlasnych, autorzy
artykulu stwierdzaja, ze istnieje istotna luka w badaniach dotyczacych zdarzen potencjalnie wypadkowych
w polskim budownictwie. Autorzy uwazaja, ze takie badania sa niezbedne w kontekscie redukcji liczby
wypadkéw. Celem niniejszego artykutu jest analiza szeregéw czasowych zdarzen potencjalnie wypad-
kowych i wypadkéw przy pracy. Dane wykorzystane w badaniach pochodza z systemu rejestracji zdarzen
niebezpiecznych zaimplementowanego w jednej z polskich firm budowlanych, zarejestrowanych w latach
2015-2022. Ze wzgledu na specyfike robot budowlanych i okolicznosci zdarzenia, wyszczeg6lniono 8 ka-
tegorii zdarzen niebezpiecznych. Dla kazdej kategorii zbudowano szereg czasowy informujacy o dynamice
zachodzacych zmian. Opracowano wykresy skrzynkowe, dla zmiennych losowych odstgpu czasu miedzy
kolejnymi zdarzeniami, informujace o charakterystykach statystycznych danego zbioru zdarzen (SHE;).
Badania te pozwalaja na prognozowanie wystapienia okre§lonych zdarzert w czasie oraz wprowadzanie
srodkéw zapobiegawczych w praktyce budowlanej. Zbiér wszystkich zdarzer niebezpiecznych (SHE)
zostal podzielony na zbiér zdarzeri potencjalnie wypadkowych (SNM) i zbiér wypadkéw (SA). Kazdy
z tych zbioréw zostat poddany kategoryzacji ze wzgledu na bezposrednig przyczyne zdarzenia. Podzbiory
zostaty podzielone na 8 kategorii: SHE| — uderzenie przedmiotami, SHE, —najechanie / potracenie, SHE3
— §rodowisko pracy, SHE, — upadek cztowieka, SHE5 — elektrycznos$¢, SHEg — pozar / wybuch / odnalezie-
nie niewybuchu, SHE7 — zawalenie / przysypanie / uwigzienie, SHEg — kontakt z ruchomymi elementami
maszyn. Wprowadzono nowa zmienna reprezentujaca czas miedzy kolejnymi zdarzeniami. Zmienna ta
okresla liczbe dni pomigdzy datami nastepujacych po sobie zdarzen w sekwencji. Procedura wyznaczania
odstepéw czasowych zostala wykonana dla o§miu kategorii zdarzen, w odniesieniu do wypadkéw
przy pracy jak i zdarzen potencjalnie wypadkowych. Opracowano wykresy skrzynkowe dla zestaw6éw
zmiennych losowych utworzonych w kazdej kategorii zdarzei niebezpiecznych. Prezentuja one kluczowe
statystyki opisujace zmienne, takie jak mediany, odchylenia od nich, warto$ci Srednie, wartosci odstajace
oraz ekstremalne. Zaréwno w przypadku zdarzen NM jak i A, widoczne sg duze fluktuacje liczby zdarzen
w badanym przedziale czasu oraz tendencja spadkowa obu zjawisk. Zmienno$¢ danych miesiecznych moze
by¢ zwigzana ze specyficznymi warunkami projektéw lub sezonowymi zmianami w dziatalnosci budow-
lanej. W pierwszych dwdch latach badanego przedziatu czasu zauwazalna jest duza réznica miedzy liczbg
rejestrowanych NM a liczba zdarzen A. Zbudowane szeregi czasowe dla obu typéw zdarzen wykazuja
zdecydowang tendencje spadkowa w latach 2015-2019. W latach 2020-2022 §rednia liczba zglaszanych
zdarzefi obu rodzajéw, jest na podobnym poziomie. Malejacy stosunek liczby zdarzen potencjalnie wypad-
kowych do liczby wypadkdéw przy pracy moze wskazywac na obecno$¢ réznych czynnikéw wpltywajacych
na ksztaltowanie si¢ obu zjawisk. Sg to m.in.: poprawa warunkéw pracy na budowach, podniesienie
$wiadomosci o zagrozeniach wsréd pracownikéw, zmniejszony wsréd pracownikéw zapaldo zglaszania
zdarzen potencjalnie wypadkowych spowodowany np. strachem przed sankcjami lub czasochtonnoscia
czynno$ci zwiazanych ze zglaszaniem zdarzen, a takze zmniejszenie liczby przepracowanych godzin
i zatrudnionych oséb spowodowane pandemig COVID-19. Dzigki zdefiniowanym w artykule odstepach
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czasowych miedzy wystapieniem kolejnych po sobie zdarzeni potencjalnie wypadkowych i wypadkéw przy
pracy mozliwa jest prognoza wystapienia wypadku przy pracy. Wdrozenie wnioskéw z przeprowadzonych
badari przyczyni si¢ do doktadniejszego prognozowania wypadkéw, poprawy praktyk zarzadzania bez-
pieczenistwem, lepsza oceng ryzyka. Przeprowadzone badania maja réwniez swoje ograniczenia. Gtéwna
staboscig jest ich przeprowadzenie tylko w jednej firmie budowlanej, co utrudnia uogdlnienie wynikow
na calg branz¢ budowlang. Niestety istnieje ograniczony dostep do danych o zdarzeniach potencjalnie
wypadkowych, poniewaz ich rejestracja nie jest powszechna w Polsce, co znacznie utrudnia analiz¢ na
wicksza skale. Dodatkowo, trudnosci w uzyskaniu zgody na dostep do systemoéw rejestracji zdarzen
w innych przedsigbiorstwach ograniczaja mozliwosci poréwnawcze z przeprowadzonymi badaniami.
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