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THE INFLUENCE OF ENVIRONMENTAL FACTORS ON
EMPLOYEE COMFORT BASED ON AN EXAMPLE OF
LOCATION TEMPERATURE

I. SZER!, E. BLAZIK-BOROWA?Z, J. SZER?

Work in unfavorable, changing environmental conditions negatively affects people working on scaffoldings used
on construction sites, which may increase the risk of occurrence of dangerous situations. The purpose of this article
is to show the scale of temperature changes which workers are exposed to. The paper compares examples of
temperature measurements obtained from a metrological station and during tests on scaffoldings located in the
Lodz and Warsaw regions. This article also presents the methodology of examining environmental parameters of
the surroundings where employees work on scaffoldings. Analysis results show that high temperatures and
significant temperature variations frequently occur on the scaffoldings, which leads to a lack of adaptability and
consequently to tiredness or decreased alertness. Unfavorable environmental conditions can lead to behaviors

which, in turn, can cause accidents.
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1. INTRODUCTION

Our natural environment contains many variable factors affecting the human body, one being
temperature. Work in unfavorable, dynamically changing conditions can reduce workers’ motivation,

concentration, and psychomotor performance, and can induce physiological functions changes in the

L PhD., Eng., Lodz University of Technology, Faculty of Civil Engineering, Al. Politechniki 6,00-637 Lodz, Poland,
e-mail: iwona_s@p.lodz.pl

2 Prof. LU. DSc., PhD., Eng., Lublin University of Technology, Faculty of Civil Engineering and Architecture,
ul. Nadbystrzycka 40, 20-618 Lublin, Poland, e-mail: e.blazik@pollub.pl

3 PhD., Eng., Lodz University of Technology, Faculty of Civil Engineering, Al. Politechniki 6,
00-637 Lodz, Poland, e-mail: jacek.szer@p.lodz.pl



164 I. SZER, E. BLAZIK-BOROWA, J. SZER

human body [1]. Additionally, if a worker performs a job which requires increased physical activity,
this can lead to an individual accident or even a construction disaster. Work-related accidents involve
human losses, ranging from light injuries to even death, as well as economic losses. The average cost
of a serious accident which a company incurs is 213470 PLN, when the preventive measures cost
preventing the accident is 1712 PLN. This cost is disproportionately low in relation to the cost which
must be incurred whenever an accident occurs [2]. Therefore, it is very important to anticipate the
risk of a too low or too high temperature to ensure safe and efficient work conditions. Temperature
influence on human behavior is the subject of research across different disciplines. Studies have
shown that the optimum temperature ranges from 17 °C to 21 °C [1]. Significant decreases of
temperature can cause hypothermia and, on the other hand, significant increase can cause overheating.
Outdoor work in below-freezing conditions, at temperatures below 0 °C with an air flow of 3-4 m/s
causes a great loss of heat, cools the whole body, and affects the face and hands causing local skin
damage in the form of cracks and frostbite. Cold environments can lead to a decrease of temperature
in the muscles , resulting in a reduced ability to exert physical effort and in increased reaction times
[3]. In turn, higher environmental temperatures can cause an increase in internal temperature. With
an unbalanced system, the increase of body temperature by 1 °C - 1.5 °C affects most organs, and,
mainly, the circulatory system. Physical work during high temperatures also affects the central
nervous system. Possible symptoms to watch for are, for example, increased irritability or apathy,
indifference, prolonged reaction times. This effect is smaller when the persons are first acclimatized
to their environment[1].

In the U.S., scientists have presented isodecrement curves for the probability of adverse event
occurrences for variable temperature conditions, showing that the temperature above which an
accident increase is observed is radically different for varying types of tasks and decreases with the
decrease of the duration of a given task. For light work carried out by employees without
acclimatization, this temperature is about 29 °C, and for workers previously acclimated it is 32 °C
[4]. Higher temperatures cause a gradual increase of body temperature, which - up to some point -
improves efficiency, but is also associated with higher human energy loss.

Temperature also has an impact on work efficiency. In current literature, examples have been
compared illustrating decreases in labor productivity in both low and high temperatures according to
WBGT (Wet Bulb Globe Temperature) [5]. The highest decrease in productivity (14.88%) was
observed in the case of people working at high temperatures (above 32.2 °C). In the case of low
temperatures, the greatest decrease in productivity (13.91%) was seen in people working at

temperature below 10 °C. Extension of reaction time in both lowered and elevated temperatures was
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approximately 2.5% on average, while the biggest alertness decrease occurred in temperatures above
26.67 °C and below 18.28 °C.

Research conducted in China [6] on a group of sixteen military industry employees indicates that a
temperature increase of 1 °C, according to WBGT, results in a 0.57% decrease in productivity and an
increase in inactivity time by 0.74% in the case of a worker with work experience of less than 1 year.
For work experience of over 1 year, these results are 0.33% and 0.72%, respectively. The study was
conducted during the summer months, between 7 am and 6 pm, with a four-hour gap between 11 am
and 2 pm, at the temperatures ranging from 21.71 °C to 32.11 °C. Work between 7 am and 9 am has
been recognized as the most secure with the risk of adverse events between 7 am and 8 am - 3.57%
and between 8 am and 9 am 7.14%. As the most dangerous was recognized work between 2 pm and
3 pm, with a risk of 57.14%.

Elevated air temperatures can also lead to various problems, from a worse physical state of the
workers to serious illnesses. On 26 Hong Kong construction sites, examinations of 207 workers were
conducted [7]. Thirty-six of them reported illness symptoms due to elevated temperatures. Most of
them were dizziness and headache, fatigue, fever, vomiting, fainting, discomfort, difficulty in
breathing, and isolated cases of unconsciousness and heat stroke. The majority of cases were in the
age group between 36 and 45 years - 11 cases, and between 46 and 55 years - 11 cases as well.
Scientists try to determine activity methodology in order to reduce the risk of accidents [8], showing
at the same time how many different elements influence the safety of work on scaffoldings. Human
efficiency depends mainly on temperature, but also on time and type of task; body temperature and
properties of protective clothes, including helmets, should be taken into consideration.

To summarize, the purpose of the article is to present the influence of temperature on the comfort of
people working on scaffoldings. A simplified assumption was introduced stating that temperature is

the main factor influencing work comfort and that it is independent of other variables.

2. RESEARCH METHODOLOGY

2.1. IMGW DATA (INSTITUTE OF METEOROLOGY AND WATER MANAGEMENT

DATA)

An analysis of temperature influence on the comfort of people working on scaffoldings requires data
collection from many research fields. For further analysis, data collected by the IMGW (Institute of

Meteorology and Water Management) and our own temperature measurements made on scaffoldings
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were chosen. For this purpose, we obtained from the IMIGW (ogimet.com website) results of
temperature measurements for the same time intervals at which the scaffoldings were examined at
the research stations located, respectively, in Lodz and Warsaw, from 2012-2016.

Probability P.(T;) of the T; temperature occurrence for the scaffolding examination period m should

be determined from the density distribution probability of this parameter.

2.2. SCAFFOLDINGS MEASUREMENTS DATA

The main data group is results of the temperature measurements on the scaffoldings [10]. These
measurements were taken on ten scaffoldings, including five in Lodz and five in Warsaw or
neighboring cities. Measurements were taken from April to August 2016.

A series of measurements on one scaffolding included daily, five-day long measurements from
Monday to Friday at 8 am, 11 am, and 2 pm, hereinafter referred as time of day, on different levels
of scaffolding. The first point of measurement starts at the given time. Subsequent measurements are
then performed in subsequent measurement points on the scaffolding. All measurements take about

one hour. The measurement point selection criteria are set out in Table 1, while a juxtaposition with

the scaffoldings and the basic measurement information is given in Table 2.

Table 1. Principles of selecting the number of measurement points depending on the size of the scaffolding

Number of Number of horizontal Number of working Number of vertical
scaffolding fields measurement points platforms on scaffolding measurement points
1 1 1-2 1
2-4 2 3-5 2(first and highest level)
5-8 3 Above 6 3(first, middle and highest
level)
Above 9 4
Table 2. Scaffolding numbers with basic measurements information
Symbol Examination term Scaffolding position Number of measurement
points

EO1 06.06. 2016 - 10.06. 2016 north - west 12
E02 20.06. 2016 - 25.06. 2016 north - west 6
E03 04.07.2016 — 08.07.2016 north - east 9
E04 25.07.2016 —30.07.2016 south - west 12
E05 01.08.2016 — 05.08.2016 south - east 6
W01 25.04.2016 - 29.04.2016 north - west 6
W02 30.05.22016 - 03.06.2016 south - west 12
W03 20.06.2016 - 24.06.2016 north - east 9
W04 20.06.2016 - 24.06.2016 south - east 12
WO05 11.07.2016 - 15.07.2016 north - west 9
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The temperature was changing both according to the time of day and the working level at which the
measurements were made. Measurements were made with the use of the AMI310 multifunction
device, which can be connected to measuring probes, including a temperature probe. The accuracy of
measurements is + 0.3 °C and resolution 0.1 °C.

Histograms of temperature occurrence probability for a particular construction site will be determined
according to the following procedure.

The results of the construction sites examinations show that the temperature on the scaffolding also
changes with height. Therefore, measurements are also separated due to the level of the scaffolding.
Distribution of temperature occurrence probability T at time of day i and on the level of scaffolding

j will be determined for the scaffolding as follows:

(T
(1.1) 1‘7,-(72)=S”]f]")

i
where:
Nj; - number of measurements at time of day i and on the level of scaffolding j, s;; - number of measurements
at time of day 7 and on the level of scaffolding j, on which T} temperature occurred which is calculated using

the formula:

(12) T, =.f{lirp]
n‘s

where:
T, - values from measurements at time of day i and on the level of scaffolding j, n-number of measurements at

time of day i and on the level of scaffolding j, f{x) - function which takes over total values

Next, the distribution of temperature particular values occurrence probability should be determined

for the entire scaffolding using the formula:

1 M poziom Ngod=

(13) PT)=———— > D BT

npoziumngadz j=1 i=l

where:

Ppoziom — NUMer of levels, ng.¢; — number of time of day in which measurements were performed
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3. TEMPERATURE SCAFFOLDING MEASUREMENTS — OUTCOMES AND

ANALYSIS

Based on the number of environmental measurements from a study of ten scaffoldings,
the samples number was assessed. Then, the interval of the examined feature was determined

according to the formula [12]:

(1.4) R=T_-T

max min

where:

Tmax - maximum temperature for specified sample, Tinin - minimum temperature

and on the basis of the observation number, the number of classes was determined according to the

formulas:
(1.5) a) k,=~/n ,b) k, =1+3,322Inn,¢) k; =5Inn

where:

n - number of observations

Tab. 3. Air temperature

Scaffolding| Minimal | Maximal Average | Interval | Number of | Number | Number | Number

symbol |temperature | temperature | temperature observations | of bins | of bins | of bins
[°C] [°C] [°C] k /53 ks
EO01 14.3 30.1 20.8 15.8 60 8 7 9
E02 17.4 39.0 25.6 21.6 34 6 6 8
E03 15.9 353 24.4 19.4 44 7 6 8
E04 20.6 374 27.2 16.8 46 7 7 8
E05 19.7 35.0 25.2 15.3 45 7 6 8
WOo1 9.6 24.8 15.2 15.2 27 5 6 7
W02 21.4 37.2 15.8 15.8 112 11 8 10
W03 21.2 45.5 24.2 24.3 38 6 6 8
W04 21.0 41.6 20.6 20.6 39 6 6 8
WO05 18.4 39.5 21.1 21.1 86 9 7 10
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Table 3 shows the air temperature values measured on the scaffoldings. For each parameter are given:
minimum, maximum, and average values, standard deviation, and the number of observations,

interval, and the number of bins.

Tab. 4. Temperature distribution histograms for a) E01, b) E02, ¢) E03, d) E04, e) E05, f) W01, g) W02,
h) W03, i) W04, j) W05
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Proper selection of number and width of bins is essential for correct data analysis. Adopting too many
classes may make it so that significant changes of specified values would not be visible on the
histogram. Data indicated in Table 3 shows that the number of bins should fit in the range of 5 to 11,
amounting on average 7, which corresponds to the average bin section width of 2°C.

For such adopted bin width, Table 4 shows histograms of temperature particular value occurrence
probability distributions for five scaffoldings located in Lodz (EO1, E02, E03, E04, E05) and five
scaffoldings located in Warsaw and its surroundings (W01, W02, W03, W04, W05), marked in blue.
In order to compare the obtained outcomes on the same histograms in Table 4, there have been
indicated the IMIGW temperature particular value occurrence probability distributions from a five-
year period for specified research weeks corresponding to the scaffoldings’ examination terms,
marked in red. Also, scaffoldings schemes are shown. Comparing the histograms based on data
obtained from meteorological stations and those based on measurements made on the scaffoldings
(Table 4), we can see some differences. Diagrams obtained from the measurements are shifted to
higher temperatures, which can be explained by the building's impact on the temperatures of the
scaffolding surroundings, to the position of the scaffolding itself, as well as to the fact that scaffolding
measurements in most cases were made at much higher levels than the meteorological measurements.
It should be also taken into account that the measured values, especially those measured at the highest
levels, are also affected by raised construction elements temperature during sunny and warm days.
The majority of probability distributions obtained for air temperature measurements on construction
sites and for meteorological station measurements shows a probability value decrease in the middle
of the range as a result of morning temperature jumps.

Table 5 contains temperatures occurrence probability within the thermal comfort range from 17 °C
to 21 °C and temperatures below and above this range.

Tab. 5. Temperatures occurrence probability

Scaffolding Temperatures Temperatures occurrence|Temperatures occurrence Temperatures
symbol [occurrence probability| probability probability occurrence
<17°C 17°C - 21°C 21°C - 26°C probability > 26°C

EO1 0.11 0.42 0.40 0.07
E02 0 0.23 0.23 0.54
E03 0.07 0.2 0.32 0.41
E04 0 0 0.32 0.68
E05 0 0.16 0.53 0.31
W01 0.8 0.18 0.02 0

w02 0.03 0 0.41 0.56
Wo03 0 0 0.13 0.87
W04 0 0 0.11 0.89
W05 0.08 0.16 0.31 0.45
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Comparing these outcomes, it can be seen that the highest probability is at the most unfavorable
temperature - above 26 °C. It shows that employees are more likely to be exposed to high
temperatures. The most favorable working conditions according to temperature values were on
scaffolding EO1, which was examined in early June. However, more disturbing is the fact that there
were significant temperature differences across the whole scaffolding, reaching up to 15.9 °C. When
workers change their specific position on the scaffolding, they also change the working conditions in
a short burst of time, and these changes do not then allow the human body to acclimate to surrounding

temperatures.

4. SUMMARY

On the basis of the presented research it can be said that between April and August the air temperature
around most scaffoldings negatively affects work comfort. In the case of the W01 scaffolding, tested
in April, the temperature was too low. In the remaining months, the workers were exposed to high
temperatures during most of their working time. The most unfavorable situation was on the W04
scaffolding, where over 89% of the working time employees performed their tasks at temperatures
over 26 °C. Work on construction sites, especially on scaffoldings, requires a lot of physical effort
and it is dangerous. That is why it is important to ensure human-friendly environmental conditions.
Unfortunately, work on scaffoldings is performed outside the construction objects, and it is
impossible to influence these conditions; at best, we can only monitor them. Additionally, workplace
changes are associated with changes in the conditions of our surroundings, which the body is unable
to adapt to easily. High temperatures and the lack of adaptability to working conditions lead to
tiredness, lowered alertness levels, and are generally not good for overall health. Consequently, they
lead to behaviors that can cause accidents. Therefore, workers’ thermal comfort research, especially

for scaffolding work on construction sites, should be further developed in the future.
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WPLYW CZYNNIKOW SRODOWISKOWYCH NA KOMFORT PRACOWNIKOW NA
PRZYKLADZIE TEMPERATURY OTOCZENIA

Keywords: rusztowania. bezpieczenstwo. temperatura

STRESZCZENIE:

Praca w niekorzystnych, zmieniajacych si¢ warunkach srodowiskowych, oddziatuje nieckorzystnie na osoby pracujace na
rusztowaniach, wykorzystywanych na budowach, mogac zwigksza¢ ryzyko wystapienia sytuacji niebezpiecznych. Celem
artykutu jest prezentacja wpltywu temperatury na komfort pracy osob, pracujacych na rusztowaniach. Wprowadzono
zalozenie uproszczajace, tzn. przyjeto, ze temperatura jest gtdwnym czynnikiem, wptywajacym na komfort pracy oraz
niezaleznym od innych. Do dalszej analizy wybrano przede wszystkim dane wykonane przez IMGW (Instytut
Meteorologii i Gospodarki Wodnej) oraz wlasne pomiary temperatury na rusztowaniach. W tym celu uzyskano z IMIGW
(strona internetowa ogimet.com) wyniki pomiaré6w temperatury dla tych samych przedzialéw czasowych, w ktorych
badane byly rusztowania, ze stacji badawczych zlokalizowanych odpowiednio w Lodzi i Warszawie z lat 2012-2016.
Glowna grupa danych to wyniki pomiaréw temperatury na rusztowaniu. Na dziesigciu rusztowaniach wykonano pomiary
temperatury, w tym pig¢ w Lodzi i pie¢ w Warszawie lub miastach sasiadujacych z Warszawa. Pomiary wykonywano od
kwietnia do sierpnia 2016 roku. Seria pomiaréw na jednym rusztowaniu obejmowala pomiary przez pig¢ dni od
poniedziatku do piatku w godz. 8.00, 11.0 i 14.00, nazywanych porami dnia, na réznych poziomach rusztowania. Pomiar
w pierwszym punkcie rozpoczynat si¢ o danej godzinie. Pomiary parametréw $rodowiskowych wykonywane byly w
czterech, szesciu, dziewigciu lub dwunastu miejscach na rusztowaniu w zaleznos$ci od szerokosci i wysokosci rusztowania
oraz od dostgpnosci.

Temperatura zmieniala si¢ zarowno w zaleznos$ci od pory dnia jak i poziomu roboczego, na ktérym byly wykonywane
pomiary. Pomiary zostalty wykonane za pomoca urzadzenia wielofunkcyjnego AMI310, do ktérego podtaczono sondy
pomiarowe, w tym sond¢ wykonujaca pomiar temperatury. Z badan przeprowadzonych na budowach wynika, ze
temperatura na rusztowaniu zmienia si¢ rowniez wraz z wysokoscia. Dlatego pomiary zostaly rozdzielone rowniez ze
wzgledu na poziom rusztowania. Na podstawie liczby pomiaréow $rodowiskowych z badan dziesigciu rusztowan
dokonano oceny liczebnosci prob. Okreslono rozstgp badanej cechy, liczbe klas oraz diugo$¢ przedziatu klasowego
wynoszaca 2 ° C. Prawidlowy dobor liczby oraz dhugosci klas jest konieczny do prawidlowej analizy danych. Przyjecie
zbyt duzej liczby klas moze spowodowaé, ze na histogramie nie beda widoczne wazne zmiany danej wielkosci. Nastgpnie
okreslono rozktad prawdopodobienstwa wystapienia poszczegdlnych wartosci temperatur dla catego rusztowania. Celem
poréwnania otrzymanych rozktadow w artykule przedstawiono réwniez histogramy rozktadu wystapienia danej
temperatury z IMIGW z pieciu lat dla danych tygodni badawczych odpowiadajacych terminom badan rusztowan.
Poréwnujac histogramy, jakie otrzymano ze stacji meteorologicznych, z pomiarami na rusztowaniu wida¢ pewne roznice.
Wykresy otrzymane z pomiardéw sa bardziej przesunigte w kierunku wyzszych temperatur, co moze wigzac si¢ zar6wno
z oddzialywaniem budynku na temperatur¢ w otoczeniu rusztowania, potozeniem samego rusztowania jak rowniez z
pomiarami wykonywanymi w wigkszosci przypadkow na duzo wyzszych poziomach niz pomiary uzyskane ze stacji
meteorologicznych. Nalezy rowniez wziaé¢ pod uwage fakt, ze na otrzymane wartosci szczegdlnie te pomierzone na
najwyzej potozonych poziomach oddziatuje rowniez w stoneczne i ciepte dni podwyzszona temperatura przegrod. W

wigkszosci rozktadow prawdopodobiefistwa otrzymanych dla pomiaréw temperatury powietrza na budowie oraz dla stacji
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obserwuje si¢ obnizenie wystapienia wartosci prawdopodobienstwa w srodkowej czgsci zakresu co wynika z porannego
skoku temperatury.

Na podstawie histogramow dla kazdego rusztowania okreslono prawdopodobienstwo wystapienia temperatury w okresie,
w ktorym badane byly rusztowania.

Prawdopodobienstwo wyznaczono w czterech przedziatach: pierwszy ponizej 17 °C, drugi w zakresie komfortu
termicznego od 17 °C do 21 °C, trzeci od 21 °C do 26 °C oraz czwarty dla prawdopodobienstwa wystapienia temperatury
powyzej 26 °C. Dla pierwszego przedziatu najwigksze prawdopodobienistwo otrzymano dla rusztowania W01 wynoszace
0.8. Dla przedzialu w zakresie komfortu termicznego najwigksze prawdopodobienstwo uzyskano dla rusztowania EO1
wynoszace odpowiednio 0.42, ktére badane bylo na poczatku czerwca. Na tym rusztowaniu panowaly najbardziej
korzystne warunki pracy ze wzgledu na temperature. Dla trzeciego przedzialu najwigksze prawdopodobienstwo uzyskano
dla EO5 — 0.53, a dla przedzialu powyzej 26 °C, a wigc tych najmniej korzystnych temperatur najwigksze
prawdopodobienistwo uzyskano dla W04 wynoszace odpowiednio 0.89. Analizujac otrzymane wyniki na dziesigciu
rusztowaniach mozna zauwazy¢, ze najwigksze prawdopodobienstwa wystepuja przy najbardziej niekorzystnej
temperaturze powyzej 26 °C - rusztowania E02, E04, W02, W03, W04, WO05. Pracownicy narazeni sg wigc czesciej na
wystepowanie wysokich temperatur. Jednak bardziej niepokojacy jest fakt znacznych rdéznic temperatur na catym
rusztowaniu, dochodzacych nawet do 15.9 °C. Pracownicy, zmieniajac miejsce pracy na rusztowaniu, zmieniajg w
krétkim czasie warunki pracy. Te zmiany nie pozwalajg takze organizmowi czlowieka na klimatyzacj¢ do temperatury
otoczenia.

Praca na budowach a zwlaszcza na rusztowaniach wymaga duzego wysitku fizycznego i jest praca niebezpieczna. Dlatego
istotnym elementem jest zapewnienie warunkow $rodowiskowych przyjaznych czlowiekowi. Niestety praca na
rusztowaniach jest praca na zewnatrz obiektow i nie ma mozliwosci wptywania na te warunki, a jedynie mozna je
monitorowa¢. Dodatkowo zmiany miejsca pracy sa zwiazane ze zmiang warunkow otoczenia, do ktérych organizm nie
ma mozliwosci adaptacji. Wysoka temperatura i brak mozliwosci adaptacji do warunkéw pracy prowadza do zmgczenia,
zmniejszenia percepcji i sa niekorzystne dla zdrowia, a co za tym idzie prowadza do zachowan wywotujacych sytuacje
potencjalnie wypadkowe. W zwiazku z tym badania komfortu cieplnego pracownikow szczegdlnie na rusztowaniach,

wykorzystywanych na budowach, powinny by¢ w przysztosci rozwijane.



