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Abstract. Previous studies have generally focused on indoor temperature of buildings and air supplies to their environment.
The effect of outdoor pollutants on thermal conditions has also received some attention in recent years. However, the number of
studies on other factors that may potentially affect thermal comfort and health in high-rise buildings are limited. A structured
Analytical Hierarchy Process and an improved Data Envelopment Analysis method are used in this study to determine the indoor
and outdoor spatial features and climatic effects that influence thermal comfort in multi-storey business buildings. The impact
levels of these factors on thermal conditions are determined with heuristic algorithms. Further, two climate zones in two countries
are compared in terms of the factors that affect thermal comfort and their individual impact levels. The most critical main
criterion for Kuwait is external insulation features, whereas for Turkey it is indoor air conditioning. The most critical sub-
criterion is temperature for Kuwait, whereas for Turkey it is insufficient heat and light insulation of windows. The Data
Envelopment Analysis yields that respiratory health diseases are the most critical effect in Kuwait, and work accidents are the
most important effect for Turkey. Temperature and humidity play a significant role in thermal comfort in Kuwait. Insulation and

air conditioning are crucial factors in thermal comfort conditions in Turkey.
Key words: thermal comfort; occupational health; multi-storey buildings, AHP, data envelopment analysis

1. INTRODUCTION

Multi-storey buildings are structures that offer long-lasting and
modern living spaces that aim to maximize the efficiency of
users thanks to their architectural features and equipment.
These buildings play an important role in providing the shelter
needed by the ever-increasing urban population quickly and at
optimal costs. However, it is also known that these buildings
have a number of negative environmental, economic,
sociological and health effects. Multi-storey tower buildings are
commonly built to be used as business centers. Their
temperature is preserved only by central ventilation systems
and usually lack natural ventilation. Use of inappropriate
interior and exterior coating or isolation materials may become
an issue in some applications. These buildings therefore are
usually not well designed in terms of thermal comfort and harm
the health and productivity of the employees within.

The most reported health problem among workers in air-
conditioned buildings with central ventilation systems is the
Sick Building Syndrome (SBS). Sick leaves due to the illness
cause a significant loss of working days annually. Some studies
have shown that high cold air ventilation, poorly maintained
ventilation systems, inadequate thermal design, internal barriers
that prevent air flow, lighting styles, high relative humidity and

high bacterial counts detected in air quality measurements
increase the incidence of SBS. One study reports that the SBS
problems were solved in an examined building over time with
certain applications in the offices and installation of new air
handling units [1]. Another study determined that
meteorological conditions (outdoor temperature, wind speed,
relative humidity) may be as effective in SBS syndromes as
indoor and outdoor air pollutants [2]. Significantly higher SBS
rates have been reported in air-conditioned buildings than in
naturally ventilated buildings [3].

It is possible that a building has no ventilation system, or the
existing system is working inefficiently, causing relatively
higher temperatures within. Exposure to extreme heat can cause
heat stroke, dehydration, heat exhaustion, heat syncope, heat
cramps, heat rash, and even death [4]-[5]. Heat can also increase
workers' risk of injury, as it can cause sweaty palms, fogging of
safety glasses, dizziness, and can create additional hazards by
reducing brain functions responsible for judgment. Hot and
humid environments negatively affect workers' emotions and
psychology, increase their anxiety levels, and may make them
vulnerable to work accidents [6]-[10]. There is also evidence
that working in high temperature conditions reduces the
worker's performance and productivity [11]-[15].
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There are many factors that pose the risk of high temperature
and humidity in the working environment. When internal
spatial negativities (presence of equipment and materials that
increase the temperature in the environment, problems with
insulation or building design, inadequate or neglected natural
ventilation or air conditioning systems and so on) are added to
the climatic conditions of the building’s location (number of
annual sunny and windy days, average temperature values and
so on), they might pose occupational health and safety risks for
employees [10].

Previous studies have focused on optimizing thermal comfort
conditions, generally based on the indoor temperature and the
amount of air supplied to the environment, which are factors
affecting thermal comfort conditions in air-conditioned
buildings. The effect of outdoor pollutants affecting thermal
conditions is also a subject that has received more attention in
recent years. Thermal comfort is affected by many factors such
as the general and internal structure of the building, the coating
and insulation materials used, climatic conditions (humidity,
number of sunny days, temperature, wind, and so on), natural
ventilation opportunities in the building, floor and covering
materials, equipment used in the building and defects in
electrical installations. In one study, it was determined that
increasing the thermal performance of building walls generally
requires the correct selection of thermal insulation materials
[16]. In two other related studies, suggestions for the design of
residential buildings in terms of heat and energy efficiency were
offered and an algorithm was developed for monitoring indoor
thermal comfort conditions [17]-[18]. It is also investigated
which variables related to the health and comfort of building
occupants are necessary in modeling ventilation systems,
mentioned that such studies for energy saving and building
control are necessary and important [19]. Hu et al. (2023)
determined that there would be an increase in thermal comfort
and a decrease in energy consumption with the correct design,
insulation, and natural ventilation precautions in residential
buildings in hot climates [20].

Analytical Hierarchy Process (AHP), one of the multi-criteria
decision-making methods (MCDMM), is used extensively in
occupational health and safety (OHS) services and OHS related
issues to rank and compare KPI-based (Key Performance
Indicator) measurement dimensions [21]-[25]. Shin et al.
(2021) also examined the relationship between the company's
understanding of OSH services and innovation activity using
Data Envelopment Analysis (DEA) [26]. Zhang et al. (2018)
analyzed the dynamic game relationship between SMEs,
governmental authorities, and external safety service agents
with similar methods [27].

Few of the existing studies are related to the health effects of
thermal comfort and these are focused on residential buildings,
schools and public buildings. Studies examining the indoor and
outdoor spatial factors and their health effects in multi-storey
commercial buildings are limited in the literature.

This study was carried out to achieve three different goals with
two different methods. First, it determines all the indoor and
outdoor spatial features and climatic effects that affect thermal
comfort in multi-storey business buildings and determines the
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effect level of these factors on thermal conditions with intuitive
algorithms.

The second objective is to examine the factors affecting thermal
comfort conditions in two climate zones by comparing the
factors affecting thermal comfort and their impact levels in two
different countries located in two different climate zones. For
this purpose, the data obtained from the surveys conducted on
experts in the Marmara Region, which is in the temperate
climate zone of Turkey, and Kuwait, which is in the hot climate
zone, will be analyzed using a structured AHP and presented
comparatively.

Finally, the study explores the impact levels of thermal
conditions on employees health in multi-storey buildings, with
the approaches of experienced occupational safety experts and
workplace physicians. An improved DEA analysis method is
used for this purpose.

2. MATERIALS AND METHODS

2.1. Survey Design

A survey consisting of six main sections was created in order to
examine the effects of thermal comfort conditions in multi-
story buildings and to list the factors that provide thermal
comfort. In the first four sections, the factors affecting thermal
comfort are examined and the sub-factors within each main
factor are compared with each other. While determining these
factors, a huge factor pool was first created from the universal
factors obtained from the literature review. Afterwards, the
survey was finalized by creating elimination criteria and
filtering for Kuwait and Turkey, for building and office
environments, and finally for air conditioning.

In the fifth section, following the first four sections, seven
different health problems related to thermal comfort conditions
are presented and their degrees of importance relative to each
other are obtained. These health problems were also included in
the study due to respiratory diseases and psychological and
physical damage resulting from thermal conditions.

In the last section, participants were asked to measure which of
the factors given in the first four sections had the most impact
on these health problems by giving points. The survey is given
in Table 1.

TABLE 1. Survey Design

Main Factor | Sub-Factors
1. a) Plaster materials used on the exterior of the building are
EXTERNA | not suitable
L b) Outer covering insulation materials are not suitable
INSULATI | c) The amount of glass coating used on the exterior is too
ON little or too much
FEATURE | d) Insufficient heat, light and insulation of the windows
SOFTHE [ &) Errors in the brick or other reinforced concrete
BUILDING | applications used (such as wall thickness)
2. a) Insufficient natural ventilation (e.g., number and size of
INTERNA | openable windows)
L b) The interior covering materials used on the floor and
INSULATI | walls are not suitable
ON ¢) The amount and unsuitability of furniture and
FEATURE | decoration materials used in workplaces
SOFTHE [ d) Insufficient airflow or presence of elements obstructing
BUILDING airflow
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e) Design errors
3. a) Temperature
CLIMATIC | b) Humidity
ENVIRON [ ¢) Annual number of sunny days
MENT
OU_I'_I':IIEDE d) Number of windy days
BUILDING
a) Number of heat-emitting equipment that increases the
temperature in buildings
b) Number of people working in and visiting the buildings
4. ¢) Inadequacy and lack of maintenance of compulsory
FACTORS | \entilation systems
AFFECTIN d) Defects in electrical installations inside the building
G INDOOR - —— —
AR e) High h.umldlty inside thg bL_uIdmg
conpiTio LD Er!’ors in th'e use gf v_enFllatlon sy§tems
NING g) High light intensity inside the building
h) Inappropriate personal equipment and clothing of
employees
i) Insufficient engineering services
5. a) Stress
EFFECTS | b) Respiratory system problems
OF ¢) Fatigue and boredom
INAPPROP d) Skin disorders
RIATE e) Low efficiency
THERMAL - —— -
COMFORT f) Anxiety and similar psychological problems
CONDITIO
NS ON g) Increase in work accidents
EMPLOYE
E HEALTH
Stress Respiratory ~ system
problems......... Increase in work accidents
6. CAUSE- | Main Factor 1
EFFECT Main Factor 2 SCORE
SCORING | TABLE
Main Factor 4

2.2. Data Collection

To complete the surveys, two separate efforts were made to
obtain the opinions of experts in Turkey and Kuwait in the
Excel environment. The survey was prepared in both Turkish
and English, and survey participants were asked to answer in
the language they were most comfortable with. In order to
avoid any misunderstandings in the surveys conducted in the
State of Kuwait, the Arabic equivalents of some terms were
also conveyed to the participants when necessary.

The profiles of the experts selected from both countries must
have experience in multi-storey building design or air
conditioning studies, preferably have worked in the fields of
mechanical engineering or civil engineering, and also
preferably have knowledge and experience in the fields of
occupational safety and occupational health. Since it is not
possible to meet all of these conditions at the same time, these
conditions were prioritized and experience in the field of
multi-storey building design and air conditioning was given
priority, and then a survey was applied to people who had
experience in building construction and insulation, as well as
air and heat transfer in buildings. If this condition was not met,
a survey was applied to people with academic backgrounds
who worked in civil and/or mechanical engineering,
preferably in thermal insulation. 26 surveys were applied, 4 of
them were removed because they were not suitable for
evaluation within the scope of the study. 40% of the experts
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are experienced in multi-storey design and air conditioning,
60% are experienced in civil engineering and 40% are
experienced in mechanical engineering. 90% of the
participants surveyed are knowledgeable about heat transfer
and thermal comfort conditions. The remaining 10% worked
as managers or project engineers during the construction
process. The procedure is as follows: An expert first compares
all factors in the first section, for example, plaster materials
with outer covering, then plaster materials with amount of
glass coating, then plaster materials with insufficient heat and
so on until he or she compares all factor combinations within
that section. Then the expert proceeds with the next one until
all factors are compared with each other. The expert also
compares health problems of employees in the fifth section
and finally in the last section, effects of all technical factors in
the first four sections on the employee health are evaluated by
the expert. Based on a scale of 1-9, a score is assigned by the
expert for each and every factor comparison. The greater the
score is, the more important is that factor for the expert.

2.3. Data Analysis: An AHP-DEA Approach

AHP is a widely used method for selecting and ranking
multiple alternatives. In the survey applied in the study, a
hybrid method based on AHP and DEA is used for the
comparison and ranking of the main criteria given in the first
four sections, the ranking of the sub-criteria , the ranking of
the health problems given in the fifth section, and the analysis
of the scoring in the sixth section.

The surveys were analyzed using the AHP technique on
different platforms for the two countries, and all subcriteria
for the first four sections were compared with each other.
Following this, the ranking of health problems was carried out
with a separate AHP application. The scoring system given in
the last section, which was applied to examine the effects of
the main criteria on health problems, was analyzed by data
envelopment analysis to examine whether the comparison
made by the participants for their health problems coincided
with the scores they gave independently. The DEA analysis
completed the AHP in terms of an efficiency analysis and
provided insights to ranking of the factors that caused all
health problems in the fiftth main factor.

3. RESULTS

The rankings for the top five sub-criteria for Turkey and Kuwait
are given in Table 2. According to these results, “insufficient
heat and light insulation of the windows”, “outer covering
insulation materials”, and “insufficient airflow or presence of
elements obstructing airflow” are ranked in top five in both
Turkey and Kuwait. The other two criteria for in top five for
Turkey are the “insufficient natural ventilation” and “faults in
bricks or other reinforced concrete applications” For Kuwait,
the remaining two criteria were temperature and humidity.

The rankings for the bottom five sub-criteria for Turkey and
Kuwait are given in Table 3.

TABLE 2. First Five Sub-Criteria Rankings

| Turkey First 5 Criteria Score
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1d) Insufficient heat and light insulation of the windows 0.080
1b) Outer covering insulation materials are not suitable 0.079
2d) Insufficient airflow or presence of elements obstructing
airflow 0.071
2a) Insufficient natural ventilation 0.061
1e) Errors in the brick or other reinforced concrete applications
used 0.055
Kuwait First 5 Criteria Score
3a) Temperature 0.393
1b) Outer covering insulation materials are not suitable 0.338
3b) Humidity 0.325
2d) Insufficient airflow or presence of elements obstructing
airflow 0.294
1d) Insufficient heat and light insulation of the windows 0.270
TABLE 3. Last Five Sub-Criteria Rankings
Turkey Last 5 Criteria Score
4g) High light intensity inside the building 0.024
3c) Annual number of sunny days 0.023
3d) Number of windy days 0.022
2c) The amount and unsuitability of furniture and decoration
materials 0.013
4b) Number of people working in and visiting the buildings 0.013
Kuwait Last 5 Criteria Score
4d) Defects in electrical installations inside the building 0.080
2c) The amount and unsuitability of furniture and decoration
materials 0.076
1a) Plaster materials used on the exterior of the building are
not suitable 0.075
4g) High light intensity inside the building 0.074
4b) Number of people working in and visiting the buildings 0.052

According to these results, “high light intensity inside the
building”, “the amount and unsuitability of furniture and
decoration materials”, and “the number of people working in
and visiting the buildings” are ranked in the bottom five criteria
in both Kuwait and Turkey. For Turkey the remaining bottom
two criteria are “number of sunny days” and “number of
windy”. In Kuwait, these are replaced by “plaster materials
outside the building” and “defects in electrical installations”.
The rankings of the main criteria are provided in Table 4. It
should be noted that these rankings are derivations from the
ranking of the sub-criteria, which reveals that the most
important criterion is “external insulation features” (0.361) in
Kuwait, while the most important criterion on Turkey is
“factors affecting indoor air quality” (0.324).

The ranking of health problem related sub-criteria for Turkey
and Kuwait is given in Table 5. Accordingly, the most
important health problem is “respiratory system problems” in
Kuwait followed by “low efficiency” and “fatigue”. Whereas
Turkey ranks the “increase in work accidents” the first,
followed by “fatigue” and “low efficiency”. As can be seen, the
two countries share the “low efficiency” “fatigue” concerns.
Finally, it was compared to what extent the scores given by the
countries on the main criteria in the fifth main factor (effects of
inappropriate thermal comfort conditions on employee health)
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fit into the main criteria ranking, and with the help of DEA, the
rate of this compliance was calculated and presented for both
countries.

For the DEA, the inputs are the scores given by each participant,
and outputs are the rankings of the main factors. The
participants provide the scores as designed in the sixth section
of Table 1. Accordingly, for each main criterion and health
problem, the participants gave a 0-100 scale score to determine
how much the main criterion is associated with the
corresponding health problem. For instance, if the cell in the
intersection of main factor 1 and stress is 80, external insulation
features of the building are 80% associated with stress. After
collecting and pooling the data, for each main factor, a linear
program with seven input variables corresponding to the sub-
factors in the fifth main criterion and one output variable
corresponding to main criteria ranking was created and solved
using Excel Solver. The Non-Archimedean Epsilon assumes a
value of 0.0001. At the end, the efficiency results were obtained
in Table 6.

Based on the DEA results, participants show consistency with
the first main factor because the first main factor has an
efficiency rate of 100% both for Turkey and Kuwait. In other
words, the scores they gave in the sixth section of the survey
and their ranking of main criteria are consistent.

For the remaining factors, the rates are lower for Kuwait than
for Turkey. The second main factor has an efficiency of 0.549
for Kuwait and 0.739 for Turkey. The participants gave high
scores for the second main factor in the sixth section of the
survey, stating that it is significantly associated with the
problems in the fifth main factor. However, when it comes to
ranking of the main factors, the second main factor ranked the
last in Kuwait (Table 6). The same goes for Turkey, where the
second main factor is ranked third, and thus, leading to a rate of
73.9%. The same situation applies for the third main factor,
where the efficiency rates are 50.7% and 78.2% for Kuwait and
Turkey, respectively.

Looking at the fourth main factor, it has an efficiency of 43.3%
while it is 90.3% for Turkey. The fourth main factor is ranked
first in Turkey and second in Kuwait, so the difference is, in
fact, due to the scores provided by the participants. The
participants in Kuwait gave higher scores for the fourth main
factor but ranked it the second, while the participants in Turkey
gave lower scores for it compared to the scores for the first main
factor, but they ranked it the first.

TABLE 4. Main Criteria Rankings

Kuwait Criteria Rankings | Score | Turkey Criteria Rankings | Score

1. External insulation 4. Factors affecting indoor

features of the building 0.361 | air conditioning 0.324

4. Factors affecting indoor 1. External insulation

air conditioning 0.240 | features of the building 0.292

3. Climatic environment 2. Internal insulation

outside the building 0.203 | features of the building 0.252

2. Internal  insulation 3. Climatic environment

features of the building 0.196 | outside the building 0.132
4
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TABLE 5. Criterion 5 Rankings
Kuwait Criterion 5 Turkey Criterion 5
. Score . Score
Rankings Rankings
5b) Respiratory system 0.182 5g) Increase in work
problems ' accidents 0.240
5e) Low efficiency 0.172 | 5c) Fatigue and boredom 0.160
5c¢) Fatigue and boredom 0.169 | 5e) Low efficiency 0.154
5g) Increase in work
. 0.160 . -
accidents 5f) Anxiety and similar 0.133
5b) Respiratory system
5f) Anxiety and similar 0.158 ) Respiratory sy
problems 0.126
5a) Stress 0.086 | 5a) Stress 0.117
5d) Skin Disorders 0.072 | 5d) Skin Disorders 0.070
TABLE 6. DEA Results Comparison
. Efficiency for Efficiency for
Main Factor ;i
Kuwait Turkey
1. External insulation features of 1 1
the building
2. Internal insulation features of
L 0.549 0.739
the building
3. Climatic environment outside
- 0.507 0.782
the building
4. Factors affecting indoor air
. 0.433 0.903
conditioning

4. CONCLUSIONS

In this study, the factors affecting thermal conditions in multi-
storey business buildings and the effects of poor thermal
conditions on worker health were evaluated from the
perspective of experts. According to the results, the first three
sub-criteria affecting thermal comfort for Turkey are
determined as “insufficient heat and light insulation of the
windows", "outer covering insulation materials are not suitable™
and "insufficient airflow or presence of elements obstructing
airflow". For Kuwait, these are “temperature”, “outer covering
insulation materials are not suitable” and ‘“humidity”,
respectively.

In the main criteria ranking, while the main criterion considered
to be the most important by experts in Kuwait is "external
insulation features of the building™, in Turkey it is determined
as "factors affecting indoor air conditioning".

These results are significant. Kuwait is extremely hot especially
during June, July, August, and September. August and
September are the most humid months and temperatures in
these months reach up to 60 degrees. It should be noted here
that main sub-criteria affecting thermal comfort conditions are
“temperature” and “outer insulation materials”, in addition to
the “humidity”. However, since the other sub-criteria in the
third main factor have little relevance in Kuwait, this main
factor is ranked the third in the ranking despite containing
“temperature” criterion. Instead of these climatic factors, outer
insulation factors are favored by the participants and ranked
first in Kuwait, because keeping the cool air inside is
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significantly more important than the temperature outside.
Kuwait construction companies plan separately for outer
insulation because it is important to stop the heat at the first
place and to prevent it from entering households and office
environments. After this comes “air conditioning”, as seen in
Table 4, and only after them comes the climatic factors.

It appears that for Turkey, factors related to indoor ventilation
are more important. In many buildings with natural ventilation
facilities in Turkey, appropriate temperatures can be provided
in the spring and autumn periods without the need for internal
ventilation-air conditioning elements. At the very least, it may
not be necessary to over-operate forced ventilation systems to
achieve appropriate thermal comfort values. However, in
Kuwait, especially in particularly hot months, it is not possible
to achieve appropriate thermal comfort values without the aid
of central systems. In this case, appropriate and sufficient
external insulation elements are of vital importance to preserve
the heat inside the building under the existing climate
conditions. Otherwise, excessive heat and humidity may occur
inside the building, which may be harmful to the health of
employees, and to the environment as well, due to excessive
energy consumption and emissions.

The experiences of experts in Kuwait and Turkey seem to differ
by a small margin regarding the possible effects of
inappropriate thermal conditions on the health of employees.
The most important occupational health problem in Kuwait is
"respiratory system problems”, whereas in Turkey it is
"increase in work-related accidents”. Other important problems
are "low efficiency” and "fatigue and boredom™ in both
countries. The reason for this slight difference may be the
effects of geographical and climatic conditions. In addition to
having a very hot and humid climate, Kuwait is a country where
the risk of exposure to dust is higher than Turkey. Dust is one
of the most important causes of lung diseases. In addition, the
harmful effects of inhaled dust increase when combined with
humidity in the air. In Turkey, in the regions where the research
was conducted, both the operating times and temperature
settings for central air conditioning systems are relatively low.
As such, the frequency of lung problems in those working in
buildings in Turkey may be lower than for those in Kuwait.
The ascertained effect of low thermal comfort environment on
“decreased productivity” and “fatigue-boredom” in employees
of the two countries coincide with the findings of previous
studies.

According to the DEA results, which examine the relative
effects of the main elements affecting thermal comfort in
buildings, experts in both countries agree that the factor with
the highest influence on the thermal comfort conditions for
multi-storey building employees is “the external insulation
elements of the building”. For Turkey, “factors affecting indoor
air conditioning” also has a high level of effectiveness. Whereas
the second most effective factor in Kuwait is the “building's
internal insulation” properties. In Turkey, the efficiency scores
of all factors except “external insulation” are higher than in
Kuwait. Internal and external insulation applications seem to be
much more important in terms of balancing thermal comfort in
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multi-storey buildings buildings compared to other criteria, in
both countries.

Inappropriate thermal conditions also have negative effects on
employee health. For this reason, when providing the thermal
comfort conditions in high-rise business buildings, proper
architectural design and engineering practices related to
climatic conditions should be adhered to, appropriate materials
should be used in inside and outside insulation of the building,
and the experiences of employees and occupational health and
safety experts should be heeded. Thermal comfort is a
multidimensional issue that includes many branches of science
such as health, management, psychology and statistics, as well
as various engineering fields. When the occupational health
aspect of the issue is evaluated together with climatic design
principles, multidisciplinary practices become important in
creating optimized thermal conditions for employees.

REFERENCES

[1]

[2]

[3]

(4]

[5]

(6]

[71

(8]

[9]

P. L. Ooi and K. T. Goh, “Sick-building syndrome in a tropical
city,” Lancet (London, England), vol. 347, no. 9004, pp. 841-842,
1996, doi: 10.1016/S0140-6736(96)90927-7.

C. Lu, Q. Deng, Y. Li, J. Sundell, and D. Norbidck, “Outdoor air
pollution, meteorological conditions and indoor factors in
dwellings in relation to sick building syndrome (SBS) among adults
in China,” Sci. Total Environ., vol. 560-561, pp. 186-196, Aug.
2016, doi: 10.1016/J.SCITOTENV.2016.04.033.

M. Gomzi et al., “Sick Building Syndrome: Psychological,
Somatic, and Environmental Determinants,” Arch. Environ. Occup.
Health, wvol. 62, no. 3, pp. 147-155, Sep. 2007, doi:
10.3200/AEOH.62.3.147-155.

W. T. Piver, M. Ando, F. Ye, and C. J. Portier, “Temperature and
air pollution as risk factors for heat stroke in Tokyo, July and
August 1980-1995.,” Environ. Health Perspect., vol. 107, no. 11,
pp. 911-916, 1999, doi: 10.1289/ehp.99107911.

G. Zheng, N. Zhu, Z. Tian, Y. Chen, and B. Sun, “Application of a
trapezoidal fuzzy AHP method for work safety evaluation and early
warning rating of hot and humid environments,” Saf. Sci., vol. 50,
no. 2, pp. 228-239, Feb. 2012, doi: 10.1016/J.SSC1.2011.08.042.
A. Coco, B. Jacklitsch, J. Williams, J.-H. Kim, K. Musolin, and N.
Turner, “Criteria for a recommended standard: occupational
exposure to heat and hot environments,” DHHS Publ., 2016.

E. K. O’Neal and P. Bishop, “Effects of work in a hot environment
on repeated performances of multiple types of simple mental tasks,”
Int. J. Ind. Ergon., vol. 40, no. 1, pp. 77-81, Jan. 2010, doi:
10.1016/J.ERGON.2009.07.002.

L. Lan, P. Wargocki, D. P. Wyon, and Z. Lian, “Effects of thermal
discomfort in an office on perceived air quality, SBS symptoms,
physiological responses, and human performance,” Indoor Air, vol.
21, no. 5, pp. 376-390, Oct. 2011, doi:
https://doi.org/10.1111/j.1600-0668.2011.00714.x.

Y. Jiao, X. Wang, Y. Kang, Z. Zhong, and W. Chen, “A quick
identification model for assessing human anxiety and thermal
comfort based on physiological signals in a hot and humid working
environment,” Int. J. Ind. Ergon., vol. 94, p. 103423, Mar. 2023,

www.czasopisma.pan.pl P N www_journals.pan.pl

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

doi: 10.1016/J.ERGON.2023.103423.

X. Shi, N. Zhu, and G. Zheng, “The combined effect of
temperature, relative humidity and work intensity on human strain
in hot and humid environments,” Build. Environ., vol. 69, pp. 72—
80, Nov. 2013, doi: 10.1016/J.BUILDENV.2013.07.016.

L. Lan, P. Wargocki, and Z. Lian, “Quantitative measurement of
productivity loss due to thermal discomfort,” Energy Build., vol.
43, no. 5  pp. 1057-1062, May 2011, doi:
10.1016/J.ENBUILD.2010.09.001.

H. R. Lieberman, G. P. Bathalon, C. M. Falco, F. M. Kramer, C. A.
Morgan III, and P. Niro, “Severe decrements in cognition function
and mood induced by sleep loss, heat, dehydration, and
undernutrition during simulated combat,” Biol. Psychiatry, vol. 57,
no. 4, pp. 422-429, Feb. 2005, doi:
10.1016/j.biopsych.2004.11.014.

P. A. Hancock and I. Vasmatzidis, “Effects of heat stress on
cognitive performance: the current state of knowledge,” Int. J.
Hyperthermia, vol. 19, no. 3, pp. 355-372, May 2003, doi:
10.1080/0265673021000054630.

B. Fernandez-Mufiiz, J. M. Montes-Peon, and C. J. Vazquez-Ordas,
“Safety management system: Development and validation of a
multidimensional scale,” J. Loss Prev. Process Ind., vol. 20, no. 1,
pp. 52-68, Jan. 2007, doi: 10.1016/J.JL.P.2006.10.002.

S. Zhang, N. Zhu, and S. Lv, “Human response and productivity in
hot environments with directed thermal radiation,” Build. Environ.,
vol. 187, p. 107408, Jan. 2021, doi:
10.1016/J.BUILDENV.2020.107408.

Y. Wang, K. Liu, Y. Liu, D. Wang, and J. Liu, “The impact of
temperature and relative humidity dependent thermal conductivity
of insulation materials on heat transfer through the building
envelope,” J. Build. Eng., vol. 46, p. 103700, Apr. 2022, doi:
10.1016/J.JOBE.2021.103700.

J. Dai, J. Wang, D. Bart, and W. Gao, “The impact of building
enclosure type and building orientation on indoor thermal comfort
---A case study of Kashgar in China,” Case Stud. Therm. Eng., vol.
49, p. 103291, Sep. 2023, doi: 10.1016/J.CSITE.2023.103291.

M. Martinez-Comesafia, A. Ogando-Martinez, F. Troncoso-
Pastoriza, J. Lopez-Gomez, L. Febrero-Garrido, and E. Granada-
Alvarez, “Use of optimised MLP neural networks for
spatiotemporal estimation of indoor environmental conditions of
existing buildings,” Build. Environ., vol. 205, p. 108243, Nov.
2021, doi: 10.1016/J.BUILDENV.2021.108243.

N. Ma, D. Aviv, H. Guo, and W. W. Braham, “Measuring the right
factors: A review of variables and models for thermal comfort and
indoor air quality,” Renew. Sustain. Energy Rev., vol. 135, p.
110436, Jan. 2021, doi: 10.1016/J.RSER.2020.110436.

M. Hu, K. Zhang, Q. Nguyen, and T. Tasdizen, “The effects of
passive design on indoor thermal comfort and energy savings for
residential buildings in hot climates: A systematic review,” Urban
Clim, wvol. 49, p. 101466, May 2023, doi:
10.1016/J.UCLIM.2023.101466.

D. Podgoérski, “Measuring operational performance of OSH
management system — A demonstration of AHP-based selection of
leading key performance indicators,” Saf. Sci., vol. 73, pp. 146—
166, Mar. 2015, doi: 10.1016/J.SSCI1.2014.11.018.

S. Alp, F. Yilmaz and E. Gecici, " Evaluation of the Quality of
Health and Safety Services with SERVPERF and Multi-Attribute

6

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.



[23]

[24]

[25]

(=

Decision-Making Methods", Int J. Occup. Saf. Ergo. 2022, vol. 28,
no. 4, pp. 2216-2226, doi:
https://doi.org/10.1080/10803548.2021.1984711.

F. Yilmaz and M.S. Ozcan. " Risk Analysis and Ranking
Application for Lifting Vehicles Used in Construction Sites with
Integrated AHP and Fine-Kinney Approach”, Adv. in Sci. Tech.
Res. J, 2019, wvol. 13, no. 3, pp. 152-161, doi:
https://doi.org/10.12913/22998624/111779.

M. Gul and A.F. Guneri, " Use of FAHP for Occupational Safety
Risk Assessment: An Application in the Aluminum Extrusion
Industry”, Fuzzy analytic hierarchy process. Chapman and
Hall/CRC. 1% edition, Sep. 2017, pp. 249-272.

F. Yilmaz, S. Alp, B. Oz and A. Alkoc, " Analysis of the Risks
arising from Fire Installations in Workplaces using the Ranking

WWWw .CA‘L{S(J])iblllﬂ.])illl.pl P N \-\‘\\;‘\'\'.j()Ul'll‘dl}-,l)ill’l,l)l

[26]

[27]

Method", Eng. Tech. Appl. Sci. Res. 2020, vol. 10, no. 4, pp. 5914-
5920, doi: https://doi.org/10.48084/etasr.3646.

J. Shin, Y. Kim, and C. Kim, “The Perception of Occupational
Safety and Health (OSH) Regulation and Innovation Efficiency in
the Construction Industry: Evidence from South Korea,” Int. J.
Environ. Res. Public Heal. 2021, vol. 18, no. 5, p. 2334, Feb. 2021,
doi: 10.3390/IJERPH18052334.

J. Zhang, Q. Mei, S. Liu, and Q. Wang, “Study on the Influence of
Government Intervention on the Occupational Health and Safety
(OHS) Services of Small- and Medium-Sized Enterprises (SMEs),”
Biomed Res. Int, wvol. 2018, p. 5014859, 2018, doi:
10.1155/2018/5014859.

7

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.



