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Accepted: The expansion of urban societies caused significant changes in the living environment of humans.
March 16, 2024 These changes caused many problems, including the increase in thermal tensions and lack of ther-
Available online: mal comfort in the cities. Among these changes is the presence of artificial surfaces in urban
April 3, 2024 spaces, which have replaced natural surfaces and include a high percentage of the surface of cities.
The difference in the characteristics of the artificial surfaces has made their impact on the thermal
comfort conditions of the environment different compared to the natural surfaces. In this re-
search, sidewalks, which include a large part of artificial surfaces in cities, are the subject of study,
and the effects of changes in their characteristics on thermal comfort in open spaces are evaluated.
Field measurements and numerical simulation methods were used in this study. Field measure-
ments were carried out by a data logger on the campus of Imam Khomeini University of Qazvin.
Also, numerical simulations were performed for the hottest day of the year (July 25, 1401) by mod-
eling the site using Envimet software. The results of the data obtained from the simulations were
validated with the measured data. Then two characteristics of pavement materials, albedo (reflec-
tion coefficient) and material thickness, were investigated in different amounts of simulation and
Keywords: the results obtained from their impact on the thermal comfort of the environment were evaluated
Thermal comfort, by two indices of Physiological Equivalent Temperature (PET) and Universal Thermal Climate Index
urban space, pave- (UTCI). According to the results, albedo has a greater effect on thermal indices, and reducing its
ment materials, al- value from 0.8 to 0.2 to a maximum of 3 and an average of 0.4 degrees Celsius will cause a decrease
bedo, material in the thermal comfort index of PET. The thickness of the pavement materials was also evaluated,
thickness and the related results indicate the very small and partial effect of changes in this characteristic
’ on the thermal comfort of the environment.
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1. Introduction

With the expansion of urbanization, artifi-
cial surfaces replaced natural surfaces
such as plants and soil. Therefore, at pre-
sent, a major part of the area of the cities
is covered by artificial surfaces, and the
sidewalks include a high percentage of
these surfaces. The research conducted in
this field can be divided into two catego-
ries. The first group of studies considers
the increase of reflection from floor sur-
faces as a positive thing in improving the
thermal comfort of outdoor space, and the
second category is studies that refer to the
positive effect of reducing the reflection
coefficient of floor materials on the ther-
mal comfort of outdoor space. To solve
this contradiction, this research seeks to
solve this ambiguity by examining the ef-
fect of the characteristics of pavement
materials on the thermal comfort of urban
environments with an emphasis on cold
flooring. The two main variables studied in
this research are albedo (reflection coeffi-
cient) and material thickness.

2. Research Methodology

The research method in this study in-
cludes four main parts. In the first part, li-
brary studies, including books, articles,
and theses, were conducted to find varia-
bles affecting the performance of floor
materials for conducting research. In the
second stage, field studies were con-
ducted by selecting a case sample to per-
form field measurements. Data measure-
ment in the studied site was done for three
days of the hot season from 9:30 to 17:00
to increase the validity of the obtained
data and reduce possible errors. The data
obtained by the data logger in the first half
hour would not be considered. In the third
part, a simulation tool was used to conduct
the research. In this section, Envi-met

(ver5.1), which has been used and validated
in many studies and authoritative articles
simulation software, was used. The stud-
ied site of the model was simulated inside
the software, and after verifying the re-
sults obtained from the measurement
data, various variables were evaluated. In
the fourth step, the Biomet part of Envimet
software was used to obtain environmen-
tal thermal comfort values according to
the output data from the simulation. PET
thermal comfort index was used to calcu-
late environmental thermal comfort con-
ditions. In addition to the PET index, an-
other valid thermal comfort index called
UTCI was used so that the results were
more reliable. Thermal comfort calcula-
tions are performed for a person with
walking activity and appropriate clothing
for the season. In this study, the campus of
Imam Khomeini International University
was chosen as the target site. The variety
of sidewalk materials on the university
campus, as well as the importance of the
issue of thermal comfort of the open space
in this particular use, can be mentioned
among the reasons for choosing this site.
The first selection area was the pedestrian
path located between the two faculties of
basic sciences and technical engineering.
The second area was the space in front of
the central library. This part has different
pavement materials compared to the first
proposed area and is covered by travertine
stone with a thickness of 2 cm.

3. Research Findings

Correlation data show a strong relation-
ship between the changes in the albedo
level and the thermal comfort perfor-
mance of the environment. In the hours
between 00:00 to 6:00, because the data
related to the thermal indices were the
same due to the changes in the albedo val-
ues, the correlation results were specified
as errors and zero, but at other times of
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the day, their values show a strong corre-
lation between the albedo data and are
thermal indices and show the predictabil-
ity of these data regarding albedo changes.
In this research, three different thick-
nesses (2, 4, and 6 cm) were considered for
the analysis of this feature, and its effect
on environmental variables and environ-
mental comfort conditions was evaluated.
The difference in the amount created in
MRT by increasing the thickness de-
creases in the period from 6:00 to 21:00.
The difference between the data at other
times is also insignificant. Although the
decrease in MRT caused by the increase in
surface thickness is a small amount, this
value is maximum in the range of 7 to 8
with a decrease of 0.75 °C in MRT. Accord-
ing to graph 24, the reduction of values in
the two time periods, from 7:00 to 8:00
and 18:00 to 19:00, is more different than
other times. This difference is due to sun-
rise and sunset and its radiation on the
pavement surfaces and the difference in
the thickness of different modes. By exam-
ining the PET and UTCI indices, it is clear
that the decrease in their values is insig-
nificant and they do not have much effect
on improving the thermal conditions of
the environment. In the period from 8:00
to 18:00, the thermal stresses were maxi-
mum, the PET index was in the hot and
very hot thermal range, and UTCI was also
in the thermal range of very strong
stresses and excessive thermal stresses.

4. Conclusion

The findings of this research reveal that
reducing the albedo value reduces the
comfort conditions of the environment in
the middle of the day and during the peak
times of thermal stress, and increasing its

value increases the thermal stress and
worsens the conditions of the studied site.
Moreover, with the increase in the thick-
ness of the material, the thermal stresses
of the environment generally decrease.
This decrease in values is insignificant and
not perceptible at most times of the day.
Based on the findings of this study, some
suggestions for improving thermal com-
fort in open spaces are as follows: using
materials with low albedo in different ur-
ban levels and increasing the thickness of
these materials can improve the thermal
comfort of the environment in some peri-
ods of the day; taking advantage of these
findings can be used during the design and
implementation of artificial surfaces and
sidewalks. Changing some of the charac-
teristics of the existing materials in the
sidewalks to improve the thermal comfort
in these environments and reducing the
thermal stress in the hot seasons of the
year are among other recommendations
for improving thermal comfort in open
spaces.
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