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Objective: Creating thermal comfort conditions in urban open spaces is a crucial factor in
maintaining pedestrians’ health. This issue is important around residential blocks due to the
long-term presence of people in the open spaces. In this study, thermal comfort conditions
around residential blocks are investigated. The aim of the study is to examine the effect of
different patterns of residential block placement on environmental conditions in the open
spaces of the city of Tabriz, Iran, in the summer.

Method: To perform this study, initially the patterns of residential block placement in the city
of Tabriz were investigated, and it was determined that the scattered, linear, and central
courtyard patterns were the main patterns of residential block placement in the city. Therefore,
the three mentioned patterns were studied in this research. To achieve this goal, ENVI-met
(Version 4.4.4) was used, and to measure thermal comfort, the Predicted Mean Vote (PMV),
as one of the important factors in the comfort status, was examined. Also, five receptors were
determined at different points of the site to capture environmental conditions.

Results: According to the results, the placement pattern of building blocks had a direct impact
on thermal comfort conditions in open spaces. In all of the three studied patterns, the PMV
index showed an upward trend from the early hours of the day and reaches its peak at 3 pm.
The numerical value of the mentioned index was recorded 4.18, 3.81 and 3.29 for scattered,
linear, and central courtyard patterns respectively. In most of the daytime, the central courtyard
pattern had less mean value than the other two patterns. The average PMV index at the five
designated receptors during the studied hours in the central courtyard was 1.97, differing by
0.26 from the scattered pattern and by 0.25 from the linear pattern. The most significant
difference between the investigated patterns occurred in the time period from 1 pm to 4 pm,
which emphasized the critical role of the pattern of block placement under critical conditions.
Conclusions: According to the results, the layout of residential blocks affects the comfort
conditions in the open space, and the central courtyard pattern can provide better conditions in
the environment compared to the other two studied patterns. However, none of the three
studied patterns create comfortable conditions in the environment during the peak heat hours.
Therefore, to achieve such conditions, other factors in the environment must be considered. In
conclusion, using the pattern of the courtyard, along with considering other climatic design
strategies such as vegetation, sun shades, water features, etc. can be recommended as an
effective solution to improve environmental conditions in outdoor spaces.
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Introduction

In recent decades, numerous studies have been conducted on the effects of urban morphology on
microclimate and, consequently, on the thermal comfort of people in outdoor spaces. Despite the
research conducted in this field, fewer studies have considered the different patterns of residential
blocks in a specific climatic context. In many of these studies, urban block patterns have been
examined in the form of a specific and single scenario, and the analysis and comparison of different
patterns have received less attention. Therefore, in this study, the effect of different patterns of
residential block placement on thermal comfort conditions in outdoor spaces was analyzed and
compared. Given that the Envi-met software allows for accurate microclimate simulation by
considering environmental factors and has been widely used in various studies, this software was
used in this study to perform the simulation. Also, to examine the thermal comfort conditions, the
PMV index was applied, because this index is a human-centered index based on body energy balance
that allows for quantitative comparison of the intensity of thermal stress in different design scenarios.
This index has also been used in numerous articles to measure the thermal comfort conditions in
outdoor spaces. The study area is the city of Tabriz, Iran. Studies conducted on residential blocks in
Tabriz and their layout show that the linear pattern, central courtyard, and scattered pattern are the
three common patterns of block placement in this city. Therefore, these three patterns were examined
in the present study.

Method

According to the latest statistical data, the city of Tabriz is divided into ten regions. To conduct the
research, first, different types of building blocks were extracted in each region of the city.
Accordingly, 70 different residential blocks were identified, and their layout was analyzed. In general,
the layout pattern in this city can be divided into several categories: linear, single, central courtyard,
or a combination of the three types mentioned .Considering that the three linear, central courtyard,
and scattered patterns are the most common layout patterns in the city, these three patterns were
selected for the research.

The Envi-met is one of the software specifically designed for analyzing urban open spaces and has
attracted a lot of attention due to its accurate microclimate simulation. Several studies, such as
investigating the impact of green spaces on temperature and thermal comfort (Sun et al., 2017), urban
form analysis (Dissanayake et al., 2021), heat island effect (Ouyang et al., 2022), form (Zhang et al.,
2022; Lin et al., 2024), orientation of urban blocks, etc., have been conducted using this software. In
fact, this software is a three-dimensional model based on fluid physics and energy exchange and can
simulate important environmental components such as temperature, solar radiation, wind, etc.
(Ketterer & Matzarakis, 2014) Therefore, in this study, Envi-met Model 4.4.4 software was used for
simulation. One of the important factors in analyzing the quality of built environments, especially in
urban open spaces, is the assessment of thermal comfort conditions. To perform this assessment, the
PMV index, which is one of the most widely used indices in this field, was examined in this study.

Results

According to the results, the pattern of building block placement had a direct impact on thermal
comfort conditions in open spaces. In all of the studied patterns, in the early hours of the day, the
index value was close to the range of thermal neutral conditions, and as the middle hours of the day
approached, due to the increase in the intensity of sunlight and the subsequent increase in air
temperature, an increasing trend of the index could be observed, so that at 3:00 PM, the PMV index
reached its highest value in all three patterns. Also, in most hours of the day, the central courtyard
pattern had the lowest value compared to the other two patterns. As in this pattern, the central space
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is typically enclosed by residential blocks, the shaded surfaces increase. Therefore, and the average
radiant temperature in the environment decreases, which provides better conditions than the other two
patterns. The study showed that in the linear pattern, the orientation of the blocks and the creation of
linear shadows improved the comfort conditions to some extent. Also, the largest difference in the
values of the mentioned index among the three patterns occurred during the peak heat hours between
13:00 and 16:00. Since the thermal stress reached its peak during these hours, the index was close to
the comfort range in the early and late hours of the day. Therefore, those hours were found to be more
important in comparing the patterns than other times of the day.

The results showed that the central courtyard pattern created the best conditions compared to the other
two patterns and provided low-stress thermal conditions throughout the day. Also, a comparison of
the two scattered and linear patterns showed that in some hours of the day, the PMV index in the
linear pattern demonstrated a lower numerical value compared to the scattered pattern. However, the
difference in the index in these two patterns was insignificant in the early and late hours of the day,
and also, the average index in all day long was high in the scattered pattern. Considering that the
difference in the index during peak heat hours in the scattered pattern was greater than in the linear
pattern, the scattered pattern had the most unfavorable condition, and the linear pattern was in an
intermediate position. However, it had similar conditions as of the scattered pattern.

Conclusions

In this study, the importance of different patterns and layouts of residential blocks as an influential
element in urban morphology was examined. The results of the study showed that in all three studied
patterns (scattered, linear, and central courtyard), the PMV index was higher than the thermal comfort
range in the middle hours of the day when the intensity of solar radiation reached its peak. Therefore,
although the way that the blocks are placed affects comfort conditions, paying attention to this factor
cannot create favorable environmental conditions in open spaces, and to achieve favorable conditions
in the city of Tabriz in the summer, it is necessary to consider other conditions and influential factors
in the environment, such as vegetation, water features, etc.

Comparison between the three studied patterns showed that in the scattered pattern, the PMV index
values were the highest in most of the daytime, especially in the middle hours of the day, compared
to the other two patterns, and as a result, it created the most unfavorable conditions. The reason was
that in this pattern, the open space was more exposed to direct sunlight than the other two patterns.
The linear pattern showed intermediate performance. Although this pattern created a better condition
in the environment than the scattered pattern, according to the extracted results, it had similar
conditions to the scattered pattern. This indicated that the creation of linear shadows could to some
extent reduce the thermal stresses in the environment, but it was not found to be sufficient alone to
achieve optimal thermal conditions in the hot summer climate of the city of Tabriz. The pattern of
placing blocks in a central courtyard had the best performance among the studied patterns. The results
of the study showed that the form of the blocks affected the comfort conditions in the open space.
The use of courtyard patterns, along with considering other climatic solutions such as vegetation,
shade sails, water features, etc., is recommended as an effective solution to improve environmental
conditions in the open space. Also, for future studies, it is recommended to examine other
environmental elements and the compare their impact on the environment in the central courtyard
pattern to reach a comfort range in the open space.
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