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imbalance. The energy crisis in the world is one of the factors of increasing
excess temperatures in urban areas, so living spaces need to develop
effective solutions to adjust the temperature in order to reduce the
damage. In this regard, the physical proportions of architectural elements
and spaces have been a factor in providing thermal comfort.
Understanding the impact of the physical proportions of semi-open spaces
on their thermal performance based on improving the thermal comfort
index and reducing the thermal stress of the surrounding environment
was one of the most important goals of this research. The most important
question of this research was how physical proportions affect the thermal
performance of semi-open spaces in areas with high thermal stress in the
city of Shiraz. The research methodology was quantitative, conducted in
two historical contexts and one middle context of Shiraz city through field
tests and then software simulation. The results were collected by
temperature and humidity sensors along with physical measurements.
Then, validation was carried out by Envi-met software and the PET
thermal comfort index was extracted from this software. Evaluation and
screening of parameters were carried out by Delphi software and finally,
correlation coefficients were calculated by SPSS and Excel software.The
most important achievements of the research indicate that the structure
of the veranda in the hot and dry climate of Shiraz has the most suitable
climatic structure. The orientation of the veranda on the northwest-west
front has the lowest temperature. The most optimal physical proportions,
by expanding the area of the veranda on the facade and, in this regard,
increasing the width to the height of the veranda (L/H>1), reducing the
height for shading, and increasing the height of the veranda from the
ground, the PET thermal comfort index has experienced a more
appropriate temperature effect. Finally, the thermal comfort index has
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shown a more significant effect with increasing the spatial opening in the
facade (vertical surface) compared to the horizontal surface.

Introduction

The reinterpretation and reproduction of proven vernacular concepts can play a vital
role in mitigating climate change. The pursuit of achieving optimal spatial quality in
architecture is fundamentally rooted in human experiences and empirical knowledge.
A clear and accurate understanding of semi-open spaces requires a detailed analysis of
their climatic performance. Accordingly, recognizing and utilizing the latent potentials
of the climate to create environmental comfort in open and semi-open spaces is of
particular importance.
By identifying and harnessing natural potentials for reducing temperature and energy
consumption, thermal comfort can be improved, contributing to broader goals of
climatic sustainability. In this regard, understanding the thermal behavior of vernacular
architectural elements and their impact on thermal comfort indices in buildings forms
a foundational and influential aspect of this research.
Examining the research problem from various angles and influencing factors leads to
the following central question:

e How do spatial proportions affect the thermal performance of semi-open
spaces in areas experiencing high thermal stress in Shiraz?

Sub-questions:

e  Which orientations of porches (semi-open spaces) in Shiraz’s hot and arid
climate offer the most optimal thermal conditions?

e  Which physical parameters show the closest correlation with the thermal
comfort index in porches?

Based on the nature of the research, several hypotheses are proposed to address the
research problem:

e Given that vernacular strategies and their integration with contemporary
architectural practices can help solve some climatic challenges, if semi-open
spaces like porches are aligned with optimized spatial proportions on vertical
facades, then they will offer more effective shading and natural ventilation,
resulting in better thermal performance compared to adjacent open spaces.

o Considering the critical role of orientation and solar radiation, if the influence
coefficient of spatial proportions in climatic elements such as porches and
central courtyards is adjusted, then the duration of thermal comfort perception
without heat stress will increase.

Based on geographical orientation, solar exposure, and prevailing winds, if the spatial
openness of porches is increased horizontally along the facade, then due to enhanced
shading and ventilation, mean radiant temperature, air temperature, and surface
temperature will decrease.

Table 1 Research background.
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Inquirers

Research Objectives

Sabri & Mozaffari
Qhadikolaei, 2024

Identification of optimal shading elements and their
effective orientation

Jewel etal., 2020

Determining the optimal spatial proportions that improve
natural ventilation and shading

Barzanouni, & Hosseini, 2024

Evaluating the effect of opening width on thermal comfort

Bannazadeh & Hadianfard,
2022

Analyzing the influence of individual and environmental
factors on thermal comfort perception

Mahdinejad Goodarzi et al.,
2022

Investigating effective strategies for optimal shading and
ventilation

Jafarian et al,, 2023

Reducing unwanted solar exposure through appropriate
shading technique

Shoara et al,, 2023

Mitigating thermal reflections and their impact on the
urban heat island effect

Barzegar & Sajjadi, 2023

Examining the crucial role of spatial openness and operable
openings in temperature reduction

Hashemi et al., 2022

Avoiding direct solar radiation and maximizing shading to
achieve better temperature moderation

Koulivand, 2023

Determining the correct spatial orientation to optimize
wind reception and natural cooling

Neshatsafavi et al,, 2023

Increasing shading performance and reducing average
radiant temperature

Theoretical Framework

Due to the quantitative nature of the research and the emphasis on the
methodology and findings, it was deemed necessary to present the overall research
process in the form of a diagram.
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Figure 1. Overall Research Process
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Methodology

The research method employed is quantitative and comparative. The primary focus
has been on the impact of spatial proportions of semi-open spaces on the thermal
behavior of these spaces and their surrounding environment. Accordingly, field tests
and simulations were conducted in two historical districts and one mid-scale urban
area in the city of Shiraz.
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Figure 2. Research Methodology Process Using the Selected Techniques

Results and Discussion

The primary focus of this research was to identify efficient climatic elements and
analyze the impact of their spatial proportions on reducing ambient temperature.
Based on the results of the findings derived from the research process and correlation
analysis, the following observations were made:

e Among all types of semi-open spaces, the porch structure holds the highest
significance in the hot and dry climate of Shiraz. (Specifically, curved and
concave porch forms are more effective than other types.)

e The porch-courtyard component enhances the influence of climatic data on
the thermal comfort index PET (Physiological Equivalent Temperature).

e The duration during which the porch remains within the comfort or low
thermal stress zone is approximately 14 hours per day, which is about 2
hours longer than that of the courtyard.

e The minimum effective height of the porch from the ground for influencing
thermal comfort is 1.20 meters.

e Independent variables such as air temperature, mean radiant temperature,
wind speed, and surface temperature show significant correlation with the
PET thermal comfort index.
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Following these findings, changes in porch proportions—including increased width
and spatial opening area on the fagade, increased height from the ground, and the
width-to-height ratio (L/H)—along with a decrease in porch height, exhibit the
strongest correlation with the thermal comfort index. Hence, modifications in spatial
proportions play a vital role in controlling and moderating the temperature within the
porch and its surrounding environment. Reducing the porch height increases shading,
which in turn controls the mean radiant temperature, thereby decreasing the PET
index. Conversely, increasing the porch height reduces the reception of thermal
reflections from the surrounding environment and improves wind exposure.
Consequently, positioning porches with larger spatial openings on vertical facades and
clustering them together significantly contributes to reducing both the ambient
temperature and surface temperature around the porch, aided by increased
ventilation. It is important to note that all the aforementioned independent variables
strongly correlate with the reduction of the PET thermal comfort index.
The function of porches is to receive and transfer heat, and with optimized spatial
proportions enhancing ventilation and thermal circulation, this thermal behavior
becomes more pronounced and effective.
o The best temperature measurement points throughout the day are:
1. Center of the porch
2. Adjacent to the porch within the courtyard
3. Center of the courtyard
e  Priority order for porch location based on orientation:
1. Northwest-West: Avoidance of prolonged undesirable solar radiation
2. Southeast-South: Placement in the prevailing wind path
3. South-Southwest: Shorter durations of undesirable solar exposure
with limited wind access
Based on the results, there is a positive correlation between sky view factor (SVF),
mean radiant temperature (Tmrt), and the PET thermal comfort index in both
courtyards and porches. This relationship is also evident on the facades where
porches provide larger spatial openings, creating wider shade on the vertical plane
and altering wind pressure as air moves over the otherwise smooth surface.
e Placement of porches at higher elevation levels results in:
1. Increased heat gain from the rooftop surface
2. Direct wind flow with minimal pressure changes above the rooftop
e Larger porches tend to experience cooler thermal perception zones earlier
and endure moderate cold stress less frequently (large porches at higher
elevations record the lowest temperatures throughout the day).
e Increasing the spatial opening size of porches alters wind geometry and
speed, positively impacting the thermal comfort index.

Conclusions

1. The porch structure is the most suitable semi-open space in the hot and dry
climate of Shiraz.
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2. Geographic orientation priority for porches:
e Northwest-West
e Southeast-South
e South-Southwest
3. Increasing the porch width, spatial opening area on the fagade, height from
the ground, and the width-to-height ratio (L/H), alongside reducing porch
height, shows the strongest correlation between spatial proportions and the
thermal comfort index in semi-open spaces.
4. Optimal use of porch with larger spatial openings located adjacently
contributes to temperature moderation.
5. Suitable adjustments in thermal perception zones emphasize the importance
of optimized spatial proportions in porches.
6. Spatial openings on vertical fagades have a more significant thermal impact
on the thermal comfort index than horizontal openings, highlighting the
morphological differences between porches and courtyards.
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