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Fig 4. Average temperature and humidity in the months of the year in Ardabil city
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Fig 5. Bioclimatic diagram of Ardabil city
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Fig 6. Ardabil city's climate requirement Diagram
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Fig 7. Shading and solar radiation diagram in Ardabil city
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Fig 8. Average monthly fluctuations of ground temperature in Ardabil city
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Table 2. Investigation of orientation, patterning, area and difference in height in historical houses of Ardabil
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Table 3. Characteristics of the central courtyard, the winter hall and the percentage of openings in the facades
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Table 4. Average thickness of walls, thermal mass and energy efficiency in historical houses in Ardabil
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Table 5. Calculation of canopy depth in historical houses of Ardabil
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Table 6. The characteristics of each criterion and their indicators and ratings
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Fig 9. Total points based on the criteria according to the climatic performance and the percentage deviation from the
average value in the historical houses of Ardabil
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Fig 10. Distribution of scores of physical criteria according to climatic performance in historical houses of Ardabil
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Abstract

Extended Abstract: This study was conducted with the aim of recognizing and classifying
those structural criteria in the traditional houses of Ardabil which were effectively compatible
with the climate of the region. To this end, a combination of both quantitative and qualitative
research methods was used. Based on the frequency percentages of indices in the samples under
investigation, the structural criteria compatible with the climate of the region were close to each
other. They were generally classified in 5 classes, wherein the indices of outer space, inner
spaces, and spatial details were of paramount importance.

Introduction :Designing buildings based on the structural criteria concordant with nature has
been one of the climatic strategies in the architectural practices of the past. Inattention to such
principles and criteria has not only increased environmental problems, but also affected the
health status of the users of modern architectural spaces negatively. Bearing this in mind, this
study aimed to identify the structural indices influenced by the cold climate and classify them
based on the related criteria so as to achieve a pattern for sustainable designing via determining
the priority of the indices, and apply them in contemporary architecture. To this end, all of the
registered traditional houses in Ardabil (25 houses) were investigated.

Methodology: This study was an applied research in which the relevant criteria were identified
via the use of both qualitative and quantitative methods. In this study, the indices related to each
of the identified criteria were graded, their dispersion was determined, and the most common
criteria were also recognized. Finally, based on the total scores, the indices were classified and
those with high priority were also determined in each class. For the purpose of the study, the
structural criteria derived from cold climates were first identified through library investigations.
After that, the meteorological data of Ardabil in the last 14 years were analyzed using Climate
Consultant Software to identify the local climatic features. Then, the predominant features of
the traditional houses in the region were recognized via investigating the sample traditional
houses, which were selected using purposive non-probability sampling method. The selected
houses were easily accessible and unmediated field data could be obtained from them. The
structural criteria obtained from theoretical investigations were sought in the sample houses via
field observations, analysis of their clones in AutoCAD Software, and reviewing the data
recorded in the form of notes and tables. Then the total scores of the criteria, their standard
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deviation from the mean, and the dispersion of the data were calculated using figures and tables
so as to determine the compatibility of the samples with the derived criteria. Afterwards, the
number and length of the classes were determined through logical reasoning and using a specific
formula based on the total scores. Finally, frequencies were obtained and the criteria with the
highest frequency in each of the classes was recognized.

Results and discussion: The results indicated that at least 70% of the traditional houses under
investigation were quite similar in terms of structural components and were compatible with
the climate of the region. The criteria were then classified into 5 categories with specific indices.
In order to obtain the number and length of the classes, Sturges Rule was used. The total scores
of the classes as well as their frequency percentages in terms of the number of the houses in
each class in proportion to the total number of the houses were determined. That is why the first
class did not have the predominant frequency despite having the highest total score. The 2nd
class was found to have the highest frequency (48%). The results revealed that only a few of
the indices in each class were frequent.

Conclusion: priority belonged to outside volume (form compression, layout and stretch pattern
of the building, dominance of space over mass), inner spaces (the use of high thermal capacity
and organizing spaces appropriately), and spatial details (the south-facing openings
proportionate with the area of the hall and south-facing fagades). Among the important issues
was the appropriate design of the buildings with the aim of using the light and heat coming
from the sun during cold seasons of the year. Detailed designing in the proportions of the
openings, the width to depth proportions in the halls, and the surface of the facade in the
southern part of the building were compatible with the climate of the region. The southern wall
of the buildings in Ardabil is exposed to more sunlight during winter as compared to summer,
and the shahneshin room with a proportionate opening in the central part makes it possible for
the sunlight to penetrate into the building and create a thermal cage. Therefore, via the use of
the passive solar system, the inner space of the shahneshin becomes warm during winter.
Moreover, the trapped heat can be transferred to the other adjacent spaces via conduction and
convection.

Attending to these features in the architecture of the modern houses can make the structural
aspects of the buildings compatible with the regional climate and lead to more efficient use of
renewable energy resources. The structural criteria derived from the regional climate can also
be investigated in other similar cities of Iran so as to reaffirm the findings and make them
generalizable. It is recommended that future studies investigate structural aspects of the houses
in this region with a focus on the performance and environmental aspects of the buildings.
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