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Abstract: Conventional energy use has brought environmental problems such as global warming and
accelerated efforts to reduce energy consumption in many areas, particularly in the housing sector.
For this purpose, bioclimatic design principles and vernacular architecture parameters have started to
be examined in residential buildings nowadays. Thus, the demand for less energy-consuming houses
has started to increase. In this study, we aimed to specify the significance of traditional architectural
parameters for houses in the hot-dry climatic region of Diyarbakır, Turkey. Within the scope of
the study, a case was based on the urban fabric of the traditional houses in Historical Diyarbakir
Suriçi-Old Town settlement and the Şilbe Mass Housing Area was discussed. The courtyard types,
settlement patterns, and street texture of traditional Diyarbakır houses were modeled by using
DesignBuilder energy simulation program for the case study. Annual heating, cooling, and total
energy loads were calculated, and their thermal performances were compared. The aim is to create
a less energy-consuming and sustainable environment with the adaptation of traditional building
form-street texture to today’s housing sector. Development of a settlement model, which is based
on traditional houses’ bioclimatic design for hot-dry region, was intended to be applied in the
modern housing sector of Turkey. Moreover, adapting local forms, urban texture, and settlement
patterns to today has significant potential for sustainable architecture and energy-efficient buildings.
According to this study, the optimum form and layout of traditional houses, which are one of the
climate balanced building designs, provide annual energy savings if integrated and designed in today’s
building construction. As a result of this study, if the passive design alternatives such as building
shape, layout, and orientation were developed in the first stage of the design, energy efficient building
design would be possible. The study is important for the continuation of traditional sustainable design.

Keywords: traditional Diyarbakır houses; courtyard; settlement; Designbuilder simulation;
energy performance

1. Introduction

The rapid growth of the world’s population has led to a significant acceleration in energy demand
and consumption, leading to serious environmental problems such as global warming and climate
change [1,2]. Industrialization, the instability between humanity and nature, and globalization are
important problems in the building sector [3]. In other words, many sectors such as construction,
transportation, infrastructure, industry, agriculture have a significant impact on energy consumption
and carbon emissions [4]. Among these sectors, the construction sector that has a large energy
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consumption network is responsible for more than 40% of global energy use and one-third of
global greenhouse gas emissions [5]. It is stated that half of the energy consumed in the buildings
is used in heating-cooling and air-conditioning ventilation (HVAC) systems to provide climatic
comfort [6]. This situation led to different searches in the construction sector to save energy costs.
As a result, passive design strategies have been developed to provide climatic comfort in heating,
cooling, and ventilation [7]. As a result of these strategies, it is aimed to provide the necessary comfort
conditions of the building with minimum energy consumption by designing the building envelope
and its thermophysical properties, orientation, form, material, space organization, and many other
parameters in an integrated way.

Traditional building settlements in Turkey and structures that make up these settlements have
originated in different ways. In other words, the traditional texture was set up using cognitive rules
and unwritten organic street pattern [8]. The different space organizations in these building settlements
were formed according to climatic conditions. One of these units, courtyard structure form, is a unit that
helps to reduce annual energy consumption with passive cooling technique [9]. The courtyard structure
form is based on thermal performance, shading, and natural ventilation. Many research studies have
been conducted on the climate performance of the courtyard form in order to address the thermal,
shading, daylight, and airflow characteristics of low buildings in different climates [10]. The courtyard
building form, which provides control of climatic elements such as sun and wind, causes a temperature
difference between the inner and outer surface of the building shell. As a result, it was found that
while the temperature of the semi-enclosed courtyard form was higher than the outdoor temperature
both in winter and at night, it had a lower value compared to the outdoor temperature due to the
shadow effect it created during the summer season [11]. Therefore, in the hot-dry climate zone where
the hottest season lasts longer than the coldest one, the courtyard structure form appears as a space
organization that provides thermal comforts by using the passive air conditioning elements together.
When the traditional street texture in the hot arid climatic zones is taken into consideration, the density
of the settlement is often encountered. Within the scope of the study, the street texture of the historical
city walls of Diyarbakir and the traditional courtyard houses that make up this texture are discussed.
In terms of Fathy, settlement texture has two features, respectively, wide courtyards and tight winding
streets [12]. The aim of this study is to create a sustainable and less energy-consuming environment by
ensuring the integration of traditional building forms and settlement orders, especially in the sector of
mass housing into today’s housing sector. As the study area, the historical Suriçi-Old Town texture and
the closest Şilbe mass housing settlement unit to this region were discussed. The reason for choosing
a mass housing settlement unit in addition to the historical urban texture in the scope of the study is
that the housing section Housing Development Administration (TOKI) produces numerous houses and
when the basalt, which is suitable for the traditional urban fabric, is used in modelling, the wall section
is thick and not quite applicable. In the first step of the study, which was carried out in four steps,
literature review and field study on traditional Diyarbakır houses and street texture were conducted.
In the second step of the study, assumptions were made with reference to the building envelope
properties of the houses in the mass housing units closest to the historical street texture by means of
DesignBuilder energy simulation program.

As a result of the literature search, heating-cooling load values of the four most commonly used
courtyard forms in the traditional housing texture were calculated and optimum courtyard form was
determined. After determining the optimum courtyard building form, the heating and cooling loads
due to the shadow effect of the structures in the corner and middle parcels were calculated by taking
the street widths of the traditional Suriçi-Old Town texture as a reference. In the conclusion part of the
study, by evaluating and comparing the results of the analysis, appropriate settlement alternatives
have been proposed for low-rise residential settlements in Diyarbakır Turkey.
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2. Materials and Method Analysis

2.1. Characteristics of the Traditional Settlement of Diyarbakır

The province of Diyarbakir that is located in the southeast part of Turkey (Figure 1) belongs to the
hot-dry region in the classification of climates, and in this region the summer seasons last longer than
winter seasons as can be seen via Figure 2 [13,14]. In addition, July is the warmest and January is the
coldest month. The average air temperature is 27.5 ◦C and the average temperature measurements per
month are tabulated in Figure 2 [15].
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The modelling part of the study is composed of the housing units which are the reference units
on the scale of the building envelope and are located in the closest distance to the historical city
texture. The Şilbe housing estate consists of three stages with different orientations and square meters.
The relation with the historical city wall is given in Figure 3.

In this study, we aimed to analyze the effects of climate-based building design features of the
historical (Suriçi) residential unit on the energy performance of the building where the traditional
residential texture of Diyarbakır is located. In this region, we aimed to give direction regarding
climate-based design to find a suitable building form and settlement alternatives for the houses built
today. Due to the lack of studies throughout the world and Turkey, this study was designed [16].
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Throughout history, the city of Diyarbakır, which has been constantly exposed to war and invasion,
has found a solution to build the city with city walls all around. This led to the formation of the urban
texture in a limited area. In this urban texture, which is divided as Suriçi-Old Town and new town,
urban settlements took place in the inside of the walls until the 19th century; with the rise in the
population, to provide the need of housing, new buildings led to adjacent narrow alleys by being built
next to already existing buildings. Another important factor in the formation of the historical old town
texture walls is the climate. Located in the hot-dry climate zone, this settlement created an organic
street texture by being transformed into a courtyard space organization that allows spatial and adjacent
articulation to create shaded surfaces, protected from solar radiation [19]. When the traditional houses
in the “Sur” city walls are examined, although the parcels in this organic street texture are formally
separated from each other, the building masses in the parcel intersect vertically or at an angle close to
the vertical. This way, even in the most formally damaged parcel, the building masses intersect almost
vertically. Moreover, the parcel areas of traditional Diyarbakır houses vary between 85 and 1000 m2.
The areas labeled as the small parcels are 85–100 m2 and the area of big parcels vary between 700 and
1000 m2 [20]. In addition, the size and forms of the parcel are the major factors in the formation of the
existing urban texture and an organic form.

The narrow streets of the traditional street texture have made the structure physically cut off some
negative environmental factors. In other words, the high walls created a shadow effect in the courtyards.
In addition, living in the courtyard brought by the warm-dry climate region as a user requirement
has caused some sound reflections. However, the basalt stone, which is used as a traditional building
material, absorbs the sounds due to its porous structure [28]. In the adjoining narrow street texture,
the spaces are only the courtyard and a small number of gaps [29]. The courtyard has a significant
influence on the formal formation of the traditional urban texture. It is seen that there are different
courtyard types in the Middle East Region which forms the basis of today’s courtyard type space
organization. In this region, where hot and dry climatic conditions prevail, it is seen that the places are
located on the north-south axis as the zoning makes it difficult to control the east and west sun [30].
For this reason, it is seen that the openings are at minimum dimensions in the spaces facing the north
direction and the windows placed in the north-south directions benefit from cross-ventilation [23].
The traditional residential settlements of the province of Diyarbakir also have the characteristics of the
traditional residential settlements in the hot dry climate. It is seen that the design principles regarding
solar control, passive cooling, and increasing ventilation are benefitted from in these settlements.
This situation has had a direct impact on traditional housing orientation and space organization.
In other words, the courtyard pattern thermal performance links to two integrally working strategies:
protecting buildings from solar radiation and natural ventilation [31,32].

In the traditional Diyarbakır houses, space was organized with the courtyard building unit being
the center. In other words, with an inward-looking design, the courtyard is the focal point of the
whole house and the other sections are positioned so that they are shaped according to the courtyard.
The climate factor comes to the forefront in the orientation of the building masses around the courtyard.
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In hot-dry climatic zones, the fact that the hottest period lasts longer than the coldest period has led to
the emergence of a design understanding where measures to reduce solar radiation and to minimize
the drying effect of the wind are at the forefront. The most prominent part of traditional Diyarbakır
houses is summer spaces in the south wing of the courtyard [20]. Thus, the spaces in the south wing
are positioned in the north direction and designed to receive minimal solar radiation during the day.
In addition, these units have further importance in terms of the frequency of use. In the building mass
directed to the northern wing of the courtyard, the spaces were designed to face south. In houses
that do not have a northern wing, the building masses positioned to the east are considered as winter
wings. (Table 1). The examples regarding the seasonal orientation of the traditional Diyarbakır houses
are depicted through Table 2. In other words, the buildings in this wing are closed or have few
transparent surfaces in order not to expose the spaces directed to the south to sunlight too much [34].
Briefly, the spaces in the south of the courtyard and the openings facing the north (courtyard) are
planned as summer wings, and the spaces in the north of the courtyard and facing the openings in the
south (courtyard) are planned as winter wings which is illustrated in Table 3 [35–40].

Table 1. Examples of space, street pattern in the historical settlement [21–27].
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3.5 m width and 3 × 4 and 2.5 × 3

m.
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In traditional Diyarbakir houses, the courtyard and the Eyvan have a great influence on the
orientation of the other units. The plan typology of traditional Diyarbakır houses is classified as
U, I, and L type according to the wings arranged around the courtyard in the literature [42]. In addition,
according to the openings left by the wings around the courtyard, it is possible to rank them as plan
types with outer, inner, and middle courtyards. In the L-type plan, the courtyard is surrounded by two
adjacent wings. The wing located in the south and whose opening faces north is defined as a summer
house. In order to provide privacy in this plan type, exposed areas were separated from the street by
high walls. In the U-type plan, all three sides of the courtyard are surrounded by spaces. The biggest
advantage of this type of plan is that the wings are positioned as a summer house and winter house in
optimum directions, which correspond to the climatic data of Diyarbakır. The U-type plan is the type
of residence preferred by families with a high level of economic welfare. In the type I plan, also known
as the inner courtyard plan type, the two sides of the courtyard are mutually arranged. The remaining
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sections were covered by walls and entrance doors. In plan type with a central courtyard, all four sides
of the courtyard are surrounded by spaces. The courtyard types mentioned above is presented via
Table 4. The major advantage of this type of plan is that it will meet the user requirements in four
seasons. The most used plan type in the traditional old town texture is the central courtyard type [42].

Table 4. Orientations used according to housing plan types in Diyarbakır [19].

Courtyard Typology

Outer
Courtyard

Plan

L Type
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2.2. Material and Method

DesignBuilder Energy Simulation program was used in this study. DesignBuilder is a dynamic
simulation tool that calculates all building energy, lighting, carbon, and comfort performance
analyses [43]. The program is preferred because it has a user-friendly interface and the simulation
results are realistic. DesignBuilder simulation program is used in many disciplines because it is reliable
software. It can be used actively in architecture, building physics, mechanical engineering, heating and
cooling systems modelling. In addition to heating-cooling load modelling, lighting has the ability to
calculate daylight and model computational fluid dynamics (CFD) [44].

IWEC (International Weather for Energy Calculations) climate data of the province of Diyarbakır,
located in the hot-dry climate region, which was selected as the study area, was introduced to the
program. Comfort conditions were determined by making certain constants and assumptions to carry
out analyses through the DesignBuilder Energy Simulation Program. Building heating and cooling
systems were used as a reference in the mass housing settlements used in the region, the building
heating system was introduced as natural gas, and the cooling system was introduced as electric
energy to the program. In order to provide climatic comfort, seasonal differentiation was preferred.
Furthermore, to provide internal climatic comfort, the indoor air temperature comfort value was set to
21 ◦C and the heating-setback setting was set to 16 ◦C in winter. For the summer season, the indoor air
comfort value was 25 ◦C and the cooling setback temperature was 25 ◦C. In addition, the number of
residential users was determined to be four. User activity level 0.9 MET (metabolic equivalent of task)
winter garment insulation value was accepted as 1 Clo and summer garment insulation value was
accepted as 0.5 Clo.

The residential type was chosen as the construction type. As a floor height, by taking traditional
Diyarbakır houses as a reference, a two-storey, 8-m-high summer mass with openings facing north
was determined. When it comes to building shell and thermophysical properties, the building shell
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properties of the collective housing buildings in Diyarbakır were taken as reference. The physical
model of the building shell of the courtyard is shown in Figure 4. About the optical properties, since
the mass facing the courtyard is more important than the main facade in the traditional Diyarbakır
houses, the transparency ratio of the surfaces facing the courtyard was determined to be 35% and the
transparency ratio of the facade was 25%. In addition, a single glass of 6 mm thickness was used as the
type of glass (Table 5).
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The study was carried out in two stages. In Step 1, a summer mass placed in south with two
rooms, a size of 4 × 12 m2 and two floors, height of 8 m was determined based on the room sizes in
traditional Diyarbakır houses and in the masses with again the same size and height called adiabatic
which does not provide any heat exchange with its environment while only providing a shadow effect,
8 m wide courtyard structure forms with L, U, central, and inner courtyards were created (Table 6).
The reason why adiabatic mass was preferred in the study is that free convection heat transfer from
a horizontal, isothermal fin attached cylinder placed between two nearly adiabatic walls has various
applications in industry [46]. Then, the heating and cooling loads due to the shadow effect of the most
commonly used forms in traditional Diyarbakır houses were compared and the optimum building
form was determined.
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masses in different settlements were analyzed to determine the optimum type of street texture (Table 7).
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Table 7. Different settlement layouts with streets with widths of 3 and 6 m.
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2.3. Analysis of Simulation

The courtyard building forms, which are frequently used in traditional Diyarbakır houses,
were formed by adiabatic masses. In Diyarbakır, which is located in the hot-dry climate region, it was
determined that the annual cooling load expenses are higher than the heating load expenses in all forms
of construction. For this reason, it was obtained as a result of the analysis that the annual cooling load
in the middle courtyard plan type decreased compared to the reference building. Moreover, when the
examined building forms were examined, it was found that the cooling load expenses due to the
shadow effect reduced. In addition, the building form that would minimize the total cooling load
per year was found to be the plan type with a central courtyard. When total annual heating load
expenses are compared, annual heating loads increase in inner courtyard building form, while other
building forms decrease in values compared to the reference building. As a result of the analysis, it was
determined that the optimal structural form was the central courtyard plan type among the heating
load values, and also the L type courtyard type had similar values. When the total yearly heating and
cooling load values are compared with the reference building, in other words, when the reference
building which is not exposed to any shadow effect and the shadow forms with adiabatic building
masses are compared, it is found that the optimum form regarding energy performance is the central
courtyard building type (Figure 6).
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The plan of the central courtyard, which was previously determined as the optimum building
form, was selected and the annual cooling-heating load values of different street widths and settlements
were compared. In other words, the reference building form with the central courtyard, which is not
surrounded by any building mass, was compared with the annual heating-cooling load values due to
the shadow effect of the building island with a different layout. In the first stage, the street widths were
fixed everywhere, 3 m as accepted, and three different settlements were compared with the reference
building. The effect of annual heating-cooling load values on heat gain and losses due to shadow effect
of the B3 corner parcel surrounded by the structures on two sides, middle parcel B1 surrounded by
the structures on three sides, and B2 inner middle parcel surrounded by the structures on four sides
were examined. As a result of the analyses, if the cooling loads connected to the B1, B2, B3 layout are
compared, the optimal layout is determined as B2 layout surrounded by the structure on four sides
provided that street widths are kept constant everywhere. When the heating loads due to the shade
effect of the settlement layout were compared, it was found that the shade effect had a negative effect
on energy costs. In other words, an increase in the heating loads due to the shadow effect was observed
in all three settlements. However, B2 layout was determined as the layout with the highest heating
load value due to the shadow effect on the four sides.

When the total annual heating and cooling load values are compared with the reference building
(Figure 7), the optimal layout is determined as the B1 layout, which is surrounded by structures on three
sides. In order to examine the effect of the same settlement on different street widths, the settlement
islands of B4, surrounded by the buildings on three sides, B5 surrounded by the buildings on four
sides and B6, which is a corner parcel surrounded by the buildings, were created. When the annual
cooling load values of the B6 corner parcel surrounded by two sides structure, B4 middle parcel
surrounded by three sides structure and B5 inner middle parcel layouts surrounded by four sides
structure are compared, the optimal layout is determined to be B5 settlement layout surrounded by
four sides structures. In other words, it was determined that the cooling load values of the settlement
arrangement B5 having the maximum shade effect had the least value. When the heating loads were
compared, it was found that annual heating loads increased in all settlements, but this increase was
less than other combinations in the corner parcel B6 settlement layout, which was surrounded by the
structures on both sides. It was determined that the settlement with the highest increase in annual
heating loads was the B5 settlement plan surrounded by structures on four sides which was exposed to
the maximum shade effect. When the total annual heating-cooling load values of different settlements
connected to the street texture with a width of 6 m are compared, it is found that optimal settlements
are B6 settlement layout surrounded by the structures on both sides.
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3. Results

As a result of the analyses performed through the Design-Builder energy simulation program,
changes in the annual heating-cooling load values of the building form and street texture were
determined. The mentioned results are examined under the following headings:

3.1. Annual Energy Gain-Loss Changes of Building Form

The heating-cooling energy gains and losses of different building forms formed with the reference
structure and adiabatic masses were compared. As a result of the analyses, it is seen that the plan
type with the central courtyard has a gain of 12% cooling and 14% heating load annually compared
to the reference building. In other words, plan type with a central courtyard was determined as
the most efficient form of energy compared to other building forms. When other building forms
are examined, it is seen that the cooling load in U courtyard type has increased by 4% and in L
courtyard form by 6%. However, in the inner courtyard plan type, cooling loads increase by 2% due to
insufficient shadow effect. When the four building forms are considered, it is seen that the shadow
effect has a decisive effect on the cooling loads for the province of Diyarbakır, where there is a hot-dry
climate. Again, when comparing the annual heating load losses and gains of the reference building
with different buildings’ forms, it was found that 14% of the annual gain was achieved in the plan
type of the central courtyard. Among other building forms, it was determined that the building
form, which has the minimum gain among the annual heating load values, was the inner courtyard
plan type.

Based on the total heating-cooling load values of the reference building, the annual total
heating-cooling load percentage gains of other building forms were calculated, and it was determined
that the plan type with the central courtyard among these building forms was the optimum building
form. This building form is followed by U courtyard type with 7% and L courtyard type with 6%.
It is determined that the inner courtyard plan type does not provide significant gains for the hot-dry
climate zone in terms of energy costs, in other words, it is a form of low adaptation form for this climate
zone. Furthermore, when Table 8 is examined, it is found that although the shading effect and cooling
load values are more important than other parameters in the hot-dry climate zone, heating loads as
well have great importance on annual gains in comparison of total heating-cooling load values.

Table 8. Annual energy gain-loss change percentages of building form.

Street Pattern Cooling Load Exchange
(%)

Heating Load Exchange
(%)

Annual Total
Heating-Cooling Load

Exchange (%)

Center Courtyard +12 +14 13
Inner Courtyard −2 +4 1

U type Courtyard +4 +8 7
L type Courtyard +6 +5 6

3.2. Annual Energy Gain-Loss Percentages due to the Shadow Effect of the Different Settlement Layouts

The heating-cooling load gain percentages are given due to the shade effect of different layouts
and street widths. The annual cooling load gains of different settlements surrounded by three sides
(B1), four sides (B2), and two sides (B3) buildings with a street width of 3 m are given in the table.
Among the alternative settlements, it was found that the B2 settlement, which was most exposed to
shade effect and surrounded by building masses on all four sides, had the highest cooling load gain
with a rate of 34%. It is determined that the B1 settlement which is surrounded by structures on three
sides saves 25% and the B3 settlement which is surrounded by structures on two sides saves 15%
cooling loads (Table 9). When the reference building and annual heating load values are compared,
heat losses were determined in alternatives including all settlements. However, among the total annual
heating expenses, the highest loss was found in the B3 settlement which is surrounded by the structures
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on two sides and corner parcel. Among the alternatives with a street width of 3 m, the total annual
heating-cooling energy gains were determined in the B1 settlement plan surrounded by the buildings
on three sides, while it was found there was no significant difference between the B3 settlement plan
surrounded by the buildings on the two sides and the reference building. In other words, there is no
significant difference in terms of annual energy loss-gains between the reference building on a single
building scale and the settlement plan B3, which is surrounded by buildings on both sides. In the case
where the street width is fixed everywhere and 6 m, it is determined that the settlement plan which
shows a gain in the annual cooling load values is the B4 settlement which is surrounded on three sides.
The B6 settlement plan in the corner parcel was the least profitable among the alternatives.

Table 9. Annual energy gain-loss percentage changes due to shadow effect of different settlement layouts.

Street Pattern Cooling Load Exchange
(%)

Heating Load Exchange
(%)

Annual
TotalHeating-Cooling

Load Exchange (%)

B1 Settlement Plan +25 −9 8
B2 Settlement Plan +34 −11 3
B3 Settlement Plan +15 −16 0.3
B4 Settlement Plan +17 −14 1
B5 Settlement Plan +13 −14 4
B6 Settlement Plan +10 −4 4

When annual heating loads were compared, heat losses due to shadow effect were observed
among all alternatives. Among these heat losses, the alternative having the least value was found to be
the corner parcel B6 settlement layout surrounded by the structures on both sides. It was determined
that the heating load losses of the B5, surrounded by the structures on all four sides and B4 buildings,
surrounded by the structures on three sides were equal. When the total annual heating and cooling
energy gains were compared, it was determined that the optimal alternative with a width of 6 m street
was the B5 settlement layout surrounded by the structures on four sides and the corner parcel B6
surrounded by the structures on two sides. If the reference building and six different layout plans
are compared together, the B1 settlement layout, which is surrounded by three-side buildings with
a street width of 3 m, was identified as the building island that uses energy in the most efficient way.
In addition, if the street width was increased, an increase in the cooling loads due to the decrease
in shade effect was observed in alternatives with the same layout (B2-B5, B1-B4, B3-B6). The B1
alternative, which is surrounded by structures on three sides with an optimal layout of 3 m of street
width, is no longer the optimal layout if the street width is increased to 6 m with the condition that
the layout remains constant. In other words, while the optimal layout with a street width of 3 m is
B1, which is surrounded by structures on three sides when the street width is increased to 6 m, the
corner parcel B6 surrounded by structures on two sides is determined to become the optimum layout.
Therefore, it is concluded that street widths have a direct impact on the settlement patterns and affect
annual expenses even if the parcel layout remains constant. In conceptual terms, street widths for
the hot-dry climate zone have a direct impact on annual energy losses and gains. While, for hot dry
climatic zones where the warmest season lasts longer than the coldest season, the B2 settlement layout,
which is surrounded by the structures on all four sides and exposed to the shadow effect the most,
is expected to be determined as the optimal layout with annual cooling energy gain, determining
the B1 layout, which is surrounded by structures on three sides, as the optimal layout proves that
energy-efficient design is an integrated design approach. In other words, in terms of bioclimatic based
energy-efficient design, total annual energy costs optimization should be evaluated in the correct way.

Although it is seen that it is a priority to take measures to minimize cooling loads in hot dry climate
zones, when the B1 settlement layout which is surrounded by three sides structures with optimal layout
and B2 settlement layout which is surrounded by four sides structures with the least value regarding
cooling costs are compared, the decrease in the annual cooling load value revealed the fact that it will
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not give optimal results concerning annual total energy expenses. In other words, the design concept
that can keep the heating load at the optimal level, as well as the measures to minimize the cooling
load in the residential settlements in Diyarbakır province, should be considered together. As a result
of all these analyses, the structure form had a significant effect on the heating-cooling load values.
Therefore, the central courtyard type was the optimum form. In the hot-dry climate zone, the shadow
effect is an important climatic element. The street widths of the traditional city wall were taken as
a reference. As a result of analyses, it was determined that the annual heating-cooling load values of
all alternatives with a width of 3 m were less than 6 m. As a result of this study, heating-cooling load
values increased with increasing distance between structures. The results also differed in different
building distances with the same layout. The optimum layout with a width of 3 m is B2, which is
surrounded by structures on four sides, whereas the B1 with optimal layout is 6 m when the width of
the street is 6 m. Therefore, the construction distances have an effect on the annual heating-cooling
load values depending on the settlement patterns. In conclusion, if the building distances switch,
the annual heating-cooling load values change in proportion to the decrease in shadow effect even if
the layout remains the same. In hot-dry climatic zones, energy load changes due to shade effect affect
formal and settlement patterns.

4. Discussion

With this study, suitable building form and settlement pattern samples were determined for
low-rise residential settlements to be built in this region and it is aimed at increasing the number of
examples of climate-based residential settlements and to transfer traditional residential textures to
today’s designs.

Design solutions to minimize cooling costs are needed in the city of Diyarbakır, which is located
in a hot and dry climate. In the first step of the design, with the environmental data, by looking at the
building design parameters such as location, structure form, and direction of buildings with respect to
each other, significant energy savings can be achieved by considering a bioclimatic design method
which benefits from passive systems. As a result of analyses, shadow climate element has an important
place in energy efficient structure design in hot-dry climate regions. In other words, when the street
widths of 3 and 6 m are compared, it is concluded that the load values are less than 3 m. The shadow
effect can affect the annual energy loads not only on the scale of settlement, but also on the formal scale.
Therefore, it is necessary to take design measures to create shadow effects in traditional courtyard
type buildings which are examples of climate balanced design. If we adapt all these results to modern
houses, we can achieve annual energy savings through the measures taken during the design phase.

In this context, the construction forms of traditional Diyarbakır houses were compared regarding
energy costs. The optimum construction form was chosen in terms of heating-cooling load values.
Then, the effect of shadow effect on energy loads in a hot dry climate region was examined by taking
optimum building form as a reference, simulating different settlement layouts, and street widths of
traditional Old Town texture. As a result, it was concluded that the same settlement layouts did
not show the same thermal performance at different street widths (3 and 6 m). While the width of
the street is 3 m, the settlement layout of B1, which is surrounded by structures on three sides with
optimal layout, is expected to be the optimal layout when the width of the street is 6 m as well; the
determination of B5, which is surrounded by structures on four sides, and B6, which is surrounded
by structures on two sides as the optimal settlement units supported this opinion. According to
result of the analysis, it was concluded that heating loads, besides the cooling loads in the hot-dry
climate zone, have an effect on the total annual heat gains. In other words, in the case where the
street width is 3 m, while it is expected that the settlement layout B2 which is exposed to the most
shadow effect among the settlements B1, B2, and B3 to be the optimal settlement unit, the fact that
the settlement of B1 which is surrounded by buildings on three sides has less energy expenditure
annually explains this situation. With this study, it is understood that design measures should be
taken to minimize the cooling loads, especially in the hot-dry climate zone, as well as measures to
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optimize the heating loads. In addition, it was determined that energy losses and gains may be
different if the width of the street is different in the same street layout. As a result of this study, it is
possible to create a sustainable environment that consumes less energy by providing the integration
of traditional building form and street texture to today’s housing sector. If housing sector wants to
save energy, traditional housing types and associated climate elements should be analyzed correctly.
Moreover, a balanced design method should be developed with climate. It is emphasized that if the
results obtained above are integrated into today’s housing sector, more energy efficient structures will
be produced, and a sustainable environment will be possible.
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