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Evaluation of Parameters Affecting Energy Efficiency of
Vernacular Mardin Houses: A Case Study

Mardin Yerel Konutlarinda Enerji Etkinligi Belirleyen Parametrelerin
Degerlendirilmesine Yénelik Bir Calisma

irem SOZEN, ® Giil KOCLAR ORAL

ABSTRACT

0z

This paper presents the bioclimatic characteristics of vernacular houses in Mardin City and a quantitative evaluation of parameters af-
fecting energy efficiency. For the evaluation; the parameters of site, settlement density, optical and thermo-physical properties of the
building envelope are covered. An existing house representing vernacular Mardin housing is selected and modelled with the surrounding
settlement. The simulation is performed for a typical meteorological year. Five different cases are modelled to evaluate different param-
eters and simulated to calculate monthly heating and cooling energy demands. The results reveal the significance of each parameter for
contributing to energy efficiency. The base case representing the existing settlement has been determined as the optimum case with
minimum total energy demands though the results vary when heating and cooling demands are considered separately. Energy demands
are strongly affected by thermo-physical characteristics but especially the use of massive materials in the envelope (up to 39.77%). Settle-
ment scale parameters of site and settlement density change balance of heating and cooling demands but in total have limited influence
on total energy loads. (1.79% and 1.52%) Increasing window to wall ratio from 4.88% to 10% have increased yearly total energy loads by
2.05%.

Keywords: Energy efficiency; hot arid climate; Mardin; thermal mass; vernacular housing.

Bu makale yerel Mardin konutlarinin iklimsel 6zelliklerini degerlendirmekte ve enerji etkinligini belirleyen parametrelerin analizini icermektedir.
Yapilan parametrik analizlerde topografya, yerlesme yogunlugu, bina kabugunun optik ve termofiziksel ézellikleri degerlendirilmistir. Var olan
yerlesme icerisinden yerel konut dokusunu temsil eden bir ev secilmis ve ¢evresindeki yapilar ve topografya ile birlikte modellenmistir. Her bir
parametrenin analizi icin farkli modeller olusturulmus, bir yillik bir periyotta simtilasyon yapilarak her model icin aylik isitma ve sogutma enerji
ylikleri hesaplanmstir. Sonuglar her parametrenin enerji etkinlige katkisi agisindan 6nemini géstermektedir. Temel durum olarak belirlenen var
olan yerlesme dokusu toplamda minimum enerji yiikiinii saglayarak optimum sonuglar vermistir. Fakat isitma ve sogutma ydikleri ayri ayri de-
gerlendirildiginde farkli sonuglar elde edilmistir. Bina kabugunun 6zellikleri, bilhassa termal kiitle kullaniminin enerji yliklerini diger parametre-
lerden ¢ok daha fazla etkiledigi belirlenmistir. (%39.77'ye kadar) Yerlesme dlcegindeki parametreler olan topografya ve yerlesme yogunlugu ise
isitma ve sogutma ytiklerini birbirine zit sekilde etkileyerek var olan dokuda toplamda en az enerji yiikiiniin saglanmasina katki saglamaktadir.
Saydamlik oraninin %4.88'den %10'a ¢ikartiimasi ise yillik toplam enerji yiikiinii 9%2.05 arttirmigtir.

Anahtar sézciikler: Enerji etkinlik; sicak kuru iklim; Mardin; termal kiitle; yerel mimari.
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Introduction

Considering the current ecological crisis in which build-
ing sector hold a large share of responsibility, a shift in
building practices approach towards a dialectical interac-
tion with nature has become compulsory. As stated by Tu-
ran?, current building practices is based on present mode
of production which relies on the idea of an external na-
ture outside of man and mastery over nature. In contrast
to this, vernacular architecture presents us how the dialec-
tical interaction with nature can be achieved. Vernacular
buildings show great respect for their environment by us-
ing local materials and techniques taking the constraints
imposed by climate fully into account.? It is clear that these
buildings can not be copied morphologically as they were
meant to serve under different cultural, economical, so-
cial and maybe even climatic conditions. It is necessary to
understand the ways these buildings adapt to climate and
analyze their bioclimatic characteristics under current con-
ditions.

According to Mazouz and Zerouala® there are two ten-
dencies seem to emerge in the various bioclimatic ap-
proaches to building and design. The first tendency fo-
cuses only on single buildings and tries to enhance their
overall thermal performance by well known feature such
as thermal mass, surface to volume ratio and shading de-
vices. The second tendency takes good old vernacular so-
lutions for granted, without the use of any analytical tool,
copied even to their small details, and falling into the trap
of pastiche and folklore. Yet an alternative approach seems
possible. Such an approach would neither copy forms from
the past nor treat buildings in isolation from their context,
but generate forms by modulating environmental param-
eters through the use of design aids and tools. A holistic
approach taking the parameters in different scales into ac-
count is necessary.

There are numerous studies made to review, classify and
comment on the bioclimatic characteristics of vernacular
architecture. (E.g. Coch, 1998?; Bouillot, 2008*; S6zen and
Gedik, 2007°; Baran et al., 2011°; Vissilia, 20097; Singh et al.,
20118) Most of the studies focus on ‘learning from the ver-
nacular’ for the design of energy efficient and comfortable
built environments. It is hard to distinguish and make clear
statements about different characteristics and parameters
for their contribution to thermal environment. Making a
guantitative evaluation requires tools for measurement
and/or simulation. And there are so many parameters to
consider in different scales. Some measurement and sim-
ulation studies are made to evaluate energy efficiency and

! Turan, 1933, pp. 141-168. > Sozen and Gedik, 2007, pp. 1810-

2 Coch, 1998, pp. 67-87. 1816.
® Mazous and Zarouala, 2013, pp. ° Baranetal, 2011, pp. 609-619.
3-13. 7 Vissilia, 2009, pp. 1095-1106.

4 Bouillot, 2008, pp. 287-299. 8 Singh et al., 2011, pp. 2011-2022.

thermal performance of vernacular buildings considering
the interior spaces (e.g., Foruzanmehr et al., 2008°; Man-
ioglu et al., 2008'%; Singh. et al, 2010}; Oikonomou et al.,
2011*%; Cardinale et al, 2013*%; Xiaoyu, 2014%) There are
others focusing on the urban form and microclimate which
is important for both indoor and outdoor thermal comfort.
(E.g. Bourbia et al., 2004 and 2010*®; Johansson, 2006%;
Mazouz and Zarouala, 20133; Taleb et al., 2013*%; Andreau
and Axarli, 2012*° and Andreau, 2014%) The general find-
ings show that compact urban forms and deep urban
canyons create more comfortable outdoor spaces in hot
arid climates. The shading through urban configurations is
found to be more important than wind, for thermal com-
fort in hot and arid climate.

In this paper vernacular architecture of Mardin city that
is located in the hot-arid climatic zone of Turkey is studied
in this perspective. Through the modelling and simulation
of a selected case study house with the surrounding set-
tlement, bioclimatic parameters under settlement, build-
ing and materials scale are evaluated. This is a preliminary
study to understand the weight of several parameters on
the energy efficiency of vernacular housing and will be
guiding the ongoing research on the energy efficiency of
vernacular Mardin settlement. The parameters considered
include site, settlement density, optical and thermo-physi-
cal properties of the building envelope.

Vernacular Mardin Settlement

A review of vernacular architecture in Turkey will
present a rich variety of architectural characteristics de-
veloped in accordance with a range of climate types.
Hot-arid climatic region having one of the most adverse
conditions displays an open-air laboratory of vernacular
architecture examples with passive design strategies.
Mardin is one of the well preserved examples in hot-arid
climatic region and it gives the impression of one whole
structure with interweaving modular blocks, courtyards
and irregular narrow streets. The vernacular settlement
of Mardin is explained in terms of location, climate, set-
tlement pattern, building form and materials in the fol-
lowing subsections.

Location and Climate

Mardin is located in Southeastern Anatolia and has the
coordinates of 37.31° Northern latitude and 40.73° Eastern
longitude. The local climate displays hot-arid region char-

® Foruzanmehr et al., 2008, pp. 250- * Xiaoyu, 2014, pp. 215-227.
258. 15 Bourbia et al., 2004, pp. 249-262.
1 Manioglu et al., 2008, pp. 1301- 6 Bourbia et al., 2010, pp. 343-347.
1309. 17 Johansson, 2006, pp. 1326-1338.
' Singh et al., 2010, pp. 320-329. 18 Taleb et al., 2013, pp. 747-762.

2 Oikonomou et al., 2011, pp. 669- ° Andreau and Axarli, 2012, pp. 354-
689. 363.

3 Cardinale et al., 2013, pp. 590-598. % Andreau, 2014, pp. 587-596.
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Table 1. Mardin climatic data®'

Climate data summary for Mardin Temperature (°C) Max Min Avg
Avg. Temperature 15.9°C January 5,6 04 29
Avg. Humidity 49% February 6,9 1,0 3,9
Prevailing Wind Direction N-NE March 11,1 4,2 7,6
Avg. Precipitation 696.5mm April 17,0 9,4 13,2
Avg. Air Pressure 895.0 Mb May 23,6 14,8 19,4
Avg. Maximum Temperature 19.9°C June 30,3 19,9 25,5
Avg. Minimum Temperature 12.0 °C July 34,8 24,3 29,8
Mazimum Recorded Temperature 42.5°C August 344 24,3 294
Minimum Recorded Temperature -14.0°C September 29,9 20,5 25,1
Avg. Maximum Precipitation month January October 22,6 14,3 18,2
Avg. Maximum Humidity Ratio 70% (January) November 14,4 7.9 10,9
Avg. Minimum Humidity Ratio 28% (July) December 78 2,6 51

Figures 1 and 2. Top and aerial views of Mardin city (from the archive of Yiiksel Demir, 2015).

acteristics having hot and dry summers and cool winters
with high precipitation. In summer the radiation intensity
is so high that ground surface temperature could go up
to 70°C. The diurnal temperature difference is high and
the surface temperature drops to 15°C at nighttime. The
northern mountains affect the climate significantly shield-
ing the settlement from northern winds. The discomfort of
hot arid summer days is partly mitigated by the mountain
breezes (Table 1, Figures 1 and 2).

Settlement Pattern

The current settlement is on the middle and lower
parts of the south-facing slope of Mazi mountain. The old
citadel is located on the hilltop and the main settlement
used today lays on the lower slope in a dense and stepped
pattern. Current settlement pattern dates back to Artukid
Dynasty and has a long-standing tradition. The geographi-

2 http://www.weatheronline.co.uk/
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cal location and topography make this place very favorable
in terms of defense, economy and ecology. The location
permits creation of individual units and stepping terraces
to have access to the sun. The katabatic winds are com-
forting during hot summer days. During the day the warm
air in valley bottom rises while the cool air from mountain
goes down creating a constant airflow. During nighttime
the colder air descends from high plateaus towards valley
bottoms and creates comforting cool night breezes for the
settlement. This cold air accumulates in courtyards and
helps to keep the buildings up to afternoon hours (Figure
3a, b).

The buildings are very densely settled minimizing the
solar radiation access on building envelope. The mas-
sively constructed buildings crowded together provides
maximum volume with minimum surface area exposed
to the outside environment. The buildings are effectively
shielded from east and west sides. The outdoor spaces
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(a)

Figure 3. (a) Mardin settlement plan, (b) detail in larger scale.

within the settlement are mostly shaded by buildings and
courtyard walls. The main streets are oriented in east-west
axis. Vernacular solutions such as covered streets called
‘kabaltr’ are effective creating shaded, comfortable out-
door spaces. Kabalti is generally constructed between the
family houses so they also display the social network in the
city. The houses are constructed in line with the landscape
creating a homogenized pattern. The ground floors open
up to the street while the upper floors provide a view of
the Mardin plain. This kind of terraced housing does not
allow large plain city blocks. Since the city blocks are on
sloped terrain and the depth is enough, the upper storeys
could also be built on the soil. The terraces could easily be
accessed from the upper floors and are frequently used for
sleeping in summer.

Building Form and Materials

Building form is compact with minimum surface area
to volume ratio for minimizing the interaction with the
severe outdoor conditions. The compact courtyard form
is used in most buildings. Open and semi-open spaces
are created around courtyard. Courtyards with some
greenery, shading and water modify the microclimate by
lowering ground temperature and radiation. Almost all
buildings in vernacular settlement are underground on
northern side but some of them make use of totally un-
derground cave like spaces. The settlement is on a soft
calcareous rock formation that is easily hewn. In summer
these spaces are cooler than anything that could be built
on the surface.

The houses are built as single, two, three or four storeys
that is determined by the level difference between the
start and ending points of the city block. The storey height
ranges from 3 to 5,5 meters.?

At nighttime cool air accumulates in the courtyards and
as they are protected from hot arid winds and radiation,
the houses can take advantage of this coolness until af-
ternoon hours. Courtyards are also important for daylight

22 Alioglu, 2002, pp. 60.

and ventilation. These houses have small windows on
street facing facades and larger windows on courtyard fac-
ing facades. This window scheme is also a result of privacy
concerns and it enables effective natural ventilation and
minimizes radiation. Diffuse daylight from courtyard win-
dows is provided while direct radiation is prevented. In the
afternoons the cold air is dissipated and natural ventilation
is induced by the stack effect of courtyard. Courtyard and
building dimensions are very important parameters deter-
mining the effectiveness of these daylighting, natural ven-
tilation and shading effects.

Building envelope is generally heavily constructed with
locally available natural stone. This is a yellow limestone
stone that is soft and easily shaped. It has lower density
and lower thermal transmittance compared to concrete,
granite and sandstone. Wall thicknesses vary between
0.80-2.0 m on the ground floor and 0.75-0.90 m on up-
per floors.? All exterior and interior floor covering is also
made of this local Mardin stone. An often-ignored con-
cept of thermal mass has significant effects on building
microclimate in hot-arid climates. These thick walls and
roofs have the ability to store heat energy, either sensi-
ble or latent. The heat storage helps to buffer temperature
changes. According to Givoni?® high thermal capacity in a
shaded and insulated building can help lower indoor max-
ima by %35-45 of the outdoor ones when the building is
unventilated. The research undertaken at I.T.U. for analyz-
ing the performance of vernacular houses in Mardin with
comparison to contemporary houses represents direct
in-situ measurements during summer.?* The massive ver-
nacular buildings have much lower interior temperature
swings and lower temperatures providing higher thermal
comfort. This is a result of high thermal mass properties
of these walls. Thermal mass is different from thermal
transmittance and should be considered particularly for
arid climates with high diurnal temperature swings. Many
energy rating systems and standards include requirements
based on thermal transmittance and related use of ther-

2 Givoni, 1994, pp. 145-169. 24 Yilmaz, 2007, pp. 306-316.
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mal insulation. These are based on steady state conditions
and does not take into account the dynamic variations in
thermal conditions by time. In the actual conditions, in ac-
cordance with the dynamic changes in outdoor conditions,
the building envelope could absorb, store and release
heat. The capacity of storing heat energy is related to the
density and the specific heat capacity of the material and
the relase is related to the thermal coductivity. This effect
of thermal mass could help stabilizing indoor thermal con-
ditions and it is most beneficial in the cases with high diur-
nal temperature differences. According to Meir and Roaf,*
this property is becoming of ever-increasing importance as
the climate is becoming less predictable and more adverse
with extreme hot spells throughout the year and extreme
cold spells in winter.

The openings are minimized in east, west and north ori-
ented facades. But small openings are necessary in north-
ern walls to induce natural ventilation from south facing
openings. Mostly there are small openings located on the
higher levels of walls. These are very effective for dissipat-
ing the hot air inside and also reducing direct radiation
while providing daylight. Some buildings have large win-
dows with shutters and smaller windows above them. So
depending on the orientation and season the lower shut-
ters are kept close while daylight and ventilation is sup-
plied from upper small windows.

Methodology

For the evaluation of energy efficiency of vernacular
Mardin housing a case study building to represent basic
vernacular Mardin house is determined. The selected
house is modelled including the settlement around and
considering the site. This model is taken as the base case.
Other cases are created to evaluate different parameters
in terms of energy efficiency.

The selected house is in Ulu Cami district, also is on the
same axe with the historical mosque Ulu Cami. It is a well-
preserved traditional house and belongs to Secilmis family.
The house has two floors and has an entrance to each floor
from street level. The north entrance opens up to the first
floor terrace and the second entrance from west opens
up to the courtyard at the ground floor. The orientation
is exactly to the south and the house has a great view of
the Mardin plain. The service spaces are mainly on the
ground floor while the living spaces are on the first floor.
There are some small additions on the first floor around
the terrace. The storage room is old but the kitchen and
bathroom are added afterwards. There are 3 rooms and a
semi-open space ‘eyvan’ on the first floor. Eyvan is recently
closed by glass walls by the owner. Living spaces are all
oriented to south. The house has a richness of space with

% Meir and Roaf, 2003, pp. 1050-1055.
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Figure 4. The selected house within the settlement plan.
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Figure 5. The plan of the first floor (right).

closed, semi-open and open spaces on both floors (Figures
4 and 5).

To analyze different parameters affecting energy ef-
ficiency the actual settlement is modelled through a dy-

% Karagtille, 2009, pp. 334.
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namic thermal simulation software DesignBuilder, which is
actually an interface program using Energyplus simulation
engine. The parameters considered for evaluation are, ter-
rain slope, settlement density, thermal mass and window
to wall ratio. For evaluation of each parameter a different
model is created and for each model heating and cooling
loads are calculated for a simulation period of one year. In
total 5 different case study models are analysed taking the
actual settlement as the base case.

For the modelling of the actual settlement around the
case study house, the first step was to collect the topo-
graphic data. For this purpose the topographic maps are
obtained and the terrain is modelled. The selected house
is modelled in detail and the surrounding buildings are
entered as closed volumes as they only affect the micro-
climate around the house. All the buildings are leveled
according to the topography. For the surrounding houses
and street geometries, the construction plans of the city
are obtained. For the upper floors of surrounding houses
panoramic photographs are used.

The ground floor is no more used by the occupants so
is not also considered for energy calculations. Second floor
is modelled in detail considering the materials, window
shapes and thickness variations in the walls. Eyvan is mod-
elled as a semi-open space, as it is in original. The room on
the south, ‘room 1’ is the living room and other two rooms
are modelled as bedrooms. Component blocks are used
for the modelling of courtyard walls and the roof of eyvan.

The second case study model is created to analyse the
effect of sloped terrain. The slope enables a terraced set-
tlement so each house could gain radiation from south.
This enables an optimum solution for heating but may also
cause overheating in summer. This is one of the important
parameters to evaluate In terms of whole year energy use,
considering both heating and cooling. Case Il, representing
the case with flat terrrain is compared with the base case
to understand the influence of the slope.

The actual settlement has a very high density, as in
this case two facades of the house are adjacent to other
houses and the street width is 5 meters on the north and
2 meters on the west side. The density of the settlement is
a very important parameter defining the outdoor comfort
conditions in the city and also the microclimate around the
house. In this case only the effect on the interior condi-
tions, the energy loads are considered. The effect of set-
tlement density on outdoor comfort conditions should
be dealt separately. For the sake of comparison Case Il is
modelled as a single building and compared with the base
case (Figures 6 and 7).

The selected house is a well-preserved house having the
main characteristics of traditional houses of Mardin. The
envelope is massive made of a local limestone. The walls

Figure 7. The geometrical model.

are made of two layers of cut stone and crushed stone in
between. The total thickness of the walls is 1 meter. The
massive wall stabilizes the outdoor temperature swings by
its thermal mass effect. The diurnal temperature range in
this climate is high. The thermal inertia created by such a
massive envelope is expected to be very effective on the
thermal energy performance of these houses. In order
to analyze this effect quantitatively the single house with
massive envelope is compared with the fourth case study
model: single building an identical plan and openings with
insulated conventional walls. The wall detail used is a com-
mon one with plaster on both sides, concrete blocks and in-
ner insulation of EPS. Table 2 shows the layers and thermo-
physical characteristics of the modelled walls for two cases.

The overall heat transfer coefficient of this insulated
wall is 0.535 W/m?K and it is acceptable according to Turk-

CiLT vOL. 14 - SAYI NO. 1



Evaluation of Parameters Affecting Energy Efficiency of Vernacular Mardin Houses: A Case Study

Table 2. Physical and thermal properties of the modelled massive and conventional walls

MASSIVE WALL CONVENTIONAL WALL

Materials Thickness Materials Thickness

Cut Mardin Stone 300 mm Plaster 30 mm

Crushed Mardin Stone 400 mm Medium weight concrete 120 mm

Cut Mardin Stone 300 mm EPS thermal insulation 60 mm
Plaster 30 mm

Total Thickness 1000mm Total thickness 240 mm

U Value 0.70 W/m?K U Value 0.53 W/m?K

Internal Heat Capacity 272.58 KJ/m?K

Internal Heat Capacity 53.22 KJ/m?K

Table 3. Yearly heating cooling and total energy loads for all cases

BASE CASE: CASEl: CASElll: CASEIV: CASEV:
Actual Flat Terrain Single S.B. Conv. Walls S.B&C.W. &
Settlement Building 10% WWR
B &eo L1 L2 L
Heating Load (kWh) 3214,15 3363,27 2774,96 4146,4 3955,93
Cooling Load (kWh) 1119,17 1047,43 1624,37 2002,52 2761,25
Total (kWh) 4333,32 4410,7 4399,33 6148,92 6717,18

ish Code TS 825% as the upper limit for this climatic region
is set as 0.60 W/m?2K. For the massive wall the thermophys-
ical characteristics are taken from the experimental study
on the local stones of Mardin by Adin.?® Based on this data
the heat transfer coefficient of the 1 meter wide chest wall
is calculated as 0.70 W/m?K. The internal heat capacities
are 53.22 kJ/m?K for the insulated wall and 272.58 kJ/m?K
for the massive wall (Table 2).

Vernacular Mardin houses have very low window to
wall ratios. The selected house has an average WWR of
4.88% when the three living spaces (room 1, 2 and 3) are
considered. This strategy lowers the radiation received by
interior spaces and increases thermal comfort in summer
conditions. In winter this might increase heating demands
and so, is evaluated in terms of both heating and cooling
demands. Case V, single building with conventional insu-
lated walls and a window to wall ratio 10% is modelled and
compared with case IV: single building with conventional
insulated walls and a window to wall ratio of 4.88%.

Analysis and Results

The modelled five cases are simulated for a period of
one year and heating, cooling energy loads are calculated.
Monthly and yearly energy loads are used to create graphs

27 TS 825, 2013. * Adin, 2007, pp. 13-17.
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for comparison. Figure 8 shows the charts for the com-
pared cases. The first column shows the cases compared in
schematic drawings and percentage change in yearly total
energy demands. The second column shows the monthly
total heating and cooling demands for the two cases com-
pared. The yearly energy calculation results are presented
in Table 3. In total the base case yields minimum loads
though when heating and cooling loads are considered
separately, case lll: single building and case II: flat terrain
yield lower energy loads respectively.

When the simulation results for the ‘base case: actual
settlement’ and ‘case Il: flat terrain settlement’ are com-
pared (Fig. 8a), the difference in energy loads are low for
both heating and cooling periods. The settlement on flat
terrain yields 4.64% higher heating loads and 6.41% lower
cooling loads than the actual settlement. In yearly total
there is a 1.79% increase in total energy demand. As the
sloping terrain lets each house to be less obstructed to
sunlight, it increases the solar gains and thereby decreases
the heating loads. For the same reason the increase of so-
lar gains causes an increase in cooling loads (Table 3).

Comparing the results for ‘case lll: single building” with
the ‘base case: actual settlement’, the heating loads have
decreased and cooling loads have increased. The Figure 8b
shows the monthly total energy loads for each case. In the
case of single building there is no shading from the sur-
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% Change in Yearly Energy Loads Monthly Total Heating and Cooling Energy Loads
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Figure 8. Charts showing % change in yearly energy use and monthly
total heating and cooling energy loads for all compared cases.

rounding buildings which has increased solar gains leading
to decrease in heating demands and increase in cooling de-
mands. Figure 8b shows the percentage change for heating,
cooling and total energy demands. It can be seen that the

decrease in heating loads is compensated by the increase
in cooling loads, resulting in only 1.52% increase in total.

Cases Il and IV, both single buildings, one with massive
walls and other with conventional insulated walls with
lower U value are compared in terms of their effect on
energy demands. The detailed monthly energy loads for
the two cases are presented in Figure 8c. It is seen that
the massive envelope, although having a higher U value,
yields better performance for both heating and cooling
periods. The effect of massive walls in comparison to in-
sulated walls on yearly total energy loads as percentages
is also presented in 8c. In the case of conventional walls
heating load increases by 23.28% and the cooling load by
49.42%. In total the increase in energy demand is 39.77%.
This is a very significant result showing that the most sig-
nificant parameter in terms of energy efficiency in vernac-
ular Mardin houses seems to be the thermal capacity of
the building envelope (Figure 8).

To understand the effect of thermal mass, hourly in-
terior air temperatures in the 3 rooms for the summer
and winter design days are reviewed. The results are very
similar for the three rooms so only the results for room
3, calculated for the summer and winter design days are
presented in Figure 9. On January 21 the interior air tem-
perature in massive envelope case gets up to 5 degrees
higher than the insulated envelope case. This shows that
the thermal mass is also working efficiently during the
heating period. On July 21 the interior air temperature in
the massive envelope case is up to 4 degrees lower than
insulated envelope case. In both days the massive enve-
lope results in flatter interior air temperature curves. The
use of thermal mass makes the interior space less suscep-
tible to the changes in the exterior temperature in the con-
sidered climatic conditions.

For the evaluation of the parameter ‘window to wall ra-
tio’, simulation results for case V: single building with con-

21* January
18.00

Temperature (°C)
) @
o o
o o

w
=3
S

-2.00

Time (hours)

“Outdoor Temperature”

1357 911131517192123
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Y 35.00
g
2 30.00
©
g
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Figure 9. Hourly interior air temperature distribution in room 3, for the cases with massive and insulated envelopes
(Cases IV and V) on the winter design day 21 January and summer design day 21 July.
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ventional insulated envelope and a window to wall ratio of
10% is compared to case IV with a window to wall ratio of
4.88%. The results show that the increase in window area
decreases heating loads by 14.99% and increases cooling
loads by 41.78% (See Fig. 8d). As it is a climate where the
cooling requirements are as significant as heating require-
ments, in total this causes an increase in total energy loads
as 2.05%.

Discussion

When we compare all simulation results for five differ-
ent cases, the actual settlement seems to yield minimum
yearly total energy load although it does not have the min-
imum cooling or heating load. ‘Case Il: flat terrain’ results
in lowest cooling load and ‘case lll: single building with
massive walls’ has lowest heating loads. This means that
the inclusion of surrounding buildings lowers the cooling
loads and increases heating loads. This would be a perfect
strategy for cooling if heating loads were not also signif-
icant. The addition of slope enables a higher amount of
radiation thus lowering heating loads. And in total sloped
dense settlement (base case) creates an optimum condi-
tion when both heating and cooling demands considered
with lowest total energy load. This settlement pattern cre-
ates a balance between the required radiation and shad-
ing according to the seasons. The orientation of the slope
towards the south is crucial for this balance as the radia-
tion from this direction is easiest to control in summer and
has lower solar altitude in winter.

Figure 10 shows the total energy loads for five cases
simulated. The single building with massive walls resulted
in the second lowest of total loads and also lowest heat-
ing load. So the addition of the settlement has lowered
cooling loads and increased heating loads. It is important
to note that what we compare here is the energy loads
for the interior of the house, the settlement probably has
significant effects on the outdoor thermal comfort condi-

tions in the city and this should be analyzed with different
tools. The third lowest total load is by the no slope settle-
ment case. In this case the cooling load is lowest, due to
the maximized shading of surrounding buildings and con-
sequently the heating load has increased.

The most significant change in energy loads is due to
the change in building envelope. This indicates the effec-
tiveness of thermal mass in this climate. The change from
massive walls to conventional insulated walls increases
the energy loads by 39.77%. Despite the conventional in-
sulated walls having lower heat transfer coefficient values,
the heat transfer is more effectively controlled by the use
of massive walls, the effect of heat storage. This strategy
works distinctively in conjunction with the high diurnal
temperature differences in this climate.

Conclusion

Vernacular houses are designed and constructed within
the limits of local possibilities resources and knowledge.
The local limits have resulted in architecture with lim-
ited impact on nature. One of the key local inputs is the
climate. Vernacular houses’ design in accordance with
climate determines the energy demand for heating and
cooling as well as thermal comfort in indoor and outdoor
spaces. In this research vernacular houses of Mardin have
been evaluated for several parameters under different
scales, in terms of yearly energy demand for heating and
cooling. The design strategies are shaped by various forces
such as social, cultural, defensive as well as climatic fac-
tors. This research is significant for interpreting vairous
parameters in terms of their contribution to energy effi-
ciency. The results reveal a clear significance of massive
building envelope for reducing especially cooling but also
heating demands. Unfortunately this is an ignored concept
by building energy regulations in Turkey. The use of ther-
mal mass in hot-arid climate zone should be evaluated in
detail and be integrated into the national building energy

CASEV:S.B & C.W. & 10% WWR 3955.93
CASE IV: S.B.Conv. Walls
CASE llI: Single Building 2774.96
CASE II: Flat Terrain
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Heating Load (kWh)
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Figure 10. Yearly total loads for all cases.
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regulations. According to the results, the settlement scale
parameters like site and settlement density have less im-
pact on energy demands. The settlement scale parameters
could be more significant when outdoor thermal comfort
conditions are considered. This requires microclimate-
modelling tools and is the subject of the ongoing research
on vernacular Mardin settlement.
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