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Abstract:
Traditional buildings in Iran have employed some ingenious passive techniques especially in hot regions in
order to restore thermal comfort and coordinate with the local environment and climate. One of these
techniques that have been used in traditional housing of Dezful is Shavadan. The present study focused on
traditional houses in historical context of Dezful to introduce the various components of Shavadan and
analyses of its thermal performance. Results show that Shavadans have a constant temperature in the range
of 21 to 24 °C throughout the year. In the presence of a proper air flow, Shavadan can be used as a source to
reduce heating and cooling energy demands and as a result reducing the energy consumption of building.
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1. Introduction
Buildings in every area are products of needs and knowledge of their habitats. Traditional buildings
which were formed in a long period consist of many aspects that show a harmony and unity with
environmental and local climate. In recent years many qualitative and quantitative Researches
focus on traditional buildings to underline functional and aesthetic principles involved in their
formation and tried to evaluate their thermal performance (lee et al,1996; Oaka, 2002; Sharples
and Malama, 1996; Jingxia, 1996 and Sozen and Gedik, 2007). Reducing energy consumption
requirements, using natural resources and providing comfortable, healthier and sustainable living
spaces are the aims of a climatically responsive sustainable building design (Hui, 2000). When
sustainable design and construction strategies of Iran’s traditional architecture are under scrutiny,
it makes possible to observe how traditional buildings and settlements in this region were designed
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in harmony with the local cultural, topographical and climatic conditions and how their design and
construction could be integrate in today’s design practices (Manioglu and Yilmaz, 2007).
Among the many strategies used in the traditional architecture of Iran, deep underground spaces
called Shavadan were used in hot and semi-humid area of the southwest of Iran in Dezful and
Shoushtar as a passive and natural strategy to provide thermal comfort.
This study focuses on traditional 19th and 20th century houses of Dezful, in an attempt to introduce
components and analyze the performance of Shavadan. First, different components of shavdan are
introduced and then the thermal performance of this space will be analyzed. To conduct the study,
8 traditional houses from different parts of Dezful historical context were selected. The analysis
of the thermal behavior of the Shavadan comparing outdoor and indoor thermal condition of
selected houses is based on in situ experimental measurements. Finally, conclusions are drawn in
order to outline energy saving benefits of using this architectural strategy.
2. General data on geography and climate
2.1. Geographic location
The City of Dezful is located in Khuzestan Province, in south-west of Iran and its history goes
back to Sassanid period but it was also a city before Sassanid and it used to be counted as part of
Elamites and Achaemenian lands (Imam ahvazi, 2003). The longitude of the town is 32º 24´ north,
its latitude is 48º 23´ east, and its altitude is 143 m. behind this region is Zagros chain of mountains
and before it lays the plains of Khuzestan which extend as far as Persian Gulf. Therefore it has
ecological situation between central desert cities and coastal regions of Persian Gulf (Fig. 1).

Fig.1. Geographical Situation of Dezful (Geographical name data for dezful, 2004)

Dezful was built on a type of conglomerate with elevation of Dez River surface and the river in
the city has always had clear and cold running water from Zagros Mountains. The level of Dezful’s
underground water surface is low and this gives rise to the formation and expansion of Shavadan.
2.2. Climatic data
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Dezful has a hot semi-arid climate with extremely hot summers and mild winters. Rainfall is higher
than most of southern Iran, but is almost exclusively confined to the period from November to
April, though on occasions it can exceed 250 millimeters (9.8 in) per month or 600 millimeters (24
in) per year.
Table 1
Monthly climatic data values for Dezful derived from the years 1961-1990 (NOAA Climate data for
Dezful, 2012).
Average temp (°C)
Mean max temp (°C)
Mean min temp (°C)
Rel. humidity (%)
Aver. rainfall (mm)
Aver. rainy days
Mean wind speed
(Km/h)

Jan
10.8
17.2
5.3
75
100
9.9

Feb
13.2
19.6
6.8
68
60.0
8.1

Mar
17.3
24.1
10.0
59
50.2
8.1

Apr
22.8
30.0
14.7
49
34.5
6.5

May
29.9
37.5
20.5
32
9.2
3.0

Jun
35.1
43.7
23.8
22
0.0
0.0

Jul
37.0
46.0
26.2
24
0.2
0.1

Aug
35.8
44.9
25.5
28
0.0
0.0

Sep
32.0
41.7
21.1
29
0.0
0.0

Oct
25.6
34.8
16.2
40
7.4
2.1

Nov
17.9
26.2
10.8
59
39.1
6.2

Dec
12.5
19.3
6.8
73
83.2
8.0

Year
24.16
32.08
15.64
46.5
384.4
52

5.6

7.6

7.8

6

8.5

7.5

8.3

7.9

6.5

4.9

5.7

5.3

6.8

The hottest day of the last 12 months was July 17, with a high temperature of 51°C. The hottest
month of the last 12 months was July with an average daily high temperature of 42°C. The coldest
day of the last 12 months was January 14, with a low temperature of -1°C. The coldest month of
the last 12 months was January with an average daily low temperature of 7°C. The least humid
month of the last 12 months was June with an average daily low humidity of 17%, and the most
humid month was December with an average daily low humidity of 58%.
Basing our categorization on the daily high dew point in the last 12 months, October had no dry
days, 31 comfortable days, and no humid days; January had 12 dry days, 16 comfortable days, and
no humid days; April had 6 dry days, 19 comfortable days, and no humid days; and July had 2 dry
days, 16 comfortable days, and 4 humid days.
3. Shavadan
Shavadan is an underground space excavated under the buildings in the old regions of the Cities
of Dezful and Shoushtar. Its depth is from five to twelve meters which can be reached by many
different staircases (Saremi and Radmard, 1997). According to the Geological characteristics of
the soil in Dezful area, Shavadan is built without the use of structural materials (Ghobadian, 1998).
In some cases, the walls of Shavadan are covered with gypsum but most of them are not decorated.
Most of these Shavadans are interconnected through underground corridors.
The typology of Shavadan is based on six basic elements: stairs which connects Shavadan to the
different ground floor spaces (pella), stair s rest place (pellapam), the main hall (sahn), small
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spaces around the main hall (kat), vertical canals which are used as ventilator (darizeh) and
horizontal canals which connect several Shavadan together (taal) Table 2. The entrance of
Shavadans is placed in different ground floor spaces but most of them were accessed from
courtyards. Were possible, entrances from the courtyard helped wind to enter Shavadan space and
facilitate natural ventilation.
Table 2
Different parts of Shavadan
Elements

Description

Stairs (pella)
and foot-rest
(pellapam)

The most common forms
were direct staircase,
winding staircase and
two way staircase which
make access to the
Shavadan.

Main hall
(sahn) and
surrounding
spaces(kat)

It s used as the activities
space and
connects different parts
of the Shavadan together.

Vertical canal
(darizeh)

These canals were used
as ventilator ducts and
were connected with
different spaces like
courtyard, sitting room,
entrance and alley.

Horizontal
canal(taal)

Connects the
neighborhood Shavadans
together and to the
riverfront in order to use
air streams.

Illustration

4. Assessment of thermal comfort conditions
4.1. Methodology
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To analyze thermal condition of Shavadan six traditional houses in historical context of Dezful
were selected. In situ air temperature and humidity measurements were conducted with Lutron
HT-3009 dataloggers. These houses were selected based on their Shavadan differences (Depth,
number of canals), their distance to Dez River and their spatial characteristics.
The aim of the measurements was to investigate the temperature differences on the different levels
of the houses (Shavadan, ground floor and upper storey). Furthermore, the research aimed at
exploring effect of the Shavadan on interior temperature conditions of ground floor spaces
connected to Shavadan. Exterior temperatures were also recorded with a datalogger placed in
courtyard of houses.
Table 3
Characteristics of Shavadan in selected traditional houses.
Position

Depth

Shavadan characteristic
Canal(Darizeh)

1

8.25 m

single canal:
Connect upper space to the
Shavadan main hall.

2

11.40

single canal:
Connect Shavadan main hall
to the adjacent alley.

3

11.40

single canal:
Connect Shavadan main hall
to the entrance.

10.22

double canals:
one connects Shavadan main
hall to the courtyard
the second connects
Shavadan main hall to the
basement

4
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5

6

7.35

8.15

double canals:
one connects Shavadan main
hall to the groundfloor
second connect Shavadan
stairs rest place to courtyard
double canals:
one connects Shavadan main
hall to the ground floor
the second connects
Shavadan stairs’rest place to
basement

4.2. In situ air temperature and humidity measurements
Measurements were conducted in different days of hot and cold season. Temperature and humidity
of different spaces of each house were measured at the same time to assess changes in the amount
of temperature and humidity. Measurements in house number 1, table 3 are presented in diagrams
for hot (Fig. 2) and cold (Fig. 3) season. Despite variation in indoor temperature of selected houses
because of their spatial and physical differences (orientation, opening area, U-value, thermal
capacity and time-lag values of construction materials) internal temperature variation follows
outdoor temperature variation. While diurnal temperature is more than about 10 °C, Shavadan
temperature remains constant and range less than 2 °C. During the summer, interior temperatures
in the north side spaces of courtyard is 3-4°C lower than those of south side spaces of courtyard
as a result of difference in the absorbed solar radiation by the courtyard surfaces.

91

Journal of Academic and Applied Studies
(Special Issue on Applied Sciences)
Vol. 4(2) February 2014, pp. 86-95
ISSN 1925-931X
Available online @www.academians.org
Outdoor

North side room

Shavadan

south side room

60

Temperature (c)

50
40
30

20
10
0
12:00

18:00

00:00

06:00

12:00

Time in hours
Outdoor

North side room

Shavadan

south side room

Relative Humidity (%)

60
50
40
30
20
10
0
12:00

18:00

00:00
Time in hours

06:00

Fig. 2. In situ air temperature and humidity measurements in summer (house No.1)
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Fig. 3. In situ air temperature and humidity measurements in winter (house No.1)
5. Results
The in situ experimental measurements reveal the fact that temperature of Shavadan in the depth
more than 6meters has a diurnal variation of 3°C only and range between 21°C to 24 °C. During
the hot period at the same time the outdoor temperature has a diurnal variation of 17°C i.e., from
32°C to 49°C. In the cold period the outdoor temperature has a diurnal variation of 11°C i.e., from
7°C to 18°C.
The simultaneous indoor temperature of the north side room of the courtyard in hot period was
varying from 27°C to 32°C showing diurnal variation of about 5°C and the south side room
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temperature was varying from 31°C to 36°C showing diurnal variation same as north side room
but with 3°C to 4°C lower temperature.
In general, it was seen that compared to the environmental temperatures, ground floor spaces have
lower (1-13 °C) temperatures during the summer and higher (1-3 °C) temperatures during the
winter.
At the depth of 3m in Shavadan temperature decrease (10-12 °C) comparing daily outdoor average
temperature.
In summer, while the RH of outdoor was varying from 14% to 34%, the same indoors was varying
from 31% to 37% and it is inversely proportional to the air temperature. The RH of Shavadans
with open vertical canals was varying from 48% to 52% and the RH of Shavadans with no or
closed vertical canals was more than 85% at the same time(85-92 %).It shows that vertical canals
are essential parts of Shavadan for an efficient natural ventilation.
Connected rooms with vertical canals to the Shavadan didn't show significant temperature
variation comparing the rest of ground floor spaces which shows need of an induced air flow for
proper use of Shavadan as a natural cooling and heating source.
The combination of the above may constitute an explanation as to why people moved from the
ground floor to Shavadan during the warm period and used it as a separated space.
6. Conclusions
There are many lessons of experiences that we can learn from traditional architecture to review
and improve our energy consumption patterns in contemporary architecture. Sustainable
architecture necessities encourage us to re-think and synchronize traditional passive and lowenergy design techniques. The aim of such investigations should be finding guidelines and
solutions in traditional architecture and integrate the elements and principles into the contemporary
architecture. In this paper one of the passive design strategies used in vernacular architecture of
traditional buildings of Dezful (Shavadan) was discussed. Thermal condition of Shavadan
comparing with different spaces of traditional houses in Dezful historical context were investigated
through temperature and humidity measurements. Despite the high diurnal temperature range of
outdoor environment, Shavadan has very low temperature variation ranges between 21°C to 24 °C
and has RH fluctuation from 48% to 52% which is placed in the boundaries of comfort zone. Using
a proper induced air flow, this underground space can be used as a cooling and heating source in
reducing energy consumption of building.
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