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Abstract : The concept of sustainable development seeksi@olfdr the current environmental,
economic and social crises in local or global Isvelhe important point is that the goal of
sustainable development is creating and formin@riqular social, economic behavior towards
the nature which protects the life of environmerdad natural systems for the next generations.
In fact, sustainability in not a state to reacht i effort we should move towards . Therefore, it
can be stated that sustainability is an attitudd amprocess. The ancient architecture of Iran is a
chain of experiences and values which have beeseddsom person to person during thousands
of years by artists, architects and people.

The match between Iranian buildings, towns andagés with social, cultural ,religious and
environmental condition has made it possible fanilan architecture to always meet the material
and spiritual needs of the society. Hot and dlildate is one of the four climates found in Iran
and the city of Yazd is the most outstanding santipé design of which can clearly depict spatial
characteristics of an ancient Iranian city in & &od arid area ,although the city has undergone
significant structural changes since 1340s.

The present study aims at investigating the charistics of residential spaces in hot and arid
climatesand compare them with the principles of ecological aungthility .

Keywords. Hot and area -the parameters of sustainable dewelot- ecological characteristics,
texture compression, human scale, usage overlap.

Introduction

parts of the country and is home for a large nundfgreople; that's why the present study has aiated

investigating this climate. Yazd is a significammple of this climate and unique compatibility bfst
structure with the geographical conditions of taa has helped the city to survive during theohyst
Some researchers in the field of architecture ltanelucted some research studies on the city of daddyenerally
on hot and arid climate. The results o f theseistudan be found in some books such as “Architecturd city
construction in Iran’s hot climates” by Mahmood @awli. Furthermore, there are numerous books aticlea
focusing on sustainable development. However, therdew studies an investigating the compatibdityhe city of
Yazd in general and the architecture of residentialldings in specific ,with the principles of saistable
development. To this goal, the present study canats on the recognition of the principles govegrthe ecology
of Yazd and presents some information about hotaaitlareas of Iran and the architecture of regidebuildings
in this city.

I I aving a vast geographical area, Iran benefits fimum climatic condition.hot and arid climate covenany

The investigation of the city shows how compatibilivith nature can be achieved by respecting tlreciples of
sustainable development. The present research shalys although sustainable development seems aoevept
, it has always been observed in sustainable awthite during history, and Yazd is not an exceptiom this rule.
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1. Investigation of different climatesin Iran

Considering the specific geographical situationlrah and its diverse environmental conditions, tiontry is
divided into 4 different climates ,as follows:

a. southern shore of the Caspian sea (fine andd)umi

b. northern shore of Persian gulf and Oman seambhumid)

c. mountainous areas and highland plateau (coldaait)

d. plateau plains (hot and arid)

The present work investigates hot and arid climatesthe principles of design in these areas azaba study of it
(the city of Yazd).

2. Thecity of Yazd and its specific significance

Geographical characteristics of Yazd, historicalrelateristics of it and some reasons for selectirgycity are the
most important issues to be discussed.

2.1. Geographical characteristics

Yazd is located in central Iran, in central moumtanges of the country. This province is a neighith
Isfahan from north and west, and is neighbor wittokasan from north-east , from south-west it limits
Fars province and its south-Western neighbor isriée.

Yazd province includes approximately 4/37 percérthe country.

Being located on the world’s Arid belt, Yazd prosgnhas cold and quit wet winters and hot and long
summers.

Based on the census in 1375, the population ofptiogince is 750769 people. 75/15 percent of this
population live in urban areas and 24/85 percestili rural areas.

2.2.Hhistorical characteristics

Yazd is the first adobe city and the second histbity after Venice in Italy. These two charaistiécs are
enough for Iranians to be proud of having a couasyld as the history of the world and a city Maezd.

The second historical city in the world, Yazd, Haes best tourist, historical and cultural attractipeach of
which can be unique to the eye of tourists andrwé cultural heritage and the history of Iran dhd
world. The city is also famous for its air wellsaxtl is nicknamed as the city of bicycles, sweets,
contentedness, religion, fire and sunlight.

2.3.The reasons for selecting the city of Yazd

Yazd is the most outstanding example which canallegmatial construction of an ancient Iranian @ity
Islamic era, although it has undergone significdr@nges since late 1340s.

The characteristics of the city have caused thetoitbe considered as the best sample and bashdor
studies focusing on the architecture of citiesdahdnd arid areas.

The investigation of the appearance of the architecof the villages in hot and arid areas of Isows that the
factor of the weather has played a significant inlshaping the texture of cities and the spedfichitecture of
these areas. During thousands of year, the peaeple dlways been affected by the factor of harshtheeand this
has led them to finding solutions to make the weationdition more tolerable and less annoying.

Since climatic borders are not related to politizatders, the people living in hot and arid clinsate all around the
world have found similar solution to tackle theioplems.

These solutions, although may be different in shape similar in nature. These solutions have hessd in the
structure of all historical cities which have swed for thousands of years, as well as in eacletstral element, and
also in the components of each element; for ingt&dection” is found in the whole structural elents, such as
block, and alleyway, as well as in the componeffita bouse, for example veranda and air well .Sction is

considered a basic principle which can be cledleoved in every corner of the city and it is pdrthe identity of

it.

3. Principles of sustainability

The world “sustainability”, the concept of “sustability” and “sustainable development” are impott&@issues
which will be discussed below.
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3.1. the word “sustainability”:

The term “sustainability” was first used to refera system of principles to direct economic, soaiadl
environmental developments, locally, regionally ayhabally. It described a world where human systems
and nature live in peace.

The history of sustainability:

It was first introduced in 1970 in “forestation aagriculture” project.

In 1993, the term was used in Rio de Janerio tocries large-scale development policy(Zaker
Haghighi,1389).

In the following years it is was used again andragadifferent seminars such as AlA, UN confereacel

so on.

3.2. The concept of sustainability and sustaindblelopment:
Sustainable: the survival of human systems andalagystems for future.
Sustainable development: based on Bertland reppagt,the satisfaction of primary needs of peophel a
giving this chance to each individual for a belifer.
There is a set of six principles included in Instion 21, which was introduced in Earth confereimcRio.
Below, they are briefly presented (Zaker HaghigB9)3

» Efficient use of natural resources of the earth

» Protection and management of world communities

» the design and management of human settlement

» Economic development based on the principles abmability
In the sources of the methodology of sustainableld@ment, the general consensus is that sustainabl
development consists of 3 dimensions:

* social dimension

* Economic dimension

* environmental dimension
(kolshus et al,2001,Najam et.al,2003,0lhoff etGDA).

4. The compliance of the city of Yazd with the principlesof sustainable urban design( a case study: hot and
arid area);

Social

v

Economic

4.1. Social dimension

Human being is always an important part of eacltesad has a role in the identity of each structume:
city. Human being gives life to a structure andcgsagradually become part of the shared memories of
people. Urban spaces should be flexible so thgtdhe meet the need of participation of people.

4.2. Economic dimension

A healthy and balanced economic development resu#tscial justice.

Social justice is in line whit respect to environmhand is considered an important element of enangly
using sustainable sources of energy helps econa®ielopment and sustainable development. The
economy of Yazd basically revolves around textilduistry in workshops. Today, complicated forms of
social-economic relation and alteration of urbaodpiction in Yazd and also the dominance of factory
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production over workshop production along with #oeial-economic communication network which the
city is part of, have caused neighborhood systedisappear and neighborhood, as a unit of urbanhis
lost its significance, compared to the past.

4.3. Environmental dimension
The present work has specifically focused on tludoggical investigation of housing architecture fram
environmental point of view.

» 4.3.1. Paying attention to ecological charactessti
Climate
A residential system in hot and arid climate ofnlrand their spatial values which have formed irpoese to
climatic condition during many centuries: Harshratic condition have affected the shape and strecifilranian
cities. For instance, in houses with yard, coldstarys at the bottom of the yard at night time dndng the day the
house, especially the part of the house which esagposite direction of the sunlight is cool. Thiolness is felt
more in the yards with a garden and covered spaces.

The appearance and direction of housesin accordance with climate

Direction is the most important feature of the te&tof the city, the base structural element wftiich is block, and
the most important components such as houses waiith y

Direction has been formed by taking summer aftemnsunlight into account. Other factors, such ashwatinds,
the location on earth and making the best use ¢énasource, have been important in it too. Ty af Yazd is
located on 32 degrees latitude and is approximatelastern south-eastern direction, near the tireof Kaaba
and most residential buildings are built in thisedtion.

The roofs and facades of housesin Yazd (domes and air wells)

Two of the most important elements affecting thefsoof houses in Yazd are domes and air wellss Wwaorthy
mentioning that these elements have also gredtlyeimced the sky line and view of the city and henede the city
unique.

Dome

Dome-like roofs are always exposed to breeze, thémkheir shape. This can reduce the heat thegetsffrom the
sun light and also reduces the time the roof needs/e back the heat at night time.

In dome-like roofs part 3 always receives less Heat part 1, as the intensity of sunlight is rmptad all surfaces of
the roof. This can decrease the temperature uhdatdme, especially if the dome has a stool.

In Iranian architecture, the problem mentioned &bbas been solved more interestingly through thention of

two-shelled (two-layered) domes. This means ingulain the space between the two shells makesnther ishell

cooler than the outer one. This is frequently foimthe architecture of public places where mamype come and
go. Iranian architects have always sought bettiettisa for keeping the space under domes cooleuimmer and
warmer in winter. Geometrically, the span of a hspherical dome is almost three times as big adare;

therefore, the intensity of sunrays on the roundybdecreases and the lower part of the dome gs¢sHeat. In
addition, a round shape can send the heat ouedfttbcture at night time more efficiently and éast
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Two-shelled dome

Two-shelled dome, the variety of which was introellibiere, works as follows:
1. the space between the two shells works asatwulSo the inner shell receives less heat ayd staler
than the outer one.
2. the inner shell supports the dome stool andgmts its collapse when the horizontal driving ptes
imposed by the weight of the shell is too much.
3. The inner shell gives the space under the dwam@ony, while the outer shell makes the buildiraren
harmonic, externally.

Air wel, wind energy

In some cities and villages located in hot and ariels verandas are built in the direction of ewildd and cool
breeze from sea. Examples of this can be seeraichbaties in North Africa and Persian Gulf, fomaexple Bandar
Abbas. However, in most cases, because of thetgerighe system, city breathes just through ailsvéir well is

a feature of the structures in hot and arid climated only if the city is located on highlands, ethidefinitely
means the city is cool enough, or if the city i®rm® to warm winds and storms, it is without air laellrue
examples of a city with air wells can be seen izd{&ashan and Abarghoo.

Air well is normally located somewhere to cool #rea used in the summer. Most commonly, it wasegattly in

the pivot of 5-door rooms in the middle or in baildes. Another common place was in the pivot of, vathich

usually had a way to the basement too. In Yazdetlsasnples can be frequently found. However, therecases
which haven't used air wells for cooling. The exd@spcan be found in Zavareh, where there is adahip the
center of building above char-taghee (4-ceilingmdor his fan can also lighten char-taghee.
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Three dominant features of cities located in hat ard areas are a yard with veranda, dome andediir

Density of residential blocks (neighborhood cldsaifon and density of texture) Urban blocks, whigh the most
important components of urban structures, are niynvast and compact with narrow pathways. Thisleted

composition is a reflection of centuries of monatas social-cultural life in hot and arid climatioralitions.

One structural feature of Iranian cities locatechat and arid areas is that city, gardens and me&hborhoods
exist together. Old neighborhoods in cities arenfed adjoiningly, in a castle-like way. But ruraigtgborhoods are
separated by gardens. Agricultural lands and gardathin rural and urban neighborhoods have gresdtiscted the
weather and made it more pleasant.

As it was earlier mentioned, the classificatiorcity to neighborhoods has had social, cultural eetigions bases.
However, the scales, sizes and distances of neibbbds from the center have been affected by ciamat
conditions. The residential blocks are compact doatibns of internal parts including neighborhoadth large,
normally one-storey blocks, adjoining roofs androar pathways and alleys which receive much leséightrand
heat.

Theroleof yard in residential houses and the direction of it

It is attempted in this section to elaborate on fimection of residential systems against climatialtenges and
weather problems, as these issues are of vitalrapoe in clarification of reasonable shape of ¢éhggstems. The
analysis of the style of life and work in such syss is possible through investigation of socialrecnic features of
family such as closed relationship between famigmbers and neighbors, family dimensions and cofitadgstry
in historical cities. These characteristics werglpatudied in the first part. Here, the effecfsctimatic factors are
discussed.

The effect of climatic factors. sunshine, wind, humidity, the case of Y azd

In addition to the orientation of houses, some wotlaetors affect climatic conditions. These factovdl be
mentioned below. To be safe against the hot suheérsummer, especially in the afternoon, the pathe house
which was supposed to be used in the summer (swpangrhas been built in the opposite directionkaéba,
which is approximately opposite the south. Thid gacool and in local language is called “Naser”.

The opposite side is in the direction of kaaba,clwhineans it gets sunlight in winter when this sifi¢he house is
used. The yard is deep, due to its high walls. dfoee it has shade during hot summer days. Coditairs low in
the deep yard and keeps the yard cool and pletwmagdrly hours of the day, when the sun has senrcompletely.
As the sun rises, the yard gets warm. Yet, the ézatpre of the part of the house designed for timenser is still
much less than the temperature out. Basement ipatiehe temperature of which is astonishingly.l@xcept in
hot summer afternoons, you feel cold when you goeth

In such closed houses, air flows through an ait bethind the summer-part of the house. This ait ha$ a way to
the summer-part and also in some houses to theneasef the house.

The existence of a pool in the yard and vegetadiwhtrees in the garden, as well as the airfloveedby air well
make the house more pleasant by increasing thediymAt summer nights, the people sleep on thé avan the
yard (on the bed over the pool). Air well spreadslair in all over the house. This cool air canestape, as the
house is closed. Therefore, in most day-time thgptrature is still low.

The veranda with the hall facing the yard, normalith half-open spaces, forms the main part ofshexmer-part
of the houses in the of Yazd. Its north-easteredtiion is approximately the opposite direction afika. This
feature is seen in most Iranian cities in hot and @eas. The north-eastern direction of the pfiihe house used in
the summer makes this part stay in shade, whileogigosite side of the house used in winter getspthasant
sunlight in winter. The owner of the house may wanbuild the other two sides of the house, if ba afford it.
Thus, those houses with a yard in the center amdrémms around are called four-season houses. Yowine part
which is thoughtfully architectured and designeguit the summer-part. The veranda in the summetrigpa half-
open space which is used in summer evenings as aodime sun starts to set. Veranda is a few sthiose the
ground and is dominant to the yard. There is arbhasé fan opening in this height difference. Basaniemvhere
food is stored and is the best place to rest imnseinafternoons.

Materials

For centuries, the most important materials forstauttion in hot and arid climates have been adwotuethatch.
Clay and straw mortar: By mixing soil and water &meading it (to make a paste) mud is formed. @haytar is
used in clay, adobe and rural buildings. The mbeeday in soil, the more sticky the mortaris andsequently the
more it cracks when dried. To avoid the crackgvstis added and the clay is given time to restargbrb water.
Clay mortar is used for coating underlining shalll zealing for water and heat.
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In thatch-coating the roof, it is advisable to amone salt to the water of mortar to avoid the lgakaf rain and
snow. Salty soil paste stays paste-like; water do¢deak in it and it does not freeze in sub-zeraperatures. This
material is easily and cheaply found and is usedegsionally. The light color of thatch reflecte thunlight which
is good in hot and arid climates.

Calor

The light color of thatch can reflect the sunligiery well. The dome-like shape of domes, apart fiwawing
constructional reason, is cost-effective and ecaoosince wood is rarely found in these areasait easily cover a
wide opening and also match the climatic conditiopsibsorbing less heat and giving back the heaight.

Shaping systems

Shaping systems include weather (negative sysigami, water and soil system. These elements ealghshaping
the system of different spaces. For instance, welecg or avoiding wind has caused the distinctiverednt of air
well to exist, and in order to conserve and mamialuable water, spaces like water reservoirsrafrijerators

with stunning beauty have been designed which plppes appropriate for urban spaces.
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Construct

In this climate, thick roofs and walls prevent thenetration of heat. Adjacency of house, urban etgsnand
neighborhood play important roles too.

Traditional architects designed a hollow betweendbme-like roof and flat roof so that the heatldmot enter the
inner space and the flat roof served a good placgetep in summer. In addition, the pressure ofrtioé on the
walls could be decreased in this way.

Conclusion

Sustainable architecture is not a single — intésnat solution for all communities, cultures anaple. Rather, each
community, based on its history, culture, climate afrastructures, should choose and presentapsalutions for

sustainable architecture and urban design.

Urbanism and architecture in Iran has a long hjstord high values which are achieved during thodsarf years

of experience. Through using these principles, @laith using recent scientific experiences, the tooncept of
sustainable Iranian architecture can be achievedveder, being inspired by these old values doesnmedn we

should exactly copy the skeleton and shape of tlhemgew life style demands its specific solutions.

Overall , the present study elaborates on sonmeiptées of sustainability in the traditional aragture of the city of
Yazd in the field of environmental factors. Theicde discusses the climate, ecological charadtesistexture

intensity, harmonies and human scales.
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