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Abstract

Sustainable architecture attempts to find a way to minimize the negative environmental impact of
buildings by improving the use of energy and the efficiency of material ussdnew and more

affordable technologies emergeplar-generated electricity and hot water, as well as passive and active

systems of natural heating and cooling are becoming more widespratidough advanced technology

can provide some solutions, it may also be worth learning from ergaging approacas of the past.

This author believes that vernacular architecture can give us some clues to improve the environmental
LISNF2NXYIF YOS 2F (2Y2NNRgQaA | NOKAGSOGdzNEd® !  O2Yo0Ay
techniques in addition to current knowledgabout building science may help us find unique and

powerful solutions.

Ancient architecture used natural resources of energy to enhance the interior conditions of a building in
the absence of modern cooling/heating systems. In this study, we review samplaschitecture
designed by such strategies; then, we move further to a specific example of sustainable features such as
windcatchers, ganatsetc. located in Yazd, Iran. Windcatchers are the most remarkableadalbted
passive natural cooling and veatibn systems used in the harsh conditions in hot zones. In fact, the use

of local materials and renewable energy resources in the most prominent feature of Yazd, the

windcatchersijllustrate the harmony of human buitnvironments and nature.

Thisthesisfocuses orhot, hot-arid and hothumid climates in Iran and some of the Arab countirethe
Persian Gulfegion It uses thevernacular architecture of Yazd as an excellent example of the area, both
culturally and climatically. Although this region is the focus of this study, the fundamental approaches

can be manipulated for use in other Rolimate locations as a method of sastable design.

Literature reviews and analysis of case studies show that current Iranian designs do not achieve the best
performance from an environmental aspect. It is proposed in this study that implementing vernacular
architectural principles result® significant performancénprovements over the current methods and

offers a new architectural design language. In conclusion, a series of guidelines and successful strategies

areLINBaSyidSR (G2 AR (GKS RSAAIYSNI 2F G2Y2NNRSQa 0dzAf
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1.1. Introduction

Sustainability in architecture, which is closely related to energy, climate and ecology, has been
considered carefully in recent decadég) expanding world population, negatieavironmental impact,
global warming, diminishing natural resources, etc., mean an uncertain future. Many architects have
written books, newspaper and journal articles to address these problems so that future generations do
not have to deal with them. Unftunately, very few architects highlight the integral role that the now
almost forgotten vernacular architectu®ahl, 2010)which was very welidapted to climate, played in

previous generations.

In developing countries ithe Middle East, such as Iran, there are a number of excellent exarples
sustainability in historicaternacular architecture and in old urban texture. However, their governments
do not consider sustainability importanioreover, themodernization of Iran has led taccelerated
urban growth anddevelopmentin cities, having a direct impact on vernacular and traditional
architecture. Thisphenomenonhas changedthe relationshipbetween the built environmentand the
cultural valuesof saciety (ShamollahiSelamat,& Jamluddin,2012) Changingattitudes and demands

are the evidenceof this change.Massmigrationsto the cities, movingfrom old areasto modern and
developed areas of cities, have resulted in the abandonment of valuable historical quarters The
residentsof the historic core are seekingfor livingin the developedcomfortableareasto utilize modern

transportationsystemsand constructiontechnologies

Iranian contemporary architecture has emulategbdern architecture in terms of constructing higke
buildings with modern materiatssystem forms, urban grid forms, wide and straight streets, and
suburban and urban highwayswithout considering the benefits of the fundamental sustainable urban
principes in the cities(Yousefi & Nejadkoorki, 2012Yoday, it seems that the city planning and
designing are based on vehicle use and requirements instead of human needs and comfort. Jane Jacobs
pointed to the widespread influence of changing the approach to city planning, which may cause
different problera Ay b2 NI K ! Y Sadorobig had® beeh $hé ¥hief ddéskdyer of

O 2 Y Y dzy @acdbs§ 4084 Bhestatedthat

The simple needs of automobiles are more easily understood and satisfied than the

complex needs of @its, and a growing number of planners and designers have come to
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believe that if they can only solve the problems of traffic, they will have solved the major

problem of cities. Cities have much more intricate economic and social concerns than
automobile taffic. How can you know what to try with traffic until you know how the

city itself works, and what else it needs to do with its streets? YouXan'tt KS LJ | yy SN&
do not know what to do with automobiles in cities because they do not know how to

plan for wakable and vital cities anyhawwith or without automobilegJacobs, 1961)

Modern cities are planned in order to give the automobile easy access, and the very basic needs of
KdzYly O2YT2NI FNB o06SAy3a A 3ydstmBuRhalleNibghadantity, tultugaly & S NA
identity F YR LIS2LX SAQ RSYl yRA&d HyyhHe veyfyStamliar ard NdBmplicatled SO G S

phenomenon of modernization.

1.2. Problems of an Old Rich City

Yazd, an extremely beautiful citg the heart of the Iranian platealembraces many historical and
architectural wonders: irregular narrow and windintregts and alleys, several medieval mosques,
religious schools, tombs, caravanseraand special architectural elements such as qdhats
windcatcheré and domed roofsYazdhas always been known for its unique, dense and compressed
urban fabric and adagtion to climate. The city, however, has gradually lost its cohesion in its physical
and social context because of the ragjiawth in population Theresulting urban expansion has caused
various issues that are still unsolvedazd can be used as an exdnpf the challenges facing most

Iranian cities and their historic buildingghe following sections explore each of these problems.

M®OH dm P T RQ&a hfR ! Nbly ClFONRO

5

Sustainability in architecture can be defined as consuming fewer resources (material,,extergin the
construction and operation of buildings and cities whé&asing fewer pollutants and destroying fewer
habitats. One approach to sustainability in architecture relies on natural forces to provide comfort and
utility to buildings. The histacal architecture of Yazd is a perfect example of the vernacular forms of

architecture used in this approach. However, the wave of modernity has affected all aspects of this

' A roadsideénn with a central courtyard wherthe travelers in he desert regions could rest.
" Ancient underground water canal system.
" A vernacular passive cooling system useithé@Persian Gulf region.


http://en.wikipedia.org/wiki/Public_house#Inns
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historical city.

Today, different cities worldwide develop according to the glotdtural features that impose western

culture as the global culture. Therefore, these cities are very similar without a distinguishable urban
identity. However,Yazd,as one of the oldest cities in Iran, has been affected by different historical
influencesand has always had a distinct urban identiéyd culture Unfortunately, diring the last

century, the emergence of modernity and westernizatisignificantly influencedooth the cultural

identity and social characteristics of the citfsa resut, there was a major impact on the quickly
disappearing local culture thereby destroying the sense of place. Due to the destruction of the sense of

place and the inabilitpf the cityto maintain the vernacular monumental architecture, the identity and

hia G 2 NAOFf OKI N OGSNRadAOa 2F GKS OAGe gAtt oS at
monuments anda cultural heritage" that should beinherited by the next generations.Since
modernization and western city planning are being followestaad of traditional and vernacular urban
orientations, unfortunately other ancient cities in developing countriesmilar to Yazdare gradually

being demolishedThe modernization and urban developments in the urban texture of Yazd will have a
directnegai A S AYLI OG0 2y I TRQa ARSyiGAGe Ay (G(KS Fdzi dzNB ¢
LINSGA2dza Fdzy RFYSy Gt Ot AYFGAO T Oltdizédhin @ew uriakK S 2 f R
textures(Shamollahi, Selamag, Jamluddin, 2012)

¢KS NILAR 3INRgGK 2F G(GSOKyzfz23& KIF& NBad#AZ 6SR Ay |
expectations about life due to more urban facilities and services becoming available. People may believe

that their demands for thenodern lifestyle cannot be met in historical neighborhoods of the Gihese

historical areas are gradually being abandoned as a result. In addition, the unfeasibility of changes in the
conventional infrastructure results in the gradual demolition of historical neighborhoodgtenloss of

cultural heritage(Abouei, 2006) Although attempts have been made to use complicated controlling
adaidtsSvya Ay RSaAdayAy3a Y2RSNY odzAit RAy3da Ay 2NRSNI (2
their level of discomfort has increased. These problems canthe result of failure in modern

fundamental principles of architectural designs.

Rapid modernization of the historical quarters of cities has an impact on the lifestyles of residents. For

instance, they need vehiclesrfvariouspurposes therefore, they need parking lots and easy access to

v Cultural heritage is a term used for either physical artgacich as objects and placesfor ways of living, custom$olklore,
practices, values, etc. defined by a community or society #natinherited from generation to generation. Culturaklitage
embraces built environment (buildingsichaeologtal remains, etc.), artifacts (books, documents, objects, pictures, etc.), and
natural environmen{Wikipedia, 2012)
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their homes in the historical part, which has narrow and irregular streets. Although the residents of
these traditional buildings in historical quarters do not have access to modern facilities, most still enjoy
the quality of living in these unique buildings; the lack of sound pollution, the calmness and peace in the
large houses they share with family, privacy in their large houses with huge courtyards, plants and pools
are more appealindeaturesthan living in a smi noisy flat or apartment, with no privacy. For tourists,

the brick domed roofs, windcatchers, forms, designs and the traditional features of these houses are the

main attraction to experience staying in these kinds of hoaésuei, 2006)

Another problem is that the older buildings the historical partare not as resistant to earthquake
damage as modern building&einforcing historical monuments not only helps reduce the number of
fatalities and amount of destruction, bualso conserves the cultural heritage. Preservation of the
cultural heritage buildings and historical monuments is not only a cultural necessity but also an
economic and development requirement fdazd The consequence is economic growth by attracting

tourists which reslts in development to the citfOkhovat, Almasifar, & Bemanian, 2011)

Climate adaptation designs in Yazd have some prominent architectural features suthe as
windcatcher, ganat, and cistern; all have bemgcessary due to the special climate of the region and
built-in. Windcatcher, or wind tower, is a traditional ventilation and cooling system used {arttband
hot-humid climates that draws cool, fresh and clean air in and pushes the warm and pollutad.dt

also provides humidity to the incoming air by means of a pond at the bottom end of the tower. Today,
FADPS Kdzy RNBR gAYyROFGOKSNE 2y GKS Ne2Fa 2F I 1 RQA
space with modern mechanical coolingdawentilating systems. The other feature, ganat, the water
cand underneath the housghat provides cold and fresh water during all the seascas be accessed
from the basementThere are 3,300 ganats in Yazd province; fortunately, 3000 are still iSinse.the
number of inhabitants ithe old urban fabric is decreasing and many of these architectural elements are
not in use, they are falling into disrepair and risk removal or collapse. Furthermore, due to the industrial
waste of local factories in theity, these valuable traditional umdground services are gradually

becoming pollutedAbouei, 2006)

1.2.2. Emerging@f New Buildings in The Heart @Ild Urban fabric

Studying the characteristics of the traditioraichitectural elements helps architects to understand the

diverse applications and flexibility of combig the old facilities with modern ones into a hybrid system
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to increase productivity and do the least damage to the surrounding environment. Morabeehnybrid
designs in the old core of the city act as the link between the historical quarter and the new developed
areas, connecting the ancient cultural identity to the modern unknown culture and histomheto

mysterious future.

These types of desigrhauld embrace all aspects of vernacular principles and appropriate modern
approaches. Unfortunately, very few are found as transition designs in city. Most of the new buildings in
the old core neither consider following the vernacular principles of bugldiesign nor are compatible

with the surrounding built environment.

1.2.3. New Urban Fabric

In the lastfew decades, there has been significant development and growth in the cities of Iran.

' OO2NRAY3I (2 GKS | yAGSR bl (i@ yill reddra 8% YoF theS @tal L NI y
population in 2020(Zanganeh Shahraki, et al., 201&hich is very close to Canada. Yazd, one of the
provincial cities of Iran, is no exception. It has been reported that of the 60 million people who
completed the last Iranian populatiosurveyin 1996, 37 million, or almost 61%, lived in cities. And

within Yazd province, one of the most highly urbanized provinces in Iran, almost 75 percent of the
population lives in cities. The city of Yazd has grown from a large town with a population of 63,000 in

1956 to a miesize city’ with 330,000 residents in 18%nd 582,682 residents in 20{R1odarres, 2006)

[Figure 1] The area of the city has gromio accommodate new population.
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Figurel. Population growth in Yazdredrawn by author

Population

0

v According to the Ministry oHousing and Urban Development of Iran, a city with the population of 10a@®@&D0,000 is
considered a mediursizedcity (Zanganeh Shahraki, et al., 2011)
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Yazd has experiead two different kinds of organic and inorganic growth in ordea¢commodatethe
growing population. The physical or organic growth is the result of changes in population and lifestyles,
whereas the inorganic growth is the result of small villagpgdifferent organizations in the south, west

and east, becoming part of the city as it expafdsusefi & Nejadkoorki, 20123 urrently, Yazd city is
expanding towards the northwest and southeast. The result of this expanstunh is the consequence

of the population growth, is an increase in the local traffic and the level of industriaitesiin the
surrounding areagNejadkoorki & Ziajahromi, 2011¥onsequently, these connections incredbe

urban growth in an inorganic way. Today, the city has becdine times larger than ithe 1950s

(Modarres, 2004)igure 2]

Some of the historical parts of the city are vacant, whereas the city limits are continuopsigdaxg.

This is causing an imbalance in population density in different atbasdestruction and gradual
demolition of older neighborhoods and the steady departure of residebise to this rapid and sudden
growth, it is not surprising that the histaal part of Yazd today has been Iddhfortunately, some of
these neighborhoods have become home to immigrants and poor residents who cannot afford to

maintain or repair these houses that are the most important parts of Iranian heritage in vernacular

architecture.
2 N Admnistrative
\ boundaries
w W s
Do . B 1957
48800 ) 2000
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Figure2. Ages of different areas and the inorganic growth of Yazd are shown
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1.3. Thesis Outline

The most significant problems of this old rich city are the gradual destruction of the historical quarter
and its valuable cultural heritagesulting fromabandonment and depopulatiorOn the other hand,
there is a disconnedietween the old rich core antthe developing areas the new quarters of the city;

the new buildingsthat have poor environmental performanceygly tract housing and new regular
suburban gridwhich are inconsistent with local climate factors and histamyterms ofarchitecture and
urban planningTheseunanswered questions about these problenan be categorized in three sections

that will beexplored in the following chapters:

1. How to conserve, preserve and reinforce the old urban fabric, as a successful example of
sustainabilityand environmentally friendly architecture. (OLD)

2. How new buildings in the old quarter should apply the vernacular, sustainable principles with a
modern approach and interact with historical surroundings. (TRANSITION)

3. How the new urban fabric and building designs should be developed. (NEW) [Figure 3]

Figure3. Parts of dd, new and transitionquarters for comparisoh y ., I T RQ& dzND I

8
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Thisthesis focuses on the vernacular architecture fountlotrarid climates like in Iraand some of the

Arab countries near the Persian Gulthis thesis will use theernacular architecture of Yazd as an
example of the area, both culturally and climatically. Although this region is the focus of this study, the
fundamental approaches can be manipulated for use in otherdnint climate locations as a method of

sustainalte strategy.

Literature review anatasestudiesare used to show that current Iranian designs do not achieve the best
performance from an environmental perspectiv&s the modern Iranian design approach does not
respect the needs of modern Iranians to theaditions, the existing architectural language, living

environment, quality of human life, and the success of vernacular architecture.

A comparison between the old and new designs in nano, micro, meso and macro scales cleasly show
the lack of sustainality concerns in designing modern building$gure 5, 6] This study proposehat

an implementation of vernacular architectural principlegould result in significant performance
improvements over the current method# offersup a new architectural dégn languageA series of

JdzA RSt AySa FyR &4dz00SaaftdzZ adaNrisSaasa gAiatft o6S R

(V)]
[N
(p))

buildings.
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Figure5. Modern architecture; the newurban fabric in Yazghoto by Chris Belste
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To understand how vernacular designs work it is necessary to briefly review the human comfort first.
Second, it should be investigated hawe traditional architects could linthe human built environment

with nature and cultural values.

2.1. Arc hitecture and Human Comfort in Hot Climate Z ones

Thermal comfort and climatadaptive designs have always beeery closely related. The ancient

builders knew what the requirements for comfort were and how to adapt their designs to meet these
conditions(Saberi, Saneei, & Javanbakht, 20@2he of the most significant goals of architeetinas

Ffglea 0SSy (2 LINRPBOARS | O2YF2NIiloftS &Ll OS G2 f A
5A00A 2y | NIfEphysical edsé and fieeddns from pain or constraint; things that contribute to

physical ease and wall SA y 3 dé¢ Ly RSO aqmSODK2 yI2NBEOE O2YTF2NI Aa R
FyYyR &l GA&TFI OGA ADAN, 2F10p0 TRBMEE RISFRYA GA2ya | NBE JSNE

concept of this term.

lf 0 K2dAK (KS 3S23INILKAOIE f20F0A2y 2F GKS odzAf RA)
comfort, other factors have a direct impact on their definition of comfort le@aimfort temperature is

not only the air temperature but more correctlgfers to the operative temperature.

The operative temperature is a combination of the air temperature, the weighted average of
all surface temperatures of a space (defined by the mean radiant temyper MRT), and air
velocity.At low air velocity, th@perative temperature is the simple average of the MRT and

air temperature(Straube, 2009)

The human body has a core temperature of 37° C: if this temperature rises or falls more than 1 degree,
serious health impacts begibinder most conditions, heat must be lost to the environment regulate the
body temperature.

Generally, heat transfer can occur by three different methods: thermal convection, thermal conduction
and thermal radiation. With the same interior room temperatue@en in the comfort zone, one person

can be comfortable in one condition and another person uncomfortable in a slightly different condition.

13
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To measure comfort accurately, environmental factostich asair velocity, air temperature, mean
radiant temperatire (MRT), humidity and personal factors, such as metabolic rate and clothing, should
be taken into consideration. The relevance of these factorhéocomfort level ofthe human bodyis

expressed as follows:

Air Temperatureis defined as the air surrounding the body and is in °C or °F.

Mean Radiant Temperature (MRT§ an equivalent temperaturdue toradiation from or to surfaces in
their surrounding environmentAs humans give off and absorb heat by radiation, a lower WiRTesult
in more heat loss from a person, and a higher MRT (or direct solar radiation) will result in heat gain or

less heat loss by a person.

Air Velocity is defined as the speed of aivhich is measured by m/s and km/&ince people are
sensitive to & speed, it plays an important role in thermal comfdftair flows over a person, heat loss

by convection and evaporation cools them down.

Relative Humidity (RHA & GG KS NI} GA2 O6SELINBaasSR +Fa | LISNOSydl 3
artothemt EAYdzY |'Y2dzyd 2F Y2A&GdaNB GKFEG GKS AN O2dz F
(Building Science Corporatiolpw RH air allows for faster evaporation from the human body (resulting

in cooling) whereas high RH shows evaporation.

Clothingis very closely related to thermal comfort or discomfagtthe addition or removal ofayers of
clothes changes the insulatiolevel around the body. The insulation level provided by clothing is
measured in units of Clddigher levels of insulation slows heat loss from the body, lower levels of

clothing allows for increased heat loss.

Metabolic Rateis the heat rate which is pduced inside the human body as a result of physical activity.

Higher activity generates more heathich may require more cooling.

The widely accepted definition of thermal comfort BYSHRAEAmerican Society of Heating,
Refrigerating and Aiconditioning EngineersASHRAE Standard 55

GEKSNXYIFE /2YF2NI Aa (GKFdG O2yRAGAZ2Y 2F YAYR 0(KFG S
Al Aa | O0OSLIilotS ¢KSYy Al aSyadNBa GKS 0aSyosS 27
ofatleast 88’2 2 F G KS dza S NBRahl22810)li i SommaijgtioRed tiaH @ acceptable
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comfortable interior temperature for occupants is approximately 22°C + 2°C ©85FF) and 260%
relative humidity This range of temperature and RH assumes a specific set of clothing, MRT equal to air

temperature, sedentary office worker metabolic rate, and no air flow.

A more complete picture of comfort will include all of the important factors. To this end, aocbatfart

was developed by combining information fromesign with Climatdy Victor OlgyayOlgyay, 1963)
(Quara, 2013)and (Bioclimatic Design, 200§)rovide more information to better understand the
comfort zone and comfortable conditigffrigure6]. In this chart, vmen the temperature is over 24°C,
wind is needed to keep the comfort condition in balanediereaswhenthe temperature is lower than

20°C, more solar radiation is necessary to maintain the comfort level. When the temperature is 25°C or
higher, faster air flow as well as shading are required. Whemelagive humidity (RH) is lower than 20%

or more than 60%conditions become uncomfortable. Thus, according to the local climate conditions,
passive thermal design strategies (natural ventilation, high mass, high mass with night ventilation and

evaporative coolinggan be considered to meet comfort desires.
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AlthoughHgure 8shows the impact of air speed, RH and sun within a building or specific room, different
air temperatures may result in different comfort levelepending onsolar radiation to and from the

NER 2 ¥uffaces, and to and frortine occupants. Radiation throughindows, radiatiorto cold walls or

air flow caused by ceiling fans can modify the comfort zone.

To clarify, some examples explain these conditions of comfort based qgpiesiphysics laws and

principles[Figure7].

In Agure 7A, although the roomnair temperature in both conditionss 28°C, beyond the comfort zone,
there is a significant difference in the overall feeling of comfort for these two occupants. The air
movement ¢aused by ceiling fansh addition to shading (due to overhangs) plays a majoe iol
RSONBFaAy3d (KS Wgwhereadthefsdldr fadiatioSthfaughNdindodehiBs a direct

impact on increasing the overall discomfort.

In Rgure B, even thoughthe roomair temperatures for both occupants are 24°C (in the comfort zone),
shading decreased the direct impact of sun radiation on the overall feeling of corof@mtoom feels

like 24°C (still in comfort zone), whereas, the other feels like 28°C.

In Rgure TC, the heat is transferred from the inside to the outside through the window, and the
occupant is not comfortable sinde radiates the heat to the cold windows and walls (low MRT), hence
0KS WFSSta tA1S GSYLISNI (GdzNBQ K Ita 19 NEhekasS tRe othdtP Y

occupant is happy sindle correct mass and insulatidrave been used.
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2.2. Vernacular Architecture:  Climate -adaptive Architecture

Although attempts have been made to use energy intensive mechanicalanglexcontrol systems in
RSaAaAIAYAYyI Y2RSNY odzAf RAY3Ia Ay tRulReSNapiegrsharthd A YAT S
200dzLJr Yy &4 Q f ShasddtualigicredRedAO@Y 2D@6Nhe reason may be the differences

in temperature, humidity, draught, light, sound etc. In contrast, in vernacular architecture, climatic
adaptive design results in a high éwof comfot for the occupants, with little or no mechanical

equipment.

Without access to mechanical air conditioning, the ancient builders attempted to adapt their designs to
the climatic conditions to provide the best comfort they could, relying only on thesadae resources

of the region (climate responsive design). In particular, in the desert regions, due to the lack of energy
resources and water, they were forced to build houses based on minimum energy consumption to
enhance the interior conditions of a Wding in the absence of modern cooling systems. The available
natural resources such as prevailing vérehd daynight swings, etc. were used. These strategies may

be usedodayto provide healthy sustainable and comfortable living space for ttegeupants.

The interactionof use, control and climate is the key factor in vernacular architecture that has been
neglected in contemporary architecture. A richer method of design can be achieved by a detailed study
of climatic factors and the interactioof these factors with the human body atite building. A study of
vernacular architecture proposes that understanding climatic adaption design is necessary to optimize

natural resources in order to reach an actual level of sushdlityin the built envionment(Dahl, 2010)

Two thousand years ago, Vitruvits,Roman architetstated in his 8 book of The Ten Books on

Architecture

If our designs for private houses are to be correct, we must at the outset note of the
counties and climates in which they are built. One style of house seems appropriate to
build in Egypt, another in Spain, a different kind in Pontus, one still different in Rome, and

so on with lands and cotnres of othercharacteristic§Dahl, 2010)

Architecture plays aole in connecting humans, climate and place. Vernacular architecture is based on
the adaption to local conditiongn different parts of the world(Dahl, 2010) Different factors can
influence design, for instance, the availability of local materials to respond to the climate conditions, the

religion or culture of people and the social character of that region.

18
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It is interesting tanote the similaity of materids usedin Yazdand, for instancein other hot-dry regions
such asdNew Mexico. Although they are located on different continents, very far from each other, both
share vey similar climatic conditionsThis similarity in climatic conditions resulted in tlsame
strategies and same use of available materials in both New Mexico [FAg@irand Yazd [Figurg0, 11]

in order to provide occupantwsith a comfortable living space.

Figure8. Vernacular architecture in New Mexico

Theharmony of the human built environment with nature, cultural values and the climatic conditions of
cities in different zones is definitely visible in the sustainable design strategies of the traditional

architecture in these zong9 olouBehbood, Taleghani, & Heidari, 2010)
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Figure9. Material used in traditional buildings in New Mexico

FigurelO. Vernacular architecture in Yazd
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Figurell. Material used in traditional buildings in Yazd

In vernacular architecture, successful solutions to the problem of climate were not based on a scientific
way of thinking. Designs were based on countless acciderperimentbased)by different generations

of traditional builders who learned to use whabrked and toignorewhat did not. For many centuries,

the traditional architects were completely dependent on natural energy resources and available local
materialsto form their built environment, andhey learned how to interact with their climate. The
created and added sets of principles for the next generations based on all these accidents and
experiments. These principles are abdlé process of the whole and in detailed designs are based on
the availability of resources, choice of materials, cdesation of climate, site selection, orientation of
buildings, culture of the place, method of design, €kathy, 1986)

Hassan Fathy in his book, Natural Energy and Vernacular Architecture, states that

In the environment otontinuously changing pressure, wind movement, temperature,
humidity, cloud cover, an architect places a fix building. Such a rigid structure is intended

to provide comfortable internal environment over a wide range of these external
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variables. How can agid manmade object respond 2 (1 KSaS OKIy3a3SaK { K2dz |

like a living organism which continuously adapts itsethe flux of its environment?

As mentioned previously, cultural values play an important role in traditional designs. The vernacular
architecture in Yazd and Cairo, Egypt, both share mordess similar climatic conditionis addition to

the same cultural values, resulting in sowfethe same strategies in the traditional designs of houses.
An introverted architecture in these twoities is based not only on the climatic conditions but also on
the need for privacyfor instance, the location of the entrance to the house is designed to prevent a
straight view from the outside; the courtyaid inside the house instead of outsideyans or openings

such as windoware designed to face the inside courtyard, etbahl, 2010)

2.3. Urban Design in Hot Climate s (Persian Gulf Area)

Expanding awareness of the vernacular architecture of egjsitiherited citiesof the pastnot only
enriches the contemporarclimate adaptive architecturbut also expresses the need for preservation
of these cultwal heritages(Okhovat, Almasifar, & Bemanian, 201Cpntemporary designs in hatid

zores still have much to learn from the past.

Modernization has had a major impact on urban forms in the hot zones in Persian Gulf cities. In order to
become modernized, these citigmve replicated the western symbols of modernity such highrise
buildings with modern materials and systegrurban grid forms, wide and straight stregtgc. Since the
compatibility of the materials, forms and designs with climatic context is not considered, this

phenomenon iout of sync withthe history of the regior{BenrHamouche, 2008)

The overall layout of old cities was bagedmarily on the climate characteristics of their zones and
defense strategiesgainst ther enemies during warslhe urban textures in hot climates, in partiauia
hot-arid regions were built very densely in order to protect the occupants from the harsh ¢ltma
conditions. In fact, urbadensitywas and is a key factor in traditional city planning as a response to hot
arid climatic conditions. Almost all igs in hotarid zones have prominerkey components suchs
narrow irregular winding streets thaturroundedconnected residencewith tall wallsresultingin high
density, courtyardsvith large gardensnd poolsanduse of materiagd with high thermal mass, etc.

Yazd, Kashan (Iran), Cairo (Egypt), Manama (Bahrain)aetchaped by very dense and continuous

urban fabric surrounded by narrow and irregular alleys. In Yazd and Kashan, in particular, buildings are
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connected tightly togther and oriented based on the direction of the sun and prevailing wind. A typical
building planfor these kinds of houses, categorizagintroverted architecture style, is a private central
courtyard surrounded by one or two storey buildings. The lotaterials are mostly earth and unbaked
bricks depending on the availability. The builders usually used the eacdwated for foundationand
below grade spaceMost of these principles of the old urban fabric of Yazd and Kashan are similar to

other deset cities inthe Middle East.

One of the most interesting and prominent characteristics of these cities is the relationship between
mass and void. The domination of mass over \atithe city level is noticeablg-igure 2]. The ratio of
mass over thevoids of the houses is also very simil@n a city scale, void embraces open public areas,
streets and alleys, centraourtyards of the houses, et@nd on a residential scale, void includes all the

openings such as windows, dooes;. onto the mass ahe walls(BenrHamouche, 2008)

Generally, the urban texturef old citiesin the Middle Eastwas shaped by main components such as
mosques, bazaas, palaces, maidars (squares), hammans (public batfs), madrasah (religious schog)

and courtyard houses.

)

Figurel2. The ratio of mass over void in the historical core of Yazd, drawn by author
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After the Arab invasion®f the Middle East countries, the structure of the citiesnséormed to meet
Islamic requirementsUsually themosquewas built in the centre which was connected to the main
traditional bazaar, palace, madrasah and hammamnd the remaining components were located
around this core. Thipattern is combined with theclimatic conditios to form the old dies of this

particular region(Sharifi & Murayama, 2013)
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Diverse strategies in Persian vernacular architecture have been used on different scatEs ito meet

all the needs and requirements of the inhabitants:

1 In a building/residenceorientation of the building, seasonal migration, use of windcatchers,
courtyards, vegetation, pools, mass, basements;

1 In a neighborhoodnarrow, irregular windingavered alleys; and

1 In a city orientation of the city, ratio of mass to voids, uniformity in the use of materials,

gardens around the compact cities.

Since the compact urban texture of Yazd includes various combinations of sustainable features that
operae as an interconnected chain, it is very difficult to consider any of the sustainable pieces
independently. However, in order to get an idea of their mutual functions, some of these features will

be examined in this chapter and the following one.

This chater reviews the most important strategies used in faoid cities (in the Middle East) such as
Yazd with regard to building scale. Theighborhood and cityscales will be discussed in the next

chapter.

3.1. Typical Housing Architecture inthe Region

The typical Yazdi houses are courtyard housifite courtyard is a private space, which contains a pool
and a small garden, and is the main space that the openingsdi¢he doors and windows, directly or
indirectly, open only to the courtyardn the Rersian Gulf area, in order to provide visual privacy for the
housesthe only opening on the outside is the entrance ddloat is located in a placehich protects

the female residents from the eyes of male strangers and blocks a direct view from thdeoOgsual
privacy, which is a direct result of cultural values and religious standards, has a great importance in
traditional courtyard housing. In some cities i.e., Cairo, Egypt, the outside openings are fully covered
with exterior shading which blockke view from outside. The houses are surrounded by high, thick and

mostly blank walls with rare openings above eye level on the exterior and a bent passage from the
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entrance to the courtyard or a stopping space calledaahti ' to prevent passersby frortpoking in

[Figure B] (Memarian & Brown, 2006§JSadoughianzadeh, 2013)

<C

GROUND FLOOR PLAN

Figurel3. Plan of a traditional courtyard housen Yazd, Golshan Housthe dots show the bent entrance to
the courtyards of thehouse illustration by author

3.2. Thermal M ass

Since there is a significant temperature swing between day and night in desert cities and thermal mass

plays a vital role in the performance of buildings, this strategy is widely used in the cities of the region.

I A small enclosetbyer ora stopping spacecalled hashtiwhich usually leads to the homeisurtyardby a series of curved
and narrow corridors to prevent strangers from looking in.
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Thermal mass describes the inherent capacot materials to absorb, store and release heat. Thermal
mass strategy in building design, either passive or active, defines how the mass of buildings reacts and
modifies the temperature while temperature fluctuates between day and night. When the interio
temperature drops (during the night), these materials release the heat absorbed and stored from the
sun during the day to the interior and the exterievarming upthe surroundings, and hence, increagi

the comfort of the occupantéSustainability Articles, 2013)

Ly GNXRAGAZ2YIE Ylaa ¢glffazr Seaed GKS FR206S 2NJ dzyo
O2yiNRffSR o6& (GKS GKSNXYIf &aG2Nr3S OFLIOAGE 2F GK
therma conductivity like the specialized insulation layers commonly used in modern building

I & & S Y orheseSype of walls that were used for thousands of years not only carried the structural

loads but also performed as an acceptable enclosure. The arasthicknessof walls could control

heat, vapor, water and airflow; although the control of airflow through windows and doors was poorly
managed, the walls were airtightStruabe, 2010)Due to the building responsive design iazHli

buildings, the walls were sheltered by other buildings so that the water/rain control was managed

before reaching the inner surface of the buildings and causing damage. Using thick walls of materials

such as mud brick, clay and adobe that have highrrital capacity was a traditional solution for

temperature fluctuations in buildings & hot-arid climate such as Ya@donshizade, 2008)

3.3. Managing the Sun:

3.3.1. Openings

The overall orientation of the courtyatibuses in most Iranian cities is nomlast/southwest. The main
winter suites or rooms are located on the nomfast or northwest sides, whereas the main summer
rooms are located on the soutkast or southAwest sides of the house. In winter, the roomsee/e
sunlight from the northeast openings, whereas, in summer, the rooms on the seght side are
located in the shad@Figure H4]. A seasonal movement occurs between rooms or suites in a courtyard
house so that the occupants are comfortable throughthg year.lIt is true, though, that in winter,
inhabitants move to the rooms with few openings in the corners and during the day, they use the larger,

south-facing roomgMemarian & Brown, 2006)
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Typically, the wdow openirgs in the courtyard houses in Yazd are deep, tall and narrow with a thick
wooden mullion. These tall and narromindow openings minimize the solar heat gairFrequently, the

upper parts of the windows are designed with beautiful colorful glasswiflgure 15]

Figurel4. Summer and winter rooms and suités Gloshan housgwinter suites are illustrated by blue and summer roon
are shown by redillustration by author

Figurel5. The left picture is a beautiful glasswork in Dolatabad Garden, photo by Ali Golshan; the right one is the t
windows in traditional Yazdi courtyard houses photo by Lilo
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3.3.2. Roofs

Traditional architects used various forms for roofs of the residences to minimize the solar heat gain. One
of these techniques is dome techniques and vaults. The dome roofs and vaults are used to reduce solar
gain while speeding up the heat loss of the rotmough the top hole(Monshizade, 2008)n hotarid

region cities such as Yazd, a combination of flat and dome roofs is used for residences. Dome roofs have
been used to cover large areas in buildings such as mosques, cbustiimes, bazaars, etc. Due to the
excellent thermal performance of dome roofs, they have been used in various buildings and on different
scales. By inserting a hole in the top of the dome roof, passive cooling can be achieved by the negative
pressure oer the dome letting the air flow from openings toward the roof hole. The air flow decreases
the inside temperature of the roof and consequently, less heat is transferred by convection and
radiation to the interior spacéaghih & Blaadori, 2011]Figure B].

As well as structural applications, dome roofs have been used in Iran to achieve natural ventilation and
passive cooling. The combined use of windcatchers and dome roofs can result in a pressure difference
between the airentering the space from the wind tower and the air rising and exiting from the dome

roof hole, ultimately causing natural air flow. The geometrical shape of dome roofs increases the wind

@St 20A08 20SN) GKSY |yR NBadzZ GANAWa T YNIAGONEF BSA Sy

noting that the heat transfer from dome roofs is greater than from flat roofs. When the wind flows over

the dome roofs, some of the heat is removed and the rest transferredooyguctionthrough the roof
(Faghih & Bahadori, 2011)
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The opinions of various researchers about comparing the temperature in dome roof buildings and flat

roof buildingsneed to beinvestigated. Konya showed in his research that the temperature of dome roof
buildings is lower thaof buildings with flat roofsand Mainstone believes that the lower temperature

AY R2YS NR2F o0dzAf RAy3Ia Aa NBtEFGSR G2 GKS aKAIKSNI
stated that the reason for the lower temperature in dome roof buildings is foaesorption of sola

radiation(Faghih & Bahadori, 2011)

3.3.3. Absorption, Reflectionand Transmission

The amount of sun radiation that is absorbed, reflected and/or transmitted depends onadioer of
the surface. Different components of a building such as walls, windows and roofs are able to absorb,
reflect and/or transmit various amounts of electromagnetic light; wherever absorption occurs, heat

energy is produced. Dadoloursabsorb better tharight coloursso, dark materialbecome hotter.

In all cases, absorption depends on the electromagnetic frequency of the light being
transmitted (i.e. thecolour) and the nature of the atoms of the object. If they are
complementary, light will be absorbei they are not, then the light will be reflected or
transmitted. In most cases, these processes occur simultaneously and to varying degrees,
since light is usually transmitted at various frequencies. Most objects will selectively

absorb light while alstransmitting and/or reflecting some of (Williams, 2011)

In hotarid regions in the Persian Gulf area, especiallyandthe material used for traditional buildings

is adobe and unbaked brick, with a layer of clay and straw. The outer layer on walls and roofs reflects
most solar radiation and a small amount is absorbed and then released to both exterior and interior
spacesA brilliant white would be a better color to reflect solar heat; however, this traditionally was
achieved through the use of pure lime coatibgt such materials were not locally availalds they
require pure carbonate limestone to produce. It is alsgintant to recognize that white surfasewill
become covered with the light yellow dust of the surrounding landscape, without rain to wash them

clean.

CNF RAGAZ2YI € 3f a4 dzaSR Ay GAYyR2gas 2F O2dz2NAS:E |
passig most of it directly to the insideFor instance, 6mm clear glass transmits almost 91% of the

radiation,absorbs 45% and reflects-2%[Figure T].
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6mm clear glass

2-4% reflectance §\
v
91% transmittance
¢ - >

4-5% Absorbtance g

Figurel?. Absorption, transmission and reflection in 6mm clear glas
drawn by author

3.3.4. Shading

Thermal mass and reflective surfaces help reduce heat gain from the sun, but shading is even more

effective when possible.

3.3.4.1.SeltShading Y R b S A Baigg2 NE Q  {

The houses in this region are surrounded by high sharalls,which provide shady areas fdryoth the
neighboring courtyardsand/or probably the courtyard and the narrow adjacent streets and alleys
[Figure B-20]. Thecompact neighborhoods and cityscape decrease the axgased to solar radiation

and heat gan.

th ke

Figurel8. Seltshading in a traditional courtyard house in Yazghoto by Fereydun Masomian
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SECTION A-A

Figurel9. Selfshading in the afternoon/morning in a traditional courtyard house, Golsheouse, illustration by author

The residents of traditional courtyard houses choose how to spend their time during the day according
to the climate conditions. The spaces in shadow/shade, nreatst and soutkeast, and the underground
spaces are usedotavoid heat during the hot days. The underground level generally has a lower
temperature than the uppr level. During the winterresidents choose the south rooms to receive the

solar gain in order to reduce the fossil energy for H@édnshizade, 2008)

SECTION B-B

Figure20. Seltshading inthe afternoon/morning ina traditional courtyard house, Golshan Housédlustration by author
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3.3.4.2. lwans: Semi Open Areas

Iwans arethe vaulted semi open areasw@alled on three sides), whicface ontothe courtyard of a

residence or mosquand providea shady and cooler living area during the day.

3.3.4.3.. Exterior Shading

Most of the residences in this region, especially in Arab cities, lawesys had shading on their exterior

opening, which prevents strangers from looking into the interior of the residelfigare21].

Figure21. Traditional exterior shading in Cairo, Egypt

Today, substitution of double fagade with various exterior shading systems, which are culturally widely
accepted and provide both privacy and shading for the occupants are developing in the Persian Gulf

I NBF® ¢KSNB |NB GFNASGASE 27F ¥F2 NdgdonstuEtedDEHRSWA 2 NI &
materials whose thermal mass is used to absorb heat, to lighter metals that can use fine cutting
G§SOKyAljdzSa>x G2 aONBSya GKFdG SyLX2eé I ROl yiSwR Tl 6N
new buildings in Masdari®g, wniOK A & alF @SNE Of SIFNJ KEoNAR Tl el RS &
and the exterior precast screen uses traditiohasi f | YA O Théthiein&l Ndpacity of the screen is

intended to decrease heat tremission to the cool interiors(Boake, 2014)

35



Chapter Il Passive Natural Cooling and Ventilation Systems

3.4. Courtyard s

Courtyard housing strategies in Iranian and Arab cities irahidt regions can be investigated from
RATFSNBY G LRAyGa 2F OASs &adzOK & Odzf GdzNF £ 5 NBf A
courtyard house was a webalanced organism where social cultural factors integrated with

architectural/environmental ones.(Edwards, Sibley, Hakmi, & Land, 2006)

According to historical evidence, courtyards have existed in Ira®d@® years; however, their functions
and types are different from one area to another: defining boundaries of properties, circulating air,
creating a cool place. In hatrid cities, the traditional courtyard plan is rectangular with rooms on two

or four sdes where members of exteled or single familiesvie (Karimi, 2012)

In typical Iranian courtyards, since the architecture of houses is introverted and ide@kithg in the
compact urban fabrics in some cities such as Yahaz, Isfahan, the function of courtyards includes
broader criteria. Providing privacy for the residents is a keyofantthis kind of architecturéMemarian

& Brown, 2006)

Central courtyard structure in both shape (geomyetind element designs) and developing methods
(technology and materials) are strongily accordancewith both local and climate consideratign

(Dehghan, Naghizadeh, & Nasrabadi, 20V&)iations in the climate have resulted various responses

in the architecture of the courtyard houses. The existence of a courtyard irahdtcities is an
architectural response to the harsh climate of the regidvlemarian & Brown, 2006)A number of

strategies @& combined with the use of courtyards to maintain comfort for the residence such as
constructing basements, designing semi open spaces, using windcatetigratingseasmally planting
@SASGIGA2Yyd ¢KS YIAY NBfS 2 Xploittheloddyardy of she hehtéd aiO Sy (i NI
to force ventilation through the smaltestrategicallyplaced windows (Edwards, Sibley, Hakmi, & Land,

2006)

The form of residential houses, whiblavea courtyard that contains a garden and a pootha centre

and openings onljacingthe courtyard, is an example of inward looking architecture. The design of the
building is aimed to maximize passive potential to warm the residence in maximum penetohtibe

sun in winters and minimize it in summers byngspassive cooling strategi@donshizade, 2008Figure

22].
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Figure22. Different views of traditional courtyards in Yazdhe left photos byauthor, the top rightby Nicolas Rap@and the
bottom right by Alex Wilkinson
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3.5. Planting Vegetation and Placing a Pool

Placing a podh the centre of the courtyardylanting vegetation around it and locating a windcatcher(s)
in the corner(s) of the house aid climatic modification(Edwards, Sibley, Hakmi, & Land, 200&he
afternoons, the interior spaces as well as the water surfafcihe pool, the plants and trees located at

the centre of the courtyard get cool by meansglioé windcatcher that conducts the air to the space.

Crofts in the courtyards are generally filled with those kinds of drimat need less water, such as
pomegmanate, fig, pistachio and grape. These trees not only provide fruits but also reduce the air

dryness and provide shagBehghan, Naghizadeh, & Nasrabadi, 2011)

3.6. Windcatcher s

3.6.1. The Role of the Windcatcher in Hatrid Regions

Since electricity production is the major source of carbon emiss@ingonditioning and mechanical
ventilation systemsO2 yaddzyS | aA3AYyAFAOIY(d LINBLRNIAZ2Y 2F |
impact on the environment can be dramatically veed by using low energy natural ventilation and
cooling systemsWind as a renewable driving force can provide fresh and healthy indoor thermal
comfort by means of windcatchers, solar chimneys, etc. Over the past three thousand years, wind tower
systems o windcatchers, from the very primitive to the complicated, have been the major cooling
systems used in the Persian Gulf region to improve thermal comfort inside buil@agsatian, Haw,
Sopian, & Soulaiman, 201Bigure 3.

Figure23. The arliest forms of windcatchers in Hyderabad, Pakistan
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These ancient passive cooling and ventilation systems have been found in hatjchand hothumid
regions, particularly in Persian Gulf areauntries such as Iran [Figurd]2Bahrain, the Emirates, etc.

and North African countries such as Egypt. Windcatchers have different shapes and names from
Pakistan to North Africahe windcatcher is calldshadgirin Iran, Iraq and the Persian Gulf ayelqaf

in Egyptbatingin Syria anenunghor hawa-daniin Pakistan.

Figure24. Traditional windcatcher in Iran

Windcatchers are traditional towdike structures projected through the top of roofs of buildings with
openings toward the favorable prevailing wind to catch the warm wind, cool it down and transmit it to

interior space to provide thermal comfort for occupants.

The air flow occurs either due to the wind blowing or the temperature difference between the interior
and exterior of the building. When the wind blows, the result is positive pressutkeowindward side

and negative pressure on tledeof the windcatcler. In windless conditions, the windcatchers operate
like a chimney or air trap according to the stack effect; hot and less dense air rises and outflows from
0KS 6AyROI (I QadadiRia MaadiS&yHojjatd 201Ejguke 25, 26).
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1-Entrance

2-Hashti
3-Courtyard
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GROUND FLOOR PLAN

4-Rooms and suites
5-lwan

6-Wind tower
Figure25. Ground floor plan of Golshan house; the orientation of the prevailing wind and the location of the wind towe
indicated, illustration by author

SECTION D-D

Figure26. Section of a traditional courtyard house, Golshan House, with a wind tower; air circulation is indicated wit
arrows, illustration by author
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3.6.2. Categories Based orufction

The main function of a wind tower system ishidng fresh air into a buildg and send the hoand

polluted air out. The functional system of a windcatcher can be divided into three parts:

9 Convection
1 Air transfer

1 Evaporation

Some of the windcatchers cool the building through air transfer only, whereas some others both
transferand evaporate ai(Kianersi & Ahmadi, 201igure Z]. In general, the windcatchers are mullti
functional in operation according to the wind velocity and direction, the intensity of sun radiation and
the air temperature However, the operations of windcatchers are slightly different based on their use in
specific regions, heliumid or hotarid climates. In hearid areas, in particular in desert climates
because of the low relative humidity, ponds or underground water masies are an additional major
section that provide required humidity to the warm incoming air and cools it down through

evaporation

Basement

Molsturized Air

6 ‘ ‘ am

Figure27.Transferring and evaporating air by means of windcatchers in-aatl regions

41



Chapter Il Passive Natural Cooling and Ventilation Systems

Considering the fact that there is a significant temperature fluctuation between day and night in desert
climates, thermal mass plays a fundamental role in the operation of the windcatchers. The heat, which is
absorbed and stored during the day fmyud bricks, will be released at night. If the wind blows during the

night, the incoming cool air becomes warm while passing the tower internal walls; if there is no wind at

night, the tower, which has a higher temperature than the surrounding air, aasalikhimney and

RN} g6a GKS 461 N¥y> fSaa RSyasS AN dzLlsl NR (2 €S0 Al S
warm wind blows, the air is cooled while contacting the internal walls of the tower that become cooled

over the previous night and the oted air flows into the space. If there is no wind during the day, the

interior warm air, which rises to escape through the tower, cools down while making contact with the
internal walls and becomes denser and cooler, and, therefispushed down. Thisrpcess continues

to circulate the interior ambient air.

Windcatchers have aesthetic and functional parts. In the most developed Persian windcatchers in hot

arid climates, four different categories of components can be identifi€nersi & Ahmadi, 2012)

1. TheShelfis the top part of the windcatcher that transfers the air to the body. The ornaments
and shapes of this part may vary (the aesthetic function).
2. TheStem Bodyis the part that is located between the roof and tHeeH.
3. TheBladesare elements made of clay and brick to divide the air vent into the smaller vents.
1 Main Blade the center wall, is located in the vent to divide it into smaller vents until the
bottom end.
9 Secondary Bladeare located between the main lda and the vent walls and do not
continue to the bottom.

4. TheEyeletsare the space or the holes between two blades that allow air flow

3.6.3. Orientation, Locationand Formof Windcatchers

Generally speaking, the windcatchers areented primarily according to the prevailing desired wind(s),
designed plan and orientation of the building. The names of different types of windcatafestsrived

from the directions of openings, e.g., tgirectional, bidirectional and multdirectional (four
directional or eight directional towers). In Yazd, since the desired wind is from the north and the

northwest, unidirectional windcatchers face these specific directions and have only one or two vents. A
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1988 survey shows that only 3% of windcatcher Yazd are wdirectional(Maleki B. A., 201Figure
28].

Figure28. Typical plan of one directional windcatchedrawn by author

Two directional or bdirectional windcatchers, as the name implies, have two openings with the division
of the main blade, a centre wall inside the tower. The openings usually face the north and the south

(north-south). The survey reveals that 17% of vaatthers in Yazd are-irectional [Figure9].

Figure29. The typical plan of two directional windcatchedrawn by author
The most popular windcatchers are four directional according to the survey. More than half of the
windcatchers in hotrid regions are four sided, divided into four vents by two additional main blades

[Figure3Q].

Figure30. Typical plan of four directional windcatar, photo byAlireza Javaheri
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The eight directional towers or octagonal windcatchers are commonly used in cisterns and water
reservoirs in Yazd. These kinds represent only 2% of the windcatchers in Yazd. The most famous one is in

the Dolatabad Gardeffrigure31, 32].

Figure31. Typical plan of eight directional windcatcher, drawn by autt

Figure32. Eight directional windcatcher in the Dolatabad Garden, the tallest
windcatcher in Yazd, phot®by Mauro

The locatiorof windcatchers may vary as follows:

1 The location is behind the hall in a symmetrical axis
1 The location is in the corner of the courtyard connected to the hall through pond space
1 The location is in the north corner of Yazdi houses (since the prevailivgdi@snd is from the

north and the northwest)
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Any of the mentioned locations and directions can have a major impact on the cooling function of the

whole systemKianersi & Ahmadi, 2012)

3.6.4. Structure and Ornaments

The stricture of the wind tower consistof sun dried or baked mud brick, which is covered with mud
plaster with chopped straw in it, and reinforced with small wood beaffimber beams are used in
order to fasten the structure together to increase the shear resise and also support the internal
partitions in different levels of the tower. Timber beastick ou from the tower, which can be used as

a ladder for maintenance and cleani(idaleki B. A., 2011)

The shape, dimensiomeight, decoration and elaboration of the wind towers vary. They may relate to
the space they serve and the station, dad wealth of the house ownéfForouzanmehr, 20125o0me

of these ornamental features of the wind towegise made with adobe and some are made with plaster
decoration or brick works at the top of the tower. In fact, the form of ornamentations was the signature
of the architect who used various form based on his preferences. These features were not basgd on a

climate condition or functionality but the cultural reflectigMaleki B. A., 2011)

In the following chaptersthe historical and gegraphical contexts of Yaaity as well as the climate

adaptive architecture from the oldays until the present will be explored.
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4 .1. Historical Context

Iran, a vast country with diverse climatic conditions, various ethnic groups and cultures, with a long
history of different dynasties and their realms, has witnessed different stages of growth and decay.
The® complex features have a direct impact on the traditional to modern architecture in this country.
Yazd, one of the oldest cities in Iran, which has still kept its own historical quarter despite all the
invasions of Iran, has experienced various stagegewvélopment in architecture in different eras. This

rich old city has been able to preserve its ancient religion, traditions, culture and unique style of
architecture throughout its history. However, the pressure of modern developments has put the culture
and history of Yazd at risk, just as in many other Middle Eastern cities with less historical significance.
The name of this city is mentioned in various famous books sudimaa®ls of Marco Polf1272) and

Masalik and Mamalik' (Wikipedia, 2012)

The historic core of Yazd has undergone various expansions and has grown during different periods.
According to historical records, during the Achaemenid dynasty (the first Persian Empiré5toto

330 BC), the city of Yazd wadlea Isatis (orYsatis) Another historical report, by Iraj Afshar, indicates

that the development of Yazd goes back to the period of Alexander the Great who built Alexander Prison
in Kasah city as Yazd was called at that time. Based on another histepicelby the same author, the

name of Yazd is probably derived from the name of a Sassanid Emperor, Yazdgerd, in whoteerealm

city witnessed major growtfKhademzadeh, 2004)

During different dynasties, Yazd was always régdras a safe haven due to its distance from the

different capitals of Iran, remote desert location and difficulty of approadker the Arab invasion of

Persia, during the third Caliph of Islam in the seventh century AD, this city was felled by Mogpm tr

Since Yazd was an importadbroastrian center during the Sassanid and later dynasties, most of the
Zoroastrians fled to this safe city from different parts of Persia. For a long time, Yazd remained
Zoroastrian by paying a levy to the Islamic cengavemment (Wikipedia, 2012)Today, only ten
LISNDSyG 2F GKS OAdeéeQa LRLMzZFGA2Yy A& %2NRBIFAGNRL
famousZoroastrian Fire Templa the city has kept a traditional fire burning continuously for more than

1300 years.

¥i' Masalik and Mamalik othe Book of Roads and Kingdoimsa famous boolby thegeographeibn Khordadbelthat was

written in the 9" centuryand containsnaps and descriptions on the major trade roads of theslimworld at that time.
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During the eleventh century AD, expansions and developments of Yazd, with the construction of gates
and castles around the city, converted it o prominent and prestigious city with a new identity.
(Khademzadeh, 2004)hetraditional city forms and architecture in addition to theaccessibility of its
geographical locatiokept this old city immune from major battleend the destruction of war. When
Genghis Khan invaded Persia in 1200 AD, he destroyed and set fire to almost all cities on his way to the
capital but because of its record of peace and security, Yazd was spared and became a safe place for

scientists, artits and intelletuals(Wikipedia, 2012)

In the fourteenth century, when the Mozzafarids were in power, the city began to expand toward the
west and southwest. A new city wall with seven gates and various new building®uittia this peiod
as well(Khademzadeh, 2004)

In the fifteenth century, with the rule of the Safavids, a period that was a glorious age in Persian
architecture, unlike other cities of Iran (such as Isfahan, Shiraz, ani Thadtr were flourishing), Yazd

did not develop much. The city centre, which was shaped around the Amir Chakhmagh Complex
(consisting of the mosque, bazaar and water basin), remained in the same place, and new
neighborhoods were added to the city on thehet side of the existing city walboward the west and
southwest(Khademzadeh, 2004)

During later dynasties such as Zands and Qajars, Yazd expanded toward the south with the construction
of various building types such as schools, baths, etc. Although, in 1815, a new city wall was constructed
to enclose the entire city, it could not stopdhdevelopment of Yazd towards the south and southwest.
(Khademzadeh, 200dhroughout the reign of the Qajars, the first stage of Persian modern architecture
began to appear as a result of growing communication leemviran andeuropean countriegDiba &

Dehbashi, 2004)

With the rise of Pahlavi, Reza Shah (the king) wanted to create a modern Iran similar to what Mustafa
Ataturk had done in Turkey at that time. The Shah made significant infrastaliceforms all over the
country to change the look of the cities and even the people. The education, economy, culture, civil
projects were all influenced by the West: constructing of wide streets in cities, changing buildings and
neighborhoods, buildingew stores,ntroducing new types of entertainment and public spaces, such as
cinemas, parks, clubs, developing transportation systéideimi, 2012)and forcing people to adopt
nontraditional clothing and life styles, such @& removal of the hijab. The government that had a

major role in the city planning and civil projects had asked western architects and contractors to design
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and execute new buildings and plans in Iranian cities. Thus, the traditional designs of bait@inged
considerably in this periodSymbolsof Persian forms and features were not found in this type of
architecture(Diba & Dehbashi, 2004)

With the rise of Mohammad Reza Pahlavi in 1941, many commercial, residerdiajcaernmental
buildings were built with no consideration of climatic factors in many cities such as Tehran, Kashan,
Tabriz, Mashhad, as well as Y¢Biba & Dehbashi, 2004)lthough, the historical core of Yazd was kept
intact, the city development accelerated again. The focus was more on theleeeloping areag-igure

33].

After the Second World War, the desire of Iranians to transform traditional residences to modern
western housing began. Unfortunately, cheaper afabter constructions without any Persian
ornaments, a lack of a varietf materials and use of new ones by the developers began at that time

FYR KlFa O2yGAydzsSR dzyiAf (2amiaES0t QNOERERNI |jidAk $ A dz¥ LIE
combined wih western modern designs was the major style of this period. Although there were some
examples in some cities of prominent architecture by famous Persian architects, the typical architectural

style of that era was influenced by this approach to buildii@iba & Dehbashi, 2004)These

ONF YaF2NXYIFGA2yas AyaSO0id S Randihdd aRrSaldy/igpack ghiitie crisi§ af LIt S Qa
cultural identity. Therefore, most of the intellectuals opposed this approach by the Shahhend t
government. One of the famous Iranian writers, Jalal Al Ahmad, who was a critic of the new imported

modern lifestyle, wrote in his book, A Plague from the W&sirimi, 2012)

28 FNB fA1S &GN YISNR RABAGNE & UAS K2NS T2 &NINF 2 §

most dangerous to our culture

After 1979, by the Islamic Revolution in Iran, the new government showed more interest in Islamic
identity instead of westernization, which was the symboPahlavi Rapid population grotl, migration

of villagers to cities, new social and economic situations and the aftermath of anyeightvar with

Irag (1980 to 1988)caused anarchy and chaos in the architecture of Iran. Copying and importing foreign
architecture without any adaptatio to the context was dominant in the country. Although the irregular
growth of Yazd was the main factor that resulted in a lack of urban management, replacing vernacular
architects by the developers and contractors who were not trained and familiar wisthetcs in
Iranianarchitecture played a major role in this phenomenon. The priorities of the new government were

the informal and rural areas and rapid and cheap hougideyakhshani, 2011) ack of regulations and
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rules in bulding design and different points of view resulted in worthless architecture that only copied

western versions especially residential high rig@iba & Dehbashi, 2004)
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Figure33. Development of Yazdity
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1960s, which respected neither the place nor the purpose of the building; this style was not compatible

with climate, culture or the available resources of the site. However, during the last few decades, this
approach has been completely disregarded and replaced with a new approach toward sustainable and

environmentally responsive designs based on the climatic conditindsnergy efficiency.
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If western architecture could be considered not as a model to copy but as an achievement of the human
architectural heritage, Iranians could benefit from the western ways of thinking and technology. They
could incorporate them into their own architectural tiage and adapt them to the climatic conditions

and therefore introduce a truly contemporary Iranian architectural langu&ijea & Dehbashi, 2004)

The geography and climate characteristics are major influences on the arzharchitectural design in

Yazdthus, they are considered next.

4.2. Geographical and climatic Context

Iran is a vast countryhe second largest country in thdiddle Eastind the eighteenth in the worldThis
country is located between the Persian Gulf and the Oman Sea in the south, and the Caspian Sea in the
North. The expansion from North to South resulted in variety of climate conditionsrhththot humid,

cold-arid and Mediterranean[Figure34].
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Figure34. Location of Iran in Middle East

Kavir Desert and KawérLout are two deserts located in the central part of Iran and occupy one seventh
of the country. These barren regiomgth desert climate characteristics haweedirect impact on the

neary cities and areas. Yazd province is situated in the central part of Iran [FigjurEnh& province has
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a partial border withthe Kavir Desert in the north, Khorasan province in the northeast, Kerman province
in the south, Isfahan province in the west and a small border with Semnan province in the northwest.
Two high mountains, Shirkuh and Kharaneq, form a wide, arid valley irethenrthat creates very dry,
hot summers and vendry and relatively cold winter¢Abouei, 2006) Yazd province has climate

characteristicshat make it one of the hottesand driest provinces of Iran:

1 dusty winds

1 Low rainfallannual precipitation of about 60 mm and evapotranspiration more than 3500 mm
(Dastorani, Bavani, Pourmohammadi, & Rahimian, 20&$lting in low humidity and shortage
of water

1 Low plant coverage

1 Very high temperature fluctations between day and night (similar to other desert climates e.g.
Las Vegas (Nevada), Phoenix (Arizona), Riyadh (Saudi Arabia), etc.)

1 Wide seasonal temperature swings: in the hottest months of the year, the temperature in the
north and northeast areasfahe province reach an intolerable 50° Celsius, whereas, in the
coolest months, in western areas, in Shirkooh and Barfkhaneh mountains, the temmgerat
drops to about20° CelsiugAbouei, 2006)

4 Gulf of Oman

Figure35¢0 L Nbvyide divisiaih] Yazd Province alWazd city illustration by author
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Yazd city, capital of Yazd province, like all other cities and towns in this province, is located in the desert

Yazd & Climate Adaptive Architecture

region in the central part of IrarAs weather reports and graphs indicate, the maximum temperature in

the hottest month of the year, miduly,

is almost 40°C whereas the minimum temperature in the

coldest month of the year, February, is almost 0°C [FigGfeThe day and night temperatuiie Yazd

vary significantly. It is too hot during the day and cool (or sometimes cold) at night.
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Figure36. Temperaturevariations of °C of Yazd city; thred line illustrates the minimum; the black one shows thenaximum

For building designs, in particular sustai

redrawn by author

nable and vernacular architecture, a deeper understanding of

climate is often necessary. Hence, information about variations in temperatspesd and frequency of

desired and undesigtwind, number of ho

relative humidity,etc. are useful. In the i

urs of sunshine per day [Figurg Brecipitation [Figure 8],

nteraction between building design and climatic conditions,

both limitations and possibilitieshould be considered carefully.
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Figure37. Monthly average number of hours of sunshine per dagdrawn by author
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Figure38. Any kind of pecipitation including drizzle, rain, hail, sleet onsw, redrawn by author

Wind speeds vary from a calm breeze, 0 /3 m/s, to, onrare occasiog a strong breeze greater
than 12 m/s. Thehighestaverage wind speed & m/s (light breeze) happens in June, when the average
daily maximum wind speed &m/s (moderate breeze); the average numhafrhours of sunshine is 11;
and the average precipitation is approximately zero. [Beestaverage wind speed @& m/s(light
breeze) occurs iDecember, when the average daily maximum wind speddnigs (gentlebreeze), the
average numbebf hours of sunshine is 6 and the averggecipitation is 8 mm(Weather Spark, n.d.)
[Figure39].
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Figure39. Wind Speedm/s) of the average dailyminimumiillustrated by red maximumby green and averagey black
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In a yearthe wind direction is from thevest,16%o0f the time, similarly from th@orthwest almost16%
of the timeand fromthe southeast13% ofthe time. The wind direction from the northeast is the least
often: 2%of the time[Figure40, 41].
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Figure40. Variouspercentages of windlirection over the entire year
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Figure41® Thé fractionof time spent with the wind blowing from the various directions on a daily basis

Typically, the climateadaptive architecture designs should be based on the worst time of the year,
available resources and constraints. The resources of @fyotlesertcity are wind, sand/dirt and sun

whereas the limitations include shortage of water, fuyy weather and very low humidity, etc. Notably,

, T RQa @SNy OdzE F NI | NDOK adag@i@irdes Bresutingdin the2 ditf Beingg &8 Of A
prominent example othis type of architecture. Taking these factors into consideration, the ancient

builders tried to make the interior of the buildings more pleasant and comfortable considering the
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climate by choosing suitable orientations, by organizing space and by imglddferent architectural

features.

4.2.1. Limitations

Considering the fact that Yazd has very special climate characteristics according to its location in the hot

arid zone, there have always been limitations for the builders and for the occupants.

Insufficient precipitation resulting in low humidity and shortage of water
Hot climate and sunlight
Very high temperature fluctuations between day and night

Dusty and sandy winds from the two near deserts

= =/ =2 =4 =

Insufficient herbal coverage

Although these problms and limitations have always existed, the ancient builders attempted to use the
available natural resources to respond to the harsh climate conditioaised on their countless

experiments and accidents.

4.2.2. Opportunities

The ancient architects learndabw to address the problems in order to moderate the harsh climate

condition by:

Using water reservoirs and ganats (underground water canals) to provide chilled water
Ventilating and increasing humidity to the interior space by means of a wind ®ystem
Locating openings in specific places with particular sizes to reduce heat gain

Using thermal mass

=A =/ =4 =4 =

Opening up the openings of the windcatchers facing the desirable wind and closing the other
openings to avoid dusty and undesired winds.
9 Planting tres and bushes and placing a pool in the middle of courtyards in order to provide

shading and humidity
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4.3. Yazd Architecture Adaptation to Climate

Iranian vernacular architecture, which is still unknown in the West, has always been successful in the
ingeniais use of renewable energy resources such as wind, sun,\Eithout having to consume
additional powerto enhance comfort and performance of the buildings, it decreases costs and reduces
ecological damagéKianersi & Ahmadi, 2012)he techniques and specific strategies used are the

' yOASYy G 0dzat REHErid climitia dadificngGiguies?).

A comparison of harmony of the human built environment with nature, cultural values and the climatic
conditionsof the vernacular architecturagn Yazdo the architecture of today in that region proves that
the traditional designs and strategies were more compatible with complicated climatic factors and

provided comforableliving spaceThese strategies can be dled into four categories:

1 Macro scale(Macro climate responsive design) that can be defined as scale of the city and the
urban fabric. It includes the orientation of the city, enclosed urban environment, the irregular
and narrow streets and alleys, thésthnce between the buildings and neighborhoods, etc.

1 Meso scale(Meso climate responsive design) that defines specific site features such as wind
tower systens or windcatches, air trags, iwans, riwags or arcades, ganats etc. that can modify
the climate d each building.

1 Micro scale(Micro climate responsive design) as the subset of the macro climate responsive
design focuses more on the site and the building itself. This category includes building form,
building envelope, sekfficiency in materials, et

1 Nano scale(Nano climate responsive design) that defines the characteristics of the building

materials used such asvalue(TolouBehbood, Taleghani, & Heidari, 2010)
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Figure42. Compact, connectednd continuous urban fabric of Yazd response to the harsh climate conditior

Traditional Yazdi builders applied all these four categories to their climate responsive desigrisgesult
in the old city of Yazd. As mentioned previously, one approach to sustainability in architecture relies on
natural forces to provide comfort and utility to buildings. The historical architecture of Yazd is a perfect
example of the vernacular forms of architectwsed in this approachin addition to the design of the
residences in hearid regions, some other strategies were used by the occupants in order to respond to
the harsh climate. For instancan internal seasonal migratiomak place often, the northernrooms

were used in the summer and the southern roomsvinter. During the summer, since the ground level

rooms were heated, most of the time, iwans were used as living space in the evening and rooftops for

sleeping at night. In the morninthe ground ével rooms have lost their heat and become fresh and cool
(BenHamouche, 2008)
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Comparative analysis of the traditional urban design with the new urban patterns helps us to learn from
the past and understand the failures andcsasses to be able to use what worked and to ignore what

did not, and then, apply the knowledge of the scholars and experts in those successful areas to create a
hybrid system that can meet the demands of modern life as well as respect this complicated and

ingenious climate responsive architecture.

4.4. Traditional Layout of Yazd

Most historical urbanists have divided Persian urban planning into two categorietslpneic (from 8
century B.C to "7 century A.D) and podslamic periods. After the Arab invasion, a new style of urban
planning emerged to meet the Islamic requirements. It was a combination efsfamic and Islamic
impressions. The cities were composed of integrated components. Thquaagas usually built in the
centre, which was connected to the main traditional bazaar, palace, madrasah (religious school) and
hammam (public bath) of the city, and the remaining componevese located around this corgharifi

& Murayama, 2013)In general, the overall layout of the city in all dimensions, with its hierarchy
principles and consideration of climate for the comfoft private users, occupants of residences, or

public users, pedestrians, created a uniform eonimentally friendly city.

Ly GKS 2fR dzNDlFy LI GGSNYyszZ GKS LI GKa ¢SNB RSaAiaysS
providing comfort. In fact, the mass and voids were planned to provide shady outdoor areas and

shelters for the pedestrians imé¢ harsh climate conditions.

Traditional urban areas had a compact and mixed used pattern, werecavaiected
through a network of pedestrian paths and local characteristics, safety measurements
were also considered in the design process. Combinatidhesé qualities made the
traditional city successful in achieving needs such as accessibility, equality, housing,
employment, privacy, social relations, collective actions, etc. which are regarded as

necessary for achievement of social sustainalityarifi & Murayama, 2013)

The old city fabric of Yazd shows traditional courtyard houses woven together to create a harmonized
and complicated urban texture/azd has the largest uninterrupted historic urban fabric in Iran [Figure
43.¢ KSNBE I NB O NA2dza FSIFGdzNBa yR ai0NXGS3IASa Ay I

5
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Figure43. Old urban fabric of Yazd city; historical quarter. Amir Chakhmaghmplex (the main square) in the heart «
the historical quarter is distinguishable

Very compact, connected and continuous urban fabric
Orientation of the city based on climatic factors

Buildings positioned in a suitable wind direction

Use of appropate local materials

Walls with high thermal capacity

Central courtyards with pools and plants

Organization and hierarchy of space

Use of domed roofs

Windcatchers to provide ventilation and a cooling system
Connected water canals from the underground level of the residences
Compatible direction of streets based on the desirable wind
Narrow and irregular streets [Figudd, 45

Covered alleys (Sabaats)

= =4 =4 =4 4 4 4 4 -4 4 4 4 -4 I

Residences below alley level, etc.
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Figure44. Narrow and irregulamwinding streets, photos by author

Figure45. Narrow and irregularcoveredwinding alleys
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4.5. Modern Layout: Comparison between the Historical Quarter and Suburbs

New, successful urbanists pay attention to various aspects of urban design such as sense of location,
civic places, appropriate density, community identity, affordable housing, neighborhoods, citizen
responsibility, safety and security, local values, mubstinsportation, reduced automobile depdency

and economic health, et¢Leccese & McCormick, 2018) a historical city like Yazd, urbanists are also
inspired by the traditional urban design to respect the historic patterns for a cohesive design for urban

society.

Today, urban planning in Yazd appears inconsistent with the climatic factors and thesdiedl to meet
environmentally friendly requirements. As mentioned previously, the urban fabric in the historic quarter
is entirely differentfrom the new urban fabric. Since the old urban texture was designed and
constructed based on climatic considgoas, the characteristics and shapes of elements, buildings,
streets and alleys are closely related to climatic principles, whereas in the new urban fabric, which is not
compatible with climatic factors, few sustainable elements or constructions can uoed faClimatic
considerations create unity and cohesion on nano, micro, meso and macro scales of construction;
however, this harmony is not visible in the new areas of the city. Glaring inconsistencies in the city
planning of the new urban fabric are a résof the lack of a comprehensive urban plan to address th

ongoing rapid growth of YaZBigure #].

Although the builders have had a perfect example of micro scale responsive design to emulate, they
have not considered it important to follow this patterthe scale and the urban fabric, which include
orientation of the city, urban environment, street and alley forms, distances between the buildings and

proximity of neighborhoods, etc.

The micro scale is only a copy of Western urban planning based oraeasss to automobile without
considering pedestrians, whereas in ancient times, the main focus of a design was to provide

comfortable, easy access for people. The new areas are designed as follows:

Chaotic orientations of the city
Western urban grid forms

Very wide and straight streets

= =/ =4 =4

Suburban and urban highways
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Figure46. Visible dissimilarity in new and old urban fabric of Yazd

None of the designs considers the benefits of the fundamental sustainable urban pringpldis the

old city:
91 Appropriate orientation of the city
1 Narrower streets and alleys with high walls to provide shady passages
1 Enclosed urban environment
1 Proper distance between the buildings and proximity of neighborhoods

la YSYyGA2ySR Ay G(KS KAAG2NROIft O2yiSEdlsonifiwedt I { KI |
infrastructural reforms in the countryo transform the economy, culture and politics of the Iranian
society.The government that played a major roledity planning and civil projects asked the western

architects and contractors to design and execute new buildings and plans in Thiesivil projects

were entirely influenced by the West: constructing of wide streets in cities, changing in buildicigs an
neighborhoods, building new stores along the streets, introducing new public spaces and developing

transportation systemgKarimi, 2012)
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The major changé the look of the cities was the new street network to provide accadation for
automobile use. As a result, the integrated and cohesive urban structure of the cities began to
disappear. Consequently, the functionality of the traditional components of the city was lost. The
traditional bazaar was neither the central axistioe urban structure nor the main commercial centre.

The dimension of the maidan changed, and it no longer functioned as a gathering public space; it was
converted to a small square for automobile movements. After the establishment of the modern
educationsystem and construction of private baths in houses, the religious school and public baths lost

their functions as wel|Sharifi & Murayama, 2013)

Unlike the traditional street network, unfortunately, the priority is no lon¢fee environmental comfort
principles for humas; the modern street grids only oriented toward automobile easy access and
transportation. Today, a very basic problem of the new urban fabric is related to the street planning in

this city[Figure47].

To Tehran

Built Areas by
1960s

To Shiraz

To Kerman

Figure47. Street map of Yazd in the miti990s, identifying selected street added or completed duri
last three decades

65



Chapter IV Yazd & Climate Adaptive Architecture

The goal of urban planning should be to decrease the negative environmental impacts on all scales.
However, in the new areas of the city, the streets and boulevards with planting in the middle, are
designed only foraesthetic reasons anddo not consider poviding environmental comfort for the
pedestrians [Figure8} 49]. Simplyplanting vegetation to provide enough shade can have a significant

environmental impacfFigure50, 51].
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Figure48. A boulevard in one of the newuarters of Yazd photo by author
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Figure49. Poor use of vegetation in wide modern streets with little shade, drawn by auth
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It is worth noting that the main streets in the historic core are designed and oriented based on the
desired wind. Even though the street in Fig&@is not narrow, the correct use of planting aims to

provide enough shade for the pedestrians on hot sumudegrs.

Figure50. Use of trees to provide shade for the pedestrians
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