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Abstract

Vaastushastrais a vernacular architectural practice that is commo nly associated with

mythology, luck, health and prosperity. Many people follow the rules mainly because

they fear bad luck, even though most users dondt
following it. The theory of Vaastushastrais linked to the ancient Sanskr it scripts of the

Vedas which were followed by common people even though there were no

explanations provided behiVeddd tthresres Itahteeos itess . The
O0knowl edghasraband athsl ates to O6scienced, the meani
differe nt to the way it is currently understood. In the past people were happy

following theories that were passed on from generations, as opposed to empirical

evidence-based science which needs verification through experiments and proof.

In this thesis the popu lar beliefs of Vaastushastra will be understood in relation the

current scientific understanding of indoor comfort in residences. Since  Vaastushastra

is linked to the Panch Maha Bhutas(five elements) which are linked to the five senses,

this study will examine if the rules of Vaastushastra have an impact on the comfort
experienced by residents in homes that follow ttF
understood in residential space s compared to commercial spaces where temperature,

l ight and sound cand6t be personalised.

Dubai was selected as the location for the thesis because many Indians living here
follow the principles of Vaastushastra and want their houses to be compliant. The
thesis aims to investigate if there are any links in temperature and humidity, which
represent touch, light which represents sight, sound and smell recorded in houses that

follow the principles.

The main outcomes of the thesis show that the rules of Vaastushastra have an impact
on comfort levels in residences. North side of the house stays cooler compared to the
south side, from which the southeast corner records the highest temperature even

with the use of minimal windows. This supports that the functions of the house should
be based on their use- so that the northeast corner which is cooler is used more often

and the southeast corner is for warmer functions such as the kitchen.
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Glossary

Aakashadspace

Agni- fire

Andhikasur- a mythological demon character

Aryans- describes the people who migrated to north of India during the Vedic times
Atharva Veda- is the fourth Veda, which describes occurrences daily life

Aya- gains

Ayadi/ aya formulae- a set of formulae used to determine the dimensions of the
building

Ayurveda- traditional Indian medicine
Dravidians- is a term for natives of India and those who speak the Dravidian languages
Jala- water

Mahabharata- an epic tale of a battle between the great Bharata dynasty and is the
one of two significant cores of Hinduism

Mandala- in the context of Vaastushastrais a cosmic grid which is used as a basis to
create built spaces

Maya master architect of south India

Mayamatam- original Vaastushastra manuscript written by Maya
Nakshatra- asterisms

Pancha Maha Bhutas five elements

Prithvi - earth

Ramayana a tale which portrays the struggles of Prince  Ramand his wife Sita and is
one of the two epics of Hinduism

Rig Veda is one of the four Vedasand includes hymns written in praise of deities
Sam Veda is similar in contentto Rig Vedaand is a collected of chants

Shad Varga a set of formulae used to calculate the proportions of built spaces
Shastra-

Shiva one of the holy trinity of Hindu gods and is the one who destroys
XXVi



Sthapati - master builder or architect

Sthapatya Veda is a supplementary Veda of Atharva Veda and discusses the rulebooks
of built spaces.

Sutragin dsurveyor

Takshaka carpenter

Tithi - lunar days

Vaastushastra- the science or knowledge of dwelling spaces
Vaastu Purush Mandala cosmic grid

Vara- solar days

Vardhaki- expert at painting

Vayu wind

Vedas knowledge or to know

Vishwakarma- master architect of north India

Vishwakarma Prakashoriginal Vaastushastra manuscript authored by Vishwakarma
Vyaya losses

Yajur Veda- is a collection of chants that are recited by the priest when rituals are
performed.

Yoga traditional Indian exercise

Yoni- matrice
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Chapter One: Introduction

Chapter One: Introduction

1.1 Introduction

Vaastushastras a traditional Indian system of archite¢ure which was documented in the
ancient scriptures and was meticulously followed by the masses at the tinf&rover, 2008).
The word Vaastushastraconsists of two smaller words, in whichvaastumeans dwelling
space andShastrameans knowledge or science. Over the years for various reasons
Vaastushastrdost its significance amongst its followers, which could have been due to lack
of understanding of the original text, or the mysticism associated with it, or the lack of
adaptability that was widely associated with the original text(Bubbar, 2005). Recently
however, in the past 25 to 30 years there has been a renewed interest in the subject area
both within India and internationally in countries such as UK, USA, Singapore and Germany
(to name a few) where many different aspects dfaastushastraare currently being

researched(Messias, 2002Regrum, 2000)

The original text of Vaastushastravas written thousands of years ago, when science as we

DOAOGAT 61 U ETT x EO ET OEhk prindpodv@dstuskdsti A0 RIEAD 6 O A
been explainal in any of the original manuscriptsand therefore it is difficult to decipher

which rules should be followed and which ones should be abandoné@hakrabarti, 1998).
Vaastushastraconstitutes of many principlesfrom which somemight be outdated and

therefore are irrelevant. This thesis aims to identify which of the main principles of

Vaastushastraare prevalent by evaluating whether these principles create comforin

spacesthat are designedbased on its principles The underlying factors that connect both

these ideologies are the human senses of touch, sound, sight, smell and sound. In
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Chapter One: Introduction

Vaastushastrahe five core elements are based on the five senses and comfort in spaces is
about the userbeing comfortable ina spacehrough sensory feelings. Thermal comfort and
adaptive thermal comfort can both be used to evaluate how the users feel in these spaces
Some historical buildings in India are known for thermal comfort that the users experience
in them (Nicol, et al., 2012) This thesis will examine if contemporary buildings built on

these principles can provide a similar expgence.

Vaastushastraaligns with the principles of passive desigiin which the built environment is
designed in response to the site conditions. Homes that are built in hot and humid climates
are built so that they mitigate the heat and manage to keepternal spaces cooler through
natural means. When the built space is designed to fit into the surroundings the internal
spaces will feel more comfortable to the userd his thesis will examine homes designed by

the rules of Vaastushastraand whetherornot OOA 006 Ai i £ 0O ET OEAI 8

1.2 Research Scope and Focus

The core philosophy ofVaastushastradeals with proportions, scale, orientation, placement
of windows, placementof various functions, materials used, and construction techniques
used in architecture,sculpture and furniture design. The bigger purpose is to understand
the impact the principles ofVaastushasta have on built space, especialthe impact these
principles have on the comfort that residential users experiencerhe buildings that were
constructed, attempted to use proportions found in nature, human scale, indigenous
materials and adequate construction techniques to blend into the environmerfiNathan,
2015). Following the principlesof Vaastushastracreates spaces that are in harmony with
nature and therefore should be aligned with the environment around and help to create
spaces that arecomfortable for their users.
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The word shastrais translated to science but the word had a diffeant connotation at the

time it was written. The reference to the science in the historic and current context is

similar in reference to organization of knowledge but is very different because science as

we understand it today has testable explanations wheas in reference tovaastushastra

Agbl AT AGET T O xAOA 10 HA BdeeRiEAshidsao sdidhde but ib i O
used in the same context that it is used in todayt refers to a set of principles which are the

basis of the philosophy

This thesis identifies the key principles olVaastushastravhich are used for residential
AAOGECT AT A AgAi ETAO EZEZ OEAOA AAT AOAAOA OOAOOS
ways in which scientific understandingVaastushastracan be created. Many Indiagin Dubai

check for the principlesVaastushastravhen they are selecting a house, even if it is a rented

property.

One of the fundamental aspects dfaastushastras the concept that there are five elements
(Pancha Maha Bhutasand these elements are linked with the human body. Five elements
are earth, fire, wind, water and space (ether) and are linked with the five human senses as
suchz earth is connected to smell, fire is connected to sight, wind is connected to touch,
water is connected to taste and space (ether) is connected to hearing or sound (Table 1.1).
All the Vedagrefer to the fact that the human body was created using these five elements
(Dagens, 2000)Pancha Maha Bhutasyhich is the principle in practices such ag\yurveda
(traditional Indian medicine) and Yoga(traditional Indian exercise). In order to be
comfortable in a built environment the user has to experience comfort through their senses.
Sometimes in hot and humid environments idoor spaces tend to be colder than required
which makes the users uncomfortable. It is important to design spaces that can maintain

comfortable indoor temperatures majority of the time so thatits users are comfortable.
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Element Sensory Direction
Earth | Smell Southwest
Fire | Sight Southeast
Wind | Touch Northwest
Water | Taste Northeast
Space (Ether) | Sound Centre

Table 11- Elements and their connection with the senses

#1 OOAT AGET T AAOxAAT OEA Al Al Al Osastushadtrae@E A OAT OAO
but is explained in the otherVedaswhich is not discussed in this thesis as it would deviate

AO0T 1T OEA 1T AET OOAEAAO T £ OOAOG OwitAd subEardnals &1 OO0 1 /
direction and the central space relates to the element of space (Table 1.1). The association

of the elements with the directions has not been explained in any of the original text of

Vaastushastralt is suggested that this connectiomvith the elements and direction

represents the quality of the indoor space of each direction and is loosely based on the

CAT COAPEEA 11T AAQGEIT T &£# )T AEA AT A EOOS Al EIi AOEA 1
4EA OATPA T £ OEEO OAOGAAOAE EO O1 AgGAI ETA EE OEAC
experience of the four directions in a residential space that is designed based on the

principles of Vaastushastra Since the homes selected for the thesis do nadve a central

courtyard the fifth direction which is the center of the house, is not considered in the study.

The concepts of architectural comfort include the senses of sight, sound, smell and touch,

OET AA OPAAAO AAT 860 OO0O0I e, dshischAsger ik Derkdl Belight T T 1 U AU
in Architecture (Heschong, 1979) All four senses play an important role in comfort of built

spaces, but sound, taste and smell are fairly constant in residential spaces. Sight is based on

natural and artificial light. Quality of natural light in a residential space varies through the
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year since hours of daylight and angle of the sun keep changing which changes the users
comfort levels. There are two parts to the sense of touch, one is constéamterms of finishes
and furniture used in the space and the other is temperature and humidity which can vary
based on geographic location of the city and time of the year. Sound is another important
factor for comfort in a house even though it is typiddy created by the residents. The right
level of sound is important in making residents comfortable. Smell is another factor that is
important for comfort. With the right amount of air circulation and ventilation a building
can have a pleasant smell at mbsimes making the users comfortable. The focus of the
research is to examine if houses that are designed on the principles\tdastushastra
provide comfort to its occupants with an emphasis on senses of touch, sight, sound and
sight. The quality of lightin the room and the sensation of the space in terms of temperature
and humidity determine how comfortable users feel in the room, therefore these two

gualities are studied in this thesis.

1.3 Research Context and Contribution

1.3.1Topic Relevance

Indians have migrated to many parts of the world and have taken their culture and rituals
with them which include languages, food, clothes, movies and many othgésnon., 2000).
Awareness and influences of Indian culture is easily spted in Dubai, many people speak
Indian languages, variety of Indian specialized foods are available and traditional Indian
clothes are commonly worn both by Indians and people from other nationalitie ogais
recognized as an alternative fitness or wellass regime which is growing in popularity

around the world. Yogais practised in Dubai and people from different nationalities follow
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these alternate methods. SimilarlyAyurvedais an alternative health system that was used

traditionally in India and hasan increasing acceptance especially in Dubai.

Vaastushastras also practiced by people in Dubai, though this is not as easy to identify as
the popularity of Yogaand Ayurveda since buildings that are designed based on
Vaastushastraappear the same as another contemporary building. Ornamentation of
residences is not a mandatory feature of this theory, though proportions of the buildings are
recommended. Temples which are designed based on this philosophy follow the
ornamentation and are easily identifia@ due to the details used. Traditionally residences
were split into many categories, from which the palaces would use ornamentation, but the

common persons house would have minimum to none.

There is a suggested debate on wheth&faastushastrashould be fdlowed outside India
because it suggested that the principles are designed for Indian climatic conditions and
therefore should not be followed in other countries(Bubbar, 2005) (Acharya, 1934)
(Chakrabarti, 1998). Rules ofVaastushastradiffer based on which region in India they are
written for. Dubai has a climate (fig 1.1) which is similar to Kota, Rajasthan (fig. 1.2) which
is in India, since both are desserts they are hot and humid throughout the year with the
exception that in Rajashan it rains through the summer which the hottest period in Dubai.
Since these two cities have similar climates the key principles daastushastrathat are
discussed in this thesis are based on the those written for Rajasthan, mainly from

Mayamatam
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Dubai, United Arab Emirates Climate Graph (Altitude: 5m)
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1.3.2Intended Contribution

The intended contribution of this thesis is to examine if the principles o¥aastushastrehave

an impact in built spaces and on the comfort levels of the users. Residential spaces have a

limited number of users, so the internal space should be maintained kevels that are

comfortable for them. These spaces are of a reasonable size that the space can be easily

monitored to measure the various factordD EAO AAZEAAO OEA 1T AAOPAT 6006 AT I
Users comfort in the space will be measured through vari@methods to try and

understand the impact the design of the house has on their comfort.

The principles ofVaastushastranfluence the design of built space because the rules
mention orientation of the site, proportions the plot, proportions of the houseand the

rooms, locationswindows, courtyard and use of materialsThese principles align with the
principles of passive design and therefore should create spaces that are comfortable for the

users.

The intent of this thesis is to establish the connectionsetween passive design and user
comfort and VaastushastraThere have been some studies that connect two of the three
topics, but there is very limited research on all three topics combined. Comfort is central
amongst the three theories and the factor thiaconnects all three topics. A space that is
designed to suit its environmental conditions should be comfortable to use and that is the

basis ofVaastushastra

1.4 Research Aim & Objectives

The overall aim of the thesis is to analyse if the principles dfaastushastrehave an impact

on the quality of indoor space experienced by residents. By following these principles while
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designing the house, the space should be naturally cool in the winteronths, even in a hot

climate such as Dubai; which can reduce dependency on-aonditioning needs.

1

To explore which scientific (as we know it today) rules could the basis to
understand the key principles ofVaastushastra

To identify key principles of Vaastushastrathat are applicable in hot and humid
climate of India (Rajasthan) which has a climate similar to Dubai

To investigate if there are any benefits of applying the principles dfaastushastrao

homes built in Dubai

1.5 Research Questions

This research investigates the possible connection between Indian vernacular architecture

(Vaastushastra and the users experience of the space by asking the following questions

1

1

WasVaastushastrasuccessful in addressing the sensory connections between the

user and the built space?

Which principles of Vaastushastrahelped in creating comfortable internal spaces?

(if any)

Is there a significant temperature difference in the four sukcardinal locations in a

house?

Can the principles oVaastushasttaA A AAADOAA ET 01 $OAAE EI i AO

comfort in architectural spaces?

1.6 Research Methodology

Three methodologies that were used for this thesis are data collection from case studies

temperature and humidity (quantitative), questionnaires (qualitative) and simulation

9| Page
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software (quantitative). The case studies were used to understand the application of the
principles of Vaastushastrato homes in Dubai. Principles were written in an abstract

manner and might appear rigid at first, butthose who study these understand that there is

an amount of flexibility suggested in them. Questionnaires were used to identify how the
residents experienced the spaces. Various devices can record physical attributes of a space,
AOO OEEO Al Aafeitofed udeis feding ©omfoltable. The questionnaires were
given to all the residents of the house to understand how each one of them felt in the space
at different times of the year. None of the houses identified as case studies completely
complied with the rules of VaastushastraSimulation software was used to recreate one of

the case study houses, to investigate the impact of using all the rules in one house.

The first methodology used is to understand the comfort level of touch in a space, which i
associated with temperature and humidity and the feel of the space in terms of furniture
and finishes used. The latter is constant in a space as the feel of the furniture and finishes
remains the same till it is replaced. Individuals try to maintain thdormer at levels that suit
themselves and since there are few people in residential spaces this is easier to achieve.
Since UAE has two major seasons, internal measurements were taken using data loggers,
twice in each of the five case study homes. Thistige quantitative data that would show the
temperature differences between internal and external temperatures during summer and
winter months. The case study homes are all different and comply with different principles
of Vaastushastrathe data collectedvill help determine the impact these rules have on the

internal comfort level of temperature and humidity.

The second methodology is to ask the occupants of the tested houses to fill in
guestionnaires about how they felt in the space. Temperature and hudity vary the most in

a space, therefore data loggers were placed to monitor these. Sight is dependent on daylight
10| Page
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which changes throughout the day, but these changes are consistent in the same season.

The duration when the temperature loggers were placeth the house, the quality of light

would have repeated the same cycle daily. Similarly, the other sensory connections of smell

and sound should be reasonably constant within residential spaces therefore loggers were

not placed to measure these. However, i¢ important to know how the occupants feel about

these sensations and were asked about them through the questionnaires. Meeting

OAi DPAOAOOOA OANOEOAI AT OO T &£# A OPAAA AT AOT 80 Al x/
users. The occupants were also asked Wwahey felt about the temperature of the space in

the questionnaires and the collected data will help to understand the comfort of the users in

the space. This will help in understanding the impact the principles dfaastushastramight

have on the five cas studies.

And finally, the third methodology used is to test variations of one of the case studies
through simulation software to examine the impact of applying all the principles of
Vaastushastra There are many different simulation software availablehased on the
requirements of this thesis which was to study the internal temperatures of a specific house
design, the IES (Integrated Environmental Solutions) was selected. This software simulates
real life condition based on external conditions that aréaken from weather station data

and uses properties of the building materials used to calculate the internal temperatures of
the built space. To work out the accuracy of the simulation model one set of data recordings

were taken from the site to match agaist the findings of the simulation model.

1.7 Reason for Selecting Dubai, UAE

Many Indian traditions have been accepted by the world and are being practiced
internationally. Vaastushastras gaining popularity and is being researched by many
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different people who want to be able to understand if it should be used in contemporary
buildings and outside of India Vaastushastras a traditional Indian architectural system
therefore is it fit to be used in contemporary context, and/or outside India? Within Inci

there are many different views aboutvaastushastra mainly those who believe the rules

AAT 60 AA T T AEZEAA AT A OEI OA xET OEETE OEA
on location of the site. Those who believe in the latter think tha¥aastushata is written for

the range of climates seen in India and therefore cannot be used outside, while other believe

that the essence of the rules can be extrapolated and used as a guideline outside of India.

There are many different climates around the world many which are similar to India and

001 AO

i ATuU xEeAE AOA AEOOEI EI AO8 4EA AOOEI 060 1 PETEIT

the Indian conditions then the principles ofVaastushastracould be used as a guideline, with
modifications made to suit the la@al climate. Principles oVaastushastrashould not be
thought of as being inflexible as the biggest evidence of the flexibility is that these change

within India itself and the adaptations are based on climatic changes seen.

The climate of Dubai is similar to that of Rajasthan in India, both are dessert regions with
the exception that in Dubai it rains in winter and Rajasthan typically sees monsoon rains in
July and August. The latitude of Dubai is 25.2048° N and of Rajasthsi27.0238° N. With a
strong Indian population, Dubai is selected to carry out the research because the author has
worked on a couple of projects which used the principles dfaastushastra Along with
residential projects there has been interest by architets and developers to understand and
apply these principles to projects in Dubai. This research aims to understand if there is a

positive impact of applying the rules oiVaastushastrao residences in Dubai.
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1.8 Research Organization

This thesis is divided into three parts, it starts with theoretical background, then goes on to

the investigation and finally the analysis of the findings (Fig B).

The first part is the theoretical background which identifies the principles olVaastushastra

and the key fa®1 OO0 1T £ OOAO0O06 AT i £ 00 CdaéushasrdasAOA O1T OAO
many different applications and therefore has numerous principles, this first part will

explain the rules predominant for designing residences. Since India has many different

climates, one of which is a dessert climate of Rajasthan, the rules followed in this climate

will be studied. In the authors opinion the rules oVaastushastrahave an impact on the

OOAOOGS AT T £ 00 1 AGAT O xEEAE xEI 1l BsBngA@bl AET AA8
opinions on both these topics which is followed by the methodology chapter that elaborates

the technigues used in the thesis.

The second part is the investigation of the key principles dfaastushastraby testing these

in case study homes in Dukia The case study homes are selected based on the key

principles identified in part one. Within this investigation there are two partsfirst is the

data collection of temperature and humidity from these homes and second is data collected

from the questionnaires filled by the residents. Out of the five sensory factors that have an

Ei DAAO 11T OOAOGO AT i £ 00 1 AOGAI 6nh OiI OAE xEEAE EO
most, therefore have been selected as the measurable factor in the thesis. Other factdrs

OECEOh Oi Al1l AT A Oi OT A AOA O1 AAOOGOI T A OEOI OGCE Ot

The third part of the research is further testing ofvVaastushastrgorinciples through

simulation modelling to study the impact these have on the internal comfort levelsf
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temperature and humidity. All the data is compiled to understand the impact the principles

of Vaastushastrehave on homes in Dubai.

Introduction oChapter I- Introduction

oChapter 2 Literature Review
oChapter 3- Methodology

Theoratical Framework

wChapter 4 Understanding User Comfort through
Case Studies

«Chapter 5 Understanding User Comfort through
Questionnaires

Investigation

uChapter 6 Modifications to Case Study through
Analysis of the findingg Simulation Software
u«Chapter 7- Data Analysis

Conclusion «Chapter 8 Conclusions and Recommendations

Figure 13- Thesis Framework

1.9 Overview of Chapters

Chapter 1 outlines the need to researchVaastushastravhich is a traditional theory

primarily used within India and examine if these principles can be used in contemporary

architecture in Dubai. It also lays out the research objectives, research questions, intended

contribution of the thesis and structure of the chapters.

Chapter 2 outlines the key principles ofVaastushastraand identifies those that could be

utilized in contemporary architecture and those that might be predominantly linked with

superstitious belieOAO8 ) O OEAT 11T EO AO OEA Ei bAAO OEAOA
comfort levels in the space. Iteviews existing literature on the both of the subjects and

recognises the existing information on each which lends to the connectivity between both.
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Sine VaastushastraE O A OOAAEOEI T Al AOAEEOAAOOOAI OUOOAI R
of the scientific ways in which this traditional system is understood in this thesis.

Chapter 3 explains the three different methodologies that are used in this thés, which are

briefly laid out in 1.6 above but are explained in detail in this chapter. The chapter specifies

the details of case study selection, set up of the loggers in the case studies, the basis for the
guestionnaires for the residents and the sele@n of the simulation software.

Chapter 4 is the collection and initial analysis of all the data from the loggers placed in the

homes. The data was collected twice in the year, once in summer and then during the winter

months which looks the trends in thedifferences between indoor and outdoor

temperatures.

Chapter5OAOEAxO OEA OOAOGO0 Aii &£ 00 T &£ Ail OEA EEOA
collected from the questionnaires filled in by the occupants. The data is understood in the
context of theET OOA AT A AT OE OEA OOA0O6O T PETEITO AT A OE/
help to synthesize the gathered information.

Chapter 6 takes one of the case studies and modifies it further to align with all the

principles of Vaastushastra since the case stughomes did not align with all the principles.

Simulation software was used to adapt the house using several different options, which

tested impact of various combinations of the principles to understand which had the

maximum impact.

Chapter 7 discusses he findings of chapters4, 5 & 6as an overview of correlating the

principles of Vaastushastrax EOE OOA O8O0 AT 1 £ 00 1 AGAT O ET A OPAA
cooling techniques. Some of these principles align with the findings of the case studies and

help to provide a possible explanation to the traditional principles of architecture.
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Chapter 8 concludes the research and establishes the scientific theories that could be
behind the principles of the vernacular architecture. It also outlines theecommendations

and areas of further research that can develop this research further.
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Chapter Two: Literature Review

2.1 Introduction

This chapter will look at the traditional principles of VaastushastraAT A OEAT OEAO 1T £ OO0A
comfort. It starts by discussing the contribution that this thesis will make to existing body of

knowledge ofVaastushastraAT A OT AAOOOAT AET ¢ OEA AT 11117 AOBPAAO
goes on to explain its origins in Hinduism, oginal manuscripts, core concepts of

Vaastushastramain principles used to design residential buildings, a couple of concepts

that are obsolete and provides a few examples of buildings that are designed on its

principles. Current literature of Vaastushasta will be discussed understanding the content

that has been researched and the gaps that still exist.

Second half of this chapter starts by understanding the importance of thermal comfort. It
then goes on to discusses the underlying principles of thermabmfort. This is followed by
concepts of the adaptive approach. Users comfort is usually based on the theories of
thermal comfort or adaptive thermal comfort. The principles of both are discussed in the
second half and the relevance and use of adaptiverfort is discussed. There is a
discussion about which method is appropriate to evaluate the comfort of the users of the
case studies of this thesis. This thesis refers to comfort only to examine whether the

buildings designed byVaastushastraare comfortable for the users.

The principles of Vaastushastraare not explained in any text which makes it difficult to
know why they were written the way they were and moreover to know how they can be
modified or updated (Sinha, 1998) Manuscripts of Vaastushastraspecify rules and mention

dangerous consequences of sidestepping them, which would scare the average person
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enough to follow them verbatim(Chakrabarti, 2000). Since these texts were written at a

time when fear of unknown powers such as gods and demons was enough to convince

people to follow them, no explanations were documented in the text. It could also mean that

these rules were written to be flexible and therefore were meant to be adapted and upteal

with changed in technology(Tillotson, 1998). There are many scientific theories which

could be used as a basis to understand the logic and reasoning behind the traditional

approach to architecture. The basis for this thesis understanding the principles of
Vaastushastrahrough the impact they may or may not have on comfort in residential

spaces.

50A006 ATl &£ OO0 EI OPAAAO AAT AA T AAOOGOAA ET i
carried out in this subject area, buttheA E OT 6 O A1 WadstishaBtraThi& chapier x E O E
will establish the possible connections betweeVaastushastréAT A OOA 008 Al i &£ 00
residential spaces. The common aspect between both subjects is the human senses, since

both subjects deal with sensory perceptions. According t&/edaghe human body is made of

five elements and these are linked to the five senses, therefore the principle is that any

space built based on these principles should make the occupants feel comfortable. Many

aspects ca be measured to understand the comfort levels of the occupants, but for this

thesis the following aspects are studied (Table 2.1x

Element Sense Measurable factor Measurable unit
Air | Touch Temperature and humidity °C and RH%
Earth | Smell Odor OUE/m3
Fire | Sight Light (day light and/ or Lux
artificial)
Space| Sound Noise levels dBA

Table 21 - Measurable aspects of the selected four senses
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2.2 Vaastushastra

This part of the thesis discusses the origins dfaastushastrathe key principles, use of
materials and plausible scientific explanations. There are many rules and regulations

written in the manuscripts, this part of the thesis will list and explain the ore principles. It

will specify the principles that were used to select and test the case studies. Since there is no
explanation provided in the original text (where the rules are stated) the author has
mentioned scientific theories that might be the basi$or these ideologies(Acharya, 1934)
(Dagens, 1994) Similar discussions took place in interviews with consultants, one who
currently practice Vaastushastran Dubai and the other who is a ppofessor and author of

textbooks onVaastushastra (See Appendix)

2.2.1 Origins ofVaastushastra

Vaastushastrds a traditional vernacular architectural theory which has been practiced in
India since 1500z 1000BC and is an integral part of th&edag(Patra, 2006). India is a
diverse country in various aspects ranging from cultural diversity, which is seen in its
numerous sub-cultures, language diversity since each subulture has its own unigue dialect
all of which results in diversity in customs and traditions. his diversity is also seen the in
the adaptations and application of rules o¥aastushastrdor different regions of India
(Bubbar, 2005). Regional diversity is an important aspect of understandingaastushasta
as it links with the variations that are seen in the applications of ruleAchari, 2016). There
EOT 8O0 1T 1A AT I PMadsthshastiaul hasAliffarefit origidal manuscripts that
belong to different regions. Which suggests that the miipple versions were written for
specific geographic locations and the rules laid in each version addresses social, cultural,

climatic and other such aspects of the regiofAcharya, 1934) The traditional houses
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developed in thenorth of India are strikingly different to those built in the geographic south

in terms of architectural style and ornamentation, however they are most likely unified by

the underlying principles such as proportions, grid, orientation and use of local matials

(Chakrabarti, 1998). Various texts including original manuscripts and other contemporary

AOOET 0860 ET OAOPOAOGAOGEIT 1T &£ OEA 1 OECET Al OA@Oh Al
facilitate the understanding of the ginciples from traditional and contemporary

viewpoints.

2.22 Historic Literature on Vaastushastra

Vaastushastras a part of theVedaswhich date back to 1500 1000BC(Patra, 2006) these

Vedaday down the core fundamentals of Hinduism. There are fourgsts to theseVedas

which are Rig Veda, Yajur Veda, Sam Vetad Atharva Veda the word Vedatranslates to

OET T x1 AACAG 1T O 001 ETiIx8 ATA AAAE OA@O AEOOI CAO
forces, and philosophical theoriegJuyal, 2010) Each oVedashas supplementarytexts that

explains the rules of specific topics in further detailsvaastushastrds a part of Sthapatya

Veda which is a supplementaryedaof Atharva VedgPatra, 2006),and is one of the many

sources for literature onVaastushastra TheVedageach the basic principles and

philosophies of life, out of whichVaastushastrdays the guidelines on architecturgAcharya,

1934) (Dagens, 1994) Ideally,Vaastushastrashould not be read and practiced on its own

but should be understood as a part of th¥edasand therefore should be understood as a

part of a whole.

Information on Vaastushastracan be found in variousancient scriptures, it is not found in

iITA OAAOGU O OOA6 COEAAATTE8 4EA ETTx1 AACA 1T £ OF
scriptures, each dealing with different aspects of building construction in detail. Apart from
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the text mentioned above, otler original text on Vaastushastraare Samaraagana
Suutradhara Narad Samhita, Brihat Samhita, Vasturatnavali, Brihadvastumala,
Aparaajithaprccha, , Vishvakarma Vastu Shstra, Vastumanikya Ratnakara, Griharatna
Bhushana, Nutana Lagu Shilpa Sangrha, Shilpasghem, Vedha Vastu Prabhakara,
Brihadvastumala, , Vishudharmoothara Purrana, Pramaana Manjari, Vastu Vidya, Maya
Vastu Vastu Prabhandha, Vastu Sarni, Vastu Parakarad Bhrigu Samhitaetc are all
OAZAOOAA O1T & O AAOGAEI AAdALEDdET 1 O OEAO AOAT 80
Visvakarmaprakashg Chakrabarti, 1998) (Acharya, 1934)

Manasrais written by MansarRisht in the Gupta period of Indian history 450550AD
(Chakrabarti, 1998). This text is also originally written in Sanskrit and the version referred
to in this research is translated to English by P. K. Acharya (1934). The content is divided
into seven volumeswhich covers all the details about architecture from town planning to
house design to joinery details of furniture. It providesmandalas(grids) that can be adapted
for town planning, building a palace, a temple or even a house. These books get into the
details of measurement and proportion systems, which is a vital aspect ¥hastushastraand
therefore is unique. The volume and complexity of the book makes it difficult to understand
books of architecture(Acharya, 1934)

Mayamatamis the other treatise, which is south Indian in origin, along witiManasara
mentioned above. The author oMayamatamis Mayaand the scripture was written
sometime between the 11 and 12h Century (Dagens, 2000). While there are many

similarities between both the texts (Manasaraand Mayamatar), it should be noted that

I Rishi is a saint or sage, who would meditate for hours and in meditative state he would write the shlokas
(verses) of the scriptures.
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there are slight variations which could be because they belong to two somewhaitferent
branches of South Indian School of architectur@\charya, 1934) Both scriptures have the
same structure, butManasraexplains the measurement and proportion systems in more
detail then explained inMayamatam(op. cit.). The author observed that both books have
illustrations that help to understand town planning as well as residential plans, but there
are more illustrations in Manasara At the same timéMlayamatamis written in 2 volumes
and is easier for a beginner toead, as it provides an overview of the entire subject. It is a
suggested read for anyone who wants to refer to an original manuscript in order to
understand all the basic guidelines.

Visvakarma Prakashas written by Visvakarma, who the architect of Godsn Sanskrit
(Pegrum, 2002); the version studied for this research has been translated to Hindi by Eng.
Acharya Shivprasad Varma. Vishvakarma is the divine architect mentioned in the scriptures
of Ramayanaand Mahabharat?, who designed royal palaces antbwns based on the
principles of Vaastushastra The textVisvakarma Prakashas of importance as it is one of
the simpler texts ofVaastushastravhich is compiled in one book consisting of 13 chapters.
The content covered by the book includes residentialemple and fort architecture and is
therefore unique. The aim olisvakarma Prakashas described by the author is for the
welfare of the world. It covers all the aspects of residentid¥aastushastran a simplified and
written in an easy to follow manner. The other books that cover these topics look at
various other areas such as town planningnandalas(basic grid layouts), placing of the
gnome, etcVisvakarma Prakashas the only north Indian book studied for this research.

The author of this thesis las read all three text ofVaastushastraand understood that the

2Ramayanaand Mahabharataare two epics works of Indian Literature.Ramayana/isvakramabuilt the
Golden City of Larkand inMahabharatahe built Dwarka, at the end of both stories these cities get
destroyed and hence there is no trace of them.
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core principles of Vaastushastraare the same in all the different scriptures, the rules that
vary are adaptations for regional suitability which is similar to the discussions by
Chakrabarti in her book (1998).

All these texts discuss/aastushastrebut there is a distinction between them, which is the
AT AOi A1 660 Pi AAA T &£ TOECET 8 ' 0O OEA OEIi A OEAOA
divided into two large groups,Dravidiansand Aryans(Chakrabarti, 1998). The major
difference betweenDravidians® and Aryang is that they belonged to different geographic
locations within India. Both races followed similar fundamentals while establishing
guidelines of Vaastushastrathe differences in the principles highlight adaptations that were
made to accommodate the locadnvironment (Sinha, 1998) Visvakarma Prakasha
originates from north India and therefore is associated withAryans while Mayamatam

come from the south therefore areDravidian (Acharya, 1934)

For the purposes of this thesis the key elements &faastushastrawill be understood from
two original manuscripts, Mayamatamwhich is the most acclaimed south Indian text and
Vishwakarma Prakashwhich is the north Indian equivalent. Mayamatamis dated 11th -12th
Century CHVatsyayan, 2000)and Vishwakarma Prakastpredates it because it was argued
to be written before the 6h Century (Bhattacharya 1963, cited in Chakrabarti 2000) by
Vishwakarma Mayeb who is the master architect fo south India wrote Mayamatamwhich
lays the rules for every type of dwelling space that can be built for gods and mésaya
explains at the beginning of the first chapter that he asked God some questions and after

listening to Him the treatise ofMayamatam was written (Dagens, 1994) Mayais the

3 The people who spedRravidianlanguages and are primarily live in the southern part of India.

4 Aryanswhere the Indelranians who had faith in the Vedic deities and followéstlicrules.

5 Mayais mentioned a®\surawhich has different implications based on the context it is used in. Most of
the people understand\surato mean evil especially when it wased in the Vedic period, but in this
context, it refers to someone who is engaged with worldly pleasures more than virtuous deeds.
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architect that is related with Ramayand which predates theMahabharatawhose connected
master architect wasVishwakarmawho was also the author oVishwakarma Prakash
VishwakamaE O OEA | AOOAO AOAEEOAAO A O T100E )T AEA AC(
AT CET A@da3 R01¢)&incevishwakarmais the authority on the subject he has

therefore written the treatise himself, unlike Mayamatamwhich was created afterMaya

asked the Supreme Being some questions. While the original manuscripts of both were
written in Sanskrit, the text that were referenced for this thesis were the translated
versions,Mayamatamwhich was the 3dedition and was translated to English by Bruno
Dagens in 2000 and/ishwakarma Prakastthat was translated to Hindi by Eng. Acharya
Shivprasad Varma in 2011. For this thesis only two of these texts have been selected as the
core concepts are significantly established by thee selected pieces. They both capture the
diversity of the social, cultural and climatic differences seen in the application of

Vaastushastrgorinciples in the North and South of India.

2.23. Core principles olVaastushastra

Vaastushastradeals with all aspects of architecture, from urban design to buildings
planning, construction and furniture design(Ananth, 1998). The core aspects of this theory
are,Panch Maha Bhuta¢s elements),Vaastu Purush Mandalé@Cosmic Grid),Shad \arga
formulae and use of materialfAnanth, 1998) (Bubbar, 2005) (Chakrabarti, 1998) (Craze,
2001). These aspects are interlinked and therefe should not be examined in isolation. All
these topics are discussed in all the ancient manuscripts, each manuscript provides

different levels of details for each topic. The manuscripts simply list the rules that the

® TheRamayanandMahabharatag SNS 02 G K | yOASY (i LYyRAFY KSNRBS&Q (It S35
predominant part of Hinduism ahwere both written in the traditional language of Sanskrit.
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architect should follow and do not povide any explanation for it. There are many
contemporary architects and researchers who are investigating plausible scientific
reasoning behind these rules and their views and findings are discussed later in this

chapter.

2.24 Panch Maha Bhutaand therr connection to the senses

The Panch Maha Bhutas elements) areaakashaor spaceyvayuor wind, agni or fire, jal or
water and printhvi or earth. The explanation provided is based on traditional Indian
OAOEDOOOAO AT A EOT 80 O0OPDPI OOAA AU AOOOAT O OAEAT (
understanding the theory.

Aakashaor spacez this element incorporates all the cosmic energies i as gravitational
forces, magnetic fields and heat and light waves. Its main characteristic is knownsdsabd
xEEAE Al 01 A AA OOAT 01l AGAA AO OOI 01 Aé 8
Vayuor wind z this element is the atmosphere around us, what causes movement and what
transmits prana- universal breath. Its main characteristic issparsh- touch.

Agnior fire z this element represents the heat and light of the fires, lighting and volcanoes,
as well as the heat of fevers, energy, passion and vigour. Its main characteristic is sight.
Jalaor water- this element represents everything liquid, rain, rivers, the sea, as well as
steam and clouds. It also represents all living plant material and its main characteristic is
ras - taste.

Prithvi or earth- this element represents all solid matter, as wikas everything we stand ory

the Earth itself. It is also the element ofandh- smell. (Craze, 2001, p. 44)
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Element Sense Architectural feature

Space (ether) Sound Auditory
Air Touch Tactile
Fire Sight Visual
Earth Smell  Atmospheric (partially)
Water Taste

Table 22- Elements ofVaastushastrathe senses of human body and link to architecture

According to Hinduism the human body and the universe are made of these 5 elemef\f&

Singh, 2005) Therefore, it is suggested that the subconscious mind connects to the balance

or imbalance of these 5 elements in the built space. Each of these elements connects with

one of the 5 senseg space connects with sound, air connects with touch, fire connextvith

sight, water connects with taste and earth connects with smell (Pegrum, 2000). Table 2.2

above lists the possible connections between the elements, sensory organs and
AOAEEOAAOOOAT ~ZEAAOOOAO8 4EEO OEI x Qlyc@iédcd OAOOA EC
with any architectural feature. Therefore, this thesis will attempt to evaluate the comfort

levels of the four senses and if evaluate if these help users feel comfortable in residential

spaces that follow the rules olVaastushastra

2.25 Vaadu Purush Mandala (Cosmic Grid)

4AEAOA EO A T UOEIT T T CEAAI 60000 AADBEDMBEAMOEAT ABRABDEI]
relatestoShivax EI  xAO ET AAOOI A AndBilagio(Fhirvindléchat, T Ai AA O
1998). During the batte, Shivabegan to sweat, and from his exertions, a man was born who

helpedShivax ET  OEA AAOOI A AT A OE AttehhElcadld devodv @il tg OAT OAA A

”In Hindu mythology, the holy trinityomprisesBramha Vishnuand Shiva of whichBramhais the

creator, Vishnuis the one who sustains, arghivais the destroyer of the Universe.

8Adevoteeg Af f G2NEBKALI ye 2yS 2F (KS K2fé& dNARyAde G2 GNB
wish isgranted, that is, a boon.
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three worlds (Earth, Heaven and Hell). When the other gods and goddesses found out, they

were terrified that this man could attack all the gods and goddesses and cause complete

chaos. The 45 deities pinned this marRurushg to the ground, by sitting on his back. Since

this demon was created to consume the worlds, he had a tremendous appetite.ehft

surrendering to the deities, thePurushaasked what he could feed on, as his appetite was

1T O OAOEOZEAA8 4EA AAEOEAO \a&uRirusiGA EAT ODERD ERO x T (
free to devour or irritate those people who did not follow the rules oVaastushastrain

construction of the built environment?. This story is mythological but that does not however

diminish the value of the meanings of th&/aastushastra lts basic aspects possibly appear to

have a greater meaning and value in everyday life to the extent that people practice the

Shastrain order to benefit from its potential values in organizing spaces.

The above mentioned five elementsRanch Maha Bhutgsare placed onto a grid of 3x3

squares which is an example of th¥astu Prush Mandal#ig.2.1 (Bubbar, 2005). This grid

constitutes of three componentsyasty, Purushg andMandalathat mirror the threefold

nature of existence in terms of mind, body andmrit (Pegrum2000). There are 32 types of

Mandalasranging from a single site/plot to a combination of 100 sites/plots on a grid. For

the purpose of this thesis the (3x3Mandalais the only one that will be discussed. This is a

simplified grid that shows the locations of the elements on the grid. The elaborate 81 grid

shows each square representing divine forces, demonic forces, animals, plants and other

NOAT EOEAOTYT AAEAAOEOAO j/1 b8 AEOQ8 O4EA TAIAO T £ ¢
evolution of the spatiotemporal cosmos are thdDevasor Devtas(wrongly translated as

Ci A0 AAAAOGOA OEAU BA@AITY).ITAE pindiple®hehird AEhk fridd

® This is a mythology that explains the existence of the demon that will bring misfortune to your family if
the rules ofVaastuslastraare not followed.
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mentioned are the same; there is a specific corner of the grid allocated to each elemdyg.
2.1 below shows how theMandalarepresents the five elements of nature, which can be
used to the advantage of creating positive spaces. The element mentioned in each
intermediate corner is supposed to represent how the occupants of the space maylfee
how the functions of the house might be allocated. There is no explanation behind the
placement of these elements given in the ancient text, but the author has tried to work out

an explanation through this thesis.

S Wind direction N

VAYU JAL
(WIND) VEDA (WATER)
w VEDA VEDA E
PRITHVI AGNI
VEDA
(EARTH) (FIRE)

Sun path

Figure 21- 3X3 Mandalavith the 5 elements

Northeast corner is associated with water; therefore, the water features of the house can

only be placed in this corner. The possible explanation could be that water feature placed in

this corner would be outdoors and mainlyexposed to the early morning sun when UV rays

AOA OEA 1 AAOO AT A OEA OOT1EGCEO EO AAT AEEAEAI
placed in other corners such as the southwest or other northwest, the optimal direction for

placing water is the natheast. Due to the combination of water and early morning sun, the
northeast space is suggested for prayers (which usually happen at sunrise) or any similar

activity that occurs in the morning(Chakrabarti, 1998).
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Southeastis the fire corner this is possibly because it is exposed to maximum heat gain. It
can be argued that the south side (both southeast and southwest) are equally exposed heat
gain so why is the south east associated with fire? This thesis will test if theisea noticeable
difference in the temperatures recorded in both southeast and southwest sides. Since it is
the fire corner it is said to be the best place to locate the kitchen as it is the warmest
location of the house. The southeast corner can be usea fher purposes, but since it

could be the warmest space of the house it is best suited for the kitch@egrum, 2000).
Southwestis considered to be associated with the earth element. It is difficult to establish a
link between the element and the direction in this case. Traditionally this corner is
supposed to have minimal or no windows and is physically associated with heavy weight.
The reason for the weight association could be because it is linked with the earth element
which is a heavy material. Since the southwest direction is exposed to the setting sun it can
make the internal space significantly warmer, which is the possible reason for minimal,
small windows or no windows on the walls. An alternative way in which windars can be
provided on this side is if these are overhangs or other similar methods which avoid heat
gain (Bubbar, 2005).

Northwest is the wind corner because it is the predominant wind direction in many parts of
India, especidly in Rajasthan since it is the selected city for this thesis. This is an example of
the element reflecting the physical environmental condition of wind direction. The house
should be designed so that this side should allow for wind circulation by eithegalacing
adequate windows or by ensuring that air circulation can be achieved through placement of
opening throughout the building. The sun has least impact on the North (west and east)
sides which is a possible reason for the space to be linked with thend element(Ananth,

1998).
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Central spaceis associated with the element ether or space. The thought behind placing the
element of space in the middle of the house is so that the centre is kept empty. In a house
which is of anaverage size and larger the empty space means that this central location
should be a courtyard. Based on the proportion of the site and the way in which the

architect wants to include the courtyard its specific location can be altered. In a house that

isd AT 1 A0 ATA AT AOGT 80 Al1ix £ O A AT OOOUAOAh EO |
any structural column or wall (Craze, 2001)
After understanding theVastu Purusha Mandaland the elements that link with it there isa
possible reasoning behind the allocation of spaces based on the association with the
elements. Table 2.3 shows the connection between the intermediate direction, element and
OEA OOCCAOOAA &EO1 ACEITT 1T &£ OEA OPAARA AT A A DI OOE/
Direction Element Function Suggested PAaSNRQ / 2YTF21
time of use
Northeast Water Meditation Early Morning Adequate natural light and
comfortable temperature
Southeast Fire Kitchen Mid-Morning Warmest space in the hous:
therefore used fokitchen
Southwest Earth Master Night Cooler space since minimur
bedroom windows are located here
Northwest Wind Bathroom Various times  Wind direction allows for
natural ventilation
Centre Space Courtyard/ Allows for natural light and
empty ventilation in the space.

Table 23- Elements ofVaastushastrathe link to direction and function and comfort

Since the northeast corner is associated with the water element the ideal function of the
space should be a meditative space, or a prayer spgésmanth, 1998). Similarly, the
southeast is linked with the fire element and the idal functional use is the kitchen
(Chakrabarti, 1998). The southwest corner relates to earth and therefore suggested

functional use is the master bedroon{Craze, 2001) The northwest is connected wh wind

31| Page



Chapter Twol.iterature Review

element and the functional use suggested is the bathroom and lastly the centsplace is

connected with space and therefore should be used as a courtyard or an empty space

(Bubbar, 2005). These are the ideal functiona®D OA O &£ O AAAE 1T £ OEAOA OPAAA

mean that these are the only functional uses of the spaces. For example, the kitchen could be
placed in the Northeast corner in a house where the occupants consider food to be a very
important function of the house. The functional use of these spaces can change based on the
preferences of the occupants of the house (op. cit.). Relocating the functions of the house is
based on the importance the function has for the user or based on the time of the day when
the occupant is likely to use the space. Any function of the house that occurs during daylight
hours should be located where there is ample natural daylight, for example if the food is
prepared during day light hours it should be placed where there is ample ddight available

(Whelan, 2002).

After reading all the abovementioned manuscripts and contemporary text, the authors
understanding of this is as follows. Any function that is carried out in the northeast corner
should be basedjuality of light that is available at that time of the day. When these texts
were written people relied mainly on natural day light and started their day at dawn and
ended their day soon after dusk as there were minimal artificial light sources availabl&he
functions of the house were laid out around the house to follow the suns path and the
kitchen was placed in the southeast corner which was the warmest space within the house.
Even though the southwest corner receives a lot of sun it is mentioned adedroom space
because it is recommended that this corner of the house has minimal or no windows which
will support the function of sleep. The northwest space is not the only location to place the
bathroom, but it suggested as it allows for any unpleasandours to escape the house
AOPAAEAT T U xEAT 1T AAEAT EAAT OUOOATI O 1T £ AGEAOOO
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2.2 6 Orientation and grids (Mandalas)

It is important to know the orientation of the site whether it is for planning a town, village
or a building so that the grid fnandala) can be applied the right way around. A square piece
of land which is six feet (one polel in dimensions is marked out in the middle of the plot.
The gnomon which off specific dimensiorng is placed at the centre of this square piece of
land around which a circle is drawn of which the diameter is double the length of the
gnomon. The shadows cdsn the mid-morning and mid-afternoon (marks A and B) are
marked on the circle from which the eastwest axis is determined; arcs are drawn from
these points to determine the north south axis Figure 2Dashiell, 2014). Sincethe compass
is readily available to us to determine the cardinal points, it has replaced this procedure.
Orientation is important because of the use of thandala(grid) system as each grid is
designed for a specific orientation which is the ideal directin (Dagens, 1994)Acharya,

1934).

SW \\,___,,«-" < \\

Figure 22- Traditional method of determining orientatiofDagens, 1994)

10The units mentioned in the original text have been converted to feet and inches, the original
dimensions are mentioned in Fig. 2

Uitaa 2yS FYR F KFEETF FSSG 62yB0 0488002002 EFIRKIAAKD al |

the bottom (five digits), with different sizes for medium and small gnomons speciledens, 2000, p.
29)
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Traditional unit of Conversion unit Feet and inches
measurement

8 grains 1 Angulaor digit ¥4 inch

12 Angulas 1 Vitasti or span of hand 9 inches

2 Vitasti 1 Hastaor forearm 18 inches

4 Hasta | Dandaor pole 6 feet

2000 Danda 1 Kosha 12,000 feet

2 Kosha 1 Gavyuti 24,000 feet
Gavyuti 1 Yojana 48,000 feet
100,000 Yojana Earth

Table 24- Conversion from traditional units to feet and inche

Mandalaprovides a basic grid which used for planning and is scalable ranging from building
to village up to towns(Dagens, 1994) The most popular form of anandalais square grid
which is consists of 9 squares laid in 3x3 and is most commonly us@@hakrabarti, 1998).
Other forms used are rectangular, triangular or circular from which the latter two are less
frequently used. There is adtal of 32 different mandalasand each grid is used as an
underlying geometric shape for the plan of a particular building based on its end use
(Bubbar, 2005). For example, one grid could be used as a base for temple, residairaind
educational which another grid might be used only for temple design. Eachandalais a line
drawing that has a prescribed minimum and maximum dimension in two dimensions, along

with values at which these proportions can be increasefChakrabarti, 1998).

2.2.7 Shadvargaformulae

The word Shadvargatranslates to sixfold division and refer to a group of six proportions or

six formulae which are used at the design stage when the volume of the house is created
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The most important factor is perimeter of the building, i.e., the length and the breadth of the
site must be in harmony with each other. Th&hadvargaformulae are a series of simple
calculations that use the length, width or perimeter of the plot to calculate whethehe site

is auspicious or inauspicious. When these rules were written, most people would comply

with the rules without questioning them (Chakrabarti, 2000).

Based on the location of the site, the formulae are modified to acomodate the variations

in climate conditions. Similar to theShadvargaformulae is theayadi/ aya formulae, which

have different equations are used to calculate different aspects of the site. The names of the

six formulae each describe which aspect of thate it will calculate. The description of each

formula is provided in brackets in English after the Sanskrit name which are as followsya,

(gains), Vyaya(losses),Nakshatra(asterisms) Yoni(matrices), Vara(solar days) andTithi

(lunar days) (Acharya, 1934) The results of these calculations should be within a specified

range of numbers otherwise the measurements of the site are considered inauspicious. If

OEA T AAOOOAIT AT OO AT 1 66 by e forialae, And geeintetdrA T OOAT |

size is adjusted so that desired outcomes would be achievédagens, 1994)

The scientific explanation behind the purpose of these formulae has not been documented
anywhere. Therebre, further research is required to find a scientific explanation about

what is meant by gains, losses and so on that the formulae are titled.

The most common way of determining Aya is as follows: first calculate the area of the
site, usingHastaor Danda as the unit of measurement, and rounding off to the nearest
whole number; then divide the sum by eight. Eight represents the main directions (east,
south-east, south, southwest,west, northhwest, north, and north-east). The key result is
the remainder ofthe calculation, for it is the remainder that detects the directional
propensity of the considered spacgChakrabarti, 2000)
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These formulae are used to calculate the ideal site proportions which in the authors opinion
connectx EOE OEA EEOA AT OA Al Ai AT 068 4EA AOOET 060
were stipulated in the rules because they create guidelines for the proportions of the site.

These guidelines underpin the proportions recommended for the site without hawng to

specify every single combination.

This thesis will try to understand the connections between the preferred proportions and
the impact these have on the comfort of the users of space. This formulae and proportions
aspect ofVaastushastras concernedwith orientation through principles that prescribe the
correct placement of rooms and functions in relation to each other and to the eight major
directions (the four cardinal and the four intermediary directions). Based on these
principles the orientation emphasises auspicious location through good and bad effects,
which are derived from the various associations of the eight directions (Chakrabarti 2000,

p.45)

2.2 8 Selection of materials

The choice of materials is another essential part &faastushastraPegrum, 2000). The main
resources used for construction are described in the texts as timber, stone and bricks. There
is also an acceptance of the importance of knowledge of other popular materials that might
have been used. Earlier, buildings were built with naturainaterials (Ananth, 1998). A

typical building had thirty to forty percent organic materials, derived from vegetation, like
wood, straw, leaves. The other materials were inorganic, derived from the earth like loam,
brick, stone and lime (Bubbar, 2005, p.113). The materials used in a project were most

likely to be sourced locally rather than for other cities. This meant that the stone or timber

or brick had properties that suited the local climatgDagens, 1994) The materials that are
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suggested inVaastushastrachange based on the region the text is written for. For the
northern regions materials that protect the inside space from the outside cold temperatures
are used such as brick and stone. Tls®uthern regions use a combination of stone, timer

and palm leavegq Chakrabarti, 1998).

The materials mentioned in the text could be limited because there were limited options
available. With advances in technology many new aterials have been developed which
have enhanced build environments as we can build structures that are taller, wider and
more dynamic. A strong contrast is seen between traditional buildings and modern
buildings in numerous ways, one of which is the interal temperatures. Many parts of
traditional buildings maintain comfortable internal temperatures for some time of the year.
The properties of the natural materials helped in maintaining the internal temperatures at
comfortable levels. The thickness of thaatural material helped prevent rapid heat gain or
heat loss from the internal space¢Nicol, et al., 2012) The impact the use of materials has

on the comfort levels of the internal spaces will be measured in this thesis.

2.2.9 Superstition verses Plausible Scientific Explanation
As mentioned earlier there are numerous originaVaastushastrananuscripts. These
manuscripts have one aspect in common which is that the rules in each manuscript are very
descriptive rather than prescriptive which leaves them open to interpretation by the reader
but does not provide any reasoning behind the ruleg-or example, a verse fronMayamatam
statesz
0) £ xAOGAO Z£A1T1 06 11 OEA xAll AOI O1T A j GEA
consequently, the edge of the roof (of the house) is not to abut onto this (wall) for, if
tpqt shou[d ha~pp’en, thqn gll chapcg ofAsuccess if spoiled, no matter for what class
OEA ET OOA éayerns,1®™AHT AAABOS
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The above statements an example of a rule stated iMayamatam(chapter 27 verse 125b

126) which does not provide any reasoning but only states that there will be no chance of

success if it is not followed. The era in which most of these manuscripts were written was

when most people where happy to abide by rules and regulations that were stated by

people with religious authority which included religious guru, priest who quoted original

textoftheVeda8 3 ET AA OEEO xAO Al AOA xEOduéstiv@soOAEAT AA [
EOC8O0 AOEAAT AA AAOCGAA O1 AAOOOAT AETich EO EO AOOOI Al
guestion their faith or did not seek these answers possibly because of the lack of basic

ETT x1 AACAB8OBR & Aiébéely &nhslatds to science but isot used in the same

context that it is used in today.

If we examine the rule stated above, there can be a couple of interpretations of what is

i AAT O AU OxAil1 AOI OT A j OEA EI 6O0AQqe AT O A AA OEA
wall of the house. At the time this was written there was probably very lite available in

terms of water-proofing the house. This means that if water would fall on the wall directly

or from the roof it would most likely damage the wall of the house and therefore the house

and eventually cause trouble for its occupants as a resuhere would be no success for

them. It is now a given that every building incorporates water proofing as the damage

caused by lack of it is known to most and can be explained through science (Similar to the

example given by Dr. Atuchan in Appendix).

2.2.10 Site selection based on principles dfaastushastra
The above points describe the basic vocabulary ®aastushastraThe core aspects of
designing homes will be discussed in this part of the chapter. When the architect starts to

design a home, the sektion of the site is the first aspect that needs to be checké¢dagens,
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1994) (Acharya, 1934)(Chakrabarti, 1998). The criteria for selecting the site are colour,
odour, flavour, form, orientation, sound and tactility. Based on the caste that the user
belongs to, there are different criteria that the architect will check for selecting the site (op.
cit.). Based on all the descriptions provided in the variou¥aastushastramanuscripts table

2.7 has been developed by the author which produced a snapshot of all the different criteria
specified. Table 2.5 below has many characteristics most of which are outdated today and

only few can be considered significant.

The manuscripts of Vaastushastrgprovide the colour and odour, amongst other aspects,
when they list the specifications of dwelling site for each caste (op. cit.). These texts were
written before science as it is known today existed, therefore the text couldoh mention
chemical composition, formula or names of the composition that should be available in

specific sites.

It is the authors interpretation that the specification of colour could link to the chemical
composition or names of the chemicals that shoulbe present in sites based on the end user
and their needs at time these written. Caste system is formally abolished in India which

makes this an outdated aspect.

The trees were suggested based on the compositiontbie soil and the local climate
conditions. This is a principle that needs to be adapted for local climates where it is applied.
A natural slope to the site is preferred in India as most cities have natural rain therefore
draining the water naturally is hepful. Slope on the site can be adapted based on the local
climatic conditions. Basic form and proportion of the site are important factors that should
be followed in contemporary residential designs because the site proportions usually

dictate the building proportions.
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: Site Basic
Site Tree that
Color Flavor suggested | £ yja | suitable can be should Form/ Length to Width ratio 13 Result of
Mineral f 1 slope shape of such a site
or planted ;
towards site
Yellow Sour Goethite FeOOH | vaisya plaksa East rectangle | length is 1/6 more than width beneficent
Strong
Brown Sour Goethite FeOOH | vaisya plaksa East rectangle | length is 1/6 more than width beneficent
Red Bitter Hematite Fe203 king asvattha East rectangle | length is 1/8 more than width success
Red Bitter Hematite Fe203 king asvattha East rectangle | length is 1/8 more than width success
Red Bitter Lepidocrocite | FeOOH | king asvattha East rectangle | length is 1/8 more than width success
Dark Red | Bitter Ferrihydrite Fe (OH)3| king asvattha East rectangle | length is 1/8 more than width success
riches and
Black Pungent Iron sulfide FeS sudra nyagrodha | East rectangle | length is 1/4 more than width gain
Black riches and
(metallic) | Pungent Pyrite FeS2 sudra nyagrodha | East rectangle | length is 1/4 more thanwidth gain
K Fe3
Pale (OH)6
Yellow Sour Jarosite (S04)2 | vaisya plaksa East rectangle | length is 1/6 more than width beneficent
riches and
Black Pungent Todorokite MnO4 sudra nyagrodha | East rectangle | length is 1/4 more than width gain
riches and
Black Pungent Humus sudra nyagrodha | East rectangle | length is 1/4 more than width gain
astringent good
White and sweet | Calcite CaCO3 | brahmins | udumbra | North square length is equal to width fortune
astringent CaMg good
White and sweet | Dolomite (CO3)2 | brahmins | udumbra | North square length is equal to width fortune
Very Pale CaS04x
brown Sour Gypsum 2H20 vaisya plaksa East rectangle | length is 1/6 more than width beneficent

Table 25- Site selection criterigKarani, 2012)

12 These are Indian names of the trees as specified in the original manuscripts.

13 Links to the Aya formulas as these establish drientation of the building, courtyard size and location, opening sizes and location and so on.
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2.211 Planning the layout of houses

Once the site is selected there are many prescriptive procedures about creating the foundation of
the building, laying the plinth and the base of the buildingSabharathnam, 1998) These describe
methods that are similar to rule of thumb of structural calculations which are currently carried

out with greater precision. The foundation deposits prescribed byaastushastraalso mentioned

that precious and nonprecious items should be laid in then{Acharya, 1934)(Dagens, 1994)

The text prescribes these deposits as ways to appease the gods and goddesses which is based on

faith and therefore outside the scope of current scientific explanation.

The house andts design are detailed in all the various text o¥aastushastra The rules begin with

the layout of all the buildings on the site because the site can be small enough to accommodate one
building or large enough to accommodate up to ten built structureChakrabarti, 1998). Overall
planning of the buildings does not mention direction; however, it is understood that the directions
recommended for the site are followed through. The author of this thesis agrees that directions are
an important aspect ofVaastushastrabut the importance is in terms of connections with elements

of nature such as light, water, wind and air which will be tested in thesis. Another correlation of the

elements is with the supernatural aspects it is assaaie with, which is not considered in this thesis.
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The house is first classified into number of buildings it can comprise which are one, two, three, four,

seven or ten main buildings §alal4). In concept a house with these building would look like Fig. 2.3

< > One main
building Threemain
Verandah A buildings
R e et >

1

A Twomain :

i ildi |

| Courtyarfl buildings |

! H Courtyard

! : Verandah

! 1

! 1

i Verandah PR S >
1

' \4

S IRGCCTEEEEE >
v
Gallery

Figure 23 -Basic blocks for residendg@gharya, 1934)

14 A detailed description of what a building can comprise off is givéfeinasaraSeries No: 1A Dictionary of
Hindu Architecture pp. 58®87. In generadit refers to a hall, a room, an apartment, a house, a stable and a stall.
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Figure 24- Basic design of larger residen¢@sharya, 1934)

The above diagrams are conceptual in terms of planning the main buildinggbuilt forms) and
the verandas and courtyards (voids) fig 2.4. The application of them will vary based on the site
and the use of the building and therefore the buildings that are constructed based on
Vaastushastrdook different from each other. The dimasions of these buildings are specified in
Mayamatamwhich states the minimum and maximum dimension and how to calculate the
variations in between (Chakrabarti, 2000). Based on the calculations of the site and thfeya

formula, the architect can calculate the dimensions of each buildif@ubbar, 2005).

The heights of the buildings are also specified in the text with the maximum mentioned height of
12 floors (op. cit.). All the dimensions of the buildigs are also specified based on the caste
system, which is probably linked to the affordability of building the house based on the income of

the earning member, typically malgChakrabarti, 1998). The links to the caste systers

15 More examples of these diagrams are shown in the introduction chaptetagimatamVol. |
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considered outdated as it has no established link with the architecture other than affordability.
The height is suggested in relation to the length and width of the plai®abharathnam, 1998) The

AOOET 080 O1 A A thé i ihedvBIIme of ihéEsp&ez& should be proportionate with
reference to the site and human scale. The elevations that are giverManasara Vishwakarma
Prakashand Mayamatamsupport the understanding of proportion. All three also mention
specificdly where the doors should and should not be placed, the reasoning behind this is that

good fortune will fall upon you if you follow the rules and if you do not follow them you will be

faced with misfortune (Acharya, 1934)(Dagens, 1994)
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Figure 2.5Elements and room locations dandala(Pegrum, 2000)
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The internal layouts of the house are also specified Maastushastrathese are the most popular
and well-known aspects ofVaastushastra Figure 2.5 shows the relationship between the
elements, deities of themandala, the directions and allocation of roomgPegrum, 2000)
(Chakrabarti, 1998) (Craze, 2001) The deities of themandalacreate superstition in
Vaastushastraand the common understanding is that if you place things under the appropriate

deity it will be successful.

The elements and architectural features connect the building with its surroundings. The north
and north-eastside of the building should have maximum number of openings to allow for
natural light and for ventilation, especially in relation with the central courtyard. The south side
should have minimum openings as it keeps out the solar heat gaiBubbar, 2005). The building is
oriented based on the geographic location of the houg€hakrabarti, 1998). All the buildings of

the site should allow for verandas and courtyards which allow for natural ventilation

2.2.12 Traditional and Contemporary Examples o¥aastushastra

Many cities in India were laid out on the basic grid dfaastushastrasuch as Chandigarh and

Jaipur (Patra 2009, Chakrabarti 1998). In the master plan of Chandigarh, the following features
link with Vaastushastraz capital complex, where the government buildings are located

symbolizes the head since the government buildirgare the metaphorical head of a city in the
northeast. Similarly, Punjab University represents education and therefore is in the north.

Sukhna Lake occupies the east/ north east corner which is an example of a water element located
in the north east andeast region. The city centre occupies the heart or the physical centre of the
city which is usually left with open with landscape elements which helps with air circulation and

AAOO A AT 106011 A O OEA AEOUBO OO0 AMorthwedti OEOU8 4 EA
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industrial zone is located in the southeast and the southwest, south and west zones are for living
purposes which links to the earth element which is nurtures growth (Patra, 2009). In the

planning of a building or a city, the most important cosiderations is that two dimensions, i.e., the
length and the breadth must be in harmony and must belong to each other, which allows the
space contained in them would be harmonious (Bubbar, 2005).

In the ancient times the first step in designing the houseas to identify the architectural team,
which constituted of four experts who wereSthapatior master builder or architect, Sutraginor
surveyor is the son or disciple ofSthapati, Takshakacarpenter or sculptor and Vardhakiexpert

at painting and helpsthe Takshaka(Acharya, 1934)(Dagens, 1994) Once the team was in place
the site was selected through a rigorous check for matching the guidelines that examine the size,
shape, sound, taste;olour, smell, vegetation and topographical features which shows that the site
can be used to build a home. The orientation of the site is determined after which the appropriate
Mandalawas identified after which theVastu Purusha Mandalavas laid on top of the established
grid (Nathan, 2015). The house is built around a central open space, ruled Byamha, as depicted
on the Mandala(Achari, 2016). Each side of the square courtyartolds one wing of the house
which is known as the main building. Depending on the scale of the house, additional grids are
added to make it seven or ten main building house (Chakrabarti, 1998). An example of the seven
range house which shows the length, idth and verandas that use the prescribed proportions

described in the text (Figure 2.6).
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A HINDU HOUSE

T

BHASKARRAO VITHALS WADA , BARODA

Figure 2.6 A seven range house with two courtyards (Batley cited in Chakrabarti, 1998)

The Mandalas also provide detailed instructions regarding individual houses which specifies
details about planning of the house, location of the courtyards, placement of doors, windows,
furniture and other household items. (Nathan, 2002)Vaastushastraconnects oriertation with the
correct placement of rooms and functions in relation to each other and to the eight major
directions (the four cardinal and the four intermediary directions). The orientation principles
emphasise auspicious location, which are thought to a good and bad effects for functions that
are in them are derived through the associations of the eight directions (Chakrabarti, 2000). The
functions of the house would be placed in various directions based on the lifestyle of the family as
discussed in 22.4. Those functions that would be carried out during the early morning would be
placed so that there would be access to natural daylight. Therefore, if the family would cook its
meals early in the morning the kitchen would be placed in the northeast coamn. Also, if the family

thought the function of eating was important the kitchen would be placed in northeast corner.
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Mandalagrid is associated with theVaastu Purushdrig.2.5 and is figuratively linked with the

human form known as thePurushain Hindi (Nathan, 2015). Regardless of the scale at which the
mandalais used it always represents the human form. The activates are therefore laid out
accordingly. Whether it is used to plan a city, village or individual house thmandala represents

the body parts and themarmasthan(vital points). The main function of house or village is placed
at the head which is the northeast region. Similarly, the centre is known as the heart, even though
biologically the centre of the human bodys the stomach, in this case it is referred to as the heart.
The central space is metaphorically the heart and is suggested to be left open or free from
structural loads such as columns and load bearing wal(3hirumalachar, 1998).

Although the various texts onvVaastushastraare similar in the in terms of basic layout of the
building, the application to different regions dictates variation according to the region to which it

is applied. The regional variation occurs in terms oficorporating the physical form determinants
like climatic, topographical and cultural parameters could be compared to show howastu

Purusha Manadalathe basic design grid, for instance, presents two different solutions suitable

for each region (Chakrabati, 1998). A house that is built in Rajasthan (Fig 2.7) is built to suit the
hot and arid climate and the house in Kerala (Fig 2.8) is built for wet and humid climate (op. cit.).
The house built for Rajasthan is rectangular and the is longer in the eastwest axis and shorter

in the north to west axis. This aspect helps prevent heat gain in hot climates, based on the sun
angle especially during the summer months. Rooms are placed around the courtyard of the house
and the same proportions are maintaineddr all the rooms. Larger rooms are a multiple of the
base square which is then added on in one direction (length or width). Proportions of the
courtyard are similar to the overall house; both are rectangular in shape and length and width
proportions are maintained. The house designed for Kerala is square in geometry as the climate is

wet and humid. The main courtyard is square which is proportionate to the overall square of the
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house. Since the weather is tropical the key feature of the house is the pitcof which provides
overhangs around the house. Rooms in this plan are based on a square in geometry and are an
extension of the room in one direction only. These examples show the same rules of

Vaastushastracan be applied differently to accommodate diffegnt requirements of the region

and the users.

Figure 2.7A Haveli in Rajasthan (Chakrabarti, 1998)
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Figure 28- A house in Kerala (Chakrabarti, 1998)

Following are some unconventional applications of the principles of Vaastushastra and tkflastu
Purush Mandalagrid. First is the creative application of the 3x3Vlandalaon the IIT campus in
Bombay (Fig. 2.9) and the final plans (Fig. 2.10). The plan oktbampus is based on the 3x3 grid
in which the grid is pulled apart and creatively placed back together. Three stages of the plan are
shown in Fig.2.9 which show how an architect can use threandalain a creative and unique
manner (Chakrabarti, 1998).

In the example of [IT campus it is important to understand which of the original characteristics
are maintained in the contemporary application of themandala. The orientation of the plan is the
along the north- south axis which B one of the traditional characters. The rooms on the right side
of the plan do not conform to the orientation which illustrates that some of the rooms can vary
from the main grid as long as the grid is maintained in the majority of the building. Another
character is that the courtyard is maintained at the centre of the building the main understanding

is that the central space is without structural walls and columns. The proportions of the rooms
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are maintained throughout the building which is a key featurg¢hat is maintained from the

original text. There are minimal windows on the south facade of the building and the windows on

the west facade are covered by an architectural overhang which protects these openings.
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Figure 20- Play of the 3xB3/andala, IIT, Bombay (Indian Architect and builder cited in Chakrabarti1998)

51| Page



Chapter Twol.iterature Review

5 S 6 5
i
2 e, iasistaL st sttt SN ssasta :
PR S8S SR aasaassase: T B i :
mes .maas Tt . - asesze 7
_l-# R = a i THTre BT
i 1 1 "
e e e e
4 T T S S e 5as: |
H
H
&
3 13 3
-
i 2
-
:,___J
-l 4
i u i
= ’{
1 FACULTY ROOMO .
5 8 10M 2 RESEARCH SCHOLA
or_?l__dl__t{._f__‘o 3 RESEARCH LAB
4 TOILETS
5 CLASS ROOM
6 UPPER PART OF PORCH
7 TEA ROOM

PLAN AT SECOND LEVEL

Figure 21.0- Plan of IIT Bombay (Indian Architect and builder cited in Chakrabarti1998)

Another example of unconventional use of the rules is Jawahar Kala Kendra in Jaipunjclki was
designed by Charles Correa in 1986. It is based on a grid of 9 squares, with each of the squares

associated with functions derived from the given planetary associations (Figure 2.11).
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2.2.13 Vaastushastran and around India

Vaastushastras a part of theVedaswhich is followed by Hindus, therefore its examples can be
seen in countries that practice Hinduism. Some examples \dhastushastraare discussed in
chapter 2.2.10, these show examples of building plans to understand how these planned are laid
out. Theseare other examples of buildings that are built on its principles and can be seen both
within and outside India (Acharya, 2006) Vaastushastras used at a variety of scales and
planning cities is one such exampléegrum, 2000). Some cities were initially planned based on

the principles of Vaastushastrathese later changed as the cities developed and the additional
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AgDAT OEI 1T O AEAT 60 Al x Yadddushasira Thd city of Qdiphrn Ragaithad EDI1 A O
also Jaisalmer in Rajasthan, the master plan for Chandigarh and the concepviofyadhar Nagar
are examples of such citiegAnanth, 2001) (Chakrabarti, 1998).

Vaastushastravas used to design and build many different types of buildings across India. It is
predominantly associated with temple architecture, but it was used to design pates that were
used by kingshavelisthat were dwelling spaces for nobles, gateways, pavilions & halls and
houses(Dagens, 2000) Examples of buildings that are made based on the principles of
Vaastushastracan be seen all arond India. Each region has a specific style of architecture, but it
can be broadly divided into two styles, one from the north which was influenced by Aryans and
the south which belongs to the Dravidians (See Chapter 2.2.1).

Examples of such temple architeture can be seen ifPattadakal, BhuvanesvaraCuttack Jaspur
Benares, Vrindavan, Khajurahetc. which have been identified as Ind@ryan architecture.
Whereas temples aPattadakal, Dharwar, Mamallapuram, Conjeevaram, Tanjore, Tiruvalur,
Srirangamand others are examples of Dravidian architectur¢Acharya, 2006). Majority of the
palaces in Rajasthan, were designed based on the principlesvafastushastra Examples of these
palaces include, Udaipur City PalacBjkaner Palace AmberPalace Chitor Palace to name a few
(G.H.R.Tillotson, 1999) Similarly, Rajasthan has examples bfvelissuch asPurohit Haweli in
Udaipur, BegunFort in Mewar, Bhatt Paliwal Haveliin Udaipur, Pandit ShivdinHaveliin Jaipur and

many others(Shikha, 2004)

2.2.14 Vaastushastreoutside India
Manasarais one of the original manuscripts olVaastushastravhich is used to understand the
principles and their application as mentioned in Chapter 2.2.1Manasaraconstitutes of seven

volumes which were written by Prasanna Kumar Acharya. The sixth book in this series is titled
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Hindu Architecture in India and AbroadThe book starts with a chapter that takes account éfre-
Vedic Architecture which is the period before the Hindwedaswere written. In this chapter PK
Acharya surveys the architecture in Mohenjédaro, Harappa, Jhukun, Johi, Sehwan, Kohistan,
Baluchistan and Waziristan and includes the insights of Sir John Marshall who was iraote of

the archaeologicalsurvey of India(Acharya, 2006) This chapter discusses the materials that were
used in the construction of the buildings, the height of the building, number of courtyards
included and in some cases the similarities that these structures might have with the various text

of Vaastushastra

PK Acharya then looks a¥edicArchitecture which refers to the period after various text of
Vaastushastravere written. He mentions thatthere are references tovaastushastran other text
such as theAtharva-vedaand that the architecture found in Mdenjo-Daro and Harappa which

predates this text does embody the rules dfaastushastrgop. cit.).

Next are examples of architecture that were built based oviaastushastraand were seen in the

cities that are very close to India, such as Tibet, Sikkim, pid and Ceylon as well as Kashmir and

Kangra. In Tibet, there are rare examples &ivatemples, but these were built in the principles of
Vaastushastrawith small local changes. The monasteries in Tibet were established by Indian
teachers and thereforeth A OAEEOAAODOOA xAO OAI ET AAO T &£ O)1 AEAI
roof structures that were of Chinese style (op. cit.). Examples of structures that follow principles
Vaastushastracan also be found in Khotan. The structures use different proportian but the basic

geometric shapes are a consistent with the elements in Indian architecture.

Other cities in which examples of Hindu architecture can be seen are Burma, Siam, Cambodia,
Sumatra, Bali, Borneo, China and Japan (op. cit.). According to Aghaarchitecture in Burma
OAT 00T xAA [T AT U 1T & OEA ) (Fefghséon, 19E0, O 339) PiramidAl évdf&E EOAAODOA
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that are seen in temple structures in Burma replicate the setbacks in heights and similar

curvilin ear sikhara (mountain peak) seen in Hindu architecturg(Fergusson, 1910)

O
(114

O4EA POET AEDPI A OAOEAOEI 1 6Ghaiydmikdns hrine) & thoselohtiRE CT 1 &£
relative proportion of the bell to the east of the structure, the outline of the same and its

OOPAOOOODOAOOOAR AT A @érdussenidiio,eAB@ET T Al D1 T UAAG

Siam has very few arcltectural remains that have Indian origins, compared to Champa and

Camboadia(Acharya, 2006) The text mentions temples such aSong DuongPo Nagarto be

designed based on design suggested Manasara Similarly, cities of Carhodia, Sumatara and Bali

have temples that resemble the architectural style seen in India. Acharya then gives a detailed

description about the architectural style found in China.

O4EAOA 001 AG xAOA AEOOET AOI U OA BheManaBa4 SilpaOEA AOAEEOD
sastrathe rules regarding the length, breath, height and number of stories of buildings for people

I £ AEEEAOAT O OAT EO A MBhanpaE2006pB06A A ET COAAO AAOAEI o
AEA AOAEEOAADDAOAEGD ¥ ADBABET OF&dussehFlET0, b GE7) OT OOAAOS
4A1T b1 A0 ET *ADPAT OACAOAI AOGO T &£ xEAOEAO OEAU AAIITTC
4 ET1 C (Bctiddyl, @006, p369). The plans of homes in Japan are similar to those seen in India

and follow the principles outlined in Manasara(Acharya, 2006)

The above shows that the principles ofaastushastrehave been applied outside of Indi. Its
APDbPl EAAQGETT AT AOTI 60 1 AAT OEAO OEA AOQGEI AET CcO EAOA A

that the principles of Vaastushastracan be applied and the buildings can also maintain local
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features. The important ideas that need to be maintained atbe key principles that have been

identified in chapter 2.3.8.

2.2.15 Literature review of text on Vaastushastra

YO xAO ET OE AvaAstushhstiabeoame populdr addngsOarchitectgTillotson,

1997). The Fist All India Symposium oVastuwas held in Bangalore in June 1995. The papers

from it were published in Vastu, Astrology and Architectur@/asudev, 1998) The focus of the

symposium was to understand the relevance dfaastushastraat that time. There were three main

topics at the symposiumyVastu and its relevance to modern times, Vastu and Jydq#ssrology)

and Vastu and Temple architecturelhe findings of the papers discuss the rules from the original
SanskrittexX0Oh ET %l Cl EOE xEEAE AAT AA OAAA AT A O1 AAOOOI
The findings made it relatively easier for more people to followaastushastrarather than trying

to read and understand the original text even though these are available English. Various

articles explain key aspects of orientation, proportions, appropriate heights of buildings and use

of materials in designing buildings. The articles also include discussions on temple architecture in

relation to VaastushastraMany authorsOOAE AO ! AAT (AOAUh '1 EAA "11 AOh

and Pamela Scott to name a few have written extensively about Temple architecture.

Vibhuti Chakrabarti wrote her bookIndian Architectural Theory and Practice: Contemporary Uses
of Vastu Vidyan 1998. Her work is widely referenced in all research publications. This book
introduced the concept that the variations between the different manuscripts were related to the
geographic location for which the were written. Chakrabarti also explains this by showintwo
different plans from different regions in India shown in 2.2.10. Her explanations are based on the
concepts of deities and astrologyManadalais the cosmic grid (see 2.2.5) on which the deities

reside and placing the wrong function in it can bring risfortune. This is one plausible explanation
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for the theory, this thesis is exploring another way in which this theory can be verified.
Chakrabarti then wrote a paper about the formulae that are used iMaastushastravhich is also

widely referred to in academic research papers.

Reena Patra is another author who has written aboWaastushastra Her first paper was titledA

Comparative Studpn Vaastu Shastréd T A (A E BuldinG, D@elliiiyy and Thinkingvas

published in 2006. She finds similarities betwer both pieces of writing and highlights the fact

OEAO OEO AOOAAI EOEAO A OAIl(FateEdod6(PEIBDShAiAOduded T 1 AT Al
OEA AT T AAPDO OEAO EiIT AO OEI O A AA A Pi AAA xEAOA DPAI
DAPAO EO AAI OO OEA OPEOEOOAI AT 1T AADPO T &£ Al i £ 00Oh E
comfort. Another paper by Patra looks at the simdrity between Vaastushastraand sustainability

(Patra, 2009). D K Bubbar published his booKhe Spirit of Indian Architecturén 2005. In his book

her explores the idea thatvaastushastracan be applied to countries outside Inth. This can

happen by modifying the rules to suit the local climate in which it is applied. He is a practicing

architect and he has examples of spaces that he has designed based on these principles. G.H.R.

Tillotson, Amita Sinha and Vini Nathan are othetontemporary authors who have written papers

on Vaastushastra.

* Ol EAO \m&WMigaithé Mdian art of placement 2 E A E A dastd tieAndidndstritual

alternative to feng shuA T A 3 A O E E E XdstA A path # hatntodids livingre all offee

table books with lots of illustrations to explain the basic facts. These are similar in approach to
#EAEOAAAOOEGO xOEOET ¢ AT A OEAU All Agbi AET OEA OEA
authors include N.H. Sahhasrabude, R.D. Mahtme, Derebéilralidhar Rao, A.R. Tarkhedkar and

others who try to provide scientific explanations forVaastushastra They discuss that the north

side is positive because it is the source of energy and the south is negative because it is the sink

zone. Other conceptsli Al OAA OAZAOOET ¢ O1 OAT AOCUSd &AOT i OCOAODE(
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and other. These concepts can be looked at it further detail to understand their scientific

reasoning.

2.3.1 Sick building syndrome and Comfort

O4EA AAOGECT 1 £ | éfféctsdud Eehltd and Welbgidyiahdicah hade longerm

Ei DIl EAAOET T O /Bicémeld, Q@1 6)End World Health Brshiaation defines health as

OEAAT OE EO A OOGAOGA T £ Al | Ploein®dnd mEne@lEtAcfabsbned oA T OAT Al
AEOAAOA 1 OWHE,20E680 I E4GUGA 1 AOCA A@OAT 6h AAAOT OO OOAE
our environment, genetics, our income and education level, and our relationships with friends

AT A EATEI U All EAOA AT (opdtj AnotheAdsplct & LinBlehsfadaing 11 EAAIT OE
built spaces is the impact that buildings can have on the health of thears (Mujdem & Balanh,

2011).

Sick building syndrome was primarily understood as a problem that was faced only in office

AOCEIT AET ¢O £O0T i OEA AAOI U (WO 2086hthe AcWiY coBsbuctddEAAAOAA O
buildingsii OEA xAOO xEEAE EIT Al OAAA ET T A0 AT A 1 OOOAOEAODE
designed so that they were sealed shut, this was thought to help maintain the internal

temperature of the building as the enclosure of the building would not allow for the klding to

lose or gain heat. As a result of which many users of the building started experiencing biological

or psychological health problems that would begin soon after entering the building and disappear

shortly after leaving the building (Mujdem & Balanh, 2011) After which building regulations

were created that stipulated various indoor conditions to ensure that the users of buildings do

not suffer from any of these ailments.

All types of built spaces should include comforor its users and prevent sick building syndromes

especially factors that apply to residential spaces. A combination of both creates spaces in which
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the users are more likely to feel comfortable. Both the subjects have been written and researched

and thereare many common aspects between them. Architects are the ones who are responsible

for the making of a building, from its concept, to its technical support up to execution. The

characteristics which relate to sick building syndrome aredimensional and spatal features,

visual features, auditory features, tactile features and atmospheric features and are applicable to

residential spaces(Mujdem & Balanh, 20118 51 AAOOOAT AET ¢ OEA OOAOOGE 1T AAAO
an important factor for the architect especially since this will help in creating the appropriate

spaces in terms of technical needs and comfort factors. The form of the building is created by the

architect incorporating various aspects such as, urban setting, site analysk & OOA 008 1T AAAOS

There are many comfort factors that are considered while designing spaces, especially homes as

OEAU AOA OAOU DPAOOITAI OPAAARAO AT A OEAOA AOA T AT U A
choices. There are some factors that are quantifismand those are the main factors that will be

considered in this thesis and those are temperature, humidity, light, sound and IAQ levels

(Alshaikh, 2016). Each of these factors is quantifiable and has a range of data thatdasidered to

AOAAOA Al il £ 00O xEOEET OAOEAAT OEAT OPAAAO AOO AAEEA
guarantee that the residents will all be comfortable, personal preferences need to be incorporated

in the design too. The comfort factors shoulthe thought of while the house is designed and

therefore the spaces created are more likely to have a positive experience. Architectural features

and engineering details are the aspects of the building that should help a building achieve

reasonable amountof comfortable habitable spaces.

2.3.2 Comfort
)y O xAO AAOI EAO OEI OCEO OEAO OOAO OAOGEOAAAOEIT 1 E E
OAI PAOAOOOAS A(Nibol, @ Al E2012)HériAuS BrididsSodved thamost people
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were not satisfied with their thermal environment. Indoor climates are either too hot in the

winter in cold climates where heating is used or too cold in the summer in hot climates where air
conditioning is used. The human body must main itsote temperature which is done either by
spending energy to warm up or dispelling energy to cool dow(Pallubinsky, et al., 2019) When

the core temperature rises the body sweats to cool down through the process of evaporation o

by shivering when the temperature is too low. Extreme temperatures have a severe impact on the

DAT Pl A6O EAAI OE AO AEOAOOOAA 11 ¢808¢8

There was further research into understanding comfort and how it can be achieved. We are
capable of experiencing more than satisfaction through our thermal sense and in some situations
are able to experience deligh{Heschong, 1979) This created a shift in understanding that finding
comfort could be more than just achieving specific temperatures. The ways in which we achieve
delight are the factors that enable us to return the body to thermal state of equilibriurtde Dear,
2011). This finding was based on the groundbreaking research by Cabanac, which explained
thermal sensatiorand thermal comfortare as different as sensation and perceptiofde Dear,

2011). Existing guices for determining appropriate indoor temperatures for functions within a

building are provided by various CIBSE and ASHARE guidebooks.

Engineers seem to be tasked with the accountability of the indoor environment which could be

harmful for architects andpotentially for buildings that they design(Nicoal, et al., 2012)

International standards are now available for tropical climates irBuildings for extreme

environments: Tropical climate$2017); cold climates,Buildings for etreme environments: Cold
climates(2017) and for arid climates,Buildings for extreme environments: Ari@014). From these

Buildings for extreme environments: Ari014) includes the use of airconditioning and indicates

the desirable indoor temperaturesin Fig. 2.13 below. There are many factors that need to be

AT 1 OEAAOAA ET O1 AROOOAT AET ¢ PAT PI A0 ET OAOAAOQEIT I
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climate, building form, social conditioning, economic and other factors as well the immediate

physical AT OE OT {Nicdl,let@id, 2012)

2.3.3 Impact of extreme heat

Scientific studies have shown heat waves cause the highest number of deaths froranatural
hazards. The temperature of the environment has an impact on thed¢rmal comfort, health and
wellbeing of people and can be the cause of death in some ca@dansen & Soebarto, 2019) Heat
waves can occur in conjunction with high levels of humidity or with low levels of humidity which
makesthe environment hot and dry. Dubai is as hot and humid city, with average temperatures in
the mid 40°C and known to peak at 58C and humidity levels in the range of 90% (See Fig 1.2 in
Chapter 1). During the summer months temperatures are high during the day but the humidity

I AOGAT 6 AOAT 80 AT 1T OEOOAT OI U EECE8 4EA EOI EAEOQU
required to create useable indoor spaceCIBSE, 2014)During extreme temperatures people

tend to spend most of their time indoors(Loughnan & Tapper, 2015) The impact of high
temperatures on the health ofpeople can be eased by the spaces that we bufldansen &

Soebarto, 2019) Indoor temperatures that are very high are known to have a negative impact on

PDAT Bl A 8(OrmandyRIELDdty, 2016)

2.3.4 Underlying processes of thermal comfort

There are different processes that take place for the human body to maintain its internal
temperature at around 37°C. Thermal comfort is related to the need to maintain this almost
constant internal temperature irrespective of the heat that the body produces or the environment
it is in (Nicol, et al., 2012) This process of maintain internal body temperature is known as

OEAOI T OACOI AGET 16 AT A EO OOdisisfadd sécidloghts Aei Al
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AOAEEOAAO AT A AT cel AAO AOAAOA AOEI AET GO OEAO AAAOA

possible (op. cit.).

Physiology is the understanding the heat we generate mostly comes from the food that we eat.
Different levels of heat are generated by the body based on the activity it is engaged in, for
example sedentary activities generate less heat as compared to active ones or running or cycling.
If the core temperature drops the body restricts blood circulation to parts othe body (usually the
hands and feet) by contracting blood vessels on the surface. If the core temperature is too high
the opposite happens known as vasodilation. In this the blood vessels close to the skin expand

and increase the supply of blood to the p#&hery (Nicol, et al., 2012)

The study of the stimuli received by our senses and the way our brain reads them is known as
psychophysics. Studies by Cabanac showed that a strong sensation is felt when the skin
experiences a adden change in temperature, but this only lasts for a short tim@Nicol, et al.,
2012). Therefore, we will either feel pleased or displeased with an experience based on whether
the experience makes us move closer, further awdgom restoring to the core internal
temperature. When the body is overheated then a cold feeling is welcome, but a experiencing a
cold feeling at that time is unfavorable and vicerersa(Nicol, et al., 2012) Our response tdhe
environment can be measured on a scale from +3 8 (ASHARE scale) or from 1 to 7 (Bedford
OAAI Aqs 4EAOA EOTI 60 A AEOAAO OAI AOET1T AAOxAAT PEUO
variety of environments when people can feel comfortableéd person who grew up in tent in lraq
will have a different reaction to temperature than a person who was raised in a tent in the

Russian Arctic. Similarly someone who lies and work in an agonditioned environment reacts
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differently to temperature than someone who live and works in a naturally ventilated building

and both live in the same neighborhoodCéandido, et al., 2010)

Through physics we understand that the body loses heat to its surroundings primarily in three

different ways z radiation, evaporation and convection and on some occasions through

conduction. When the body is lightly active the metabolic heat produced is low and is balanced

out with the heat that is lost to the environment. This means that it takes time tA EAT CA DAT Bl AG O
metabolic state. The heat lost from the body should be similar to the heat produced within the

AT AU TO6AO0 111 ¢c PAOET A 1T /&£ OEi A8 4EA AT AU AAEEAOGAO O
(heat lost through the body heating the air surrainding us); radiation (heat radiated to the

00001 01 AET ¢ OOO&EAAAOGQN AT A AOADPT OAOQET T(NigoleRAAO 11 00

al., 2012, p. 13)

Clothing is an important factor in understanding thermal comfort as well as adaptive comfort. It is
treated as a uniform layer of insulation that protects the body from the environment. Clothing
also plays a role in heat loss by evaporation, since it pralés one extra layer for the dispersal of
water away from the skin. Sweat can also be absorbed by the cloth. Both factors depend on the
type of fabric used and the construction of the garmenBehaviouris another factor that

influences our thermal interaction with the environment which includes, additional clothing,

taking off clothing, posture change, movement, taking shelter and othef®icol, et al., 2012)

2.3.5 Adaptivecomfort

Adaptive comfort studies have increased over the past years, ever since research showed that the
heat balance theory was not always successful. Nicol mentioned in his view on current practices
in the editorial to Building research & Information,OA number of field studies had shown that

existing approaches to comfort based on heat balance theory failed to explain the range of
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temperatures that people found comfortable in buildings with the variable indoor temperatures
characteristic of naturalyOAT OET AOAA AOQEI AET cO068 ! AADOEOA OOAT AAC
Society of Heating, Refrigerating and Ai€Conditioning Engineers (ASHARE) only in 200@icol,

2011). For this thesis, the standards of comfort were referencedoim Buildings for extreme

environments (CIBSE, 20148 4 EA AAZET EOQEIT | £ AAAPOAOGEIT EO OOEA

OAODPI T OA O OADPAAOAA AHaéa®Hdbof, 0120pA1). OOEI O AOET 1 6

Adaptive comfort supports that users can be comfortable in a variety of indoor temperatures
xEAT OEAOA AOA T DPOEIT O AOAEI AATA £ O AAAPOAOGEI T8 O
adaptation in relation to the outdoor conditions, hence bw to translate the adaptive principles

ETOi A AAOECI AOI OOOA Al A Al 1 AA pHoKg @ialO20igp AOAOET C A

2.3.5.1 Principles of adaptive comfort

YT OEA xndO AT A ymd O1991)1981A)FNkcbl énd Hym@hpeysA1973pacdp w A h

( Ol PEOAUO j pwxoh pwxyq OAO OEA IrdyddiinglsySteniail OEAOI Al
relate thermal perception to prevailing indoor and outdoor condition(Hellwig, et al., 20D).

There are three reasons to study thermal comfort which Nicol J F (1993) explained as the

following, firstly so that people are content by their conditions, to identify standards that can be

followed and lastly to control the consumption of energyTaleghani, et al., 2013) It was found

OEAO AAEi ¢ 1T AOOOAI OI OEA OEAOI Al AT1TAEOEITO ET OE
choice(Halawa & Hoof, 2012; Brager, G.S., and R.J. de Dear. 200048 user isseen as an inactive

receiver of the temperatures in a space which is not always the case.

Adaptive comfort models give the user the flexibility to adapt to the thermal environment in

order to feel comfortable(Mishra & Ramgopal, 20B). Adaptive comfort studies found that there

i ECEO AA CAPO ET !'3(!'2% OEAOI Al AT i1 £ 00 OAAIT A xEEA
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space. Principles that capture the main concepts behind adaptive comfort which are broadly

categorized as behavital, physiological, and psychological (de Dear, R., & Brager, G. 1998). There

is limited knowledge about these three categories and the impact that each of these adaptive

principles have on the comfort of the users, but the basics are wédhown (Schweiker, et al.,

20128 4EA 1T OEAO AEAAOI OO OEAO EAOA A1l EIPAAO 11 OEA
AT A AT 1 OAgOOAT EAADOT 0066 AT A OEAOGA AOA 110 AiT1OEAAO

increased dependency of aiconditioning (de Dear, R., & Brager, G. 1998).

The following facts are known about the three concepts of adaptive comfort. Behavioral were

further divided into three parts, personal (changing the amount of clothing worn), technological

(controlling the air-conditioning) and cultural (break during the warmest part of the day) (de

Dear, R., & Brager, G. 1998). Recent studies by Marcel Schweiker mention that behavioral changes

ET Al OAA AEAT CAO O1 EAAO AAI AT AA OOAH CAGEAGL®HAT CET C
(2012). The factors mentioned by Schweiker can be measured and the actions usually depend on

internal and external temperatures. The availability of such changeable functions and the

I AAOPAT 006 AAAAOO O1 AEAT GCEIT @ odoupdhis calbring@odtiel O OEA Al
OPAAA8 30O0AEAO OEi x OEAO xEAT OEA OOAOOE AAAI OEAOD

more comfortable in the space.

OEUOGEI 1T CEAAT AOBPAAO 1 &£ OEAOI A1l AAAPOAOGEIT AAT AA
(intergeneratiol A1 @ AT A AAAlI Ei AOEUAOET 1T j xEOQOEET OEA ET AEOE/
'8 pwwygs ' AT AOEA AAAPOAOEIT EO PAOOAA 11 AEOI I CAIl

discussions. When an individual is acclimatization to heat the body charg&o adjust to the
conditions, this is done with by lowering the metabolic rate or by increasing the amount of sweat
and reducing the loss of salt. There are limited studies that show the effect of loteym

acclimatization to hot and humid environments(Schweiker, et al., 2012) The psychological
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2.3.5.2 Methods to measure comfort

There are two ways in which thernal comfort has been measured, climate chamber studies and
field studies. Climate chamber studies are held within a controlled environment and the

I AAOPAT OO AAT 60 AEAT CA OEAEO AT OEOITI1 AT Oh AT A EEAI
factors (Taleghani, et al., 2013)Schweiker, et al., 2012)Enescu, 2017) The climate chamber is
used for air-conditioned spaces and is based on the heat balance model of the hunhbady and
was developed by Fanger in the 1970s. This model calculates whether the users the space are
satisfied with the thermal environment and is calculated based on six variables ofetabolism,
clothing, indoor air temperature, indoor mean radiant tempeature, indoor air velocity and

indoor air humidity. In simulation indoor studies show that when the users have control over
different aspects of their environment (fans, sun shading devices and windows), they feel more
comfortable. Field studies combinete use of questionnaires with recording indoor variables, in
some cases outdoor if these are requiredRuppa, et al., 2015) Though many categorize
simulation studies along with field studies and refer to them as field studiefraleghani, et al.,

2013).

Another method to understand thermal comfort indoors is to map the indoor and outdoor

OAi PAOAOOOAO AT 1 AOOOAT OI U TA@GO O1 AAAE 1 OEAO8 4EEO
(Nicol, 2017) (Nicol, 2019)8 4 EAOA OA1 1T OAOG6 AAT AA OOGAA O1 1 AAOGOO!
rooms in a house in relation to the outdoor temperatures which shows the connection to the

67| Page



Chapter Twol.iterature Review

OPAT 008 AAEAOET Oh OOA T &

O)T AT T O OAI PAOAOOOA xEII

constructionl £ OEA AOEI AET ch 1T AAOD
Al Ol

AA A OAODPITTOA O1T A x
solar gain and wind patterns not just at the time but also in the recentgst that influence the

AAOOAT OAT OA8 OAI PAOAOOOAOG T &£# OEA AOQEI AET ¢ AT A 1 AU
(Nicol, 2017). Traditional Indian Havelis maintain different temperature indoor than the ambient

outdoor temperatures. The lower floors such as the basement maintain the temperature for

almost a month whereas the higher floors see temperature changes in time periods as short as an

hour (Nicol, et al., 2012)

Studieswerecarried @0 ET ET 1 AO ET 3AOAE ' OAAEAh O O1 AAOOOA]
ventilated indoor spaces in a hot country. The temperature clouds for mechanically ventilated

buildings shows that the indoor temperatures vary from 20 to 35°C when the outdoor

temperatures vary from 29 to 48°C. Each home maintained an average temperature which was

unique from the others. The mean temperatures of the homes ranged from 22.4 to 31.5°C and

remained fairly consistent in each home. Variations in the temperatures suggestatthere are

variations in the mechanical systems used in each house and that the occupants can adapt their

environment to achieve comfort. The studies show that the occupants suffer more from extreme

heat than extreme cold(Nicol, 2017).

2.3.5.3 Comfort studies in traditionalVaastushastrehome

It is important to investigate whether traditional spaces that were designed based on the
principles of Vaastushastravere comfortable for their occupants or not. A.S. Dili, M.A. Nasemnd

T. Zacharia Varghese have written various research papers on comfort levels achieved in a
traditional home in Kerala. The authors have tested the comfort levels of a traditional house using

five different parameters and all the results show that hous achieves users comfor(Dili, et al.,
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2011) (Dili, et al., 2010) Principles ofVaastushastravere followed while designing the

traditional homes in Kerala(Dili, et al., 2010) The house has an open courtyard and four blocks

built around it and the buildings have a pitched roof on them. The building used for the case

studies (Puthiya Kovilakan) is nearly 300 years old. The housis made from traditional materials

Oi 6Ah 1 AOGAOEOAh COATEOA OOGITA ATA TEIA 11T006A0 &I O
AT ATT OO0 PAT T 1 AAOAOG AT ADIiliAdt &\ (2010, B.11188) Temeaturssiofi £ AT OAOE
the house were monitored through winter and summer, specifically from December 2008 to May

2009. Loggers were placed at the top and bottom of the courtyard, in the semi open space around

the courtyard and a bedroom adjacent to the courtyardDili, et al., 2010)

One of the papers investigates the temperature difference between outdoor and indoor
temperatures during the summer and winter periods. During the winter months the outdoor
temperatures vary between 18°C to 36°Qut the indoor temperatures are maintained between
23.5 °C to 28°Dili, et al., 2010) Outdoor summer temperatures vary from 25°C to 38°C and the
indoor temperatures are recorded at 28°C to 32°C. Even though the outdoor tenrtptures vary
significantly between the summer and winter; indoor temperatures are maintained at acceptable
levels. The authors of the paper conclude that thermal comfort is achieved because the building

has an insulative envelope and allows for controllednd continuous air flow (op. cit.).

In another paper by the same authors reviews the gualitative and quantitative aspects for the
same house. Climate of Kerala is warnmumid with moderate temperatures, high relative
humidity and heavy rainfall. For the galitative analysis, they look at orientation of the building,
internal arrangement of spaces, use of the internal courtyard, openings and their use for natural
ventilation and thermal protection (Dili, et al., 2010) The building has a rectangular form and is
oriented around the cardinal directions as it is stipulated invaastushastra Internal functions are

laid out so that they maximize the local climate conditions, which means that functions used
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during the day are placed a the north and south and those used at night are in the west (op. cit.).
These are the main principles oVaastushastrahat are discussed on Chapter 2.3.8. The

guantitative results show similar differences n temperature to those mentioned in the paragrdp
above. The same authors have investigated the comfort of the same house during the summer and
rainy seasons and found that the house is comfortable for its users despite the outdoor

conditions.

('he investigation has revealed that when the outside ambig temperature is below normal, the
building system tries to maintain the indoor air temperature at a higher but comfortable level and
when the outside temperature is above normal, the indoor temperature is maintained at a lower

AOO I T A&l OOl ét hlA2010 A (PRA9)6

Another study of the same house compares it with a modern house in the same neighborhood
(Dili, et al., 2010) The authors of the paper define the house as modebased on the materials

OO0AA O Ai 1 0000A0 E

O¢mAi OEEAE xAl10 1T &£ AOEAE
OAET &I OAAA AAT A(DD, etfal., PLOAMA 66A) Tempetattigdwere recorded in both

houses from February 2010 to midMay 2010. Loggers in the traditional house were set up as

explained above and in the modern house they were placed in the bedroom. The results show that

there is less temperature variation in the traditional house comparedo the modern house. The

traditional house has better air circulation compared to the modern house and this is attributed

to the characteristics of the traditional house. The authors of the paper identify that high thermal

insulation and air circulation are the key factors that help to maintain the internal temperatures

at comfortable levels. One of the main factors that contribute to the thermal insulation is the use

I £/ OOAAEOEI T Al 1 AOAOEAI 08 40AAEOQOEIT Al ihcdiDid OEAIT O

easier to construct buildings using modern materials such as concrete. It is important to
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understand if there are other factors that helped to make traditional homes more comfortable

than modern homes.

2.3.6. Passive design in Residential Spas

Design of the building plays an important part in determining comfort of its users. Passive design
principles can have an impact on the comfort levels. Key factors that are identified for this thesis
are Z temperature and humidity, light, sound and level®f smell. Each of these factors have both
international and regional standards which are stated in CIBSE (2014) regulations and will be

used as benchmarks in this thesis.

Understanding comfort factors in buildings is not an isolated topic, it is related ith other topics
such as sustainability and passive design systems. Some principled/afstushastraare similar to
the ideology behind low tech sustainable issues. Based on thdi8r approach to sustainable

design Fig. 2.14Lechner, 2008) these common aspects from Tier 1 are

9 Location, site design, landscaping, form, orientation, colour, exterior shading and
construction materials all contribute towards the temperature of the indoor space. Air
tightness is an aspect that aahelp with maintaining internal temperature, but at the
same time it creates the problem of stale air which then increases the reliability on
mechanical systems. A regular exchange of air is required within spaces which is provided
by mechanical systems iad eliminates stale air at the same time. At the same time the
temperature maintained through the mechanical systems should match indoor comfort
levels

1 The aspects of the windows orientation, size, glazing type, insulation and shading all have
an impacton the internal temperature maintained. In an ideal situation the windows
would only be located on the appropriate facade of the building, but this would mean that
significant portion of the building might not receive natural light. This problem is usually
easily remedied by the use of design solutions such as light shelves, exterior shading and

use of appropriate landscape elements.
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1 Efficient lighting is an aspect that is related with sustainability more than it is linked with
creating comfortable internal spaces. Using lighting systems that are efficient is always an
added advantage but from a standpoint of achieving comfort levels it is not a requirement.
Efficient appliances are directly linked with the sustainable aspects of the built space as

these ame not directly linked with the comfort levels of the users.
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THE 3 TIER APPROACH TO SUSTAINABLE HEATING, COOLING, AND LIGHTING OF BUILDINGS

Image: Norbert Lechner, “Heating, Cooling, Li

Figure 212- The 3 Tier Approach (Lechner, 2008)

Once the tier 1 aspects are used to design the basic plan of the building it can help with heat

retention or rejection or avoidance, based on the geographic location it is placed. Elements of

passive design can be selected to suit the lactation and theregdboth these categories can help

with creating spaces that are comfortable for the users. The third tier is about the mechanical

systems used in the building which is directly linked to sustainability. It is indirectly linked to

comfort, because tier 1 ad 2 should be able to create spaces that are comfortable and therefore

OAAOAA OEA OOAOOS AAPAT AAT AU 11 1 AAEAT EAAT OUOOAI O
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Comfort ventilation is a strategy used when air circulation can be used to cool a space, it allows
for the heat to escape from a spa and hence allows for it to be cooled. Night flush cooling is used
in places where the daytime temperatures are too high, and the building is designed so that the
ventilation systems help the thermal mass cool by convention. Earth coupling is another tetc

in which the structure is built into the ground to take advantage of the constant temperature of

the earth, depending on the climate.

Based on the location of the house, heating with the use of solar exposure is very beneficial in
countries which hawe colder climates. The feature of direct heat gain is added to the building by
placing glazing on the south facade of a building which helps to heat the building naturally up to a
certain extent. Similarly, trombe wall and sun space when included on the @hern part of the

house add naturally heated spaces.

¢808x 50A006 #I11 A&l O

ET 2AO0OEAAT OEAI 3DPAAAO

One of the key principles oWaastushastras the connection with the elements. The selected

Al i £ 060 EAAOTI OO AOA OOGEAOI Aii A&l ©i AIOA (EREc@ OR DO A IAE © U
2017) and they are linked to the senses. These comfort factors link to the four senses because

thermal comfort is linked to touch, visual comfort is linked to sight, acoustic comfort is link to

sound and air quality is liked to smell. Comfort in any built environment can be assessed through

many different criteria. The chosen method is a combination of quantitative methods which are

collected through various loggers and qualitative that collectE A OOA 008 AAAT ET CO OEOIT C

guestionnaires.
4EA OA1 T OA8 1 AQBJ5.Awilibddsdd Bbimbadube inBdor temperature and
humidity and this will plotted against the outdoor temperatures(Nicol, 2017). In addition, the

OO0A00G8 xEI1T AA ET OAOOEAxAA AAT OO OEAEO A@oPAOEAT AAO
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the qualitative aspects of touch, light, sound and smell. The quantitative and qualitative aspects of
a space can possibly summarizethe sO8 O AT | £ 00 1T O AEOAT I £ 00 1 AOGAI O

AOA OEA EAU AOEOAOEA OEAO xEI1T AA OOAA Oi | AAOOOA

2.3.7.1 Temperature and humidity

One of the aspects of understanding comfort in spaces is the temperature ané thumidity

should be suitable to both the region and the activities that users are carrying out. Various
regulations for example 1SO 7730 (2005), CIBSE A (2006) or ASHARE Guide and Databook (2009)
set these criteria(Nicol, et al.,2012). These regulations specify global standards and further

details are provided in local regulations such aéCIBSE, 2014¥or extreme environments-arid

Fig.2.13.

Relative Temperature (°C)

humidity (%)
40 23.0-26.5 25.0 20.5-24.0 225
50 22.5-26.0 24.5 20.0-23.5 220
70 220-255 24.0 20.0-23.0 215

Figure 213- Internal design conditions for Middigast (CIBSE)

2.3.7.2. Light

Another important aspect of comfort in residential spaces is light which includes both natural and
artificial sources. The use of natural light in buildings has a predominantly beneficial impact on
the health and weltbeing of ts users(ATP & LM, 2011) Light however can have a negative
impact on the health of its users through aspects such as radiation and light operating through
visual systems(Boyce, 2009) the impact ofthese are known and they have various regulations
attached to them(Boyce, 2009) Chartered Institution of Building Services Engineer (CIBSE) and
Illuminating Engineering Society of North America (IESNA) both regulate the afiial light in
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built spaces. On an average every living space in a home should have natural light. Any room that

AT AOGT 60 EAOA 1T AOOOAI -inhakitgole Or néndivind dpacOdndiduseifor AO T 11

facilities such as a storeroom.

2.3.7.3.Sound

There are a variety sounds that are experienced by people in different spaces and at different
times, while all sounds are not pleasant total lack of sound is not always pleasant either.
Dwellings that are in residential communities are generally pareived to be quieter than other
spaces such as retail spaces, office spaces, mix use developments and mix use developments in
which residences are incorporated. Most of the internal sound levels of a house can be regulated
by the occupants based on their @rsonal preferences. Ambient sounds includeO x | OE ¥
mechanical noise; natural environmental sound; living environment noise; maritime
environmental sound; traditional environment sound; water environment sound and regional

AT OEOIT 1T 1 A{Hén, eddl.2008, d. 102)Mechanical systems that are used in residential
spaces generate noise and therefore create stress for the uséBeemers, 2016) There are

various attempts at making these sond levels as minimal as possible, but they do create some
noise. On the other hand, a sound connection between neighbors and sounds from nature can be

welcoming to residents. Since homes are usually quiet spaces acoustic separation is rarely used.

2.3.7.4Smell

The air in hot and arid regions potentially carries more moisture, therefore these areas are
known to be hot and humid. Relative humidity is one of the factors of thermal comfort because
high levels of humidity can restrict perspiration, which makest uncomfortable for people. High

levels of moisture which are maintained over long periods of time can give rise to bacteria and
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fungi. Odours, allergens and toxins come from bacteria and fungi. Fortunately, an environment in

which humans are comfortables too dry for these bacteria and fungi to survivéCIBSE, 2014)

2.3.8. UnderstandingVaastushastrahrough aspects of comfort

Vaastushastrahas many principles, in this part the author has identified key design principk

which should be used to design the building. One of the main aspectsvafastushastras that are
differences between the four sub cardinal directions. Each corner has a suggested function which
is based on when the space will be used by the residenEor example, if the kitchen is used the
most then it can be located in the northeast corner which is recommended to be used during early
hours of the day(Pegrum, 2000)(See 2.2.4, Table 2.3) This thesis will examine if the principles of
Vaastushastracause variations in the comfort levels of the four sub cardinal directions. Even
though these key principles are not stated anywhere specifically the author has createdist bf

these principles which are as follows

1. Orientation of the house
The orientation of the house has an influence on the temperatures that are achieved in the
different intermediate directions of built spaces. This is based on the principles of passive
design discussed above in 2.3.6 and is also mentioned in CIERHding for extreme
environment Arid(2014). It is a known fact that the north side is cooler than the south
side. This thesis will examine if there are any more variations within the northeast and
northwest, or southeast and southwest sides?
2. Form and proportion of the house
Overall the geometry and proportion of the house is thought to have an influence on the
ET OAOT Al OAI PAOAOOOAOR EO EO 1 AT OGEITAA AO O OI
shapes such as square and rectangle which have the required propamis should be able
01 O00PDPi OO OEA ETAIT O OPAAAOG AT A OAI AET AO A OF
Passive design principles suggest that when spaces are made on the correct proportions it

allows for natural ventilation through air circulation and therefore makes it more
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comfortable for the users. The impact of rooms with odd shapes will be investigated
through the case studies.

3. Placement and size of windows
Windows influence the amount of heat gained by the building therefore placing them in
the appropriate direction would mean less heat gain in the buildingCIBSE, 2014) North
and east sides are thought to favour windows and the south and west side are the
unfavourable sides. Since the morning and evening sun istime northern part of the sky,
amount of glazing should be minimized and shading is required on all sidéSIBSE, 2014)

4. Proportion of the rooms in the house
Proportions of the rooms have an impact on the temperature recordedithin the space.
The preferred shape of the room should be square or rectangular with the rectangular
shape based on proportions of the building. The proportions of the individual rooms
support the proportions of the overall house and similarly facilitates air movement within
individual rooms which is a principle of passive design.

5. Use of a courtyard in the house
Mid-size homes and above can benefit from having a courtyard located in the centre of the
house, as this helps to cool the house overall. A ¢orard that is placed correctly in the
house can allow for natural light and facilitate air circulation which supports users
comfort levels. The courtyard feature allows for most rooms to access natural daylight.
The cooling effect of the courtyard is als dependant on proportions off itself and to the
xET1T A ET OOA8 )& OEA AiI OOOUAOA EO Oi1T T1TAOOI x EI
the desired impact of comfortable spaces which is also a principle of passive design

6. Windows on south and west side
Adding windows to the south or west side is possible if there are appropriate shading
devices introduced or the architecture of the building prevents exposure on these sides.
With the addition of shading devices solar heat gain in the affected rooms ddibe
reduced. This is a method of low technology passive design which allows for the space to
receive natural day light, opens up the space for natural ventilation and at the same time
prevents heat gain. Massing of the building is another method of lowethnology passive
design which helps keep the spaces comfortable.

7. Materials
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Materials have an impact on the heat gain of the house because these define the external
surfaces of the house. Traditional materials such as brick, timber and stone are compared
to the heat gain of concrete, since Dubai is a hot climate and heat gain is a major concern.
Low technology passive design stipulates that local materials should be used for the
construction of houses. One of the main advantages of using local materialshat the

material can sustain local climate and help to maintain comfort levels indoors.

2.3.9 Passive design for hot and humid climates

The rest of this chapter will examine how the key principles o¥aastushastraexplained above
might contribute towards creating comfort indoors.The first principle mentioned is the
orientation of the house. Passive design strategies mention that orientation is a key factor for
buildings designed in all climate. Orientation is important factor while designing building
anywhere in the world. In the hot and humid region such as the Middle East, orientation is an
important principle while designing thermally comfortable homes(Alshaikh, 2016). Preferred
orientation for buildings in hot and humid climates is that the length of the building is from east

to west as seen in Fig. 3.1 and 3(Anon., 2012).

Figure2.14- Preferred orientation for buildings in hot and humid climate (Anon., 2012)

The second key principle identified is the form and the proportion of the building. Orientation of
the building is dependant on its overall form and therefore both must be looked at together. Fig.

3.2 shows ideal orientation for different building forms. Pans that are shown are indicative
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therefore can be scaled up or down to suit the requirements of the users. The courtyard plan is

one of the suggested strategies of form for hot and humid climates, other variations include an L

shaped plan and a simple retangular form, the last of which is the most commonly used shape.

2AA0AT cOI AO OEAPA EO OEA POAEAOOAA OEAPA AAAAOOA
(Anon., 2010). Since the rectangle shape has the smallest pegter its exposure to solar radiation

is minimum which is preferred in the Middle East.

N

-~

Figure2.15- Building forms and suggested orientation (Anon., 2010)

As shown in Fig 3.2 below, orientation of buildings in hot and humid climates should be with the

length of the house oriented around the east to west ax{&non., 2012). This means that only the

short sides of the house are exposed to maximum solar radiation. Summer sun is at a higher

altitude and therefore makes it easieto shade the house on the south facade. The CIBSE guide for

Building for extreme environments Aridalso mentions that there should be adequate shading to

OA1 T AE OI1 A0 OAAEAOEIT O jgmpth DP8ptQgs8 7EAT Oi1AO
lower indoor temperatures which can make the building feel more comfortable for the users.

The third principle is the location and the size of the windows on the fagades. Location of the

windows is an important aspect while designing buildings. Openings or wdows on the north
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angle islow on the east and west facades and it could be a problem to provide adequate shading

for these sides(Anon., 2010).

The sixth principle is about shading the windows on the south and west sides. Various strategies
can beused to shade windows on different on different sides of the house as shown in Fig. 3.3.
Since the angle of the sun is high during the summer months it is relatively easier to shade the
south fagcade and a horizontal shade can allow for some needed wintems(Alshaikh, 2016).

Other strategies to shade the windows are shown in Fig. 3.4 which include wall projections that
are offset from the wall which has the window, using trees or other vegetation, use of screens or

adding surface texture to the exposed walls.
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ORIENTATION BASED SHADING STRATEGIES
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Figure2.16- Orientation based shading strategies
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Figure 217- Shading strategies

Fourth principle is the use of appropriate proportions for the internal rooms in the building.
Internal layout of the house is also an important factor in creating comfortable spacéalshaikh,
2016). Internal spaces in the buding should be based on the proportions of the house. When the
internal spaces use the appropriate proportions, it can allow for air circulation which can make

the internal spaces more comfortable to use.

Fifth principle is the use of courtyard in the haise. The courtyard should be designed so that it
provides internal shading to the required facades. It can also be used to plant trees which can add
to the shading that is provided by the building as shown in Fig 3.5. Placing windows at strategic
places onthe building can also with air circulation in the building. With the appropriate air
circulation, the internal temperatures can be lower than the external temperature therefore

making internal spaces more comfortable.
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Figure2.18- Internal shading ina@urtyard buildings

Use of materials is the seventh principle that is used Maastushastra Properties of materials can
help to evaluate if they are useful for the region or not. Buildings create shelter from the external
environment; therefore the choiceof materials is an important factor. Thermal mass and thermal
insulation help to determine if the material can be used in hot and arid climates. Thermal mass
refers to the materials capability to absorb and retain heat which helps to delay the hegain
inside the built space(Anon., 2010). Thermal insulation refers to the reduction of heat transfer
through a material. Thermal conductivity ) measures the insulating capability of any material. A
low value of thermal condictivity means that the material has high insulating ability (op. cit.)
xEEAE | AAT OEAO OEA EAAO mOiIiT TTA OEAA x1180 AA
Thermal transmittance (U value) is the ability of the material to conduct heat which ihe

opposite of R value. Dubai government stipulates that the maximum U value for exterior walls in

homes should be 0.57W/mK (Anon., 2019).

Traditional materials can help maintain comfortable indoor temperatures as seen in ghcase
study of the house in KeralgDili, et al., 2011) The author discusses that since the house is made
using traditional materials and uses traditional techniques of construction, the house has good
thermal insulation from external temperatures. The walls of the house are made of laterite
masonry that are 750 mm thick and have a cavity in between which is filled with fine sar{@ili, et
al., 2010). The roof system in the traditional house is acenbination of wooden ceiling, clay tiles
roof and a wellventilated attic space(Dili, et al., 2011) Both the walls and roof system of the

traditional building help to maintain the internal temperatures according to the authas. The use
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building, which absorbs heat during the day and transfers the heat through the roof and theldy
ET OOAT OEZAOOETI ¢ OEA EAAO EO OAEAOOAA O AO OOEI A 1
The use of traditional materials in construction has significantly dropped and we rely more on
contemporary materials. Both the case studies used to compare traditional and modern kdiihgs
have differences other than the materials used in construction. The orientation of the house is
different and the location of the spaces that are monitored are different. The variation in
temperatures measured in the house could be due to these facscas well as the materials used to
construct the houses. Homes in Saudi Arabia that used concrete for construction were also
studied for comfort and it was found that other factors such as orientation, layout of internal
spaces, shading devices used etdso contribute towards the comfort levels of the users

(Alshaikh, 2016).

2.4. Conclusion

This chapterreviewed the overlaps between VaastushastraD O A 0§ O addipiindgile® @

passive design in residential spacessven thoughthey are distinctly different subjects there are

many common aspects betweethem. Seven factors that are listed abov€2.3.8) are key

principles of Vaastushastrabut are alsoused in passive desigstrategiesand for optimizing OOA 00 8
comfort in built environment and will be used to investigate the case studies carried oirt this

thesis. Thesekey principles of Vaastushastraalign with the concepts fOOA 008 AT I £ 00 AO x £
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passive design principlesThe principles ofVaastushastracould possibly be connected to the

behavioral, physiological, and psychological impact thepace has on its users.

Orientation of the house is a key factor in designing the house, it has an impact on natural light

levels, heat gain, views tohe outside, noise levels and natural ventilation. Especially in hot and

EOI EA AEOEAO 1 EEA $OAAE 1 OEAT OAOCETT 1T /&£ OEA AOQEI AET
levels. Form and proportion of the building have an impact on thair circulation within the

building and heat gain and these have an impact on the mechanical systems used inside the space

therefore the noise levels caused by the excessive use of these mechanical syst@lasement

and size of windows along with proportions of rooms alsdave an impact on natural lights levels

AT A TAOOOAI OAT OE1 AGETT ET OEA ODPAABepéntidgoDEAOA EAOD
the size of the plot and the size of the built environment courtyards can help bring in natural light

and ventilationET OT A AOEI AET C AT A Al 11 x /& OUs®®AOOS AT |1 £ O
materials also has an impact on th® O Addrdfért because appropriate use of materials can

either help combat or maintain external temperatures.

Many of above factors that are key iWaastushastraare also included in passive design strategies.
Orientation, building form & proportions, courtyard, window placement and se of materials are
common factors between bothvaastushastraand passive designand passive design also includes
use of fans and use of the buildings surroundings to provide shading through trees, plants and

cooling by adding water bodies.

User comfort is not only about indoor temperatureput it also includes thermal comfort, adaptie
comfort, air temperature, radiant temperature, humidity, Al T OEET ¢ AT A OEA OOAO080O A/

is important that the user is in a space which can be adapted to suit their comfort level, for
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example the user can open a window for change in room terapature, or switch on or off any

mechanical systems to achieve comfort.

Vaastushastrdists many principles, some of which some might be outdated because there are
new ways to execute them. For example, the gnome was used to work out the north of the ,site
use a simple compass. Another example is thitte colour,smell and taste of the soil were checked
to understand soil conditions. These are replaced by various soils tests that show the strength
and weakness of the soil. These principles are statedtine text without any explanations to

understand why they are stated.

The findings from the case studies will help understand if there is any direct link between the

DOET AEDPI AObh OEA OAI PAOAOOOAO OAAT OAAA ElI ATT 00 AT A
selected case studies have factors that the users can adapt and therefore have an impact on their

comfort levels. This is used to understand if there is a scientific connection Y¥aastushastra

principles.

If design of the space canreate more comfortable spaces, then the dependency on artificial
heating or cooling can be reduced. Alternative methods of cooling such as natural ventilation and

use of fans can be used to maintain comfortable internal temperature
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Chapter Three: Methodlogy

3.1. Introduction

This chapter introduces the methodologies that were used in the thesis. The choice of the
methodologies is discussed first followed by the explanation of why each method is selected. Fig,
3.1 shows the conceptual framework used fathe methodology. An important part of the
methodology is the selection of the case study homes. The location of these homes and the reason
for selection is discussed. Chapter 2.3.8 mentions the criteria that were used to make the
selection of the case stdy homes. There is a description about each case study home which is
followed by explanations of which selection criteria are met by the house. Then there is a
discussion about both methods of gathering data from the case study homes using data loggers
and by users answering questionnaires. The next methodology used in the thesis is to is the use of
simulation software. There is a discussion about the use of software modelling and the reason it

has been included in the thesis.

Data loggers
5 Existing
Case Studies

Modifications to . .
— el SOftware Simulations
1 Case Study

Figure 31 - MethodologyFramework
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3.2 Methodologies Used for the Thesis

Three methodologies selected for the thesis are used to understand the selected case study homes

AT A OEA Ei PAAO OEA AOAEEOAAOOOAIT A Amawson, 2009 OEAOA E
The selected methodologies include, temperature and humidity collection from selected case

studies (quantitative), data collected from questionnaires given to the users of case study homes

(qualitative) and data collected from simulation software(Berry, 1994). These methodologies are

linked to the research objectives and the correlation to these is seen in Fig. 3.2. Case study homes

were selected based on the key principles &faastushastradentified in chapter 2.3.3(Graiano,

1993). The houses that have been selected exhibit different applications of the rules of

Vaastushastra If the selected houses would have the all the rules applied in the same way it

would be difficult to understand itsimpaA O O1T OOA08 0 AT i £ 00 AAAAOOA OEA
the houses would be similar to each other. A standard set of rules was identified (chapter 2.3.3)

and the houses that were selected for the thesis study had minor variations to the identified rules.

Five case studies were identified to investigate whether the principles &faastushastrahad an
impact on the comfort levels of users. Many different factors create comfort for users in the
spaces that they use. Home is a very personal space for its ocants. Out of all the criteria that
can have an impact on the comfort of users, the criteria that vary based on the design of the
building are natural light levels and temperature along with humidity. Other factors such as

sound and smell should be a condisnt aspect of the users experience in the specific house and

pra
(@}
p>N
(@}

OEAOAAI OA AT180 TAAA OF AA 111 EOI OAA OEOI OGE
house will vary from one season to another, but will remain stagnant through one season,;

therefil OAh OEEO AAOA xAO AAPOOOAA OEOI OCE OOAOOS AobPA«
guantitative data collection (Rubin, 2005). Questionnaires were set up to understand how the

users felt in the space in terms of the quality of #ir own experience(Yin, 2009). In these the
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users were asked about all aspects of comfort in the house, natural light availability, noise levels,
smell, if they felt hot or cold in the space and ventilation. These would help understand the
overall experience of the user and compare it against the temperature data that was physically

collected.

The selected case studies were complaint with majority of the rules ®aastushastrabut they
none of the houses completely compdint with all the principles. To investigate the principles of
Vaastushastraurther IES an integrated environmental solution software was used to simulate
one house and modify it so that all the principles were met. Using a simulation software would
allow modifications in the existing building which would investigate if the internal spaces would
be more comfortable after complying with all the rules. Since the house is built it would be

difficult to test the suggested maodifications in the actual house.

To explore which scientific rules|
could the basis to understand the
key principles o¥/aastushastra

Identify case
study homes
To identify key principles of
Vaastushastrahat are applicable i
hot and humid climate of Rajasth
and Dubai

Case stud
(Data
loggers)

Temperatureand To explore which scientific rules
humidity data (e  could the basis to understand th
collection key principles o¥aastushastra

: To investigate if there are any
el e benefits of applying the principlg

temerature and of Vaastushastrao homes built i
humidity Dubai
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To explore which scientific rule
could the basis to understand t
key principles oVaastushastra

To identify key principles of
Vaastushastrahat are applicablg
in hot and humid climate of

Rajasthan and Dubai

To explore which scientific rule
could the basis to understand t
key principles oVaastushastra

To investigate if there are any|
benefits of applying the principld
of Vaastushastrao homes built i

Dubai

To explore which scientific rules co
the basis to understand the key
principles oiVaastushastra

To identify key principles of
Vaastushastrahat are applicable i
hot and humid climate of Rajasth

and Dubai

To explore which scientific rules
could the basis to understand the K
principles oiVaastushastra

To investigate if there are any
benefits of applying the principles
Vaastushastrao homes built in
Dubai

Figure 32- Research methods connected to the research objectives.

0| Page



Chapter ThreeMethodology

3.31 Weather and location of Dubai

United Arad Emirates (UAE) is located between Oman and Saudi Arabia and located on the
Arabian/ Persian Gulf(CIBSE, 2014) The capital of UAE is Abu Dhabi, and Dubai is the second
largest state and shares borders with Sharjatbu Dhabi and Oman (Fig.3.2.). UAE is a dessert
and is predominantly a hot and humid climate, even though the humidity does not climb above

the highest average level of 65% (ClimaTemps.com, 2009) it is considered humid because the RH
level does not fall elow 55% throughout the year. There are two seasons in Dubai, summer and
winter. Summer lasts from May till October and the remaining months are relatively cooler which
is the winter season. The temperatures in Dubai range between 28°C to 36°C during thensner

with maximum temperatures touching 48°C in July or AugugfTalebn, 2014). While in the winter

it is average high of 23°C and low of 14°C. These aspects of the environment have a strong impact

on the research conducted andhe data gathered for this thesis.
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Figure 33- Location map of UARtps://geology.com/world/unitedarab-emiratessatelliteimage.shtml

3.32 Selection and location of the Case study homes
For the purposes of this thesis miesized dwelling spaces which are three or foubedroom
independent homes built on theprinciples of Vaastushastran Dubai were considered. The reason

for this selection was based on size of the house, its adherence to the principled/aastushastra

,,,,,

AT A OEA OEIiI EIl AOEOGU 1T &2 OEA OOAOO8 POl £FEhZe0w® 4EA AOA

650 sgm. which should be sizeable enough to record differences in comfort factors in different
parts/spaces of the house. If smaller houses were selected the space would possibly have similar
recorded measurements on all sides and parts becauseethimited dimensions would create

similar conditions in all corners of the house. Larger homes are very limited in Dubai, out of
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which very few are designed on the principles o¥aastushastraand therefore have been
Al EI ET AOAAS8 4 EA QOifiefem BobisedDndll bedkEpt shrar iFEler®s abthek

requirement to live in a house that is designed based on the principles @hastushastra This

pral
(@}

AT1T1TAAOO OEA OOAOOS EIT OAOI O T &# AAAADPOETI ¢ OEA OA

There was a selection iterion for the houses, which would help to identify which ones can be

used for the case studies. A total of 10 homes were approached to be a part of the study. The main

principles of orientation, shape of the house and locations of windows were primarilghecked in

all the housesOne of the challenges of the selecting the case study homes was that-siik

EIi A0 AEAT 80 EAOA AT OOOUAOAO AT A OEAOA xAOA 110 OI
with the other rules of Vaastushastra For this reason, thgresence of the courtyard was over

looked for the purposes of this thesiss AT OP1 A T &£ ET OOAO AEAT 860 I AOAE OE
were not used as case studies. It was important that the residents were comfortable being a part

of the study and that heir home would be anonymously documented in thesis. A couple of

residents were not comfortable with sharing their personal information and therefore these

homes were not included in the study. One of the houses was the same layout as another home

selectedfor the study and was in the same neighbourhood and therefore one of the houses was

not selected.

3ET AA OEA xAAOEAO ET $OAAE EO EI O AT A EO AT AOI 60 O
material used for the construction of shell of all the buses is concrete which includes a

combination of site caste concrete and concrete blockwork. The concrete brickwork used for the

construction of the site is inclusive of a layer of insulation which helps maintain the internal

temperature and conforms to ASHARE regulations. Since the climate is hot for majority of the

months the insulation helps to prevent the loss of the cooler indoor temperature to the outdoor

ambient heat. Windows can be the main source of loss of cool temperature or for internal heat
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gain, but most homes use double glazed glass panels which controls internal heat gain. When
these windows are placed in the appropriate direction, they can prevent excessive heat gain since

it is essential for homes to have windows.

All the selected homes g contemporary in appearance and therefore are not traditional in their
design features in terms of ornamentation. This is because these homes follow the principles of
Vaastushastran terms of design theories but not in terms of ornamentation or fagaded¢atments.

The ancient text was written so that it could be adapted to incorporate the developments in
technology and create built spaces that reflect these developments. Since the current style of

El OOET ¢ AT AOT 60 ET AT OBI OA @Actor farthd Hodsés@dletré&difor E O
investigation.

The homes were all located in residential areas in Dubai. The homes were located in three
different residential areas, Al Mankhool, Al Jafliya and Jumeriah 1. These areas are highlighted in
the map of Dubai seen in Fig. 3.4. Three of the five homes are located in Al Mankool, one is located

in Al Jafliya and one is located in Jumeriah 1. Each of the 5 selected case studies are discussed

further on in this chapter.
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Figure 34- Locations of Case Study hesn

3.4 Data loggers

The houses that were selected for the research complied with a variety @hastushastra
principles. Principles ofVaastushastracan be modified which means the architect who applies
them can interpret how the rules can be applied toray built space. A skilled and experienced
master architect (sthapati) will be able to decipher the principles and apply them successfully.
Therefore, the houses that were selected for the test were not all the same, there are minor

variations between all d them, but they all follow the core principles.

The aim of the study was to test if the houses built on the principles blaastushastrgprovided
comfort to the occupants of the homes. Since private homes were the main part of the study the
sight, sound and smell were not measured through data loggers, but through users experience of
the space by questionnaires. Two similar studies were carried out for homes in Kerala to
understand the comfort levels indoors(Dili, 2009) and the model of these studies was used as a

basis for the data collected from the 5 selected case studies.
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Data loggers were used to monitor only the temperature and humidity of the spacéBatton,

2002). Data loggers that wre used for the study are seen in Fig. 3.5. The loggers were placed in
four corners of the houseVaastushastreemphasises on eight directions (four cardinal and four
intermediate) of the house, monitoring all the eight directions might end up with similadata
collection therefore four intermediate directions were selected. In all cases if there was a window
present the logger was placed on the windowsill, if not it was placed at a similar height of 400 or
450mm. Location of the loggers can be seen indlplans of the case studies. By placing the
loggers on the sill, the impact of the window on all four sides (north, east, south and west) was
studied. If the corner of the house had one window, the logger was placed near the window. Heat
gain might be exagerated due to this purpose, but the windows in all the selected homes are
double glazed and tinted. To overcome the concern about too much heat gain the loggers were
placed at the ledge of the window and since the loggers are small in size the window ledg

prevents any direct heat gain.

Model: KG100

e X

Figure 35- Data loggers used to measure temperature and humidity

There are two seasons that occur in Dubai, which are summer and winter from which the former

lasts for 8 to 9 months and winter § short and lasts for 3 to 4 months. Both seasons will have an
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impact on the temperature and humidity levels measured in doors, therefore measurements were
taken once in each season, in summer and winter. The selected homes were tested in real time, by
placing data loggers at the various intermediate corners. The data loggers were used to measure
the temperature and relative humidity of the spaces for minimum duration of fifteen days. The
measurements were logged at regular intervals of 10 minutes in ordeéo understand the

fluctuation of the temperature and humidity in the spaces. Only one house (Case study 1) was
measured three times, once in the summer without aiconditioning, once in the summer with air
conditioning and once in the winter without air-conditioning. The remaining for case studies

were monitored twice. Data was collected from all five case study homes twice, once in summer

with the use of airconditioning and once in winter without the use of airconditioning.

The data for the external temgratures was taken from the local weather station web site.

Summer temperatures can be very high in Dubai ranging higher than 20 and not dropping

below 30°C. These temperatures make it very difficult for people to go outdoor or to stay indoors
without th e use of airconditioning, which made it difficult to record temperatures of the house in
the summer. One option was to place the data loggers in the case study houses when the
occupants were on holiday, but since there were different families they wouldogaway from the
house at different times in summer. To understand the impact that the design of the house had on
the internal temperature of the house the external temperature had to be a constant factor and
therefore it was important to conduct these tess on the same dates. External temperature was
used as the control aspect of the case studies. Each house follows the basic principles of
Vaastushastraand the loggers will help to understand the impact each design principle has on the
collected data. Theanomalies seen in some houses will help to understand the impact of

variations have on the recorded data levels if any.
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It was not possible to ask the occupants of all the homes to switch of the -@onditioning in the
homes during the summer, s@ne home was set up to test summer conditions without the use of
air-conditioning in the house. Case study 1 was selected as a test home as the occupants would be
away for 19 days and the aiconditioning would be switched off. This test was done in Jurfeom

17t June till 5h July 2016. It was tested at this time because it is one of the warmest months of the
year in Dubai. Before the temperature of the house was recorded it occupied which meant that
the air-conditioning was switched on before the loggers were set up and thei@e it was

important to switch off the air-conditioning before the loggers were placed in the house. Loggers
were set up in the house one day after the attonditioning had been switched off, results are
discussed under Case Study 1 without aitonditioning chapter 4.1. Care was taken that the
loggers were placed in the at the same location when the readings were taken in both summer

and winter seasons, since placing them in a different location could tamper with the results.

The loggers were placed in th case study homes during the summer and the occupants were
occasionally allowed to switch on the aiconditioning. Occupants of the house were asked to
maintain a log of the time that the airconditioning was switched on and off in the house and this
information was considered during the analysis of the temperature and humidity data collected.
Similarly, data loggers were placed in the house during the winter when the agonditioning was

not used. But during the winter months the airconditioning was switched off in all the houses.

Both these set ups show how the internal temperature and humidity levels vary based on the
climate outside, since the design principles of the house remain the same. It also shows if the use

of air-conditioning has a strong impat on the collected data.
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aspects such as, temperature, and humidity levels. The questionnaire use a migpproach, one
AO0T 1T O1 AAOOOAT AET ¢ QNidbiOeda., 2@ PainddHie Otler fEoin prétocddtd A A A
investigate indoor spacegRichardson, et al., 2006 0OAT OET OCE AAABDfaBt2de08 O AGDPA
is subject to their age and gender as these factors have an impact on the way people experience
spaces; this data of age and gender was not collected as this would create too many variations in
understanding the different levels of comfort thatwere experienced in the house. The
NOAOOEI T 1T AEOAO xAOA OOGAA AO A T AAT O OF O1 AAOOOAT A
AAOA OOOAU EI i AO8 &1 O OEA POODPTI OA T &£ OEEO OEAOEO O
generalized manner and nofnvestigated further based on personal preferences. The
NOAOGOEI 11T AEOAO xEAOA AAOGAT T PAA EOI I OAOGAAOAE PADPAO
residential spaces. One of the papers discusses comfort factors that need to be assessed in homes
(Richardson, et al., 2006)from which the appropriate criteria were selected, and few others were
added. Another paper discusses the quality of the indoor environment of green buildings, but
some of the factors measured were suitable for residaigial spaces and therefore were used in the

guestionnaires (Ravindu, et al., 2015)) A sample questionnaire is attached in the appendix.

The data collected from the guestionnaires can be used to understand the comfort levefdize

users of the house based on the compliance with the rules \ddastushastra(Chapter 5). Users

understanding of a space is based on their sensory experience of sight, smell, sound and touch.

1 0A7T OEOAOEOA AAOA OEAO E Oacknbwietigh ho® thdusdmsHelindigE 1 1T CCAO
space which is investigated through the questionnaires. Each of the senses were linked with

useable features of the house, sight was related to natural and artificial light, smell connected
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with the odours in and arourd the house, sound is associated to noise levels experienced and

touch is based on house the space feels regardless of measured temperature.

The questionnaire was divided into two sections, first was to identify the problems and the

second part was to une@rstand how occupants used the space. The first part asks the users if the

face any problems with levels of natural light, noise, high or low temperature, bad smell or stale

AEOh OOAOEA Al AAOOEAEOU AT A EOI EAEQiththesesdry OAAT T A P
experiences and whether their actions and the frequency of the actions changed based on the

season. For example, the users were asked how often they switched on-@nditioning during

the summer and winter months. These questions are Iked to the behaviour in the space which

helps to understand the impact the identified design principles had on the aspects of comfort.

Data collected from the questionnaires is interpreted in conjunction with the data collected from

the loggers to understand the impact the identified principles ofVaastushastrahave on the users.

3.6. Simulation Software Selected

4EA ET OOA OA1 AAGAA A O # A OAvaastuénasticbyt wad éompliantd ADDI U A
with many of the rules. It was important to understand the impact on the internal temperature

and humidity if all the rules of Vaastushastravere adhered to. Case study 1 was an existing house

and it was not possible to modify the physical house; therefore, this was tested with simulation on

a software. Modifications can be easily made and tested using simulation software (discussed in

Chapter 7) which shows the change in temperature achieved once the house was designed to

comply with the principles of Vaastushastra These modifications made to the cas#udy house

test which principles of Vaastushastrenhave an impact on in the internal temperature and

humidity.
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Since the tests were first carried out during summer it was difficult to judge if the data gathered
was reflective of the architecture or of he fact that the homes were constantly aiconditioned.

The temperature in the summer touches highs of 45°C with humidity levels of 65% and in such
situation, it is impossible for people not to use aiconditioning indoors. In order to overcome this
problem, a house which was going to be vacant for two weeks was identified and the data loggers
where placed in the intermediate corners. Real time measurements were taken in the house when
the temperature of the house was only dependent upon its design princigd and features and the
air-conditioning was switched off. The data collected did show some interesting findings, but
these circumstances could not be recreated in other test homes since it was difficult to find homes

which were built on the principles of Vaastushastraand would be vacant for two weeks.

The next step was to create the tested house using virtual reality software IES (Integrated
Environmental Solutions). There are many software that could have been used for the simulation
HEED, EnergyPlus,&PT, eQUEST, DesignBuilder, and IES. Out of all this software two are
commonly used for Building Performance Simulation (BPS) which are Energy but since I&%
janabi, et al., 2019) Various factors influence the reliabilityof the results from BPS software such
as data input quality, competence and knowledge of the user, applied methods in the simulation
software and over simplification of complex technologiegimam, et al., 2017)XChoi, 2017)

(Dodoo, et al., 2017)IES is a relatively simple software which can be saHught and similar to

other software that the author has used therefore it was selected.
The results generated from the softare are fairly accurate which helps to further investigate the
principles of Vaastushastra The software helps to replicate the conditions on site as closely as

possible, so that the data generated from the model was similar to the data collected frohet
physical site which can be seen in chapter 7.

All 5 case studies were monitored in the winter months for a period of 10 days. Since the outside

temperatures were cooler, the houses were monitored without the use of attonditioning. These
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homes were then simulated using IES software to compare the differences in the temperatures of
the real houses verses the simulations. Since the software has its limitations on replicating reality,
it was expected to find some variations in the data generated from th@fware. An acceptable
difference is an average of 10% variation between the data collected on site and the data
generated from the virtual software (Al-janabi, et al., 2019) With the given range of temperatures

of between 20°C and 40C the variation of 10% ranges between2°# h xEEAE AT AOT1 80 EAOA
significant impact on the results found from the simulation. Once this was successful it would be
possible to modify the virtual model to test any changes made to improwbee compliance of the
house with the principles ofVaastushastraand test if these changes would create more comfort

for the users. The virtual environment allowed for various changes to be made to the house and to
test if these changes had a positive @ negative impact on the data collected (discussed in

chapter 7).

3.7. Comfort factors examined in the case studies

&O0T i OEA OAOETI 6O EAAOI OO OEAO AAT AA OOAA O 1 AAOGO
factors that are used in this thesis are entioned below. These will be the factors which will be

measured in all the case studies, twice in the year, to understand if the residents are comfortable

in the space.

Sight is measured by the ability to be able to clearly see in a space by means ofunalt of artificial

Il ECEO8 . AOOOAI AAUI EGCEO EO Al AOOAT OEAI ZAAOT O OEA
can have an impact on the availability of natural light. This study will understand if the principles

of Vaastushastrahave an impacton the light levels experienced. The user of a space relies on

daylight (when available) or use of curtains to block it out and similarly use of artificial light when

daylight is unavailable. Light levels of a house can easily be modified to suit the ocanpand
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their preferences based on the activity carried out. For example, some people like to sleep during
the afternoon with the use of black out curtains and others prefer to read at night with artificial

light. The user can easily adapt light to suit thir needs in residential spaces.

SoundAi AGT 6060 OUPEAAI T U OAouU Oil | OAE xEOEET A EITA A

house are usually caused by its residents. Some noise that comes from the outside is filtered by

the timeitcanbe heardbyDEA T AAODPAT OO0 AT A OEAOA A& OA OET OI AT 80O
might be street or traffic noise which is dependent on the location of the house. When noisy

activities are carried out in the house, in most cases, all the occupants are a part of Hesvity or

are tolerant towards it. The sound level cannot be and should not be zero as constant silence is

not always very pleasant. Some sound is needed but this sound should be minimal and

nonintrusive. Sound is generated by the appliances in the hougéieating or cooling systems or

refrigerators or washing machines etc. and in Dubai due to the temperature outside the biggest

problem of noise at home comes from the constant use of aionditioning. This study will

examine if the design on the house hamn impact in the indoor temperatures which in turn have

an impact on the use of aiconditioning and therefore the sound levels within the house.

Smell is the level of pleasant or unpleasant odour that the user can detect. To an extent the

odours of thehouse are also largely controlled by the occupants since the activities in the house

determine the odours. At the same time there are some odourless gasses that are also harmful for

the people. These smells and gasses are typically constant in houses dralariation is usually

minimal depending on the air circulation of the house. The exceptions to this would be when the

Eil OOA EO | AET OAET AA xEOE | AOAOEAI O OEAO AT 1 OAET 61/
kitchen then cooking gasses and odws can be troublesome to the occupants. In the case of the

1 AOOAO AEO AZOAOEAT AOO j xEEAE AT160 AT 1 OAET 6/ #80Q
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Touch is the aspect of the study that reflects how the user feels in the space. There are many

factors that govern touch, from surface temperatures of the finishes used, to the clothing worn by

the inhabitants of the space and to an extent the way in which the space is biMicol, et al.,

2012). This thesis focuses to a largextent on this aspect, which is the way in which the built

OPAAA ET £ OAT ARAO Ei x OEA OOAOOGS #£AAl ET OEA ODPAAAS8
built space that have an impact on the temperature and humidity level and the comfort of the

users.

The reason for the selection for the case studies was that the users feel and the experience of each
of the houses was comfortable for the most part. The initial positive experience of the house was
based on various comfort factors that were felt in thepace without any data collection. The next
stage tested the comfort parameters by recording them. Even though each of the selected houses
complies with different rules but as a whole each of the houses can be considered compliant with

Vaastushastraand was therefore selected for the testing.

Key principles ofVaastushastraare identified in Chapter 2.3.8. Each of the 5 case studies are
discussed below in relation to these key principles. Two of the identified seven key principles of
Vaastushastrehave keen identified as being the same way to all five selected houses. These two
principles are, firstly none of the houses have a central courtyard present and secondly all the
houses use concrete as the main material for construction. It was difficult to findid-size houses
in Dubai which had a central courtyard, due to which none of the selected houses have this
feature. This is an important aspect o¥/aastushastraand therefore needs to be tested. Both these
features of use of courtyard and variation of magrial used to construct the shell of the building

will be tested in the simulation stage of the thesis which is in chapter 7.

A brief introduction to each case study is provided belowy
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3.7.1 Case study 1

Figure 36- View of main entrance from side walkFigure 37- South facade Figure 33- Covered car park

Figure 39- House entrance view with compound wallFigure 310- View of living room doors
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Figure 311- Case Study 1 Plans and Sections

The house selected for the first case study was a rgilze family home which was approximately
180mz; it is built on two levels with an internal staircase and an open garden space. The spaces in
the house include a kitchen, living room, dining room and one bedroom which has an attached full
bathroom and there is a shared guedbilet on the ground floor (Fig 3.11). The upper floor has the

2 bedrooms and each bedroom has an attached bathroom and is the private space of the house.
The house has trees to one side when seen from the main road (fig 3.6). The house sits very close
to the fence and the trees on the south and west side provide a fair amount of shade in the front of
the house. The staircase acts like a canopy to the entrance area so the space is fairly pleasant to

use in the cooler months of the year (fig 3.9).
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The cooling system used in the house is individual aiconditioning units. In addition to this the

house has a ceiling fan in the living space and floor fans around the house and these are used in
suitable weather conditions. The spaces most occupied in the housesarn the ground floor

which includes the kitchen, living room and bedroom. There are openable windows on both levels
of the house, of which there is a sliding glass door that opens into the garden area and is used as a

window.

The house is not thoroughlyaligned with all the rules ofVaastushastrabut does follow some of

the crucial ones which are the followingg

The orientation of the house has almost the correct orientation. The ideal orientation is that the
building should be oriented with the east wesaxis on the length of the building. This building is
oriented slightly so that the length is slightly away from the east west axis. The rotation of the
angle is 15°away from the east west axis which is within the acceptable limit of variation. Any
houseOEAO EO O1T OAOAA AxAu £EOiI i OEA AAOAET Al AEOAAOQOET

Vaastushastra

The proportions of the house itself comply with the proportions that are established by
Vaastushastraas the house is rectangular as an overall shapghe dimensions of the house are
14.5m by 11m and therefore the proportion of the house is 1:75. The southwest corner is cut in
this house which breaks the overall rectangular shape and is used to study the impact of irregular

shaped geometry.

The proportions of the house make it comfortable for the user even though it is a small space. The
house has been designed well which means that the internal spaces have been laid out well, so the
space is completely utilized. Even though the area is on the smalleAsh OEA ET OOA AT AO1 60

cramped when it is used.
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Placement and size of the windows . Some of the windows of the house are placed on east wall,

AOO OEAOA AOAT 860 AT U xETAIxO 117 OEA 11 00E xAll18 4E

largest space inthe house with the largest window that is placed on the south wall (fig 3.10). This
feature is not only a window but also a door to the backyard of the house. The largest window in
the house is placed on the west wall. There are a few windows on the soutlde too which is not

in line with the principles of Vaastushastra The window on the south wall is placed in the
staircase (fig 3.7). It is 2m x 6 m in height and it allows for natural light in the house. There are
two windows on the east wall, and thesare covered by the covered canopy which covers the car
park (fig 3.8). Windows on the south and west side will help determine of the impact these have
iT OEA OOAOOGS AT i £ OO 1 AGAI O ET OEA OPAAAS
Proportion of the rooms in the house also follow suggested poportions because each room is
rectangular in shape and is based on proportions that are recommended Yfaastushastra Even
though the rooms are rectangular they have a proportion of 1:85 up to 1:97, with the proportion

of a square room being 1:1. The concern is that some rooms are cut off at corners, this helps

examine if the pure geometry has an impact on the comforévels of the users.

The house hasvindows on the south and west side and these windows do not have any

window overhangs or shading devices. This will help to determine if heat is gained from these

sides of the building when shading is not providedandEO EAO Al EI PAAO 11

factors.
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3.7.2 Case Study 2

Figure 314- East facade of house Figure 315- South facade of house
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Figure.16- Case Study 2 Plans and Sections

The second case study selected bigger than the first case study in terms of size because it was

300mz2 with two levels, an internal staircase and open garden space. This house is set back from

the boundary wall and has a fair size garden in front of the housé&ig 3.12). there are a couple of

trees located outside the boundary wall of the house. The garden is located on the west side of the

house and has plotted plants as well as trees. This space is used by the occupants during the

cooler months of the year andluring the cooler times of the day. The space behind the house is

Oi AT1 AT A AT AOGT 60 EAOGA AT U OOAAOR AOO AT AO EAOGA Oi

the house include a kitchen, living room, dining room, a bedroom with an attached bathrocamd
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a guest toilet on the ground floor. The upper floor is the private space and has three bedrooms out

of which two have attached bathrooms and one bathroom is shared with the others.

Each of the rooms that are occupied have individually controlled aiconditioning units and the
corridor spaces do not have any operable cooling systems. No other cooling systems are used in
the house. The house has openable windows on both floors, with balconies on the upper floor (fig
3.13) with openable glass doors whiclare double up as windows allowing for natural ventilation

in the cooler months. The spaces that are most occupied are located on the ground floor which

are the living room, dining room, kitchen and the bedroom.

The house is compliant with the rules o¥aastushastrain the following ways z

The orientation of the house aligns with the cardinal directions and the length of the house
lines up with the north/ south axis which is acceptable invaastushastraVaastushastrastipulates
that the house should be Egned to the cardinal directions. This house will examine if the

orientation to the north south has an impact on the comfort levels of the users.

The proportions of the house are based on the proportions olVaastushastra the house is
rectangular in proportion which is one of the recommended ratios and shape. The house is 16m x

10.7m which gives an overall proportion of 1:66.

Placement and size of the windows . The windows in the house are on the north, east and west.
Windows on three sides help to determine if these windows have the expected impact on the
interior space and on the comfort levels of the users. There are two windows on the north wall,
and these are both located in the livening room. These windows are 2.4niX8m and allow
suitable natural light into the space during the summer, but during the winter the room can be a

bit darker. There is another window of the same size placed on the west wall of the living room,
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but this has a shading device. There are windes on the east wall which are the same size and
located in separate rooms to provide adequate natural light in both dining room and kitchen.
There are only two small windows located on the south wall on the ground floor of house which
are 0.9m x 1.5m (Fig3.14). By measuring temperature and humidity on all sides it is easy to
compare the recorded temperature and understand the impact that the design of the house has

on the internal space.

Proportion of the rooms in the house are rectangular and square andanatch the overall
proportions of the house; with the exception of the living room, which is longer than it is wider

and the proportion of this room is 1:48. The other rooms on the ground floor of the house are
almost square in proportion with ratios of approximately 1:92. Use of rectangular and square
geometries as the shape of the rooms and the house will help determine the impact these have on

the comfort levels of the users.

Windows on south and westsides. ) T OEEO ET OOA OEAOA MtehAdud O OT 1T 1 Al
OEAA 1T £ OEA EI OOARh EOOO OxI1 Oi All xET AT xO 11 OEA O
west wall of the house has two large windows, but these are recessed into the house and have an

overhang which can possibly prevent heat gain. Théze of these windows is 2.4m x 1.3 m. These

are set back by 1m and have an overhang on them as seen in fig 3.13. The readings from these

ODAAAO xEIl OEix OEA EIi PAAO OEA 1 OAOEAT O EAOGA 11
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3.7.3 Case Study 3

Figure 317- View from main road East facade Figure 318 South facade

Figure 319 North fagade Figure 320- West fagade
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Figure R1- Case Study 3 Plans and Sections

The next house is larger than the first two and is 650&in built up space. This house is also a two

storey house with an internal starcase and an elevator. The outdoor space is paved and could be

used for outdoor seating for large or small gatherings and has dedicated spaces for parking cars

i &EC o8pxQ8 4EAOA AOCAT 80 AT U ATl AT AT OO0 T &£ 1 AT AGAAPA
outdoor space from being used by the occupants since it is very hot for most part of the year. This

results in the space being used primarily as a car parking space. If there were some landscape

elements the occupants could have used the outdoor space whitre weather was conducive. This
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is the only house in the study that has windows on all four sides. The east fagade has some

OEAAET ¢ OOOOAOOOAO j &EGC8 o8pxq AOO OEA 1T OEAO OEOAA

The ground floor has the formal Wing room, formal dining room, casual dining room, guest
bedroom, kitchen and storeroom. The upper level has the casual living space and four bedrooms
each with an attached bathroom. There is a central void in the house where the staircase is
located whichmakes the family room on the top floor an open space where all the sounds of the
house can be heard. The house has central air conditioning units with individual controls for each
room. There are no other cooling systems used in the house. The house duge openable
windows that can be used for cross ventilation when the weather gets better. The spaces that are

most occupied are the living room and bedrooms that are on the upper floors.
The house is compliant with the rules o¥/aastushastran the following waysz

The orientation of the house aligns with the cardinal directions and the length of the house

lines up with the north/ south axis which is acceptable principle oVaastushastt8 4 EEO EOTI 6 0 OE/
most ideal orientation of the house, but it is onef the options that can be used. It is important to

understand the impact that orientation has on the house and it will be examined though this case

study.

The proportions of the house are based on the proportions olVaastushastrathe house is
rectangular in proportion which is one of the recommended ratio and shape. The house is 24.6m X
14.8m which has a proportion of 1:60 which is more towards which is close to golden ratio of
1:618. This is one of the factors that is unique to this house and the datallected will check if it

EAO AT U EIi PAAO 11 OOAOOG AT i &£ 00 1 AOAI 08
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Placement and size of the windows . The windows in the house are on all sides therefore are

seen on north, south, east and west sides. Larger windows are of the size 2.2m by 2.4m in height

These large windows are located on all sides of the house (Fig 3.17, 3.18, 3.19, 3.20). According to
Vaastushastrahese are acceptable on the north and east abut not on south and west facades.

Many of these windows have a decorative arch on them which representative of the

AOAEEOAAOOOA OAAT ET $ OVaAskishasiraTheke@re oe sodlID OAOAT OAOQEO
windows on north east and west facades too and these are mainly to ventilate the bathrooms.

Smaller windows are 1m by 1.5m and are partiallppenable for ventilation purposes. Windows

on all sides help to determine if these have the expected impact on the interior space and on the

comfort levels of the users.

Proportion of the rooms in the house are rectangular and square, the rectangular roosare
similar to the overall proportions of the house and the square rooms are different in proportions.
The rectangular rooms such as the living room, dining room and kitchen have the proportion of
1:5 which makes the room twice in length than in width. Tie length of these rooms is
approximately 9m while the width is about 4.5m each. The bedrooms on the other hand have the
proportions of 1.7 with the sizes of 6.5m by 4m and more. Combining both proportions of spaces

on the ground floor might have animpact T OEA OOAOOG8 AT 1 A&l 008

Windows on south and west sides. The house has windows on the south and west side, but
these windows do not have any window overhangs or shading devices (Fig 3.18, 3.20). This will
help determine if there is heat gain from these dies of the building and if it has an impact on the

OOAO08 Al i £ OO0 EAAODI 008
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3.7.4 Case study 4

;-L-‘( - __,
Figure 322- View from the street Figure R3- South facade

Figure 4- South and east facade  Figure 5 West facade
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Figure 326- Case Study 4 Plans and Sections

The fourth house is also larger and haslauilt up of 550m2 built up space. This is a twestorey
house which has two sets of internal staircases and one elevator. This house is part of a
compound of three villas and therefore sharing its compound space with the other houses. The
shared compound spce is primarily used as car parking space and each house has its own deck
space which is used for outdoor private sitting in the cooler months. The outdoor space is
hardscaped for the most part with some trees, potted plants, shrubs and a small patchaivh

(Fig 3.25). There are a few trees that are seen from outside the house and these are located

outside the property (Fig.3.22).
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4EA CAT 1 AOOU T &£ OEA EI OOA EOTI 860 Al AGAAO ONOAOAN
close to a square shape. THeouse is a fourbedroom house with the private spaces on the top

floor and the semiprivate spaces on the ground floor. The lower floor has an entrance lobby that

has a double height void, one staircase that leads to the upper floor and another stairctsat

leads to the basement level. The ground floor has the formal living and dining space with a guest

toilet, kitchen and office and a room that is used as a temple. The upper floor has all the bedrooms

and each of the rooms have attached bathrooms. Masiource of cooling in the house is the central

air- conditioning and each space has a control of its own. No other cooling systems are used in the

house. The house does have openable windows that can be used for cross ventilation when the

weather gets bette. The spaces that are most occupied are the living room and the office on the

ground floor and the one of the bedrooms on the first floor. The remaining bedrooms are not used

as much since only one couple lives in the house.
The house is compliant with he rules ofVaastushastran the following ways z

The orientation of the house aligns with the cardinal directions and the length of the house
lines up with the east west axis which is a core principle d&faastushastra Since the house is close
to the proportions of a square, either dimensions of the house are similar and therefore can be
considered as the length of the house. For this study we will consider that the house is aligned
with the east and is therefore highly recommended in terms of alignment ith the cardinal

directions.

The proportions of the house are based on the principles oVaastushastra especially since the
house is of square proportions. Both the length and width of the house are approximately 16.5m

which gives the house the proportims 1:98.
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Placement and size of the windows 8 4 EA ET OOA AT AOG1 60 EAOGA OiI1T 1T ATU
FAe AAA xEEAE OET xO 11 OEA PIATO 1T /&£ OEA EI OOA8 3ETA
the part of the house that connects with the neighbouringloOAOh EO xAO1 8O DET O COA
pictures show the other part of the house that has many windows. The building looks like one big

house but is 3 houses built together, part of the neighbouring house can be seen in fig.3.22.

Majority of the windows are placed on the east facade (Fig 3.24), with a couple of windows on the

south facade and openable glass doors on west side (Fig 3.25). The room in the northwest corner

p2

EO OEA TT1uUu TTA OEAO AT AOT 60 EAOA AT U xEl Al xh OEI

houses.

Proportion of the rooms in the house for most of the rooms are either rectangular or square,

(@]
(@}

AoAADPO &I O OEA Oii1i ET OEA O1 OOEAAOO xEEAE Al AOT &
room and the office are close to square proportions wit proportions close to 1:98. The room in

the southeast corner is longer in length compared to its width and has a proportion of 1:61 which

makes it an irregular room. The kitchen is in the northeast and has a proportion of 1:4 which is

also not an acceptale proportion. The placement of the irregular shaped room in the house will

help determine the impact it has on the comfort levels created in the house.

Windows on south and west sides. The house has windows on the south and west side and

these windows donot have any window overhangs or shading devices (Fig 3.23, 3.25). The dining

OiiTi xEEAE EO E1 OEA 11 OOExAOO AT O1T AO 1T /&# OEA EI O0OA
through the door that opens onto the deck. This will help determine if there is heat gafrom

OEAOA OEAAO 1T &/ OEA AOEI AET ¢ ATA EAZ EO EAO Al EI PAA
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3.7.5 Case study 5

Figure 8- West facade
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Figure 329 Case Study Hplans and sections

The last house selected as a case study has a bujitarea of 450n%. This is another twostoried
house which has an internal staircase and outdoor green space. The house is a row house and
shares compound walls on the north and south sides. The space in front of the house is used for
parking and has a small front garden and a patio at the back with an outhouse. The house feels
like a big open space on the ground floor because the living roomadining room open into each
other. The bedroom on the ground floor and the store are not noticeable when you enter the
house. The backyard space is on the west side of the house but is relatively cooler in the winter
months and therefore is used as a saigathering space. This is used both by the family and by

guests as a space to relax and interact. The backyard and the front garden have some trees and
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shrubs (Fig 3.27, 3.28). The upper floor provides a small overhang to the backyard on the ground

floor.

The ground floor has the living room, dining room, kitchen and a bedroom with an attached
bathroom. The upper floor has four bedrooms which each have attached bathrooms. The cooling
system used in the house is central aiconditioning with individual c ontrols for various rooms or
spaces. There are no other cooling options available in the house. The space most occupied on the
ground floor is the living room and on the first floor are the individual bedrooms. There are
openable windows on both levels othe house, of which there is a sliding glass door that opens

into the garden area and is used as a window.

The house is compliant with the rules o¥/aastushastran the following ways z

The orientation of the house aligns with the cardinal directions andthe length of the house
lines up with the east west axis which is a core principle &faastushastra The house is
rectangular in proportion and the width aligns with the north south axis which follows the

principle of Vaastushastra

The proportions of the house are rectangular and is in proportion the ratio suggested in
Vaastushastra The dimensions of the house are 18.5m x 14m which gives the house a proportion

of 1:75 which is similar to the proportions of case study 1.

Placement and size of the windows. 4 EA ET OOA AT AOT 60 EAOA O11 1 AT U xE
O0OOAU OEA Ei PAAO OEEO Ai T AEOCEIT EAO 11 OEA ET OAOTA
windows are located on the east side (Fig 3.27), with a couple of windows on the west side (Fig

3.28). The windows on the east fagcade are 4.2m by 1.3m. On the west facade there is a large
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window which is also a door and has the dimensions of 4.2m by 3m. The kitchen has a smaller

window which is 2.2m by 1.3m (Fig 3.28).

Proportion of the rooms in the house rooms are either rectangular or square which follow the
rules of Vaastushastra The living room is of rectangular proportions of 1:75 which is similar to
the overall proportions of the house. The dining room has square proportions since both the

length and width are approximately 6m and has a proportion close to 1:1.

Windows on south and west sides . The house has windows on the west side and one of the

xET AT xO0 EAO A Oi Aill AOAEEOAAOOOAI 1 OGAOEAT ¢8 4EA
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Chapter Four: Understanding User Comfort through Data Collection

4.1 Introduction

This chapter examines the dat collected from the temperature and humidity loggers that were
paced in the case study homes. The first part of this chapter discusses the data collected from case
study 1 during the summer without the use of airconditioning. The second part shows the da
collected from all five case studies homes during the summer but with the use of @onditioning.

The third part shows the data collected during winter months and without the use of air

conditioning.

To test the principles ofVaastushastrdive homeswere selected for case studies which were
compliant with the principles of Vaastushastraas discussed in chapter 3.7.1 to 3.7.5. The aim of
the data collection is to compare the temperature and humidity readings between summer and
winter months. During the winter months the houses did not use aiconditioning, which shows

the impact the principles ofVaastushastrehave on the indoor spaces. Whereas in the summer the
air-conditioning was operational in the house. Data loggers that are used in the case stsdage
discussed in chapter 3.4. For external temperatures the data was taken from the weather station

website weather underground(Anon., 2019).

The trends in temperature during both the seasons are seen in this chapter fromhich we can
start to identify the impact key principles ofVaastushastracan have when applied to homes in
Dubai. As explained in chapter 3, the house selected for case study 1 was studied under 3
different circumstances once in the summer without airconditioning, once in the summer with
the use of airconditioning and once in the winter without the use of airconditioning (Table 4.1).

The first house was monitored three times because it was empty in the summer therefore could
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be monitored without the useof air-conditioning. Since the remaining homes were not empty at

OEA OAT A OGEiI Ah OEAU x AOAIicdnditiohing] THeSd tanpekaturesvizie | O O
then used to verify the simulation studies carried out in chapter 7. Data loggers were placedthe
remaining four houses twice, once in summer with abiconditioning used by the occupants and

once in the winter without the use of airconditioning. The five were also modelled using the

simulation software to verify the data generated.

Case Study  Summer without ak Summer with ak Winter without air
Number conditioning conditioning conditioning
1 \% \ V
2 Vv Vv
3 \Y Vv
4 \Y V
5 \Y Vv

Table 41- Circumstances when data was collected in the case study homes

All the case studies were selected based dmeir compliance with the rules of Vaastushastra The
houses that have been selected for the thesis exhibit different applications of the rules of
Vaastushastra Criteria for selection of the case study houses is based on the variation of the rules

of Vaagushastrawhich have been discussed on Chapter 3.7.3.7.5.

42. Case Study 1 data collected without aiconditioning

The first case study was set up in a house (described in Chapter 3) that was vacant for twenty
days (16/06/2016 till 05/07/2016) and therefore it was possible to understand the impact the
design of the house had on the internal temperature and humidity when aitonditioning was not

used in the houseTemperature and humidity data loggers were placed at the four intermediate
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directions of the housez northeast, southeast, southwest and northwest. The rules of
Vaastushastrasuggest that the north side of the house (northeast and northwest) should be
cooler than the south side of the house (southeast and southwest) if the opegmof the house are

as recommended in the manuscripts.

This case study was set up to understand the impact on the internal temperature and humidity
levels when the house follows most of the key principles &faastushastra The exceptions to the
principles in this house are that some of the rooms are not rectangular but with a corner that is
cut off which breaks the basic geometry of the shape. The house also has windows on the south

and west side which are not covered by overhangs.

Case Study 1 w/o agondition
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Figure 41- Internaltemperature compared to external temperatui@ase Study 1
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Average internal and external temperature
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Figure 43 - Average internal and external temperatw€ase Study 1
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The data collected from the house shows the following

The temperature inside the house steadily gets warmer as the days progress, since the air

conditioning is switched off and tre internal temperature gets progressively warmer through the

subsequent days (Fig. 4.1). The maximum internal temperature appears to cap off at 38°C.

)y T OAOT Al OAI PAOAOOOAOG OAAT OAAA AT AOG 11 0 OEOGA O11T E
30°C. Theprinciples of the design of the house appear to help to maintain the house within 8°C

variation of temperature, even without the use of airconditioning. Even though these

temperatures are higher than the accepted temperature range of 22.5°C and 26°Chie summer

when the recorded humidity is 50%, the study shows that the internal temperature can be

maintained within a limited range.

External temperature climbs at a much faster rate than the internal temperature gain, the internal
heat gain happens at a very gradual rate. Similarly, the external temperature drops at a much
faster rate compared to the rate at which heat from the house iost, this could be caused by the
insulated concrete which prevents the internal temperature from increasing or decreasing

rapidly and simultaneously with the external climate.

Average temperatures from all four directions reflect that the north side isooler than the south

side, but the northwest is cooler than the northeast by an average temperature of 0.9°C and there

EOT 60 O11T i1 OAE OAI PAOAOOOA AEEEAOAT AA AAOxAAT OEA
reflect the fact that the house is oented as per the principles olVaastushastrawhich is that the

length of the house is aligned with east west axis. This could be reflective of the fact that the

Ei OOA EOI 60 PAOEAAOI U Al ECT AA Ol°.TiieEdithwe&roohET AT AEOA
EO OEA xAOi AOGO oOiiTih xEEAE AT OI A AA AOGA Oi OEA EAA
geometry and the angular cut in the room is of significant proportion. Average external
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temperature recorded was 36.2°C. The northwest side is 2.2°C lower imt@erature than the
average external temperature which is the coolest side of the house. Similarly, the southwest is

the warmest side and is cooler than the outside by 1.6°C.

This theory will be tested in the chapter 8 that investigates this house througsimulation
software. In chapter 8 this case study house will be modified multiple times to observe the

internal temperatures when the house is designed based on all the principles\daastushastra

Average difference in temperature between the hottest sidésouthwest) and the coolest side
(northwest) is 0.7°C (Fig.4.3). Average indoor temperature is lower than the average external
temperature, but the opposite happens with the average internal humidity. The average external
humidity is lower than the average internal humidity with the southeast measuring the least
average difference of 5% RH and the northwest recording the highest average difference of 9.6%
RH (Fig 4.4). Humidity recorded in the house is higher than that recorded outside with only the
southeast side measuring humidity lower than 50%. The northwest has the lowest recorded
temperature but the highest recorded humidity level. But the southwest has the highest recorded

OAI PAOAODBOA ADOO EOI 6060 OEA 11 xAOO &£ O OEA EOIi EAEOUS

Date 16/6 17/6 18/6 19/6 20/6 21/6 22/6 Standard
Deviation
8.1 4.1 1.7 0.6 0.6 1.2 2.8

Average

Temperature

Variation 2.7
Table 42- Case study 1 temperature variation for week 1 withoutainditioning

Date 23/6 24/6 25/6 26/6 27/6 28/6 29/6 Standard
Deviation
2.2 2.3 1.6 1.6 0.7 0.1 2.3

Average

Temperature

Variation 0.8
Table 43- Case study 1 temperature variation for week 2 withoutainditioning
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Date 30/6 1/7 217 3/7 4/7 5/7 Standard

Deviation
Average| 1.2 -0.1 -1.1 -09 04 04
Temperature
Variation 0.9

Table 44- Case study 1 temperature variation for week 3 withoutainditioning

Temperature variations between external and internal temperatures in case study 1 are high at
the beginning of the study at 8.1C, averaging at ZC through the middle ofthe study and falling to
approximately 0.5°C towards the end (table 4.24.4). Towards the end of this study the internal
temperature is warmer than the external temperature by a maximum of approximately 2but this
ET AOAAOA AT AOT 60 duralitedperatird stadtAt@dioh after@ Bédchek thed
maximum. Even though the exterior temperature continues to be high the internal temperature
appears to stabilise within the data collected. The maximum difference in temperature is 81
which is seen @the beginning when the house is relatively cooler because of the use of-air
conditioning in the space. The minimum difference in temperature isl.1°C (Fig. 4.4) when the
house is warmer than the outside. The standard deviation of the temperature for eagveek is
mentioned in each table 4.2,4.3 and 4.4 and the standard deviation for all the days is 2.01. The
standard deviation is higher during the first week of study at 2.7 and drops to below 1 for the
next two weeks. The internal temperature staysatabiCEA O OAT CA AOO AT AO1 80O OAO

the air-conditioning is off for a week.

43. Test Data Recorded in 5 Case Study Homes (Summer)

To investigate the impact of principles olaastushastraurther the study was repeated in five
houses including thehouse from the first case study. The difference was that the occupants were
using the airconditioning throughout this study. These case studies were carried out in the

summertime (01/08/2016 till 08/08/2016).
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The data gathered by placing the loggers irhe five houses and the observations from this data is

shown below-

Case Study 1 Summer Temperature
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4.3.1Case study 1 with the use of aicondition
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Figure 45- Internal temperature compared to external temperatu@ase Study 1 with A/C
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Case Study 1 Summer Humidity

Optimum Internal hymidity
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Figure 46 - Internal humidity compared to external humidit§ase Study 1 with A/C
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Average internal and external hunidity
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Figure 48- Average internal and external humiditCase Study 1 with A/C

External temperature climbs at a much faster rate than the gain in internal temperature but gain

ET AgOAOT A1 OAI PAOAOOOA AT AOT1 60 AEOAAOI U OA&EI AAO 1
internal temperature is maintained at a lower temperature since tk air-conditioning is

operational based on the needs of the occupants. The internal temperature is maintained at an

average of 33.4C with the use of airconditioning which is similar to the average temperature

recorded in the same house without the use dfir-conditioning at 34.9°C (fig.4.3). This helps to

understand that even with occasional use of aiAT T AEOET T ET ¢ OEA OAI PAOAOOOA ¢

drastically.

Northeast side is the coolest side while the southwest is the warmest side of the four selected
intermediate directions (fig.4.7). The southeast is expected to the be the warmest side, but in this

house the southwest is recorded as warmest because the geometry of the room is not pure
135| Page



ChapterFour: Understanding User Comfort through Data Collection

rectangle. Average temperatures from all four directions reflect thathe north side is cooler than
the south side, but the northeast is cooler than the northwest by an average temperature of 3°C
and the southwest is warmer than the southeast by 1°€. Average difference in temperature
between the hottest side which is the southwest and the coolest side which is the northeast is

6.5°C.

Average external temperature recorded was 39.5°C and the average internal temperature
difference ranges from 5.9°Cni the southwest to 12.4°C for the northeast sides. The graph shows
that the house is higher in humidity, which is probably due to the use of agonditioning, as the
lower internal temperature is a cause for the humidity to rise. Average indoor temperaturis

lower than the average external temperature, but the internal humidity is higher inside the house.
The southeast measures the least average difference of 1.3% RH and the northeast recording the
highest average difference of 11.9% RH (fig 4.8). The exgted humidity range would reflect the
pattern seen in the temperature, but the southwest direction is not the lowest humidity as
AopAAOAA AOO EO xAO OEA O1 OOEAAOO8 4EEO Al OI A AA
conditioning unit and is cooledbased off the airconditioning in the rest of the house. Other than
that, the northeast is the highest humidity which reflects the fact that northeast is the lowest

temperature and the fact that the airconditioning unit is placed in this room.

Both studies of this house show that the north side has a lower average temperature than the
south side which links to the principle ofVaastushastrahat emphasises on the suitable
orientation of the house. It shows that even with the use of aitonditioning the temperatures on
the south side are higher which could be due to the windows on this side. Similar to temperature
the humidity is higher on the north side than on the south side as the agonditioning reduces the

temperature in the space but increases thhumidity levels.
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Date 1/8 2/8 3/8 4/8 5/8 6/8 718 Standard
8/8 Deviation

Average| 7.2 8.9 95 101 8.2 8.5 9.3
Temperature
Variation 9.9 0.9
Table 45- Case study 1 temperature variation in summer withanditioning.

The standard deviation in the house is under 1 at both times during the summer, when the air
conditioning is off (table 4.3,4.4) and when the akconditioning is on (table 4.5) which shows that
the principles of design have an impact on the internal tempeatures. The variation is seen in
table 4.2 where the standard deviation is high, but this is probably linked to the fact that the air
conditioning was on before the temperatures were recorded. The highest internal temperature
variation with the air -conditioning on is 10.1 and lowest is 7.2 which is different from the

variations noted during the summer when the airconditioning is off.
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Case Study 2 Summer Temperature
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Figure 49 - Internal temperature compared to external temperatu@ag Study 2 with A/C
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Figure 411- Average internal and external temperatw€ase Study 2 with A/C
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Figure 412- Average internal and external humidiZaseStudy 2 with A/C
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The internal temperature of each room stays within a band of°® expect for the southwest room
which shows fluctuation in temperature (fig.4.9). The house maintains the temperature lower

than 39°C with an average internal temperature of 8°C even with the airconditioning

operational occasionally. Northeast side stays the coolest side and southeast is the warmest of
the four selected intermediate directions which is the expected outcome based daastushastra
Average temperatures from dlfour directions reflect that the northeast is cooler than the

northwest by an average temperature of 0.3°C and the temperature difference between the
southwest and southeast is 4.8C. Average difference in temperature between the hottest side of
the house which is southeast and the coolest side which is the northeast is 7.5°C. Average external
temperature recorded was 39.5°C and the average internal temperature difference ranges from

8.1°C to 0.6°C for the northeast and southeast sides respectively.

The average internal humidity is higher than the external humidity with the expectation of
southeast side (fig. 4.12). The southeast is lower than average external humidity with a difference
of 2.6% RH and the northeast recording the highest average differeno€5.9% RH. The expected
humidity range does reflect the pattern seen in the temperature; the southeast direction is the
1TxAOO EOI EAEOU AO AgpAAOAA8 4EEO AT Ol A- AA AOGA
conditioning unit and is cooled based dfthe air-conditioning in the rest of the house. Other than

that, the northeast is the highest humidity which reflects the fact that northeast is the lowest

temperature and the fact that the airconditioning unit is placed in this room.

Date 1/8 2/8 3/8 4/8 5/8 6/8 7/8 Standard
8/8 Deviation
Average| 3.8 3.9 6.3 7.2 6.0 5.2 5.0
Temperature
Variation 5.8 1.2

Table 46- Case study 2 temperature variation in summer withainditioning.
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The standard deviation of thesecond case study is higher than the first which shows that the
variation in principles has an impact on the internal temperatures. The highest average

temperature variation is 7.2°C and the lowest is 3.8 (table 4.6).
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4.3.3Case Study 3 withlte use of aircondition
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Figure 413- Internal temperature compared to external temperatu@ase Study 3 with A/C
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Figure 415- Average internal and external temperatw€ase Study 3 with A/C
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Figure 416- Average internal and external humiditfase Study 3 with A/C
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Internal temperature of the house rises during the day androps in the evening almost
simultaneously with the external temperature, even though the aiconditioning was operational,
unlike the other studies the temperatures in case study 3 rise and fall through the day. The

recorded temperatures were averagely tgher than 35°C (fig. 4.15).

The northeast side staying the coolest side and the southeast the warmest of the four selected
intermediate directions (fig.4.13). Average temperatures from all four directions reflect that the
northeast and northwest average émperatures are very similar and the temperature difference
between the southwest and southeast is 1°€. Average difference in temperature between the
hottest side which is the southeast and the coolest side which is the northeast side is 2.4°C.
Average eternal temperature recorded was 39.5°C and the average internal temperature
difference ranges from 1.8°C to 4.4°C for the southeast and northwest sides respectively. The
graph shows that the house is higher in humidity which is due to the use of aionditioning,
which means that in this house the akconditioning is unable to reduce temperature but keeps

the humidity high.

The average external humidity is lower than the average internal humidity with the southeast

measuring the least average differencef®.1% RH and the southwest recording the highest

average difference of 10.9% RH (fig. 4.16). The expected humidity range would reflect the pattern

seen in the temperature, but the southeast direction is lowest humidity as expected but the

T 1T OOE x A Gddordiiristéald thedhighest humidity it was recorded in the southwest. This could

AA AAAAOOA OEA OiI OOE OEAA EO OEEO EI OOA Ai160 EAOA

increases the internal temperature and humidity.
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Date 1/8 2/8 3/8 4/8 5/8 6/8 718 Standard
8/8 Deviation

Average| 2.1 1.9 49 51 34 33 29
Temperature

Variation 3.8 1.1
Table 47- Case study 3 temperature variation in summer withanditioning.

The standard deviation for case study 3 is higher than 1 with the minimum temperature variation
at 2.1°C and the maximum at 5.1°C. variations in temperature reflect that the house has windows

on all sides, which causes heat gain at different times of thayl

4.3.4Case Study 4 with the use of aiconditioning

Case Study 4 Summer Temperature
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Figure 417- Internal temperature compared to external temperatu@ase Study 4 with A/C
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Case Study 4 Summer Humidity
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Figure 418- Internal humidity compared to external humiditgase Study 4 with A/C
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Average Internal and External Humidity
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Figure 420- Average Internal and External Humidity Case Study 4

Similar to case study 3, internal temperatures fluctuate through the day. But unlike case study 3

the internal temperature ofthe H OOA AT AOT 8O0 ET AOAAOA AAUICiA AT AOAO

any of the four corners, though individual rooms record a higher temperature during some parts

of the day (fig.4.17).

Northwest side is the coolest side and northeast is the warmest side which close to the
temperature of the southeast side when understanding the average of the four selected

ET OAOTI AAEAOA AEOAAOGEIT O j ZEC818pwd8 ! OADACA
that the north side is cooler than the south side. Irhis house northeast and southeast sides are
warmer than the northwest and southwest sides. The reason for this could be that the proportion
of the room in the northeast are not matching the recommended proportions (see discussion in

chapter 3.7.4)
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Averagedifference in temperature between the hottest side which is the northeast and the

AiT1 AOO OEAA xEEAE EO OEA 11 O0OExAOO EO ¢80J#8 4EA
northwest side, which is probably the reason why that has the lowest temperature in ¢hhouse.

The average internal temperature difference ranges from 14.4°C to 8.1°C for the northwest and

northeast sides respectively (Fig 4.19).

The graph shows that the house is higher in humidity, which is due to the use of-@ionditioning,

as the lowerinternal temperature means humidity levels will be higher.

The northeast has the lowest humidity with a difference of 7.0% RH and the northwest records

the highest average difference of 18% RH (fig. 4.20). The expected humidity range does reflect the
pattern seen in the temperature, the northeast direction is the lowest humidity as expected which
reflects the fact that northeast is the highest temperature and the fact that the atonditioning

unit is placed in this room.

Date 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 Standard
Deviation
Average| 13.2 128 16.1 17.0 158 155 151 157
Temperature
Variation 1.4

Table 47- Case study 4 temperature variatiomsummer with aiconditioning.

The standard deviation of this house ishe highest at 1.4 with the highest temperature variation

at 17°C and the lowest difference is 12&.
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ChapterFour: Understanding User Comfort through Data Collection
Case Study 5 Summer Temperature

4.3.5Case Study 5 with the use of aiconditioning
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Figure 421- Internal temperature compared to external temperatu@ase Study 5 with A/C
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Figure 422 - Internal humidity compared to external humiditase Study 5 with A/C
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Figure 423- Average Internal and External Temperatu@ase Study 5
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Figure 424 - Average Internal and External HumiditZaseStudy 5
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Individual rooms record different temperatures in this house, but the average temperature in any
oriTi1 AT AOT 8cxiighad Avkrage ergperatures from all four directions does reflect
that the north side is cooler than the souttside. In this house the northeast and northwest sides

are cooler than the southeast and southwest sides (fig. 4.21).

Average difference in temperature between the hottest side which is the southeast and the
coolest side which is the northeast is 4.4°C. Thmuse has windows on the east and west axis
which could be the reason it maintains a lower temperature (Chapter 3.7.5). Average external
temperature recorded was 39.5°C and the average internal temperature difference ranges from

12.9°C to 8.5°C for the nvheast and southeast sides respectively (Fig 4.23).

The graph shows that the house has higher internal humidity which is due to the use of -air
conditioning, as the lower internal temperature means humidity levels will be higher (fig.4.22).
The southeastmeasuring as the lowest humidity with a difference of 6.2% RH and the northeast
recording the highest average difference of 17.8% RH (fig.4.24). The expected humidity range
does reflect the pattern seen in the temperature. The southeast direction is theWest humidity

as expected which reflects the fact that southeast is the highest temperature and the fact that the

air-conditioning unit is placed in this room.

Date 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 Standard
Deviation
Average| 9.2 10.7 87 108 122 114 121 111 1.3
Temperature
Variation

Table 48- Case study 5 temperature variation in summer withainditioning.

Standard deviation for case study 5 is 1.3 which is the second highest noted amongst the five
houses. Thdowest temperature variation in this house is recorded at 8.7C and the highest

temperature variation is at 12.2C between the internal and external temperatures.
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4.4 Test Data Recorded in 5 Case Study Homes (Winter)

The temperature and humidity study forall five houses was carried out during summer months
and due to temperature outside the occupants could occasionally use -@onditioning indoors. To
verify the trends seen in the summer months temperature and humidity loggers were set up in
the five houses in the winter (18/01/2017 till 28/01/2017). The winter months have lower
external temperatures than summer, so the occupants kept the agonditioning off during winter
months for the duration of the data collection. Following graphs show the temperates of five

case studies for each intermediate direction during the winter.

4.4.1Case Study 1 during Winter
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Figure 425 - Internal temperature compared to external temperatu@ase Study 1 without A/C
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House 1 Winter Humidity
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Figure 426- Internal humidity compared to external humiditgase Study 1 without A/C
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Average Internal and External Humidity
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Figure 428 Average Internal and External HumiditCase Study 1

Average internal temperature of thenortheast, northwest and southwest corners, stay close to

the optimum internal comfort level of 22°C and do not exceed 2%, without the use of aif

conditioning (fig.4.27). The southeast is the only corner that records temperatures higher than

35°Cwhichid BT OOEAT U AAAAOOA T &£ OEA 1 AOCA xET AT x OEAOQO £
device (fig.4.25) See the discussion in chapter 3.7.1. Even though the southeast temperature rises

much further than the other temperatures, the average recorded temperaturesi24.4£C which

EOT 60 O11T | OAE EEGEAO OEAT EECEAO °d e dodhedstE OEA AAA
temperature sees a massive spike in temperature around 10am every day which rises abové@0

or more. A couple of factors cause this effedir stly that the house has a window in the southeast

corner. Secondly, there is a large window on the southeast fagade which creates heat gain,

therefore resulting in a spike in temperature which drops quickly as the sun changes it position.
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Due to the lowe external temperature the humidity levels both inside the house and outside are

high which is expected (fig. 4.26 and fig. 4.28).

Date 18/1 19/1 20/1 21/1 22/1 23/1 24/1 Standard
25/1 Deviation

Average| 24 1.2 0.8 0.1 0.1 14 34
Temperature
Variation 3.9 15
Table 49- Case study 1 temperature variation in winter without-eimnditioning
The standard deviation of this case study in the summer months is under 1 and 1.5 (tabl@)y.
during the winter months which is the highest difference in standard variation for this house.

This means that the house is warmer in the winter and cooler in the summer.

4.4.2Case Study 2 during Winter
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Figure 429- Internal temperature compared to external temperatu@ase Study 2 thiout A/C
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House 2 Winter Humidity
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Figure 430- Internal humidity compared to external humidi@ase Study 2 without A/C
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Average Internal and External Humidity
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Figure 432- Average Internal anéxternal Humidity Case Study 2

Similar to Case study 1 average internal temperatures of the northeast, northwest and southwest
corners stay close to the recommended internal comfort level of 22 and do not exceed Z2&

even without the use of airconditioning (fig.4.31). Similarly, southeast is the only corner that

OAAT OAO EEGCE OAiI PAOAOOOAOG AOO ET OEEOwWHA®A OEA OAI
bl OOEAI U AAAAOOA AAOGA OOOAU ¢ EAO Oi ATl xETAT x 11
3.7.2).

%OAT OET OCE OEA OAIl bAOX (e douthessh tdd aGetrgedenpelaturd BT OA o1
28.2°C which is much higher than optimum internal level and the average temperature seen in

case study 1 at 24.2C. The higher recorded average temperate could be caused by the fact that

OEAO AOAT OEI OCE OEA OAIi DAOAOOOA AT AOT 80 OAEOA OIl
3ET AA OEA xETAi x EO Oi Ail1 A0 OEA EAAO CAET AA OEOI O¢C
window is case studyl.
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Date 18/1 19/1 20/1 21/1 22/1 23/1 24/1 Standard
25/1 Deviation

Average| 3.5 2.5 1.6 0.9 0.7 1.7 3.9
Temperature
Variation 4.4 1.4
Table 410 Case study 2 temperature variation in winter with@it-conditioning

The maximum difference in temperature from external temperature during the winter months is

4.4 and the minimum temperature difference is 0.9 with the internal temperature being warmer

than the external. The standard deviation during thesummer was 1.2 and during winter is 1.4

(table 4.10) which has a difference of 0.2 and is the second highest difference.

4.4.3Case Study 3 during Winter

House 3 Winter Temperature
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Figure 433- Internal temperature compared to external temperatu@ase Study 3 without A/C
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House 3 Winter Humidity
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Figure 434 - Internal humidity compared to external humidi§ase Study 3 without A/C
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Figure 436 - Average Internal and External HumiditgaseStudy3

Average internal temperatures of the northeast and northwest is close to the recommended
internal comfort level of 22°# AT A AT 1 §@withod kd usd\of ajraonditioning (fig.

4.35). In thisstudy the southeast and southwest corners both record temperatures which are
higher than 30°C but do not cross 3%C. The cause of this could be that the south and west facades
have windows which are not shaded. Similar to case study 2 even though the tezngture

AT AOT 8 O O Edlnkhe Aolithe@sh theaverage temperature of the south sides is€Avhich

is much higher than optimum internal level and the average temperature of 2€. The windows in
this study are larger than that seen in study 2 but sailer than those in study 1 which is the

reason the recorded temperature of study 3 is between the first two studies.
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Date 18/1 19/1 20/1 21/1 22/1 23/1 24/1 Standard
25/1 Deviation

Average| 3.6 2.4 2.0 1.5 1.2 2.0 4.2
Temperature
Variation 4.7 1.3
Table 411 Case study 3 temperature variation in winter without@imditioning

The highest temperature difference from external temperature is 4C and the lowest difference

is 1.1°C in the winter. The standard deviation in the winter is 1.3, compared to 1.2 in the summer

and the difference is standard deviation is very low at 0.1. With windows on all sides of the house

OEAOA EOT 60 Oil 1 OAE OAOE A OEsummeAtdeiwinterimonihe A OAT DAOA
The variation in the summer should be lower which would mean that the house is cooler in the

summer. Even though aiconditioning is used in the summer the house remains warmer due to

AROEGCT AAAOOOAO OEAdDvadstushasta A1 1 11T x DOET AEDI A
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House 4 Winter Humidity
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Figure 438- Internal humidity compared to externalmidity- Case Study 4 without A/C
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Figure 440- Average Internal and External HumidiGase Study 4

Average internal temperatures of the northeast, northwest and southwest are de to the
recommended internal comfort level of 22CAT A AT T 8 OCékan Nithdubair-gonditioning

(fig. 4.39)

The southeast corner is the warmest in this case study and the temperature rises above @®bnce
in a day. The southeast is expected to e highest temperature but, in this case, it is too high
and the cause of this could be the window placement and irregular proportions of the room
(discussed on chapter 3.7.5). The average temperature recorded in the southeast corner in this
study is 287°C which is similar to the average for the southeast temperature in case study 2
which is 28.2°C Proportion of the window in this case study are larger than that in case study 2,

which is probably a reason why the temperatures are higher and for a longduration of time.
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Date 18/1 19/1 20/1 21/2 22/1 23/1 24/1 Standard
25/1 Deviation

Average| 4.4 34 2.7 1.9 1.3 2.1 4.4
Temperature
Variation 55 1.5
Table 412- Case study 4 temperature variation in winter with@it-conditioning

Highest temperature variation from external temperature is 5.8C and lowest temperature
difference is 1.9C (table 4.2). The standard deviation in the house is the same in the summer
and in the winter, which is 1.5 and is the highest andard deviation seen in the winter. Case study
1 has the standard deviation of 1.5 in the winter but the summer standard deviation in case study
1 is the lowest which means that case study 1 creates a cooler space in the summer months and

that case study4 is the same warmth in the summer and winter months.
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Figure 441- Internal temperature compared to external temperatu@ase Study 5 without A/C
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Figure 442- Internalhumidity compared to external humidit€ase Study 5 without A/C
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Unlike the other studies, thenortheast and southwest corners that are the coolest but are

maintained close to 25C which is higher than the acceptable 22°C.

The recorded temperature of northwest climbs above 28C but also dips close to 22°C during the
night time which is an example of large window placed on the west fagade without an overhang
(fig. 4.41).The southeast is the warmest of the four corners in the house as it climbs up to
temperatures higher than 3C°C but also reduces in temperature to touch 22°Che four corners of
the house have variations in recorded temperature throughout the day, but the average of all the
sides individually is approximately 25°C which is higher than the optimum temperature

requirement of 22°C.

Date 18/1 19/1 20/1 21/1 22/1 23/1 24/1 25/1 Standard

Deviation
Average| 3.5 2.7 1.6 1.2 0.9 1.3 34 45 1.3
Temperature
Variation

Table 413- Case study 5 temperature variation in winter without-eimditioning

The highest temperature difference is 4.5 and thibwest temperature difference from external
temperature is 0.9 during the winter (table 4.13). The standard deviation during the winter is 1.3
which is the same as the summer deviation at 1.3 which reflects the fact that the house is too

warm in the summer.

45 Conclusion

The loggers were placed in the five case study homes during the summer and winter months.
These case studies represent different conditions &faastushastran which temperature and

humidity was logged. The first is to study homes desigra on the principles ofVaastushastraand
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the impact of the summer climate conditions on them when the aiconditions were switched on.

Second was to study the houses in the winter without using aitonditioning.

Common finding from all the case studiessithat the north side of the house is cooler than the
south side of the house. The findings show that in most cases the northeast is the lowest
temperature and the southeast is the warmest side with or without the use of aitonditioning

and the exceptiongeflect variations in the application of the design principles. The temperature
difference between the coolest side within each case study and the external temperature during
the summer ranges from 14C to £C based on the adherence to the principles bhastushastra
Similarly, the houses that stay cooler in the summer are close to optimum internal temperatures
during the winter months. Findings from the study in the summer without the use of air
conditioning shows that the internal temperature of the hose peaks at 38C. This temperature is
much higher than the acceptable temperature for user comfort, but it shows that the design of the

house helps to maintain internal temperatures.

The findings from these case studies follow two passive design principleShe form of the

building is a key aspect of passive design because it lays the structure of the building which
determines how the building interacts with the site. The other important principle is that the
building should be oriented along the east to wa axis (Discussed in chapter 2). Any natural
vegetation on the site helps create shading for outdoor seating in the winter and shading around
the windows of the house. Passive design for architecture suggests that the south and west fagade
of a building should not use too much glass, if glass is used appropriate shading devices should be
used. The proportions and shapes of the room help to create comfortable indoor spaces, the case
studies show that regular shapes such as square and rectangle which follaveertain proportion

create better indoor environments than those that have different shapes or different proportions.
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Case studies 1, 4 and 5 are aligned on the east to west axis which is recommended in
Vaastushastra Case study 1 is comfortable in the winter months and in the summer months only
with the exception of the southwest room which is possibly because of the odthape of the room.
Case study 4 and 5 maintain temperatures of approximately 28 in the winter which is warmer
than it should be but that could be due to the location of the windows on the west in case study 5
and south in case study 4. Case studies 2ch8 are aligned along the north south axis. the main
difference between the two is that case study 3 has many more windows and has a different
proportion than case study 2. The difference is that case study 3 has much warmer average

temperatures than casestudy 2.

The temperature on the southeast side for all the houses is high, during both the summer and the
winter months. Even with the use of airconditioning in the summer months, warmer range of
temperatures are recorded on the southeast side. The houskave different sizes of windows on

the southeast side, which has an impact on the time when the spike in temperature happens and
EOO AOOAOET T8 )1 AAOA OOOAU 11 Ah OEA ODPEEA EI
time even though there isa large window on the facade. Even with a large window the room

AT AOT 80 OOAU xAOi A1 O A 111¢ OEI A Advidifichilphs OE A
used throughout the day. In case study 2, there is only one small window on the southeast room
where the temperature was recorded , but the temperature stays above 35 and gradually rises

to 40°C, with the peak in temperature occurring at 2pm and the drojin temperature happening

after sunset. The reason for this is thataiA T T AEOQOE T T B in Qis BanladdGheréf@eithe

room remains at a high temperature throughout the day. In case study 3, even though-air
conditioning is used the southeast room spikes to touch 4C at midday and falls only to 3%C,

which is the average temperature of thdwouse. The reason for the spike in temperature in the

southeast is that that are three large windows in this space which cause gain in temperature
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despite use of airconditioning. In case study 4, the spike in temperature happens before 10am
and touches 40C and then drops below 3€C after 6pm. Despite the use of aronditioning the

rise in temperature is due to the large window and the proportions of the room because the room
is long and narrow rather than being proportionate in length and width. In casstudy 5, the
southeast temperature touches 4€C at 2pm and then drops to temperatures lower than 3T at
10pm. Even though airconditioning is used throughout the day the temperature rises to 4% due

to the large window on the southside.

During the winter months the southeast side sees similar patterns for the gain in temperature in

OEA O1 OOEAAOGO OEAA 1T &£ OEA EI OOA8 4EA Amgiea&AOAT AA EO
they were in the summer with the temperatures rarely crossing 3%C at its peak. The only

exception to the rule is that in case study 4, even in the winter the southeast temperature touches

40°C, which could be because the agonditioning is not operational, but could be due to the

DOl DT OOET 1O T &£ OEA OiT1i8 4EA Oi OOEAAOOD “Wdvdni ET Al

though the air-conditioning is off.
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Chapter Five: Understanding User Comfort through Questionnaires

5.1 Introduction

ThiO AEADPOAO AEOAOOOAO AAAE AAOA OOOAU &O0T1 AT AOAEE
AOGEI AET ¢ ATA EOO OEOA AiTAEOEIT 08 )OO EO AAOGAA 11 O
the discussion in chapter 4, the latter explains whether the castudy houses comply with the

principles of Vaastushastra In this chapter there is a discussion on the common comfort factors

that are found in all the houses. This chapter looks at the architectural features of the house and

understands these features ilAT | PAOEOI T O1 OEA AAOA AT11AAGAA AEOT I
guestionnaires. Each house is understood based on how the user feels in the space through

sensory connections of sight, sound, smell and touch and how they are related to the architecture

of house. Toub is understood as a sensory feeling in this chapter which looks how the users feel

in the space. In addition to understanding whether the spaces meet the required temperature, the

users are asked if the feel comfortable in the space. Data recorded frone temperature analysis

xAO AEOAOOOAA ET AEADPOAO 18 3EI AA OOAOOG AT i &£ 00 E
in chapter 2) this chapter looks at how comfortable the users feel in the house.

Various authors have written about residential satifaction and how to assess the quality of

indoor residential spaces. The framework of residential satisfaction highlights different urban

AAAOT OO0 OOAE EO OOAOEAAT OEAI OAEAOUGHh OOAI AOGET 1 OEE
OAT i A 00 (AmdrgdEsl AtagoAes, 1997, p. 50)0f the various aspects of comfort

discussed in the paper, acoustics, cleanliness, control of environment, furnishings, humidity,

lighting, privacy, smell and temperature were linked to understading comfort linked with

sensory aspectgRavindu, et al., 2015) Structured questionnaires were set up which asked the

residents their level of satisfaction(Mohit, et al., 2010)and the data gatlered from the
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guestionnaires was compared to the temperature and humidity data collected. Windows are
essential in residencegKaplan, 2001)but very little attention is given to the view from the
window and therefore its size and placement. In this thesis the author looks at the placement and

the size of the windows in the case study homes and if these have an impact on comfort.

The questiomaire was designed referring to the template suggested in a paper on how to conduct
a study of residential environments(Richardson, et al., 2006) The framework of selecting one of
four options was selected from the paper, busome of the criteria such as heating of the house

were maodified as the climate in Dubai uses cooling, not heating. A selection of factors mentioned

ET OEAOA PADPAOO AT A OETI OA OEAO xAOA OAI AOGAT & Oi

guestionnaires. Quality of light, existence of smell, level of sound and feel (temperature and
humidity) of the space were main issues raised. A sample questionnaire is attached in the
appendix. The results from these questionnaires are looked at in connection to thechitecture,

in this chapter. Each occupant filled in the questionnaire and based on the number of occupants
the questions were given a resulting value. For example, if there are 2 occupants and both
selected the same answer the result will show 2/2 but iboth occupants selected different
answers then the value of 1/2 would be shown as a result. Similarly, the value would change
when the house had 3 or 4 or 5 occupants. A numerical value is then given to the answers
collected from the occupants as followsoften = 4, sometimes = 3, rarely= 2 and never =1. Which
means the lower the average score more comfortable the occupants feel. The total number will be
divided by 2 in the house that have 4 occupants so that the total of each house is measured from

an aveage feedback of 2 occupants.
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5.2 Comfort factors in the case studies

All the case studies share some common features which are mentioned here first (rather than
OAPAAOGET ¢ OEAI ET AAAE ET AEOEAOAI AAOA OOOAUQ AT A
discussed. Temperatures in Dubai are high through many months in Dubai and therefore-air
conditioning is a necessity in all indoor spaces including residences. Variation in case studies is
about the type of airconditioning used in the space such as cerdk unit, in which a few rooms

share the same unit and thermostat or split unit in which each room has an individual air

condition and thermostat. This makes a difference in the comfort levels of the users because if the
ground floor has one thermostat thersome people might feel cold while other are warm. This
makes people lose the ability to switch off the aicondition and therefore feel less comfortable

(as discussed in chapter 2). If there are more thermostats in the house the users feel more
comfortable. Some homes will avoid using aiconditioning for few months during the winter

when the outdoor temperature drops significantly. All the houses have openable windows, which
allows the user to adapt his surroundings to be able to feel comfortable (as digsed in chapter

2). When the house is designed based on the principles\éhastushastrahe users should feel

comfortable in the house. Use of fans is another way in which the users can feel comfortable in the

space.

Along with the use of airconditioning, the use of openable windows also allows for the user to
feel comfortable in their space. For this to happen it is important that the house should have
openable windows to allow for the occupants to be able to decide if they want to open them or
not. Sirce all the homes selected for case studies are independent homes, they all have openable
windows. The weather outside the home has to allow for the windows to be opened. As

mentioned above, the weather in Dubai is very hot in the summer months thereforeéh
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occupants might not be able to open the windows during the summer. However, during the

winter months, the outdoor temperature is low enough for the occupants to open the windows.

Vaastushastraconceptually allows for adaptive use of spaces. This is se@rthe literature in
chapter 2 which allows for different rooms to be used at different times of the day. Activities are
placed around the house based on the time of the day and where the user is likely to feel
comfortable. The case studies will be undetsod in terms of how the internal spaces have been
placed based on the placement suggested YfaastushastraIn theory if the spaces that are used

the most are located in the right direction the users should feel comfortable in them.

Comfort levels in hones are partially dependant on the materials and finishes used in the spaces.
Fixed carpets are not used in any of the case studies and all the homes have tiled finishes which
helps in keeping the house cooler as carpeted floors keep the space warm sinds known to

retain heat. The furniture in all the houses is covered with textile and therefore helps absorb and
sound created and reduces the echo. The floors of all the houses are swept and mopped six days

of the week, as this ensures that the house ddes O CAOEAO AOOOS

5.3 Neighbourhoods of the case studies

As mentioned in chapter 2 the case study homes belonged to three neighbourhoods in Dubai.
Three of the five case studies were located in a neighbourhood known as Al Mankhool (Fig 5.1).
This is a resdential neighbourhood and has either single storied or double storied structures.

There is one school in this neighbourhood, Ambassador School and there are 4 nurseries around.
There is a health clinic and a small communal park next to the health centf&ince the area is
predominantly residential there is usually very little traffic and therefore it is a quiet

neighbourhood. On the northeast edge the area there is a metro station which is located on a main

road. But this is far away from the selected hon®@ AT A OEAOA &I OA AT AOT1 60 EAOA
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studies. The homes were selected based weather they followed the principlesMdastushastra

This has resulted in the fact that three of the homes are located very close to each other.

The other two case studes are located in Al Jaffiliya and Jumeriah 1. Case study 4 is located in Al
Jaffiliya which is on the south side of Al Mankhool as shown in Fig 5.2. Similar to Al Mankhool this
area is also mainly residential with low buildings except for on the east sidwhich has a couple of
governmental buildings. There is very little traffic seen on the inner roads of this area, which is
where the case study is located. But there is a lot of traffic on the road that is close to the
governmental services. There is a sail park located within Al Jaffiliya but there is a bigger park,

Zabeel park which is across the street from this area.

Unlike the other case studies, case study 4 is located in a residential area, but is facing a major
road which get busy during peak hous of traffic and can cause noise of residents of the house (Fig
5.3). There are a few commercial establishments located in this area such as diving centre,
veterinary clinic, coffee shops and supermarkets. The structures in this area are also up to two
stories high. There are a few clinics and a hospital and located close to the site. There is small

community park located across the street from the site which is Al Wasl park.
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5. 4 Case Study 1

5.4.1. Observations from Site

The house is located in a residential area which is approximately 5km away from the commercial

area. The house is on a corner plot and therefore has vehiculaaffic on two sides, one of which

has a few tall trees to try and block the sound (See plan in chapter 3.7.1). These trees are located

on the southwest side of the house which has large openings. As a form the house is mainly

rectangular is shape which help to understand the impact the form has on the comfort of the

users. It has some parts missing from the southwest corner and therefore will help establish if the

AOO EAO Al EIi PAAO 11 OEA OOAOOS Aii £ 008 |/ AAODPAT OO
months because it is in the southwest/ northwest side of the plot and with the trees it is a
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pleasant space to use. Boundary walls on the property are high which prevent any traffic sound
from being heard in the house or in the backyard. The entrance tbe¢ house is shaded since the
staircase is placed at the entrance and the second flight of stairs projects outside the entrance

lobby.

The house has split units for aiconditioning in each room of the house and in addition to there

are ceiling fans and tale fans which are used as an alternative source of cooling. In this case

study the occupants use the fans (ceiling or table) in the summer months more than in the winter

months. Another alternative source of cooling the space is cross ventilation througipenable

windows. The windows are used as an alternative source of cooling in this house both during the

summer and in the winter months, but the windows are opened less frequently in the latter since

the house possibly cools in a significant way naturallySince the house is in a residential

T AECEAT OOEiI T A OEA 1T AAOPAT OO OEI O1 AT8O6 EAAO O1I1 1 OA

give the residents many options through which they can feel comfortable in the space.

The house has two residents, and both were asked to fill in the questionnaires. The data collected

from the questionnaires is shown in table 5.1 and 5.2 below

How often the tenants  Often Sometimes Rarely Never  Value
faced problems with 4 3 2 1
Natural Light 2/2 4
Noise 2/2 4
High temperature 2/2 5
Low temperature 1/2 Vs 3
Air/ bad smell 212 4
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Unpleasant smells
Static electricity
Humidity

Total value of 2 users

1/2 1/2

1/2 1/2

Table 51- Sensory reactions of tenants in Case Study 1

2/2 2

32

How often do tenants  Often Sometimes Rarely Never Value
4 3 2 1

Switch on lights (summer) 2/2 4

Switch on lights (winter) 1/2 1/2 6

Use airconditioning (summer) 212 8

Useair-conditioning (winter) 1/2 1/2 5

Experience noise when open tf 2/2 2
windows

Close the curtains (summer 2/2 6

Close the curtains (winter) 2/2 4

Close the curtains to reduc 2/2 2
noise

Use air fresheners in the hous 212 6

Total value of 2 users 43

Table 52- Tenants interventions to improve indoor quality in Case Study 1

543. ' T AT UOEO #AOA 300AU »p

OAOI O 1T £ 50A006 #I1

Understanding the space through the sensory connections felt by the users (table 5.1 and 3.2)

Observations of the site Orientation of the house, location of the windows and courtyard have an

impact on this comfort level. As explained in Chapter 4 the house has windows on all sides, is

aligned with the east west axis along the length of the hougel A AT AOT 60 EAOA A Ai 60O

Vaastushastrastipulates that this is the correct orientation of the building, but the building has
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windows on the west and south which are not recommended and one room in the southwest

which has an odd shape.

TouchzZAOOA OG0 Ai i &£ 00 EI A OPAAA EO OEOI OCE O1 OAE xEE

space regardless of actual temperature measured in it. This house has large windows on the south

and west facades. The stairwell of the house is placed on the south satal has a full height

glazing which causes heat gain because the glazing is exposed. Occupants of the house reduce the

use of airconditioning during the winter months which means that the glazing on the south side

has a significant impact on the internatemperature of the entire house. Since the staircase is

i AT O1 Ail OEA OPAAAOG 11 OEA CcOi O A A 110h EAAO

remaining space to cool down.

The room in the southwest has a corner which is cut off making it a polgg rather than a square.
Principles of Vaastushastraecommend that rooms should have regular shapes such as square or
rectangle. There is no explanation provided to support why polygons should not be used, the
temperature studies in the previous chapter an help to understand if the shape has an impact on
the temperature recorded. As discussed in chapter 4.2.1the southwest room is the warmest room
in the house and that is probably because of the odd shape. Adding windows in the building is a

concern for the temperature but allows for sunlight which is very important in habitable spaces.

Sight zThe users of the space rarely experience any issues with the natural light levels available
in the house. The windows are located on the east west and south wallstleé house. During the
summertime the users rarely use artificial light which means that the day light supports the
activities in the locations where they are carried out. The use of artificial light is needed more
during the winter than in the summer which supports the fact that the orientation of the windows

helps obtain natural light in the house during summer but falls short during the winter.
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Sound 7z The levels experienced in the house are caused by sounds penetrating from the street
and those thataA CAT AOAOAA ET OEAA8 3ET AA OEA EI OOA EO ET A

experience traffic noise due to which they can leave their windows open to cool the space and

O\
(@}
O/

OEAU EAOA 1T AT OEITAA OEAO OEAU AT 1 6 OyeédkpaiedcalE AT AA
by the users, therefore seem to be generated by the appliances used in the house, probably the

air-conditioning units.

Smell z The finishes used in the house and the air circulation determines the smells that the
occupants experience. In tls case the occupants are living in the house for quite some time and
therefore there no concerns with off gassing materials and finishes. The occupants mention that
they experience problems with air and unpleasant smells sometimes which could be a resoit
use of air circulation as the airconditions used in this house are individual units which cool the

space but do not exchange air which can cause stale air in the house.

5.5. Case Study 2

5.5.1. Observations from Site

The second case study is within t same neighbourhood as the first case study and therefore is
also located in a residential area. This house sits in the middle of the road with houses on three
sides and has one small road in front of it which has minimal traffic throughout the day. Thei®a
garden between the house and the main road which prevents sound from penetrating into the
house. The form of the house is purely rectangular in plan and in section and this case study helps
to understand the impact of this form. There are windows otthe west fagade of the house, but

these are covered by overhangs that provide shading and help keep the space cooler. The garden
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space is used significantly in the winter and also during the early mornings in the summer as

there are many trees which help kep the space cool.

There are individual air-conditioning units in each room, and these are operated individually,

OEAOA A OA AAT AA OxEOAEAA 11 1O T &£2%& AAGAA 11 OEA
or table fans as alternative cooling metods. In this case study the only alternative method is to

cool the house through the openable windows located on both floors. In this example the

openable windows are not used for cooling in the summer months but are used regularly to cool

the house in the winter. Opening the windows in the winter allows for the house to cool naturally.

The house has two residents; both were present during the data collection period and both were
asked to fill in the questionnaires. The data collected from the questionrrais is shown in table 3

and 4, followed by a discussion on the findings

LB8UB(gS #AOA 300AU ¢ $AOA A&OI I 50A006 10AO0O0EI
How often the tenants Often Sometimes Rarely Never Value
faced problems with 4 3 2 1

Natural Light 1/2 1/2 5
Noise 2/2 4
High temperature 2/2 6
Low temperature 2/2 4
Air/ bad smell 2/2 2
Unpleasant smells 2/2 2
Static electricity 2/2 2
Humidity 2/2 6
Total value of 2 users 31

Table 53 - Sensory reactions of tenants in Case Study 2
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Howoften do tenants  Often Sometimes  Rarely Never Value
4 3 2 1

Switch on lights (summer) 212 6

Switch on lights (winter) 212 6

Use airconditioning 212 8
(summer)

Use airconditioning 212 4
(winter)

Experience noise whe 2/2 2

open the windows

Close the curtaing  1/2 1/2 7
(summer)

Close the curtains (winter) 2/2 4

Close the curtains tc 212 2

reduce noise

Use air fresheners in thi 2/2 6
house
Total value of 2 users 45

Table 54- Tenants interventions to improve indoor quality in Case Study 2

553. ' T AT UOEO #AOA 300AU ¢ EI OAOI O I £ 50A0086 #I1
Understanding the space through the sensory connections felt by the users (table 5.3 and %.4)

Observations of the sitegz As explained in Chapter 4 the house has large windows on three sides

and only has two small windows on the south side. It is alignadlith the length along the north to

Touchz&OT i OEA OOAOGO AgbAOEAT AA OEA ET OOA EO xAOI AO

constant use of airconditioning during this time and is cooler in the winter with the use of
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natural ventilation. This suggests that the orientation of the house helps keep it cooler in the

winter months, which means it should be relatively cooler during the summer. The occupants of

the house open the windows only in the winter months wicth cools the house naturally. Even

OET OCE OEA EI OOA EAO xET AT xO 11 OEA xAOO EAeAAA OE
shading structure above the windows to prevent this. Curtains are used more during the summer

months which could suggest thatliey are used to block heat gain from the sun especially for the

windows on the west facade. Trees are placed outside the west fagade of the building which

DOl OEAA AAAEOQOEITTAI OEAAEITC AT A POAOGAT O EAAO CAET 8

south fa@ade which is a big factor towards to comfort experienced by the users.

Sight - The users of the space sometimes/ rarely have any issues with the natural light levels in

the house. The use of artificial light is the same during the winter and in the summewhich

O00PpbPiI OO0 OEA AEAAO OEAO OEA 1 OEAT OAOEITT 1T A& OEA xETA
ET OEA EIT OOA AT A AT AOT 80 Alililx £ O ATTOCE 1T AOOOAI
windows are located on east and west sides of the buildirthese do not provide enough natural

light because there are no windows on the northeast side of the building which could be a good

source of natural light.

Soundz4 EA T AAOPAT OO0 T £ OEA ET OOA Ai160 A@bAOEAT AA OO

expeOEAT AA TTEOA AO EI i A OAOAI US 4EA AoPAOEAT AAA 11
mentioned that they never close the curtains to overcome the noise levels. The noise levels

experienced by the users therefore seems to be generated by the applias used in the house,

probably the air-conditioning units especially since the aifconditioning units are used often in

the summer months.
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Smell 7 The occupants mention that they never experience problems with air and unpleasant
smells which could bedue to the correct orientation of the house, use of openable windows which
facilitate in air circulation and exchange which keeps the indoor air fresh. During the months

when the windows are closed stale air might be the cause of unpleasant smells.

5.6. Cae Study 3

5.6.1. Observations from Site

The third site is located in the same residential neighbourhood as the first two houses. It is an
independent house just like the first two homes. This house is located on an internal street and
has one road in frant of it which has low vehicular traffic. The house is a rectangular cube in

Oi1 0i A8 4EEO EiI OOA EAI PO O ET OAOOECAOA OEA
experience because the house has windows on all facades. All the windows in the house are
exposed as they are not covered by any awning or roof, even though these elements are present
in the design. Sizes of the windows are the same on all facades of house which helps to
understand the impact window sizes have on recorded internal temperatures ding the summer
and winter months. The house is setback from the road and the front yard is completely paved
therefore the house lacks any landscape elements which could have an impact on internal
conditions in the house. The front yard is rarely used byhe family as a living space which is only

when there is a large gathering with more than 30 guests.

In this house central airconditioning units are used with controls either shared between a couple
of rooms or some units which are used for a specific roo. One of the rooms in the house has a
table fan which is used as an alternative method of cooling for that space. An alternative to-air

conditioning is natural cooling and this is facilitated through opening the windows on both floors
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so that cross ventiltion is possible. The windows of this house are opened more often during the
winter months than in the summer months this allows for the house to cool naturally. Since the
El OOA EO ET A OAOEAAT OEAI 1 AECEAT OOET T A OEA 1T AAODPA

< A A

vB8p8¢8 #AOA 300AU o $AOA A£O0T T 50A006 10AOO0EI
Even though there are 11 residents in the house the questionnaires were filled by four of the
occupants which is the maximum number of questionnaires that were filled by occupants of one

house. People o§imilar age groups as the occupants of the other houses were asked to fill in the

forms. The data collected from the questionnaires is shown in table 5 and 6 belgw

How often the tenants Often Sometimes Rarely Never Value
faced problems with 4 3 2 1

Natural Light 4/4 8
Noise, 1/4 1/4 2/4 4
High temperature 4/4 12
Low temperature 214 2/4 8
Air/ bad smell 1/4 3/4 5
Unpleasant smells 2/4 2/4 6
Static electricity 4/4 4
Humidity 2/4 2/4 10
Total value of 4 users 64
Total value of 2 users 32

Table 55- Sensory reactions of tenants in Case Study 3

How often do tenants Often Sometimes Rarely Never Value
4 3 2 1
Switch on lights (summer]‘ 214 1/4 1/4 13
Switch on lights (Winter)‘ 214 2/4 12
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Use airconditioning 4/4 16
(summer)

Use airconditioning 2/4 2/4 10

(winter)

Experience noise when ope 4/4 8
the windows

Close the curtains (summer 3/4 1/4 10

Close the curtains (winter) 3/4 1/4 10

Close the curtains to reduc 4/4 4
noise

Use air fresheners in th 4/4 16
house

Total for 4 users 99

Total for 2 users 49.5

Table 56- Tenants interventions to improve indoor quality in Case Study 3
563. ! T AT UOEO #AOA 300AU o EI OAOI O I £ 50A0086 #I1
Understanding the space through the sensory connections felt by the users (table 5.5 and %.6)
Observations of the siteg! © A@Di AET AA ET #EADPOAO tv OEA EI OOA EAO
Al ECT AA xEOE ET AAOO AEOAAOQEIT AT A AT AOTI 60 EAOA A

xAOO OEAAO Ai160 EAOA 1T OAOEAT ¢O38

Touch z In this house windows of are placed on all four facades, these windows vary in size with

the largest windows in common spaes, followed by midsize windows in bedrooms and small
windows in bathrooms. Large windows are placed on the south and west fagade which causes
significant heat gain the house. The windows have decorative awnings placed on them, but these
do not prevent heat gain. If the awnings had been deeper, it would have helped the users feel

comfortable in the space. Heat gained through these windows is significant as the occupants
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typically use air-conditioning even during the winter months.Vaastushastrarestricts the
placement of windows in a house, this house is an example that shows windows on all facades

will automatically make the house warmer.

Sight - The users of the space rarely have any issues with the natural light levels in the house
because the windows &e located all around the building there is sufficient natural light. The use

of artificial light is the similar during the winter and in the summer, which explains that the
orientation of the windows and their size does not maximize sunlight during the samer season.
The amount of light received in a room is also dependant on the orientation of the room within
the house, using rooms that are placed away from the natural source of light would mean that the

users would need artificial light.

Sound zOccupans of the house rarely experience traffic noise which is due to the fact that there

is very little traffic in the area and the house is set back from the road. The occupants have
mentioned reasonably high levels of noise within the house which seems to bergrated by the
appliances that are used in the house, the agonditioning probably causing the highest noise
levels. The occupants open the windows of the house during the winter but have mentioned that

they rarely experience noise when due to open windss.

Smell 7 The occupants mention that they rarely or never experience problems with air and

unpleasant smells which could probably be due to adequate air circulation by the aionditioning
systems. This house has a central cooling system which exchangé@sand therefore avoids stale
air. Similar to the other case studies occupants are living in the house for quite some time and

therefore there no concerns with off gassing materials and finishes.
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5.7. Case Study 4

5.7.1. Observations from Site

This house is in a community of three and has two other homes within the same site. The houses

share the same entrance gate, parking and compound space. The house selected for the study is

located on one side of the plot and has another compound adjacent to itsée. The green space

for the house is in the front and backyard and the central space of the site is paved with brinks for

DAOEET ¢ AT A AT AOGI 80 EAOA AT U 1 AT AGAAPA Al Ai A1 608 2
as an occupiable space becausetheré i® O AT T OCE OEAAET ¢ AT A OEAOA EOI1 6
Each house has its own deck space at the back of the house which is occupied by its residents. The

house is almost a square shape because the length and width are almost similar in measurements.

Theh OOA AT AOT1 80 EAOA AT U xET AT xO 11 OEA 11 00ExAODO (
Ei PAAO EO EAO 11 OEA OOGAOOGS Al i &£ OO 1 AOGAI 68 4EEO E
but is 2km away from the commercial centre of the city. Even though it is de to the commercial

AOAA OEA ET OOA EO AAT OOCAI T U 11T AAOCAA ET A OAOEAAT OE

experience too much sound.

This house has central aiconditioning units which are used to cool several spaces, the units are
controlled by a central system that maintains the temperature at a specified level. There are fans
as alternative cooling methods available in the house and the occupants use these more in the
winter than in the summer. This house has openable windows that are used as alternative
method for cooling the spaces. The windows of this house are opened more often during the
winter months than in the summer months this allows for the house to cool naturally during the

winter months.
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572. # AOA 300AU 1 QuedidnnamRl i 50A006
The house has two residents occupying the space while the data was recorded, and both have

filled out the questionnaires. The data collected from the questionnaires is shown in table 5.7 and

5.8 below-
How often the tenants  Often Sometimes Rarely Never Value
facedproblems with 4 3 2 1

Natural Light 2/2 2

Noise 212 4

High temperature 2/2 2

Low temperature 212 2

Air/ bad smell 2/2 2

Unpleasant smells 2/2 2

Static electricity 2/2 2

Humidity 2/2 2

Total value for 2 18

users
Table 57- Sensory reactions of tenants in Case Study 4
How often do tenants  Often Sometimes  Rarely Never Value
4 3 2 1
Switch on lights (summer) 2/2 4
Switch on lights (winter) 212 6
Use airconditioning 212 8
(summer)
Use airconditioning 2/2 6
(winter)
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Experience noise when ope 2/2 4
the windows

Close the curtains (summer 212 8

Close the curtains (winter) 212 8

Close the curtains to reduc 2/2 2
noise

Use air fresheners in th 212 6
house

Total value for 2 users 52

Table 58- Tenants interventions to improve indoor quality in Case Study 4

573. ! T AT UOGEO #AOA 300AU 1t EIT OAOI O T &£ 50A008 #I
Understanding the space through the sensory connections felt by the users (table 7 ang 8)

Observations of the sitez As explained in Chapter 4 the house has windows on all sides and the
houseisat CT AA xEOE OEA 1 AT COE T &£ OEA ET OOA 1T OEAT OAA 1

courtyard space.

Touch zMaximum openings in the house are on the east facade, with small openings on the south,
a couple of openings on the west and no opening on therth side. The northwest side of the

house has no windows and is therefore expected to be the coolest space. This space is designed
for the dinning space therefore might not be used as often because there is no natural light
available and using artificiallight during the day is not preferred by the residents. Occupants use
the ground floor during the day and mention that they typically rely significantly on the use of air
conditioning during the winter months as well as the summer. Even though the windowsn the

west fagade have an overhang this is not enough to prevent the house from becoming warmer.
There are two windows on the southeast corner of the house which do not have any awning and
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therefore cause the house to become warmer. Even though the soe#ist room is closed the gain

on both west and south facades prevents the house from maintaining comfortable temperatures.

Sight -. The users of the space never have any issues with the natural light levels in the house,
xEEAE EO AOAT Oddiméng windws h dhods® Rhe GcCupadts use the spaces
in the house which have windows which allows adequate light which is the kitchen in the
northeast and the office in the east. The use of artificial light is the slightly higher during the
winter than in the summer which is related to the difference in light quality during the summer
and winter seasons. The occupants probably use the rooms that are oriented towards the natural

light during the day and therefore dependency on artificial light is lowein the house.

Soundz4 EA T AAODPAT OO0 T £ OEA EI OOA AiI1860 AgPpAOEAT AA

00
00

OAOAT U AgPAOEAT AA TTEOA AO ETI A8 AEA TTEOA EOTBC

that they never need to close the curtains to oveome the noise levels. The noise levels
experienced by the users therefore seem to be generated by the appliances used in the house,
probably the air-conditioning units especially since the aifconditioning units are used often in

the summer months.

Smell 7 The occupants mention that they never experience problems with air and unpleasant

smells which could probably be due to the correct orientation of the house, use of openable
windows and/ or adequate air circulation by the airconditioning systems whichprovides

exchange of air as well as cooling.

193| Page



Chapter Five:Understanding User Comfort through Questionnaires

5.8. Case Study 5

5.8.1. Observations from Site

The fifth house is located in a residential space which is within 2km of the commercial centre of

the city. Even though it is located in a residential space theis a lot of vehicular traffic in front of

the house because it is close to the city. The house has a small front patch of greenspace which

AT AGT 80 POT OEAA A O1 0T A AAOOEAO OI OEA OAOEAAT OO 1
windows located on the east and west facades, north and south facades are touching the

DAOEI AOGAO xAlT 10 AT A OEAOAAEI OA AT180 EAOA AT U xETAI
houses that are all identical. One side of the lower west facade is covered with a §rogerhang

AT A OECEO OEAA T &£ EO EO 1 AEDO 1TPAT xEEAE xEIl EAI D
comfort. The backyard is used by the family mainly in the winter because it is too warm during

the summer season as there is no pergola or eshead structure that can protect the users from

heat gain.

Individual controls are used to maintain the temperatures in each space even though the house
has central airconditioning units. In addition to this the house is cooled by portable table and/ or
floor fans in both the summer and winter months. Another alternative for cooling the house is the
use of the openable windows on both floors and the occupants use these more often in the winter
than the summer. The house is in a suburban area but sincestin close proximity to the city the

traffic noise can be heard in the house.

582. # AOA 3 00A v $A0A EOI I 50A006 10AO0O0EITTT AEOA
The house has seven occupants and all seven were living in the space when the measurements

were taken. The questionnairesvere filled by four of the occupants which is the limit which was
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set for the questionnaires. These were given to people of the similar age group as those in the

other houses. The data collected from the questionnaires is shown in table 9 and 10 below

How often the Often Sometimes Rarely Never Value
tenants faced 4 3 2 1
problems with
Natural Light 3/4 1/4 11
Noise 1/4 2/4 1/4 12
High temperature, 1/4 2/4 1/4 11
Low temperature|  1/4 3/4 7
Air/ bad smell | 1/4 1/4 2/4 8
Unpleasant smells 1/4 3/4 5
Static electricity 4/4 4
Humidity 2/4 2/4 8
Total value of 4 users 66
Total value of 2 users 33

Table 59- Sensory reactions of tenants in Case Study 5

How often do you Often = Sometimes Rarely Never Value
4 3 2 1
Switch on lights 1/4 1/4 2/4 7
(summer)
Switch on lights (winter) 214 2/4 10
Use airconditioning | 3/4 1/4 15
(summer)
Use airconditioning 2/4 1/4 Ya 9
(winter)
Experience noise whe| 3/4 1/4 14
open the windows
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Close the curtains 3/4 Ya 10
(summer)

Close the curtains 3/4 Ya 10

(winter)

Close the curtainstc  1/4 1/4 2/4 7
reduce noise

Use air fresheners inth¢  2/4 2/4 14
house

Total value of 4 users 96

Total value of 2 users 48

Table 510- Tenantdnterventions to improve indoor quality in Case Study 5

vdyYs8aos8 !'T Al UOEO #AOA 300AU v ET OAOI O T &£ 506A00
Understanding the space through the sensory connections felt by users (table 9 and 20)

Observations of the siteg As explained in Chapter 4 the house has windows on east and west

OEAAO 1171 U AT A OEA 1 AT COE EO Al Burikakd sgate. OEA AAOO x
Touch 7z The layout of this house has interesting features which are used to investigate the

principles of VaastushastraWindows are placed only on the east and west facades of the house

which are the shorter sides of the geometry of th house. Southeast window on the ground floor

has a small overhang above it which is the parking structure, southwest window has a smaller

I OAOEAT ¢c8 7ET AT xO 11 OEA 11 O0EAAOO AT A O1 OOExAOO £
Ground floor of the housds open plan except for a bedroom on the northeast side and a store on

the northwest side. This house has an open plan which has these windows on both sides, it helps

to understand the impact these exposed windows have on the comfort levels of the usdisers of

the space feel the house is warm during winter and summer seasons which makes them use air

conditioning throughout the year. If the windows had a shading structure that was calculated to
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prevent heat gain the dependency on aiconditioning might reduce. The use of trees could be
used provide shade to the windows and create good views as well as creating relatively

comfortable spaces for the users.

Sight - The users of the space (sometime/ rarely) face issues with the natural light levels in the

hoOOA8 %OAT OET OCE OEA EIT OOA AT AOTI 80 EAOA xET AT xO 1
the house because all the rooms in the house have large windows which allows for natural light.

The use of artificial light is the slightly higher during the witer than in the summer which is

related to the fact that the only natural light sources are from the east and the west side. The

orientation of the rooms that are used by the occupants also play a role in the amount of natural

light that it receives sincethere are no windows on the north and south fagades.

Sound 7 All the occupants of this house experience traffic noise and is primarily experienced

(75%) when the windows are open. In this case study the house is close to the urban city and
therefore residents experience traffic noise when the windows are opened. It is therefore difficult
to estimate only from the users answers if the noise is purely from the outside or a combination

of internal and external noise. Occupants open the windows for alternatévcooling methods more
often during winter than the summer months as they also use fans to support cooling in the house

during the winter.

Smell 7 The occupants mention that they rarely/ never experience problems with air and
unpleasant smells which could probably be due to the use of openable windows or adequate air
circulation by the air-conditioning systems which exchanges air and eliminatesalol odour and

stale air.
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5.9 Conclusion

Touch -One common aspect in the findings of the questionnaires is that most of the occupants

feel high temperatures often, except for case study 4 where the occupants never feel warm and
case study 5 where occuparstfeel warm often, sometimes and never. There could be a couple of
explanations for this, firstly as external temperatures stay high for up to 8 months of year, most
occupants feel that their house is warm. The other reason could be the prolonged use a th
warmer spaces within the houseVaastushastrasuggests that some spaces in the house such as
the southeast followed by the southwest will inherently be warmer spaces, if the occupants use
these spaces, then they will feel warmer. In case studyl occupantse the northwest room most
frequently, while in case studies 2 the occupants use the northeast room, therefore they feel
comfortable. In case study 3 the occupants feel warm majority of the time, even though they use
the northeast side of the house whiclis supposed to be cooler. In case study 4 the occupants use
OEA 11 OOEAAOO OPAAA 1100 T &2 OEA OEIi A xEEAE AT OI A A
study 5 occupants use the southeast room, the most which is suggested to be the warmest space

in the house and therefore they feel warm.

Most occupants of the house rarely or never feel cold in the case studies, except for case study 3
and 5. In case study 3 half of the people feel cold sometimes and half of them never feel cold and
in case study 5 only ae person feels cold often. These exceptions could be because some people
use the cooler spaces in the house while the others use the warmer spaces and the house uses
central air-conditioning which could make some places cooler than the others making some
people cold. It could also be that some people in the house are more comfortable with a slightly

warmer temperature.
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Sight z both natural and atrtificial lights are used in the cases studies, frequency of use is
dependent on the time of the year but alson the size and placement of the windows. Most of the
houses have adequate natural light during the day in the summer months except for house 2 and
4. All the houses have windows on the northeast side except for house 2, where the window is on
the north side is not on the east, which results in house 2 requiring more use of artificial light
even during the summer. In house 4 the northwest side has no windows and might the reason the

occupants use artificial light often during both summer and winter months.

The use of windows allows natural light into the house, but also causes heat gain on some of the
sides. The residents of the houses with large windows on the southeast, houses 3 and 5, mention
that they feel warm in the house. The other houses have mid small size windows on the
southeast and the residents are more comfortable with the internal temperatures even in the

summer months.

Sound-- 1 6O T & OEA ET OGdoduch $olind fiom A@iei§rbdtihdod because

the houses are in residential districts, expect for house 5 which is near the city and therefore

experiences street noise when the windows are open. Most of the noise in the house is

experienced internally andis probably generated from the use of alconditioning especially in

OEA OOIiTAO I1T10OEOC8 i1 OEA ET OOAO EAOA 1 PAT AAT A xE
an issue with bad odour. The exception is house 3 which uses air fresheners often probably

because of the constant use of aiconditioning which prevents opening of windows and therefore

creates stale air in the house.
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Chapter Six: Analysis of Case Studies

6.1 Introduction

In this chapter the findings of the previous two chapters will be discussenmh relation to the
principles of Vaastushastra Both chapters 4 and 5 examined the case studies based on the
selected methodology which highlights different aspects dfaastushastra Data collected from the
sites is used to investigate the selected princlps of Vaastushastradiscussed in this thesis. Each
case study will be inspected based on the principles that are followed and the principles that are
T1T0 Ai1T1TxAA O O1 AAOOOAT A OEA Ei PAAO OEAOA

how they areapplied to the case studies is mentioned in chapter two.

6.2.1 General discussion of case studies based on temperature

Average temperature data collected from the case study homes during the summer (with the use
of air-conditioning) and winter (without the use of airconditioning) is shown in fig.6.1 and fig.

6.2. Average variation from the external temperatures is shown fig.6.3 during summer months
and in fig.6.4 during winter months. To understand the significance of the principles that are
applied tothe house a comparison is made between the average recorded temperatures of the
houses during summer fig.6.1 and winter fig.6.2. The summer recordings were taken with use of
air-conditioning, since the average external temperature was 39°6 which wastoo high to go
without. In the winter the temperatures were recorded without the use of airconditioning as the
average external temperature was 22C which made it possible for the residents to switch off air

conditions.

From the data shown below in fig. 6L we can make the following observations. In comparison to

the outside temperature the warmest corner in all the houses is the southeast corner, followed by
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southwest, northwest and northeast, with a couple of exceptions. In case study 1 the southwest

corner is the warmer than southeast. A possible cause for this exception could be the shape of the

oirTi ET AAOA OOOAU p8 4EA OI OOExAOO OiTi EO 110 A
proportions of Vaastushastrawhich is the reason for the variationin temperature. In case study 4

the northeast temperature is as warm as the southeast and the temperature of the northwest

room is much lower than the northeast. The northeast room has recorded higher temperature

probably because of the proportions of th@© 1 T i xEEAE ATT180 &£ 111 x OEA DPOEI
Vaastushastra The proportions of this room are too long with a small width which probably

makes it warmer. The northwest room is the coolest space in case study 4 because this room

AT AOT 60 EAOA x Ere therexiso heat dain OrthdaOosIE]

Data collected from all five case studies in the winter months is shown in fig.6.2. All five houses
maintain temperatures at 25°C or lower in all sides of the house with a few exceptions. The
exception noticed is thesoutheast corner of house 2, 3 and 4. These temperatures are around
27°C even in the winter months. This is an expected outcome becad&astushastraprinciples
predict that the southeast corner of the house is the warmest. Even though the window sizegar
different in all three case studies, case study 2 has one small window and case studies 3 and 4
have large windows. Even though case studies 1 and 5 have large windows on the southeast side
the temperatures are 25°C. This could be due to the orientatiaf the houses. Case studies 2 and

3 are oriented with the length along the north south axis, whereas case studies 1 and 5 are
oriented with the length along the east to west axis. Even though case study 4 is oriented along
the east west axis, becausethéri i EOT 860 1T £ AI OOAAO DPOI PI OOET T O EO |

temperature of 28°C.

Through the comparison of the average temperatures of case study, we can understand the

impact the principles ofVaastushastrahave on the actual recorded temperatures. Reviewing the
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AAOA AT 11 AAOAA 0TI OEA T AAODAT GwOGastiishakteaniei T 1T AEOAO
has different finds to the data findings. Users feeling of the space is different to the actual

OAAT OAET CcO 1T &£# OEA OPAAA8 !'T Al UOGEO T £ OEA AAOGA OOOA
recorded. Based on the average tempatures recorded during the summer, the houses are

analysed inorder from lowest to highest, in the following order case study 5 (28.7C), 4 (29.2C),

1 (30.8°C), 2 (34.°C)and 3 (36.1°C). In the winter months all the houses average at a

temperature of 25°C except for case study 1 which has an average temperature of 24.1°C.

Summer Temperature

45

7.7

39.5
39.5%
39.5

Average Temperature°C

CS1 CS2 CS3 CS4 CS5
mmmmm Avg. NE Temperature mmm Avg. NW Temperature [ Avg. SW Temperature
mmmmm Avg. SE Temperature mmmmm \Veather Station Tempertature == == == Acceptable Lower Range 23°C

= = = Acceptable Upper Range 26.5°@====== Optimum Internal Temp 25°C

Figure 61- Comparison of Average Internal Temperature of Case Studies (CS) in Summer
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Winter Temperature

Average Temperature®C
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Figure 62- Comparison of Average Internal Temperature of Case Studies (CS) in Winter
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Figure 63- Average variation from external temperature in summer
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Chapter Six: Analysis of Case Studies

Average Variation from External Temperature in Winter
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Figure 64- Average variation from external temperature in winter

p8¢8¢ ' AT AOAT AEOAOOOEITT 1T /&£ AAOA OOOAEAO AAOGAA
Occupants of each case study were asked to fill in serquestionnaires and the answers have

been given a numerical value starting from often = 4, sometimes = 3, rarely= 2 and never =1. The

results of these questionnaires are discussed in the previous chapter. Numeric values were given

to the answers givenbyOEA OAOEAAT 60 1T £# OEA EI T AOG8 )& OEA 1 AAOE
OEAO xAO AiI 1T OEAAOAA A PIT O OAI OA AT A O1 AGAOE xAO
occupants were not happy with the house and lower score meant that they occupanwere

EADDPU8 4EA EAEOOO PAOO 1T £# OEA NOAOOEI T 1T AEOA xEE

O\

(@]

O

>
>

Ei x OEA T AAODAT OO0 #AAI ET OEA ODPAAA8 7EAOAA
shows the actions that the tenants need to take in ordeo stay comfortable.
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4EA EEOOO 1 O0i ARO EO OEA 10i AAO T £ AOEOAOEA OEAO OE
had 8 questions and the other category had 9. Answers from both are multiplied by 2 because the

typical household is 2 occupants. Inite homes that have 4 occupants the total is divided by 2, to

Ol AAOOOAT A OEA O1 OAl EI O ¢ DPAT PIi A8 4EA OEEOA 1 0O AA
O1 AGAOGh ¢ A1 O OOAOAIT UBh o A1 O 0011 AGEI AGE AT A 1 A
reactET T O EO AO A1 11T x0h OEA 11T xA0OO OAT OA BT OOEAI A EC
xEEAE EO ¢y @¢ @p EO CEOAO A OI OAl 1 & poe8 4EA 1T A@0
@¢ xEEAE EO o¢ AT A EO A ROEBRAOCAT PASEDAYOEAUDEDOREA
the highest score would be 8 x 2 x 4 which gives a total of 64. Scores from each house will show

how comfortable the residents feel in their homes.

4 AT AT 006 ET OAOOAT OET 1T O AOA /JaeDd gefsof quedtions usétlihere DEA OAT A
which means the lowest score is 9 x2 x 1 which is 18, 9 x2 x2 which is 36, 9 x2 x3 which is 54 and

the highest score is 9 x 2 x 4 which is 72.

CASE SENSORY OVERALL 4%. ! . 43 OVERALLUSE
STUDY REACTIONS  FEELING OF INTERVENTIONS OF
HOMES DISCOMFORT INTERVENTION:!

1 32 rarely 43 Sometimes
2 31 rarely 45 Sometimes
3 31 rarely 495 sometimes
4 18 never 52 Sometimes
5 33 sometimes 48 Sometimes

Table6.1-5A aO0dzaaAzy 2F dzZaSNRQ O2YF2NI Ay OFasS &addzRé K2YSa

Bigger variation in satisfaction is seen in the outcomes from the sensory reactions of the tenants

with three of the four possible outcomes. Case studies 1, 2 and 3 say that the rarely feel
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uncomfortable in their homes, while case study 4 says the never feel uncomfortable and 5 says
they are uncomfortable sometimes. On the other hand, the interventions used by the occupants

are all the same with sometimes as the answer. When compared with the interventisised in

the house the only the response of case study 5 is the same. Case studies 1, 2 and 3 said rarely for
the way they felt in the space but chose sometimes when it came to interventions. In the case of
case study 1 outcome of the intervention is clas to rarely, but in case study it is closer to often.

This shows that the tenants of house 1 use less interventions followed by the occupants of house

2 and finally house 3.

Based on the sensory reactions the houses are ranked from best to worst as hods8,2,1 and 5.
AEEO EO A AEAEAEAOAT O OAOOI O &#£OiI I OEA 1TA@d OAOD
xEEAE OAZEAO O AAOETT O OEAO OEA OAT AT OO0 1T AAA
interventions the ranking of the housefrom best to worst is 1,2 5,3 and 4. In the case of house 4 it

is interesting to see that the occupants feel very comfortable in the house, but it is probably due

to the interventions that they had undertaken. For example, relying on the use of atonditioning

can make the user comfortable in the space. Similarly opening the windows or using fans can be
another intervention that makes the occupants feel comfortable in the space. There is a similar

pattern seen is case study 3, where the occupants probaldsel comfortable in the house due the

use of airconditioning. The occupants of villa 5 say that they rarely feel uncomfortable and they

AT1T60 OAT U 1I1T ET OAOOGAT OET 1O AO i OAE AO OEA 1T AAODPAI

study 1 and 2 also menin that they are very comfortable and they use less interventions then

house 3.
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6.3.1 Case Study 5

The key reasons this house has the lowest average recorded temperature could be linked to the
architectural features that are in line with the principlesof Vaastushastra The architectural
features of this house could have influenced the temperature and therefore the overall
temperatures recorded in the house. These features aralignment of the house on the cardinal
directions, absence of windows on the south wall, ovlangs on the windows on the southwest
and southeast sides. Three of the houses selected for the study are aligned with the east west
directions aligned along the length of the house and this is one of them. In this case study the
window is on the east wallof the southeast room, rather than on the south wall. All the other
houses have at least one window on the south wall, even if it is very small in size. The impact of
these is seen with the increase in temperature noted in the rooms on the south. Massofghe
house is such that the first floor is larger than the ground floor which provides overhangs to the
windows on the southwest, southeast and northeast walls. On the northwest side however, there
is no overhang provided. A spike is seen in the tempenate recorded on the south east corner,

which is because the overhang on the southeast side is short.

Data collected from the questionnaires however shows that the users feel the most uncomfortable
from all the other case studies, but their use of interveiions to feel comfortable is moderate.

Even though the house is cooler than the other houses during the summer, the occupants mention
a constant need for airconditioning. The reason for this could be that the occupants use the
warmer rooms of the house wlich is the southwest space with an average of 30 and the

southeast space which records an average of 1. To improve the users comfort of the space a
couple options are recommended, either the layout of the house can be rearranged so that the
functions which are used the most are placed on the north side, rather than the functions that are

not used as much. Another option is that the southeast and southwest sides have an additional
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canopy or shading structure above it. Adding pergolas or landscape elententhe outdoor spaces

could also help to reduce the temperature on that side of the house.

Case study 5 appears to feel warmer than the other houses during the winter months even though
average temperatures is similar to studies 2,3 and 4. The differengethis house is that all the

four sides have average temperatures of approximately 2& while the upper range for acceptable
temperature is 23.5°C. Since all the sides of the house are slightly warmer than acceptable the
tenants of the house feel the neetb switch on the air-conditioning during the winter months. As
mentioned above, if the house had shading structures or landscape elements on the west side it

would have the house stay cooler.

Daily Summer Temperature Variation
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Figure 65- Case study 5 temperature variation in Summer

There is an interesting pattern of temperature seen in the house on a daily basis during the
summer, which can be observed in the temperature graph in fig.6.5. During the summer,

temperatures of the northeast and northwest are similar throughout the day, withiise and fall in
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temperature either occurring at the same time or happening 30 minutes later in the northwest.
The temperature gains and drops seen in the southwest are a similar pattern to the northeast and
northwest side except that the temperature in he southwest predominantly stay above 3€C.

Gains in temperature on northeast, northwest and southwest are seen from 10am with the peak
temperatures happening at 2 pm in the northeast and northwest but at 11pm in the southwest.

Even though the northwestdd 0T 6 O EAOA A OEAAET ¢ AAOEAA EO

Qu

1T OOEAAOO8 3ET AA OEA Oi OOE x°& ©6C iOriviikcdd EronCl1amdill
1pm with a similar drop in temperature from 1pm onwards tostabilise for the evening ard night.
The southeast is the warmest side of the house, the increase and decrease in temperature is
similar to the southwest except that at 2pm temperatures in the southwest start to drop, but the
temperatures in the southeast continue to rise to peek &pm and then drop significantly till

midnight where the temperature is as low the northeast temperature.
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Figure6.6- Case study 5 winter temperature variation
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The trend seen in winter is slightly different with the northeast and southwest maintaining
similar temperatures throughout the day and the northwest and southeast showing drastic gains
and drops in temperatures seen in Fig. 5.6. Both southeast and northgtesides see a gain in
temperature from 7am till 9am when the southeast temperaturestabilisesbut the northwest
temperature continues to rise till 4pm when it starts to drop and continues to drop till 7am the

next day.

The house is cooler during the summer months as compared to the other studies as seen in fig.

6.1, but this has an impact on the quality of light in the house. As seen in chapter 5, occupants rely

iT AOOEZEAEAI 1 ECEOO ANOAI T U AOOEIT C OEA OOi i A0 AT A
receive optimum natural light during the summer. For a space to be comfortable it is important

OEAO OEAOA EO AAANOAOA 1T AOOOAI T ECEO EI OEA ODPAAAS
windows which makes the space dark. If the north wall ha@indows it might help to create a cool

space which has adequate natural light through the winter months.

6.3.2 Case Study 4

The key architectural features of the house, based on the principles\dhastushastraare that, the
length of the house is alignedan the east west axis, the northwest corner has no windows and the
southeast room has two large windows, one on either side and the proportions of the house are
close to being a square. Proportions of the house are an important principle hastushastra

there are a variety of proportions that are suitable for residences off which square is a preferred
option. When the data from case study 4 is compared with the data from case study 5, a difference
in average temperature is noticed. Temperatures recordeih the southeast corner of both homes

is similar at 31°C. Both southwest and northwest average temperatures are lower in case study 4

but, because the northeast reading for case study 4 is much higher than in case study 5, the
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average temperature of the hase is lower in case study 5. The southeast temperature reading in
case study 4 is high, which is expected because this corner of the house has two full height
windows, one on either wall (south and east) and the proportion of this room is too long and
narrow. If the width of the room was proportionate to the length, or if the windows had shading
devices, the room might not have recorded such high temperatures. Exposing windows on the

south facade are known to cause gain in internal temperatures.

The questonnaires show that the occupants feel the most comfortable from all the other studies,
but they use the most interventions to feel comfortable. This could be because the occupants feel

most comfortable in the space after using all the interventions. Evahough the northwest space

—_
Qu
(@}

EO | AET OAET AA AO AT 1 PDOEI Oi OAI PAOAOOOAR EO EO
light. The occupants rely on use of aiconditioning throughout the house because they use the

warmer spaces of the house throughouthe day, which are the northeast and southeast rooms

which has recorded temperatures of 31C. Space in the southwest side recorded an average
temperature of 29°C, which is considerably higher than the acceptable high range of 285 This

space in the sothwest corner has windows on the south and west facades, of which the south

OEAA xET AT x AT AOTI 60 EAOA AT U OEAAET ¢ AAOGEAA AT A OE
extended upper floor. Even though the west fagade has a shading structure, the impaicthis

OEAAEI C EO TACAOGAA AU OEA xETAI x 11 OEA OI OO0E AEAgA
Average winter temperature of case study 4 is the highest of all the studies at 2838 As

mentioned in the questionnaires, occupants rely on aiconditioning more in this house than is

study 5 because the southeast room is used frequently which has the highest average

temperature in the house. If residents used any of the other rooms during the winter, it might be
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easier to cool and create a comfortable temperate. Another option is to use shading devices on

the windows placed on both south and west wall.

Daily Summer Temperature Variation

50
45
gS
S
2
§25 —— —_— _—
0 20 Optimum Internal Temperature
o 15
|_
10
5
0 AT T T T T T T T T T T T T T T T T T T T T T T T T g g P o T T e T T T T T T T Ty
MO TdANMNMITULONDDOANMNMTOLOMNMOVDOODOANMNOANNDTULONODDOANMSTEL ONWOWMOO O AN
NOOOOOOOOO O A A A dddddcdd N ANNNOOOOOOOOOOddAdAdddddddNNN
O O O OO OWOVWWOWUOWUOWUOUOUOUOWUOWUOUOUOUOUOUOUOUOUOUOUOUOUOUOUOOUOUOUOUOUOOOWOUOUOUOOOOOOO
D I I I e B e e I I B I I e I e e I B B = B = I I = = I = D = B = I = I = I = = I = B = I = I = I I = I = = I I = = I = I I = I I I e I s B
OO0 0000000000000 00000D0000000000000000000000000O0O0O0
NANANANNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
YA ANANANANAANAN AN NNV NNNA NN NN A
=== i = = I = i i i A i = A I = i s S S B S B o B oY B o B oY B oV AN oV BN oV B oN BN oV BN oV BN oY BN oV BN oY B oV BN oY BN oV BN oV BN oY BN oV BN oV |
[leNeNeoNoloNololololNoNolNoNolololoNoNolololoNoNoNoNoloNoloNoNoNoNoloNoNoNoNoNoNoNoNoNoNoNoNoNoNe)
e R R R R e N R R R R R R R R - R R =
N~ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO 0O 00 00 00 00 00 OO 0O 00 00 00 00 00 OO 0O 00 00 00 00 0O 00 0O 00 00 00 0O OO 0O 0O 00
[eNeoNeoNoNoNoNoNoNolNoNoNoNoNolNoNoNoNoNolololNoNoNoNeoNoNolNolNoNoNoNoNoloNoNoNoNolo ool NolNeoNoNolNeNe)
Date & Time
NE Temperature (°C) NW Temperature (°C) SE Temperature (°C)
SW Temperature (°C) ~ ceeeeeeee Weather Station Tempertature (°C)

Figure 67- Case study 4 temperature variation during summer

In this house the daily temperature variations are similar to case study 5 during theummer
because 3 sets of temperature stay within a particular temperature range and one set has a
dramatic rise and fall in temperature, seen in fig.6.7. However, it is interesting to note that the
northeast temperature in case study 4 is much higher thaim case study 5. In case study 4
temperature in the northeast is above 30C throughout the day, whereas in case study 5 northeast
temperature is well below 30°C. Both these houses have large windows on the east wall but in

case study 5 the proportion of tke northeast room help to maintain the temperature below 3€C.

The northwest room in the house is the coolest space but is used as a formal space which means it
EOTI 80 OOAA OEOI OCEI OO0 OEA AAU 10 AU OEAe AT OEOA EAI

212| Page



Chapter Six: Analysis of Case Studies

space where the family would spend most time they would feel more comfortable and possibly
not rely on air-conditioning as much as they do. The reason for reduced temperature is that this
room has no windows. Gain in temperatures in the southeast, sowtkest and northeast are seen
at the same time at 7am and similarly drops in temperatures start at 11am and by 3pm the
temperatures stay level except for the southeast where the gain in temperature is followed by a

drop-in temperature that drops below 30°C fom 7pm till 7am.

Daily Winter Temperatur@ariation
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Figure 68- Case study 4 winter temperature variation

In case study 4, temperatures in the house stay below 25 except southeast space because of
which the average temperature of the house could be high. The temperature sensor waagad in
the same location in all the houses, which is on theindowsill , but the sensor was not exposed to
direct sunlight. Temperature in the southeast rises higher than 4&C from 1pm till 4pm, which is

the time when this room is used the most. External temperature gain is also seen between 7am
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AT A ¢bih AOO OEA AgOAOT Al OAr®énherdadBeadnpdiatufe @i 6 O
the southeast room increases up to 4€C which is a 60% rise is temperature. The need for air
conditioning in this house is higher because this space is used a lot along with the northeast room.
The northwest room is cooler during the winter months and without the use of akiconditioning is
maintained at 25°C or lower, which is higher than the acceptable upper temperature of 236G

and could be improved with the use of fans or by opening the windows.

4EA 1T ECEO NOAI EOU ET OEA EIT OOA EO cilA rAgd OEA
the summer and use it moderately during winter. This shows that the orientation of the house

allows for adequate natural light in the house. Even though the northwest space is the coolest

space in the house it is not used much because of lack of acidl light in the space. Tenants

prefer to use the east side of the house more often because of the functions associated with them.
The windows on these facades bring in natural light which also causes the space to become

warmer. If these windows have shding structures on them it might help to create space which is

more comfortable. Alternative methods of bringing light into the house such as sun pipes can be

used to bring in the light without gain in temperature.

6.3.3 Case Study 1

This house has propdaions that are of a rectangle, with proportions of 1:75. The length of the
house is aligned on the east to west axis and its proportions are the main factors that align with
the principles of Vaastushastra The south side has one window which is on theatcase, the
southwest space has a room which is not a square, but has a cut which makes it a polygon, these
are the aspects of the house that help examine the principles prescribed Wgastushastra
Temperatures of the house follow a trend, with the notteast cooler than the northwest, but the

southwest is warmer than the southeast side which is not expected. The shape the southwest
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room is a polygon which could be the reason for the temperature gain, if this would be a square
the outcome might have beewifferent. In the chapter 7, case study 1 will be modified through
simulation models and one of the simulated situations is to make all the ground floor rooms a

square in proportion.

Based in the questionnaires the occupants of this house usually feel domiable and use the least
interventions from all the case studies. This is probably because during the summer months, the
northeast room is the coolest space with the lowest recorded average temperature at 2%Cland

is close to the acceptable upper rangef 26.5°C. Occupants mention that they use aonditioning
in the space very often in the summer, but sometimes and/or rarely in the winter. Unlike the
previous studies, the occupants of this house use the northeast and northwest spaces which are
the codest in the house. Northwest room also has an odd shape and is a polygon similar to the
southwest room, which could be the reason why the northwest room temperature is significantly
higher than the northeast. Another reason for this could be the lack of averhang on the west

wall.

During the winter months the average temperature of the study 1 is lowest of all the houses.

Despite this the occupants mention that they rely on aiconditioning sometimes or rarely in the

winter. Though the average temperatue is 24.2C which is close to the maximum acceptable

internal temperature of 23.5°C the individual spaces have different average temperatures. In the

xET OAO 1110EO OEA T AA OEAPA T &£# OEA O1I OOExAOO OI i
temperature like it did in the summer. Even though occupants use the cooler spaces of northeast

and northwest during the day, when they use the rooms which anearmer, they need to switch

on the air-conditioning which is probably the reason airconditioning is still used inthe space.
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Daily Summer Temperature Variation
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Figure 69- Case study 1 temperature variation during summer

Unlike the other two houses, the daily temperatures trends in this study are different in a few
aspects but similar in a few aspects compared to the previous two studies, seen in fig.6.9.
Northeast temperature stays below 30C throughout the day in this case study, with a gain in
temperature seen from 9am, even though this gain in temperature is only up t6@ it lasts for 4

hours which is a reasonable duration of time. Aspposed to case studies 5 and 4 where the

ET OEA O1 OOEAAOO AT O1 ACwuththyl @ ihis tbmpdréikeGronOriddidht A A
till 1:30pm and thenrises again from 4pm till 8:30pm. The southwest temperature is higher than

the southeast temperature which is caused by the shape of the room which is a polygon instead of

a square. On an average the temperature of the house remains undef@&nd if the acupants

use the cooler spaces during the summer months it might reduce the reliability on air

conditioning.
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Daily Winter Temperature Variation
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Figure 610- Case study 1 winter temperature variation

The winter temperature is the lowest in this case study. As seen in fig. 6.10, all thigdes of the
house stay below 24C throughout the day, which is close to acceptable upper temperature of
23.5°C. Temperature of the southeast side rises from 7am, rising sharply till midday and then falls
sharply till 2pm. If the southeast window is remowed the house might have a lower temperature
through the winter months but this would reduce the amount of natural light in the house. If a
smaller window placed on the southeast wall that could reduce the heat gain but allow for some

natural light and creae a balance between heat gain and natural light.

Even though the northeast room is the coldest space in the house, it has a window on the east wall
but not on the north wall, which keeps the room cool but might decrease the available natural
light whichAT 61 A~ AA OEA OAAOIT OEA T AAOPAT OO AT 180 OOA

AAANOAOA T AOOOAT 1T ECEOh AO OEA 1T AAOPAT OO 1 AT OETI
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artificial light too much in the summer months. Day light hours are lesser durinthe winter

months and therefore there is a higher need for artificial lights.

6.3.4 Case Study 2

In this case study the house is rectangular in plan and is a cuboid in volume which are both

suggested invVaastushastra The length of the house is aligned with the north and south axis, even

OET OCE Ail OEA xAl 10 EAOA xETAI xO OEAU AOAT 60 Al
principles of Vaastushastra Biggest windows are placed on the north and west walls,itlr mid -

size windows on the east wall and very small windows on the south wall. Even though the west

side was windows which is not suggested byaastushastrathese windows have overhangs and

therefore this case study is used to understand the differencéése shades make to the internal

comfort levels. Average temperatures of the house are that the northeast is the coolest and the

southeast at the warmest which is expected. Both northeast and northwest temperatures are

similar to each other and the southest temperature is much higher than the southwest

temperature.

The questionnaire results show that the occupants are comfortable in the space and rely on
interventions a little more than in case study 1. Occupants mentioned in the survey that they

often rely on air-conditioning during the summer months this is probably because on an average
the temperatures in the house are well above ZTC. Even though the windows on the west have
structures to shade the windows these structures are not designed to prevemternal

temperatures from rising too much during the summer months. The space on the north side is
one common room between both the northeast and northwest spaces and therefore the
temperatures on both sides are similar. The southeast room has one smalhdow on the south

side and is a small enclosed room and this is the warmest space in the house. In case study 1 the
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southeast side has a larger window but the average temperature in lower than in case study 2.
This could be because in case study 1 everotigh there is a large window the space is not
confined into a small space and therefore the heat dissipates throughout the house. Whereas in
study 2, even though the window is small the room is very small which makes the space much

warmer.

During the winter the occupants rarely use aitconditioning, because the north spaces have an
average temperature which is close to the acceptable upper temperature of 23Gand this is the
space that they use most of the time. Even though the average winter temperatusesimilar to

the average temperature of case studies 3, 4 and 5, the occupants of case study 2 rely the least on
air-conditioning during the winter months. The only room which has a very high average
temperature is the southeast room. Windows on the wedtcade have shading structures which

helps to maintain internal temperatures at an acceptable level during winter months.

45 Daily Summer Temperature Variation
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Figure 611- Case study 2 temperature variation during summer
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The house in case study 2 is significantly warm through the summenonths but manages to stay

relatively cooler in the winter months. The trend in daily temperature helps to understand the

comfort of the spaces as seen in fig.6.11. During the summer the temperatures of this house

remain above 30C throughout the day. Theéemperature in the northeast and northwest are the

lowest in the house but remain above comfort level at 3C which means the occupants strongly

relyonair-AT T AEOET TET ¢8 4Ai PAOAOOOAO ET OEA 11 OOEAAOO A
the day which codd be a reflection of the constant use of aiconditioning. Similarly, even though

the windows on the south wall are small the temperature in the southeast corner is high and

remains above 35C through the day. Occupants could use the apnditioning as they needed but

OET AA OEA OPAAA ET OEA Oi OOGEAAOGO AT OFtAO A Oi Al 00
conditioning and therefore recorded higher temperatures.

The winter temperatures for the same house are much lower and the occupants mention in the

guestionnaires that air-conditioning is rarely used in the winter. The daily temperature trend in

fig.6.12 shows that in the winter months only the southeast corner gains maximum heat. Three

sides of the house, northeast, northwest and southwest stay under Z5 throughout the day. Heat

gain in the southeast temperature is seen from 9am till 11am and then a sharp drop is seen from

3pm onwards. If this window is removed it might help with the overall temperature of the house

both during the summer and winter.
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Daily Winter Temperature Variation
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Figure 612- Case study 2 winter temperature variation

Natural light is a concern in the house during the summer months as occupants mention that they
switch on the lights often. The space used most by the occupants is the northeast and northwest
room and there is no window on the east wall of the northeast @mm which causes lack of natural

light during the day.

6.3.5 Case study 3

This is the warmest house from all the five case studies selected. The house follows key principles
of orientation, but the length aligns with the north to south direction which isthe secondbest

option. The house has large windows on the north and east sides, which is recommended in
Vaastushastraput it has windows in the south and west which does not follow the principles of

Vaastushastra The house was selected to understand thibfference in temperature that was
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caused by having large windows on all sides of the house. There are decorative elements on the

windows of the house, but these are not designed to create shadows on the windows. These

elements are placed on the east fage of the building but should be designed and placed on the

south and west facades. There is a balcony on the first floor of the northeast facade which causes

reduction in daylight for the northeast room on ground floor. There is a similar balcony on the

fEOOO &£ 110 T £ OEA 01 OOEAAOO OEAAh AOO OEEO EOI 60 £
side of the ground floor.

$AOA AT 11 AAOAA EOI i OEA T AAOPAT 0086 NOAOOEITTAEOAO
conditioning through the summer because theeerage temperature in any room is above 3%

which is much higher than the upper acceptable temperature of 26°6. Occupants of the house

i AT OETT OEAO OEAU AOAT 60 Aii &£ OOAAT A ET OEA ODPAAA
case studies. Casstudy 3 is similar to case study 2 in terms of orientation, the difference is the

placement of the windows, overhangs on the windows and landscape features. In case study 3 the

house has windows on all sides, were as in case study 2 there is only one swalidow on the

Ol OOE OEAA8 )1 AAOA OOOAU o OEA xET AT xO i1 OEA xAO
are available in study 2. Even though the southwest room in study 2 is warmer than the

AAAADOAAT A OOIi i A0 OAI BpAOA O Oedtkoort D stlelyd. Silarl e x AOI  AO
northwest room in study 2 records an average of 3 which is warmer than acceptable but is

approximately 3.5°C lower than study 3.

During the winter months the occupants use alternative methods of cooling, such as farsl
opening windows and reduce the use of aiconditioning. Temperatures of both northwest and
northeast rooms are close to 23.%C without the use of aifAT 1T AEOET 1 ET ¢8 / AAODPAT OO A

northeast room on the ground floor very often because it is afmal living room space and the
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southeast and southwest rooms on the ground floor which are warmer due to the placement of

windows and lack of both architectural ornatural shading.

The temperature variation seen daily in case study 3 in the summer is seen in fig. 6.13. The house
is the warmest with temperatures on all sides generally measuring above 35. Northeast and
northwest are lower in temperature compared tothe other sides, with northeast temperature

stable throughout the day. Temperature in the northwest gains at 8am and drops again from 1pm
till 4pm when it drops below temperature of northeast space. Southwest side steadily becomes
warmer from 8am till 1pm and drops till 5pm and remains constant in temperature till 9am the
next day. Exposing the southwest window without a canopy causes this increase in temperature,
eliminating these windows would see a significant drop in temperature, as seen in the othersea
study homes. Temperature gain on the southeast side is similar to the temperature increase seen
in the external temperature, with the internal space gaining the heat a couple of hours later. Drop

in internal temperature is seen within half an hour of dop in external temperature.
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Daily Summer Temperature Variation
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Figure 614 - Case study 3 winter temperature variation
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In fig. 6.14 shows the daily temperature variation during the winter, which shows thatortheast

ATA T1T O0ExAOO OEAA AOA OAlI AGEOGAIT U AT T 1 AOThR&T A AT 160
increase in temperature on these sides is minimal as it increases gradually and stays at the

temperature till 5pm after which it drops slightly. Southeast and southwest gain temperatures at

the same time from 8am to a maximum gain at 2pm and then drops from 3pm till 8pm.

Temperatures on the southeast and southwest raise by at least ZDduring the winter due to

exposed windows. If these windows were dsed or had adequate shading the internal

temperature would be lower.

6.4 Conclusion

The results of the data collected from all five houses during the summer are discussed in detail
which highlights interesting findings. The spaces typically follow the @ttern of northeast being

the coolest, followed by northwest, followed by southwest and the southeast is the warmest space
with the difference in average temperature as seen in table 6.1. The same patterns are seen
during the winter months as well (table6.2). The lowest temperature difference from external
temperature is at 0.5C and the highest temperature difference is 14°€. Maximum and minimum

temperature differences between the houses are shown in table 6.3.
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Average North Average South  Difference in Average ¢
Temperature Temperature Temperaturez Average
(NE+NW)/2 (SE+SW)/2 N Temperature
House 1 28.1 32.9 4.8
House 2 315 36.6 51
House 3 35.2 37.1 19
House 4 28.2 30.1 1.9
House 5 26.7 30.7 4.0

Table 62- Average temperature in north and south sides during summer

Average Highest Temperature Average Coolest Temperature
House 1 SW NE
33.6°C 27.1°C
House 2 SE NE
38.9°C 31.4°C
House 3 SE NW
37.8°C 35.1°C
House 4 NE NW
31.2°C 25.1°C
House 5 SE NE
31.0°C 26.6°C

Table 63- Warmest and coolest sides of the house during summer
Average external Difference between  Difference between

temperature average highest average coolest

internal temperature internal temperature

House 1 39.5°C 5.9°C 12.4°C
House 2 39.5°C 0.6°C 8.1°C
House 3 39.5°C 1.7°C 4.4°C
House 4 39.5°C 8.3°C 14.4°C
House 5 39.5°C 8.5°C 12.9°C

Table 64- Difference between external and internal temperatures during summer
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To verify thatthe airrAT T AEOET T ET ¢ AEAT 60 PI AU A [T AETO O1TI1 A EI
loggers were placed in the houses during the winter. Trends similar to those seen in thensmer

were noticed in the winter, even when the airconditioning was switched off in the houses. The

north side is cooler than the south side even though the internal temperature is higher than the

external temperature (table 6.4). The north side remainedhe coolest side but in some cases was

the south side which had shading structures on the windows. The south and particularly the

southeast side remained the warmest in the house (table 6.5). The average external temperature

is 22.2°C during the winter ard the internal temperatures in the house are warmer (table 6.6).

Average north Average south Difference in Average ¢
Temperature Temperature Temperaturez Average
(NE+NW)/2 (SE+SW)/2 N Temperature
House 1 23.9 24.3 0.50
House 2 24.1 26.0 2.00
House 3 23.7 26.9 3.20
House 4 25.0 26.7 1.70
House 5 25.0 25.1 0.05

Table 65- Average temperature in north and south sides during winter

Average Highest Temperature Average Coolest Temperature

House 1 SE24.8°C NW 23.7C
House 2 SE28.2°C NE 23.9°C
House 3 SE27.0°C NE 23.7°C
House 4 SE 28.7C SW 24.6°C
House 5 SE25.3°C SW24.8°C

Table 66- Warmest and coolest sides of the house during winter
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Average external Difference between Difference between

temperature average highest average coolest
temperature temperature
House 1 22.2°C +2.6°C +1.5°C
House 2 22.2°C +6.0°C +1.7°C
House 3 22.2°C +4.8°C +1.5°C
House 4 22.2°C +6.5°C +2.4°C
House 5 22.2°C +3.1°C +2.6°C

Table 67- Difference between external and internal temperatures during winter

AEA AT 1T &£ 00 1 AOGAT 1T &£ OPAAAO AT AOT 80 O1T1 AT U AAPAT A

also depends on how comfortable the occupants feel in the space. Based on tiseuksions in this
chapter it is understood that the homes in which users are comfort are different from those that
recorded the lowest temperatures. Compliance with the principles dfaastushastracan help to

understand which homes are comfortable overall

The above shows the findings of all five case studies examined together to understand an

I OAOOEAx 1T &£/ OEA AT OOAI AOGETT 1T & OEA AT A& 00
Vaastushastra In order to understand the connection between the data colléed from all the
houses and principlesVaastushastraa summary of the finding of each house will be presented in
chapter 8. Before that, case study 1 will be modified to make it comply with all the principles of
Vaastushastra in chapter 7. Finally, compadn with the simulation data will be done in chapter 8

which will help understand which principles of Vaastushastrahelp create comfort in residences.
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Chapter Seven: Software modeling

7.1 Introduction

This chapter will investigate the principles ofVaastushastraurther using IESVE which is an
integrated environmental solution software to test the potential impact these changes make to
case study 1. There are many simulation software thauld have been used in the thesis. The
discussion about the selection of the software is in chapter 3.6. The first part of the chapter is
about verification of the simulation software used and ensuring that the results generated from
the simulation are cbse to the data gathered form the case studies. There is a discussion about

the changes that were tested using the software.

In the second part the simulation software was used to simulate various conditions that were
missing in the various case studieand were recommended to be tested in chapter 6. Using a
simulation software allowed modifications in the existing building which would test if the internal
spaces would be more comfortable if they were designed based on all the principles of
VaastushastraData collected from the simulation studies would show if the modifications made
to comply with Vaastushastramade the spaces comfortable by collecting temperature and

humidity data.

7.2 Discussion about the selection of changes made using IES software

Snce the house is physically built it would be difficult to test the suggested modifications in the
actual house. All the houses selected for the case studies were complaint with most of the rules of
Vaastushastrabut they all the houses had some principe missing. Table 7.1 below shows the key
principles mapped against the case study houses as a guide to highlight the few missing design

principles.
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Case Study Case Study z Case Study & Case Study ¢ Case Study
1

of the
house
Proportion
of the
house
Ideal
location of
windows in
the house
Proportion
of the
rooms in
the house
Use of a
courtyard
the house
Placement of
windows
on South
and West
side with
the use of

solar

shading

5

Table 71- Application of key principles &faastushastra
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Key elements oVaastushastrawere identified in chapter 2.3.8. Each of these factors were then
discussed with reference to each of the case studies in chapter 3-:7317.5. Table above lists these
key principles and roughly identifies the key principles that were followed by each dhe case
studies. Principles ofVaastushastracan be interpreted in different ways. These principles need to
be understood and then applied based on the location of the site and its conditions. Following is a
discussion on the principles and why the authofeels that these need to be modified in the case

study house.

The orientation of the house is an important factor in both/aastushastraand in comfort studies.
Three of the five case studies, 1, 4 and 5 are oriented with the length along the east wess axd
the other two case studies, 2 and 3 are oriented along the north south axis. It is important to
investigate if east west orientation is the best orientation, therefore the first change to the model

is to change the orientation of case study 1.

Proportions of the house is another principle; each case study had a different proportion, and
these are mentioned in chapter 3.743.7.5. These proportions vary from the proportions of case
study 4 with 1:98 (almost square), to case studies 1 and 5 which hapeoportions of 1:75, case
study 2 which has a proportion of 1:67 and case study 3 which has the proportions of 1:6. Since
OEEO Ei OOA EAA A CiTA DOl DBi OOEIT OEA 1T OAOAI I
Vaastushastrastipulates that the house shoulchave windows on the north and east side but

should have minimum windows on the south and west sides. Windows on the north and east
sides can be large and without any shading devices and windows on the south and west should
have appropriate shading technigies. The next thing that is modified in the simulation model is

the orientation of the windows in the house. Window sizes were also changed to see if these had

an impact in the house.

231| Page

DOl Bl



Chapter Seven: Software modeling

Proportions of the rooms also have an impact on the way the users féelthe space. Some of the
rooms in the house have good proportions which are square or close to square. This is was the
only house which had rooms that were polygon in shape which was caused by a cut in the shape
of the plan. In order to investigate this @irther the northeast and northwest rooms that had the

cut were changed in shape to have pure square geometry.

The principles ofVaastushastrahat are not followed in any of the houses were the design of
courtyard in the house and the use of indigenous lilding materials. The key criteria for selection
of the house to find midsize houses in Dubai which comply with most of the principles of
Vaastushastra The next change through the simulation was to add various sizes of courtyards to

the house.

The materials suggested invaastushastraare indigenous materials which are few and have

limited availability in Dubai. Concrete is produced locally and is the material commonly used in all
the houses. Local regulations stipulate that concrete should conform to tlseistainability rules

that are set up the by concerned authority and therefore even though it is not a material that was

used traditionally it can be considered as a local resource in this specific study.

7.2 Simulation testing

Simulation software provides the opportunity to test changes in the house without altering the
physical house. The first step was to ensure that the house modelled using the virtual software
was accurately replicating the conditions of the physical house. Case study 1 was seleasdhe
house that would be modeled using IESVE software as the temperature and humidity readings of
this house were taken without any airconditioning or alternative methods of cooling. Therefore,
the first simulation for case study 1 was done for summemonths. Dates of the simulation were

set to match the original dates of when the data loggers were placed in the physical house. The
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software was used to generate temperature and humidity readings for the rooms of the house
which are located on the four ceners Data recorded by the model was mapped to the readings
gathered in the real situation which showed a margin of error of up to % (fig.7-1.4). The
simulation can replicate real circumstances with limited accuracy and therefore a small margin of

difference was acceptable.

To verify that the data collected from the simulation was accurate temperature loggers were
placed in all five houses during winter. The data gathered from the loggers placed in the house
during winter was mapped against the temperatues generated from the simulation software (Fig
7.5-7.24). Data collected from the remaining houses during the summer were with the use of air
conditioning and since these timing were not regular it was difficult to replicate in the simulation.
There is avariation between the weather station data and the data used by the simulation
software. The difference that was noticed in the external temperature variation is similar to the
difference seen in the temperatures gathered from the internal spaces. The rdtsuof comparing
data collected with the simulation confirms that the later was within close range to the real data
collected which establishes simulation modeling as a way through which design modifications can

be tested.

Once the model was replicatinghie conditions of the real house to a level of satisfaction,
modifications were made to the house to test the various principles dfaastushastraand

understand if these had an impact on the internal spaces. each principle was tested individually
against the original house to see how the temperatures varied with the changes made. Case study
1 was modified through the simulation software to test various principles oVaastushastra Each
modification had an impact on the temperatures of the internal spaces, is@ of which were

OOAAAOCOAOI xEEI A 1T OEAOO AEAT 60 EAOA OEA AAOEOAA
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House 1 South West Summer Temperati@e
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Case Study 1 (Winter

House 1 North East Winter Temperatuf®
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House 1 South West Winter Temperatié:
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