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Abstract

The urban planning sector had expanded massively in the last few years since it is facing
different challenges and many researchers have been conducted for the best practices to ensure
the exposure of the sustainability in the cities.

UAE is looking at the urban planning, armbnstructingfuture vision aims to create a
sustainable city that can strengdtie local economy and preserve the environment from the
different pollutionssources such asrgescaleprojects. Adding to thatthe concentration of
meeting optimunoutdoor thermal comforts amdducingnegative impactsrbanexpansiorsuch
as theurbanheat islangphenomena and air and nosalution.

Many housing projects started to be designed and built in different areas as an apythach
government to ensure best life quality fotizensaiming to integratesustainablestandards to
these housig projects as a factor that can conserve the energy and water consuaspiveti,as
integrate the environment with the construction practices to reduce the impacts of buildings on
environment and a#sin terms of heat pollution and waste generatione of theserojecs is
"Sheikh Mohammed bin Zayed Cltihat is used as a case study for this research.

Bio-mimicry design is a scientific field thatan help engineers and urban designers find
solution and answers to environmental and social sustainable challengesiortkss when
designers start observing a specific natural life on hdunittiors and adapts$o the atmosphere
and surrounding natur®eehive design and structure was one of the fascinakagple that
architects and designers were inspired by. This research propasauberof urban design
ideas that were influenced by the Beehive cell steady shape and its integrated geometry.

The ombination between Bimimicry design and urban design strategies can enhance the
urban microclimate condition and result in an increase level of thermal satisfaction for users of
urban spaces. This will comply with the social sustainability as it enceleathy entertaining
outdoor activities that could bring community residence together.

This research studied site orientation and building layout and it was found that both impacts air
temperature and wind speed in addition to relative humidity as wahading coverage layout
that was proposed in three different options beside water feature affect on urban areas. It is
important to keep exploring and looking for the optimum architectural solution that complies
with passive design strategies which erdnag environmental conditions
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Chapter 1: Introduction
1.1Urbanism

The urbanism expansion became a major problem that most countries are suffering from
especiallywhen a hugenumber ofthe populationare living in the urban areas and making
54% of the total population number as taken in 2014. This percentage started to be observed
once it was compared in 1950 when only 30% of the world was livitlgeinrbanarea and
the expected perntage in 2050 can reach up to 66% as per (United Nation 2014). The huge
increment and preferences of the world population living in urban cities may lead to more
environmental problems which should be sorted out before they increase and may be out of
control. The trend of the urbanism has become very important to cover the huge population
growth which adds more requirements the presentand future needs since the world
population increased rapidly in the past years. Because of this growing, and froisidhe v
of obtaining the population needs, the unorganized planning for the urbanism and the future
visions in the government sector made it really hard to control the problems caused from that
and here it became important to start thinking of a more orgdnizban planning with a
future vision that includes sustainable requirements that can help to maintain the previous
problems and to ensure a better future which can be done through researchers and
governments.

Urbanism has caused many environmemgedblems which can be seen from the
increments in the atmospheric temperature (Heat Island) and the Co2 emissions at these areas
because of the rapid pyessin the developments and the high population density. These
fact or s alfectdhe enviromant, ityalsceffectedthe economy, and even the social
life. Because in some areas the properties cost had increased and in some other areas it

decreased a lot and that made an in equivalent economy bases. At the same time, the huge
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developments affectatie social life since most of the areas are occupied under construction
purposes and investors ignored the open spaces which caused many problems in the society.
Countries startedo take these challengeseriously and set future plans with current
implementation enhancements in orderstudy all of tese problems, and to solve thehe

result was at one hamdting systems thavaluate these challenges and provide developers
with some options and suggestion to reduce the negative imgaat €onstrution on the
surrounding environment and built up area as well as adding objectivésngrtdrm goals

that careffect positively in terms otheenvironmenteconomy, and society.

Some of the most famousternationalrating systera are BREEAM that stands for
"Building Research Establishment EnvironmeAtsdéessmentlethod and LEED that
stands fot'Leadershipn energyandenvironmentatesigrs’, Also, NABERS is known to be
the "National Australian Built Environment Rating System addition to Energy Star and
other systems that aims to reduce energy consumption as well as slow down the consumption
of theraw materials in order teliminatethe negativeeffect on the environment as well as
save the natural resources for futureegations.

Mosammamet al. 2016indicate that sustainability implementation on the urbanism
plans can be helpful to preserve the environment by reducing the energy consumption which
is produced from the fuel burning and replace them watiewable resoursgdo achieve
equivalent ecosysternowever investors are willing to expand the construction levels which
replaces the green areas (landscape) to paved areas and people start to suffer from not having
open spaces or green areas for outdoor activetesh will impact ther comfort and raise
depression levels. Adding to that, thig number of buildingghat iscausing anncreasean
the temperature degree which decrease the levels of the human comforts and the outdoor

thermal comfortsaas well as add load tthe HVAC systems to provide the needed comfort
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levels at indoor spaceand that is what we call it heat island and on urban levels it is called

(Urban Heat Island}hat is illustrated in the (figurg.1) below.
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Figurel.1Urban Heat Island

1.2 United Arab Emirate vision 2030

As per the study that was done by timtednationsin 2014, itconcludedhat 66% of the
world population will be living in urban areas and 34% will remain in the rural areas. As per
(GCSE, 2015), Thiss reflectedin the United Arab Emirate as wellSince Abu Dhabi and
Dubai 0s phave intreased between 1968 and 2017. Amdgh percentage of
populationis preferring to workm the city center area of Dubai and Abu Dhalvien if they
live in other cities becaesthere are wide roads the connects the whole country together, fast
transportations like the cars and metros and finally the income in those two cities are higher
compared to the other cities in UAE so that encourages people to work in them. this indeed
refers to the increase in Urban density and concentration of population around service
facilities and center of citiedn fact The cities are the most areas that are facing the
urbanism problemespeciallythe capital cities. Many reasons have caused the transformation

from the rural areas to the cities; fast sportations, better jobs, antbre facilities.
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Since UAE became one of tirends marks all over the world in terms of architecture and
urban degin developmentsas in the last 15 years the construction development in Dubai
and Abu Dhabi sets a benchmark for all biggest, tallest projeatelaas the desire to be
number one in different aspects such as commercial and entertainment industrily ( Oga
2015) It was essential ke to this development and future expansion targessudy future
strategies and plans to face the increase of population growth and rapid expansion in urban
developmenin order to protect future generation and enswstaimble development over
upcoming years. Aerefore the government started to developorag-term vision that
consider all seven emirates in general and includes individual strategies that will be
implemented in each emirate in respond to its requir&sraerd individuate characteristias
called (UAE National Agenda) that includes national vision of 20B&resome indicators
were set to trace and evaluate the progress of the national plans and set clear targets hat all
seven emirates shell work toraply with. theseindicators are targeting different fields such
as human development, social cohesion and other parameters related to social sustainability
in addition b the economicsustainability. hdicators likeNon-Oil Real GDP Growth and
GrossNational Income (GNI) per Capita as well as Net Inflow of Foreign Direct Investment
as % of GDP are targeting and evaluating while other indicators are linked to environmental
sustainability such as Quality of Aifransport Infrastructure, Percentage oédted Waste
of Total Waste Generated and Water Scarcity Index in addition to manyidieators
related to cultural and national security sustainalylityision" 2010)

In compliance with this vision that was launched in 2@ierent sectors of BE
governmenstarted to work toward developing and building strong sustainable strategies for
future expansion and progress and this includes the construction and master planning

industrywere research and studied were done to meet the future visiowathisanslated in
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different aspects such as developing buildragng system inAbu Dhabi that is called
Estidama as well as Dubai green building rating system that is called BaAdiu Dhabi
Estidama is considered mandatory for all new project wereUrban Planning Council in

Abu Dhabi is supervising anzertifying individuals as well as different project that meets the
regulation of the green building rating system that is called Estidama which means
sustainability in Arabic language were the rating system is divided into five categories named
as 1 pearl that is mandatory for all villas and new projects that are less than 75,000 sgm
which is considered the lowest level in this system followed by 8 fe#t is mandatory to

all government projects, hotels andadid projects. Wile the rest of the levels up to the
highest score that is 5 pearl is voluntarily for building owners and developers.

On the othehand Dubai has implemented on 2007 the Eammental, healthandsafety
requirement to all construction projects located in Jabal Ali and other free zonevareas
qualified EHS officer or Consultant officehall be added to the project team to ensure
complying with the new regulations and cdrmahs. However in 2011 Dubai launched the
Green Building Regulation code that was mandatory for all government project in Dubai and
optional to other project developers and building owrteegping in mind That Dubai
Electrical and/NaterAuthority has set earlier on 2008 new design regulation related to green
building standards aiming to ensure safe and slow move towaainsislity. And by2014
there was a total of 44 government buildings constructed in Dubai that complies with the
green buildig regulationsthereforejt wasannounced smandatoryfor other private sectors
and added to the approval system in Dubai Municipality online submission. gdb@abai
Government 2011)This, in fact,shows the steady and thoughtful development predhes
the government is following in order to ensure sustainable change that isnbthitstrong

foundation andecure infrastructure services. This will allow different local and international
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investors to respond to these changes and improvement without deep impact on the market
this will also sustain the faith antbnfiderce of different investors in the regulation and
decision makers in UAE this will definitely encourage further investmemisesmcourage

capital flow to the region and UAE market in specific. this will diversify the income and
allow the economy to grow away from oil market and fuel indu3tnat meets the vision of

the government that emphasize on the fact that UAE shoultbbd prhen the last Gallon of

oil will be deported not depressed or fallapanicsince it has built a strong economy that

uses other resources to generate income like smart technatalygnovative products.
1.2.1 Sustainable Urban Development In Abu Babi & Dubai

Both Abu Dhabi the Capital city of UAE and Dubai the economical capital of UAE are
setting high targets and standafdssustainable developmems H.E Eng.HussainNasser
Lootah the General Director ofubai Municipality stated ( DM 2016) Dubai is aiming to be
one of the top sustainable cities around the globe despite the fact Dubai started later than
othermegacitiesit succeedednh catching up with the competition and stand ouvanious
implementatios were we learned from others and set our own visidtE launched The
national Committee of sustainable development gaamplying with United Nation
Sustainable Goakhatwere listed and defined under the title of 2030 Agend&tmtainable
Developmat announced by UN General Secretary Baamoon The first report of this
committee was published on April 20Whereeach goal is discussed and translated amo
action plan. These goals were announced on Sep. 2015 and countries shell respond and
achieve within 15 years by settisortterm goals and milestones to trace and evaluate the
progress or deterioration in the different parameters. Since UAE is one of the couatries th

adoptedthis Goals, the Government sehumberof regulation and indicators that respond
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and comply with the United nation vision. one of the goals is the Sustainable Cities and
communities thaarelisted as number eleven among the seventeen daifiistent initiatives

were taken to meet this goal, one of them is the effort that UAE is putting to build
Sustainable communitiethat ensure responsible energy consumption and teelpave
environmental resources by providing mass production of homes astdmplanning project

that saves construction waste and implement integrated design development that saves time
and initial cos Some of thesprojecs are set for research and pilot projects as well such as
Masdar city in Abu Dhabi and The Sustainabtg m Dubaiwhile some other projects set an
example in energy saving and reduction of water consumgtich as Silicon Oasis in
Dubai, In addition tcarother projectthatis planned and will be launched by 2020 such as
Dubai South District and dessert rose city:UAESDGS" 2018).It was found that by
encouraging renewable energy implementation and setting strategies for water and electricity
efficient consumption as well asducing solid waste and set sewage water treatment plants,
Dubai can set a row model for lobgrm environmental sustainable urban development city
therefore Dubai Municipality is aligning its efforts toward this goal by promoting sustainable
urban develpment strategies thaicludetransportation and waste management (DM 2016).
On the otheihand Abu Dhabiwas going through massive improvement in term of Urban
development since 2008ere the pillars for Sustainabtgties starts with Thriving Economy

then Vital and Natural Environment, while the third pillarpsactical built environment

were strong infrastructure is introduced and finally a healthy and active society. (DMA 2009)
However the report indicates that the UAE was listed Number 8&roimternationalscale

for most livable cities in the world and by 2009 the date of publishing the report it managed
to move upward to be number 72 across the w¥A 2009) It is noted through the last

ten years that Abu Dhabi is developing a sustainataster plan for future expansion and
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development by creating different high standard projects that are reflecting the vision of
sustainable modern communities starting with Masdar city and Saadiyat island that
encourage tourism and attract internationakestors toward this one of a kind project. as
well as Shakhbout City were the master plan is completed by 2015 which is designed to
includeHousing units and service facilities for UAE nationals meetinegateststandard in
sustainable Urban developmesmd environmental requirementiespite the fact that less
sustainable projects are taking place in Abu Dhabi it is important to note that Abu Dhabi was
the first city in the region that generated its own Green standard rating gySt@wcroft
2013)

Estidama is designed to include three different categories starting with Pearl Building
Rating System then Pearl Villa Rating System and third is Pearl ComnRatityg System
were each category is settiggidelinesand benchmarks that respond and comyty the
requirements of the projects falling under its category.

1.2.2 Housing Projects In UAE

Kerr et. all 2013 found that Abu Dhabi funded 330 AED more over housing projects and
social development infrastructure services as well as education armkdchealspecialized
projects that are planned to be on track over the next five years. However it is obvious that
there is a special attention by the UAE government toward Housing projects for Emiratis
citizens, were it is believed to be more efficiendvelop a major master plan project that
are found to benore economical to have such projects rather than giving individual plots for
individuals to design and supervise the construction phase at their own, while a specialized
construction projects managent office can be in charge for supervision and quality

insurance as well as reporting to the funding department that will make fund flow easier and
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more efficient since it is linked to accomplishment on diiany Housing Projects are
launched and ongaognall supervised by different Authorities suchSisikh Zayed Housing
program, Sheikh Mohammed Bin Zayed Housing, and Shaikh Muahad Bin Rashid
Housingprogram,were each program is responsible and in charge for developing residential
communities served by educational amehlthcareinfrastructure as well as transportation
network beside other fundamental infrastructure like water and drainage system as well as
electricity and landscaping areas.

The main players in these project are usually two sectors aKper ét. all 2013) first one
is the employer that is either private developer who had owns the land and built a feasibility
plan for the required projecind targetedusers within the general regulation of the local
municipality. or in a differentaseit could be one of thpreviousy mentioned programsas
the employer is within the management board of this programs. Inchs#sthe second
player is gang to be the contractor and consultant offices who run the technical side of the
project and supervise the construction phases starting by obtaining authorities approval over
blueprintsup to handing over the project to the employer by the end of allghase

Some of the recent Housing projects are responding to the sustainable standard as these
projects are falling under the green rating system either in Dubai or Abu Dhabi or any other
city within the UAE, Ajman Housing Project and Sheikh Mohammed Housing Project in

Fujairah are an example for the green housing projects in UAE.
1.3 Bio-Mimicry Architecture

Bio-mimicry design can be understood as the combination between studying the scientific

features of th natural life such as biological skin layers or birds flygEhniquer the shell
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structureand incorporate it withthe problems that are facirdgsigners and engineers in
different sectors in order to setmaethodology to sort some solutions fbes challenges.
It is interesting thatn bio-mimicry design, many disciplines caglate to thenatural lifeand
its wide variety of components such asoustical, chemical or mechanicahgineersjn
addition toarchitects, geologists, environmensaliertist, andmany other different groups
who all can relate and se&k understand the different natural forms and implententa
useful mechanisms and benefidagiay to daytechniquesSince HumarBeenhistoryon earth
is lessand limitedcompared to other organic feature thaisinhabiting this planet long time
before mankind do, therefore it is useful to study their survival tools and techniques since
sustainability is the target of all creatures and achieving it in the best suitable inapct
linked to the natural and environmental aspects controlling the built environment that
mankind is inhabiting and intertarmg with. As (Royall 2016 stated, Nature succeeded in
sorting out the mechanical and structural challenges that mankiiading now in their
existing chain without side effects such as inactive waste or environment depleti@fore
this topic sets aimteresting subject for researchers to explore and examine.
1.3.1 Biemimicry definition

Looking for the TermBio-mimicry in Oxford dictionary will resulin "The design and
production of materials, structures, and systems that are modeled on biological entities and
processes.'(Oxford Dictionaries 2018while Cambridge dictionary refers to it as "the
practice of making the technological and industrial design copy of natural process"
(Cambridge dictionary 2018However the term Bionics was noKnown until 1960 when
Jack Steels used it to refer to the systemdbpiesfunction thatis originally foundin nature

(Environmental and Ecology 2018)espite the fact that "Sagrada Familia” Chuitwdt was
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designed by the famous Architect Antgsaudi which started constructioon site in 188
had a clearstructurethat sets a strong example for nature drivdesigns were structural
problems were solved using nature forasscolumns were modeled to act likeanching
canopies of plants as sho\ffig. 1.2) belowadding to the fact that the external perspective is
showing a similarity with theermite house ashewn in( fig. 1.3) below. Yet the term was
notgenerated or popular #tat time until Jack Steethe psychiatrist and engineer used it 78
yearslater. This indicates that up to that time Architects were inspired by nature and seeking
construction solutions for their structural designs from the surrounding organic elements
under the definition of Design concept or Inspiration.

The figures below highligtthe similarity between the architectural design of the church
and the natural copied feature surrounding the pragdttee branching and the geometry of

the termite house in comparison with the exterior perspective of the church.

Figurel.3- The Sagrada FamiliaChurch Perspective & Termite house structure
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In addition tothatother examplesdicates thahatureis consideredhe sourceof concept
or basicproblemsolving method that helped engineers and researckech asthe bat's
high-frequencytransmitter that is much more develoghlen our current radar systems, and
the navigation system that birdseusingwhile moving from one climatic region to another
during asons changingithout counting omour resources like Wi and radio waves or
updated maps in current GPS devicks.addition to many other examples were nature
elements are setting antstanding example in continues sustainable existing on earth.

When (McDonough and Braungart, 1998jised the topic in a question fowondering
why it is not possible to design a building as a plant featerate Oxygen and sequesters
carbon as well adistills water while interacting with soil levels and use s@aergy as a
fuel. why can't buildings change colors with different seasons? It was a statement that
buildings and arhitectural designs should comply with nature not resist it, In order for
buildings to sustaimature shouldbe relatd to as a mentor anaw model not as a challenge
and obstaclean early example of bimimicry techniques used by mankind is presented in
Quranwhen Qabeelone of Prophet Adam Soneplicated the act of Crow to hide his dead
brotherbodyi Then Al l ah sent a Ravan (Crow) which
show him how to hide the corpse of his brot
even | i ke this Ravan so that I may hide th
reget f ul . 0 -32AAnotivaexainalé of early Bimimicry approachewasfound in
the ninth century at Muslims era in Spavhereit is believed thaAbu alQasim Abbas ibn
Firnas ibnWirdasal-Takurini Known as Abbas Bin Firnas was the first one tottesflying
mechanism after observing birds and pigeons and trying to replicat its wings structure using
genuine feathers. followed by his student AbiNakr Ismael AlJohari who faced death after

launching himself from the minaret oMosque in the elgnth centuryfMuslim Ink 2018).
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The biomimicry is an attempt to drive mankind ever growing evolution toward a
sustainable developmemthere it can resist timechallenges and survive over decades to
preventthe extinction of mankind like other previous creaturtherefore,a sustainable
development is considered our adaptive strategies to comply with environmental cAanges
stated by Benyus; failures are fossils, after three billion years of continues research, our
surraunding nature was found to be the answer to survival' (Benyus, 18@8yusagrees
that mankind development should learn and accept nature ianpcéspect time change.

Under the title of"innovation inspired by natuteBenyus, explains that théerm
sustainable development emerged whsneffort was directed toward finding the balance
between mass production to comply with population growth from one side and
environmental aspects and resource limitations from the other side where it is needed t
consider future generations. many approaches were considered toward sustainable production
and biemimicry is considered as one of them after (Benyus, 1998)

Another example for the natural inspired design isDhei ml er Chrysl er 6 s Cz¢
figure 13 The aerodynamic features of theOgtracionMeleagris) known aboxfish were
studied and simulated usir@pmputer modelingoftware then the structure was built and
enhanced with extra details in order to generate the car model. the result was very close to the
first inspiring skeleton as shown below figute ( Zari, 2007) The Bionic car shown in
figure 1.3 was found to bmore efficient in term of fuel consumption since the model resist
less air as it was driven from box fish model and replicate its curves that respond to water

resistanthat is similar to car facing air resistant
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Figure 14- Zari, 2007 DaimlerCrysler bionic car

However while going foa biomimicry idea or desigit is essential to remember that the
target is an efficient, sustainable design that comply with form and function needkédhis
not necessarilyneanthan anybio-mimicry idea or desigis going to be sustainable design or
sufficient for users, therefore, it is essential to study the need and the problem in depth in
order address it effectively as some solutions might not be convenient on a lifecycle analysis
base (Zari, 2007).

1.32 Bio-mimicry Design

The implementation of Bionimicry in a design can be done in three scenarios and in
some designs several scenarios can be used were each of the three scenarios has five options
as explained byZari, 2007 were the first scenario is known as Organism Level were the
designreplicate a specific organism either in Form, Function, Construction, Material or
process as for example if the idea is mimicry of a palm tree then the mimicry of the
architecture desigwill result in a building that looks like the palm tree as Architect Basil
Al-bayati present in'Al-Nakhla Telecommunication towét that was proposed to the
ministry of information, Saudi Arabiand the interior design work fdhe Masjid that was
donealso by the Iraqgi Architect Basil Aayati were the palm tree shape was used for the

interior decoration as seen in Fig. {Abayati 2018)This wasmeantto reflect the cultural
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iconic element into the buildinig orderto strengtherthe identity of the design and link it to

the surrounding culture pattern agléments.

Figure 1.5 (Albayati 2018) Work Index

On the othethand the mimicry couldbe processd in the organism scenario &Zari,
2007 sets the example oftarmite werehe building orspacemight work in the same way as
the termite were it produces hydrogen for example. Or in a diffapgrbachthe Organism
Level might be seemn a constructional way were the buildinfpr example,mimics the
growth phass of termite in the construction progrgs&ari, 2007 )

While the second scenario of Bimoimicry is the Behavior level that goes also in five
different option as Biamimicry behavior level in term of Fornfor example,where the
product looks like it was designed by a termite. Or the seleofiBghaviorlevel in Process
scenariovherethe building would reflect the impression as if it was built by a termite in term
of selecting best orientation amsigning carefully the entilation system or replicate the
behavior of users within the space that reflects termites fun¢tgari, 2007 )

Followed bythe third levelthatis known as the ecosystemhich replicategshe form for

example which means that the building wouldok like spacewere the termites could live in
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or replicating theprocesswere the building or the products captures energy from the solar
system and store fresh waterstormwaterfor example The table below identifies each level
of the three levels and gives the example of a termite a&pei2007express it.

Tablel- A Framework for the Application of Bimimicry- Zari, 2007

Level of Bio-mimicry Scenarios Example- A building that mimics termites:
Form Thebuilding lookslike a termite.
Material The buildingismade from the same material as a termite; a material that mimics termite
Tateria +
T exoskeleton / skin for example.
Organism level o Thebuildingismade in the same way as a termite; it goes through various growth cycles for
B —_—= onstruction
(Mimicry of a specific example.
organism) — . — o -
- The building worksin the same way as an individual termite; it produces hydrogen efficiently
rocess p
through meta-genomics for example.
Pt Thebuilding functionslike a termite in a larger context: it recycles cellulose waste and creates
mction p
soil for example.
Form The buildinglookslikeit was made by a termite; a replica of a termite mound for example.
Materal Thebuildingismade from the same materials that a termite builds with; using digested fine
Tateria . ; ) e
Behavior level soil as the primary material for example.

(Mimicry of how an Condtencdi Thebuildingismadein the same way that a termite would build in; piling earth in certain
‘onstruction

organism behaves or places at certain times for example.
relates to its larger

The building worksin the same way as a termite mound would: by careful orientation, shape,

context) Process o o o v v 3
and natural ventilation for example, or it mimics how termites work together.
. The building functionsin the same way thatit wouldif madeby termites: internal conditions
Function .
areregulated to be optimal and thermally stable for example
Form The building lookslike an ecosystem (a termite would live in).
Natetal The buildingismade from the same kind of materials that (a termite) ecosystem is made of; it
Tateria A
3 - uses naturally occurring comimon comp ounds
The building is assembled in the same way as a (termite) ecosystem;:
Ecosystemlevel Construction & s ‘ Sy ) i
TS principles of succession and increasing complexity over time are used for example.
(Mimicry of an = v
ecosystem) B Thebuilding worksin the same way as a (termite) ecosystem; it captures and converts energy
"ocess

from the sun, and stores water for example

The building is able to function in the same way that a (termite) ecosystem
Function would and forms part of a complex system it is able to participate in the hydrological, carbon,

nitrogen cycles for example.

In selecting the Biamimicry level it is important to understand the subject of the design
andthefunctionrelated to it, sincéhe successful procestars by a scold research base that
explores all aspects of the project distk different users requement and evergspecof the
design location and function as for example the Hydrological Center dfirihersity of
Namibia that is located in a harsh dessert were rainfall percentage is negligible were the
Namibian desert beetlefig.1.6 )lives. it was found that this beetle has a delicate system for

water harvesting since it depends on a rugged part of its body to collect water from periodical
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fogy winds (Thomas 2018) that is noted to take place six times monthly on an average. and
with the help ofa wax coating layer and number of channels directing the water drops toward

the beetle's mouth. This strategy was replicated irndraicry Organism level in designing

the Hydrological Center at the University of Namibia that was proposéthlihew Parkes

British architect representing KSS Architecits.addition to that a deeper study was carried

in 2011 by Knight as followed by a discussion by Pavilions (2007) aims to understand the

material and properties of the beetle in order to develop or sugdeshnique or material

that helps clearing fogs in critical structures such as airports.( Zari, 2007 )

Figurel.6- Hydrological Center, University of Namibighomas 2018

another local example of Bimimicry designs are the shadiogarging stations designed
by "D idea Media" and distributed in different location in Dubai for public to enjoy shaded
relaxing seats served by a electrical charging spots and interactive tvaeh as well as
advertising board all under artificial palm tree of six meters height that providesFa Wi

service up to 53m radial distance from the tree "Trumiky). 1.7below shows one of th260
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units that were located in different public placeDmbai like Zabeel Park beside Burj-Al

Arab. and it is expected to expand teMamzar Park and Dubai Creek Park. ( The National
2015). The structure as shown below Figure 1.7 is replicating the shape of a palm tree in
respoise to the cultural and naturddackground of the users and the location. Since a
structure is needed for the purpose of providingRiVservices and electrical connection as

well as advertisement space it was designed to be related to the natural elements and adds a
unique identity tolie concept. This helps the design stand out and succeed when compared to
other options as it was based on a deep thoughtful vision that respects both wseendee
surrounding requirements and emphasize on the identity and the deep connection between the

element and its surrounding3ee Figure 1.7 below

Figure 1.7- Smart Palms installation, a free wifi and mobile phone charging station

for visitors at Umm Sugeim beachhe National 2015

It was proven that mankind was learning and replicating somounding nature for ages
and this is an ongoing continugsocessthat helpsto generatea better connection with
nature and achieva sustainablerelatiorship with the environment which will secure
mankind surviving on this planet, As expressedbpyus.Now is the race to rescue. since it

was found that humans are at a turning poitiheir evaluation. (Benyus, 1998).
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1.33 Bio-mimicry and Sustainability

Nowadays scientist are searching for methods to efficiently incorporate nature elements
and mechanisms into manade world and innovation®shaboglu2018) by adapting the
special characteristics of mother nature, different Architects and other industrglisp and
engineers according to Selxshaboglu might be able to set real sustainable structure in the
upcoming daysAlso Pawlyn (2016) agrees thadsting nature's systems and implementing
them within human design can be the answer to many envirdahofallenges facing man
kind as it is not a new method since Renaissance architects were able to design a dome at the
cathedral in florence that was completed in 1436 only after studying and exploring the
eggshell structure and strength (Pawlyn 2016)

Another example of the impact Braimicry designs can have over built environment is the
shopping mall and office building project built in Harare, Zimbabwe were the concept was
driven from a the termite structure in order to ensure comfortable indomesspéthout ai
condition this will save energy specially that energy consumption and CO2 emission is the
highest within the construction industry.(Pawlyn 2016) therefore utilizingnBmicry study
and deep research can help solving environmental prolaledBnd sustainableolutions.

1.4 Research Outline

This research address the impact of aimicry concept design on the Urban Design of
a housing project ifJAE, Guidedby a sustainable vision toward enhancing the urban
microclimate of the suggested area using passive design strategipsed by thebio-
mimicry conceptsince nature is believed to hold the answer to chaksngnd different

obstacles peoplare facing in adapting the environment and itsngoing evolution process.
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It is important to build new vision toward the built environment and the interaction between

nature and mankind during their day to day activities.
1.4.1 Problem Statement

The urban settlements are found to be a majwacton for population growth ahit is
being considered a strong example of its rapid expansion on an internationalT leyel.
United Arab Emiratesis not an exception sinc@ the last eight yearthe urban master
planning projects areecordinga strongmarketdemand and acceleratimcreasan supply.
Different master planning projeof residential omixed-usebuildingswere announced and
constructed in different cities within UAE either by private developers or government
institution This is attracting the attention toward theddora clearand sustainablstrategy
in order to future proof this projects and the process of developmergnfapcoming
generation in term of natural resources conservatioricarggterm environmental and social
as well asconomiampact.

This indeed forms the motivation behind this research since it is considering one of the
residential urban desigmrojectin UAE to be used as a case study whichasstructed and
supervised by a governmental institution that is considering it as atyp®téor other
projects that will be taking place in different location in UAE, therefore addressing this
project for passive design strategies #ratbased ora Bio-mimicry conceptdesignthatwas
found to be sustainable in both of social and envirotah@spectwill help future proofing
this project and expand this example to different location around OAE.focus of this
research is build toward environmental and social aspeaigever economic aspscivere
taken into consideratiowere the propa=d design shell not impact or exceed the proposed

budget or investment return plans.
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1.42 Research aim and Objectives

This research is going to evaluate thieroclimateenhancement passive design strategies
that will be applied to an existing urban design residential project after redesigning it based
on a beehive cell. The aim of this study is to understand the impact of thaimiory
concept design over the microchte of a conventional grithyout designin an Urban

residential project. The objectives of this research afellasvs:

1 Understand the Bimimicry design process and levels through Literature
review and its potential application in Urban Planning.

1 Study the micreclimate features thaimpact UAE residential master plan
projects and the factors that impact these features

1 Select three passive design strategiesatefound to set a deep impact on over
microclimatefeatures.

1 Analyze and evaluate the cent grid layout urban design project using
environmental simulation software.

1 Propose a revised urban design for the same project that is inspired and based on
the bio-mimicry concept.

1 Reexamine and analyze the proposed Design after applying the thiseepas
design strategies using a qualitative approach were each phase generate the base
case the next phase.

1 finally, compare the final result of the design against the base current
design.

1 Propose suggestion and recommendations accordingly.
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Chapter 2 : Literature Review

2.1Sustainable Urban Design Development

As United Nation indicates in 20XBport,half of the population and more avecupying
the Urban areas and concentrating amgh-densitycities and by 2015 this is percentage is
going to increase to be around 90% that will set a huge load on the infrastructure at these
dense communities and threaten to drive big number of problestonomic social sector
in addition to the environmentakctor.Since Urban Development (UD) raises high risks in
term of social categorizing of citizens and users beside economical load in developing new ,
extending infrastructure as well as the environmental impact that is found in the shape of
harshmicrocimate as well as natural resources depletion beside high energy consumption
that is linked to CO2 emission and the decreasdérashwaterresources as that is all
overlapping to generate the global warming phenomenaatfestt the global safety and
threaenmankind existing on earth.

Therefore there is a strong demand for a controlled, well organized urban expansion that
responds to the population growth as weltreesenvironmental requirements keeping both in
a balance this will save the economicabtatus and helpto securefuture generation
prosperity.The sense of responsibility toward urban sustainability was translated into actual
actions since 1972 when the United Nation brought this topic into attention during tla annu
conferenceand used the term Urban Development clearly, However almost ten years later in
1983 Mr. Javier P. who vgdhe Generabecretaryof the United Nation at that time worked
together with the Norway Prime minister who was Gro Brundtland in edtaig what is
called the Brundtland Commission. It was Formally Known as The World Commission on

Environment Development ( WCED ) that set the base for Public understanding for
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Sustainability and its importanceas well as introduce some suggestions and
recommendations for enhancirtge future surviving potential for upcoming generations.
This Commission was the first to introduce the " Triple Bottom Line "

The urban sustainability tends to target all the current requirernttettsvere classified
into threedifferent titles thefirst one is the environmental aspect were all natural resources
are extracted fromwhile some of the resources are not renewable, then there is the social
aspect were people interact with each other and bond strong and healtionsklp and
finally the economical aspect that guides the development process and considered a big
challenge in keeping the balance between environmental limitations and Sociimea
that meets atandard, fair economical plan This is Known asTtple bottom line that was
introduced first by John Elkingtam 1994. The term was used in an article and explained in
depth four years later in a book with the title of Cannibals with Forks: "The Triple Bottom
Line of 21st Century BusinessSee(Fig. 2.1) below were the integration between the three

titles areillustrated with a description of each categg@ak 2015)

Environmental
Natural resource use
Social-Environmental Environmental Environmental-Economic
Environmental Justice ASE— Energy Efficiency
Pollution Prevention

Nature Resources Stewardship (air, water, land, waste) Subsidies / Incentives for

Locally & Giobally \ / use of Natural Resources

ility

Economic
Profit
Cost Saving
Economic Growth
Research &
Development

Standard of Living

Equal Opportunity

Economic-Social
Business Ethics
Fair Trade
Worker's Rights

Figure2.1-Three spheres of sustainabilitak 2015
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The theory of the "triple bottom line" known as 3BL is a practical method that is widely
used in business were companies aiming to secure a balance, sustainable development with
recognition of users and public interest in addition to environmental suinguwdl use this
method to evaluate any proposed project or new systems and current ongoing practices, on
the otherhand the same method can be applied to any construction project or architectural
design that governmental developers or individaadllods are willing to executeTherefore
this method is advisable in developing any master plan communities projectsasuch
residential communists or business districts or any Urban development public services
projects such as entertainment Hub or public gardens and open spaces.

The problem inunsuccessfulirban projects or communities is that thesejecs remain
existing and obvious as iteflects its mistakes to the surrounding communities and other
elements within the city urban fabric that surrounds it. for example, an expansion within an
existing community by adding extra number of buildings and residential or cammarits
shouldbe done after evaluating thraffic flow increase and the population density in respect
to the infrastructurservicesotherwisea hugetraffic jam is going to face all users thfe area
in addition to shorten in services that will impéwe realestate value of the project this will
be reflected on the economical side as well as the social side of the project however the
environmental side will not be better sincenigh-density community with no conscious
supply of services will definitely record high numbers in CO2 emission and Air pollution as
well as noise pollution and water & energy consumption. since a simple traffic analysis
study could have saved the project from thegative scenario and attract the attention of
engineers and decision makers to the need for alternative options to secure sustainable urban
development. Therefore an early stage of design simulation and building the project over an

integrated design apprdais needed in order to visualize and set an estimation of potential
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risks facing the project in all phases startingcbpstruction period going to commissioning
and handover period up to running and maintenance period ending up with destruction or
reuseof the project based on its Life cycle analysis.

One of the famous Urban Planning fatal failures is the ondiamigan, Detroit, USA
whena supreme court announced what is called " feolen Decision'wherethe permission
was given to destroy an entineighborhood for General Motors to be able to construct an
Auto Plant. the actiomesuls in relocating 4,20@eople after claiming that the new project
will cover 140 businesses and one hospital in addition to six churches. This requires a total of
$200 Million and cost a cost the city a loan of 36Blillion in federal fundsHowever the
destruction of a historically social community was aligned with a remarkable economic lost
since General Mtors failed in meeting the high expectation of the projecited| toa
numberof jobs opening thadlidn't meet half theexpectedration evenseven years later. in
addition to majorossesin jobs thatwere relocated sincenethird of that projects closed
immediately and tura high number of citizen into unemployed workers adding load to the
social insurance funds of the city and this was not predicted in the business plan of the
project. Finally, in 2004 the supreme court in Michigan reversed the decision however the
impact on thecity is not reversible andctontinue to result in social,econom¢ and
environmental statuedn addition to theecononic loss in the previous example, the
environmental failure ina financially well-planned project will also threaten the whole
business model and drive it to fail remarkably. The World Econéoram supported this
fact in 2015 by addressing the urban planning failures as a distinct risk factor that should not
be neglected or underestimatedi ais long-termimpact is not limited. ( UN Habitat, 2015)

In fact one of the signs that Urban development held unexpected risks and demand deep
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research is the fact that 60% of the areas expected to become urban settlements by 2030 was
already under comsiction by 2012, this indicates that the urban expansion and population
growth is rapidly increasing and not restricted to any percentédge.adds responsibility to

Urban designers and Architects as well decision makers to understand and carefully
aralyze the risks and challenges facing each Urban Development proposal and master
planning community projects.

2.2 Challenges Facing Urban Developments

UNISDR, 2011 realize that ifastgrowingurban centers that are small to medium sized
the threaten of disasters and its impact is bigger in comparison to the samearigkgar
area This is found to be true in different examplbswever preparing the infrastructure of a
city to face riskdy addressing them earlier and set risk management plan will save social
fabric as well as environmental pattern of the city to plasa through the challenge and this
will result in string economic statues unlike a fragile community that is not preparaal
environmentafactor that is not protected.

One of the many risks facing Cities is the Urban Spinat is defined as spreading of
development through landscape way from the population growth in another way it is the
urban communities that afar from the city center ants expected to turn to an Auto
dependent communities. These communities sets load over economic state of the city since it
requires further investment in Infrastructure services and expansion in traffic networks as
highways and public transportation services, In addition to securitggretvisiondemand
in order to ensure safety arstability of users and business. On the other htoed
environmental impact of urban sprawl is clear in term of reducing natural habitat by turning

landscape rural areas into construction sites and urban areas, as well as increase the
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percentage of CO2 emission and energy consumption as well as the enpaictquality
after changing natural coverage around the city and cutting more trees and losing agriculture
lands as well as biodiversity in addition to impact on public health and other effects as per
(SPI, 2018)see below (Fig. 2.2)

However therds a demandor the suburban communities that is away from the city
center as it propose quite atmosphere with a larger plot areaseavet dens outdoor public
areas and services, this is entitled to rich and sector of the urban Fedwever this sial
segregation and labeling is considered as a side effedhtieates social sustainability of
the communities and the cities as wghHlitan 2015). Since theg@oject are known to have
high real estate value and known for their fast payback in most of the times therefore instead
of rejecting and stopping them it is advisable to control it and well plane these project and
community expansion in order to eliminate angxjmected risks. this could be established by
applying " Smart Growth" development (Environmental Science 2008) as for example create
a diversity in term of housing residentialits thatmeetdifferent usersvith different income
statues while designingakable communitiesn order for people to interact and socialize
together which will eliminate segregation based on finarstatus Propose a development
design that are economical in order to be affordable for different users and keep the business
model successful and feasible in a reasonable time frame that will ensure economic
sustainability and allowandlord and project management to offer better maintenance and
supervision of the project which will prevent deterioration in service and dissatisfattio

users and degrading of value (Altan 2015).
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Figure2.2- Impact of Urban SprawiSmart Prosperity Institute 2018

Another challenge facing Urban development is@habal dimate Changethat was related

to two factors labeled as Natural and Human fadtmselabelswere given byNASA) the

National Aeronautics and Space Administratiorthiea USA. The first factor is the natural cases

of climate change such as activevolcano, change in solar energy, ocean currents that impact

CO2 concentration since water bodies are holding CO2 from reaching high atmosphere levels.
While the Humane causes are mainly related to activities and consumption behavior to

natural resourcegnergy and land fields as Urban expansi@iRustamani 2014). Both

causes can align and form a devastating impact @ties that will end up causing severe

damage similar to the case in 2004 when an earthquake followed by a tsunami hits Indonesia

at the coast of the Indian ocean were estimated total death reached 246tdA0¢€ despite

the fact that therevereseven hours between the earthquake and the tsunami waves reaching

the coastal line of the six countriesffectedby the incident but there wano warning system

that could help people take caution action such as going to highlamdigvacuate beaches

and resorts on the coastal line. Climate change can be seen in different scenariosasuch as
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increasdn air temperature that impacts agriculture and wildlife existing and ice melting that
result inanincreasan water level and floods1 some coastal cities as well. Global warming
also can be seen in the desertification increase in some countriesl @&s precipitation
increase in other countries were infrastructure and typography is not prepared
to(AlIRustamani 2014)such as heat waves thiait Europe and cause several death cases
since cities are not prepared for this weather and buildings are elésmriace winter low
temperaturenot summerextreme weather

Many international entities raised tlvearning signsdeclaring that Global warming is
driving the human been to the point where its existggeing threatezd by different
environmental, soal and also economical riskk is accelerating toward a poititat cannot
be reversed if took place and it will risk future generatiassthe depletiorof natural
resources is sever and increasing rapiiiyne observenselievethat the 3rd world war will
be onfreshwateresourcestherefore|t is time to take an action before it is ttade since
Ban-Ki -moon the general secretary of the united nation announce that this generation could
be the lasbnethat got the chancadeed to propose a solutigdN 2015)he United Arab
Emirates also as other countries took the initiative for better future and established Ministry
of Climate change and environment that is looking after sustainability goals and targets

indicators to evaluate progress and suggest enhancements if needed.
2.3 Urban Heat Island

One of environmental challenge indicator is known alsad Heat $land( UHI ) were
high-density city center areas with concentration of transportation network and less open
spaces for greenery and natural vegetation is recording higher temperature of one or two

degrees compared with the surroundedlurbansettlements that hdess population and
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higher percentage of natural green covered surffd&EPA.gov 2018)see Fig.2.3 below
that represent heat map that shoMsw York city Urban Heat Islands spots were the

temperature is highéhan the rural areas within the same country at the same climatic zone

S . “‘ll":

¢
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I

Map produced by Michael Hove

Figure2.3- Urban Heat IslandUrban Climate Service center 2017

Urban Heat Islands are linked to different factors such as the constreatiares that
absorbs more heat from solar system beside the lake of evaporative cooling options due to
the lake of water surfaces as well as the radiation p&hentage that is generated by the
close dense construction elements in addition to paving materidstsv solar reflective
index which is different from the green vegetated surfaces or sand covered areas in rural
areas. Not to neglect the impact of cooling systems in Buildings and its impact on the
surroundingmicroclimate

The impact of these inased heat temperatuseseveed as it could result in death cases
and lost in working days in some countries such as the case in Brussels were number of
outdoor working days might be decreased due to the climate change w#eenparature

and radiation sswell as humidity ( Urban Climate Service Center 2017) The environmental
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impactof social andeconomicfactors is clear therefore it is essential to respect the various
factors impacts the urban built environment.

In compliance with the international effort to face this Urbelmallenge Dubai
Municipality introduced a climate adaptation strategies in order to redudeplaet of (

UHI ) on urban nodes and city centers in Dubai. The Director of Environmental Depart

Alia Al-Harmoudi announced that a metropolitan study will be carried that use developed
thermal surveying tools in addition to computer programs that would simulate the proposed
strategy and evaluate its impact. (GulfNews,2017) this strategy withpemented as per
Al-Harmoudi in three phases first one studies the best international practices with all its side
effects and advantages. Phase two wilpbeparing the long anshortterm plan that covers

the objectives and its evaluation indicatorsaoidition to project listed as per the priority
index and finally phase three will include the time frame structure for applying and execution
of the final strategy and linking the project to the performance indicators that are found
suitable and the teamho will be responsible for follow up. (GulfNews,2017)

Since the impact of Urban Heat Island is not limited to any sector or regiorGarteral
Director of Dubai Municipality, Hussain Lootah indicates that the proposed strategy is cover
various sectors gch as PublicHealth, Tourism Development, Energy and Water
Infrastructure in addition to other sectors like construction and air quakiympliance with
UAE Vision 2030 and UAE international agreements with the UN. "Sustainable

Development Goals"
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2.4 Urban Thermal comfort

Since climate change has been proven to be a readitya theory, efforts are directed to
eliminate its human causes and control the sfféets thatresultaccordingly. e of these
results ismicroclimatechange within the urban community either at an individual residential
single unite or large master planixeduse project. Both are experiencing outdoor and
indoor environmental challenges tlaeagainst human comfort standards in term of outdoor
activities or indoor spaces conditionsan Chen, Edward Ng (2012) have explained the
human thermal comfort as a link between the human thermal sense and the local
microclimate condition and by linking that it can be introduced in different countries at
different levels.And in orderto reach human comfort level, people are used to consume extra
energy that will add high demand on energy plant that is by the end of the day raising CO2
emission that will result in further increase in s@mperatureand deteriorationin quality
outdoor spacess well as indoor satisfaction factor that impacts production and social
sustainability on a long term. It is a cycle that needs to be interfered by raising awareness of
public about environmental sustainability arehhance individuals behavior toward
surrounding natural elements similar to the effort paid byuhged Nation and World Bank
as well as the United Nations Framework Convention on Climate Change (UNFCCC) that is
in charge for creating the legal Frametthark toward to stabilizing Green House Gases as
well as thefamousKyoto Protocol that islescribedss the legal agreement. It is important to
know that thavhalesystem is under the supervision of the (AIRustamani 2014)

Despite the international ettest in facing Climate change challenges there aMamited
number ofstudiesthat targetthe urban outdoor thermal comfort in comparison with the

indoor thermal comfort researches Spagnolo & de D¥#3, Givoni et al. 2003) however
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the outdoor environmernis believed to hold an impadn the indoor spaces and social
behavioras a recent research concluded after examining the influence of Urban Micro
Climate over the interior spaces in term of the energy consumed 4ovaing machies in

Taiwan (Chi Liao, Cheng, Hwang 2015) were it was concluded after site measurements and
software simulation tools that the urban areas were exterior temperature is higher recorded an
increase in energy consumption for indoor cooling system sincenndmperaturalso the

study found that hours of energy consumption in rural areas were urban heat island is not
effecting the communities is less than other communities that are located in dense areas. (Chi
Liao, Cheng, Hwang 2015Meanwhile very limited number of research covers the impact

of Urban Heatislandon hot arid climate communitiedespite the fact that these areas are
more sensitive to the climatic challenge and environmental risks such as la&shefater

resources and access to agriatdt lands.
2.4.1 Thermal Comfort Parameters

In 1972 an extensive research was done by Fanger to stughyattmomfort diagrams
related to indoor spaces and subject to individuals feeling in respect to the dressirig"style "
and activity levelyet this formulahat was developed to serve indoor spaces can theoretically
be used to measure outdoor areas but it should be adjusted and customize since the outdoor
microclimate is not as flexible as the indoor sp&tm@vever in 1987 (Mayer & Hoppe Jim a
deep researches to construct reliable index for indoor thermal comfort and discomfort
introducedthe idea of Standard effective Temperature Known as (SiTkeeping in
consideration five different insulation readings of " Clo" and another six tyjpastigities
measured by "methat refers to the metabolic rate for individuals that is related to age and

gender But these measurements are still not applicable to outdoor comfort since the outdoor
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thermal comfort is subject to many additional factarerefore,Mayer & Hoppe(1978)
developed the " PET" that refer to the Physiological Equivalent Temperataneg to
overcomethis problemby creatinga PhsycothermaparameterBy Spagnolo and de Dear

2003 elaborated in the research of outdoor thermal comfort variables and measuring
parameters arguing that the indoor equations cannot be used for outdoor spaces without
modifications.However HONJO in 2009 stated that "PET" and "PMV" are the frequent
methodsused for outdoor thermal comfothereforejt was used in the field measurements
researckbasedanalysis beside software simulation method that was used to validate and
confirm the accuracy of site inspection methodology and software simulation methibe.
otherhand Autodesk is one of the leading engineering software developing companies who
arebehind AutoDesk CFD software that is used to study and evaluate the computerize fluid
design around an object or a building and Revit that incorporate Ea#figgncy analysis

and LEED assessment tools for some features. Autodesk is holding a sustainability workshop
that list six factorsffecting the Human comforsince these factors are found to be essential

in thermal comfort starting by Metabolic rate that indicates that age and gender impact sense
of comfort within the spac#han the clothing insulation since it varies in accordance to the
activity within the space and culture in addition to other facassy Autodesk Air velocity

and Relative humidityold an impacton users comfortHowever Autodesk claims that air
temperature as important as radiant temperature that is reflected from surrounded elements

and objects. (Autodesk, sustainability worksl261.7)
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2.4.2 Orientation Impact on Thermal Comfort

Building energy consumption responds to sun cast and solar gain according to its
orientation(Autodesk, sustainability workshop 2017) Since Building envelope store based on
its thermal mass were each face of the building get different percentage of exposure to
sunlight during different time of the daypweverit is important while looking for oghum
orientation for the building in term of solar gain to consider natural daylight penetration to
the interior spaces since the optimum orientation might not be the same in both cases
thereforeunderstanding the building function and users priorisemportant.In addition to
that Huynh & Eckert (2012) founds that selecting optimum orientation for building in
respond to preferablairflow over the site could result in a reduction of air temperature.
However this can be reflected on natural venblativithin the indoor spaces of the building
were harvesting fresh air could prevent sick building syndromes and provide better indoor
environment for usergAutodesk, sustainability workshop 2017) not to forget the importance
of outdoor visual aspects asdcial connectivity between surrounding site components and

interior spaces based on building function and users requirements.

sun is lower

Figure2.4- Building orientation Hot& dry climate Robert Bean R.H.
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2.4.3Building Layout Impact on Thermal Comfort

Building layout was found also one of the factors that impacts urban microclimate
parameters such as air temperature and air velocity in addition to humidity that is related to
air velocity and other side enhancement that building layout can add to éhsusit as
shading ovealleys and pathwayghat could help reducing air temperature and increase users
comfort index(Paramita & Fukuda 2013Building layout refers also to its height as it was
found of a great impact beside the main form layoutag@hing within the building mass.

Paramita & Fukud&2013) Concluded that the higher the building structure is the better air
temperature it records for the surrounding urban aesasciallyif green landscaping areas
were added to the site. Since higheucture generates higher wind velocity around the site.

In China also the impact of Building arrangement was studied in order to understand its
influence over microclimate and ener¢ggad by Deng, Wong & Zheng2016) It was
concluded that the impact of building layouts on Mean Radiant Temperature and air velocity
is morethan the impact on air temperature despite the fact that Sky view factor that was
studied by EnviMet shows a relationship between Air Temperaturd arean radiant
temperature were both were affected by the height of the building and its arrang@ment.
the otherhand Deng, Wong & Zheng(2016) proves that the Energy consumption is
influenced by building arrangement and shape regarding cooling loadtéoior spaces.
However the research @feng, Wong & Zheng2016)covers only NS direction as shown
below in Fig.2.5 were buildingrrangementhat were testedin group oneare illustrated in
3D view, The first group used square plan building forms while the second group shown in

Fig. 2.6 used rectangular plan building form for the same analysis.
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Figure 2.6 Group 2, Perspective Viewltifferent arrangement option®eng, Wong & Zheng 2016

2.4 4 landscape materialand water bodiesimpact on Thermal Comfort

Since UrbarMicroclimate parameters were found to bfectedby the Urban Landscape

factors, Thani, Mohamad & Jamaludin (2013)oves that Relative Humidity and air
temperature can record different readings at the same urban community based on the
landscapecharacterand surface properties of the area. It was also concluded that urban
greenery in hot arid climate areas could enhance the microclmatehology that would
enhance thermal comfort at outdoor areas based on the case sRudyagHya in Malaysia.
In addtion to thatThani, Mohamad & Jamaludin (2013) found that Bioclimatic elements
such as vegetation, water bodasl soft landscape can be used as cooling strategies during
daytimeas it was found that these areas recorded lower temperature zones in smmpari
with other hard surfaces like pavement and asphalt areas.

These resultalign with Akbari et al, (1997where it was found that Urban vegetation
impacts energy demarfdr cooling requirements of indo@pacessince outdoor condition

impact the building envelopnd adds load to the cooling and/or heating systems.
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Also, Setaih, Hamza & Townshend (2013) agree that in hot and dry sessions it is beneficial
to use surface material that helps cool down the microtirmandition and support it with
vegetation and water landscape elements as well as shading features either big trees or light
canopies that help reduce solar radiadod enhancthe thermalenvironment The research
also indicates other cooling techniques that enhance thermal comfort in outdoor spaces like
Building arrangement that harvest prevailing wind and light material for building elevations

as illustrated in Figure 2.7 belogsetih, Hamza & Tomshend2013)
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Figure 2.7 Cooling strategies urban areasSetaih, Hamza & Townshend (2013)

2.4.5 Shading elements Impact on Thermal Comfort

Otherresearches also covered the importance of urban shading strateg@sas the study
in Amman, Jordamwhere the analysis was done to evaluate the impact of tree shading
building energy consumption. Abdul Aziz (20X4sultsalign with previous readings were it
was concluded that shadimgduce energy consumption while this research adds the fact

that trees can be sed ashadingelementghat have the same impact over the building. this

Student ID: 2015217055 Page38



Bio-mimicry and Urban Design

result was generated based on a simulation model that assetaparing and analyzing the
effect ofthetreeover building consumption ratéAbdul Aziz, 2014)

anotherrecent study finds that using air temperature only as an evaluation method for
thermal comfort is misleading sintlee perceivedthermalconditioncan record a difference
of few degrees between shaded areas and other areas exptiseduwo This study vas
carried in Tempe, Arizon&asMiddle et al. ( 2016 jinds that during spring thermal comfort
increased remarkably in shaded areas comparé#tetoon shaded areas at the same time,
also summer and fall session records the same result with differeentzge which proves
that shading patterns designed by tall buildings sometimes or trees and artificial structure
some other times can impact human comfort level at outdoor spaces as it impacts perceived
thermal conditions ratésee figure &B). Despite he fact that this study covers youth and
healthy group of people who form the survey respondents but it sets quite attractive results

that can be carried further for more studies and examination (Middel et al. 2016 )

Figure 2.8 Royal Poinciana: Tree shading users of public spagddul Aziz, 2014
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2.5 Beehiveand Bio-mimicry Design

The Beehive was found to be one of the most interestmgturein the nature designed by
a veryorganizedcommunity that built the base afvariousnumber of research and studies
covering the life cycle of Bee ant$ social hierarchyBiologisttends to observe closely the
behavior of Bee and the progress of their communities since it is veryhiéoaecty to the
human communities and its sociailerarchywas each group has a designated task and
responsibilities while even the biological characteristic of each bee is different based on the
task and responsibility within the community.

The Beehive attractattention for its structure and maeyxample of mankind structure
could be found were a replicating of the Beehive was attempted such as the ancient hut
located in Ireland and Scotlarigee fig 29 below) some of these are dated back to 4,000
years howeer it is more complex than it looks like as thesets provided comfortable

natural heating strategies for users.

Figure 29 - ancient beehivénspired hut in Ireland fliker.com/mirsasha

In a deep observation for natural components the basic principles of structure can be visible

such as the Beehive design were bees are designing their home, produisoand
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protection shelter at once. this is really fascinating and the accuracylééxlagonal grid is
inspiring in its simplicity yet stability form that reflects incredibly smart and safe layout that
responds to Bee's social as well as functional nekdsther recent example dfeehive
inspired structure is the (Hexgid) structure sstem for tall buildingghat was introduced by

Dr. Peymanat Seoul conferenceThe system carries many advantages in term of
environmental sustainability since it consumesl®® less steeds araw materialcompared

to the conventional system for the same case study of 80 floors height tower that was
analyzed using ETAB computer simulation program. The structure is believed to be more
efficient in term building weight as tall buildings tend to havesavystructure that requires

more foundation material while this systesduce columns that reduce overall building
weight. Dr. Peyman & Kin(2011)stated that there is nothing new under the sloyvever,

this does noindicate that limits of innovationwere reached since there are no limits
improvement and progres@:ig.210) below represent the difference between the Hexagrid
structure and the conventional structure for the same building model generated from the
computer simulation program were the coreeshforce and displacement under wind was
tested and the result indicates that the new system is more stable and suggest promising

solutions for tall building structure designs.
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Figure 210 - 3D View and Plan for Structure Analysi®A'S Properties/ the structure of Peyman A. Nejad

Another proposal for the Beehive inspired architecture is presented by Architect Rory
Newal and Lucy Richardsomasa residential tower d220-meterheight was gnerated using
the Hexagonal grid at the exterior elevation. The building was designed in London and the
architect suggested some exterior cells to be used as vertical gardens that enhance the
surrounding microclimate and respond to the tower users howgedesign remains at
concept stage and was is not developed(iet.Peyman & Kim, 2011)

The natural geometrys fascinating for many architects, Bjark Ingels the Architect in
Big.dk says the abilityof honeycombto strengthen natural scene for the ugeesspective
and visual aspectsis remarkable. Ingels addsrc¢hitects are amuseand inspired by the
compactness, artistic mounghapedattern created by this tiny bees.

Geometry is an important factor in Desigrdan architectural formatiospeciallyeither in
term of layout plan or three dimensional perspective view,ré¢kaion between different
elements in the design and its interrelation angels are responsible for the impression these
designs creates eithecaeptance or rejection of public viewers and public in addition to the
meaning and stability it generates for users. Therdtorgjafar, Mahmoudinejad & Ahadian

(2011)finds that geometry formihe main core for architectural lows and thats geometry
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canbe generated fronmature by creating an interactive cy¢see figure 2.1) of specialist

who work together and add their knowledge to each other database in order to create a bio
mimicry design that responds to sustainable requirements at all Smieal ,environmental

and financial sustainabilityPourjafar, Mahmoudinejad & Ahadian 201R)so Bakirlioglu

(2012) agrees witMacnab (2012) an&l Ahmar ( 2011 )n following Bio-mumicry design

spiral that eitherstart by discovering a natural model and studying its potential
implementation and ending up by settiagiumberof principles and strategies generated
from that natural model and incorporate it time design process. (see figure 21a)

(Bakirlioglu 2012)
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Figure 2.1 - Creating the Conversation between nature and human science

The other option is going the other way when a challenge is hitting engineers or designers
they tend to relate it t nature and explore potential solutions from natural models by starting
with defining the problem or the function needed and understandicpatlenge thesearch
for similar models in nature that wither share #irstract shape or similar mechanism of
behavior were the function is similar to the challenge facing designers and engineers. then

going deep and extracting the principles of thected model from nature could carry the

Student ID: 2015217055 Page43




Bio-mimicry and Urban Design

answer to the challenge and help in setting the principles for a solution that can be evaluated

and tested at further stages. (see figurg B)1Bakirlioglu 2012)
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Figure 2.2 a- Biomimicry Design SpiraiBakirlioglu 2012 Figure 2.11 b Biomimcry Design SpiralBakirlioglu 2012

This approach in design was found to result in number of benefiéalkadioglu (2012)
concluded some advantages are for architects who can produce designs inspired from
existing environmental models that he{pcreatea tailored design for the specific location
and users that respond to their specific needs and that can result irustaneable solutions
andoptimizedarchitecture designdriven from optimized natural model, this helps in facing
limitation of resourceasVahidi (2009) concluded since all creature of nature are fighting for
the same basic life requirements as food, ewasafety that secure its existinghis
conclusion is also supported Maglic (2012) by stating that design should enhance human
surviving opportunities in addition to natural components and surrounding environment too
sincethehumanrace will not stad alone if nature fails to survive due to mankind behavior.

2.6 Beehivelnspired Urban Design

The animal kingdom most inspiring engineers sets a tremendous example for architects and

engineers by looking at the stable, strong connected hexagutsih the beehiveBees and
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especiallyhoneybees are an interesting model for understanding communication strategies
and social behavior in addition the focusedproduction procesgradav,et. all.2017)Bees
today recordmore than twenty thousand species preserdidgferent pattern of behavior
entitled to the task of each bee and its duty within the comb in addition tepéutic
characteristicsSome of them are building Beehives undergrownite other speciebuild

it over high trees and some other are even brave enough to buildegi@ntialunites
structure like walls and roo@nd in manycasespeople are designing designated farms for
bees looking after this outstanding insegtsd it is not likely that human and bee's colonies
are losing their interaction soon since this insect is providing mankindawiioh of vital
resourcs to serve as food and important medical components in addition to many other
benefits related to honey and bee's colonies.

In this research the Form and layout of the hexagonal unite in the bee's beehive has
inspired the study to enhance the soclaracterof an existing residential communiyasa
conventional grid system is used to design the plots and services within tlae theeaurrent
stage while the study is exploring the environmental impact at the outdoor surrounding the
unitsif the Hexagonal gridshape was implemented in the desibhis is targeting the social
sustainability as well as environmental sustainability since the enhancement in the
microclimate around the villas is found to enhance the social activities and interactive
behavor of users within the space.

This research is usintghallenge to designmethod in implementing bimimicry design
strategies to the current existing case study projgwtrethe problem was defined as poor
thermal comfort level at outdoor spaces that result in poor social connectivity within
residential plot users due to lackioferactionand social outdoor behavidrhe urban design

layout was examined and enhanced basedth® inspiring geometry of the Beehive
Student ID: 2015217055 Page45




Bio-mimicry and Urban Design

Hexagonal gridn this research at chapter four while the results and discussepnesented

in chapter five of this thesis

Chapter 3: Methodology

3.1introduction

This chapter is covering and discussing the research methods that are used at other research
papers and thesis and compare it in term of information resources and objectives for the
research in addition to the result and final conclusion based on thatiimiaind challenge
these papers and researchers were facing in implementing each method.

The tools and strategid®side different techniques that are needed in each phase of this
research will be discussed and explained in the second part of thisrcafgtintroducing
and justifying the selected methodology for this research and addressing the parameters that
are used to evaluate the research results. The methodology is selected after going through
Literature review phase that explores the advastagd disadvantages of each methased
on previous research paper were similar objectives and other research conditions are used.

The aim of this comparison is to understand and select best methodology for this study that
complies with the objectivelisted earlier and respond to the aim within the available
resources and time frame. Since each research is folladiffgrent path based on its goals
and research questions tim&tedto be concluded with answerrslighted by the requirement

of the regarch case study subject for the study.
3.2Review of Similar Research Topics

As discussed earlier, many researchers investigated theiimicry design andits

potential in solving current design problems and challenges. One of these chaliehges
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outdoor micro-climate since many studies were addressing this topic aiming to enhance
outdoor thermal comfort parameters in order to achieve higher users satisfaction. Different
researchis aim to understand the impact of bmimicry design overmicroclimae
parameters using different methodologies suchiigerature review, field measurements,
virtual model simulationHowever one or more of these methods can be used in the
research.

In this chapter the various methods will be discussed and analyzed in term of advantages
and disadvantages and their compliance with this research objddtigechapter will also
discuss the tools needed for each method such as the software simulation programs needed
for building the virtual model and running the simulation in addition to the measuring

instrument needed farfield visit.
3.3 Literature review approach

A literaturereview is known to be the study method that was built using other studies as
fundamental data aftéooking for particular research topic or gties (Kitchenham,2004 )
and Myllarniemi 2015) It is needed to fill a gap in current topic or understandvinethat a
theoretical research is supporteddayculationsand numerical data, or build the relationship
between fragmented results related to one t¢icchenham 2004 )

This method can be used alone in the study such as the case of a lecturter@nce
report or it could become a supported method in a research topic such as mBR&tBx. or
thesis or a scientific papérhis method is essential to bring researchersogate with latest
results and findings related to the research subject dpdidduild full understanding of
different aspects related to the topic. This shelps the researcher set study questions and

objectives that could be generated from previous works.
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In this researchthe Literature reviews conducted to understand the previous attempts in
constructing a bimimicry architectural solution fomaster planning projects beside
understanding the impact of different miariomate parameter in hairid climate and het
humid climate regions in ordéw enhance these parameters to ensure users thermal comfort.

AlRustamani (2014jollowed exploratory researcimethod that was used to understand the
impact of UHIon Dubai This approachelpsin case the research problem is not well
defined by conducting Literature reviews at the first phase followed by interviews and ended
by a case study review thakamina and analyze the different results and similar findings
betweenphase one the litetate review and phase two the interviews from the selected
research location that is considered Dubai in this research. (AIRustamani RO&éapter
two of thisresearchthe Literature review helped in setting the exact parameters for this
research andedine the research scope in order to fulfill the aim and objectives of this study.
However this cannot be the only methods thet used in this research since holds
weaknesses such as @ecuracyof information and result in term of location and time since
many of the research papers are not done withirgéographicalimits that this study in
consideing and focusing on and not at similar time of the year or relevant weather data as
this reseash target. Therefore the literature review can only serve as a siggmatimark
and guideline for the progress of this study.

3.4 Computer simulation approach

Chapter two of this study highlighted number of current studies wereomputer
simulation models were used to evaluate the microclimate parameters and compare different
scenarios in a virtual environment. As an exantfilynh & Eckert (2012)lisagree in using

Literature review as a core source for informatiorsindying the impact of Urban Heat
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Islands and indicate the need for computer simulation model to compare different scenarios
of microclimate parameters enhancement strategies that were used over a selected case study
site in the south area of Vietnam. The model wak bsing Envimet Simulation software
however it was not intended to extract absolute informagtated to Air Temperature from
this model.Also, Paramita & Fukud#2013) found it important to use computer simulation
modelsand existing case study Kitakyushu cityto evaluate the air quality and miero
climate calculations based on a virtual model built usivegenvi-met software.This meets
the method selected by Taleb & Ablijleh (2013) who were evaluating the impact different
urban configuratioron Temperature in Dubai using a computer simulation model that was
built by Envimet software alsoln addition toWang, Berardi& Akbari (2015)who also
used Computer simulation model that was built to reflect an existing site in Tavbate
the case study was selected to understand the impact of Urban Heat island over different
zones of the citySimilar to the method used kbari et al( 2001 )earlier despite the fact
different softwarevas used to build the model which is DQEhat isan energysimulation
programfor buildings thathelps inunderstanding the impact of Roof color range from light
to dark colors and the effect of shade over the indoor energy consumption of a b@iding.
the othethand Deng, Wong & Zheng (2016) used Esaet as a simulation model software
that helpedo understandhe impact of building layout over miciimate parameterthat
will result in affecting energy requiremerdf the buildings located in a dense area in China.

The study of Oklahoma city b¥hang, Jin & Leach 2017)alsoused virtual model that
was built using Weather Research Forecasting model (WRF) in coordinate with satellite
MODIS image that indicated surface temperature at the selected site siilifextresearch,
however the research concluded that this software failed to simulate the weather data in an

accurate way but it reproduced some of the raotimate parameters in a reasonably
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acceptable range such as wind speed and direction plus stefagerature in addition to
energy flux.(Zhang, Jin & Leach @L7) but since the satellite image is dated 2003 and the
simulation model islone in 2017 it was found that a recent, updagtthmarkesourcess
needed to strengthen the research and itales.

It was concludedrom previous readingshét computer simulation models supported by
field measurementare a most compatible method thawvas used to evaluate and study
thermal comfort and microclimate parameter enhancemé&hntsrefore these two methods

will be used for this researatith respect to the limitations th&tcethis study.
3.5 Numerical model and software simulation program

This research aims to study the impact of-fminicry design modification over the
microclimate parameters in order to evaluate the improvement and enhancement in thermal
comfort index thereforejt is not feasible to build the physical models on site and apply the
changes of each scenario and consider field measurements as the drdyg Moetthis
research. It is important to use a virtual model that would build the weather data with the
geographical information in addition to the architecture details of the project all in one
platform that is usefriendly and easy to read in term dfe final result and changing
parameters.

This is known to be the numerical modetherethe input data is provided by users and
testing environment is controlled bynumberof variables that can be adjusted and altered to
meet the requirements of each rem@o and proposed design. This will save time since
researchers are not limited to the time of the year this research is conducted as it can be
running for summer even if the current time is winter and the model can be testedlfor

year without reall waiting one year for the result of each month. this is known to be one of
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the advantage$for the computer simulation model in addition to the fact that this saves
resources and cost since no physioanpoweris needed on site for building the proposed
design or taking actual readings using instruments and devices that could be rented.

However the computer simulation methadquires a qualifiedusers who are capable to
input the data and extract the outpesult in order to conduct a reliable analysis based on
these results. Therefore this method needs a validation procesepearch process.

In the next part of thishapteythe research present number of rectuadiesthat used the
selected softwarevherea validation processasdone by recording field measurements and
compare it against software simulation for the same day and time. These will be considered
solid validation for this research since the same software isiugieel same city for the same
period of time that is the summer sessin Dubai and readings will be examined against the
national weather data generated byNheistry of presidential affaird’he National center of
meteorology to ensure that results & tasiecurrent desigmepresent the existing case.

3.6 Software selection and justification

Numerical simulation is one of the most recent tools that can be used to test the urban
climatic configurations since urban climate could cover a wide area that limits the possibility
of accurate site measurements. Many programs are used for this puwrploses BES City
Sim thatwasused in different scale projects going from small neighborhoods up to entire big
scale cities. This software is used to study Urban Heat Flukumar, & Krob, (2005)
However this software has numberof limitations such as ¥ analysis that cannot be
conducted using the virtual model of this program since the number of buildings and its

morphology is limited. Therefore it was found unpractical to use this program for this study.
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As a result of previous readings and literatuegiew presented earlier, EAMet was
found the most compatible software that meets this study aim and objective and respond to
researcher skills and time limits as proven Hyynh & Eckert (2012) and Paramita &
Fukuda (2013)n addition toTaleb & Abu-Hijleh (2013)who also used Emunet program
for the simulation model similar ®&/ong & Zheng (2016) who agreed that Enwet helps in
understanding the enhancement of Microclimate parameters by designing different scenarios
and testing each parametdhile all other factors are fixed in the virtual model.

This complies with the conclusion that tlssftware has been used widely in testing the
urban planning configurations in terms of climatic aspects and its impact of the outdoor
thermal comfortdor different users in residential, housing projects or commercial .ateas
to different categorieshat are builtinto the prograndatabasehat supports the analysis of
agriculture effects, wind flowdirection and speedndthe relations with the buildigs and
urban designs. It is alsefficient in simulating the surroundingir or surfacetemperature,
humidity levels, and the shadows wither they are artificial shades or shades tgused
buildings. Adding to that, it can show the effect of usdifferent landscape coverage
materialson the outdoor environment and the transfer levels of the heat from the buildings to
the outdoor environment. All dhis configurationsupportthe researcher in determining the
best thermal comfort levelnd best @ctices to enhance the outdoor environment

This software has been devel opedowadaydbs!l v and
being used in many simulations for the last 10 decades (Brose al. \#0ibf) reflect the
improvement and developed resgaand modification that it passes throw in addition to
being trusted method worldwide for reliable results. Therefore this is the software that will be

used in this study for the simulation and analysis phase.
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As mentioneckarlier,many urban simulatns have been done by many researchers using
Envi-met, and it can be considered one of the most popular software in terms of testing the
landscapes, Emmet is a software that depends on the distances of-theZXjrid wherethe
distance is set as per us@lecisionthe assigned area thaged to be testeghall be drawn
on SPACES were a limit of 60 units in each axis is set as shown below (fig 3.1) were the
model domain is presenting differdoasic settings thatontrol the model building process.
Brose al. 2016)ndicates thafhere are two applicationghich can be used in the Enmet
simulation Core and helper. The Core applications are not easy and they consume much time
in building the assigned study. But the helper application, they aex @aserms of building
the models knowing that they are limited compared to the first application but they still can
give the required results (Brose al. 201%0 the basic settingsiclude the designated
location thatvaschosen in specific Latitude driongitude representing Dubai City with time

zone indication GMT+4. see (fig. 3.1) below.

=

Create new area

Mumber of grids and nesting properties Geographic Praperties
Model type: Concept Design Madel rotation out of grid north: 0.00

tain mode area:
Location on earth Apply changes

w-Grids: |60 y-Gridz |60 z-Grids: |30

Mame of locatian: A Cancel
Mesting grids around main area: -~ "
Mrof nesting grids: {0 osition on 8ath | stiude [deg. +M. -5} |25.25
Set soil profils for nesting arids Longituds (deg, 4/, +E} [55.33
Soil &: M [LO] Loamy Soi .
§ Reference time zone
Soil B: B [LO] Loarny Soil Mare: GMT +4
Grid size and structure in main area IRt remee ey e 60.00
Size of gid cell in meter:
Georeference
dx=2.00 dy=(2.00 dz=|2.00 | [base height]
Methad of vertical grid generation Co-ordiante of lower left grid Hvalue: 0.o0
*  equidistant (all dz are equal except lowest grid bax) yvalue: 0.00
telescoping [dz increases with height]
Reference spstem: <plane -
Telescoping factar [%): 0.00
Start telecoping after height [m]: |0.00 Reference level above sea level for DEM=0: |0.00

Diefalt ‘wiall! Roof Properties
wiall Material: [00] Concrete slab [hollow block,

Fioof Material: [00] Concrete slab [hollow block,

hodel area description: |4 brave new area

Figure3.1- Basic settings Envi-met software
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For theeffectiveness of this softwarthis research will be testedc&simulated using the
Envi-met software sincé showedvery accurate resultas presented ipreviouswork for
different number ofesearches that were done with different researchersaddition to the
basiccurrent case that were tested at the beginning of the project to ensure the software
calibration. Accordingly, the researcher willse the latest version of then&-met software
since the latest version has shown many develotsmersoftwareapplications compared to
the oldone and that can be shown in its ability to give different materials andhest
t her mal aspects on the buildingsd eohtheel ops.
envelopg behavior which can be h#ll to reduce the heat transfer and reduce the urban heat
island effect caused by the buildings.

The research method and simulation software both were choskadithorto investigate
the required research parameters based on study objectives firstmendind budget
limitation second in addition to nature of research case study and its compliance with
previous similaresearches and study analysisThe Envimet showed clear efficiency and
accuracy in giving results and simulations output that cadidmissed and compared to
understand the difference between the base case design and the proposed designs that would
help in finalizing an optimal design were all parameters related to this study are enhanced
based on the bimimicry proposed strategieshis allows the researcher to choose Enet
as the main tool for the research investigation. Adding to that, this research can give results
to show that this software is capaliefuture studies once it gives accurate and logistic

results that an betestel and implemented.
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3.7 Research case study

As per to the research objectives, a study is going to be done for a specific case study
representing residential project that was selected as "Sheikh Mohammed Bin Zayed Housing
Project” to test the outdoohdérmal comfortsafter conductingoio-mimicry passive design
strategiesnspired from the Beehive cell desigrat can be implemented on the progteto
enhance the outdoor environment which will positively be reflected on public Thermal
comfort index.The case studgite covers249.4 hectaredocated in théborderof Kalba and
Fujairah,with a distance of 4knsouth of Fujairah Airport an8km exactly fromFujairah
city. It is called "Sheikh Mohammed Bin Zayed Housing Prdjeahd it is one of many
models replicated in different areas in UAE since it is Emirati Housing projects financed by
the government as explained earlier in chapter ®he.site is surrounded by hills and earlier
to construction the assigned contractor ramsajor leveling phase to ensure flat topography
on site as per the architectural and structural design requirements. the adjacent project is

close to an industrial area called “Aayl".
3.7.1 Site andProject Analysis

This project was selected sinite author has a deep knowledge about the different aspects
of the construction phase as well as sustainability aspects and certificate that was given for
this project however the author declares clearly that there is no any conflict of interest with
the research and its result and conclusions.

The project complies to Urban Planning council guidelines therefore it was essential to
conduct a deep site analysis by the Urban planning consultant office in order to fulfill the
need forresponsre design that cmplies with natural environmental aspesée (fig.3.2)n

term of optimum building orientatioespeciallysince dust barriers are needed in this area to
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ensure healthy air qualifpr residence. see (fig.3.keeping in mind that wind direction is
northandnortheasmost of the yeafMBZFC 2015) In addition to that, theeed for shading
elements and strategiesessential since the environment is harsh and intense sun radiation

beside high temperaturequires careful urban treatment.

4 Fujeirah

2/

i

) T
<N Taath

7 Exbbing Grading Wik
i S

Figure 32 Site location MBZFC,2015 edited by Figure 3.3 Dust wind onsite MBZFC, 2015
author

This project was selecteas a case studgince the author has a deep knowledge about the
different aspects of the construction phase as well as sustainability aspects and certificate that
was given for this project however the author declares clearly that there is no any conflict of
interest withthe research and its result and conclusions.

The projectconsiss of two phases; Phase A consist of four blocks wittotal of 417
residential villa while phase two is referred to as Phase B vatetal number of 742 villas
distributing over 7 blocks with 2 service blocks at the north side of the saet(fig 3.4)

presenting the zoning distribution for the villas indicatangumberof villas in each block
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and phasesf construction were current onggiphase A is highlighted in Red and phase B

that will be constructed later is highlighted in Blue.
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For the purpose of this research the seleeted that will be subjedb the simulation

analysis is Block AC and Block ABee (fig. 3.4)were total number of villas is 278 units

designed to be between four and five bedrooms and served with one Masjid with a capacity

of 650peopleand aretail grocery area as well as oubdgreen spaces for public use.

3.8 Research Plan and Limitations

The aim of this research as explained earlier in chapter one is to examine the effect of the

design strategies over the microclimate parameters were the proposed design is inspired by

bio-mimicry concept driven from the beehive cells form. This studyasegmted in phases as
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shown in the diagram belowherethe first phase is the base case analysis were the current
design is built using the Enwnet software and the result will be used in phase two as a
benchmarkor enhancement and comparison. In phase two the orientation of the project will
be tested to find out the current orientation is the best possible scenario or there is a room

for enhancement. This will be discussed and elaborated later in chaptefiiean

Phase one

Base case Analysis

Phase two

Orientation Analysis

( Three new orientations are tested against the current one)

Phase three

Layout Analysis

( Different proposed scenarios will be tested using best orientation result
from the previous phase )

Phase Four A

Shading Coverage Analysis

( different shading layouts will be examined based on the best layout
design generated from the previous phase )

Phase five \/

Water features Analysis

( water feature wills be added to the green areas of the optimum case concluded
from phase four earlier)

Diagram 3.1 Research outlinelllustrated by Author

The third phasef the research as shown in the diagram above will analyze three different
proposed layouts inspired by the cell shape of beehive while respecting the optimum
orientation fomd from the previous phase aralways evaluate the enhancement in
microclimate parameter based on thermal comfort standards and base case design result since

the target is to upgrade and improve the users experience and comfort level with the
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proposed degn. The optimum case in phase three will be considered the base case for phase
four were three different layouts for master shading element that covers open areas and
pedestrian pathways will be tested in order to evaluate its impact on the thermal comfort
level and decide on thigestproposedshading layoutFinally, in phasefive, the impact of

water features will be tested to decide whether it is recommended tvealérfeature in
outdoor public spaces or it will not enhance the thermal comfoneqfublic at these spaces.

The research benefit from previous literature reviews in executing the simulation process
and will discussthe result of each phagé similar research and previous studies doh@s
will help in setting deep understandinfjthe proposed strategies and the relation between
different microclimate parameterSltimately this comparison and analysis, supported by a
discussion help figuring out what is the optimum recommended strategiesiitittats case
study and can hawepotental impact on other housing projects in UAE.

Eventually the target is to enhance the outdoor thermal comfort within the housing project
that could be set as a role model for future projects and other master planning developers to
follow in order to enhate overallurban areas in all aspects whether environmental, social or
even economic aspects. this would result ithe solid Sustainable Urban development
procesddowever this research is facing some challenges and limitation that were taken into
consideration such as time limits were the research objectives sets summer session as the
subject of this researchhowever,the Author is conducting the research during winter
session therefore,no site visit or field measurements were done since it will not reflect
required data. and only recorded weather data from the ministry of Presidential affairs were
used as input data for the simulation softw#de. the other hand cost dmmanpower is
limited to personal budget and researcher efforts, dhrefore there was no possibility to

do any physical model replicating the proposed designs as wék asirrent base casean
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smallerscale.Finally, due toa softwarelimitation in term of Drawing area were grid of
60x60 unite is givenpartial zonevasselectedo be drawrsince the complete site cannot be
built as a virtual modehnd maintain reckonable scale for the drawing unites. In another
words the larger the drawing area is the more small scale elements within the site will be
neglected such. and it would not be accurate to use different files for different zones of the

site. Therefore one zone can be used as a sample for the full impact of each strategy.
3.9 Summary

This chapter presented various number of similar research studies done based on
different methods. The author studied each metbodnderstand its compince with this
topic and its gaps and weaknesses toward this research objstetitiag by literature review
that was used b&lRustamani (2014jhat built its defense on this method on the believe that
the topic is relatively new to the public theref@xploratory researcmethodis neededat
this case, howeveduynh & Eckert (2012)disagree in building the research results and
conclusion on lterature review only similar t®aramita & Fukudg2013) and Taleb &
Abu-Hijleh (2013) as well aswang, Berardi& Akbari (2015) who support the fact that
computer simulation model is needed to validate field measurements and literature review
information asAkbari et al( 2001}id earlier.

In term of the simulation software, different programs were reviewed and evaluated against
the requirement of this research and compliance to the researcher background and skills as
well as required output data. It was found that the latest version ofnigtvd with its
science license meets the requirements and sets a solid platform fangbthieimodel and

run different proposed scenarios at the selected time under the designate weather conditions.
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After selecting the research method and simulation software, the research case study
project were studied and analyzed to understand its speiteaia in term of topographical
characteristics and surroundings traffic networks and projects as well as its components and
functional buildings thashall not be canceled or neglectedany proposed scenario since
this research is limited to the oo thermal comfort parameters not the functional or
economicvalue of the projec¢thereforethe number of the unites shell nit be reduced and all
services shell remain efficient for users. The feasibility of the project and the architectural
design will not be compromised in any suggested design.

The simulation process and will be done in fpleases were the selected final scenario of
each phase wilconsideras the base case for the next phase. While the microclimate
parameter will be examined based on the thermal comfort level, in referethediterature
review and local as well as intational standards related to human comfort index.

The next chapter will explain the virtual model setup and the project basic settings used for
the base case as well as the fixed and changeable parameters for both weather details as well

as project details

Student ID: 2015217055 Page61



Bio-mimicry and Urban Design

Chapter 4: Case Study Model setup

4.1 Introduction

In addressing the bimimicry design strategies as a sustainable option for residential
housing projects and while consideriBgeikh Mohammed bin Zayed Ciiy Fujairah the
case study for this research. The researchoeaduced using computer simulation software
to examine the proposed designs and strategies as recommeridegnby& Eckert (2012)
andParamita & Fukud§2013)besideWang, Berard& Akbari (2015)

This chapter comprehensively explaid#ferent tools and parameters in addition do
evaluationprocess thatvasused in this study, propped by standards and benchmarks that are
complemented by literature review discussion and conclusions.

As mentioned arlier in chapter three section 3.1 the study is conducted in five phases. the
outcome of each phase forms the base of the next phase in which the risskdlimiing a
linear progress ends witnnumberof results and findings that are discussed objectively to
conclude the research topic with recommendationscitraply with the research objectives

and reply to the problem statement that was presented in chapter one earlier.
4.2 Parametric Analysis
In nowadaysfasttrack production line and consumers demand for innovation and fast

solutions for growing challenges, it is essential to control cost and rdtkin®me and ensure

fast development process including urban development and architecturalatesiggis.
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Therefore it was substantiaheed to incorporate parametric analysis process will help that
evaluating different design parameters in a significant period of time with a limited cost. As
the CEO of ANSYS, Cashman dnxiouslystated " Being wrong today is greater in cost
thaneverwhile being right and innovative is also gréatrewards like never before". Being
able to examine and optimize the proposed design or suggested strategies allows architect
and urban designers the oppaities to eliminate any side effects or wrong decisions on site
while saving stakeholders from payitige big compensatingost to overcome these mistakes
when they are othebig scale (ANSYS, 201)

Since there is no justification for not using simuwatanalysis method to evaluate different
design parameters and asset the selection of optimum scenarios, this research focus on the
result of Envi-met 4 simulation process of each phase were the changing design parameters
were evaluated while keeping otHexed parameters the same over all phases of the analysis
process. This helps in eliminating the impactafariousnumber of design parameters that
are not subjedb this study

The design is composed afnumberof parameters that were categorized in this research
for two parts; constant parameters and inconstant parameters. see (diagram 4.1) below that
illustrates the different parameters in each category, starting with the constant parameters that
are relatedd any architectural details of the villas or any other building on site, Site location
and border is also a constant parameter that is not changing or modified over the research
phases since it is out of the Author control and it is not related to thetiebgeof this study.

All constant parameters remain the same from the first phasthe base case model is built
and analyzed in order to ensure that these parantienst impact the overall result at any
further stages. Inconstant parameters areettmgjectto analysis and their values are

examined at each phase to understand the impact pfdpesed scenario. These parameters
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are used to determine the compliance of the proposed design with the benchmark and

evaluating standard and criteria ascdssed earlier itheliteraturereview.

Constant Inconstant
Parameters Parameters

' R 4 N\

Architectural design
—  (Villas & service — Orientation
building)

. J \ J

{ 3\ { N\
Minimum number
—  of unites as per — Layout design

current design
“ J \ J

%
Site location and
— Function and —
borders

Shading
structure

Analysis Time
and date

. \, J

— Soft landscape

Diagram 4.1- Project parameterdlllustrated by Author

The analysis process is also counting on evaluation parameters that are examined at each
proposed scenario at the simulation results for all phases in order to assess the ithpact of
inconstantparameters over the project at each phase. These evalpatiameters are
influenced by previous Literature review and similar research topics that used same variables
in the assessment of different simulation results. The table breloresers the evaluation

parameterghat will be presented and traced at easdnario in chapter five.

Table 4.1- Evaluating variables and thmitsused for this research

Evaluating Parameters Unites

Air temperature Ce(Centigrade)
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Wind Speed m/s ( meter per second

RelativeHumidity Percentage

These variables are meeti@i Liao, Cheng, Hwan{2015)that linked human comfort at
outdoor spaces with the microclimate variables that impacts public behavior at outdoor
spaces as well as indoor spaces since these microclimate vadabkesusers toseek
comfort levels by consuming energy at indoor spaces or evacuating outdoor public spaces in
order to avoid discomfort. Therefore tracing the changes in these variables that aligns with
the modification on the design and proposed urban scenarios Ipilichgenerateesults that

explainthe impact of beehive cells geometry over the master plan of the selected project.
4.3 Virtual Model Development

The research is following computer simulation method as discussed earlier in chapter three
at 3.6 Research method selection and justification were the selection was built according to
similar research studies and previous literature reviews sudyash & Eckert (2012)and
Paramita & Fukuda (2013\who encouraged this method for similar research topics in
addition toTaleb & AbuHijleh (2013)and Wong & Zheng (2016who supported using
Envi-met program for similar analysis. Therefore the current existismguevas studied and
built into a virtual model usinthe Envi-met4program.As discussed earlier in chaptéree,

3.7.1 site and project analysis, the projrsiss of housingunitsserved by retail stores and
public green spaces as well as Masjid and other infrastructure services.

Due to the limitation of the software workimdatform, it is not possible to study the full
site all at oncethereforeone area was selected to be sibject of this analysis. However

the analysis does not impact function within the space or the proposed number of residential
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units since this is out of this research scope of work and it will impact the feasibility study of
the project that is also nobvered in this research, Also the dimension of the plots was fixed
over all phases and proposed scenarios since this is also one of the architectural details of the
project that will not be discussed or analyzed in this study

On the othehand the projectset complete vehiclesand pedestriamoute network that
covers all the site as shown in (fig 4.1) below were therfetivorks is introduced in red
color bold lines that represent main streets @otted red lines indicating secondargutes

and orange lightweight lines representing allays and inner pedesitits.

Figure4.1 - Proposed circulation planMBZFC 2015

The circulation plan cover pedestrian rout as well as private cars ways and parking spots
on theside of the roads a shown below (fig 4.2 a & b) this is also out of the research scope of

work and therefore it is one of the fixed parameters in building the virtual model.
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Figure4.2 ('a) typical roads section (b) Photoshop illustration for the roads aerial MB&FC 2015

In this researchthe simulation analysis is covering the first phase of the project that
includes total o278 residential private villas in addition to omail area located beside the

centralMasjid that serves the community as shown below in (fig. 4.3)

ey

4 i Bl
................... | o
E . £l
= @ lected | ot
%%%%\ 2:‘Seecse;ucjy Figure 4.4- Selected Area for analysidvBZFC
\%%fg,/ - 2015
L

Figure 4.3Residential blocks illustrationMBZFC 2015

The selected area includes five main green spaces and central public specéntked
with the Masjid andconnected tdhe retail areas shownabovein (Fig. 4.4). The project

brief by the developer indicates that each plot is within the selected area is 24m X 36m and
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this was fixed for all proposed designs however the layout and dimension for the public

spaces were modified basedtbeproposedonept as presented later in this chapter.
4.3.1 Research Variables and Parameters

As discussed earlier in this chapter, this research follows Parametric analysis method were
two categories of parameters were assigned the first category is known as constant
parameters that are fixed and kept out of the proposed strategies andndedigrations
andthe second category is the inconstant parameters that represent the parameters subject for
study at this research. as presentedtable 4.2 Yelow. In addition to the evaluating
variables that assists in while discussing the impact of thpoped design and strategies
over each parameters these are maintained the same for all phases since they respond to the
main objectives of this research that aims to enhance the outdoor thermal comfort for users in
order to encourage better utilizing tifese spaces that will impact social sustainability as

well asenhance environmental sustainability.

Table 4.2 Project Parameters and evaluation variables

Height, Elevation materigl and openings,
Architectural Design
Function...etc

Minimum Number ofunitsand | Proposal should not reduce current numbet

plot area residential units or individual plot dimension
Constant

The project location and outeorderare fixed ag
Parameters | Site Location and border
per current base case.

The simulation analysis is conducted on 27 J
Time and Date o$imulation | for four hours starting from 12:00 to 16:00 as {

is found to be the peak hours.
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Orientation Tested in three additional directions beside

current base case

LayoutDesign Three options are introduced that were inspireq

Inconstant Beehive cells geometry

Parameters | Master Shading Structure Three scenarios were introduced in complia

with circulation behavior of users

Soft Landscape Features Implementing water feature to studg impacton

microclimate condition.

Air temperatureCg Measuredor peak hourén metercullies
Evaluating

Wind speedm/s Measuredor peak hourén meter per second
Variables

Humidity Levels % Measuredor peak hourén Percentage

~ The previous table presents the constant parameters that includes simulation date and time
that was selected base on the peak summer day ins2@l(fig. 4.5that was found to be 27

July as per weather cast records that indicates the peak air tempatétdre0 to be 48 €

that feels like 55 @while minimum air temperaturgasrecordecat 05:00 at 33 @

Time and Date, Output
Define date and length of simulation and output options

27. 17 B
12:00:00]

Figure 4.5 Simulation Date and timeEnvi-met interface
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On the othehand the humidity levels went below 35% while the peak levet®rd40%
on shore at the same day, These records were used as initial weather input data in the

simulation process as shown below (Fig. H&pw.
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MN[0 o]+ 31 maxatS [ = 0 Qeesnon | crestemaate.

Figure 4.6- Metrology, initial weather dataEnvi-met Interface

4.3.2 Phase oneBase case Software Modeling

As described earlier in chapter 3 section 3.8 this research is conducted through five phases

startingwith phase one where the current existing urban design is budiliewvirtual model

using Envimet 4 programfollowing Huynh & Eckert (2012fjecommendation andaramita

& Fukuda (2013)who used this software to analyze the outdoor thermal comfort in addition

to Taleb & AbuHijlenh (2013) who conduct the study of green surface impact over urban
design thermal conditions using also Emet similar toWong & Zheng (2016)who
followed the same path. The model was built as shown in figure (4.7 ) below based on the
fact that residential unitare 10 meters height while Masjid height was assumed to be 15 m

height since it was not constructed yet on site. on the ditneqg the green spaces were
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traced fromthe previousmap presented in (fig. 4.4) earlier and standard green grass cover

wasused as landscape material.

‘@ @\QSPIXEVGI'Id oogoOom® . . ‘1x1 32 \@

..........

.......

.................................
..........................

T

....

12345678¢ 11111111112224222242_;___,,__334444444444555555555560.

Figure 4.7- Base Case model, illustrated by Authdtnvi-met interface

The program used a grid system werY X values are adjusted by users based on project
dimension and scales, therefore in this research the grid is 6fragis and 6m onY -axis
while it is 2m on Z axis since it is a low height project and facade detalseglected
therefore no details were given for building elevatioftse simulation process run for four
hours on 27 July and the results will be discussed in chapter five of this study.
4.4 Phase Twe Orientation Analysis

Many research and studies concluded that Orientation of a building impacts its indoor
thermal comfort such dsuynh & Eckert (2012)vho not only consider the interior impact of
building orientation but concluded that surrounding thermal comfort for usersbe

enhanced by the selectingtimumbuildings orientation that surrounds the public space. and
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since thishbecoms an initial request for manlyuilding regulatiorcodes andstandard around
the world, it was essential to consider it within the technitatform that architects and
urban designers are using nowadays such as Autodesk software sElegk,
sustainability workshop 2017Yeclare the fact that buildingsespondto orientation
modification since this impacts the sun cast and exterior @maalar gain which eventually
impacts energy consumption within the indoor spaSesilarly, Revit program incorporate
Ecotech features were optimum orientation is suggested to users based on the location and
topography of the site as well agilt-in weather details.

This section explains the different scenario proposed for site orientation as well as
evaluation variables that were usasl shown in (Table 4.Below, while the result of the
simulation process and its discussion will be presented in chapter five of this study

Table4.3 Structure of phase two structussuthor

Air temperature
First Proposed Orientation

Wind speed
( Base case Mirrored over Y axis

Humidity level
Results will be compared

Second Proposed Orientation| Air temperature
to current design in phast

( First proposed Orientation | Wind speed
one that is considered thg

Mirrored overx-axis) Humidity level
base case for this phase

Air temperature
Third Proposed Orientation

Wind speed
( Base case Mirrored over X axis

Humidity level

Student ID: 2015217055 Page72



Bio-mimicry and Urban Design

4.4.1 Proposed scenar®and simulation process

Since Orientation impacts thermal condition of urban spaces, The current design was
flipped three times over Y and X axis to examine the effect of different orientations over the
master plan microclimate conditions bpalyzingoutput results ofAir TemperatureWind
speed and Humidity for each scenario at four peak hours starting at 12:00 to 16:00 on 27
July. The model was givedifferent North angelat the basic setting domain (see figure 4.8)

to adjust the model without manipulating any conspanameter thawasassigned earlier.

Building Boltom=0 m, Top=0m

solandsufoce  Receptos  Souces  sngewals | <f @ @ meiod v 00 0 N g e
Buildings. Vegetation DEM [
Numbet of gids and nesting propetes e e

Set buidings/ Set facade element Model type: Concept Design Model rotation out of grid north: [2000 |
Top of builing or facade element in m: s Main model area: - -
ot of bt o fecade et = ‘ Location on earth

ottom of buiding or facade element in m: [ whids: [0 | pGids: 50| 2Gids: [30

: ‘ = Name of location: ~ [Dubai/UAE -]
Use absolute z-data (gnores terrain) Nesting grids around main area: §
Edting mode: Set whole facade/ vokume Nrctnestngaids: [0 | Postionon eatth: | e (deg, +N, 5} [25.25

Use left mouse to assign top of buiing el e for e g ik Longiude (deg, W, +E}. (8533 ]

Use right mouse to assign bottom of buiding Sk Reference time zone: =
SoilB: o nc Name: [GMT+4 ]
Setindividual segment — ihd ame: ; (GMT- |

Select element using the mouse in 30 mode Grid size and structure in main area Reference longitude: (60,00

Size of gid celin meter
iloor e . Georeference

Default buiding material = [6.00 | cp=[600 | d2=[200 | (base heioh) -
Material Walls:  Concrete slab (hollow block, default) Methad of vertical grid generation: Co-ordiante of lower left giid ~ #-value: |0.00 |
Materials Roofs:  Concrete slab (hollow block, default) o equidistant (al dz are equal except lowest gid bos) pvalie 000 |
= Reference system: | <plane> ]

Reference level above sealevel for DEM=0: |0.00

- Defauit Wal/ Roof Properti
Wall Material: |1 [00] Ct

v

Faciity Manager... | Reorganize buiding zones. Model area description: |4 brave new area

Figure 4.8 Basic settings window, adjusting North andgehvi-met interface

Figure 4.8 above present the basic settings for the current base case model that were tested
in phase one and the north arrow is illustrated at the drawing plagamatching the north
direction for the current base case design as shown below (figwh&e the site is

highlighted on Google map view.
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Figure 4.9 Site location on Google map vieMBZFC 2015

The simulation processtars with the first proposed orientation where the current master
plan design is mirrored around tieaxis ( Flipped Vertically ) which drives the north arrow
from being ona 30g angelto 33 angel as shown below (fig.4.10However all project
constant parameters were fixed and the same base model was used only by saving another

copy in order to eliminate any chance of miscopying the same initial data from the base case.

Building Bottom= 0 m, Top=10m Soil="L0" <Loamy Soil>

Solandsuface  Receptors  Sowces  Sndewals | <! @ @ fmxled  ~| OO0 (@@ 2 &

T b :
- Set buildings/ Set facade element 3
Top of buiding or facade element in m: b ]

Bottom of building or facade element in m: D

Use absolute z-data (ignores terrain) BEN | eeeeen

Editing mode: | Setwhole facade/ volume |

Use left mouse to assign top of building

Use right mouse to assign bottom of building
Set individual segment

Select element using the mouse in 3D mode

- Default building material
Material Walls: Concrete slab (hollow block, default)
Materials Roofs:  Concrete slab (hollow block, default)

poReSe

b
i’ i
1 i1
3 i 5
b ;

12345678¢1111111111222222222233333333334444444444555555555560

Facility Manager... Reorganize buidling zones

Figure 4.10 First proposed Orientation model, illustrated by AuthBnvi-met interface
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The model was then analyzedrough the simulation portal in the Enmet package
software that generates output data to be used by Leonardo that is also included with the
Envi-met software package and it is the portal that helpBustratethe output information
into readable maps thegpresent different data including microclimate variables such as Air
temperature, Wind speed, Humidity levels.

The same process will be followed for the second proposed orientation and the third
proposed orientation and final results will be presentelddiscussed later in chapter five of
this studywhereit will be compared against the base case results to determine the optimum

orientation that suits climate condition as well as project characteristics.
4.5 Phase ThreeLayout Analysis

As discussed earlier in Literature review, Layout configuration for buildings within an
urban project or a master plan for a residentiahi@ed-useproject has a deep impact the
microclimate parameters at the urban, public areas between the buildisggas concluded
by Paramita & Fukud#&2013 whereit was found that building heights within the siteate
higher thermal comfort especially when green areas are added to the landscape surroundings.
Also, Deng, Wong & Zhend2016) found that building layout impacts wind velocity and
mean radiant temperature. Since wind velocity and Temperature are considered viable
variables of this region climate and it is important to enhance the thermal comfort by
reducing humidity and increasing winslpeed as well as working on dropping the
temperature within the public urban spacesider to provide users with better outdoor
experience, it was essential to explore different Layout options based on the optimum

orientation figured from phase two aarlthat will be considered the base case for this phase.
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The below (table 4.4) represent the structure of phase three and the evaluation variables for
each scenario as well as Number of residential blocks at each proposal, keeping in mind that
the minimumnumber of villas and service is not lgeanthe current existing design since
the project feasibility and economic statues is out of this research scope of work and the
proposed change in residential unites was result of the layout change and relatadtto
any architectural change in the villas design or ftil area despite the fact that Layout one

suggest beehive plot shape holding same villa dimension and bigger total area

Table 4.4 Phase three structure

Air temperature
Total No.of villas is Results will be
Layout Option one Wind speed

290 compared against
Humidity level

Optimumorientation

Air temperature
Total No.of villas is results from phasevo
Layout option two Wind speed
292 that is considered the
Humidity level

base case for this

Air temperature
Layout Option Total No.of villas is phase and includes
Wind speed
three 288 278villas
Humidity level

4.5.1 Proposed scenarios and simulation process

Different layout proposals wernafluenced by the geometry of the beehive cells, it was
fascinating to notice how big number of bees are living within the beehive, protecting this

structure that they create from scratch and working on feeding newborn bees as well as
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producing honey alin a spectacular arrangement and timing. This was inspiring since the

same vision is required at this case stuwdlyereindividuals are seeking a design tihaips

interact in a successful way and become more productive as organized as individual without

losing the community conception with surrounding neighbors. The proposed desigast

the privateterritory for each family by protecting thiadividualsunite of the residential plot

which is the base for family structure however the designstheother handjntroduced

commonpublic areas that encourage social interaction in term of green areas and public

community gardens that were inspirbgt the Beehive cell shape and designed in three

different layouts. These public spaces are covered witls gras open for different activities

as per public interests. The aohproposing three different layouts is to examine the impact

of each proposed layout on the microclimate parameter within the site and evaluate the

enhancement of thermal comfort lever feach layout. This will helpo generatedhe best

layout out of the three proposals that will be considered as the base case for phase four later.
The proposed layous following the best orientation results from the previous analysis and

the same modes used in order to eliminate any changes that might impact the fixed

parameters that were discussed earlier in section 4.3.1 of this chapter. HowevereEAvi

was used again for this simulation since it is the selected simulation software foragarshes

asTaleb & AbuHijleh (2013)were this simulation software was usect@luatethe impact

of different layout configuration over urbamnicroclimatesimilar to Wong & Zheng(2016)

who also used this software to study the impact of building layouts over wind speed.
Therefore this phase aligns with previous proposed literature review studies and depends

on Envimet 4 to determine the best behavior of thermal comfort in each layapdsal as

shown below in(figure 4.11) was the first proposed layout is illustrated and the linear

circulation networkis introducel in addition to 38 open green spast®wn below in green
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shade while the central area is designated for the Main Magjidhanretail spaces that are
linked to it as in the current base case weré&f@villas are servethy one Masjid and retail
shopfor groceryandarnotherdayto day needs see (figure 4.11) below,

This design provides small greennes thaserveapproximately eight villas so that each
residential block has an accessible green area within less than 15 min wakisigown
below (figure 4.12}his proposal the Concept is based on Beehive cell grid system however
the cell shape here is only conaggdtand the real plot area is hatched in brown color an
shown in rectangular area thatlds the dimension o26m x 34mmaking total of 884rh

compared to current base design were each ph@inisx 36m making total of 864m

vvvvvvvvvvvvvvvv

Figure 4.11- Layout option 1- 38 green spaces proposed in Beehive cell shape

designed by Author illustrated by Adobe Photoshop

Keeping in consideration that the distance between each two plot edge facing each other is
20m that is more than the reged setback by Dubai Municipality withdicatesa minimum
of 12 meters setback at front elevations. Therefloeedesigncomplies with standards and

includes thenewaydriving path needed for the circulation network.
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Figure 4.12 Layout option 1- enlarged residential zoralesigned by Authc
illustrated by Adobe Photoshop

The second proposed Layout inclu@dstal of 292 residential villas andomplemenrd the
unite of 12 residentialillas in oneunite as shown belofigure 4.13. This block &signed
was considered the designing unite for the proposal and moreover it was repeated and
distributed among the site area in compliance with Dubai municipality regulations in addition
to the needs and requirement of a comfortable circulation netwotkotbrdrivewaysand
pedestrian paths, However the green areas were also considered and represented in a beehive
cell shape and distributed among the site while considering maximum walking distance for

between any villa and green public area not to ex28edn. see (figure 4.13) below.

Figure 4.13 Layout optiontwo - 4 green spaces proposed in Beehive cell shape
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designed by Author illustrated by Adobe Photoshop

This proposal also keeps the Masjid and all serves surrounds it at the central @& ithe si
respect to the cultural and social background of the site users in addition to the fact that this
area designed to serve the entire site so keeping it at an equal distance from all users is
recommended since it includes grocery shops and day to elysnas households or
stationary or any other requirements served by retail areas as it is in the current proposed
design.Also, other site services are located at the edge of the site where it sets under the
project management responsibility such as transformer rooms and telecom conn€Eltons.
proposal designed each plot to be 32m x 39m makintal of 1248nf That is more thn the
current base design by 384 yet it has 14 villa extra. See figure 4 di3ove.

The Third Proposed Layout is similar to the second proposal but includes six green spaces
instead of four and also consider the central area as Masjid without opensspainds it
while distributing retail shops and services within the green areasder to serve each
group of villas without being centralized within the sas.shown below (figure 4.14yhe
design also limits the access points to this zone optbgect with the side six openings and

keeps the two other sides withaliivewayaccess only pedestrian links shown (fig4.14).
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Figure 4.14 Layout optionthree- 6 green spaces proposed in Beehive cell shape

designed by Author illustrated by Adobe Photoshop

The proposal keeps the Masjid at the central area similar to previous proposals, however it
replicates the beehive cell geometry to be used as the green spaces shape in six different
areas within the site as shown above in figure 4.14 in order to serger mgmber of
residents with less walking distance and encourage outdoor social activities since the green
areas are introduced as public gathering hub to socialize and interact with each other in
resporseto social sustainability objectives of this research. On the btsg total number
of villas in this design is 288 witten villas extra than the current base calsewever the
total plot area is similar tthe previousproposal that is 1248hwhich exceeds current design
by 384nt as explained earliewithout compromising on service areas or pedestrian

walkways as well as driving network.

4.6 Phase Four ShadingcoverageAnalysis
In the third phase of thiesearchthe optimum layout proposatesultfrom phase two is
considered as the base case for shading structure proposals that aims to enhance the thermal

comfort of residence while using outdoor areas. This is based on previous literature review
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were it was foud that shaded areas impact users thermal comfort index and impacts
buildings energy consumption @bdul Aziz (2014)while studying Amman, Jordan case
study and the impact of different trees over the surrounding microclimate as it was found that
trees generateshading thatenhance thermal comfortin public areas as well agsduces
energy demand for buildings that are affected by this shade. Milddle et al. ( 2016 )
supports this result in the study of shading impacts over public thermal satisfiadiempe,
Arizona since the result of the public survey concluded that shade enhance the thermal
comfortan outdoorareas in summer sessjas well as spring and fall where people respond
to air temperature under shadgedifferent from others who areggosed to direcsunlight

This phaseresent three different shading proposals that are tested and examined in term
of their impacton microclimate variables that are used to evaluate different proposed
scenarios as discussed earlier in section 4.3.1 of this chapter. The simulation process is based
on thevirtual model thatwasused in the previous phase and found to be the optimum case
The three proposed designs are arranges as shown below (table 4.5 ) as each design is tested

using the same simulation software selected earlier.

Table 4.5 Phasd-ourstructure

Air temperature Results will be
First Shading | One side of the roadway at 15|
Wind speed compared against
layout height excluding green space
Humidity level OptimumLayout
Two sides of the roadway at | Air temperature designresults from
SecondShading
15m height including green | Wind speed phasehreethat is
layout
space Humidity level considered the base
Third Shading | Covers only main roads and fu Air temperature case for this phase
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layout

green spaces at 18m height| Wind speed

RelativeHumidity

percentage

4.6.1 Proposed scenarios and simulation process

Since the studying different types of trees and their impact over microclimate parameters is

not within the scope of this research, the shading impact will be tested base on light

structured shading element located at 15 m and 18 m height covering partial areas of the

public spaces around the residential units. And since this study covers the peak hours from

12:00 to 16:00thereforethe horizontal shading elements will be consedesince the sun is

almost perpendiculan thegroundat this timeof the day.

First shading layout is considering the total height under the shading element to be 15m

that is covering one side of the roadways and fully covers the four green public spaces as in

figure 4.15 belowwherethe master plan is presented in Emat, Space wrking platform.

were themagenta hatched area represent the shading covered area.

Building Bottom= 0 m, Tap=10m Sail= "KK" <Brick raad [red s

Figure 4.15 First Shading layoutAuthor illustrationby Space/ Envinetprogram

This proposal aligns the total height of the shading structure with the total average height

of thedesign of the villan order to avoid any distraction at the front facade of the villa and
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avoid any visual obstacles for residents using indoor spacegseaedtrian at outdoor areas.
However the material of the shading structure is not subject of this research aesipiteer

of other studies are addressing ttopic, yet this will not be discussed or studied at this
analysis thereforethe material wakept the same for all three options at this phase.

The second shading layastconsidering the same height of 15m as the first shading layout
but in thisoption, the green public spaces are not covered while the roadways are covered on
both sidesee(figure 4.16) unlike the first option where it was covered on one side.

This option aims to study the impact of the shade from the roadways over the surrounding
spaces such as the public green spaoelsother building which would impact the overall

microclimate parameters within the site.

Buiddng Betion= 0 m. Tep=Om Sole "X cBick raad ied s

Vegetaton oeM < @ Qfrecd - OO0O0E AE = 2

Figure 4.16 SecondShading layoutAuthor illustration by Space/ Envihet program

The Third shading layout is considering the height of 18m unlike the first and second
proposls since it covers some villas as well as shown in (figure 41df7in this option the
green public spaces ddly coveredunlike the second option and on the other hanaiihe
the main roads are covered with shading structure while other secomdaways are left

exposed.This option aims to study the impact of the shade fbanidings over secondary
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roadwaysin order tounderstatef it makes adifference having shading elements at narrow

spaces between buildings of the shade generated by surrounding buildings is enough.

Buaidrg Bottom= 0 m. Top=0m
fukings Vegetaton =] T @ & [sroel fond 0008 #B xm
‘Soll and surface Receptors. Saurces single wals
Buid th single el
Top of wallinm:

Batiom of wallinm:

Figure 4.17 Third Shading layoutAuthor illustration by Space/ Envnet program

4.7 Phase live- Water features Analysis

In compliance with previous literature reviews were many studies highlighted the impact of
soft landscaping and ground cover over the thermal comfort of users suthaag
Mohamad & Jamaludin (2013yho finds that microclimate variables such as Humiditg
air temperature would vary from one location to another at the same urban community in
respoise to surface materials similar t&etaih, Hamza & Townshend (2013yho
recommends the use of cool material in hot and dry climate regions that will enhamcal th
comfort beside water surfaces and evaporation cooling strategy introduced with vegetation
ground cover as well a8kbari et al, (1997)earlier who agrees that outdoplantation
impacts indoor energy demand since the building envelope is interacting with the
surrounding microclimate at the sit€herefore it was found essential to test the impact of

adding water bodies to the green public areas at the site in order to evauatpdhbt of the
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water bodies over the surrounding microclimate and understand if it was recommended at
this case study to introduce this strategy within the site since it was noted that the proposed
landscape design includes different ground cover masemiilwide areas of grass and green
vegetations and variety of plapnteoweverno water features are proposed

This phase considers the optimum shading layout proposal as the base case since it results
from the previous phase introducing the optimum eoéarents of all previous four phases
and adding water features to the open public spaces will be the final phase of this analysis in
order to conclude this study with the recommended strategies that suits this case study the
most anddiscissesthe mechanismn which these strategies helpéal enhancehermal
comfort index for users and helptal approackenvironmental and social sustainability at a
micro scale within this master plan urban project.

This analysis was also conducted using Enet software sice it allows adding water
surface at any designated area. and since the program offers two options to be used first one
is deep water bodies thateavailable under soil and surface features or water fountain of 4
m height that is available at sourcesvikoer for this study the water fountain of four meters
heightwasselected to be located at the center of the public green spaces. and the result of the
simulation of this phase in addition to all previous phases will be presented and discussed in

the nextchapter of this research while the conclusion will be presented in chapter six later.
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4.8 Summary

This chaptemwas presenting the structure of the simulation analysis phase guided by the
previous literature review studies that were presented and discussed earlier in chapter two
and it also explains the software simulation process detailsMir@discussed earlier in
chapter three and highlights the initial program setup and input data. Also the research
parameters and evaluating variables were introduced in this chapter as it was categorized into
three groups starting by Constant parametersfonat the base for theirtual model and are
out of this study scope of warkhereforejt remains fixedoverall analysis phases while the
inconstant parameters are forming the target of examination at each phase of this simulation
analysis were the evaluating variables are used to determine the efficiency of the proposed
design strategies or layout options and hekpcide the optimum enhancement for

microclimate components that impacts the thermal comfort of users.
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The structure of the simulation phases was introduced earlier in chapter three section 3.8.
however in thischaptereach phase was elaborated and dised in term of initial input data
and the inconstant parameters thi@being evaluated in addition to the evaluating variables
that complies with literature review studies and similar research topics.

In the next chapter of this research the resulth®fsimulation analysis will be discussed
and compared against similar results for other studies and studied in term of its compliance

with this research aim and objectives.

Chapter 5: Result and discussion

5.1 Introduction

After going throwchapter three whereomputer simulation was selected for this study
based on previous literature review and similar case studiesntgtwvas found to be the
most compatible software that respond to this research objsativar to Huynh & Eckert
(2012) and Paramita & Fukuda (2013) in addition to Taleb &-Mjleh (2013) who agree
that Envimet is an efficient tool to be used in analyzing and testing microclimate parameter
enhancement iresporseto different proposed scenarios whiebrealso provea byWong &
Zheng (2016) therefore this chapter presents and discuses the outcome results that were
generated through five simulation phases as explained earlier in chapter four.

The results of the simulation for each scenario is illustratddHBEYNARDO 2014. Itis an

output platform for theENVI-Met 4 numerical simulation analysis carried earlier on other
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working platforms. lis used to extract the numerical data as a colored plan where a legend is
produced to explairesults in a graphical readablepentation.

In thischapteythe results will be discussed and compared against other similar case studies
from the literature review in order to understand how this case is similar to other studies or
different in term of each parameter respond to the proposed scenarios and tdatggies.
this chapter also explains different factors timapact microclimate components and their
interactive relationship with the master plan inconstant parameters that were discussed earlier

in chapter three and fouhe structure of this chaptexillustrated in fig.5.1 below

Orientation Shading
Analysis Analysis
* Study Current o ) 7 * Study the
base case - Hzeome it * Analyze three impact of
design * Study Three layout options shading water feature
proposals coverage
Base Case Layout deeme Water surface
Analysis Analysis Analysis

Figureb.1- Simulation Analyss structure in chapter fivelllustrated by Author

5.2 Phase one Base case Analysis

As discussed earlier in chapter four, the simulation process stabgilding the current
existing design on Emwnet4 and running the simulation for four hours as discussed earlier
in chapter four section 4.31 where the constant, inconstant and evaluating variables are
listing in table 42. And since date and time is owé the constant, fixed parameters

therefore,it will be assigned in each and every phase in order to eliminate any change in
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results related tthe time of day factor In addition to that as discussed earlier chapter four
section 4.2 the simulation analysovers part of the current existing case study project that
see (fig.52) and (fig 5.3) below as represerd the selected area for this research analysis
and the green surface number and location in addition to the vehicles network main roads and

secandary roads as well as the location of the central Masjid and retail, grocery shops

.-l-'-l-l-l-l-ﬂ-l-l-lf

¢
! . | =39
Figure 5.2- Selected area for simulation proces Figure 53 - Master plan of he

MBZEC.2015 case study projeetMBZFC, 201¢

While building the base case model it was essential not to change any of the architectural
features related to building heights or landscape material since it is out of this research scope
of work and it is considered within the constant parameters aed lisfTable4.2 earlier in
chapter 4However the residential units were built as solid masses in 10 m height as shown

below figure 5.4 that capture wopkatformwhile building the base model.
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Bubdng Bohon= Om Tup=10m Sok'L0" dowry Sob

Solwduriwe  Aewotes  Soros  Sgewss | <f @ Qlmsd - 0 O
Budngs s oam

Moteril ok Concrese b rolow bk, cefot)
Materisls ot Cancrete 3 halow bk, cefak)

Figure 5.4- Building Base model on Space/Envi
met- Done by Author

5.2.1 Phase one Result and discussion

After simulation the existing design of the selected area within the case study master plan
the results were extracted using LEONARDO 2014 software in order to generate the
graphical maps that help us understand how different areas within the same mastan plan
have diferent thermal conditions and users would record different thermal satisfaction rate.

The result of the base case is presented below in (table 5.1) as shown the wind speed is
recording stable speed over the four hours that are known to be peak housslacation
however the humidity varies within a range of 5% from 35.93% at its maximum to 31.81% at
its minimum record as shown in the table below while the Air temperature is recording an
average of 43.56 Ce over thd) peak hours as s

Table 5.1 Evaluating variables records for the base e&eulation results by Author

Time R.H % Wind Speed m/s Air Temp.

13:00 35.93 1.16-2.33 >42.13

14:00 34.38 1.16-2.32 > 44.02

15:00 32.87 1.15-2.31 > 44.32

16:00 31.81 1.16-2.31 >43.79
Average 33.74 1.16-2.31 43.56
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The graphical presentation of the numerical data is illustrated below in (fig 5.5) that shows
four maps generated by LEONARDO 2014 that is related to therketd software package
as discussed earlier. These maps are representing Air temperature déte setcted four
hours in which the legend at the right side of the maps indicates the value of the color
presented on the map. In tlugse the map has a unified color that is referring to the highest
value recordedlhe maps are presenting building masses in dark navycbloe

The plan also indicates the north directias well as each magsasits hour presented on
the right top corner , In addition to the project date that was selected to be 27 July as
discused earlier since it records highest Temperatures over, 2bé&fefore,this day was
selected to conduct the simulation process since enhancement of thermal condition at this day
is definitely going to be reflected over other days that are recording |@ngyetature

readings and are considered less challenging compared to the peak day of the year.
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Figure 5.5 Air Temperature MapsLeonardo 2014 done by Author

On the othehand fig.5.6 below represent the wind speed maps where a range of 1.16m/s
to 2.31m/s on average is recorded, the miaflsct different color range for the wind speed

between buildings since it &fectedby road width and open spaces or sharp edges.
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Figure 5.6 - Wind Speed MapsLEONARDO 2014 done by Author

The humidity values over four hours were also illustrated in four maps nu LEONARDO

2014 as shown below ( fig 5.7The maps are showing unity the distribution of relative

humidity value over different areas of the master plan. As indicated on the legend the relative

humidity records an average of 33.74 % over the four hours selected for simulation.
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Figure 5.7- Relative Humidity Maps LEONARDO 2014 done byuthor

These results are related to the current existing design of the project that was selected as a

case study for this research, the aim of this simulation in phase one is to set the benchmark

for further results generated after applying the enharstnagegies that were inspired by the

Beehive cell geometry.

However phase two of this simulation is addressing orientation since it was proven that

building orientation within the site plays vital role in thermal comfort index for users by

impacting different microclimate variables such as Wind speed and mean radiaeatemgp

as concluded biluynh & Eckert (2012)
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5.3 PhaseTwo - Orientation Analysis

As discussed earlier in chapter four, The degigwelo@r who is in charge for the
architecturaldetails for thecase study project claims that the optimum orientation was
selected in order to maximize the impact of wind speed within the site, However this was
tested and examined to validate this claims and understandifteeernce between each
orientation over themicroclimate condition in term of wind speed and other variables
covered in this research such as Air temperature and relative humidity.

In order not to change any of the constant parameters within the project the same model of
the base case simulatiovas used again by giving & new name and resave it for further
analysis. This willmaintain theconstant parameters discussediearh chapter four, fixed
and steady over all the simulation process. Since the base case was examined onephase
this phase will examine three additional orientatiansl compare it the base case design.

The different orientations are shown belowT@ble5.2 were the existing site limits were
preserved and the change was limited to residential blocks within the sg@izsdfrom a
north arrow direction.Since the working Platform of Space / Exmet4 allows the User to
enter the North degree within the initial Basic project model domain as shown in Fig 4.8

chapter 4 section 4.4.1earlier.
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Table 5.2- Proposed Orientation options

First Proposed Second Proposed Third Proposed
Existing Base Case
Orientation Orientation Orientation

current design in
First proposed
Base case Mirrored Base case Mirrored  phase one that is
Orientation Mirrored
over Y axis over Xaxis considered the bast
overx-axis
case for this phase

5.3.1 Phase TweResult and discussion

The analysis process in phase two is similar to the process in phasdere the same
evaluating variables are used to examineréselts that were generated using LEONARDO
2014 similarly tothe previousmethod As well as the same virtual model that was used
earlier in base casanalysisis since the constant parameters should remain fixed. therefore
the simulation was done over tesame period of timeon the same day that was used in
phase onewhich is 27 Julystartingfrom 12:00 to 16:00. The following table includes the
simulation,numerical result¢see tablg.3) of the First proposed orientation option followed
by the color maps$ig. (5.8) that indicates the distribution of the numerical values over the

site. The mapshowsa unified distribution of air temperature value over the site.
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Table 5.3 Evaluating vambles records for the 2nd phase first opti@mulation results by Author

Time R.H % Wind Speed m/s Air Temp.

13:00 <36.53 1.15-3.46 > 4227

14:00 <3473 1.15-3.44 > 4411

15:00 <33.74 1.15-3.44 > 4427

16:00 <32.24 1.14-3.43 >43.78
Average 33.74 1.15-3.44 4360

DO
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>

Figure 5.8 Air Temp. Maps LEONARDO 2014 done by Author

Also the wind speed was simulated for the first option of orientation and the result as
shown in table 5.3 earlier shows stability similarity at samees with the base orientation
where the minimum value recorded is 1.15nswever some corners records higher speed

compared to the base case where it record®r8/4 as Bown below in (fig. 5.9) while the
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maximumvalue recordd in the base case wa83m/s Humidity numerical resultererealso

reflected in graphical colored map see below ( fig 5.10 ).

Aoiiding 1: Smulsbon Hew
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Figure 5.9 Wind speed Maps LEONARDO 2014 done by Author
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Figure 5.10 Relative Humidity Maps LEONARDO 2014 done by Author
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By comparing the basease Average results to the first orientation option it was found that
the only difference was in the maximum wind speed value were it records 2.31m/s in the
base case while the first orientation option recordém/d as shown below in (fig 5.11)
where asample map was selected to compare between both results, keeping in mind that the
result recorded over four houvsas almost the same with no big differencEhe maps
representinincreasein wind speed at the right side of the site as shown in the dotted area

illustrated at the left side map that indicates the first option orientation map.
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Figure5.11- Wind speed at 13:00 in Base cégght )and first orientation optiofleft) -

LEONARDO 2014 done by Author

After that the second orientation option was examined following the same process, using
the same virtual modleised earlier in phase one also on 27 of July from 12:00 to 16:00 and
the result are listed below table 5.4 whegsults started to vary from the previous simulation
since Air temperature and Relative Humidity start to have a range and different values cross

the site as shown below in the graphical maps figure 5.12
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Table 5.4 Evaluating variables records for thed2phasehe secondoption- Simulation results by Author

Time RH% Wind Speed m/s Air Temp.
13:00 28.97-31.9 1.07-2.71 42.41 44.24
14:00 27.61-30.14 1.06-2.70 43.42- 45.58
15:00 27.31- 30.05 1.05-2.69 43.95- 45.52
16:00 27.66- 30.35 1.04-2.69 43.24- 45.05
Average 27.88- 30.61 1.04- 2.69 43.25- 45.09

The air temperature values in this simulatresorda maximum value of 45.09¢@t the
right side of the project site while the left area has a low temperature of 48026a@erage

as shown below (fig. 5.12) in the maps representingHours of simulation.

Abbidurg 1: Sirufstion Haw
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Figure 5.12 Air Temp. Maps- LEONARDO 2014 done by Author
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While wind speed records lower valuesrhaevious option andhe base case as seen

below ( figure 5.13) that shows wind speed over different areas.

Figure5.13 Wind speed Maps LEONARDO 2014 done by Author

Also relative Humidity records different readings over the site areas since it goes from
27.88% in some areas to 30.618wther areas on average as shown below in the graphical
maps(figure 5.14) this is in fact lowehan the previous value in the first orientation option

and lowerthan the value results from the base case simulation presented.earlier

Student ID: 2015217055 Pagel02



Bio-mimicry and Urban Design

Figure 5.14 Relative Humidity Maps LEONARDO 2014 done by Author

This option records an increase in air temj
previous two simulations even with the difference in values over the site this can be linked to
the decrease in Relative humidity as welhasd speed.

Lateron, the third orientation option was tested in a similar way to the two options earlier
using the same virtual model as explained earlier and the simulation runs exactly on the same

day and time. The resaltvereas listed below in (table 5.5)

Table5.5- Table 5.4 Evaluating variables records for the 2nd pHzi$eption- Simulation results by Author

Time R.H % Wind Speed m/s Air Temp.
13:00 29.36- 31.46 1.12-2.88 42.34- 44.50
14:00 27.5-29.28 0.76- 2.85 43.53-46.15
15:00 27.26- 29.25 0.76-2.84 43.52- 45.90
16:00 27.61- 28.82 0.76-2.84 43.2-45.30
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Average 2793-29.70 0.85-2.85 4314- 4546

The third orientation option records results that are close to the second bpti@ver jt
is higherthan the base case and option one in term of maximum value of air temperature as

shown below in (fig. 5.15) that shows the graphical map for air temperature over four hours.
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Figure 5.15 Air Temp. Maps- LEONARDO 2014 done by Author

The wind speed recordbe lowest valueverall previous orientation options as seen

below (figure 5.16) that represent wind speed distribution over different areas within the site.
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Figure 5.16- Wind speed MapsLEONARDO 2014 done by Author

Humidity also hits lowesvalues as shown in (fig.5.17) compared to previous options

however it is close to the second orientation option results that were presented earlier

Figure 5.17 Relative Humidity Maps LEONARDO 2014 done by Author
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