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Abstract:

The aim of this research is to investigate thetentialsof applying parametric design
optimizations processe®ver the conventional urban desigmocessesn a achieving a

more sustainablerban designand incorporating the computer and computational design
methodologies in the design process and to give the computer a more active role in the
design process and not just a drafting or visualizimg. Thebenefits thatould come to
architects and urban desigrfesm adopting such methodologigsenhancing the process

of design to cope with the more demanding global energy and rescusigdat we are

facing nowadays

This researclemploys Genetic algorithms as the computational design methodology to
achieveparametricdesignoptimizationto design for a more sustainable cities and urban.
The research investigate and study The viabilitgahputational design and the current
state of theart computer tools in achieving an optimized parametric design like,
Grasshopper, Radiance, Energy plus and ANSYS CFX.

The suggested methodology is applied to real life urban scale to investigate
applcability of parametric design optimization tools on urban scale and their potentials.
The application of suggested methodologies on real life case put it under test to evaluate its
viability, precise of prediction and the outcome benefits to the praaticagént urban

design processes.

This research aims also to investigate #pplicability and integration of the proposed
methodologies within the current conventional urban design methodologies by
investigating parameters and urban morphologies whiclava#able and common in the
conventional urban design which makes these methodologies less burden on the design

team when applied.
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1.1 General Overview

The conventional architectural and urban design process had always depended on the
visual and intuitive analysis of the designer, by visualizing, collecting and analyzing the
data around the site location, and #revironmentaland climaticconditions.All of that

intuition in the design procesand the total investment budget doomed the final
performance of the development. This instinctive design process has led to a poorer urban
and architectural performance and put the ptajader the mercy of the designer expertise

and the project budget without achieving the optimal balanced design. The latest
sustainable wakap and the need for performance optimized buildings have put these
instinctive design processes under difficutdenvhich they fail to cope with. With the
breakthrough of sustainability and lack of advancements in the design process, urban and
architectural designers stepped aside for the other parties to refine and make their design

more sustainable and green.

Parametric and algorithmic desigasearchegave the light at the end of the tunnel, once
again urban and architectural designers gain control over their design process and give
them the right tool to produce an original sustainable design that intethdtheiproject
environment, climatic andustainable constraint¥he parametric urban desigesearches
showed that parametric design mgiye a good tool tcachievesustainableand healthy
communities by minimum form and high performance spaces particutaa hot humid
climatewhereoutdoor life is absent, high solar radiations and local materials and resources

are rare or limited.

The recent years showed a strong trend toward urbanisatidnaccording to 2010
statisticsand researches done by Unitdgdtionsmor e t han hal f of the
is residing in urban towns and cities, Figure (1PDpulation of the cities and urban towns
changed from 729 million in the year 1950 to 3.5 billion in 2010 and the total earth
population changed from 2MBillion to 6.9 billion within the same time duration this
growth expected to go on the sankegure (1.1) shows that within the padtcades
urbanisation was centred in Europe and United States and this fast urbanisation shifted to
Asia due to the changineconomic factors arfdst expansion.
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1.2 Research Objectives and Aims

The main objectives and aims of this research can be summarized as follows:

1 Thepotentals of parametric desigonptimizationsprocessesverthe conventional
urban desigmprocesses a achieving a more sustainable urban design and cities.

1 The potentials ofGenetic algorithms in achieving optimizgérametricurban
design tadesign for suginability.

1 The viability of computational design anthe currenistate of theart computer
tools in achieving an optimized parametric design like, Grasshopper, Radiance,
Energy plus and ANSYS CFX.

1 The applicability and integration of the proposed metlagles within the current
conventional urban design methodologies by investigating paranastdrsirban
morphologieswhich are available and common in the conventional urban design
which makes these methodologies less burden on the design team when applied



1 The integration of the computer and computational design methodologibs
design process and to give the computer a more active role in the design process
and not just a draftingr visualizing tool.

1 Investigating the applicability of parametrdesign optimization tools on urban
scale and their potentials.

1 Investigating the interaction of parametric designith urban elements and
environmental factortike solar irradiation, urban ventilation and building forms
and orientation to generate thestainable urban morphology.

1.3 Research Layout

The research layougtarts by the introduction chapter which introduce the main general
current problems that are facing the city and urban design process in the quest for
achieving a more sustainablé di es and wur ban follosvmgedhaptprsn@gnt 6 s .
this dissertation consgogether to build a case for the research from literature review to
selected methodologies and then the parametric experina@otstheir results. Then
analysis and results chap follows and finally the conclusion and recommendations

chapter.

The general layout of the chapters is as follows:

2 CHAPTER 2: Literature Review

This chapter reviews the body of literature of the most relevant work to this research and
influential © the forming of ideas presented in this dissertation. Starting by tracking down

the history and advancement in the design process in broad way and narrowing to the
specific, design methodologies and the different argument and approaches which were

made taackle the problem, in favour of optimal design solutions.

3 CHAPTER 3: Methodology

In this chapter the research methodology is discussed and a comprehensive review to the
literature related to the selected methodology and its application in diffesatstudies.

A comparison between the different methodologies is made, finally a brief review of the

10



computer software and tools which are going to be used in this research. This section starts
by looking at the changing role of the computer in the degigness, then review to the

optimization methods and examples on them and the computer tools for the research.

4 CHAPTER 4: Parametric Design Optimization Experiments

In this chapter the setup of the parametric design experiment and environmertg&abinpu

the experiment are discussed. The first section is Introduction to the experiment location
and its urban morphology and style. Then, the climate characteristics and weather data are
analyzed to the experiment study. Modelling and optimization sébughe experiments

are the last two sections in this chapter, where the input and output data parameters are
discussed in more details which in this case represent the initial steps in building the

simulation experiment.

5 CHAPTER 5: Discussion and Andysis

This chapter is a discussion and analysis of the results of the two experiments of
optimization energy/solar and CFD optimization. Based on the base case study and as
built, a comparison between all the optimized points and the base case is abatltice

end of each experiment analysis. The first section looks at the base case from the point of
view of each experiment and tries to highlight the conflicting factors affecting the
optimization process. The second section is a detailed analysis atthezed point and

their generation with comparison with the base case to highlight the amount of

optimization.

6 CHAPTER 6: Conclusion and recommendation

Chapter 6 concludes and complements the research results and findings and the
applicability of he used research methodologies in benefiting the urban design process to

achieve a more sustainable developments and ditiesso highlights recommendations

and future studies to further more research in this domain.

11
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This chaptereviews the body of literature of the most relevant work to this research and
influential tothe forming of ideas presented in this dissertation. Starting by tracking down
the history and advancement in thesidn procesn broad way and narrowing to the
specific design methodologies and the different arguna approachewhich were
made to tackle the problem, in favour of optimal design solutitrslso reviews the
complexity theories and urban designd the researches done in this fidltien design
optimizationmethods as general is reviewed dhd advancement in these methothe

use of computer and its roles in the design processviewed.Parametric design and
parametric design optimizatiomé its methods, application and practiceasearched and
reviewed The most common optimization tools and stochastic optimization methods,
Evolutionary algorithms and Simulated Annealing, are discussed through the body of
literature and comparison is e between themA review to the main sustainable urban
design elementsvhich are studied in this research is made and their importance in

achieving sustainable urban design.

2.1 Design Strategies

The word design has always been used as the soluttbe fmwoblem or problems in hand
within the satisfaction of the design requirements and needs and in consistent with the
limitation or constraits. Constraints may be due to resourtiestation or constraints
enforced by the location dhe entiresurrourding environment and its elementshis
characterization of design springs from the historically strong relation between science and
architecture and clearly formed in the 60s with the Design Methods Movement and the

work related to its appearance.

The rdation between @ence and architectur&ean be traced back to the age of
Renaissance, at that age architecture and science were connected together strongly Gomez
(1983).In the modern and machine age when architecture was compared to machine and a
connecton is drawn between the function, design and behaviour of machine to
architectural desig®anham (1960)Finally, in the 60s the Design Methods movement
appeared and many researches done in that field of Design methodologies and design

rationalization.

13



By the end of the war of World War two and in Bigtiesmany approaches were made to
reform the science of design, and to form design methods that depends on technologies
from science and science validations. The design Methods Movement was one of the
pioneers in this regards and many rasshers spot the lights on them. They tried to

construct a science for design and design methodologies Cross (2001).

The general feeling among the designers and thinkers of that era is to put design in a
science framegesign as a solution to the problems and in the same time to cope with the
constraints. Putting Design in that fradead to divide the design problem to its partial
parts and to be studied and approached as any scientific method by identifying itagarts a
the ingredients which form the whole scientific problem. These parts become known later
on as input variables, output variables, parametric modelling, design optimization,
constraints anaptimization tools and algorithm3he Design Methods Movemehtd

two schools of thoughts and passed into phases of followers and censures.

One of the pioneers of this movemesitChristopher AlexanderAlexander designed an
approach to solve the design problem using the computesdainatic diagrams. These
diagramsconsists of the partial parts of the problem and how these paristemelate

with eachother and this system leads to groups that connected directly to each other and
form one entity. Then, the problems within the entities and the others are solved.
Christopher made some advancerseahd improvement in these diagrams and then
became what we notinow them asThe Atoms of Environmental Structure. The designers
used these diagrants solve the problemsuch agelated to people behaviours and how
they usd the building or the desigiso, the role of the designer is based on the physical
situation and reality and does not spring fromjhdgmentor the way he feels the design
should beBroadbent (1981).

Many disapprovals and points were taken on thesgml@esethods and been described as
nonehuman,uninteresting systematiand Kill the creativity in the designer the design
itself. These points put force on the people who pioneered these techaglLiesmde them
abandon their school of thoughts, likérStopher Alexander and John Christopher. The
parties who believed in the design as a feeling in the designer and the design has human
nature argued these points which led the abandon of that school of thoughts Broadbent
(1981).

14



Due to the arguments s&id against the first school of thoughts on design methods
another school born with different ideas and application on the design methods. While this
one was based on design optimization and the mechanical principle of thoughts to reach to
the suitable degn solutions, the other was built on design solution satisfactory and the
participation of all the parties in the design process to reach a good solution to the problem
of design These parties form the users of the building, the owners, the investoasyand
part of the community that interact with the concerned design problem and solution Cross
(1993).

The idea of professional designers who know how to design for the users had become
nonerealistic and there is no such designer. They now just becaofesgional in the
materials and their physics just enough to build the design form in consistent with the
requirements and needs of the other parties tiiee building users, owners and the

investors, as commented Byoadbent (1981) to describe this schafthoughts.

All the early schools of thought during the sixties were meant to make the design as bias as
possible from the opinion of the designer and his imagination to the problem and its
solution. If thestudy of the problem inputs and constraintsl aheir analysis lead the
design to a solution, then this is the right solution to the problem and away from any
designer speculation or his design sensation. In theti@sase has changed and the
design was not onlthe resultant of the analysis,bita o t he i nputs of t

and their needs and the designer has only to optimize that as a system Lawson (1972).

The period which followed that was either an oscillatlmetweenthe two schoad of
thoughtsor in some cases the designers combitieeir principles in ater to form the

design solutions. That era had many differences between the reason of the design and the
intuition of the designer and how each can be applied to the design problem or to design
solutions to the problem, big distareested between the two parties.

Nowadaygshebelief that there is a systeon a set of rulethat can be applied to the design
problem and could lead to the optimal design solution does not &ajghe look at design
methodologies nowadays as theg a part of vey vast methods that can be applied to the
design solution, no such thing as appropriate method or a good method since it | based on
reason or intuition of the designer. Some designers even went to use the design method of

15
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randomness to comg with the design solution Cross (1999). Therent state does not

mean that these methods from the first school of thoughts or the second has been lost or
beenover looked by the current designerather tlan that the common sense is that these
method are a part of many other methods that can be adopted to the design problem.

2.2  Complexity Theories and Urban Design

Complexity Theories has always been a specialized branch of science pioneered in the first
place by physicists and mathematicians. Ehagientist studied complexity and its
application on physics, particles and chaos systems in order to understand or predict the
behaviourof these systems, their growth, equilibrium and dynamics using mathematics.
Nowadays Complexity theories are applitd cities andurban design, and not only
physicists or mathematicians are invited to the study, but also city planners, urban

designers and geographers.

2.2.1 City asComplex System

From the first look at cities it is obvious that the city is cdimgisof systems and sub
systems a n-slystenssu Oheseu dystems can be transportation, housing,
commercials, educational, garbage or infrastructuf@ge take a look at th#ansportation
systemwe can sesubsystemaunder itlike road networks, maetrand even pedestrians or
bicycles The city systems and siglystemsand their sub all interact between each the

on the micro and macro level and they depend or built on each others, housing system uses
transportation system to reach commercial or etitutal systemand so onOther systems

are political systems, business systems, human systems and environmental systems and
others which interact with the other systems and their subs. These systems have fuzzy
boundaries and it is very difficult to drawetlvoarders on the micro or macro levéisom

these interactionexisting systems or stdystem could vanish and new systems come to
existence and problems may come frtbra unpredictable relations between them. These
systems and their subs are the readigner, manager and planner for the city and its
dynamical growth and evolutiond as questioned R)effrey(2012), who could predict

these systems, who could grasp these complex systems and who could forecast the future

in order to design for these $g81s.
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When we realize that complexity is one of the magredientsthat form the city and its
subsystems, threelominantresuls walk hand in hand with complexity. Fihgt it is
impossible to know and understand the system as it is, same like #ms afgthe natural
living things and their parts it unknown how they come to exiting the way they are and the
form they took in respect to each othe3scondly, it is also impossible to predict or grasp
the results of intervention or interference with toenplex system and what this will have
results on the direction the system is taking or will be taking in the future. So, adding sub
system, modifying elements or interfering in any layer of the system could have
unpredictable results. Thirdly, as we s impossibleto predictfor the complex system

its optimal future conditions, since all the systems andsgstems are ceevolving
Stepher(2012).

There are many examples from the history of urban planning and urban regulations that
gives exactly th resultsand behaviouwhich would be expected in a complex systemd

the unpredictability of the results when designing to that systame example byuval

(2012) isthe Butterfly Effect of Tel Avivbalconies Balconies in Tel Aviv has been used
commony for the ordinary daily habits and they wesery common the architectural style.
Roughly in 1950s one of the residents of Tel Aviv decided to close his open balcony and
makes it halroom; neighbours liked the idea and did the same to their balconthiand
started a Butterfly Effect that made the whole country balconies to be closed. At this point
the municipality wanted to interfere and startedax on these hatboms. At this point
investors and builders started tauild buildings with closed balades. Then the
postmodern architecture with its balcony styles arrived and the designers of that era started
to ask for approval on open balconies. So city planners granted the approval on open
bal coni es, but i n a way tJonapingbalcanme$ whictbage c | o0 s

very common nowadays in Israel.

The story of the jumping balconies not only shows us how the neighbourhood or the city
and its systems or stgystems is a very complicated and unpredictable complex system,
but also that the sgbe person of the city has much power of effect on the urban design,
architectural design and city panning than the real designer hirAselther conclusion

can be derived from this example, that the-syktems at athelevels the micro or macro

of the city are seHorganised andhe urban planning is the outer force on these systems.
These conclusions and other enforce on us to shift our understanding of urban planning

17



and architecture in the future or the way the planning codes are made and apafigd to

city or neighbourhood.

Some look at the complexity of the city as benefit rather that unpredictability or a difficult
thing to design or interfere istephen(2012) thinks that city complexity gives benefits

over simplicity. Perceptial richnesscomes from the complexity of the city and its roads,
main streets, alleys and its complex forms and it can be perceived as beauty and makes the
idea of basophilic deign. Another benefit is its functiacagdacity;this functional capacity

comes from the diversity of the orgams complex systenover the simple onandtheir
specialized functiona street with different routes and parts can handle the requirements of
a neighbourhood and its function better than just a simple street with sioojde ©ther
benefits come from its synergy, the synergy that may come from the addition of its
specialized functions of its parts which may adds up to greater result than the sum of these
parts. The modern planningevelopments havalways ignoredthese beefits of
complexity and the consequenaesre less optimal systems, although it is designed to be
optimal.

2.22 Complexity and Urban design

When applying complexity theory to urbatapningnew important perspectives added to

the theory of urban plaimmy and the way urban planning could evolve in the future. These
important perspectives include seliganizing systems, no#imear systems, social
transition systems and others. With these new perspectives we could have the right tools of
understanding dw we can design and intervene and what is possible and impossible to
manage or control by urban plannirfp it is important for the planners to analyze the
urban areas in context with these new complexity perspectives and which of them has the
potentialty of success and to which trends they are going to be attradbednone
linearity, transformtion, uncertainty and evolution aspects which are governing principles
of urban planning at the level of macro systems or locally within the micro systems
indicate that the design of urban planning is not controlled by the blueprints manipulations
or controlling a change in the whole system. So connecting these variables of none
linearity, social transitionevolving processes and the other aspects of complisdatyry

has promising future on spatidbpning as argued liyertet al (2012).

18



Many interpretations or modelling ideas were suggested to mimic or simulate the process
of urban planning and the consequences or resultant of each process and how eash proc
can lead to different urban configuratjom order to understand urban design in the
context of complexity. One modelling case is particularly relevant to this research and the
ideas that are discussbdre;this case is th&rbanism as Computatiggroposed byNikos

A. Salingaros

Nikos (2012) proposeadomputational approachéisat depict the urban design processes
and how the resultant configuration of urban elements behaves according to the selected
approachesHe suggested four different classiticems for the urban configuration,
Interactive computations, No+#eteractive computations, Random and None

computational.

INTERACTIVE
CoMPUTATION

NonN — ”
| NTERACTWE
CoMmPUTATION RANDOM

NolN —
CoMPUTATIONA L

Figure 2.1: Four different classifications for the urban configuration. Frbkog, 2012).

The interactive computations resdmkthe urban configurations that come from the active
computations and which has loop of feedback that generate an adaphkse
configurations dictated by the attraction factors of environmental conditions of the system
and the requirements of the humaedsNikos believes that the traditional urban design

configurations before the age of industry fall under this computations.

19



Figure 22: Traditional urban fabric, interactive computation. Frdik¢s, 2012).

The noneinteractive computations useepiefined algorithms and no feedback happens
during the computations and no adaptations for the partial parts that are being computed,

so there is no progressing adaptation happening in the system.

4
&

Figure 2.3: nonénteractive, organized but irrelevaggometry. FromNikos, 2012).

The randomconfiguration in Nikos opinion may be the result of computations, but this
category is irrelevant to urban adaptation which is the real fabric in the city.

20



Figure 24: Buildings distributed along a randomlymied curve From (Nikos, 2012).

He explains the nenomputational configuration as the resultant of a constant output of a
function or algorithms to any input with the same resuditee morphologies that result

from the nonecomputational forms are vesymple and may not include any computations

at all. These constant results of the roomputational category resemble the international
urban style, industrial areas, warehouses and the very functional buildings or wsigan de
like the military campsThe idea behind these computations and classification of urban
fabric was to give a model that can be used to study the effectiveness of an urban fabric
taking into consideration complexity theory and computations provided the means which

allow the processf this analysis and formation.

23  Parametric Design

The parametric design method can be defined straight forward as a way of generating
diverse forms and design configurations by changing the input parameters of that design
model. Although this simplelefinition looks easy and straight forward, but parametric
design can also be as complex and complicated depending on the parameters under study
or the interactions of these parameters with theectsp the final form gnerated within

the constraints. Tése constraints may be imposed on the design by the designer himself to
study a specific range of cases, or constraints related to the environmental forces, factors
and physics. The complexity of the parametric design does not stop here, the input
parametes may extend to these constraints. The interaction of these parameters and the
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way they are translated to form the form could be simple by altering the main dimensions
of the main or sub elements in the design or they form an input to algorithms which the

translated to the final form of the design Monedero (2000).

A good example of using the straight forward parametric design ipatemneters of a

circle or thebitmapdriven parametric facade. Where the inputs of a gray scaled gradient
image control th dimensions of the openings in the Facade in a given criteria to achieve
better lighting or viewsFigure 2.1, Steffen (2008T.he difference in the colours of each
pixel of the image (right), controls the dimensions of the openings (left). So the gemerat

is done automatically by the software and the designer may control the percentage of the

effect.

x=r"cost
y=r*sint
O=<t=<ar2

Figure 25: Parametric Definition of aircle. FromBranko (2009).

Figure2.6: bitmapdriven parametric fagaderom Stefen et al(2008).

Another good example of parametric desigiere not only the parameters is the
dimensions or locations of these openings, but also the constraints of the environment like

rain recycling, daylight, ventilation and the structural stfesthe Clyde Lane Houseoof,
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Dublin, Alan (2008).When comparing this example with previous one obvious difference
appear, in the first direct translation of the image input to dimensions of fixed locations of
openings, while in this example the locasand distribution of the openings is controlled

by the constraints of the environmeand the element physid®come input parameters

besides the other dimensions and the design is performance driven design in total.

Figure2.7: Clyde Lane Houseoof, Dublin. From Alan (2008).

Parametric design can be classified depending on the generation method of the model.
Monedero (2000) described two ways: variation method and history based method. In the
variation method the design cagirationis predefined and the constraints are defined by
algorithms and the whole model is then generated once according to these algorithms.
While the history based method, as the name indicates, the generation of the design
configuration is done as arges of steps that transform the shape to its final configuration.
The main difference between thamthathistory based methogenerate the model by a

sequence of operations and it track that progression, while variation method does not.

The parametrienethod for design generation and iteration s/ good advantageby

the power of controllability over the design by the designer and the generation tools.
Another good advantage is the manufacturability of the final configuration, its parts and
elemens. Some drawbacks highlighted by researchers that parametric design does not give
many diversity and variety to the design configuratialthoughthis limitation can be
realized as a limitation in the designer analysis to the problem and its constaiats
limitation in considering all the possible spacedomain when we studied the problem

under modelling or generation.
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24  Sustainable Urban Design Elements

In this section a brief review to the main urban element, constraints and physics which will
be studied as parameters in the optimization and the reason for choosing them and their
important effect on achieving sustainable urban design. All these elements and parameters
suggest the holistic approach when wegle$or a sustainable urbahhe susteability of

the building is depending on the sustainability of the street, and in the same the
sustainability of the street is depending on the sustainability of the neighbourhood which
also its sustainability interacts and can only be successful if Hmewirban fabric is

sustainable.
2.4.1 Microclimate and Urban Ventilation

The urban atmosphere is divided into layers depending on the energy and mass exchange
in each layer whicliorm the climatic conditions of the city. The layer from ground level to
around 1000m is the urban boundary level. The urban boundary has another layer
underneath it, an Urban Canopy layer (UC(paac¢ 2009), Figure (2.8) The urban
canopy layeis typically considerect the mean roofieight of the buildings in the city.
Because of the characteristics of the urban fabric, taller buildings and higher volume the
UCL has higher temperature and the air fields are weaker and more turbulent than the

upperlayer as described lidward, 2010).
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Figure 2.8: Urban canopyd urban boundary layermsrom (Isaa¢ 2009.
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Many previous studies, mostly done by engineers and civil designers, on the pedestrian
wind and air flow around the buildings in the urban context were focused on the effect of
strong wind on the pedestriansheébe studies particularly were made on sites with high
windy conditions and tall building8loeken et al, 2004'hey concentrated on their study

on the effect of building and urban configuration that induce and channel the wind flow to
the pedestrian l&l which amplify it and can cause serious effect in terms of physical
force; however this was not the case for studies on pollution dispersion which studied the
effect of weak wind flonand theurban comforat street levels.

In the recent studies, thdfect of weak wind flow in the dense urban canamyd the
benefits of a good ventilated urban desigivebeen studied extensivel{fEdward, 2010)
highlighted the benefits and impotence of urban ventilation on health and human comfort
within the city and pen spaces. The indoor passive ventilation of buildings depends
drastically on the availability and strength of air flow in the urban canopy which in term
affect the energy consumption of buildings and their passive deAigther benefits
come from the lility of good air flow and better urban ventilation to disperse
pollution and pollutant particles which come either from cars and combustion operation or
it may be natural like sandy and dusty weath&rsese particles and pollutants not only
affect the health of the human being, but also have strongteffethe urban heat island,
acidic rain and visibility(Rajagopalan2009) The urban thermal comfort is another
invaluable benefit of good urban ventilatiofhe outdoor thermal comfort is dated by

the following physical factors: air temperature, air speed, relative humidity, type human

activity, clothing ratio and solar radiatig¢hittlefair, 2000), Figure (2.9).

) C
o

v =
______ARs

Figure 2.9: Outdoor thermal comfort factdfsom (Littlefair, 2000)
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Comfort in hot tropical cites may be achieved by designing for high wind speed if the
pedestrian is partially shaded, in the same a lower mind speed is required if the ambient air
temperature is lowefigure (2.10)If the pedestrian ishaded a stablesarage wind speed

of 1.5m is preferable to give thermal comfort in the case study from the chart. Another
indirect important beneficial that come from achieving better urban ventilation, besides
healthy life people tend to stay indoor most of their timeéctwvland use air conditioning

systems which increase energy consumptions.

Comfort Outdoor Temperature Chart
1000 _Souy Rad@bon L-eve!s 4
~ 5,0 Wind Speed m/s g a &
os0 (TR — g5 £3 £
900 - B - e ! Thermal Sensation = Hot ré 5 g 5 % és ;
850 - - S 2 > £
ol Coudy i i, 33| |23 a3 |
500 .. = 30 ¢ § ¢ §E
4 b, =3 =3 =3
750 : 25 % 3 3 i
700 4 PN
E i \
3 650 r - %
~ 600 - I J
c i 05 - ¢ Wi N \
g 550 " 4’%»‘ 0| |
S 500 Lo e ST "’s, . SR ‘
S ‘ | | :
S 450 Tl B e %.e., ot |
& 400 =% R T R B Y T !
° - ™ = ks -
S 350 A R " J
300 cearsunny T - T - '
250 _,T'f,es Thermal Sensation = Cool 1 - i T =
200 +————+—1 ~ TR RN s -
Clear Sun - -
150 A A_::;O il ‘ P -
100 - 5% t— 5 N T <
o’ LIF - { 2l 2 2l 58§ 3 33 R
odnsed 3 10 | | | 3 1] | 1) . |
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Outdoor Air Temperature / deg C Clofivag Valua: .65

(Short-sleeve T-Shirt and Trousers)

Figure2.10: Comfort outdoorchart based on survetyopical cities From (Edward, 2010).

Evaporative coolingrom the human body and plants are greafiigcied by wind speed at

the pedestrian levdtigure (2.11) The amount of 0.68Wh of heat is removed with every
gram of water thaevaporatesrom the human body or plants and surroundings. In the
human body there are two types of physiological coolingiticaous cooling due to
evaporation in the lungnd cooling from the evaporation of sweat over the body skin. The
cooling in the lung is proportional to activity and metabolic rate and the breathing rate to

provide more Rygen into the bloo@Baruch,2010)
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Figure 211: Convective heat transfer coefficients on human body surface under various

wind speedconditions From (saag 2009).

Another study conducted on outdoor thermal response and comfort in four different
universities:Chinese University of Bing Kong, China, City University of Hong Kong,
China, National University of Singapore and King Mongkut University of Technology in
Bangkok, ThailandFigure (2.11) shows the four experiments setting with diffetygrgs

of exposuressetting 1,sun umbrdh, exposedo wind, in setting 2, behind a vertical
windbreak made of transparent polyethylewhich greatlyreduced the wind speei
setting 3, under a sun umbrella andhibd a windbreak,n setting 4, under direct sun and
exposed to the winBaruch 2010)

Figure 2.2: The four experiment settingsrom (Baruch,2010)
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Figure (2.12) shows the result of the studyrespect to wind speed conditions and their
effect on thermal response of the subject in the experime@etage wind speed otine

subject with the windbreak 0.3m/s while without the windbreak 1m/s.

Thermal Responses with/without Wind Break
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Figure 2.8: Effect ofwind conditions on thermal responseésom Baruch,2010)

The difference in the average thermal response between using a windbreak aatd witho
windbreak was 0.43 unit which means that the increase in wind speed from 0.3m/s to 1m/s

resulted in difference in the ambient air temperature around 1.9C draqutvitimdbreak.

One of the main effects of urbanization and dense cities is the inofeaaehness of the

urban surfacewithin the urban canopy and apply a drag on the pedestrian level and
building level winds. So, the on the long term with the increasing urbanization wind speed

on the building level is decreasing. Lam (2010) discusseduifiianization phenomena,

Figure (2.13) shows wind speedkat ng6s Par k afrooh1988i0008.n | s | and
Waglan Island is anffshoreand there is no effecin wind speedrom urban surroundings

and the reading show the natural fluctuation in windhie other han& i n g 6 svhicRa r k

is surrounded by urban buildings reflects a steady decrease in the wind speed
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Figure 224: Annu al average of mean wind speed

(1968 2005) From(Lam, 2010)
Desigring an urban design with better urban ventilation especially in hot summer and
dense cities is very critical matter for urban desigrng city morphology and its design

IS very important to achieve urban ventilation, since it is impossible for theirguild
architect to generate wind in the local building own Eievard (2010)igure (2.14).
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Figure 2.5: Urban morphologies and effect on wind spdedm (Edward, 2010).
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Edward (2010) highlighted five important parameters to building abdnumorphologies

and characteristics that affect urban ventilation and wind speed at pedestrian and building
level. These parameters am@r paths, deep street canyons, street orientations, ground
cover ratio and differences in building heights.

Figure @.15) show the relation between buildings and air pattiense cities with tall
buildings impose on the urban designers to design the streets without enough width for the
air to flow to the ground levels from top. The minimdouilding height to street wit

ratio must be less than 0.7 which means that the width of the street must be greater than the
building height.

Figure 2.5: Air paths and buildings geometiiyrom (Edward, 2010).

Street canyons width and height can affect on the dbptithe air circulation and vortex

can reach in the urban areas of the dense cities. Most recommendation for a ratio of 2 and
less between the height and width and other recommendation can be found in Figure
(2.16), (Edward, 2010). From the combinationtloe street canyons and air path it is
obvious that the orientation of the streets in according to the prevailing winds in summer is
a crucial thing to promote urban ventilation. When considering the actual physical
phenomena of air flow and its dynamitise street orientation also has to take in

consideration topography and solar access.
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Figure 2.T: Various street canyons and air circulation vortekesm (Edward, 2010).

The difference in building heights of the city has very important aspectseortitilation

of the general urban configuration, this means that a city with the same volume but has
variety in the building heights perform better that a city with less buildings height contrast
Figure (2.17).These differences in heights allow the tallilding to catch the wind and
thrust it down to the street levels and this downwash of win does not happen only on the
facades that faces the wind but also on the back facades with wind. idréepositive and

negative pressures from the differencesh® building heights induce wind movement
parallel to the facades.

Height contrast Height difference Air changes

Max:Min per hour
0 44 10.5
3 36 10.8
4 37 11.9
6 2:8 13.8
7 2:9 11.2
8 1:9 13.3
10 L:11 13.4
10 0:10 17.9
14 0:14 17.0

Figure 2.B: (left) buildings height and air change, (right) better building hejdhrtsm
(Edward, 2010).
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2.4.2 Solar Radiation

The sun radiation is the main energy sourceatbthe thermal angbhysical phenomena

that happen in the urban context Figure (2.T®k solar radiations reaching earth heat the
urban boundary layer, urban canopy and the building within the urban cortexsolar
radiation is absorbed by the grourmlildings and other parts of the city. Some fractal of

the rays are reflected back to sky or to other buildings or absorbed by the air as latent. This

phenomenois so complex and marmyeatemany other physical phenomena.
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Figure 2.19Various scalesf phenomena wiih urban climateFrom (Isaag 2009).

In hot climate the amount of solar radiation on building facade have direct and great
implication on the heat gain in buildings and energy consumption for indoor cooling.
Many recent studies on therefits of dense cities and their morphology have been done

in term of solar insolatioand mutual interactiorin the dense hot cities mutual shading is

very important for the thermal behaviour of the street canyons and the spaces adjacent to
it. Mutual dhading can be achieved by the progéeet canyororientationand urban
morphologies of building proper harmony of heights and size. With the good urban design
morphology shaded areas in the streets and mutual shading between buildings can be

achieve mosof the time especially in hot summaitflefair, 2000), Figure (2.20).
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Figure 2.20Mutual shading in a street canydtrom (Littlefair, 2000).

Although high dense city indicates good mutual shadings and good thermal behaviour, but
the refleceéd radiations on the facades plays a conflicting fatdathis configuration.
Anderson et al (20113tudied the effect of the dense and close buildings on the total
energy consumptions. In the results of the study energy consumption increase by decreeing
the distances between buildings and this is due to the reflectivity of the facades which

reflect light and heat to the adjacent buildifkggure (2.21).

Figure 2.21 Reflectivity of the facades in a street canybrom (Anderson et al, 2011).
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Another study conducted by Maizia et al (2009)tlo& energy consumption for heating of

a four type of urban morphologies: dissentious housing, continbousing, dense
individual housing and dispersed individual housing Figure (2.22). The study looked at the
best urban morphology and the potential for solar gains in order to reduce energy
consumptions. The result of the study concluded that dispersedumlitiousing type has

received the most solar gain than the other types.
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Figure 2.2: Heating and coolingf the four typeswith potential solagains From (Maizia
et al 2009.

Hii et al (2011) also studied the urban morphologies and tiggise residential urban
formsin tropical contextind their performance in term of the total solar insoltiorurban

surfaces. The study also proposed a quantifying indicator for insolation performance for
different urban forms and morphologiegyure (223).

Figure 2.3: Urban morphologieand solar insolation performanéegom (Hii et al, 2011).

34



Different geometrical and urban morphological parameters that can affect minimization of
solar isolation were studied like: floor area rasde coverage, open space ratio, area to
perimeter ratio, compacity: envelope area/building voluGavolution Index: (Perimeter

of the building footprint Perimeter of the smallest convelxape of the building footprint)

| Perimeter of the smallest meex shape of the building footpriand building heights.
Figure (2.24) shows the result of the stumy groupingthe different morphologies into

five subcategories: open, perimeter, point, point slab and slab. The perimeter blocks
receive the lowest and other hand point blocks were among the highest solar insolation

for every floor area ration.
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Figure 2.2: Average total solar insolation / floor area for different typolodtesm (Hii
et al, 2011).

2.4.3 Urban Morphology and Energy Consumption

The physical thermaphenomena of an isolated building are different than the same
building within the urban context. As the studies in the previous section and the studies by
(Rasheed, 2009) showed that the energy consumption of a buidamgirban context is

affected by the mutual interaction betwdanildings and buildings with the surrounding

urban contextAnot her factor that affects building
contextis theeffect of the urban heat island on the Vehorbanfabric is different than the

effect on local scagof buildings.
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Kolokotronietal (200§ highlighted that the energy consumption of a building in an urban
context is affected by

1 High air temperatures because of the effect of urban heat island

1 The increased urban roughness in term of slowing wind speeds

1 Reduction in the heat radiation losses during the night

1 Mutual shadings and mutual reflections affect solar heat gain

9 Different radiation and heat transfer balance between buildigso0d lawof

thermodynamics)

Although most of the previous studies done ondhergy consumption and tleéfect of
urbancontext and its complex thermal phenomena isolated two or three of these factors to
simplify the simulation and evaluation. Some recent ingmrstudies tried to simulate the
energy consumption of buildings within the urban context. Wong et al (2dddied the
energy consumption of a building in different urban morphologiessurroundingBigure

(2.25).
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Figure 2.5: First 16 urban morphologicabsesFromWong et al (2011).
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The study by Wong et al (2011) used &2perimentsof different urban surroundings
categorized by:greenery height, density, height with density, greenery with height,
greenerywith density and greenery with height and densithie results of the study
concluded that urban morphology has strong impact on the variations of temperatures in
the urban micro climatésreenery, height and density have important impact on the local
and ambient temperature which can vary between 0.9 C and 1.2 C and the effect of the
impact was the highest for greenery then height and delsitpnly altering the urban
morphologyof the surroundingthere was 8.0% reduction in cooling loads.

Chan (2012 conducted a study on the effect of buildingelf shadings and mutual
shadings and their effect on the toBansible cooling loadrigure (2.26) in hot climate.
The study concluded on the importance of buildings fanma orientation and their impact

on ooling loads in summer.
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Figure 2.3: Sensible cooling load in all aronditioned roomg~rom (Chan, 2012).

The effect of surface to volume ratio and passive to none passive zones were studied by
Ratti et al. (2005)and their effect on eneygconsumptionUsing the Digital Elevation

Model (DEMs)Figure (2.27).The study results showed that Apassive zones consume
roughly double the uobstructed passive zones and the importance effect of urban

morphology on the total energy consumption afdings within the urban context.
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Figure 2.27:Energy consumption in London, Toulouaed Berlin on the second floor
glazing ratio 50%values in KWhm2/y, From (Ratti et al2005)

Summary:

From the previous brief literature revieve can summarize the main following points:
9 Different design strategies have been introducestudy and optimize the forms
and shapes of buildings to achieve better overall performance. The relation
between science and architecturveas the main catalysthat moved the

advancements in this area of design strategies.

1 City is a very complex systein term of predicting the effect or result of any kind
of intervention and it is governed by the characteristics of complex systems.
Designing for such system exs a careful look and-tainking of the concepts in

urban design at mesanacre and micrelevel.

9 Parametric modelling givethe designers a powerful tool to study and esment
with the design options in real time which can enhance the design rokeihied
and strategiedt can parameterize the inpwad outputgrom thegeometry of the

designand the constraints from the entire physical surrounding environment.
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1 Urban ventilation and microclimate have very important impact on the

performanceand liveability of an urban design. Urban ventilatioaffects the

outdoor comfort, potential passive local building ventilation, buildings energy

consumption, pollutant disperse and can help mitigate the urban heat island. Urban

morphology affects the qugt of urban ventilation and ambient wind speed at

pedestrian level

1 Solarinsolation in hot climates contributes the most on energy consumption in the

cooling loads. Urban morphology, buildings orientation, street canyon

characteristics and surface ateavolume ratio all affect the solénsolation and

the potentials of the heat gain to a building fagades.

1 That the energy consumption of a building in an urban context is affected by

o

©O O o o

High air temperatures because of the effect of urbanisiaat

The increased urban roughness in term of slowing wind speeds
Reduction in the heat radiation losses during the night

Mutual shadings and mutual reflections affect solar heat gain
Different radiation and heat transfer balance between buildingsr(& e

of thermodynamics)
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CHAPTER 3: Methodology
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In this chapterthe research methodology is discussed and a compreheegig® tothe
literature related to theelected methodology and its applion in different case studies.

A comparison between the different methodologies is made, finally a brief review of the
computer software and tools which are going to be used in this research. This section starts
by looking at the changing role of thengputer in the design process, then review to the

optimization methods and examples on them and the computer tools for the research.

3.1  Computer in the Design Process

The early use of computers in architectural design can be rooted back to theefeses

and during the era of the design methods movement. In 1959 Chermayeff, S. and
Christopher Alexander collaborated on a research to illustrate the diversity of components
and events that can form the being3d3ifhouseocd
Community and Privacy, Chermayeff, S. and Alexander C. (1963). The Community and
Privacy research used the IBM 704 computer at MIT. Christopher Alexander used the IBM
704 computer at MIT to peruse his Ph D final research, which was one of the early
attempts to apply mathematical equations to the design of architecture and urban planning
Alexander, C. (1964). The period which followed this and during the days of the Design
Methods Movement most of the researchers pinned many hopes on computefuanckits

as a tool for design.

The era which followed this is the rejection of the rational thinking in design and

i ntroducing the humanisation and creati vit)
influential on the design process. They believieat the accuracy needed to perform a

method of design using the computer, could ruin the creativity and the principles of
thinking that creativity based on. Alexander and others at this period agreed that computers

are not suitable for design creativitydaddbent (1981).

In the period that followed, computers had no interference in the design process and in the
design methodologies. Their work was limited to visualization and digitalization of the
traditional design methods in contrast to the early days wemputers form a supporting

tool in the design, or even the whole design concepts spring from the analysis that made by
computers, as we saw in the design methods movement. The CAD programmes for
drawing and visualization is a best resemble to thigednnew task for computers.
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Computer job has changed in the last years; it is now not only a drafting machine or a tool
of visualization for the traditional design methods. They now play a very important role as
medium and support for the design procespeeially s after they are becoming faster and
more powerful ever year. Two notable roles computers have played as suggested by

Schmitt (1999) mere tool and as a design support tool.

Schmitt explain how computers play as mere tool when we look at howprocdssors
have replaced typewriters, spread sheets replacing calculators, CAD software replacing
electronic pencils, rendering software when their purpose is to impress the customers. For
the computers as supportive design medium he explain by theselezamhen the
internet is used as information data base for the architects to learn from, Simulations and
simulation software, Virtual reality and Data management System. The computer to be
used as mere tool has no logic and contribution to the desigagsrand if architect want
to be more influential in the future they have to grasp the whole potentials that the new

powerful computers provides, as added by Schmitt.

May other researchers who are interested in the computer and the role that is playing or
going to play in the future as a design medium and support, one concept particularly shines
over the others in the opinion of Mitchell (1994). He pointed out three paradigms that
computers play, designing as Problsatving, Designing as KnowleddemsedActivity

and Designing as Social activity. The first one can resemble the normal CAD system
where work is shared between the human being and the computer, in other word, using the
computer as mere tool . For the parasdigm
Knowledgecbased Activityo can be resembled wi

grammars and how these shapes can be connected together and logic of combing them.

Mitchell (1994) give credit to the third paradigm, designing as Social activity, and he
thinks that it could be the future of the compta&ted design. In this concept which
recently appeared there are many parties in the process communicating over a network.
These parties could be human or software or software and human together, edul with
unique background and knowledbgase and different potentials for finding solutions.
Then the parties trade solutions, proposals and point of views to form together as one body
that tackle the design problem in hand. The problem and its physicalpaaumeters and
potential output parameters and all the knowledge base that related to the problem are
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brought in the common virtual pond by each of the party. Then the different arguments,
results, proposals and discrepancies must be solved. One conditicimell see is

important for this concept to work is a very fast network that enables knowledge base,
proposals and data to be brought in the virtual pond and to or from each party that is

working on the solution.

3.2  Design Optimization Methods

Generdly design optimization means: finding the best solution for the design problem
within the measurements and constraints of the environment, materials, human being needs
and resources to achieve the deign goals with a satisfactory output parameters.sThe tool
which could be used for the purpose of optimization can be, but not limited to lab and
physical modelling experiments, physical Design of experiments, try and error
experiments and Computer Simulation software. Computer simulation and programming
tools for optimization has advantages over the other methodologies and more suitable
especially for research purposes as we will see in Chapter 3 when talking about

methodology.

In computer simulation or programming for optimization the tools could be a siowulati
software package or a group of analysis programming codes, the constrains could be cost,
material manufacturing requirements, location, weather or the available resource in its all
forms. The design goal could be manufacturing electronic device, aircaaft, a building

or a master plan and urban design. The satisfactory output parameters or the parameters of
the best solution could be durability, performance and sustainability of the system, form
qualities like shape and size, stability or any kifdhoman comfort and need. In the
general definition of optimization the time scale or condition is not specified and could be
minutes same as doing feasibility study or could be days or months like when we are

designing for a product.

Optimization Methods

Many optimization methods are available out there; this section will list the most famous
optimization methods using computer and the literature around them, in order to validate

which method has potentials to be applied to optimize a parametric destge purpose
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of achieving sustainable urban design. The most relevant methods (Genetic Algorithms
and Simulated Annealing) which could be applied to this research is going to be reviewed
and a comprehensive literature review with comparison betweenwiiebe in the next
sections when parametric design and parametric design optimization is discussed.

Stochastic Optimizatian

A Genetic Algorithms:

Genetic Algorithms (GAs) or Evolutionary Algorithms mimic the natural selection and the
survival for thefittest which exist in nature to find the best solution to the problem Holland
(1975). The Genetic Algorithms start by calculating random solutions and then handling
these solutions to the Genetic Operators. Then new solutions are generated from the first
solution using the Genetic Operators. All the solutions are indexed by a fitness value
which indicates how much it fit to the solution. The main purpose of this operation is to
mate the solutions with higher fithess and using the Genetic operators teenoew
generations. Then Best solutions can be generated or chosen from the existing potential
solutions by applying reombinations and mutations. Until a suitable solution is found this

process continue forever.

Many advantages differentiate GAs (as will see in details in the next sections) over the
other optimization and searching algorithms when handling a very complex task and
domain. It is rarely for them to be caught in local optima or sub local optima which means
that GAs always give better lstions. Their ability to handle continuous or discreet or
both is another advantage added to GAs. The GAs in order to be effective, they have to be
smart when they are searching by balancing exploration with utilization. In the first
searches they have tmver as much as possible of the domain by taking as much as
possible probes and gradually focusing on the candidate solutions for further examinations.

Genetic Algorithms through history have been applied to many different fields for design
optimization in the engineering fields, like in the field of architecture and structural
engineeringGero et al(1997) andRosenman(1997), in the domain of mechanical
Chapman et al (1996) and others. Many other genetic algorithms were designed with the
ability to conpute continuous and discreet values to cope with the more sophisticated
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engineering and shape optimization. Genetic Algorithms gain huge attentions by
researchers due to their adaptability and their interactive nature and their ability to find

better solubns gradually without being trapped on local minima or maxima.

A Simulated Annealing

Simulated Annealing (SA) is built on the basis related to thermodynamics, particularly the
physics related to heating and cooling metals and the way how metal anmeahiso
processKirkpatrick et al(1983). Simulated Annealing start searching in the domain and
move from one point to another for the hope to reach to an optimal solution either maxima
or minima. SA uses the probability to evaluate the new point accotdinige current

point, if the new point is more suitable to the solution than the current the probability is
one, if the new point is worse than the current the probability is between zero and one. The
probability for the SA to drift to a worse point at thirt is high and it will decrease by

the progress of the search. Simulated Annealing Methods are similar to Genetic
Algorithms in the way that they try to avoid being stuck at local optima. More

comparisons and discussion will be in the next sectiongdest these two optimizers.

Hybrid methodologies:

Many other attempts and research made to combine more than one method so that they
complement each other in the search for an optimal solution without being trapped on local
optima. For example Rogers ¢t(2996) combined a Genetic Algorithms and Knowledge
base, Gage et al (1995) GA and Gradiesde and Powell (1990) used GAs and numerical

with a smart system to decide when to switch between them.

Dynamic Programming:

Historically Dynamic programming vgaemployed to optimize problem in the architectural
domain and in the problems of light designing. In the domain of lighting design, Gero et al

(1978) studied the minimization of the cost of artificial lighting by examining the effect of

the parameters dheir location, numbers and intensity. Other propositions were made on
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the way that this method can be applied to windows design, the light at roof and the

shading devices over windows.

This methodology suffers heavily from the number of variables uriddy sind it become
very slowly to execute each phase from the amount of data that must be stored between
each iteration and phase. So, this method suffers and become difficult to apply when we
are talking about multi variable such in the case of param&istainable urban design,
which involves many input parameters such as shapes or solar radiations or buildings

orientations.

Nonelinear Programming:

Nonelinear programming was applied to the problem of day lighting, by the use of
modified scheme build n Newt onés met hod to achieve the
The method used a simulation program for light with a ray tracing capabilities Law (1997).

Many other uses for NoA&ear programming in architectural optimization was done by

Mitchell et al (1976), the method used nelireear algorithms to arrange the space and
function of a rectangular plan. Mitchell method optimized these function spaces and their
locations according to each other in order to satisfy the architectural program and the use

needs or requirements.

In the early Sixties and Seventies the application of #ioear programming and
optimization on the space functions and on the synthesis of rectangular floor plans was
done on grids of rectangular or other forms. The use of-loear programming to
optimize the cost and the constraints of the functions related to synthesis of floor plans was
studied and investigated by Mitchell (1977). He used dimensionless representation to the
floor plan by dividing it to grids and producdsetoptimized layout with diminutions in

order to fit the functions and space requirements with the least cost.

Linear Programming:

The linear programming as the name sound, it deals with linear mathematical functions
and this factor removes the posstlyilof using this type of optimization in architectural

domain or even in the engineering practice field as most of parameters and constrains and
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their type is none linear. The use of this method has been limited to optimize parameter
such as dimension oircumference that is constrained with linear factors like cost, heat
Mitchell (1977).

3.3  Parametric Design Optimization

In this sectionwe will discuss the parametric design optimization, algorithms and the
literature related to them. Two famous statlta optimization methods are discussed
Genetic Algorithms (Evolutionary algorithms) which is the method used by this research,
and Simulated Annealing. Comparison is drawn between them and examples from the
literature and history background.

3.3.1 Stochastic Optimization

Two of the most famous stochastic optimization methods are Genetic Algorithms and
Simulated Annealing. These two methods have been used thoroughly in optimization for
the engineering problems architecture, structure, urban desephamical problems and
others like industrial design and manufacturing. Many other researchers used genetic
algorithms in the study of economics and financial optimization. These methods are called
stochastic methods since they depend on iterations iy ggeation calculation is made to

search for better solution in the next iteration.

3.3.2 Evolutionary Algorithms (Genetic Algorithms)

The first Genetic algorithms (GAs) were developed by Holland 1960 at the University of
Michigan. The main goal for éfirst Genetic algorithms developed by Holland is to study

the natural adaptations and how can these phenomena be studied or simulated in
computers. The first GAs made by Holland team resembled the biological evolution and
the adaptation which happen imat process. Holland used genetic operators like
mutations, crossover and inversion to generate new populations of chromosomes from the
current one. These chromosomes were translated to computer language in the form of
strings of zeros and ones or bits tire machine language. By applying the selection
operator on the chromosomes which will be allowed to produce to generate the next
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population, the fitter chromosomes generate better and more new generation than the less
fit. Holland is considered to be tHast one who puts evolutionary commutations and

genetic algorithms in solid stavtitchell (1999).

Recently the terminology of genetic Al gori
GAs, due to the extensive studies and researches which was done tin Slgoethms,
evolutionary computations, genetic programming and the overlapping of studies done on
these fields. The term evolutionary computation is recently coined 1991, this term was
used and introduced to represent all the researches and stutlieéntiaor simulate the

process of evolution in nature with software and computers. When any process either in
nature or in computer involves selection, completion, reproduction and random variation

the outcome will be evolution Fogel (2000).

Fogel (2000sees that the evolutionary computation comes from four fields of interests in
science, engineering and design: Optimization, Robust adaptation, Machine intelligence
and Biology.

Optimization:

As we will see in this research GAs are very powerful opation tools and have the
ability to search for optimal solutions in a very large space and still achieve good results in
all iterations and very suitable and adaptable to the engineering problem in general sense
and to the form optimization problem. Fogplains that the process of evolution is in
itself an optimization process and how Darwin was so astonished by the organs of extreme
perfection. Exactness and perfection is not always the result of optimizations, although
evolutionary processes can leadvery good solutions to some problems and constraints
forced by the environment. In this process of optimization natural selection is applied to
functions and optimization is done on the functionality by selection and mutations.
According to this main pniciple of evolution it was natural and adequate to translate the
main concept of optimization in Natural evolution into algorithms that can solve

engineering problems.
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Robust Adaptation:

Fogel explains how the need to study and achieve many optimmigainal processes which

can change the performance of the system depending on the incremental feedback from the
surrounding environment led to the investigation and studies done in the field of
evolutionary computation. The dynamical status of the realdymdblems impose one of

the most complicated problems to solve in engineering and science. This state of changing
requires tweaking the algorithms and strategies that are employed to achieve solutions and
optimizations with the continuous feedback frore 8uccesses or failures of the current
configurations. The evolutionary computation can learn from natural evolution to reuse the
successful group of techniques and how knowledge is increased in the new generations to
design very robust and adaptable syste

Machine Intelligence:

The type of intelligence that can be inspired from natural evolution is the capability of the
system and its individuals to adapt in order to perform its tasks and functions in the whole
environmental conditions. The predictayilof the environmental conditions in the future

is one of the main key of intelligence in the evolution systems with the right tweak to their
functionality to achieve performance. The main concept of inspiring intelligence from
evolution is creating maate intelligence without the need to duplicate human intelligence
and the way how humans think or behave or predict by coding the smart predictive
evolution in computer algorithms, which was the basic idea behind evolutionary

programming.

Biology:

This urce of research and interest as we saw was the first intent to study evolution and to
try to mimic its methods by computer. These types of evolutionary computation were
developed to try to understand the evolution process its physics, procedures and
mechanism and how it really happens in nature with no reason to use it as a solver or
optimizer to engineering and scientific problems. Many models and simulation were

successful to answer many questions related to evolution and life on earth.
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Genetic Algorithms asOptimizers:

The Genetic Algorithms can find better solutions by probing the fuzzy domain of space for
the solutions possible to the problem in hand; this space may have local or global optima
in the case of maximization or minimization. One of ttiearacters that give GAs
advantage over others is their ability to overcome being stuck on local optima, since their
solutions moves from one population to the other rather than one single point to another.
Genetic algorithms start searching for solutidnys generating a random population of
individual solutions then applying stochastic operators to select the fitter solutions for

producing offspring in the next generations Goldberg (1989).

Figure3.1: GAs search mechanisnefi) first population, (right) stochastic operators and
peak climbing solutions for next generati®utten (2010).

The translation of evolution system into computational system is resembled by
chromosomes which represent an individual solution. Chromesaronsist of all the
variables and parameters related to that individual solution in the form of alleles as binary.
So, each group of solutions is a generation and each individual is a chromosome which
resembles the specific parameters for that solutmstated to the machine language in

binary system.

The generation of each population and the evolution of the current generation to new one
is performed through genetic operators mainly reproduction, crossover and mutation.
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Reproduction is the selectiaf the fitter chromosomes for producing next generation.
Crossover genetic operator works by performing exchange on the alleles between
chromosomes to generate new chromosomes in a random way. Mutation as in nature is a
random change on part or parts o# thromosomes in order to fit or optimize organ to
function better. Many other Genetic algorithms have different or specialized operators,

although the framework in basic is the same.

In general the main principles of the genetic algorithms search bsgiraraomly
distribute the first population over the fuzzy domain space of solutions to produce the
initial generation. Genetic operators select the fittest chromosomes and apply on them the
main manipulations to generate new population. The fitness valwevéry generation is
higher than the previous one. Then the new generation will be again treated according to
their fitness with the main basic genetic operators to produce the future population. These
iterations and their numbers are defined by thesusdre number of generation and the
number of the individuals in each generation depend on the problem complexity, number
of parameters, degree of precision, time and the possibility of multiple local or global

maxima or minima.
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Figure3.2: General Structure of GAs. From (Bentlé®99.
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However, genetic algorithms tend to run forever when they are searching for solutions and
it is the specific requirement of the situation that impose on the genetic algorithms to be
designed in such a wathat it halts on a degree of accuracy or time or number of
generations. This simple genius of the evolution in nature has solved many of the most
chaos and difficult problems that faced living things on Earth since live emergence. This
genius is the maindy behind the power of genetic algorithms in solving and optimizing

many of the most difficult engineering problems Bentley (1999).

Literature is very rich ofexamplesrelated to genetic algorithms and their usage as
optimizers in many fields of architeoe, engineering, science, and computing. In the
following part of this section we will see examples of how genetic algorithms were utilized
as optimizers and their ability to solve very complicated problems and their efficiency.

In the field of mechanidaengineering GAs were used to tweak the sizes of the ducts and
channels with the openings of the returns and diffusers in HVAC systems and to be
synchronized with the control in order to optimize and save energy usage and increase the
efficiency Wright (B96). The structural engineering field has many researches and
applications of genetic algorithms to optimize many structural elements their size, cost,
crosssections and even the layout or configuration. For example Galante (1996) used GAs
to optimize tle design of trusses; the application of GAs on the design and optimizations
of columns was studied by Ishida et al (1995) and the applications on slab configurations
were done by Pham et al (1992).

Also in the field of structural engineering some advares@mere made on the use of GAs
as optimizers by combining them with Finite Element Analysis software that has big data
base and precise in calculations Camp et al (1998). The optimization goal was to fide the
best weight to the whole structure under stullyis study shows the ability to couple the
genetic algorithms with other specialized programs for analysis and the feedback to GAs in

order to check the fitness of that configuration and its parameters.
O6Rei lly et al ( 19 9 8 y algorithvne as tshape yeneratorsaopgve y i n

the designer at the early phase of the design by generating design configurations and ideas

that the designer can inspire from them then to know the direction that he should take
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when imagining his design. The geealgorithms that were used can be manually

iterated to produce or to operate crossover or mutations.

Another use of the GAs in the mechanical design optimizations of aoraditioning

system and the parameters were discrete and continuous in thpreliheen; a case study

done by Wright (1996). This research showed the advantage of GAs and the way that they
can handle discrete or continuous problems. In this optimization case the GAs were used to
find the maximum flow of the chilling fluid which is ntinuous, the size and dimensions

of the system which are discrete and the maximum flow of the air to the room to achieve
the desired comfort temperature. The main global fithess for the system was the total cost

of the optimized component.
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Figure3.3: GAs for optimizing fredorm grid. FromMilos Dimcic et al(2011).

Milos Dimcic et al(2011) integrated FEM, NURBS and genetic algorithms to design a
freeform Grid shell Figure 3.3). their main concept for developing such systemhes t
infinite number of solutions and configurations when designing aféree grid over some
surface, so their system provide an automated and optimized way of generating the grid
and instead of the old manual trial and error way. By using genetic afgeritor
optimization they were able to optimize the grid by minimizing stress and displacements in

order to save material and get better structure stability.

Another usage of GAs to optimize the structure of a free form roof by Johan et al (2011)

the main goal of optimization was minimization of construction cost and effective
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structural stability. Johan et al used Grasshopper for generating the parametric form, for
the genetic algorithms they used Galapagos (same tools used in this research as we will
seg, which is a builin tool inside Grasshopper for optimization and by connecting the
resultant optimized shape to FEM solver (ROBOT) to further check the structural
behaviour of the roof. In their results they confirmed the advantage of using GAs in the
design process and how it is able to solve the problems and generate a variety of solutions
that can be inspiring to the designer at the early stage. They highlighted the good potential
of using GAs (Galapagos) as an active tool in the design processdasaya exploration

tool to investigate new designs Figugyj.

Figure3.4: GAs to optimize the structure of a free form roof. From Johan et al (2011).

They concluded that the success of these new methods of design depends on the designer
skills and intuition to setup the correct domain space of solutions and the functions of
fitness to be search against. Setting up the solution space as large as possible with a bigger
flexibility in the parameters input domain for the points give a googdetthe system to

investigate much wider possibilities of solutions.

Figure (3.5) shows a study of optimization on a Yacht hull using genetic algorithms to
optimize its performance in racing. A parametric software generator was used to configure
the yach hull and its curved surface. The variation in the parametric model of the yacht
hull was defined by the points on the curves that circumference the yacht and its main
form and by applying changes to these points and its location, multiple design
configuration can be generated. The optimization process was assessed on the total yacht

hull performance in water and its aerodynamics.
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Figure3.5: Yacht hull optimization with GAs, From Frazer (2002).

Naraharaet al (2006) used genetic algorithms to optenithe urban design of 200
residential units, Figure3(®) , the wunits consi st of three
optimization was evaluated according to solar exposure, best views and the construction
economic factors. In order to speed up the GAs prowpssey used self crossver with

the chromosome, a randomly chosen parts will swap to generate new individuals for the
new generation. The fithess evaluation of each parameter was depending on the unit
orientation, view to the street, the level in whible unit in and the cost of construction.

This case give a good example of the optimization ability of genetic algorithms even if the
problem has multiple parameters, more that 200 parameter, still we can get good results in

reasonable time.
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Figure3.6: GAs in housing design, Froharaharaet al (2006).
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Angeloset al (2011) used genetic algorithms to optimize a free form surface with respect

to the wind loads by coupling GAs and a fast fluid dynamic simulation Fi@ufe The

use of CFD to optimize free form or the design configuration in architectural has been
limited in literature (as we saw); most of the CFD studies were on the field of HVAC
systems or window sizing. These researches methodologies were done on orthogonal
geometrieswhich made them limited when used to form findingngelos et al

met hodol ogydés optimized the form of t he sh
freedom and allows more possibilities of configurations which lead to more optimized

shapes by consideriradl the available solutions.

Figure3.7: Integration of Fast Fluidynamics andGAs, FromAngeloset al (2011).

Their research showed the ability to generate complete optimized shapes and controlled
the whole design performance when integigtgenetic algorithms with CFD and a more
flexible parametric design that can response to all possible solutions that yields from the
optimization process Figure.8), which somehow demonstrate the main concept in this
dissertation and the possibilitie$ performance and sustainable aspect when using such
methodologies.

Although their main goal off optimization was to design better structural performance and
optimizing the free form of the roof, this research apply these methods to optimize the
sustainale performance of an urban design which is a much complicated case in term of
constraints like the local code and complex environmental input and output parameters to

deal with
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Figure3.8: Free form configurations and degree of freedom, Famgpdos et al (2011).

The CFD which was used in their research depends on a numerical fast analysis with poor
accuracy to generate fast results, which is understandable, however the CFD used in this
research is one of the most powerful CFD available in thikegh&CFX ANSYS) and can

give good reliable results for such complicated design like in this case. The accuracy in the
sustainability optimizations means saving a lot of accumulated energy costs, general health
and future advantages.

In another study thatsed GAs as a multibjective optimizer by (Chronis et al, 2012) to

reduce solar incidents and maximizing daylight penetration on a facade of a large office
building Figure 8.9).

Figure3.9: Optimization Generation and optimized resultgn (Chronis et al, 2012).
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The study integrated parametric model, genetic algorithms and a set of datenmeed

results in order to reduce the resource demand of multiple configurations of the facade.

The coupling of the database with the parametodehallowed for real time feedback and
allowed the designers to examine multiple design configurations. dreisomputed
database form as a design of experiment, which give the designer a sensitivity analysis to
the parameters of the configuration withog insight on the complexity of the design. The
study results suggested that, although this system of configuration between GAs, A
database of results and parametric model was specifics to this case of study , it could be

used in the future as mean oftgyn to achieve optimization in such design problems.

From the previous examples Genetic algorithms has proved to be suited for most difficult
computational problems in many fields. Most of these computational problems require
searching within a vasiomain space of solutions; one good example is the search for
group of mathematical functions that can forecast the ups and downs of a financial market.
This optimization problem can frequently advantage from an efficient parallelism which
many solutionsare generated in the same time effectively. Another aspect of GAs which
makes them competitive in the optimization search problems in the domain of

computational is their adaptive to the changing environments and ability to perform well.

Another aspecof GAs is that they are innovative in the mean that they can emerge new
ideas that are original such as a new scientific discowitglfell, 1999). The GAs excel

in the fields where it is difficult for a programmer in some situation to write a programme
by hand, the best example for this is the difficulty to write a program of artificial
intelligence for machines, which resemble the paradigm in thinking of Al over the old

straight forward which was believed by many programmers.

3.3.3 Comparison betweenGAs and SA

Literature has many existing researches of comparison between Genetic Algorithms and
Simulated Annealing with respect to their performance and capabilities to find optimized

solutions. This section will highlight some of these studies andritexia on which the

comparison was made.
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A significant comparison was made by (Gallego et al, 1998) with the criteria of four
elements memory usage, intensification, diversification and neighbourhood structures.

Gallego et al used these four critenaetvaluated GAs and SA efficiency and potentials.

Since simulated annealing uses statistical process to search for solution it uses very little of
memory. SA only uses memory in case of the best solution is found and it is used to restart
search after evg phase of the temperature reduction. While in GAs the process of
copying the best chromosomes to the next generation explicitly uses memory to keep the
best individuals in each generation. GAs use memory implicitly to keep track of high

performance buildhg blocks by the selection process.

With respect to intensification SA moves less freely during its progress and its probability
to accept new points is low according to the current solution and the neighbourhood is
limited and decreased. The GAs hadetdnt value of intensification, since they use rnone
systematic search methods and mutations make new individuals different than the existing
which lead to search in the vicinity.

The diversification in SA happen since the probability of accepting lovonpeance
solutions at the beginning is high which lead to exploration of new regions in the solutions
space. The crossover in GAs achieves diversifications by creating new solution points
from the existing ones and Mic®As have high diversification by ing initial random

population.

SA requires definition to the neighbourhood and the size of the structured neighbourhood
i's not significant since it search point
to the neighbourhood and new solutions frund by the process of applying crossover to
generate new solutions from the existing and carry them to the next generation.

Another criterion to draw the comparison between GAs and SA depending on the number
of solution visited and to end the optintiba process at that number, 2000 point, this
study was made by (Jozefowska et al, 1998). They observed that the increasing number of
parameters and jobs affected the performance of SA more than GAs and the GAs have the
ability to find the optimal soluticsymore frequently than SA. In conclusion of the study

GAs in general behaves better than SA.
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In broad comparison Between GAs and SA is their strategy of searching for solutions. SA

depends on the strategy of path tracking, the solution move from onetgdite next

during the optimization process. So, at any moment of the whole simulation there is only

one point that represents the current best solution. On the contrary, GAs keeps a multiple
points of the current generation in order to work togetheet@ate the fittest point along

the optimization line of history.

Another main difference between GAs and SA which spring from their basic strategy to
search in the space of solution is how often they switch their concentration from one
region to the othe Genetic Algorithms tend to take loner time in searching within the

same region and have slow fluctuations and jumps. In the other hand, SA more likely to
change its concentration quickly from region to the other especially at the beginning of the

optimization when the probability is high to accept any solutions even if they are les fit.

From the previous brief of literature review on the comparison of genetic algorithms and
simulated annealing and the case studies especially with genetic algorithrhe in t
engineering cases GAs has more chance to win over simulated annealing due to their
ability to keep a population of points instead of only one point. The interaction between
these points within the genetic algorithms generations make it painless soniatidviable

areas toward the fittest solution. The crossover operators in the genetic algorithms give
very good advantage over the simulated annealing by the decomposability of a lot of

engineering domain space of solutions.

3.4  Computer Simulation Tools

In this section a brief review of theomputer simulation toolsvhich are used irhis

research. Review of their usages and nwsrengths and limitations is made and some
examples from other researchero6s caaglse stud
are. Grasshopper which is a parametric modelling and design tool, Galapagos which is a
multi-objective geneticalgorithm Diva for Rhino 3D which is a plugin that utilise

Radiance and Energy Plus to simulate solar radiation, energy and lightingnfedyated

into Rhino 3D program and finally ANSYS CFX which is a CFD simulator inside
Workbenchianguage scriptingRython).
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3.4.1 Grasshopper and Galapago$As

Grasshopper is a visual programming language and visual design scripting built inside
Rhinoeros 3D application. Different than desigeripting work flow Grasshopper &
friendly visual interface that allows the creation of algorithmic design in the form of a flow
chart with real time feedback from the changing parameté@msshopper interfacis
dividedinto two main parts: Component tabs and CanVas component Tabs contain all

the elements and block building visual algorithms that is needegtébe and manipulate
geometries and parameters. Canvas is the work place where you can faiagthms of

your components and the way they are connected interact between each other
(Khabazi, 2012).

Grasthopper - unnamed* (=

Fie Ede \iew Amnge  Schtion  Window  Melp s

SOCOOOOCO OO Oe

0e
[l
1]

< Component Tabs

Click on any Component and click again on
Canvas to bring it to work place or just drag it

< Canvas

Figure 310: Grasshopper interface, From (Khabazi, 2012).

The components in Grasshopper, Figure (3.11), are categorized into component tabs i
respect to their role as functions or geometry and their functions can be classified to four:
1 Present data
1 Control and change data
1 Draw Geometry

1 Modify Geometry
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Figure 3.11: Grasshopper Component exan{plant) and its input output

Grasshopper ges the designdtexibility over the design anthe ability to control design
processand monitor the effects of changing the input and output paranetezattime,
Figure(3.12)with the ability to connect these parameters to third party softwane,tas
next section with Diva, Radiance and EneRiys,thenagain collect the results to reflect
them back on the Rhinoceros 3D model through Grasshopper algorithms.
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Figure 3.12: Parametric tower facade and its components algsrithrsrasshopper
Carvas, From (Khabazi, 2012).

Grasshopper application has been an intdaesmany researchers from different fields
due to its friendly visual interface and flexibility. It has been used not only by architects
and urban designers, but also to artists, stril engineers, Jewellery designers, structure
engineersmanufacturerand model builders Figure (3.13).

62



Figure 3.13: From concept in Grasshopper Canvas to real model, From (Khabazi, 2012).

Galgpagos is a Genetalgorithmwith a user friendly interface built inside Grasshopger

a component. Galapagos is fitted wellidesGrasshopper since it allows for the direct use

of the input parameters from Grasshoppers Sliders and any definitionessfiumctionn

any form of floating numberand the goal of optimization either maximization or
minimization Galapagos uses selection, crossover, and mutation operators with the ability
for the user to control the initial population, number of populgt@ngeneration, number

of generation (iteration) and the percentage of applying each operator depending on the
type of the optimization problemnd the probability of multiple local maxima or minima
(Johan et al ,2011Figure (3.14) Mutation operator isexception in that it can be

manipulated during the optimization process and thetiraal feedback of its effect.
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Figure 3.8: Galapagos interfaces and the setup of simple optimization example.
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3.4.2 Diva for Rhino and Grasshopper

Diva for Rhino was developed at the beginnatgsraduate School of Design at Harvard
University as a plugn for simulatingdaylight and energy then further development was
made bySolemma LIC. DIVA-for-Rhino les users to perform a seriesasfvironmental
performance evaluationdor buildings and urban landscapes includitediation
Maps PhotorealistidcRenderings Annualand Individual Time Step Glare AnalysisEED

and CHPS Daylighting Compliancand Single Thermal Zone Energy and Load
Calculatiors.

Figure 3.5: Example of a solar radiation map using Divavailable onling
http://divadrhino.com/useguide/simulatiortypes/radiatiormaps [accessed Octobeb,
2012]
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Figure 3.5: Example of a thermal analysis using Diva[Available onling
http://divadrhino.com/useguide/simulatiortypes/thermabnalysisnaps [accessed
Octobers, 2012]
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Diva for Rhinouses Radiance to simulate solar radiations and generate radiation maps
Figure (3.15), render photorealistic images angdiglat studies For the thermal analysis it

uses Energy Plus to simulate thermal behavior for a single zone with the ability to generate
results of energy consumptions Figure (3.16). Diva is also fully integrated within
Gras$opper and uses to componeragranslate the geometry to Energy Puies Viper

and toRadiancevia Diva Daylight Figure (3.17).

g Project Name
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) quip messages [
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q ClgSetF
: '::tlg EEF; . q Project Name |
g
q Infiltration §' d c || messages 0y
q Freshair 'F..
¢q Lighting Cntrl ={{] Modes E
9 Zone Cooling E »]
) Window ’ g Vectors [ SolarIrradiation [
q Fixed Shade E
q Write Only E Fiun [a
g Run

Figure 3.17: Diva components in Grasshopper Viper and Diva Daylight

3.4.3 ANSYS CFX

ANSYS CFX software is a higherformance, general purpo$luid dynamics program
that has been applied to solve widmging fluid flow problems The program is
underdevelopment since 20 years and many advance algorithms are implemented in the

concepts oANSYS CFXhard core programming.

Many studies are donesing ANSYS CFX for outdoor comfort and urban ventilation
(Blocken et al, 2012)sedANSYS CFXfor CFD simulation for pedestrian wind comfort
and wind safety in urban areas: General decision framework and case study for the

Eindhoven University campué~igure 3.18).

Many other studies using CFX were made on the indoor climate diesidruildings to
predict and design ventilation, temperature distribution, HVAC systems sizing and
optimization, comfort indicators and othefdajdukiewiczet al, 2012) usethe CFX CFD

to study and desighormal models of naturally ventilated indoor environments
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CFD simulation for pedestrian wind comfort and wind safety

wd X

Figure 3.B: ANSYS CFXindoor CFD simulation,From (Hajdukiewiczet al, 2012).
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In this chapter the sap of the parametric design experiment and environmental inputs of
the experiment are discussékhe first sectioris Introduction tothe experiment location

and is urban morphology and style. Then, the climate characteristics and weather data are
analyzed to the experiment study. Modelling and optimization setups for the experiments
are the last two sections in thekapter, where the input and output data parameters are
discussed in more details which in this case represent the initial steps in building the

simulation experiment.

4.1 Case Study Location

Dubai Silicon Oasispan on 7.2 million square meter in l2u city in the United Arab
Emirates Figure (4.1). The master plan is divided into five main zones industrial,
commercial, educational, living and residential and public facilitige a population of
162,400 Figure (4.2.

T

Figure 4.1 Mibai Silicon Oasifocations From (Google Earth).

69



Operation Centre

Silicon Residence 1 & 2

Cedre Villas - Phase 2

peoy ulf 1y

mmmmmm

QUENCH 7AVED

Semmer Villas

Figure 4.2 Dubai Silicon Oasis Zones and master platp:{www.dsoa.aeaccessed
October 5, 2012).

Figure 4.3: Dubai Silicon Oasis mainrppective.(http://www.dsoa.aeaccessed October
5, 2012

Dubai Silicon Oasis is designed as atbchecosystenwhich offers businessesplethora
of advantages including a statd-the art infrastructurein-house business servicasd
strong business support such as technology investment incentiiesgérenterprises

entrepreneurial suppom@nincubation centrandventure capital funding
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The multizone design of Dubai Silicon Oasis divided the teraglan into zones of
symmetry. These zones are reflected on the urban morphology of the whole master plan
and furthermore, it created big step difference in the building heigtage and size

This character of the Silicon Oasis urban morphology \a&ert into consideration in this
research and one of symmetry was taken to be the subject to the experiment for parametric

optimization,Figures(4.4, 4.5).

Figure4.4:Dubai Silicon Oasis urban morphology and research expetriowation.
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Figure 4.5: Dubai Silicon Oasis main perspective to the subject of experiment.

4.2 Climate and Weather Data

Dubai has a unique climatic zone, which affect the design and the strategies that can be
employed to achieve a healttand sustainable ecologicdesign. Theoutdoor severe
weatherimposeson us to use the best cutting edge design strategies and technologies to
delight it. Another top list issues about Dubai weatherienclimatic zone, the hot humid

and desert charactstics are the prominent in such climate zone. Scarcity of water for
domestic and agriculture in the UAE is a major obstacle when planning new sustainable
buildings and master plans. So, UAE climate is a very hot htnoypical desert andusty

climate whch makeit very challenging todesign a sociabutdoor spaceand sustainable

environment

Winds at the project site are predominantly from west northwest directions with the second
most frequent direction being west southw&tamals winds (strong wing®ming from

the northwest) are often associated with storms because they can last several days during
the winter season.

Recorded wind speeds at Dubai Airport are showkigare (4.6)Based on Dubai Airport

data, design wind speeds at the project sheltering or funneling effects induced by
future structures on neighboring plots should be considered) were assessegrgetie
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Wind Speed (m/s)

Figure 46: Recorad wind speeds at Dubai AirppEcotect.

Winds (even sliglastbreeze) at the project site playery important job in delighting the
severity of the weather, if it is induced and directed with the aghan morphologynd
architecture features. The continuity of the wind movement over landscape (transpiration)
or bond of water can heavily improvlet ambient temperatures outsi(gven inside)

noticeably.
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Figure 47: Dubai Silicon Oasisvind frequencies during summefcotect.
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Figure 48: Dubai SiliconSUN-Path Ecotect

The location of Dubai according to the equator gives the sun batlagh almost to the
center,Figure(4.8). This implies thamutual shadowing is small and difficult to design for
it. Sun accesses are available most of the year with some days of partially cloudy and rain

fallings are minimal.

The scarcity of the Anndiaainfalls in UAE make it very challenging to design urban and
architectural features that can use or store storm water for domestic and agricultural
usages, and it has made water one of the most valuable resource in UAE. Another
conservation measures datechnologies should be considered when designing for any
usage of water. Conserving water in the UAE in direct way lead to conservation in energy,

CO2 emission and fossil fuel usage.
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