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ABSTRACT

ANALYZING THE IMPACT S OF BUILDING FORM O N THE
ENVIRONMENT: A CASE STUDY IN ANKARA WITH A FOCUSON
SOLAR REFLECTION

T ¢ mbHakva Nur
Master of ScienceBuilding Science in Architecture
SupervisorProf. Dr.Soofia Tahira BasOzkan

September 20198 pages

In recent years, highly reflective materials have been widely used in building skins,
not only for aesthetic reasons but also to reduce energy consumption andeimprov
occupant satisfaction. Usage of highly reflective materials, combined with curvilinear
building forms may cause undesired environmental impacts by creating uncontrolled
solar reflections. This problem mbgad toproperty and vegetation damage buren

importantly, thermal and visual discomfort towards pedestrians, drivers and the

occupants of nearby buildings.

This study investigates the solar reflection topic with an extensive literature review
consisting of the definition of solar reflection aitg effects on the environmg
current measuring toolsnitigation techniques applied on pastnstruction period,
precautions that should be taken during early stages of the design prmdssgeral
infamous cases around the woRdirthermore, it diagsses the similar patterns among
the case studies with the help afanalysis of duildingfrom Ankara selected based

on specific criteria. To analyze the solar reflection problem of Ankara case, sun path
diagrams for the exact location of the buildingd#ferent dates and hours were
generated Using these sun path diagrams, paths of solar reflection and the

approximate | ocations of sol ar focal p O i



fa-ade were deter mined ar ouamdaysisgihfethevi ci ni ty
supported by orsite observations and the results show similarity to the cases reviewed

in the research, in regard to environmental impacts.

In conclusionthe study suggests a simple method for predicting the possible areas in
the environmentthat may be affectelly solar reflection angresentsa guideline for

designers on avoiding or mitigating this problem

Keywords:Curvilinear Building Forms, Reflective Facades, Solar Reflectivity, Glare,

Heat Gain
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CHAPTER 1

INTRODUCTION

In this chapterthe argument of the study withe aim and objectives of the research
are concisely explained. The procedure tbaktplace and the disposition of each

chapter is listed and briefed.
1.1. Argument

The human population began growirsg an unprecedented rate since the industrial
revolution with the help of medical advancements and agricultural productivity. This
rapidgrowth d population and ruralirban migration has led to arevitableoutcome

of denser citiedn order to accommodate larger number of peoplenrarde t peopl e d
expectatios, high rise buildings have becontlke norm in modern cities. In this

situaton, energy demand for people in modern cities is continuously rising and raising

a lot of problems in the sense of sustainability. Technological developmedts

growing gustainability concerns in the last decadesable thenecessary yet

insufficientimprovements in the construction field.

These improvementsanaged taeaeasesnergy consumptiowith highly reflective

f a- ade whiletaehrevingahniacreasdn the quality of user comfoftom the
aspects oheating and cooling conditiongentilation and lightig inside the building.

Also, extensive sage ofeflective materialbave been increased not only for function

but also for design purposes and to increase the commercial vahighgdrofile
buildings. However, inadequateoncern is raised about tldvious and pervasive
effects ofsolar reflections caused by buildings the outside world anthe general

public. Especially in the last decade, a growing numbesadér reflectivity cases have
emerged due to the increase of geometrically complex buildings and wide usage of

reflective surfaces in their skin.



This study concerns the environmentapacs of building form that causesan
undesirable amount &olar reflectivity.Curvilinear building forms combined with
highly reflective building skis have the major risk of creating focused solar
reflections in the buildingpvicinity as can be seen from several infamous cases all
around the world. This phenonerause property and vegtion damage in the
surrounding outdoor environment, as well as thermal and visual discomfort to the

people who usthe area such as pedestrians, drivers or occupants of nearby buildings.

Estimation of solar glare reflected fromffeteor m and hi ghly reflectiwv
complex process that necessitates an extra budget from the developers. The tools that

are curretly used in order to determine the paths of reflected light and compute the

intensity and duration of solar reflections require steep learning curves, enormous
computational effort and long simulation run times. Therefore, a detailed solar

analysis is ofte disregarded durintpedesign process and developers choose to apply

mitigation solutions to the problematic surfaces if a problem occurs after construction.

Unless an industrywide standards acdbptedand incorporated in the building codes

assess the visual and thermal impacts of reflectewiar reflectrity may become one

of the major problems in the construction industry
1.2. Aim and Objectives

User satisfaction for the building is a crucial part of the design process yet public
satisfaction fothe building igustas importanttoo. The aim of tis study is tosupport
the argument witha literature review on the subject of solar impaatsl an analysis

of case study buildings. Thus the objectives are:

- To examine the basic principles of heat and light reflectivity from dlaze
fa-ades

- To evaluate the selected case studies as the examples of the problem

- To study the precautions thatedo be considered both during design and

construction phases



- To suggestvays of eliminating this problem from already constructed
buildings

1.3. Procedure

The study contains a literature review in order to understand the effects of the problem

onthe general public anohthe environmentn the light of the literature revieour
buildings around th world thathave drawrthe most attention due to tkeverity of
their problemsvere chosen for further examination. These building$\tak Disney
Concert Hall in Los Angeles thatas completed in 20020 FenchurclStreet also
comnonly known as Walkie Talkien London whichwasbuilt in 2014,Vdara Hotel
in Las Vegas completed in 2088d the Museum Tower in Dallasilt in 2012. Also,
another case frommkara was chosen in order to further explore the effects in a local

area which is Yéeldéréem Kule built i n

Sun path diagrams of Yeldéerém Kule were

order to determine reflection paths and approximate lotatiof focal points
throughout the year. Assessmehthese results was done with the help of visual data
obtainedduring site visits. Final, all cases are compared with each other regarding
their features that led to solar reflection problems, the environmental impadts
various mitigation techniques tried and appliedheir problematic surfaces.

1.4. Disposition
The thesisconsiss of six chagpters.

In the first chapterthe introduction, motivation forthe chosen subject, problem
definition and aim and objectives of the stuadlgexplained.

In the second chapteain extensive literature review that compassesfactors that
affect solar rdectivity which arethe integration of a building to its environment,
building formcovering both the mass shape and the skin are analyzed. Aftehé¢hat,

environmental effectsf solar reflectivityareidentifiedand further explainedkinally,

(



current approaches to assess solar refleetiehsted and compared with each other

and mitigation techniques applied pashstruction are explained.

In the third chapterfour prominent cases around therlscare studiedaccording to
the criteria of this research. The characteristics of the building that led to this problem

and the solutions thateresuggested, applied ogjectedareexamined.

In the fourth chapter, the matexi and methodology ohe papercontaininga case
study in Ankarain order to compare to its worldwide precedeatsl its tangible
effects to the public and to the environmaregpresentedThe materials that helped
to conduct a studys listed and the method that carried throughout the resesrch

explained in detalil.

In thefifth chapter, analysis and results thatreconcluded fronthelocal case stug
arediscussed extensivebnd compared with other case studies covered in the third
chapter As a productive jgproach, the precautions that have to be considered before
the design phasareexplained as well as the measures that could be taken after an

issue isbrought up bythe publicarediscussed.

In the inal chapter, the conclis derived from the previous chapters are summarized
and the results and comparisons between case studies are highlighted. Also,

limitations of the study and recommendations for future studies are mentioned.



CHAPTER 2

LITERATURE REVIEW

This chaptepresents literature revievetarting with the factors that may c&usolar
reflection which arg¢heintegration of the building to its environmentd the building
form. Afterwards,the results of solar reflectiyit exterior glare and heat gain are
explainedin detail andthe environmental impacts of these results are identified and
elaborated with examples. Finally, mitigation techniques divided into two main
categories are explained andatissed regarding their effectiveness. Aadirent
measuring toolsised to assessolar refleawity are listed with their abilities and

shortcomings.
2.1. Integration of building to its environment

As Ishak, Hien, Jenatabadi, Ignatius, & Yan{a@18) states that lack of land and the
growing number of population generates a demand for high rise buildings creating
much more dense cities armsistainability problemsas well. When it comesto
sustainability in buildings, iisi mmedi ately | inked with
providing energy efficiency. Yet, it shouldsobe associated with the integration to

its environment as well. Esgally, in the case of sustainabiljtthe harmony beteen

the surrounding and the building itself gains muarerimportance

According toFeng & Xingkuan(2011) accurate locatiospecific knowledge of the

sun path and climatic conditions of the building sit®uld bethe first factor to be
considered while constructing a building. Especially, in the case of high rise buildings,

it becomes more important due to their massizes.

In order tomaximize the benefits of natural lighivhile preventingthe negative
impacts architects must achiewde optimal utilization of landTo achieve thaa

number of factors should be considered such as traffic, building demsigjboring

t



building locationsexisting landsape areas and open public arédse relationship
between the building and its surroundings should be well integrated by creating
smooth transitions and adjusting the height and mass of the building acdortheg

urban skylineand the sn.
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Figure 2.1. Comparison of traditional and ideal land utilization. (Source: Feng and Xingkuan, 2011)

2.2. Building Form

Creating the form of the building is consideredoa® ofthe major decisianby
architectsin the design procesd-orm is determined by various factors such as site
orientation of the building, floespace optimization, structural necessitigsl a
regulations, natural lighting and natural ventilation possibilitets. (Brzezicki,
2012) Moreover, specially in high rise buildings, building form is the most important
factor that adds value to its wortAlong with aesthett concerns, while designing
high rise buildhgs, sustainability conams become majorgints as well due to their
significantenergy consumptiorin the design process, along with the considerations
of energyefficiencyand user comfort, architects also must consider the environmental
effects of this prominent buildings and adjust t@ssshape and skin of the building

according to these factors.



2.2.1.Building Mass

Brzezicki (2012) asserted that the mass shape of the building has a direct impact on

solar reflectivity al ong wi t FRlat, cancavesd canvek sutfaces ef the

mass directs the reflection difentlyaccording to the laws of geometric optics as seen

in figure 2. Wiirelatieely lpweariskafrintehsa solardeflestancea r r
due i1ts straight f ordesahmade thelioy mfestatteying orc ur v e d

focusing light beams into hotspots.

Reflected Irradiance (W/m?)

100 200 300
[ ]
0 400

Convex Flat Concave

Figure 2.2. Simulation graphics demonstrating the direction and intensities of light beams reflected from three
different surfaces. (Source:Danks, Good and Sinclair, 2016)

Concave surfaces could act as a parabolic mirror depending on the direction of light
beans. Reflected light beams merges in a focal point at some distance creating visual
discomfort for observers and heat gain in the @peaks, Good, & Sinclair, 2016a)

The most intense thermal and visual i mp a
ability of convergingsunrays intovery small areas even at a large distance from the
building according to its curvature angle forming the mass shape. This type of glare
formations is highly unpredictable and could be dangerous for drivers and pedestrians

as well as surroundinbuildings and vegetation. (BrzezicR)12)



Figure 2.3. Diagramofsunl i ghts reflecting from a concave fa-ade and co
Danks, Good and Sinclair, 2016)

There is another parameter that affects the formation of focal points in the case of
c onc av e Wtha ssndothscontinuous concave suegiamonolithic building
masses reflect sunbeams in a way of generating an intense and large focal area. On the
other hand, if the surface is faceted, the number of focal areas increase while their
intensity is decreased which is helpful to prevent formiogpotsDanks, Good, &
Sinclair, 2016b)

Refected Ray

Figure2.4.Di agram of the effect of fa-ade continuity on for min
Sinclair,2016)



2.2.2.Building Skin

Rezaei, Shannigrahi and RamakrisHg@17) mentions that building skin is the

primary factoraffectingcomfortlevels of the occupantsy providing vision, natural

lighting, natural ventilation, thermal insulation, acoustical insulation and so on. When

it comes to building skin design, the in
norm in modern architectur€omparing to insulated walls, they cause much more
problems such asxcessive heat gain and uncontroliedural light. To tackle with

this issues, various strategies are developgdrnal shading devices such as blinds,
curtains or window shutters, txnal shading devices such as louvres are most
commonly used methodklowever, shading devices are not always prefedrexto

design constrictions.

Fa - apeéreormanceof highly glazed buildingss mostlydependent on the ability of

glass panes to absotibansmi or reflect solar radiationn cold climate region, high
transmittance glass is preferred in order to reduceygre®nsumption in heating and

lighting. On the other handnitemperate or hot climate regions, mostly highly
reflective glass panes with low SHGC are used to prevent undesirable amount of solar
heat gain into the interiof(Raji, Tenpierik, & Van Den Dobbelsteen, 2016)

Int he | ast decades, architects prefer hig
the view while complimenting the form of theilaing. This feature while increasing

the performance of natural lighting, also increases the demand for heating and cooling
energy. The most effective way of avoiding these problems is to eakrect solar
radiation from reaching to fa-ade which
devices as mentioned Bho, Yoo, & Kim(2014) The alternatives for shading types
(horizontal, vertical, panel), orientation, depth and spacing of shading units should be
decided according to variationsék bui | di ngbés | ocati on, or
diagrams etc.

According to Al-Tamimi & Fadzil (2011) regarding fa-ade de
solutions could be used to improve indoor thermal environment such as using

reflective glazing system, appropriate mateselection for building envelope and



decreasing wall to window ratio etc. However, in cases that these methods become
inadequate, using shading devices for high rise buildings could be beneficial to avoid
overheated indoor environment and decrease coetieggy loads.

On the other han@sVarodompun & Asavapitayano(2012)stated, commonly used
solutions such as shading devices may conflict tighdesign concept and become
inapplicable in some cases.

As Danks, Good and Sinclair (2016) explain that high performgtezeng which
equipped with multiple panes, le@onductivity gas fills, advanced thermal breaks and
low-emissivity coating (lowe) has been used in order to minimize the cooling energy
demand of highly glazed buildings. These features provide visible tiglenter
through the glass without obstruction while thermal radiation is mostly reflected as
could be seen in figur@.5 The authorsalso mentionthat along with these
improvements, even some rather simple measures affect reflectivity ranges such as

using darker glazing units or adding frittings.

Figure 2.5. The distribution of visible light and infrared light on a) conventional glass and b) highly reflective
glass with lowe coating. (Source: Rezaei, Santiranjan anadkaishna, 2017)

Also, as elaborated byChow, Li, & Lin (2010) advancements in the fenestration
technology provide substantial decrease in cooling demands in buildings. Material
improvements such as tinted glazing, reflective glazing,-davissivity glazing,
photovoltaic glazing,and innovative design approashsuch asdouble glazed
windows with air sealed cavitygasfilled cavity, evacuatedvindows, aifflowed
windows and wateiflowed windowsare mostly preferred in order to meet the

demands of low energy consumptidimong these solutions, reflective giag isone
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of the most commonlgelectedglazing type by the architects due to its ability to
control indoor glare and appealing outside appeardineeteflective coatigsconsist

of thin metallic or metal oxide layers with various colboices such as bronze, silver

or gold. Some coatings must be sealed in the cavity of the system but more durable
ones could be placed on the exposed surfaces of the glassiaciasess, reflectivity

rate and the placement of reflective coating inglaging system affeche SHGC

Shih & Huang(2001)stateghatreflective glass with a reflectivity rate of 2@ % is
usedmostly in high rise buildings order to meet the criteria of lowering cooling
energyload. Due to its massive surfaces, they could obtain enormous amounts of
thermal gain. To solve this problem, architects find the solution to use highly reflective
glasses to accommodate the users in comfortable temperatures whitg tgsn
maximumviewt hr ough t hei r al madleweverawhile achievind ect i v
optimum indoor comfort, ik causs significant problems such as exterior glare and

heat gairby its surroundings.
2.3. Solar reflectivity

To understand the basic principles of solar reflectivity, one should be familiar with the
optic lawson reflectionwhich occus on different types of surfaces such as flat or
curved and opaque or transgiat.In the case of transparent surfaces, some of the light
transmited through the mediuand the rest is reflected as seen in Figu(®®2ntes
Amoros, 2015)

Incident Ray
Reflected Ray

Transmitted Ray

Figure 2.6. Diagram of reflection law on glassSd@urce http://www.koppglass.com/blog/opticptopertiesof-
glasshowlight-andglassinteract)
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As stated by Danks, Good and Sinclair (2016), when light travels through a medium

and meets another one, it shows different behaviors. The surface of the medium
determines the distribution of the light. When the light reflecessimgle direction, it

is described as a specular reflection and when it is scattered into the former medium,
it is described as diffusgeflection which anbe seen in the Figure72.

NN

Specular Reflection Diffuse Reflection

Figure 2.7. A diagram of how lighreflects through different surfacéSource: Danks, Good and Siric|2016)

Whereas rough and matte surfaces diffuse the light into diffelieettionsthus
preventing light beams to merge into one specific point, smooth and shiny surfaces
reflect the light in a singular direction with the same angle as they hit the surface which
causes light to converge in the same area and retain largenpafrtheir energy. This
reflection type is the main concern of this research because it cansested
environmental impacts such gkre andhermal load to its surrounding®anks et

al., 2016b)

2.3.1.Thermal Load

Majority of the worldodés population |ive in c
is believed to be as high 3% by 2030. United Nations, 2012)fo accommodate

the dwellers, high density cities have emergedthout considering possible

ramificationssuch as temperature risgpatial configurations ofirban areagsould

increasdocal temperature comparirig the surrounding areas. This temperature rise

which could generate environmental and public health problsmise result of a

phenomena called heat island eff@dte reasons for urban heat island effect could be

variedsuch as lack of vegetationdgreen areas, extreme use of aspimaltcancrete

that comes withdensehousing Schiler & Valmont (2006) suggests that many

architects do not consider the effect of solar reflectiogsiogon t hei r bui | di ngs

12



f a - aherethey are trying to decrease thermal gain in their buildings and with that,

heat island effect consequentially.

The statementdf any modern and dense cityigh rise buildings with fully glazed

f a - systemscontribute to this issue through solar reflectivity properties of their
skinnEven t hough, gl are caused by solar r el
relatively lessdiscussed and researched topic, there are even less publications about
thermal load caused by solar reflections. Danks, Good and Sinclair (2016) asserted

that not only the intensity of solar reflection affects the temperature of reflected

surface but alsthe material properties of the reflected surface as well.
2.3.2.Glare

Although glare is a subjective term, it could be defined as presence of highly
illuminated areas within the visual field of observers that affects visual performance
and cause nuisandg&elan, 2012) Gl are occurs when the
adjusted to illuminance level of the surroundings, another lightceothat is
disturbing emerge within the visual field of the obser{&uk, Schiler, & Kensek,

2013) The authors categorized the process of glare into two factors:

1. Absolute glare factor: Exceedingly high illuminance sources such as sun
causing extreme discomfortordaméage t he r ecei ver ds eye
as absolute glare factor. In the presence of this type of a light source, contrast
between the surrounding and the light source is not effective.

2. Relative glare factor: Glare source which is adaptable to the hegeis
called relative glare factor. Unlike the absolute glare factor, it could be
measured by analyzing the contrast between light source and background in

the visual field.

Based on the results of these glare factors, glare disturbances have geeerally b

divided into two types which are disability glare and discomfort glare.

13



a)Disability glare

This defines an extreme case of glare which gives an absolute blindness in a period of
time or even eye damage. Danks, Good and Sinclair, 2016 states thdityliare
occurs if the light source is bright enough to impair visual performance and decrease

the ability of recognizing other objects caused by contrast loss.
b)Discomfort glare

Discomfort glare could be described as nuisance or pain caused bynuneve
distributions of illuminance levels within the visual fie(tHirning, Isoardi, &
Cowling, 2014) Both discomfort and dability glare could be identified and measured
using various metrics, thus, consensus in the literature is lacking. However, it is a lot
harder to conclusively assess discomfort glare due to subjective responses of the

observers(Fotios, 2015Moreover, it has been stated that the degree of discomfort

glare levels decreases over time even though thedalhtte has not been removed.
(Gelan, 2012)

Figure 2.8. a) Disability and b) discomfort glare examples. (Sourcelsttp¥://robus.com/news/news
article/glaringlyobviousugr-anden124641-for-officesb) https://leotek.com/discomfeglare)

As statel in (Ruesch, Bohren, Battaglia, & Brunold, 2016jsual comfort of the
observer is based on different parameters such as total amount of light, the distribution

of light in the visual field and the adaptation state of thesoe r ver 6 s eye.

14
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the visual discomfort, indices such as Daylight Glare Probalidi@P) or Discomfort

Glare IndexDGI) are the most common ones.

Daylight Glare Probability is calculated with the following equatid¢tiefson,
Wienold and Bodart, 2017)

1~ g~ T . . ()ﬁ—| ﬁ
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WhereO is thevertical illuminanceat eye level (lux) and it ithe intensity of the

luminous flux emitted per unit area of the source;

0 j is the luminance of thé"iglare source (cd/m2) and it is the luminous flux reaching

the eyes and setting the adaptation of the eyes;

1  is thesolid anglesubtended by the " glare source (s@nd it expresses the size

of the glare sourcas seen by the observer;

Ois the Got hoés [ eauceintherisual field and it i®d cortedtian i
factor considering the different perceptions of glare sources for horizontal and vertical

displacements from the line of visiontbe observer.

Although, several glare analysis methods are available, none of them meet the criteria
of delivering accurate results due to a lack of consistency among results obtained by
HDRI captured images or computational calculations. (Suk, Schiliérkaensek,

2013). Moreover, as assertedigrson, Wienold, & Bodart (201, %he list of factors

that affects visual discomfort is not constant due to high variabgitween observers.
Possible factors that could affect determining discomfort glare are compiled and
classified according to their relations to the light, context or observer. Lighting related
factors are not subjective and were defined decades ago insansols, such as
luminance of the glare source, adaptation level, contrast effect, saturation effect and
size and position of the glare source from the observer. On the other hand, context and

observer related factors are subjective, such as room temperatue of the day,

15



season, gender, age, culture, vision correction, iris pigmentation, physical state and

even emotional state

Figure 2.9. Visible indications of solar reflection on its surroundings. (Source: Suk, S&iensek, 2017)

2.4. Negative mpacts of soar reflectivity

The light beams bounrmo f f of from refl ecti orethef a- ades
surroundings and the observers. These effects could cause various outcomes ranging

from fatal to negligible. A§hih and Huang (200%}ate solar reflectivity effectgan

be analyzed in three different categories such as fast speed, moderate speed and slow
speedbased on the relative movementtbk observer. In the case of fast speed, the

drivers who are exposed to reflection glare have the possibility of fatal danger for
themselvesor others. Moderate speed explains the effeelstedto pedestrians.

Finally, themost consistent effect of reflection glare which occurs in slow speed that

exists between glare source and the neighboring buildings and vegetation that are

located permanently in the areatbe reflectionlocation Further analysis of the

16



effects showthat they are divided into two categories according to the possibility of

momentary or constant impacts.
2.4.1.Nuisanceto drivers and pedestrans

Suk, Schiler, & Kensek (201&tate that glare raises a concern among drivers and
pedestrians, as it could limit their visual field and cause traffic accidents. According
to a number of reported accidents, drsvéhat were blasted from reflecting lights

experience temporary visual impairment which led to loss of life and property.

Even though in some situations, the glare source does not directly affect dyiver
vision, it may cause some behavioral adaptationavoid the glare, such as looking
away from the glare source or fixating on a specific area in the field of vision. These
adaptations may lead to a decrease in performance of object detention which is vital

during operating a vehicléTheeuwes, Alferdinck, & Perel, 2002)

MontesAmorros, (2015) notes that according to a research conducted by UK
Automobile Association, nearly 3000 accidents occur in a year, and one in three
people is affected by sun glareilerdriving throughatall buildings zone. Especially,

at sunset or sunrise, when sunrays are coming to the earth atdogtes direct
sunlight and/or reflections from the environmeai be criticaldrivers are most likely

to be affected because ligigams will be directly at their eyevelas shown in Figure

2.9
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Figure 2.10. Glare at sungaffecting the vision of pedestrians and drivers. (Source:
https://www.aa.co.nz/membership/diaections/driver/sunstrikbeatthe-glare)

2.4.2.Nuisance to neighbor buildingsand vegetation

The reflectance off the buildig 6 s f a- ade could cause serious
occupied space. Solar reflectivity can cause temperature rise in a surrounding area

causing discomfort and even property damage. The users of neighboring buildings

might have to close their blinds shades in order to minimize the discomfort even

though this action limits their opportunity of receiving natural light or view in the

daytime. Also it is mentioned that in some cases of significant temperature rise,
inhabitants are forced to keep thair conditions on to avoid this problem requiring

much more energy. (Montgsmorros, 2015). As Shih and Huang (2001) state

additional thermal load that comes from solar reflectance from neighbor buildings has

the power of altering the indoor climate andmdort of occupants by raising

temperature and humidity levels.

18



™
o
b3
=
o
=
o
>

Figure 2.11. The glare of Deutsche Bank and its reflectomno its neighbor building. (Source: Schiler and
Valmont 2006)

MontesAmorros (2015) states that vegetation which is planted in the reflection

volume nay start to decay due to consistent temperature rise and sunlight exposure at

focal points caused by solar reflection as can be seen in the figure.
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Figure 2.12. Vegettion decay due to hotspots created by solar reflection. (Source: Mam@sos, 2015)
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However, according to Danks, Good and Sinclair (2016), it is not easy to assess the
reasons from plamtecay unless it is occurred in single focal points as the figure below.
Because, various factors could be asserted as the reason of vegetation decay such as
excessive or insufficient pruning, pedestrian traffic, insect infestation and over or
under wateng. Moreover, decay shows range among different species which limits

evaluating the impact of solar reflections.
2.5. Mitigation Techniques

As mentioned in the previous part, there are tools to detect solar reflection in the design
phase. However, in some casttgse methods might be insufficient and the impacts

of solar reflection may be gone unnoticed until the construction period is completed.
In this situation, modifying the form or the orientation of the building is not an option.
Therefore, some mitigatio approaches should be adopted. Ther@umber of
mitigation techniques that could be divided into two categogkering reflective

surfaces and blocking solar reflections.
2.5.1.Altering Reflective Surfaces

Reflective surface modification varies accoglint o t he mat er i al used on
the problematic surface large andconsisted of glazing systemarious types of

coatingsn the form of film or spragould be used. If the surfacesimall andconsisted

of metal panels, roughening the surfaeéth sanding techniques or completely

covering the surfaces thi fabrics or paint might be a solution. Roughening or

covering the surface could be used only in opaque building materials since it is used

on the outermost sur f galterthedccugam eéefbaaksade and ¢
et al., 2016b)

Glass coatings have been widely studied and used siacsetond half of the %0
century for various reasons. In 2000, 70% of the glazing systems produced worldwide
possess some sort of coating such as antireflectivee Jamlar control or even not
functional ones for design purposes. They alter the supfaperties of glass in order

to optimize the visual and thermal transmittance leg€lannavale et al., 2010)
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Despite being highly transparent, most glass surfaces &aapproximately 4%
reflectance rate. In the ®&s where glazing with low reflectance rates are needed,
ARCs are effectively used, as stated in many recent studies. By optimizing the
composition and thickness of ARCs, reaching a desired solar reflectance and
transmittance level can be achievé@rosjean, SourGlaude, Neveu, & Thomas,
2018)

Mgt
Reflectio

Figure 2.13. The comparison of an uncoated standard glass pane and a glass pane-véfleetite coating.
(Sourcehttps://www.fsolar.de/en/ultrdurablear)

However, the performance of ARCs is based on the wavelength of light and the angle

of incident rays, meaning most coatings are designed for either thermal or visual
reflectance reduction. Therefore, it stube considered that by reducing solar
reflection via ARCs, solar energy absor be
increases. Since this is a mitigation solution applied-passtruction, these additional

heat gains were not included in theigagprocess of HVAC systems and could lead

to occupant discomfort. Another important factor to consider while choosing this
method is that applying ARCs requires manual labor, regular maintenamde

replacements over the years, implying significant cgb@nks et al., 2016b)
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2.5.2.Blocking solar reflection

Obstructing the reflection path could be easier and moseeffective compaed to

modifying the problematic surfaces. Another advantage of this method is that this

could be done on the fa-ade itself or along
surface. The shading devices could be in many formssemed in requirement of

blocking the sun rays before hitting the surface or shortly after being reflected. While

I mpl ementing shading devices, addardd struct ur
snow buildup and aer@acoustical effects should be coresied in order to avoid

causing more problems.

Althoughi t is preferred to block sun rays as c¢l «
cases, it is preferable to use obstructions in the pedestrian realm such as canopies,

umbrellas, vegetation or even bildrds. However, this approach comes with its

difficulties as well. Due to the focal point movements throughout the year, it could

become unfeasible to cover all the problematic areas and it could lead to significant

heat gains in the obstruction elemer@gen enough to pose danger to people and

vegetation around ifDanks et al., 2016b)
2.6. Existing Tools to Measure Solar Reflectivity

As mentioned above, there are major risks caused by solar reflection. However, there
is little concern given by architects or governingdies during both in early design
phase or approval phase. The reason for that may be linked to the lack of tools to
measure solar reflectivity precisely or existing methodologies being quite time
consuming and expensive. It may also be related to thth&olar reflection caused

by complex forms and highly reflective materials is a new phenomébanks &

Good, 2016)

There are basically three different options being used to determine the impacts of solar
reflection; geometric approaches, rendering approaches and compitdhioen
dynamics approaches. Geometric approach is the simplest and most laborious

technigue that l&been used. It is basically relied on the geometrical relation between
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the sun, the reflective surface and a viewer. This approach is-artpalsysem that
estimates the problematic areas by creating diagrams point by point. A more
complicated approach used for analyzing solar reflection is based on rendégeng.

most common software used is Radiance, either on its own or a part of a package such
asDIVA -for-Rhino or OpenStudio. Despite being highly effectivestimating light
reflectance using indoor glare metrics, it has several drawbacks when it is computing
exterior reflectance. These disadvantages could be listed as; steep learning curve on
using the software, requirement of detail
operating quite slowly due to its complex calculations. And the latest tools that have
been usedn determining solar reflectance are CFD packages such a€Ghdror

Fluent. Despite being a highly advanced tool, there are also have drawdb#ulks
method, too. These software packages are able to include solar radiation and
reflectance of materials to predict the temperature of surfaces. However, surface
temperaturas dependent on various and unpredictable factors such as local wind
speeds and ambient temperature of the area. These transient factors make it impossible
to give a precise result and directing the designers into a false path in the early design
phase. Fithermore, CFD tools require an enormous computational effort and money
especially for complex building form@Danks & Good, 2016)

In conclusion, as it is stated Bydtas, et al. 2015 that these tools are becoming
more enhanced with the help of developments in information technology, as they
requre great computational power. Each new methosltha ability to overcome
previous limitationsHowever the currentmethods for assessing the environmental
impacts of solar reflection are incapable of delivering precise results regarding the
intensity and the location of solar reflectance convergences, considering complex
geometries of the building and its surroundings and taking into account of visual or
thermal requirements of locations where solar reflectance is expected to fall.
Therefore inevitable cases around the globe have emerged and caused major

discomfort to the environment as discussed in the section below.

23






CHAPTER 3

CASE STUDIES

Infamous case studies around the world are gathered and analyzed froemvguent

of solar refletivity and its consequences. The four selected cases were chosen due to
their architectural significance and magnitude of their probléihey have been
considered as architectur al sins due to
rays o6 big The firggonemaybe considered as the most substantial case due
to several reasons such pasingone of the earliesproblems of solar reflection
phenomenabeing considered among the most notable buildings of an architectural
movement anddesigned by Frank Gehryarguably one of the most renowned
architects of modern architecture. The second and third bgsldiave @ormous
negativeeffectson the environmenespecially on the people who used the vicinity of

the buildingwhile sharing ahoughtprovokingfeature of being designed by the same
architect Therefore, the buildgs and the architect himselfehighly covered by the
media, exposing the inadequacies of building codes and the attitudes of designers and
developers towards this topi#snd the final case is also highly pubfiedfor not only

its harmful impact®n the environment but alem theneighboring buildingvhich is

a sculpture gallergontaining a worleclass collection ofirtworks by modern and
contemporary masters artksigned by another great modernist architect, Renzo
Piano. These cases have been discussed in greater detail in the following sections
explaining the problem and mitigation solutions that were suggested, tried and

applied.
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3.1. Walt Disney ConcertHall

Building Information

Location: LA, California, USA
Architect: rank Gehry
Construction date: 1999-2003
Building Function: Concert Hall
Building Mass: Concave/Convex
Building Skin: Stainless steel/
Polished steel

Figure 3.1. Southwest view of Walt Disney Concert Hall with the building information. (Source:
http://blogging.la/2010/08/15/1a%E2%80%99eatesiandmarkswalt-disneyconcerthall/)

Designed by one of the most renowrerchitects of present day, Frank Gehry, the
building was completed in 2003. Schiler and Valmont (2005) note that Walt Disney
Concert Hall is a landmark which is partly building and partly free form sculpture.
The complex includes an office wing that lactin limestone, two amphitheaters and

and two buildings clad in stainless steel, which is mostly a free standing curtain or a
skin. Most of the stainless steel surfaces are curve composed of both convex and

concave waving surfas as can be seen in Figg.1
The Problem

The iconic building had gained worldwide admiration and fame, however, soon after

its completion date, difficulties in its vicinity started to emerge. While Frank Gehry

was designing Walt Disney Concert Hall, he did not foresee thdicatians of this

curved undulating fa-ade which is completel

surfaces.

As stated bySchiler (2009) i n t he original design, the f a
white limestone, but later it was replaced with stainless steel, which has similar or
lower reflectance rate thdimestones. Therefore, the environmental impact report

was passed and the construction period was started without further consideration of
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possible impacts on the surroundings. However, the stainless steel has a higher
specularity rate that was not takiemo account. This mistake led to quite harmful
results due to not only the overall high
light beams into singular points creating thermal hotspots in the neighborhood due to

its curved form.

Figure 3.2. Close up photograph of curved surfaces of Walt Disney Concert Hall. (Source:
https://www.thoughtco.com/gehingsponddo-concerthall-heat178089)

The Solution

Due to the extent of its harm to the surroundings and inhabitants of neighboring
buildings, some measures to prevent this problem Haeltiaken. To analyze the glare

and where on the surfaces it concentrates, the histograms of several photographs were
analyzed to measure the ratio of peak illuminance to the background luminance.
Consistent results that showed luminance levels exceedifgPdlZd/m2 were
problematic and indicated glare, as shown in the figures below in a color coded
scheme(Schiler & Valmont, 2005)
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Figure 3.4. Photograph anisoluminance ploof Walt Disney Concert Hall. (Source: Danks and Valmont, 2016)

Several solutions to decrease specularity and eliminate solar reflection were suggested
and tested, however only two of them were found to be reasonable because of their
high efectiveness and low interference with the original architectural design. As
listedby Schiler and Valmont (2005he major solutions suggested were:

1. Use of Vegetation: The first solution that was rejected was to surround the
problematic surfaces with vetation. However, there was some indication that
the reflection was also killing plants and some of the problematic areas were
much higher than the normal tree heights.

2. Using Paint: The second solution that was also rejected was to use paint with
low reflectivity values. But, it was not accepted by Frank Gehry as it was
contradicting the major design concept.
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3. Using Surface films: To lower the specularity rate of stainless steel, using
surface films were suggested. Six different surface films were tastetti@e
of them were found acceptable. Yet again, this solution was not applied.

4. Using Fabric: The first applied solution was fabric coating, which was a
reasonable solution to diminish the reflectivity, but not in terms of durability.
Chong(2004)states that the temporary solution of fabric covering to the most
disturbing areas cost 6,000 dollars before the sandblasting solution was
applied. Also, this solution providerification of the problematic areas since

further analysis had to be conducted before its application.

Figure 3.5. Application of fabric covering tthe problematic surfaceg¢Source: Schiler and Valmont, 2005)

5. Using Sandblasting: The best one solution offered was a combination of
vibrational sanding and orbitalrsding in order to achieve not only an aesthetic
visual effect but also a loAgsting solution. Several treatments were applied
on sample areas and measured with a gloss meter. Two of them showed the
greatest benefits, which were achieved by using a 2R0ilgrator sanding at
shallow angles, 110 grit vibrator sanding at steeper angles. Therefore; vibrator
sanding was used as a base treatment, after that orbital sanding was applied

due to aesthetic reasons. Also, it was not necessary to treat the amtie pa
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thanks to their curved forms, so only a portion of the panels were sanded
creating stahstep patterns in some are@sastier(2004)states that the surface
areaof sandblasted panels were 370 m2 of total 19,000 m2 area, costing over
180,000 dollars. AdditionallyBurbank(2005) reports that there are 12,500
individual metal pieces othe surfaces of the museum while only 833 panels
had to be treated with mitigation techniques.

..-J( o

brushed

covered

- —

Figure 3.6. Various surfaces of Walt Disney Concert Hall with different remediation techniques: fabric covered,
brushed and saed next to the original polished surface. (Source: Schiller and Valmont, 2006)

30



3.2. 20 Fenchurch Street

Building Information

Location: London, UK

Architect: Rafael Vinoly
Construction date: 2010-2014
Building Function: Commercial
Building Mass: Concave

Building Skin: Glass Curtain Wall
Building Height: 160 m.

Energy Label: BREEAM Excellent

Figure3.7.Sout heast view of 20 Fenc hluarl ckithelsétbuildnrgt , al so kn
information.(Sourcehttps://www.cbreco.uk/services/industrieend-specialties/london/investmeptoperties
highlight-transactions/articles/2@nchurchstreetec3

20 Fenchurch Street is located in the financial district of London and has become one

of the most prominent landmarks of theyate to its 160 m. height and unique shape,

joining the other landmarks of the city such as the Gherkin, the Shard and the
Cheesgrater. This distinctivettpe avy f or m has bekal kii €& nayn
the peopl e, but | até&corndhywisduwe atnag eidt ¢ os
on the environmen{Marszal, 2014Pesigned by a worldenowned architect Rafael

Vinoly, the constuction of WalkieTalkie ended in 2014. However, before its
compl etion dat e, it was considered as ar
exposing the highly powerful gl are effect
building in the UK (Blair, 2015)

The Problem

The south fa-ade of 20 Fenchurch Street
reflective glass panes, acting as a parabolic mirror. The reflected sun light converges

in a hotspt across the street as could be seen in the schematic illustration(Blelgw

Jahn, & Rein, 2019)It is indicated by the developers of the building that the

temperature reaches to 91.3AC on the exp
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of the day fortwotothee weeks a year due to the sunds pa
of the surrounding buildings and pedestrians experience discomfort more than that.
(Verity, 2013)
; = The hotspot effect 20 Fenchurch Street:
cj;ﬁfi'evT':ﬁ('i{f currently lasts around Rafael Vinoly’s Walkie
tower two hours per day. It is Talkie tower
expected to be present
1. Sunlight hits reflective for two to three ‘fveeks
glass side of the building. Etl]]e to "t‘e chafnt%mg of
g € position o e sun
o The Bpt reflechog o e in the sky.
glass to focus into a small point on
the ground
3. When light i focused into a small Tm
area it will generate more heat than
difused light. As the sun moves x
o e i R
= ’ A Heat from concentrated ”oh,
N junlight melti pgrts ofa &%
g laguar XJ parked on
— 5w - Eastcheap Street. Path of hotspot
Figure 3.8. Schematic drawingsfohe area where solar reflection impacts. (Source:
https://nationalpost.com/news/londekyscrapersleathrayreflectionis-melting-carsburningbusinessebut-
also-cookingeggs)
Frearsorn(2013)reports that Rafael Vinoly accepts his fault and further explains that
they had foreseen the problem however, they were unable to determinedise pr
effect without the necessary tools or software. He also elaborated that they predicted
the temperature would rise to 36AC at its m
72AC where the solar reflection omiots, causin

that could even melt the body of a car.

Figure 3.9. The glare reflecting from Walkigalkie and the hotspot created by this glare across the street.
(Sourcehttps://www.dailymail.co.uk/news/artict2409710/WalkieTalkie-building-melting-bicyclesLight-
reflectedconstructionCity-skyscrapesscorchesseat.htmi
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Figure 3.10. People on the hotspot created by the glare of Walkie Talkie. (Soaijces:
https://www.dailymail.co.uk/news/articie786723/LondorskyscrapetValkie-Talkie-meltedcarsreflecting
sunlightfitted-shading.htmhnd b)https://nationalpost.com/news/londekyscrapersieathrayreflectionis-

melting-carsburningbusinessesut-also-cookingeggs)

As it was noted byornoff (2015) this highly newsworthy case was modelled in a
newly developed CFD tool FIoEFDy implementingthe building form, material
properties, the environment and the, exactly the same in &simulation. The results
that supported the incidence of car damage due to the reflected heat fronhcimg bui
arerepresented in the figure beloWhe color coded imagghows the total heat flux

on solid surfaces.

1100.00
1021.43
942,86
1273 53 Wiz | 2
785.71

70714
628.57
550.00
471.43
392.86
31429
235.71
157.14
78.57
0

Insolation Wim*2]

70.00 @oig[e014c] | (Bolig)] 10131 °C]

Figure 3.11. Thermal image of the buildings and the car that was affected by the solar radiation. (Source:
https://blogs.mentor.com/robinbornoff/blog/2015/03/05/astgrilding-meltscarwith-focusedsunlight
weapon/)
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The Solution

It is reportedthat the developers decided to use bsgkeil shading devices, in ced

to absorb and diffuse sun light, thus preventing it from being reflected. The brise soleil

consisted of horizontal aluminum fins, which was designed by the architect and solar

glare experts, and placed from the third floor up to tH&fr, nearly overing all

of the south fa-ade. They announced the cost

the construction phase lasted 6 mor{terby, 2013)

—-II-H

Figure3.12Br i se sol ei | install ation on the south fa-ade of
https://www.dailymail.co.uk/news/artic2786723/LondorskyscrapeiValkie-Talkie-meltedcarsreflecting
sunlightfitted-shading.htm)l
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3.3.

Vdara Hotel

Building Information

Location: Las Vegas, Nevada, USA
Architect: Rafael Vinoly
Construction date: 2006-2009
Building Function: Hotel

Building Mass: Concave

Building Skin: Glass Curtain Wall
Building Height: 170 m.

Energy Label: LEED Gold

Figure 3.13. Vdara Hotelwith the building information. (Sourcéttps://www.dailymail.co.uk/news/article
1315978/Las/egashoteldeathray-leavesguestssevereburns.html)

The building is located in Las Vegas StrgNevada, USA and was completed in 2009

as a part of a mixed use urban complex. It hasdestreaching the height of 17
Designed by none other than the architect of 20 Fenchurch Street, Rafael Vinoly,
which can not be considered as a coincidemeebtilding has three different sections
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the building is defined by the three parallel arcs with varying heights by recessing

from one another. The horizontally striped f a d e

of

t he

hot el i s

alternating bands of reflective glass and aatithed spandrel glass in black and white.

(Lomholt, 2019)

The Problem

The building had received several prestigious international awards and a LEED Gold

cert.i

and
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discomfort which is reflecting light beams and converging lagtod a specific area
creating hotspotgWhitely, 2010)
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Figure 3.14. The scorching glare of Vdara Hotel. (Soureps://www.businessinsider.com/thidaradeath
ray-hotetis-still-burningpeoplein-lasvegas2016-6)

In this case, the affected area was the hot
Amorros (2015), the tempeat ur e ri se in the affected ar e:
creating arurrinhabitablearea at certain times of the day for the customers of the

hotel. Hotel guests claimed that the pool was affected by the glare, which also singed

their hairs, burnt their sks and melted plastic bags and cups, making it impossible to

use the pool during majority time of the day.

36



fag | The solar reflection
| COVETS 3N approximate
il 10 foot by 15 foot area,
| which moves as the
1 Earth rotates.
: Sty =
7
e/

0

:':(f\ \
8 [\

¢

A
l'y

| 4. \\\““

’0‘
!
N
‘9/
%\
:

4

MIKE JOHNSON
LAS VEGAS REVIEW-JOURNAL

?

Figure3.15The di agram of sunlight

reflecting from concave
(SourceMontes Amorros, 2015)

The Solution

Even though, during the construction stagem28, 3000 gl ass panes

that face the pool were covered with thin films in order to prevent the effects of sun
l ight, which makes it <c¢lear that fa-ade
effective. Increasing complaints from guedtthe hotel led to another ineffective and

temporary solution that is covering the pool area with giant umbréGesfield,
2016)
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3.4. Museum Tower

Building Information

Location: Dallas, Texas, USA
Architect: Scott Johnson
Construction date: 2010-2013
Building Function: Residential
Building Mass: Convex

Building Skin: Glass Curtain Wall
Building Height: 171 m.

Figure3.16.Gl are refl ecting from t hwiththehideginfofmatiodSbeceof Museum Tov
https://www.dailymail.co.uk/news/artictE315978/LasVegashoteldeathray-leavesguestssevereburns.html)

Museum Tower is located in Dallas Arts District in Texas, USA, reaching the height

of 171 m. with 42 stories. The building is designed as a residential complekigon

Fain Partnerand the construction is completed in 2013 eastiver$200 million. It

has an elliptical floor plan consisted of 4 living units with direct access to the elevators.

This elliptical fl oor pl anwhghlater becom®r m t o it

the main factor that leads to solar reflection.

The Problem

Thisfullyglazedcovexf a- ade | ed to intense solar reflec
thermal discomfort to its surroundings. Its eerf a- ade i s causing diff
refl ection which i descoovergirglightibdamsintotsiogularonv e x f a

hotspots, as can be seen in FigBifer. While creating visual and thermal discomfort
for its surroundings, the most affected building from this problem is Nasher Sculpture
Gallery and its garden, which also fulcts as an outdoor display area, and which is
located right across the street from Museum ToJ&bdelwahab, Elhussainy, &
Labib, 2019
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Figure 3.17. Diagram of sun lights reflecting fromceexf a- ade of Museum Tower into N
Center. (Sourcéhttps://rexny.com/project/sury

To be able to understand the magnitude of the problem in this case, thedothht
causes solar reflections and the one that affected by it should be studied together due
to its architectural significance since; it is designed by Renzo Piano, one of the most

celebrated architects of our time.
Nasher Sculpture Center

According b Abdelwahab, Elhussainy and Labib (201 museum has 5 identical

and parallel rectangular pavilions whosdumes are divided by walls. The feature
that intensifies the problem of solar reflectivity is its original and patented roof design.
The ceiling of the museum consists of 5 glass vaults placed on top of the walls that
are dividing the space, while extendiover the pavilions. An aluminum shielding
system which consists of 223,020 three dimensional elements called occuli is located
above these glass vaults, which can be seen in RglBeThe aluminum occuli that
function as a sunscreen are designeg tmlet soft light into the museum according

to the exact longitude and latitude of the museum and sun path diagram of Dallas for
every hour of every day in a year,. This feature creates visually pleasing and safe
display conditions for artwork, since ig exposed to the harsh climate of Dallas.
(Rogers, 2012)
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Figure 3.18. The patented ocufiom inside and outsidef Nasher Sculpture Center. (Source:
https://www.dmaganie.com/publicationsihagazine/2012/may/musettowerthe-toweringinferno/?single=1)

The controversy of Museum Tower might not be the most discussed one due to the

size of its effect but it certainly has raised great concern among the community of arts

district because it has the pati@hto destroy the art objects. The museum is designed

with a perforated roof surface in order to bring natural light to accentuate the art works.

However, the tower is located near the museum and sending light beams directly onto

it, conflictingthe veryy dea of the museumbés design concep
figure below, very important works of art, such as paintings by Picasso and sculptures

by Rodin are being affected by this solar reflection from the problematic building.

(Pogrebin, 2012)

Figure 3.19. Glare penetrating througituliand r esti ng on RoSourcebs O6Age of Bronz
https://www.nytimes.com/2012/05/02/sidesign/renzpianosnashemmuseumin-dallashassunburn
problem.htm)
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The Solution

Granberry(2016)reports that the Museum Tower case has also remained unresolved
due to the conflicts between the developers of the tower and the architect of the art
gallery, Renzo Piano. Several methods have been discussedrbéteekevelopers

of Museum Tower and the museum officials and @&emillion has been spent on
research and project development. During the process, four major proposal were
suggested in order to minimize the effects of solar reflection but they weegeated

for different reasons:

1. Using Spray: Spraying a nanotechnology material used in military vehicles to
di ffuse | ight was proposed and tried
results were not promising.

2. Revisions to the Nasher roof: The deyass also suggested that the cone
shaped perforations of the roof should be reoriented. Both the officials of the
museum and Renzo Piano rejected this proposal due to architectural concerns
and also since this proposal disregards the damage to the garden.

3.Using Louvers: Nasher officials sugge:
could be covered with computer controlled louvres reacting according to wind
and sun in order to prevent the glare. However, it was denied due to its added
structural load andost of$7.5 million.
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Louvers on Museum Tower

Experts from both sides are
studying a proposal for
computer-synched louvers
that would eliminate glare
from the Tower onto the

Nasher Sculpture Center.
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Figure3.20Louvr e proposal for t(Boercef a-ade of Museum Towe
https://www.dallasnews.com/arts/museums/2016/09/25/figintasyfixes-fbi-museurtowernashesstill-odds
glarefive-yearg

1. Constructing Surya: A new structure toepent the glare reaching to the
museum was suggested, which is the most unorthodox solution that has been
discussed on this issue. Since, the common solutions were not efficient nor
accepted due to architectural or structural considerations, the idgaivas
a trial and commissioned to Rex Architects. The final version of the structure
which can be seen Figure3.22. is designed as a ferris wheel holding several
umbrellas placed strategically to block the glare aiming at the Arts District
with its original and functional design. According to the simulation results
basedonthesymat h al ong the fa-ade and the hei
structure has to reach 122 m height and be located at a high proximity to the
museum, which raised concern rfroboth Renzo Piano since it would
overwhelm his design and developers of Museuowdr, since it would
decrease the real estate value of condos. Also, the cost of this proposal which
was kept confidential, may have been one of the reasons for rejection.
(Granberry, 2016)
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Figure 3.21. Diagram of howle dimensions of Surya is determined according to the movements of glare on the
f a- ade. httfsHrexmy.congproject/suryq/

Figure 3.22. Rendering of Surya. (Sourdettps://rexny.com/project/surya/)
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CHAPTER 4

MATERIALS AND METHOD

This chapter explains the two major parts of the study: materials and methodology. As

material, the selected case from Ankara is analyzed in detail regarding its function,

form and f a- ade cdkin maetidlsearchitecturalcdeawingband | d i n

exterior photographs. In the firpart the chosen case study, the software and the
equipment that are used in order to obtain the data is explained. In the paxtaihe

method for carrying out th&tudy is further explained.
4.1. Materials

To confirm the deductions that is made from literature review, a high rise building
with a curved glazed fa-ade in Ankara
to analyze the solar reflection caused by a sarpileing. Therefore, a number of

different materials that were used for this study which are listed below.
-Several websites to obtain buildingos
-Weather data to determine the ideal site visit dates

-Canon Powrshot A3100 IS camera for exterior photographs

-Adobe Photoshop C@o adjustbrightness and exposutevels of glare and to

visualize solar reflection path and volume diagrams
-www.sunearthtools.com to obtain sun path diagrams
-Google Earth Pro to obtain the exact coordinates of the building

- Autodesk AutoCAD Architecture 2015 to determine kbeations ofhotspots and
solar reflectionpatht hat are created by sun rays
Yél déerem Kul e.
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Cae Study: Yeéeldérém Kul e

Yél dérem Kule is designed by the coll aborati
Mi mar | ék. The construction was compl et ed i
Incorporated Company. It is located on Konya Yolu highway that is condidsra

north-south axis of Ankara. The building sits in a 46000 m2 area which is located at

following coordinates: 3% 2 6 5 6 . M8 6NI,5 .60 E.

=

Figure41.A rendering of Yéldéerém Kule from northwest per
https://www.ozaymuhendislik.com.tr/pg_193_yildirkule)

The building functions as a mixed use building consisting of 108 offices, 25 stores and

2 ball rooms. The building fa-ade is design
form in a location that pragies no obstructions to solar insolation, since it is located

right across an open green area, METU Forest. This feature was an important criteria

for selecting Yéldéerém Kule as a case study
refl ect i viateyln dtheravordsj thhese aré @o-buildings in the vicinity that

may cast shadows or solar reflections bounci
time of the day.
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Figure 4.2.Northwe st , west and soeéemhWeste evhews$ngfi VYl déencave f
perspectives.

This 36 story building with a height of 130 m. has multiple typical floors due to its
form that consists of four different section with different heights as can be seen in the
figure above. The typical floor plan for each section gets smaslé reaches to the

next section and all of them have different numbers of office spaces which is showed

in the figures below.

Figure 4.3. Schematic drawings depicting the f our typical lo@pls of Yél dér ém Kul e. ( S
http://ww.remaxtower.com/proje/yildirirRule)
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Thebui |l ding skin of Yéldérém Kule was constr
t heir curtain wal.l product 6Concept Wa |l | 6 QO
designed for sloped or curved fa-ades with

whichmakesitage at choi ce for the westthefglassade of Yé
used in CW60 is Guardian Sunguard Super Neutral 70/41 and High Performance

Neutral 60/40which carry high reflectance rateBheir detailedtechnical properties

for both visible andnfrared lightsare shown in the table below.

Table41.Gl ass properties of the curtain wall fa-ade of
Visible Light Properties Infrared Light Properties Thermal
9 P 9 P Propertieg
.. | Reflection| Reflection| Solar Direct Reflection .
Transmissior] Outside Inside | Factor| Transmissior] Outside Absorption| UV U value
(%) (%) (%) | (WM2k)
(%) (%) [9]1(%) (%) (%)
Sunguard
High
Perfor
60.10 24.60 20.10 40.50 38.00 35.30 26.70 3290 1.10
mance
Neutral
60/40
Sunguard
Super 7000 11.00 1200 | 4095| 3900 3300 2800 | 2700| 112
Neutral ’ ) ) ) ) ’ ' '
70/41

(Source: https://www.guardianglass.com/tr/tr/products/markalar/sunguargifgrmance/neutrs0-40 and
https://www.guardianglass.com/tr/tr/products/markalar/sunguard/superneuéa)/70

4.2. Method

Ankara is a rapidly growing city whemeumerous high rise buildings have been
constructed andre being under construction along the axes that divide thé&aity
north to southand east to westBeing a capitalnd a financial centeAnkara is
surrounded byall buildingsconstructed with the purpose of commercial interest and

state affairs which many of them located alongside these said axes. Espetially o

Konya Boulevardwhi ch i s also known as Mevlana Boul
Boulevardawhi ch i s al so known as Ksmet Kn°ng¢ Boul e
commercial/ office buildings with fully gl aze

as a city statement.
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First of all, t hese axes t hAfteresaminnpge t he
these axes and tall buildings located alongidse boulevards, several tall buildings

with fully glazed f a- addkdletoahedquocamenvad f or
the researchAs it is mentioned itheMat eri al s section, Yeél dé
duetoit§4 or m and reRAhethevei Mmpoeantdant criterie
Kule is that it is located rather isolated from other high rise buildings, away from
surrounding reflections that mayfalln t o i t gherear vicéndyethere hraonly

low to mid-rise buildings and a large green area which can be seen in Figure 3.3. This
feature helps to obtain more accurate resittse it is quite easy to be affectieyd

other glares when thauldding is located in a dense site surroundgdnany high rise

buildings. It also helps to get direct sunlight without any obstructions that may block

sun rays from falling onto the fa-ade.

Figure 4.4. An aerial viewofYé | d &r ém Kul e wi t h littp/svwe.yiidirimlale.cothir/n gs .  ( So u
Five different dates were chosen in order to understancthe light reflects from the
curved fa-ade of Yeél dé&beagihekprilgequinok,llune e ar
215 being the summer solstice, Septembét B&ing autumnal equinox amkcember

22"9peing the winter solstice; the fifth date watestedor being a suitablday when
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the data on reflections and gl are cal
supported by visual data from photographs demonstrating solar reflection problem. As
a first step, before the site visit, the locatather data was acquired in order
understand the weather conditions. Thus, hourly weather data for a period of time in
August was collected frorhttps://tr.fremeteo.comvebsite and 23 of August was
chosen as the most suitable day for observing seflaction. Also, by using the exact
coordinates taken from Google Earth Pro, chosen dates and hours and time zone for
Turkey, a sun path diagram was generated on the website of

https://www.sunearthtools.com/

By analyzing sun path diagrams for the chosen dates, two different time periods were
chosen; i.e. ®0 pm and ®0 pm. The reasofor choosing 30 pm as a base point

was becausen all of the evaluation dates, the sun rays began to fall on thedcurv

cul

fa-ade around that ti me. Al s o, the rush

between 5.30 pm to 6.30 pm. Therefore 6.00 pm is chosen in order to evaluate the
levels of glare discomfort, when it makes the most noticeable impadhe
surroundingsin this case, the drivers commuting to their home from work. However,

it should be noted thdhe glare effects exist all year round and their duration can

change according to the various reasons.

During the site visit, several photographs were takemfrdifferent viewpoints with

Canon Powershot A3100 IS camera in order to assess the intensity of glare forming

on the fa-ade and find the focal points

Northwest, west and southwest viewpoints of the building wertoghapphed at every
hour to support the findings derived from the sun path diagrams.

After the site visitthe solar reflection path and volumeeve determined by using
Autodesk AutoCAD 2015 in order to identify the problematic areas. To identify the
pah of solar reflectionglevation and azimuthngles of sunraysthat were obtained

from sun path diagramsereused. The pictures of sun path diagrameseinserted

at

hou

t h.

as raster i mages. Thwasdlsb mserted apdpmcedanfop YEéI|l dér én
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https://www.sunearthtools.com/

of sun path diagram in order to draw incoming sun rays at cen@les (azimuth

angles)By drawing sun rays hitting al | i ng o nt aandtrdilecting fooma d e w
the fa-ade, t hewapdentified. dhis procedvdsaso tegedtediora y s

the buildingbs sil houett e, I n order to f
to the curved form of Yéldérém Kule, foc

the year. By drawing sun rays coming gpecific angle (elevaion angle) to the
curved f a- aderecredted.darthernpme,ithe arsa between focal points
occurring at 3.00 pm and 6.00 pm also constttite reflection volumeThis process
was repeated for every 3.00 pm and 6.00 pm hours of everpaatker to understand

the path of reflection and location of the focal points.

For a better understanding of the methodology used in this study, a flonnasart

generated and can be seen in the figure below.

Selection of
case study !

Generating sun
path diagrams for

selected/solstice/

Site visit on
selected date and

autumnal equinox equinox dates

l l

Taking photographs Calculation of solar
of the site reflection path
Determining focal Geometrical
points from visual mapping of focal
data points

II Comparison of
:; collected and

calculated data

ﬂ

Discussion of
results

Figure 4.5. A flow chartshowing the steps taken during the study.
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In this chapter, the results from the selected date and solstice/equinox dates are

presented and later evaluated. Moreover, the case studies around the world elaborately

CHAPTER 5

RESULTS AND DISCUSSION

reviewed in Chapter 2 and the local case study from Ankara presentedpteiCha

are compared with each other. Finally, architectural responsibilities that should be

taken in order to avoid solar reflection problems are discussed.

5.1. Environmental Conditions

In this section, the accessed data and information on weather condittngs air

temperature, sensible temperature, humidity level, air pressure, precipitation and wind

speed from 6f raremaventecidableSie This talbleeshows ideal

weather conditions to take photographs of the site and the buitdarder to observe

the hotspots occurred in the vicinity
building.
Table 5.1. The accessed weather data about weather condition.

Date 23.8.2019

Hour 9.00 am| 12.00 pm | 15.00 pm 18.00 pm
Weather Condition Clear Clear Clear Partly Cloudy
ArTemper atur e 22 26 28 28
Sensi bl e Tempe 21 26 27 27
Humidity (%) 48 35 31 34
Wind Speed (Km/h) 11 16 20 21

Air Pressure (mb) 1015.5 1014.8 1013.0 1012.6
Precipitation (mm) 0 0 0 0
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SUMMER
SOLSTICE
SUNSET

SUMMER
! SOLSTICE
SUNRISE

VERNAL AND

AUTUMNAL [
EQuINOX
SUNSET

AUGUST 23 .
SUNSET

\+ | VERNALAND
' AUTUMNAL
| | EQUINOX
SUNRISE

AUGUST 23
SUNRISE

WINTER
SOLSTICE
SUNRISE

WINTER
SOLSTICE &
SUNSET

A
Figure 5.1. Visualization of asn path diagrath or Y él dér ém Kul e

In the figure above, a sun path diagfamY € | d &€ r @mthe Kalettedates which

are vernal and autumnal equingsummer and winter solstices and August 88n be

seenlt is visualized foa better understandirgf the movement of the sun throughout

the year.The position of the sum the skyis marked with different colors foraeh
selectedime period. For each date, these marks show the position of the sun at sunrise,
sunset, 3:00 prand 6:00 pm. Alsahe sun path for the entire yaarcovered with a
gradient color block suggéng the intensity of sun rays at noon with the color red and

at sunrise or sunset with the color yellow.

Moreover, derived fronthe sun path diagramgenerated for each scenambevation
and azimutrangle of sun rgs arelistedin the table belovand used tdeterminesolar

reflection paths ahapproximatelocatiors of hotspots.The sun path diagrams for
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August 2% are shown in Figure 5.3. and Figure 5.4. while suth pliagrams for

solstice and equinox dates are listed in Appendix A.

Table 5.2. Table ofelevation and azimutaAngle of sun rays on the selected time peribdsareobtained from
the sun path diagrasn

Date e Elevation Angl§ Azimuth Angle
of Sun Rays | of Sun Rays
, 3:00 PM 47.94 203.11
March 21st (Vernal Equinox) 6:00 PM 2 55 550.07
. 3:00 PM : 225.38
June 21st (Summer Solstice) 6:00 PM ggii 571.79
e 3:00 PM 58.06 211.50
August 23rd (Site Visit Date) 6:00 PM 2914 560.15
. 3:00 PM 46.45 208.11
September 23rd (Autumnal Equino; 6:00 PM 1961 52 50
. . 3:00 PM 24.58 197.62
December 22nd (Winter Solstice) 6:00 PM 203 534,63

5.2. Resultsfor site visit date

As mentioned in the Method section, due to time limitatiang clear weather
conditions, 2% of August is chosen for observing the solar reflections caused by the

gl azed fa-ade of Yéldéerém Kule. The ori el
direction is shown in the Figuge2.

\

Figure 5.2. The orientatoro f Yél dér ém Kul e according to nort|
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Thesun path diagrasigenerated for August 2re shown in the figures given below.
The azimuth and elevation gles of sunrays and the position of the sun for that
specific time period are marked in each diagram in order to highlight the data that

were used in the next step.

SunEarthTools.com - 21/06/2019
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Figure 5.3. Sun path diagrarfor 3:00 pmon August23¢
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name: ankara, turkey SunEarthTools.com
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Figure 5.4. Sun path diagrarfor 3:00 pm on Augus23®
Usingtheaznut h angl e, the path of incident r a
of reflected rays bounced off of the fa-a
5.5. and Figure 5.6. Later, these paths are combined in a single diagram which is
Figure 5.10to show the volume of sun rays traveled in the vicinity between these

hours.
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Figure 5.5. Reflection patrat 300 pm on August 23

Figure 5.6. Reflection patrat 00 pm on Augus23d
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o name: ankara, turkey SunEarthTools.,com - 21706/2019
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Figure 5.7. Table of elevatiorand azimuttangle of sun rays at 3:00npand 6:00 pnon August23¢
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Figure5.8.Di agram of sun rays refl ect i rafpcafpointlocatédohdéer ém Ku |
KonyaBoulevardat 300 pm on August 23
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YILDIRIM KULE i ™

METU FOREST

Figure 5.9. Diagram of sun rays reflecting froméYl d ér ém Kul e and c aboweMBETgi ng on a foca
Forestat 00 pm on Augus23d

FOCAL POINT
AT 3:00 PM
P87
XK

Vi
/
FOCAL POINT _,
AT 6:00 PM

Figure 5.10. Sun reflection pathand novement of focal points on August@3
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Figure 5.11. Reflection volumeand focal point®ccurredat3:00 pm6:00 pm onAugust23d

The focal points started to occur on Hueilevardat 3:00 pmas can be seen in Figure
5.8. and as time goes pyt starts to move towasdMETU forest area, creating a
reflection path on theoulevard depicted in Figure 5.9. The movements of hotspots
are rather @ar in Figure 5.10 in the plan form and in Figure 5.11 in the section form.
It could be stated thatapked cars in front of thbuilding, users of various shops

located at the ground level of the tower, drivers pagsiadpoulevarégnd pedestrians

using the sidewalk at the edge of the forest area are being atfg¢hexsefocal points
between the hours of 3:00 pm and 6:00 pm.
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5.3. Results for solstice and equinox dates

- March 287 Vernal Equinox

METU FOREST

Figure 5.13. Focal points and reflection volunbetween the hours of 3:00 pm and 6:00 pm
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As can be seen from the figures abmt the vernal solstice date, focal points begi

to emerge on the highway at 330 and slowly moves towards MET Wiestpassing
through theboulevardand disappearabove the forestt only affects the drivers and
pedestrians that usme side bthe boulevardand the sidewalk in front dhe border

of the forest. Pedestrians and drivers may feel some temperature rise and visual
discomfort while using the area. Also, the trees located on the edge of the forest may
be affected byolar reflectionThe diagrams showing the paths of incident rays and
reflected rays are Figure 0.9 and Figure 0.10 in AppendiM&eover, to better
understand the formation of focal points at each time period is shown in Figure 0.11
and Figure L2 also in Appendix B.

- June 2171 Summer Solstice

FOcAL POINT

4 -
AT 6:00 py .———-\f—-____. N ™

Figure 5.14. Sun reflection pathand movement of focal points
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Figure 5.15. Focal points and reflection volume between the hours of 3:00 pm and 6:00 pm

At the summer solstice, the impacts from the hotspots may be felt at the maximum
level due to both their locations and the intensity level. At 3:00 pm the first hotspot
starts to occur at the sidewalk in front of the building and travels across the highway
towards its final location which is the edge of the foresiich is clearly depicted in
Figure 5.14and Figure 5.15ncident ray path and reflected ray path can be seen in
Figure 0.13and Figure 0.14in Appendix B with the separate formations of focal
points at each time period shown in Figure 0.48d Figure 0.16Pedestrians and
drivers are exposed to this glare. Furthermore, the parked cars in front of the tower
and the users of the several shops located at the ground level may be affected

considering tkir long exposure timgto hotspots.
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- September 23i Autumnal Equinox

o .'3

YILDIRIM KULE

METU FOREST

FOCAL POINT

Figure 5.17. Focal points and reflection volunbetween the hours of 3:00 pm and 6:00 pm

The locationsof the hotspots occurred at the autumnal equinox are quite similar to
thoseoccuingat t he vernal equinox due to the a
f a - a d eclode ¢oieach othexs can beseen in the figures above andRigure

0.17., Figure 0.18., Figu@19, and Figure 0.20n Appendix B.
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- December 22 i Winter Solstice

Figure 5.18. Sun refection patk and movement of focal points

YILDIRIM KULE

METU FOREST

INCIDENT RAY

|

Figure 5.19. Focal points and reflection volunieetween the hours of 3:00 pm and 6:00 pm
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At the winter solstice date, as can be seen from the diagramsaizbireFigure 0.2.
and Figure 0.24n Appendix B hotspotoccurmid-air at both 3:00 m and 6:00 pm
This translates into zero effects towards people and minimal effect on vegetation
because of the location of hotspots and minimum intensigid of sun rays the
wintertime. Therefore, the environmental impacts of solar reflectiam lm&a mostly

disregarded between the datesh&fautumnal equinox antthe vernal equinox.
5.4. Evaluation of Results

It should be noted that solar reflections occur at other times of the day and other days

of the yearalsopAddi ti onal | vy, depending on the ea
conditions theduration of solar reflection can vary from seconds to hours. However,

in this studyone paricular date for observing the environmental impacts in addition

to the solstice and equinox dates as references, are chosen to see the path of solar
reflection in the vicinity. As can be seen from the images in the previous section, the

solar reflection péh and volume changes throughout the year. Focal points caused by
converging reflected sun rays at different times of the selected days, also change. At
300 pm, it is mostly placed on the sidewa
and it may case property damage and pedestrian discomfort. Between the hours of

3:00 pm and ®0 pm, it travels across Kongmulevardcausing discomfort to drivers.

Again, at 600 pm, it reaches towards the forest which could cause vegetation damage.
Same damage can be observed (see drying tree patch in E@g2jeand can be

attributed to the reflected heat from the building during the period between summer

solstice and autumnal equinox

To break downhe pattern of solar reflection, it could be said that solar reflection
causes the most discomfort in the summertime, based on the fact that hotspots start to
occur at the sidewal k i n fWooavardcreafing& él deéer
more Dbcused reflection volume. In the wintertime, solar reflection hardly causes any
discomfort to people since the hotspots only occur above the forest area. During

autumn and spring seaspthe reflection volume covers both sides of the highways
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and a limitel portion of the forest causing vegetation damage along with nuisance to

pedestrians and drivers.

The gl ares that occurred on the west
Also, in the figures down below obtained from Google Earth(Bee Figue 5.21 and
Figure 5.22)solar reflection can be seen on the retaining wall acrossotilevardas

well as on the vehicles passing through KoBgalevard More importantly, in Figure

5.23 and Figure 5.24 taken on Augusti2id Figure5.25 taken on September'®3

the hotspotshatoccurred on the boulevard and above the forest are clearly seen and

in correlation with the results discussed in the previous section.

Figure 5.20. Glareson trewest and south a - ades o fe.(Baudced €r ém Kul
https://www.sahibinden.com/listing/emkidyeri-satilik-ankaranin-enyuksekis-kulesifark-prestijkalite-
mimari690905406/detail)

8

N

Figure5. 21. Solar reflection on the retaining wééncircled in red)(Source: Google Earth Pro, June 2018)

68

and

S



Figure 5.22. Vegetation damagepkar reflection on retaining wall arahotspoton the highway(encircled in
red) (Source: Google Earth Pro, June&01

Figure 5.23. Hotspots(encircled in redjhatoccurred on Konya Boulevaahd photographed around 4:00 pm
on August 28
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Figure 5.24. A hotspot(encirded in red)thatoccurred orKonya Boulevardand photographed arouncB on
August 2%

Figure 5.25. A hotspot(encircled in redjhatoccurred above the trees of METU Forest and photographed
around 6:00 pm on September®23
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