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ABSTRACT:

Windows and shading devices play a significant inleesigning building facades to control the ratehe received daylight and
improve visual comfort. This study is aimed to pdevan optimization basis for building’s fagade sidering two variables of
Annual Sun Exposure (ASE (1000/250h)) and the \@wutside of an office. In this research, the aiffef various parameters of
shading louvers to the south was investigated hrdre Iran. The parameters were number, deptheasgell as thickness. In this
review, Rhino/Grasshopper plug was employed for kitians; moreover, Galapagos evolutionary solvengonent was used to
run the optimization process. This study’s findisg®wed that it was possible to reach a view ofin&9% of the interior spaces

while the value of ASE (1000/250h) still remainedhe reasonable range.

1. INTRODUCTION

Different states of building envelope components riegsen
solar insolation and consequently, reduce the mgatind
cooling loads as well as improvement of daylightrithution
(Rossi et al., 2012). In designing building facadbading
devices and windows are from the fundamental comptsn
They significantly affect the visual comfort, dagiit quality and

Direct sunlight must be cut in order to improvendliefficiency.
For decreasing the cooling loads and discomforiegldaylight
must help task illuminance in order to reach desgddighting
electricity and preserve the view to outside (Chamd a
Tzempelikos, 2013). Out of various office buildihgdind
types, roller blinds do not efficiently operate aresidents
usually close them without any operation (Choi et 2017).
Venetian blinds are from the widespread shadingesys

view. Many studies have so far assessed the pagesnet mostly used in office buildings (Iwata, 2017). There many

affecting the design of windows and shading devidess
expected that using daylight in buildings reduce lighting
electricity expenditure as well as having a consitke effect on
the health of resident of indoor spaces (Boyce .e2803). In
the interior environment, daylight and the possipibf outside
view can improve worker performance while declinitige
stress level (Edwards and Torcellini, 2002). Ondtteer hand,
in case that the daylight access rate is not plppentrolled, it
results in increased cooling loads and discomfiarteg The use
of shading devices leads to enhanced visual andméie
comfort; hence, they are one of the most importants for
controlling the amount of daylight and glare (Choak, 2017)
and (Valitabar et al., 2018).

daylight metrics considered in building envelopesige. We
can refer to Annual Sun Exposure (AGE000/250h) as one
the most common daylight metrics used for facadedaylight
design (Ko et al., 2017).

In addition, another controversial characteristiic voindow
design is the importance of view. The most impdrtan
contribution of a window is its impact on eye hkaltooking at
computer for long time and with no break, compiltased
workers usually experience eyestrain or dry eyess¢Hong at
el.,, 2003). Through using different methods, soemearchers
have investigated the impact of both views to aetsand
daylight on the visual health. One method has bessd by
means of answering a number of questions by paatiti
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(Hellinga et al., 2014). Some studies have evafliatese
metrics by computer simulations (Wageh and Gadelaak?7),
(Tzempelikos, 2008), (Sherif et al., 2016). A mnfultictional

building in Italy was investigated by this methddfggeh and
Gadelhak, 2017). In this study, the parametric rhadefive

types of shading devices was analyzed for daytitdre and the
quality of view. In another study, the impact ofnégian blind
and view tilt angle’s different geometries were raksed

(Tzempelikos, 2008).

The analysis in this research showed that the dritgiew rate
is dependent on the blind geometry and rotationleatigat

influence the reflectance and transmittance ofatimelow-blind

system (Tzempelikos, 2008). In designing transgabeiiding

surfaces, in addition to the natural light, consiutg the view is
an important factor. Since different parameters ehdeen
employed in designing process, in this investiggtio is tried

to evaluate these two indices by designing a sinpidéding

surface for an office room. Various parameters sekected
based on the previous investigations to evaluaeéwb factors,
annual sun exposer (ASE) and view, which have ligeored.

The variations which are effective in designing gteading
louvers. The fundamental goal of the current study
simultaneously controlling the volume of dayligimdathe level
of view to provide a proper visual quality for msnts in
interior spaces. The main challenge of this stuglyoi find a
solution to apply venetian blinds so that the dgtlivolume
and the view level can be properly provided foeiitr spaces.
Accordingly, Venetian blinds are utilized to corittiee volume
of daylight and to prevent glare, whereas, theyitlview to

outside. The ASE index is selected to measure mheuat of
annual daylight. Driven by LEED V4, this index igrioduced
as one of the factors evaluating glare. In thiestigation, the
different parameters of shading louvers were optohi to
control the ASE and the level of view.

2. DEFINITION OF KEY TERMS
2.1 Annual Sun Exposure
A high level of illuminance is one of the glare gictors .ASE

is one of the three indices, which are variatioh#laminance-
based glare prediction indices (Ko et al., 201ASE

(1000/250h)calculates the floor area percentage where the

illuminance level gets 1000 Ix for at least 250vemthe hours
the office is occupied from 8:00 am to 6:00 pm (2S5 2012).

Moreover, this is a location-based metric. It usks real
weather data of the examined location. Hence, nisiciers the
dynamics of climatic changes in a certain locafioran entire
year, not the sky conditions at a certain time (Bhet al.,

2016).

ASE is adapted as glare metrics in the daylighditia LEED
v4. The ASE calculation grids should not exceed GQuare
meters and layout across the usually occupied atresa work

plane height of 0.76 m above the finished floorl¢ea another

height is defined) (https://www.usgbc.org/resoulieesl-v4-
building-and-construction-current-version).

2.2 View to Outside

Recently, the term “effective outside view” has bseggested
to quantify the relationship with the outdoors {erms of the
view level and view quality) for the completely dipd shading
case (Konstantzos and Tzempelikos, 2017). This té&m
intended to certify the findings that the view be toutside is a
good advantage of a window. In spaces where a nf®vab
shading device is used for glare control, perfatattier shades
or horizontal venetian blinds with the slats sethwrizontal
position may provide a view to the outside.

3. RESEARCH METHODS

3.1 Simulation Model

In this study, an office room located in the hatalimate of
Tehran, the simulated case was oriented to the hsout
accordingly, we expect to have the maximum sun sxp
Driven by the IEA task 27 reference office, theicg#froom has

a rectangular shape with the dimensions of L 5.480/3.50 m,
with a ceiling height of 2.70 m (Mangkuto et alQ1®)- (van
Dijk, 2002). The Reflectance value of the ceilinglivand the
floor respectively were 0.85%, 0.6% and 0.2 %.

The WWR is 35% according tgMahdavinejad et al., 2012)
recommendation; a double clear window model is iadplas
well. Metal is very influential in providing the siial comfort of
indoor spaces (Tabadkani et al., 2018). Accordinglythis
research, the louver material is considered metal.

The workplace area is divided into griddth the size of 0.25
square meters and the working plane is considet88 th
above the ground. While the parameters of the wingdare
kept constant, some parameters of shading includingber,
depth, thickness and angle were variable, as sho{Fable 1).
The space is occupied from 8:00 am to 6:00 pm.

Table 1. Margin The Shading parameters indicateléwice
type

Shading Number
Shading Depth

Range(1-10)

Range(0.05-0.55) m - with
an interval of 0.1 m
(0.005) m,range(0.01-0.05)

Shading Thickness

m-with an interval of
0.01m

Shading Angle Range(0-50) ° - with step
of 10°

! Window-to-wall ratio
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Figure 1. (a) 3D model, (b) elevation view, andglan view of the simulated space

3.2 Simulation Parameters and Procedure

As shown in (Fig. 1), the whole configurations wemneasured
according toGrasshopper for Rhinoceros. Grasshopper is
powerful plugin to design a form and build genemti
algorithms. A node-based editor is the main intaffor an
algorithm in Grasshopper in which data are proaksse
connecting wires.

A 3D parametric model was generated by Grasshoplogin
for Rhinoceros and Ladybug and Honeybee for-Rhinousasl
that connected Grasshopper 3D to “Radiance” and Siday

for daylight and lighting simulation
(https://www.food4rhino.com/app/ladybug-topls
Furthermore, optimization process was done by ti

“Galapagos” plugin evolutionary solver. The algonit was

created for following certain procedures in whictputs and
outputs were considered. Four main variables fanvédo

shading were defined as inputs: depth, numberkne&s, and
angle. In addition, the ASE1000/250h)and the view to
outside were defined as outputs for the optimizatiwocess.
The whole research process is summarized in (Big. The

office room was investigated in three stages. Astilated in
(Fig. 2), in the first stage, both constant andalde parameters
were defined for the 3D model by Grasshopper. Safpeused
on measuring external view and assessing Annual

Exposure. In the stage 3, based on the model ptesnée.
ASE and view, the annual simulations were carried loy
evolutionary algorithms of Galapagos. A total of 417
evaluations were made yearly and the results dfilsition were
collected by Excel software. Finally, we presentdm in
various forms.

3.3 View Analysis

We used the component of Ladybug-view analysisafsessing
the visibility of input-geometry from main viewingpints such
as the type of view and size of grid shown in (F8).
Horizontal 60 ° cone of vision was considered &swvew type
to study views from interior spaces to the outsitlee view
type was selected based on the guideline of Ladyirw
analysis (http://www.grasshopper3d.com/group/ladybu

This view type is the percentage thie 360 horizontal view
bands bounden on top and bottom by a 30 ° offgeh fthe
horizontal human cone of vision. The grid sispresents the

Sun

average of a grid cell for visibility on the testegnetry.

Model fixed
parameters

—
3 ,

3D Model
(GirassHopper)

Model variable
parameters

View to outside
(Ladybugz)

L 1
B S

Values of Analysis

Annual Sun Exposure |
« ipe

Honey Beet+Script)

to curside

Evolutionary Algorithm
(Galapagos)

+r

New population

Figure 2 . Workflow of the proposed algorithm

In this model, the value of grid size was conside®e25 m.
Moreover, the level of view with the height of 1.20was used
as a reference plane on which the value of view simsilated.
Accordingly, at 70 points, view was analyzed in th@mined
office room.

Finally, view analysis results represented by comembd of
threshold selector of Ladybug-mesh. It shows tret pf a
collared mesh meeting a certain conditional statermand
visualizing the value of the view percentage of theut
geometry.

3.4 Annual Sun Exposure Analysis

Ladybug-sunlight hour’s analysis’ component wasduseorder
to assess the daylight metric through Ladybug pludihis
component measures the number of hours when diuadight
is received by input geometry that uses sun vectdrshe
component of sun path. Similar to view analysis, tbsults of
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this component were visualized by component of sthoél
selector of Ladybug-mestin this model, the working plane
with the height of 0.80 m was considered as a eafsr plane
where ASE1000/250h) was simulated and the grid size was
considered 0.25 m. Accordingly, at 70 points AB800/250h)
were analyzed in the examined office room. (Figilldstrates
the position of the analysis points for both AGE)00/250h)
and view. (Fig. 5) shows one of the visualizatidos ASE
(1000/250h)etrics in the input geometry.

Figure 3. The simulation model for analysis of vi@xhe
outside (Horizontal 60 ° cone of vision analysisated by
Ladybug component)

|

(a)
(b)

1.20m
== ]

0.80m

o

Figure 4. (a) grid-based view level, and (b) agpéded
working plane

3.5 Optimization Process

To conduct the optimization process, Galapagosutionlary

solver component was used as illustrated in (TaBje

Biological mutation, selection and inheritance pipies are
applied by the evolutionary algorithms, virtuallppulating

with a number of individuals forming generationsftef

creation of the new generations, the algorithms ghe best
ones according to the defined fitness functionsTriocess is
continued until their offspring becomes closer h® tpeak
values (Rutten, 2013) and (Lavin and Fiorito, 201f)is

necessary that to define genome as output andsditas input.
An output can be defined in the genome, the finditraction

value of the view and ASEL000/250h) was attributed to the
genome in Galapagos component. As previously exgdqifour

variables were defined as inputs for louver shadtigally, we

considered the objective functions to be maximizied

Galapagos evolutionary solver component to findinogit

modes.

I

Figure 5. The simulation model for analyzing anraiai
exposure created by Ladybug component

Table 2. Galapagos evolutionary solver parameters

Optimizer Galapagos

Optimization Attribute | Genetic Algorithm

Genome Angle, Thickness, Number,
Width

Fitness Maximizing |View-ASE|

4. RESULTS

In this paper, different parameters of shading vetoelied for
designing building fagcade considering Annual Sumpdsure
(ASE (1000/250h) and view to the outside which requires
care to improve quality of the indoor environmehte model
simulated here was a generic south-directed off@am in
Tehran, Iran. Therefore, Daylight was simulatedhgsiehran’s
annual weather data. The best optimal solution® wétained
through balancing AES1000/250h)and view, while the
algorithmic procedure was aimed to minimize the ASE
(1000/250h)percentage for avoiding the direct sun exposure
of the office while maximizing the view valuAccording to the
four main variables, 1747 assessments were madke limitial
assessment for outside view index, the numerigajeaf (5-
99) % was obtained; and for ASE000/250h)index, the
numerical range of (0-35) % was obtainédter that, it was
also considered that desirable rate of A3B00/250h)is less
than 10% in theinterior spaces. Hence, ASE000/250h)
values greater than 10% were deleted and totalfy sthtes
were assessed. Consequently, in this case, the oduige39) %

for view index, and the range of (0-10) % for ASE
(1000/250h)were respectively computed as shown in (Figs. 6
&7).

300 400 s00 600
Number of analysis performed

Figure 6. The view range in the analysis process
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Annual Sun Exposure (ASE (1000-250h)) %

200 300 400 500

Number of analysis performed

00 700

Figure 7. The Annual Sun Exposure range, A3600-250h)
percentage in the analysis process

According to the (Fig. 7), the values of 1% and 4#re the
most frequent ones for ASEL000/250h)index that the most
percentages of their view were 73% and 79%, res@dgt In
addition, as illustrated in (Fig. 6), through tleegptable states,
53% of the states had view values more than 50%uefl sets
of Pareto optimal solution were selected basedhenrésults
demonstrated in (Fig. 8)n the optimization process, we looked
for a case that the area receiving direct daylidgdreased and
the possibility of view to outdoor for residentsiieased.
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’ Armuill Sun étposur:(ASE(]GUUU—ZSU}l)) Yo
Figure 8. lllustration of outputs of genetic algbm and
relationship between view and ARE000-250h)red dots

stand for possible optimal solutions

We found eleven optimal solutions that all of whiale of
Pareto frontiers. (Table 3) presents eleven alteemgenerated
by this method. We considered a defined range dowérs
thickness (0.005) m, (0.01-0.05) m with an interg&l0.01m
and the defined range for louver depth was 0.05-h5with an
interval of 0.1 m; and the louvers number was mrénge of (0
-10). The angles of louvers were considered bety@i) ° to

number of louvers was lower; and in the cases waitlower
depth of louvers, the number of louvers was greater

According to (Table 3), the best view value was iextd
approximately 90%, while a value of 8% was obtaif@dASE
(1000/250h) (Figs. 9 & 10) present the values of view and
ASE (1000/250h)in the examined room fothe optimal
solution (9h mode). In this case, the amount of depth, number,
angle, and thickness variablegre respectively 0.45 m, 5, 0°
and 0.005 m.

20

Yo
E

18

i l
| | |
ﬁ 3

Figure 9. The view percentage in the input geonfeiryhe
best-optimized solution.

<0

Hours

1000<

Figure 10. Representation of the Annual Sun ExpoABE&E
(1000-250h) percentage in the input geometry for the best-
optimized solution

The ASE(1000/250h)and view values in the room space for
other 10 optimal solutions are respectively presgnn (Figs.

11 & 12). As shown in these Figs., it is obviouattthe points
closer to the window received more percentage efvvand
ASE (1000/250h)han the farer ones. Moreover, as observed,
louvers play a significant role in enhancing thsual comfort
metric of ASE(1000/250h)s well as view for different cases.

Table 3. The values of the defined variables feveh possible
optimal solutions

the horizontal axis changed with step of 10°. Adang to the

results obtained in this study, louvers with lovickimess had

better performance; so that, among the eleven apsoiutions,

ten sets had a thickneg60.02 m or less. In the optimal stateg

there was no angle greater than 10° as the numbéne

louvers was 5 or more. This point shows that totigetdesired
amount of vision in a state that the value of A3B00/250h)

is controlled, the usage of louver with a very draalgle (O or

10)° and the number of 5 or more can be considesthe

optimal mode. The louvers depth was variable adéogrdo

their number. In the cases where there were ddepeers, the

Statel Depth(m)| Number| Angle| Thickness(m) ASE%| View%
1 0.15 9 10 0.05 0 56
2 0.25 10 10 0.005 1 73

, 3 0.25 10 0 0.02 2 70
4 0.35 10 0 0.01 3 74
5 0.25 10 0 0.01 4 79
6 0.55 5 0 0.01 5 82
7 0.55 5 0 0.005 6 86
8 0.35 5 10 0.005 7 84
9 0.45 5 0 0.005 8 89
10 0.35 6 0 0.02 9 82
11 0.35 5 0 0.02 10 86 |
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Different figures were developed (Figs. 13 to 2@)order to
illustrate the impact of each variable on AGEB00/250h)}and
view. They show the values of view and A$SEO00/250h)
obtained by different louver parameters for theveteoptimal
cases. Generally, it is worth noting that louvedspth and
number have more considerable impacts on ABE00/250h)
and view output compared to the two other variallel. 13)
illustrates the impact of the louver depth change ASE

(1000/250h) values in the examined room space. The

minimum ASE (1000/250h)performance (0) % was achieved
in 0.15 m depth. The ASELO00/250h)values decreased with
reduction of louver depth. Moreover, in the casesvhich the
louvers had lower depth, the louver number was tgreas
shown in (Figs. 13 & 14).

It could be concluded that the lower depth and gheater
number of louver is, the better the ASEL000/250h)
performance will be. As an example in state 2, @ithnumbers

of louvers and the depth of 0.25m, the value of ASE

(1000/250h)was 1%. However, the impacts of louver depth
and louver number were different on view valuesghia space
room. Fig. 15 illustrates the relationship betwesew and
louver depth. The view values increased with rgighre louver
depth. Besides, in the cases where the louvers desper, the
number of louvers was lower as shown in (Figs. 15.&).
Therefore, the performance of louver's depth anchiber on
view was completely different from that on ASE000/250h)

State (2)

Sty Stute (8)

SEIEEEBEBEE]

State (6) State (11)

Figure 11. The Annual Sun Exposure (AGE00-250h)
percentage in the input geometry for 10 optimalisohs

State (2)

'\.
:

"

State (3)

State (4) State (3}

E ! i
1} B3]

. State (1)
I»
3

State (1)

State (6)

State (7) State (8) State (10)

|
i

bl | | D) s | Ol |

@

Figure 12. The view percentage in the input geonfetr10
optimal solutions

4 o
un Exposure (ASE(1000-2500)%

3 5
Annual §

Figure 13. The impact of the louver depth chang&8&
(1000-250h)alues in the examined room space

u

Louver number

°

9 noou

34 s 6 %
Annual Sun Exposure (ASE(1000-250h)%

Figure 14. The impact of the louver number chanyASE
(1000-250h)alues in the examined room space

According to the analysis, it was found that homizd louvers
with the angle of 0° obtained better results fothb&SE
(1000/250h)and exposure to the external view (Figs. 17 and
18). As previously mentioned, louver thickness di20m or
less had better performance in both ASB00/250h)}nd view
(Figs. 19 and 20).

5. CONCLUSION

A DOA? has been proposed here in order to examine the
possible optimal solutions for different shadinggmaetersto
achieve the goals of both ASE000/250h)decrease and an
increased view needed by the user in the officédimg. The
results were analyzed in order to evaluate the céason
between the input and outputs variable quantitféiadings
indicated that if the variables are properly desdynthey will
receive the desired amount of both indices of ASE
(1000/250h)and the view that are possible in indoor spaces.
The result revealed that among the eleven optiolatiens, six
sets had a view more than 80%; while the A3B00/250h)
did not get over 10% of the room’s area. Based erattalysis,

it was found that the amount of the louver angleswa
approximately constant for the optimal solutionshiler the
depth, thickness and number of louvers were vaiall is
noteworthy that the relationship between the louwgpth and

2 Design Optimization Approach
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the louver number for ASELO00/250h)was entirely different
from that for the view.

In addition to the asserted points, there are samitations in
this investigation, which will be mentione@iven the fact that
the investigation’s findings are achieved only bydation and
computational optimization, and since optimizatidoes not
necessarily have any absolute result, the outputald be
evaluated in a real room. Different parametersedfective in
designing building surfaces; however, only somehaim are
asserted.

It is simulated in office room; moreover, the usevisual

comfort is evaluated and the effects of other facawe ignored.
Moreover, in other kinds of building surfaces witlifferent

applications under various climatic conditions,leation of the
pointed indices, ASE(1000/250h)and view may obtain
different results. This study was a process thatbeapplied to
other projects by simulation.

n.d.

0.6

Louver depth (m)

s0 s5 60 65 70 75 80 85 % 95
View to outside%

Figure 15. The impact of the louver depth changeiew
values in the examined room space

Louver number

50 55 60 65 70 75 80 85 o0 95 100
View to outside%

Figure 16. The impact of the louver number chanyeiew
values in the examined room space

Lowver angle ()
R

Annual Sun Exposure (ASE(1000-2500))%

Figure 17. The impact of the louver angle changA&8k
(1000-250h)alues in the examined room space

Louver angle (°)

50 55 60 65 70 73 80 85 90 95 100
View to outside%

Figure 18. The impact of the louver angle changeiew
values in the examined room space

0.06

a3

ouver thickness (m

2 0.02

L

0.0

] 1 2 3 4 B 6 " 8 ] 1 11
Annual Sun Exposure (ASE(1000-2500)]%

Figure 19. The impact of the louver thickness cleamg ASE
(1000/250h) values in the examined room space

a 55 ) 6 0 7 8 85 %0 05 100
View to qutside%s

Figure 20. The impact of the louver thickness cleamigy view
values in the examined room space
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