91

Journal of Fine Arts: Architecture and Urban Planning

Research Article Volume 28, No. 3, Autumn 2023

The Optimal Dimensions and Opening Area for Windows in
Residential Buildings in the Hot-Humid Climate of Asalouyeh City"

Mohsen Mohammadi' iD, Zahra Ghiabaklou? 1D, Hamed Moztarzadeh?® iD

'"PhD Candidate of Architecture, Department of Architecture, Faculty of Art and Architecture, Shiraz Branch, Islamic Azad University, Shiraz,

Iran.

2 Associate Professor, Department of Architecture, School of Architecture, College of Fine Arts, University of Tehran, Tehran, Iran.
3 Associate Professor, Department of Architecture, Faculty of Art and Architecture, Shiraz Branch, Islamic Azad University, Shiraz, Iran.

(Received: 28 Jun 2023; Received in revised form: 12 Aug 2023; Accepted: 21 Sep 2023)

Objective: Establishing thermal comfort zones solely
through natural ventilation in hot and humid climates is
challenging. Continuous reliance on mechanical cooling
can compromise indoor air quality, posing health risks to
building occupants. The building’s skin and windows play
a crucial role in the heat exchange, cooling loads, energy
demands, and the thermal comfort of the residents. This
study aimed to minimize total annual discomfort hours
and solar radiation heat gain from external windows while
utilizing natural ventilation in a residential building in
Asalouyeh City’s hot humid cliamte. Additionally, the
study examined the impact of transparent and opaque wall
materials, as well as window shadings, on the optimal
Window-to-Wall Ratio (WWR) to minimize solar gain and
discomfort hours. Method: Data collection was performed
using simulation in DesignBuilder software version
6.1.0.006. For each common and proposed configuration
of building construction and different values for WWR
(10%-90%), the annual Predicted Mean Vote (PMV)
and the Predicted Percentage of Dissatisfied (PPD) were
determined at 1-hour intervals in a sitting zone of the
case study building. The indices were also determined
for the thermal peak day at 30-minute intervals. The
obtained values were compared with the comfort range
recommended by ASHRAE Standard 55 (+0.5 < PMV <
-0.5, 0 <PPD <20%). The annual total hours during which
achieving thermal comfort through natural ventilation is
possible were calculated. Finally, the optimal window-to-
wall ratio and opening areas in the optimal construction
configuration were determined using the optimization
method. Results: With a WWR of 30% (a common ratio
in building construction), the total annual solar radiation
heat gain decreased from 3574 kW to 270 kW with

proposed materials. The zone lounge remained within
the comfortable range for at least 737 hours throughout
the year, thanks to natural cooling. Optimal WWR values
included 10%, 16%, 18%, 20%, 22%, 24%, 26%, 32%,
34%, 36% in combination with open areas of 75%, 49%,
84%, 54%, 66%, 36%, 94%, 38%, 5%, 5% respectively.
The optimal properties for transparent surfaces include
aluminum thermal break window frames, a 1-meter
overhang, and left and right side-fin shadings for windows
made from lightweight concrete cast (Conductivity:
0.3800 W/m-K, Specific Heat: 1000.00 J/kg-K, Density:
1200.00 kg/m?, Thickness: 0.002 m), and low emissivity
glass (SHGC: 0.15, LT: 0.15, U-Value: 2.555 W/m?-K).
The conductivity, specific heat, density, and thickness of
the outermost and innermost layers of the frame were 0.16
and 0.17 W/m-K, 880.00 and 900.00 J/kg-K, 2800.00 and
1390.00 kg/m?, 0.002 and 0.005 m, respectively. The study
also introduced the thermal properties of non-transparent
surfaces. Conclusion: Findings showed that the glass
properties (Light Transmission and Thermal transmittance
or U-Value) and Solar Heat Gain Coefficient (total solar
transmission) are the most important factors in determining
the optimal design compared to other parameters
(including thermal insulation, R-value of non-transparent
surfaces, shading devices). Although minimizing WWR is
recommended for hot and humid climates, this ratio can be
increased by choosing the appropriate glass.

Keywords

Asalouyeh City, Natural ventilation, Optimization, Solar
Heat Gain Coefficient, Thermal comfort, Window-to-Wall
Ratio

Citation: Mohammadi, Mohsen; Ghiabaklou, Zahra, & Moztarzadeh, Hamed (2023). Determining the optimal dimensions and opening
area for windows in residential buildings in the hot-humid climate of Asalouyeh city, Journal of Fine Arts: Architecture and Urban
Planning, 28(3), 91-105. (in Persian) DOI: https://doi.org/10.22059/jfaup.2024.363130.672895

'

“This article is extracted from the first author’s doctoral dissertation, entitled: “A cooling system with dust-free air ventilation for
” polluted areas in the hot-humid climate; Case study: Residential buildings in Asalouyeh city”, which is processing under the super-

vision of the second author and the advisory of the third author at the Islamic Azad University of Shiraz.
*Corresponding Author: Tel:(+98-912) 1469579, E-mail: ghiabaklou@ut.ac.ir


https://orcid.org/0009-0005-8253-9468
https://orcid.org/0009-0005-8253-9468
https://orcid.org/0009-0005-8253-9468

(eipgi dlie) V- 0-2) Sl=io Q¥

VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

SLaL 5o 0y il 3 Sl it ol
gt s g p0 g 05 el SgSummo

XN PRV RN T T T SRRV FRNWE

U‘)‘" c)‘).w.u ‘GA)LAA élj oKisls L)b.».w A}le LLQ)LoJ.nj).Uh sasiiile cd)Lo.uo os)f cé')Lo.x.o 6)_'5) 652““"‘& !
ulj-" ‘O')'QJ ‘QI)Q,‘S oLisls ‘L..:) Lng,,.m ulf.\i.wlo ‘6)Lo.u> oaSiiile ‘d)LQzA 05).?)L34i..':|o Y

L}I)'" &)I).Mu ;GA)LMJI o\j ol s)]).a..u A>|5 cd)\.o_usj.l.as oaSliils ‘L5)L’°’u os)f UL:.J.JL) v

Y/ 81% 2 Sl G a5 VP Y/ 07T 1, S55b g, VFe ¥/ B/ -V tallie il o o)

oS
gl ool s pdy Sl (oxido 905 G 51 e ¢ Slymms Jaalpih po olol atlaie slowl Vb gl g Les s 4y gl pe 5 05 a8l o
Ol @l Jols s lass Lo glio,zniy 59 dtngy 1S oo 9235 |y Lo eadls 5 pg,ome cojls (glg 51 ) Ly ST ¢ SlSe ol s
M58l 5o ilonrd By 5l olo gy waitan 3580 GSLo (el 5 Lo (g5 Lol 5 oo o gLyl cgmr 9 090
& 55 o e s sl 40905 51 (6 5eS 0y PSSR (gtyo5 (U5l (AL iz g ol b lebo il JBlasas Saa by byl
59 o,y dlngo (69l (e g Sl (3Lt g b clos grlans a0 0,20 g s o looymty (g9 (3ISlLw 090 g L slo oz iz
@ b ased Gk 5l Olsiee o5 (Slebo ggamme gy 5 Jgloste hlides (sla oo S (gl b (s dugls 080 (S5Sins Gl lois L
J‘AL: U")"W cM)y (5’)‘)‘> °)‘QJ5(U)|)‘> JLM|5(5§J‘°)9J)9"‘; w‘)‘a) MLJ*““} ‘Lﬁubb&l‘k‘ MML}M ““"SLJ Cewd (5’)|J‘>L}“JL‘“T
SANNTNE N polie dw) YV a el o b logLS YOVE 51l bl o et pdlias b eV a1 caiinds disgo poliie st 1o
AT VA2 VIS VI SVA L RVAZ N I KYUNUTRpI-3 PO SO PO IURUPGUSCIUNCIPA /A ¢ JIVA & WA 3 VA VA S QWA L VA B

Sl sy
dghns ((gaiygi )l 0500 o 16 s x50 ) il e 4 02 s

‘mwwu#ﬁsﬁ;wbl@wduu)o c)mdw)bjol;.a‘w)_:ol&nwx (\FLY) Qol> mol)')hfa.n “).m) g}ls.;Ld ‘u,wza (G solicuw!
DOI: https://doi.org/ 10.22059/jfaup.2024 363130.672895 .1 +0-8\ (PIVA «siloosdss lore osj oloinas i

iy gy 5 ol 3 035 i il o oyt sl s oo & ol oy b 0153 5555 Al 585l alsn” (G DS
el il L 55 5 oy codlasl S o231 15 pgs 003,15 6 5L 500 5 283 0S5 Lozl LaS Wt o (asslons 1 sisSms sl Lozl
.E-mail: ghiabaklou@ut.ac.ir c+ AV YVF£AOVA :yals : Jytus soiungs ™



ay

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et
wgbes o bgb e

doJdfo

Sl JS) 5l zelans &y (gl o)laz) 02y e digy s
lails 9 adyg> oy o po wiils (oo el (185 IS )3 e
bk i stlate o i) 94905

0,7 Aty b i &4y B> gy conbipl slse daz il
(Oleislos glos Blis e o 4y 0,20y prla Sl dings polis)
55w Jslaie (sliad G o oy (9-03k it yoolie (uizeen g
Ly 510 4y 0lS B gl 1 ploye 5 a5
Sl peoyzzmlan 69, b3l (LBl ey () (sl
B g Hlo Blad e g Blad glaolas il glocuis S
e gl g Jolato slavgisbus 0 copty () slaylslanls g Ly
uu.(b}f 3%5) C;LQL)“'”’)" GOMC}JQA ol uvL.ub.) '))b)"g.;" d)gl.m.c
:A.L;SLSAC:%L.\QB];D[}

Méuéw)iu)o ‘u.a.».a.‘a@j.ert)' Lg)ﬁfojec‘;'))}@)o A
cO)?.LS.J: 89 Lg)‘gb‘@l“) it N> 9 g_SLR.w)...C 9 slas Lgl.%o)kk?-
Msi}d)b?wu]mj ‘)lyéd.t O)DLUM;JLLW)JQULA)O
G e cizea s Syl Gl s sl b olels g gazee) o
(’(wb.\sb L,}.?)L’} L;Lavo).?ng)'l L;.BL‘)&

s a4 opziy s polde el plas GeSde sl 0¥
Sl j3,10830

sl (o gt 5l (g pSorte oo )3 (2SS o F
@) Sl ebol oo jlopziy (6985b g 5l920 4 o)y S Al
8L 50 Ll e ol J8las 4y ¢ sulo )b olelo aslu, J8las>
Qw‘)u&sc\}(@)b ‘_ngo)qu

OhsS 92585 31 6 S 0k SRl by 95 0Bl o S sl
5 b S8 jekaiedy (gilwlenlo g b Cogb) S8 jslaiens loa
PERRRCCIESUNON-Y U B CEppDW L R NS GIN JEER C L g
Glocadgazme o fipge a5l iosbye s 0,5 (Lol oWk b,
Bras GolS Ay ceab ages ax STl ool g5 5l oolatal
> Gl (g5l pae ol w09 oo e ez L g5
5 oslizal ¢ Sl Ll 4 oiagas iy Linlol slowl gl o
ool 5 (gm0 3 el (6550 SelSe iulo s sloolSss
h oleasbo (Sl (55 (gl s wisle (SlSee ole o 5l pgle
otz o1, 095 (o sl aupe A+ ol 31038 ca pg )20 03 (5192 5]
5 Cawglass (Loyey (VYT o Sen g 93l wiil,dS o Al
elie agg5 08l 5 o ganlsn slaglasla (Y15 7 Ludl>
a3 oo S ) (SlSe ooy (slapitss (655 DLl a4z 51
9 05eS) Wil oo Sl ) Sl Suadl g J21s (lgn odS
FCEETIANRR ORI 2% L ARINLORN
Sl @D g ol le gy Slasie g sl (s (ggml
57l e S8l (09,0 9 g sLd e )l Jols
) IS b s 65l Lol oy s s‘“’ur’ Db (s>
Cnglie Juds a5 Bla slaoylaz sl 38 loxsly 5y~
ol JBlas & @z STl g xie ISl xeS 3>
sl JUEl Gy Jds 4 L (g5 atogy 4 S 35553 sk
(il g9 ol Olig) pleasle (o Slpie V] e 0 VL
ol JBlas 4y canoy ool 4y Lol el ouls anogs 50 (1149
et 5 0l _rolin 50l i8] 5 3 lse dan )3 coymeiy crlocs

50)| MUS) el JaLu)| B u5]~.:‘]a.~'>mbd).lo 4\...»;)‘ uLo.oLw
1wl L 3 00 58 clind S b )b S0 5 ey b3 o
ol 00l 00l uu.lLo.\ ul.a.«.’>Lw dL"’LMB L"’QB} 4L(bo){.a: (V) P9
geslol Jols (95 )z «iSom atils (gl g (2l b sullae
ke B o i gl o iy Lo 5 ity Sy ol
(Sl Glagaly wxly o5,9 slad dealy gilul (slagy
Loy 5 Laaly pgailisl (sl o) o) (Sl 19y VB iy o5
0nys clind Lol lalind Lo gl,y ot b S L o Youts Jlis]
9 cwo,o.z..ﬁ c\rs,;|5."> dLmdbl A \Lﬁwsru A LA}'Q QSLQSJ'M)S ».\?‘5
%‘9,@@».!0) WLAA uJLQ ‘us)bw)méf)lfbwu st\;bf.mj
eliad Sleais bl sl ounis Jlil clalind g,y g (o J S
(09 b Lad ;o ool 8l codled goi ol as T ey o Vouts J S
SS9 2z glelad gl b s Lad 65 L el
cLQd?‘s 8999 &L@Bs LEUS.IL: c.‘aL..’> As_f.a.as)l.* tL{bA.L: L)B.U.ULVJ] ale
9 ddl}).&.uj Lu‘ﬁ? 6[.@@‘.1‘ 6|)J 4‘\/(0\))'9_!3) u.ﬁ)o‘) l; QQLMM.)' cJl-

CBIH 9)
0yl 4 0,2y Al S (et o> gy iSu (0 Pk
Slebo £ gozms dmlons g o2 (693l (e i polie (Slatopis
ilizes ol g, 55 b aisgs 5 oslizul L 3> il
505 mell o oy slaglol g Ly Blasue 5 Slas glao o
eyl 13l 55 baggiludie ool dughue 1ol ol e
oy 28,5 Sgo H(8.9 ases LM sil sise) 6.1.0.006
393 0,84 i )l Gtalel bl ol ol G o il
Ol b 8ol a8, 515 55 (e S (g5 Bl gy p3 aidl sl
WS (s (5 Ll 5o 1y 093 (o 5l el (ASu Sl oS 23
S 0058, m ool s 5 el gl 5 s slagll 5
(JolS pobay (ol (o, atb Hlozr Jol) Lozl S wlid
A 5 9 St S pleas b ol ol g5l
G G lys s i e 55 et 093 5B g o
(g Slalllas b gllae oS (Briogiz 9 370 g gz Caes
Ll o pas Sl o Sl 098 oo gime s (g S k>
Sl glacsDle 5l s (G epgm bazee b (Sl Jobs S
ol el 00t adly yome i o a8 05 Ol slazs Lo g o



VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

et 313810 5 5 006 it ylodis b (glaled g Colibd g iSen allub (5la y95 5 Loy Y igucti

S3bwtine b a8 S Sy LM o5 5350 b oo Jl38le 5 5o
Ot & 85 Sl (Ll gloanS e g ol Gl (o0,
B O NN I IV P
S (Se8 gy el 5o el Soyelly anlllas pll b asliee
Sl it s Ut i i o Ly SSkac
wile (Hhb jeiie vz b SG slaie ol le sboe lobis
ol JBlas 4y sl  SBlaal g ¢)lgas ay 0z G g Aol i
Sl g S on Ay (oLl b)S Lal (g3 5l B pan
ot iy 3 o9l ol 3 i e S
Cilisee glaos)s g atuct calise glgil) Jaisyge iie 3 g5 oo
5 Lot olime (oS Ll Gl 2 ) Gloes & oy cons
Aa3)ge glapite gl polie (r a5 S (owyp (g5 B pan
@ 07y S lojpicte ol gl )0 . 28)S Sy >k o
0,7 593k e g do)s | (sloogl) oy A+ B+ (o ol
biswg) ail ol o oo ) glog) Vo2 B e (o o)
Slelo il Jlas 4 (Blaal .ol Gy e Glassjge )12 045
oo,z 32,k sl g (b 8l il Plas a5 solo)b
e sl Eliaslone 1 et (e lalighsS Conim ) )5
ool ¥ B el 1) Jlos Sy oo ¢ ol dipg Jbe s ) olac) aly

b el

P&ttt gy sl oolitl b o o (sloipgiy (5 4z S

g Sed (gl 4 Ml g il o sile a3l 5
glisedgas calisrolallas o ¢ Jlo cplbeslasslo  lgasds o iy
OFA (i) gy S s -ans] 0 Cyas Cepms (5l (e
olesyn) wobye g 0,5 g alien w8l L oyl o (o> ols lis
b oSho glaggainsl s Lo (b (gSde aslllan ps o5 Tk s
FRgaz 0 YV oldliz (o0 5 dghus ot ol ogline ;0055

Sl 50 (21045 g gty (plyS Slacallad cos ey (el
SIS 1B g\ v+ iSTaglS «cSlingy ke oy s ol s
oo g Wl 5 (gl s Sl s § s (sl i

s Bl 39S i 425

207,59 S5l Lo 0gid g oo fuzr i 256 gy
ol bl Olelu g gozen g 51320 41 0 2y Al i
b i b

oylaz Slasein b cwyp Ban b lblas 0 a5 Sla o
o (S 9 s sy (Bl glaojlax (> Caeglie)
5 (Bl glaolaz (Sl Jols cupo g (ginlng® (S)h> oxe
ol 0B S (V) Jgaz jo cilonds (o ylwdniis ooxiy 65,55l slale
g ol (a3 52 5 52 (6 NS0 (e (et § ulite Baa
Olsieas (s ol 1oV o)lads Joe cguninygs (ol cdlyyo e
e (59) Slais )l il giladone (gl o asd SIS 3 il oo
b ol (9o (s g dlaJe g V> ples 1ol Jleel oy
A 0l a3 0 b B )5 Ol e 5 Sl ol S
Soleo (0035 9y 42 Sl el L el po s 2l
Gk 3ol 8l ey sl )baos (e s ML Sl
o JUSD (SlgoleS con ) (215 sloo 2y o (g oG
(Jlo S gl o2 )15 sl oy plas 825 5l 0ligS 90 (o
Cgpew yolaiods (rizmen 9 (A0 S AVE ) Cel G Sloy sloesls yo
B Ve yo Sy slaosl ) (Bl S 9y S gle camlie
Uinleol (659l B puae telS o aSiol a4 az g5 b oo pnns (00,5 FA)
55 Sl g5 g o el st B b5 ol >
et (28,5 18 Las 5o bl (sl ol 385 el
ol Cool Pl 205 50 cogboye g )8 w8l )

S lwddage
(S5 v30,95IN) g3l by i s>k s Sas b



0

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et
wgbes o bgb e

ol J38le 5 59 0dl g lwdnd (L Juo ) Jgu

. L Sl WWR Caxdg . . . o)L.\? o)Lo.,i':
Sy Ju | D |lutals | | o7 Sl BT | Joe
A ad ol s al Jae flaieds o) ojleds Joe-
IRGPTCR SNSRI PR PPN SRPWS{ T
[ - 65|)| JLA..,.:;..: dLao)ld? Lgl.ﬁﬂuy GJL-AA 5 dY) jugaai (V) LJ?J‘? o=
{UPVC &lasie -
Conductivity: 0.17 W/m-K
Specific Heat: 900.00 J/kg-K v Veq- o9 Jolase Jolae Jolaze \
Density: 1390.00 kg/m® obale | (olazg) | (UPVO) | (Gile (y50)

Thickness: 0.02 m

dga Lo colaz 9 alold 1a Lo & Lo yta o & o laz go oglb aiin-
b S )l 50 Jglase adond gied; ) Slasela b

SHGC: 0.486

LT: 0.505

U-Value: 3.157 W/m>-K

200885, 57 ol Slasin-
Conductivity: 0.19 W/m-K
Specific Heat: 2390.00 J/kg-K Voo vt | abdee | oabdae =T abdos | Y
Density: 700.00 kg/m?® i i )
Thickness: 0.02 m

toSi | caguinagll B laseiie -
Conductivity W/m-K (Outermost/Innermost Layer): 0.16 / 0.17 . 5]]
Specific Heat J/kg-K (Outermost/Innermost Layer): 880.00 / 900.00 \e Ve-e | Ak Joe b o SA}‘M‘; b Jue Y
Density kg/m* (Outermost/Innermost Layer): 2800.00 / 1390.00 OSbl>
Thickness m (Outermost/Innermost Layer): 0.002 / 0.005

AV o) o 4z 510 )0 ooty byl 5o (S oy iz 5l e + /0 o 4y
Conductivity: 0.38 W/m-K obale
Specific Heat: 1000.00 J/kg-K Voo [ Ve | gl b Joe ab Joe ab o ¥
Density: 1200.00 kg/m? (§Oges
Thickness: 0.002 m

o s (V) gz s oslgiimslooaz | Ve [Veste | abiee | ablse | abjee | SR

(alel)
(YN0
SHGC: 0.15 Voo (V- abdee | eSS b Joe ab Jae #
LT: 0.15
U-Value: 2.555 W/m*-K
olale
b ad S b o e ) Glole ges ool Fojlads Jaobalie | Ve Ve-qe | g a8l b o b Joe b Joe \
809
16 yro glae £ aid Slasein -
SHGC: 0.587 . L q. Jelae
LT: 0.570 ! A (o oS3 e e A
U-Value: 6.121 W/m*-K
0.025 2, 439,20 0.001 Colbes &y lalgs ¢ 20 0.015 4 b slaslasl alolé - 03,
3 500019 aloleayg 88l 65> L 90.90 W/m-K Jolss conductivity b ;2o | )+ Veude | sl b Joe b Jawe b Jow 4
Gowiys GlonalS gaz 5 ¥ aygly by Souss 2508,
o Bl a b ; oL Lol o Lo . .
A LI ALY o Jue sloadl b gollac aigy bl o plos | V- \o-q- i : EVOV Y SO0 [PYOVET 29 J6. B

N Ol}ﬁ" sile as’l'“’)""‘)l" ) LS')‘)’> Slasis “’)L\? » L5|)'~’ e g AT ) L“"’)I“"? Slass O|93g5‘° ‘)“Lﬁg}il}ﬁ‘) )I}S‘Pr" S ey L;’)‘)"’ Slasie oyl dl)'.’ *
(S (Dl o e (ol pinean b 195 sl (Bl colas co o b (Bl (bl T(SuibnS b Ll cull) Jou line il oo L0 >
Olrl 3 oolisal 390 Jolato adn dizr )2 Sladeluo () Sa g (ool o (gl 53 g5 (st oyl acgacne (gl (ASysbaul) s5 s9me cnp2 g )l JUisl o0
ol b o 38 035 o 8Ll oz il S oSy 13 050 & oli e ) sl el sl Lol 31 5 ol ok Ly
s (U-value:2.555, LT:0.15, SHGC:0.15) Slascine b aiuds 5l osliiwl & jgo 10 (ciolo o sla)l liue 30 ol sl 526 Jluw 0,5 Lad 1o (65,51 OB pas Juals
il 3l g 5l (ol el s goiings (il iliny 51 & B b ol alllas 15 @ game 5 ol 0023 onlie ciliies slo g S (o st si kB
o dglie Ko by g3ledie dA 8 0 gla e ) dmieiio an bain s (ol lo Gale S isle o el alS @) ulo b lels



Ql)ls.n.:bs‘_gdmwm

a5

VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

Ol 5 S dlinds 515 g o215 0315 5 N Bl (sl sl (61 150 20lao (552 Cenglio § Canlbiis o i) Sladduo .Y Jguor

[ 55952) - i,
(U157 9,0 oasy us(jlrjm (S5 0 Loy | CorBge
ol S d | edel¥
oinls . . .
- - )*( - | Seessly oY aoy) -
9 Obosdn oS/ gl ol )b )
- | - - | - R:0.018| 0.02m R:0,023|0,03m R:0.39|0.15m R=0.023|0,02m R=0.023 |0.01m
2| eSS | Sl s esnl O bl L F | Jhe oL X[ Y R
&bl /elagil 5,0 345 Y
- | - R=0.087|0.005m R=0.018| 0.02m | R=0.5 |0.03m R=O.39|O.15m R=0.023|0.02m R=0.023 |0.01m
LS .8 awle O .0
- = 9 el ¥ | Il SSL LY " )
(&Alﬁ) QLQ.....; X L;“’ LSJ 5J“‘ 02 da /f'UaJu‘))o GJ v
- | - | rR=0.01 |o.025m R=0.023| 0.03m | R=0.5 |0.03m R=0.39|o.15m R=O‘023|0.02m R=0.023 |0.01m o
o . i . . . 59 ) de )
T | Gl e ? oy -0 Ot ¥ | Jlw Seb Y| oy Y < (ol ol /gllazil o
- growiw]
- | - R:0.023| 0.02m R:0.023| 0.02m | R=0.5 |0.03m R:0.39|o.15m R:0.023|0.02m R=0.023 |0.01m
R gdmle 2o .0 . ) i .
- sl K e bl L | ISl .y oY aoy ) glaiil o
- aby SL
- | - R:0.018| 0.02m R:0.023| 0.03m | R=0.5 |0,03m R:0.39|0.15m R=0.023|0,02m R=0.023 |0.01m :
. _ o . e Y 3490 5 w2\
- | lenaS s | Sl g S gl B ¢plial L.F | Il SeL Y ke U‘)i;w) L b1/ e
- | B R:0.087|0.005m R:O.0A18| 0.02m | R=0.5 |0.03m R=0.39|0.15m R=0.023|0.03m R=0.018 |0.02m o
¥ | el Kaes )
- 510558 | S gz 0eil B oy pliwl L.¥ | Jlaw SsL.Y oy
- | B R:0.087|0.005m R:o.0.18| 0.02m | R=0.5 |0.o3m R:0.39|0.15m R:0.023|0.o3m R=0.018 |0.02m o 5
)
515 .8 e .0 oMo Y KU S K
- = bl LUF | Il Ssb Y Al >\
(Sl ) Olommdasle optlh ¥ sk Olosmdusle (S5, waf / .Li)ﬁ)'“" !\j
e
- | - | r=0.01 |0.025m R:0.023| 0.03m | R=0.5 |0.03m R:0.39|0.15m R:o.023|0.o3m R=0.018 |0.02m 7
ol 5 s © e e 50l 5 s .
R T e 8 ol L | (I Syl ¥ R ‘
(=12 Olermtls ' Olemitls (F92) | ahwSL/oSIL| el | A
- | - R:0.018| 0.02m R:0.023| 0.03m | R=0.5 |0.03m R:O439|0.15m R:0,023|0.03m R=0.018 |0.02m
el 5 S .0 e ¥
_ _ 9l L S . B g
(6,\>'|J) lommtale < YIRS 0y 4oy /)%Z;;Cl?. &S q
- | - B | - R:0.018| 0.02m R:0.023|0.o3m R:0439|0.15m R:0.023|0402m R=0.023 |0.01m i
. OO 0 N . i . B
- (u&ml,w) LS""LY? ULA.A—MJMLQ Q)JLWIGL:Y GJLM JBL Y 0) Y AA).: A /)wLw‘ Q[% \.
oM
- - =0. A m =0. .0om =U.. .Uom =U. L1om =U.! .UZm =0. 0Im
| R001|0025 R0023|003 R05|003 R039|015 R0023|OO2 R0023|001
el 5 S .0 e ¥ oMY gl 55 Sinw -\
_ _ 09 L S o9 =,
(1) il < 5l ¥ Slasmodusle () Sk g T
GSoals b
- | - B | - R:0.018| 0.02m R:0.023|0.03m R:o.39|0.15m R:o.023|0.03m R:0.018|0.02m
gl 5 K .0 e ¥
_ _ ol . ) .
(=19 B Cl R EOR Cladany V| /elaslye Y
SaS
- | - B | - R=0.018| 0.02m R=0.023|0.03m R:o.39|0.15m R=0.023|0.02m R=0.023|0.01m i
- - M)xb al..g)'.f L;]LMJBLV o).g)'-Y (oL.w)t\Af\ /81-'4“‘))0
)Q)WLMJ ol% VYW
- B - |R=0.023| 0.01m |R=0.023]0.02m |R=0.39|0.15m |R=0.023| 0.02m | R=0.023 | 0.01m sl

515 et il s 5 6515 bl e ol sl sy s ol 3 s g Bn s s 3y ol o 555
M‘L«S)f)b)ousl.n.w auwu&jﬁdbsksl}b&lﬁwm)éd)slfn_iwuﬁb A S b)ld.?



Y

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et

wgbes o bgb e
i g o il 51§ o215 Bl yad sl iz (sLaa (sl a0 gl (il y> Cenglio g cuolus  uiz) olasiine ¥ Jgio aalol
(UB15] 950) oY ! L”(j’)ﬁ’“ K, [oytots| cosesye
_ OOl F . .
- - Oyl s 0 s L Sols Y 0p3-Y 4o ). ) el 5,0 ] 2
- _ o $
© iS5, (R 2
- | - - | - R=0.018| 0.02m R=0.023|0.03m R=0.39| 0.15m R=0.023| 0.02m R=0.023|o.01m T Jﬁﬂ
_ K)
Lo e .0 dwlo OMe WY | 43 yel 5 w2 ) N
- Sonl s |2 g5l ¥ lwSsLy |2 o5 e ol e ;
T e | T I g TG | e Y
- | - [r=0.01 |0.025m R:0.023|0.03m R:0.025|O4005m R:o.39| 0.15m R:o.023| 0.03m R:0.018| 0.02m ’
- - sloy 5 | 98 2 ™ sesoplY | o
e T T el B T S INRERT V5
- | - - | - R:0.087|0.005mR:0.018| 0.02m R:0.195| 0.08m R:0.018| 0.02m R:0.087|0.005m
5.0 | yanle b ¥ &5 sl .Y .
_ _ [Cad 9 L ol . 9% °9 s ) "
(Saal ) o (Sl S5l ¥ A SEongs /580, 30 wl o3
Wl 58l b g oo =
- | - - | - [r=0.01 |0.025mR:0.023| 0.03m R:0.195| 0.08m R:0.018| 0.02m R:0.087|0.005m 55
2
55,0 awlo L . ¥ awle e .Y 55 Y
- - < ? s Sk ¥ |2 =
Salpd | gl | T o | St | o wl b
Wl 58l b g oo
- | - - | - [r=0.01 |0.025m R:0.023| 0.03m R=O.195| 0.08m R=0.023| 0.03m | R=0.01 |0.025m
-3 ygl 5 o O e ¥ e Y -3 yql 5 w1\
- . sl AR ol
(19 omdanle (s S5k logstasls (21 | S5 b/ab s 4
- | - - | - R=0.0]8| 0.02m R=0.023|0.03m R=0.39| 0.15m R=0.023| 0.03m R=0.018| 0.02m
awlo e .# | L conaads .0 i f 950 gle ¥ _
Seal ¥ |2 P il LY | TS =5 ik
= o St | Sshagys | Ot ol aa | ST St olalisb Lis] r g
R:o.01|0.025m R:0.023| 0.03m R:0.12|0.06m R:0.35|0.25m R:o.50| 0.03m R:0.14|0.06m R:0.043|0.01m 3
o)
samlosde f | o ¥ . o lse Y | 2 k) ) 3
Sl ¥ Obos L S (g Sz ¥ 3l adw olas ‘L“’f*”l:“si Y\ E
- il
R:o,01|0.025m R:0‘023| 0.03m R:o,025|0,005m R:o.12|0.06m R:o.35| 0.25m R:o.14| 0.06m R:0.043| 0.0lm ot lssd
awle O Y
- - - Salyge ¥ |7 RCRUW. TN { B TP .
- | - - | - B | - R:0.015|o.025m R:0.023|0.030m R:0.050|0.100m R:0.176|0.300m
i glan.q L coooad.f dwlo 0g001.0 awle ¥ |awle Mo .Y
$ bl < il LA, 5| FETEE ? 9 Syl ¥ Sulige.) .
== b s |on kA Sskaz s S o o e ol e ol 90 i
0.043 | 0.01 0.14| 0.06 | 0.05 |0.o3 035 |0.25 0.12 | 0.06 | 0015 | 0.02 0.025|0.005 0.013|0.02 0.023|0.03 0.015|0.025
AASN RS 0 IR AT B RO I ARV RN Y22 A Y-S R 2 S A RS RS NV SO VAR 2 NSO A O N O O I ) I RVRPS G
0.642(1.7230.619[0.3920.530[0.728|0.480] 0.321 |0.470 |0.482| 0.436 | 0.482 | 0.530 [0.273]0.482]0.288] 0.296 | 0.250 | 0.266 | 0.255[0.2730.226] 0.482 | <el2 < 72
5
<~

R OMMMUJ‘)JQLM euob)#ﬁdawj.@(»
il g (ole S (655l Lol 2 ojem ol 3 o mghy 2
S B pan Grals Bua by s Cand uolie g ailanils 353
9 ueﬁ AEAR LYA}:L@) a A.MS Es>) 439A3 ‘5‘]).:) Jj‘eo; Ml}u
(Y-Y- ‘TQL_,’_LC LC)Lc)‘o ‘L.§>5'>) aJlas ) (Y+\4 ¢ﬁo|)l5.o.&:
S92 ge g9 Sgae 4O lsed @ 0y S Sl 75U gy
ng.w‘ ol ol 4...’>|é).t L L5)f| J)..a.o u».dblf} uLo...’>L~u ;ia
JYCIRUUCIE RV TG S L SPSVATES SR PI1 ) I AN IR RE S
3G GBSl oS ( J5 10 (gliad o e sk 505 9 59,
ool o aSCul @ azgs bl ol bl ools slgaiiion s

V4 g 8o FY gaz )0 OF ldlim Jsb g o Jlot a5 AF 5 aids
abatt e 5 By 5 Ol slac] a5l il e VAL ¢ 3,0 als
oS Ol el ez (i Bobo el 00 @8lg g ol
anlllns 0,90 adlats cunl ol (ynsS (95 (coalBl gutaty SLine 2
55 52 B (9 J>19) sbye s 0,5 wuldl )0 ol gy 5
3ylaslewl jo comy ailfciion o8l guipanii b gillas cpizmen
AFRe ol sl e plesle) VEYOY ojless olnl e
o Los aldls Ll bl s 198 Cilises 3blis o 0 45 «(VE+ )
OeSolee g climme) g il 3 Lod JBla g 3510 (10S3lee) b,
sl ol (load (ganaiil (pliwe) 5 (lidls ;5 (crwicush,
@lr St el Grolo e I 5l by osbore 5 )5 alSl Gl



VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

JEEE

Back/North Elevation Front/South Elevation Left/West Elevation Right/East Elevation

5

(WWRO07) (6¥52 1V 59, VOB VY ilelos 10 (el o) (Bl s (YU <)) (g (gl 30 (il (39 (5 U020 (59 il sy 49 oz 31X g



19

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et
wgbes o bgb e

Sladlae b gollas .conad ¢ylosis Lo dunain a5 altusly cans ol digs
S ot ey e 9 e b (Sladpd glaojlu
@3lulale s (Bl gl Jor T (Sl Jolscn o5 M gunyo>
a5 glasgSas i dige Coamd 10850 ol el oyt g
(9% $Lad b g )l 4z pd IS g Les ailig) lugs Al
LY “\"|9"L5‘° chu:L: d)iLo.C L ‘511.60)|«.\> 9 LwLuaLa Ls)lJJ‘dJLw
(Sep9)5) dadyeB (Sl 0p po D9 ke S ol (a8
)b(ulﬁjdlwahw) a)me9Luu|).~a)i:Lu ¢(Y‘ V4 L”u_ﬂ;
xo dr b YL ool polie dzje bl e Vg 0
Ol 9 b e ygue 9 (gnng® S 2l 53 00 S Canglie
2 el plaz STl J51s (glad 1o (gandiygs bl ALl
roge el coslio Judpue iole 5l (g S 000 sl a8l 5 2
Sl owdﬁﬁé:u@f)é)umd)bwfowcwra LJ“‘
Cnand og...u@ bl 0,2y 6‘M CL‘a.u LQ.u GQI g_;Lu.uL’xo » aS
03 30 & (530 339 3508 (e ool 3l 50 e )T oy y53 cRygee
S5 5o el 39, g, el 0 S5l gliad e oains g 195 soal S
Lol o0y Aoyl u9bj.a 9 f:)f LSLQIV“LQ‘ 30 u.a‘ ).:51[; ).:\)La.a
J-AJ (Y M \() sH)L:S’.c c@LA)Lm) Mo)_?d:g 6’5“'%”’ ‘EIL: o)|5.a ).)05)'{5
el Cod] >
s g aasdly
901320 42 0y A Sy i glagus Sy
ol Gl el g gane

<8l e ( solo)b sy )l Sl asls polis
ot 093 50 SlooksS e (215 oy )b ) G
T iley Jolgs 5o (¥ V) (i Sy gy 50 3T s
P oy e ) el ayoyonn Cand g AU Y sla o gl cad B
cu_'i)|)> u,v.JLMJ Ua}LM: el 0l 00l ‘JAAJLAJ(Y))-’W GLQ)LB}Q..}
sleosl ;o 9 Jlo SO b (il cdlys (e 5 sulo)b ds s
ol ool u»)‘)f ¥) J9A> 3 (.LQJM Ao 6‘)" weelw gSu 6:[.0)
el 00l uu)l)f

Je il glanal)ly il (SgSr duslie g pusyp B2y
GowdysS (il Bl )0 e g sulo bas s il as L il
0,70 S gl g ALY (slo e ;5 215 (sloo,ziy o)k 5
Cowl 0dls ool ‘_,MJLM (8) yyguas (_gLa)lo}Q;)o oY )I%o

2 5o &Sl podle (V) o)lads Joo yo dajloges ol b gollas
2 eylas 18 il sagase o wl ¥l Gl . Sile ezl o >
o & 0yt Cand Gl 2o )3 Yo o b Sl Sy el 5,
el a8l ials8laly SO agas e 4 ol ol

Lt ol ool aslllas yo ol (3 il g5 8
oleb paili, JBlos a5 izen 5 )l Glolul 4 olaws Bue
b S (gnngS B 5l (AL S > g sla)b

Jobs el opem ol po 8,58 p90 sla sy 3o ol pogdle
5 M Ssbbah o i g UiS g Sl leojlas 5l o)l >
el o gleadie 08y sLiad S g5 L g chansl oo 4z S L
29 shelng (Sl o e wiile (olajell 4 nlpegdle
O9 (Sa g Bk 5l Ol Bl g Sela el oats
Sl ol GhalS @ 2nie ol S ¢ Sl 050 o a2 g5
S3btinge GOSESS (izea 09 leis L Syl )b (a8l
wlon S b s wiz b gs avlio s i g ool a3, 5 0 j90
iliee glo el 13l )y pogdle (ol anlllas o .ol o
Siloting (oSESS calitie glacuns dlie g cdingy Sons
S 59 oy (ol aing polie 4 cogdlay ol 4B S Sy
999790 gog) ilidue glagain Sy o s 4 oyt s S
b ansl o (gl

o295 (55 (Sl

3 ol Calis, lie 4 ol i Ll bl 5l ol
degazee ol Gl (YWY Mg, TS o ey | dae
Sy o 3l (Liad 1S S o A gl S8l oS el Ll
3,508y 9 2SS Lo S b Lojus st el o g 0y cnslie
Sl Gl byl sle (ks 5 Bl Jols Jals Lol
Aoy (5035 5 O3 Gl eSolie (a3 sla sl 09 o0 S,
ol 9,50, 5o ol Ly sy 0 sl alox 5l 2lo)l
sl 43,5 )5 VVY gl Lol ey foilis] gl aS Cend 5,
Y5 (o) Y 51 &S sl (glaz 3 V g S gl L
gem e /DL /D s yolie D (g 1 fbliasl 13 IS oy (,5)
) 35+ IV 1Y s ol YWY+ g5l o il e 1,5 40
06 yol) el 00 paans iolol 090 lgicas (89240 slopy Lozl
NQ RRYAPASTE K3 RIS SRR

(S laolaz glp culio wlae Sl § e Ak
il @ il e Ly U510 Lioll Ll Lai g olowl psogdle
P Sige) 605 2le S pliz G105 5 Sl ool slalad 1o )l
393 39 Sk Sl ()l Gl rogdle 09 jzeie 53 (Y V7
@lpp CoisS g (orb 495 £ 5 ShuleS g (Shale e (55l sl
070y Cemds B L g0 4 020 S 5l (o2l Wl o (B9
2 (Lol coluo L) oz mhaw Colue £ gaze pand ) Hleus 4
Al cobas £520) 7 Sgym ol o (AP colas oo
amslore (WS (oo oz gy 51y plei b (93 (gliad oS ol
99050 8 e (glatend mhaw Ll lge (B o 39 h o
1 e ol Lol gt oS 0,0ty JS Crlis 31 gl ols vl
b o ol 76 )50 009902 sl (A (g e
s lasbns 5™ Jlykigad] glaionds glaled (puizan 09 o)
il ;0 4z ST gl cas a8 Jlas )3 (S ©j90) (gladind
Wig oo Blod (S 7 ,500) g0 Clie



VIV 5ol o ool YA o500 @ (gl st 9 (s sloro - L sl

e

&,

N1 Solar Gains Exterior Windows (kW)

NLPPD

NLPMV

T sy mos

opuegos

Tine

Exterior Windows (kW)

N2.Solar Gai

N2PPD

N2PMV

v ey s

et

N3.Solar Gains Heat Gains (kW)

N3.PPD

N3PMV

) sy o

e,

Tine

Time

N4.PPD N Solar Gain Exterior Windows (kW)

N4PMV

e

Time

N3 Solar Gain Exterior Windows (kW)

N5PPD

NSPMV

opn

oo

Time

Time

N6 Solar Gain Exterior Windows (kW)

N6.PPD

NGPMV

N7.PPD N7.Solar Gain Exterior Windows (kW)

N7PMV

)

e

wios.

e

Time

Time

NS.PPD N8 Solar Gains Exterior Windows (kW)

NSPMV

op

o)

sy

soiw

]
T

Lﬁﬁoﬁn ‘sl.b)b,.n.'» ff,..n:»

oS

Sy il

V. )UM)éc

30 9 ¢ (5

(P

bty

|

20 5e

b

&
oy

Sy

s e

NARR

509550

Jadbs

5 sbosls yo 5

S S

8¢

(Sl S

A6 oo

A



\RA

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et
wgbes o bgb e

N9PMV

NO.PPD N9.Solar Gains Exterior Wind

&’“3 39 «4.5.35.) Y. cs’L“) 6L°°}l? » ‘)’i M u‘““““’ 0930° ‘5?)& LSLb")’.d.‘, LS’)"’ ).| Q’“’L‘ alﬂ)" Q')"“" 9 ‘As;il‘b)b oy ‘Ass)l)’ t):"’l“"’i U“’L"’ ):‘You'“ 6“’;‘99“3 -f RGeS aolol
TR BTN+ lead s oymis S A6 ) sl Joko e iyl

(Sl S 3y ARBO T+ Sloj laosl 10 5T Alubs (o (393 50 (5215 (S Loz b 3l B Bl o () g ¢ Solio )b oy Sl il AL yolio (glaylogas O pguds
FARS )Iﬁ,géc\ga).qr.;gwa‘\ Gy stJ..u

NI0.PMV N10.PPD

N10.Solar Gains Exterior Windows (kW)

(il S 3y Al T+ Sloj glaol 10 5T Aubs (o (393 50 (5215 (S Loz b 5l B Bl (5 g Sl oy Syl il s Lis yolio (glaylogas F yguc
FARE VA RS [YERVFIC STTOUOW I L RV

Egazme o Wload auglie azeln & Sy sloosls o Sl IS 4l
il lelos Giol33l 51y 6 18580 wien (8 Jow) Ao dducts
ey skl eyst s alS 5 il s el rals
el anils =5

2 N5 ) @l (oSal agrimegll Ol (ulegye
el (Sl Giale oo 5l oslinal ol 5o (Slolayw b alS
oo 3 e ) Bas rlmoyznty BLLI o (g0gas g (Al Lol cainge
(ol il il el glaasly s Ll )+ oles
Sl S0 lr (s oz ok sl b 8l e s
Jbo Se sl 9 «P) pgas slajloges o @i Bs Yo Soj slaogls yo
ol 0as 00ld Hioled (V) Jgaz j0 el G ooy sloosls 5o
Gole (Sl cagaingll OB 28,5 k0 o)+ olas Jas o
53 oty (6 258) oty b 5 plole i aled ( ))>
0708 o 525 b o Syl Golul (ol ke | Bas 4 g (4l
(V) pguas 10 .0)l0s azgs bl oss oo A ooy Ve 5l lgo
3 b il e g culio )b o yd ¢ > Gtolul asLs olie
oy o sl Bl 53 e g5 o 2 slee i b
sl oo sl SuSH LYV B Y gl Joe o0y Vel

(02 (5903 9 Olasl Aty 2 0lie) (5Lt slmaisly
Lglﬁb\.‘o)o \. ’5‘WWR6‘ﬁM)Q Ve Cand e o)Lc..f;J’.\.oL;lﬁ

Sloged loads adaio po (9508, 1o slaslaglo o Soe )l >
&of )L.wJ q 9 \ A GLQJJ.A )L)eA.} aQ u(u_’i)|)> d;LC) I\ JJ.A

Yo ooy holsd 05 Syl S 53y 50 (sl Gl pas s
¥ LUPVC) o)mubwoMbLV5Y o\ GLQJM)Q¢MQ
Jouz b gollae el andlas g it (oS00, (sagainall L
lel Gl 50 6,36 o ymiy b iz (Jlo S Job 50 55 (1)
Bk 5l b cdlye mals s olo)lb wleln als (iolul
\- }|)|5,3o4.3 o):wmwu‘)ﬂ (e .é)b.’t L;?)L'} k_;L(zvo).?;:.;
Slelo jtals o 425 b 3l (Jglate >1,b) dopo ¥ ooy
ol 428105 gaieilioy el b tolul

0238 G )8 Syl Gl (il Sy g 50 4z ST
o Jae g «(0))as 13 ++ /0L -+ /0 sgame yo o3l )] Sl
S ombedl o e g sulo)baws s g iolul jasLe oy sl calise
o)las Joo cilas g5 B sl > )15 Blad slaolax 50,0
S Canog o Joe 1l b dslie )0 d(diig adcds 5l 6,5 0,00) £
el bef Jow jo (Blas sleoo)las g,k 5l il b o e o)ls
3,18 (g pazgs B s e o
() Blad glaojlax gl gl il 2l e g sl



ul)ls.mtbs‘smwm \ ’Y

VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

NLNI0PMV NENIOPPD

NI1-N10.Solar Gains Exterior Windows (kW)

(il S 3y ARBO T+ loj ool 10 45T Ao o (39 10 5215 (S L0231 5B sy oy n g ¢ ol )by Tyl (sl L ypoliio gl yloges oV ygac
T a0 sy Commnd )+ B sl Jute

Optimization Analysis (Minimise Solar Gains and Discomfort) Optimization Analysis
2998 100
(R}
2996 oote @ % o®
. e
2004 - 0 o
= .
: . s
% % °
0 &0 e
o S .
g0 £ F)
—a® E 50 P o
..o' ) AR e
) e
o0 30 &
° .
Q .
2082 o' 5 o
o0® o
2980 . 10 TR
2078 o
s000 10000 15000 20000 25000 30000 35000 40000 2078 2980 2982 2984 2986 2088 2990 2992 2904 29% 2998
Solar Gains Exterior Windows (kWh) Discomfort (hr)
Pl aib (o2l Bl bvojlaz G2 yb il il b s (e 9 (Solio )b ileb (SuiST s Jloges Y 03l Joo o Jlw SG (o 3 o ¢4l ga0 4 07 S g (Silio )b le b (SuiS jloges
Y oglants Joko e Jlw Sy o
Optimization Analysis Results (Minimise Solar Gains and Discomfot) Optimization Analysis
29595 100
90 °
2959 % - o®
o° 80 s °
[} L *
20585 75 e
o« e
60 ®e
2058 . s P
. »e g s B
957.5 . % 2 £ 2 e gl
40
. ~
. o
2957 oy o, oo *e e 30 L ==
. & 00, o LS
° s o4 o 20 g
e® °
2956 ° .
10 .
2956 0
12800 13000 13200 13400 13600 13800 14000 14200 14400 14600 14800 2956 2956.5 2057 2957.5 2058 20585 2959 29595
Solar Gains External Windows (kWh) Discomfort (hr)
Tas L als s bl dulsend R &, . . . Tas R ey s
Al aib ()l Blad ooz 32 b 5l sl CBbyo e g (Silio) ilelus SuaST s jloges Y+ 0ylosds Juo ( Jlw SO (b ¢y o ¢ g2 0 p2xy Caunsd g  Slio )b ilebw  FusST s yloges
Ve oylods Joo (Jo SO b

(iasger Joo) ) + 05l 9 (4l Joko) Y 0 ans Joko 33 (5 Jaskiunter L0505 A yoguci

395 35 asls S5 o Luolgd 53 (6 e i) Jlos Sy 33 (o215 0,204 3 3833 (65 5 Egozo g (0<PPD<20%) 5 (-0.5<PMV<+0.5) il Sleluo £ gazeo:¥ Jgum

(o JS 5 pois
m “’(“’0";'(;;‘1: %"5’)“ T+ 31 e ssilio s lelos oo | (RW) o )5 o iz s ai¥los 38l (65, £game
Jueclanise j.u, WWR (%) WWR (%) WWR (%)
T0 ] 30 [350[70[90] 10 [ 30 [ 50 | 70 | 90 10 30 ] 50 [ 70 9%
sl e NI | 655| 609 |572|556]539] 1015 | 913 | 842 | 793 | 773 | 1124.32 | 3574.00 |6023.74|8543.15| 11160.60
oz s N2 | 655 | 609 |572|556(538] 1015 | 912 | 842 | 793 | 773 | 1124.32 | 3574.00 |6023.74| 8543.15| 11160.60
S agminnsll 5 N3 | 656 | 608 |573|561|538| 1015 | 914 | 845 | 795 | 773 | 112432 | 3574.00 |6023.74| 8543.15 | 11160.60

e /0N o gllas Lol N4 666 | 643 | 608 [586|575( 1060 | 995 | 915 | 857 | 809 677.90 |2504.76 |14342.90( 6605.00 | 9038.16

ol L o)l sle N5 649 | 602 [560 (543[523| 1032 | 925 | 834 | 787 | 755 | 1104.21 |3513.70 |5923.16{8360.16| 10971.28
FEOVEPRI. N6 689 | 674 | 669 (662|656 | 1073 | 1061 | 1053 | 1046 | 1039 | 173.44 | 551.34 | 929.24 [1317.90| 1721.68

e ) A o gl Lol N7 695 | 673 | 656 (609|589 1081 | 1056 [ 1028 | 936 | 872 436.75 | 1784.86 [3170.31|5104.86| 7290.84
o o Ss At N8 648 | 586 | 570 (561|538 1006 | 868 | 818 | 767 | 746 | 1312.80 |4172.83|7032.93(9974.61| 13030.37
5508, Ao slaslagles N9 655 | 609 |572(556|540( 1015 | 914 | 843 | 795 | 773 | 1123.12 |3570.24 |6017.41|8534.15| 11148.87

g Jo N10 | 723 | 737 |752|743|739| 1166 | 1196 | 1217 | 1210 | 1190 65.73 269.75 | 479.68 | 764.68 | 1100.41




\RAN

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et

dglae o bosb e
(W sLooylaz) 1+ ojlacs Joro 53 c0y203 (S9b3b g 5land 40 0,20 Comnd (6 sluwdint oL ¥ Jguar
WWR (%) External window open (%) Discomfort ASHRAE 55 (All clothing) (hr) Solar Gains External Windows (kW)
10 75 2957.5411 13010.76
16 49 2957.5077 13113.51
18 84 2957.2204 13149.30
20 54 2957.1436 13185.54
22 66 2957.0027 13221.67
24 36 2956.9244 13256.21
26 94 2956.8284 13289.29
32 38 2956.6309 13384.67
34 5 2956.5450 13414.78
36 5 2956.5242 13443.11

k_gl.m)low)oc\ M 5\ OJLQ.VJLS‘LQJMLg')J)‘BJJAJO)?UJ&M)JQLM
el 0dl oo‘owL«u(/\)f}«m

k_gl)" OMUM)JQLQ.A)‘L;JL’B AR o)Lo.«fJJ..\.c ‘(Y)JSM&L
w‘w@‘)‘b“a"]‘”‘°)‘>L“’L59""’)L’9‘)‘9"‘>d"°)'7ww

Olie Egome (900l 53 el Sty i (b g 2350
el YAVA PFVA olas coas s (il cdl o 5 culo b alele
it ey )+ ol e (gl s s SlyglS VDY 8
ST el ol (815 (F) ooz 55 Oli8le s (o295 L gullae
9 glaozi gl sl b el o g sulo )b olels ol s

-

!: -
. e

oy Vel S Sl sl bacelu 1 VA8 (0 £ 00 ;0 (puizean
ot yolo aalllas golgidons mellns g oy slad ol b gyl
1y sty i s s i oo eslosge L yo Jslaze pllas
5Ly gl YV 51 1208 e Jls Sy o lslS YOV £ gz

Sl (gl oo ol Cugb; g Led Juds 4 cosbo e g )5 3bolie 5
3159k 5 (Sl Sale pow (gL 3l ool ol adlass
(sl ez 0 )l 9,0 IS glad a5 05 slee 095
i 92 (63l Sas oxmb e 5l oolinl (gl sy o0 Sl 4
F i lse slod (als Bl (g a8k dde sl 4 099
563 3l Ol on & (Slelo (ali8l azinys 5 (J51s (glad 4 o9
ol yrosdle og_se sl ol lalllas glys 0,8 ool xsbo
ol 3 e a5 3] o3l sl e 31 5 a3 canlls 15
St eslae 3 5 1,5, 5 I (ool ot ke gbye s 08
@ Sl Oldlas ;o 09i o dlgiiing a5 el lazusgaze ol 31 Koo
KPWPTEARI QT

5 ol (il Gl (g5l B s (LalS a> a4 4z g
o el > ol o ol S5 55 s G S
@ Saa Lol aalhas 0 ae (Phb (op (ol Dby g
G5 ope Olo o lo)b leb g (gundyor (Al sl J8loo
tu505 5| 03l g5 oS 3lelos £ garmo s plas apeds asggs
Sladlas gl i drlowe cdls caws )y~ Uiolol sga> G b
S e sl G215 B0 iy o 3L o
2O godlgiiden Lozl

L oS, pogainesll OB 51 oolizul daasdly b gl
@l VY W/m-K 5+ /Y8 W/m-K Jsles 5> cola oo
(goeyg> (S o cupo b adad ((29)0 5 Sy slaa
L rlr cespa (e Ol JUsl coyo 5 (S0 g s cu e
SBLbl s gogas 5 288l Lol (Y/000 W/m™-K g + /10 ¢+ /10
Colas copo b ooy (d)b )0 e V b /0 Bes 4 0y
Sl Bl ab (Brme dinge e plyiee - /FAW/M-K &) >
olelu gl Bl a) ol> lagh Blaal 4 olows o
bl iz o )l az g B b (8L Ll g (lo
o3 T5 o FFFY S VE LYY Y A OS - plie ) S
ol oolaial B ¢ lgas 4y oy cannd (gl dige polie lsica
Gloud 51 o 5 le oy (g9l ang ol (orizeen
YA QF XS FFBF AF FA VO L el il codpa sSie
IRVESYAIA
05 03 ) adid iz w3 oo (LIS anlllae ol (glaaidly
O (gdeygS (Sl o ey 5 ()l Jll ooy e
S 58l L aSToulilas 1 Jlaas a0 ety i Copnd uolie il 56
B laoi b il gaaiyg> A8l el oy
9 50 595 bl 00995 51 Syl el ez Lo g by oo ol
o drogs Sl ol (il JBloz 43 gl je 5 05 (lapealdl (o
|y o ol olgion Aty (gl conlin llas sl U Lol
Uinll el ol a 0,2 S i 4S5 j9boy 0l a3
iy pllnn Sl 35 ol 5 B Sl o 3,
53 Jgliie Comnd) dopd Yol 4y 0,ony s ;o bl adlllae
bad ( SlSe Julepw sl 5 oolisul (g0 ol (b
255 01,8 ol oagasme o Jlo IS o el VYV JBlas ¢ Jslo



48. Window Geometry (WG).

49. Harmati & Magyar.

Glocawpd

RN ool Lo sfilew] (VWR) olal olalinl Lo lojle
ez Joalligins 5 g5p Span Jlie st < TsSe slop Lt Lo
olplolaslinl (o lojb 105 (ol Gralrg Jsl Sl ecsirl

XY ool Lo sliliw] (VEY) ol slabinl Lo olosle
oz Jodlhgins 5 535l S jlae pund < sSe (lop ez le
Ol ol (o lasles 10l e gl Sulg gl ssaz & g5,

Coppiosbreg S waldl (glivs 2l (>l COVYAA) Sl e (g e
FEYAUDY e

o AVAD) plessl (o ) e (0905 1235 (g3l g oy )9
3SR (gl S e 0 g o fpadip Conne ol plaizle L
e 3 S o s

ASHRAE (2007). ANSI/ASHRAE/IESNA Standard 90.1-2007
Energy Standard for Buildings Except Low-Rise Residential Bui-
Idings. Atlanta, GA: American Society of Heating, Refrige-rating
and Air-Conditioning Engineers, Inc. https://www.ashrae.org/te
chnical-resources/standards-and-guidelines.

ASHRAE (2017). ANSI/ASHRAE Standard 55-2017 Ther
mal Environmental Conditions for Human Occupancy. Atlan
t, GA: American Society of Heating, Refrigerating and Air-
Conditioning  Engineers.  https://www.ashrae.org/technical-
resources/standards-and-guidelines.

ASHRAE (2019). ANSI/ASHRAE/IES Standard 90.1-2019
Energy Standard for Buildings Except Low-Rise Residential
Buildings. Atlanta, GA: American Society of Heating, Refrige-
rating and Air-conditioning Engineers. https://www.ashrae.org/
technical-resources/standards-and-guidelines.

ASHRAE (2020). ANSI/ASHRAE Standard 55-2020 Thermal
Environmental Conditions for Human Occupancy. Peachtree
Corners, GA: American Society of Heating, Refrigerating and
Air-Conditioning Engineers. https://www.ashrae.org/technical-
resources/standards-and-guidelines.

Banihashemi, S., Golizadeh, H., Hosseini, M. R., & Shakouri,
M. (2015). Climatic, parametric and non-parametric analysis
of energy performance of double-glazed windows in different
climates. International Journal of Sustainable Built Environment,
4(2), 307-322. DOL: https://doi.org/10.1016/].ijsbe.2015.09.002

Binarti, F., Istiadji, A. D., Satwiko, P., & Iswanto, P. T. (2013).
Interlayer and cavity contribution to creating high light-to-solar-
gain-ratio glass block from waste glasses. International Journal of
Sustainable Building Technology and Urban Development, 4(1),
82-88. DOI: https://doi.org/10.1080/2093761X.2012.759891

Goia, F., Haase, M., & Perino, M. (2013). Optimizing the
configuration of a fagade module for office buildings by means
of integrated thermal and lighting simulations in a total energy
perspective. Applied energy, 108, 515-527. DOI: https://doi.org/
10.1016/j.apenergy.2013.02.063

Grondzik, W. T., & Kwok, A. G. (2019). Mechanical and
electrical equipment for buildings. Hoboken, New Jersey: John

ub&.o.‘bséMM \’f

VFY 50l o o)leds (YA 0,50 @ (g3lu st 3 5 plomo — Ly ) (gl o &y

e ]

1. Zhao, Yin, He & Deng.

2. Zomorodian, Tahsildoost & Hafezi.

3. Kempton, Daly, Kokogiannakis & Dewsbury.

4. Lee, De Biasio & Santini.

5. Window to Wall Ratio (WWR).

6. DesignBuilder 6.1.0.006 (EnergyPlus 8.9).

7. Template.

8.Common Circulation Area (For all Common Circulation Ar-
eas such as Corridors and Stairways Outside the Dwelling).

9. Unoccupied.

10. Domestic Circulation (for all Circulation Areas within the
Dwelling).

11. Domestic Bathroom/ Domestic Toilet (An Area Specifically
Used for Bathing/Washing. Contains a Bath And/ or Shower and
Usually a Basin and Toilet/ an Area Containing a Toilet and Bas-
in Which Iis Separate from Main Bathroom).

12. Domestic Bedroom (An Area Primarily Used for Sleep).

13. Domestic Lounge (The Main Reception Room of the Ho-
me).

14. Domestic Kitchen (The Area within the Dwelling Where
Food is Prepared).

15. Zone Type. 16. Semi-Exterior Unconditioned.
17. Standing/walking. 18. Reclining.

19. Predicted Mean Vote (PMV).
20. Predicted Percentage of Dissatisfied (PPD).
21. Optimization. 22. IDA-ICE.

23. Belém.

24. Banihashemi, Golizadeh, Hosseini & Shakouri.

25. Thermal Absorptance. 26. Emissivity.

27. Conductivity. 28. Saber.

29. Troup, Phillips, Eckelman & Fannon.

30. Khoukhi, Darsaleh & Ali.

31. Adiabatic.

32. Thermal Comfort is that Condition of Mind that Expresses
Satisfaction with the Thermal Environment (ASHRAE Standing
Standard Project Committee 55 Cognizant TC: 2.1, Physiology
and Human Environment).

33. The American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE).

34. International Organization for Standardization (ISO).

35. Sung.

36. Y. Glazing area (m?)/Y.Gross exterior wall area (m?).

37. (Excellence in Design for Greater Efficiencies (EDGE)).

38. Spandrel. 39. Goia, Haase & Perino.

40. Thermal Resistance (R-Value).

41. Light Transmission (LT).

42. Solar Heat Gain Coefficient (SHGC).

43. Thermal Transmittance (U-Value).

44. Grondzik & Kwok. 45. Shading Coefticient (SC).

46. Light-to-Solar Gain (LSG).

47. Binarti, Istiadji, Satwiko & Iswanto.



V-0

9055 8l (SsSne Lol ) 0,2ty (9l g Slasl digy polie et
wgbes o bgb e

energy building. Sustainability, 12(6), 2573. DOI: https://doi.
org/10 .3390/su12062573

Lee, T. G., De Biasio, D., & Santini, A. (1996). Health and
the built environment: Indoor air quality. Calgary, Alberta: The
University of Calgary. Retrieved from http://www.mtpinnacle.
com/pdfs/iaq.pdf

Moshiri, S. (2009). Sustainable Design Based on Hot and
Humid Climate (in Persian). Hoviatshahr, 3(5), 39-46. DOI:
20.1001.1.17359562.1388.3.5.4.8

Saber, A. (2021). Effects of window-to-wall ratio on energy
consumption: application of numerical and ANN approaches.
Soft Computing in Civil Engineering, 5(4), 41-56. DOLhttps://
dx.doi.org/10.22115/SCCE.2021.281977.1299

Sung, D. (2016). A new look at building facades as infrastr-
ucture. Engineering, 2(1), 63-68. DOI: https://doi.org/10.1016/J.
ENG.2016.01.008

Troup, L., Phillips, R., Eckelman, M. J., & Fannon, D. (2019).
Effect of window-to-wall ratio on measured energy consumption
in US office buildings. Energy and Buildings, 203, 109434.
DOT:https://doi.org/10.1016/j.enbuild.2019.109434

Zhao, X., Yin, Y., He, Z., & Deng, Z. (2023). State-of-the-art,
challenges and new perspectives of thermal comfort demand law
for on-demand intelligent control of heating, ventilation, and
air conditioning systems. Energy and Buildings, 113325. DOL:
https://doi.org/10.1016/j.enbuild.2023.113325

Zomorodian, Z. S., Tahsildoost, M., & Hafezi, M. (2016).
Thermal comfort in educational buildings: A review article.
Renewable and sustainable energy reviews, 59, 8§95-906. DOI:
https://doi.org/10.1016/j.rser.2016.01.033

wiley & sons.

Harmati, N., & Magyar, Z. (2015). Influence of WWR,
WG and glazing properties on the annual heating and cooling
energy demand in buildings. Energy Procedia, 78, 2458-2463.
DOL:https://doi.org/10.1016/j.egypro.2015.11.229

INBR. (2020). National building codes. topic 19: Energy saving
(in Persian). Tehran: Road, Housing & Urban Development
Research Center. Retrieved from https://inbr.it/?p=5798.

INSO. (2022). National standard of Iran (INSO 14253):
Residential building- Criteria for energy consumption and
energy labeling instruction (in Persian). 1st. Revision. Tehran:
Iran National Standards Organization. Retrieved from https://
standard.inso.gov.ir/StandardView.aspx?1d=56975.

ISIRI. (2012). National standard of Iran (ISIRI 14253).
Residential Building- Criteria for Energy Consumption and
Energy Labeling Instruction (in Persian). 1st. Edition. Tehran:
Institute of Standards and Industrial Research of Iran https://
standard.inso.gov.ir/StandardView.aspx?1d=36156.

ISO. (2005). ISO 7730:2005: Ergonomics of the thermal
environment - Analytical determination and interpretation of
thermal comfort using calculation of the PMV and PPD indices
and local thermal comfort criteria. Switzerland: International
Organization for Standardization. Retrieved from https:/www.
iso.org/standard/39155.html

Kempton, L., Daly, D., Kokogiannakis, G., & Dewsbury, M.
(2022). A rapid review of the impact of increasing airtightness on
indoor air quality. Journal of Building Engineering, 57, 104798.
DOIL: https://doi.org/10.1016/j.jobe.2022.104798

Khoukhi, M., Darsaleh, A. F., & Ali, S. (2020). Retrofitting
an existing office building in the UAE towards achieving low-


https://www.iso.org/standard/39155.html
https://www.iso.org/standard/39155.html

