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Abstract

Architectural design is a complex process in which multiple issues must be addressed simultaneously. The
ratio of window area to floor area in classrooms, especially in cold regions, plays a significant role in enhancing
both visual and thermal comfort, as it directly influences the amount of natural light and radiant heat entering
the space. This reduces the need for artificial lighting and dependency on heating systems. However, an
excessively high ratio can lead to heat loss, energy wastage, and discomfort due to glare. Therefore,
determining an optimal window-to-floor area ratio is crucial for ensuring both visual and thermal comfort.
This study focuses on a secondary school classroom in Tabriz, a city with a cold climate. The research
objectives were optimized using simulation tools such as Honey Bee, LLadybug, and the Octopus optimization
plugin. The study concludes that the optimal classroom window-to-floor area ratio ranges between 0.125 and
0.2. Specifically, the best results for glare and adaptive thermal comfort are achieved with a lower ratio within
this range. In contrast, the best results for daylight sufficiency occur at the higher end.
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Introduction

Sustainable architecture is a comprehensive approach that addresses user needs, contextual factors,
functionality, and aesthetics in an integrated manner. In educational buildings, functionality plays a critical
role as it directly affects the cognitive performance, comfort, and health of students. Among the most
important factors are thermal comfort, energy efficiency, and adequate natural lighting, all of which
contribute to creating a conducive learning environment. Natural daylight has been widely acknowledged for
its positive physical and psychological effects. It enhances alertness, reduces eye strain, and supports circadian
rhythm regulation, contributing to better concentration and reduced fatigue. However, without proper
design, excessive brightness can cause glare and discomfort, undermining these benefits. Achieving a balance
between sufficient daylight and visual comfort requires careful consideration during the design
phase. Thermal comfort is equally essential, as inappropriate indoor temperatures can impair students' health
and focus. Given the challenges and costs associated with post-construction modifications, using simulation
tools during the early design stage is highly advantageous. In regions like Iran, where localized sustainable
building guidelines are lacking, such tools are crucial for climate-responsive architectural solutions.Numerous
studies have examined environmental comfort in educational buildings across diverse climates. For example,
research in subtropical and tropical regions has emphasized the need for cooler indoor environments and
has highlighted gender-based variations in thermal comfort perception. Other studies have focused on
optimizing design elements such as light shelves and window placement to improve performance. The use
of multi-objective optimization tools based on artificial intelligence has enabled architects to address multiple
goals simultaneously. Despite these advancements, practical design recommendations tailored to specific
Iranian climates remain limited. This study addresses that gap by focusing on the window-to-floor area ratio
in high school classrooms in Tabriz. The goal is to identify an optimal range that ensures thermal and visual
comfort based on climatic conditions, using simulation and optimization tools to inform design decisions.

Materials and Methods

Tabriz is situated in northwestern Iran and features a semi-arid climate characterized by cold winters and hot,
dry summers. Positioned at an altitude of 1361 meters, the city receives about 4,369 hours of sunshine
annually, of which approximately 3,047 hours are usable due to weather conditions (Ouria, 2019). According
to ASHRAE Standard 55, the psychrometric chart indicates that, without climate-adaptive measures, only
19% of the year offers natural thermal comfort. To evaluate the classroom environment, the study used three
key performance indicators:

Daylight Autonomy (DA) — the percentage of time during which natural light meets or exceeds minimum
illumination levels, as defined by Reinhart & Walkenhorst (2001).

Daylight Glare Probability (DGP) — a measute of potential visual discomfort due to bright light sources
within a space (Van Den Wymelenberg, 2014).

Adaptive Thermal Comfort — determined using updated ASHRAE and EN standards that incorporate
outdoor conditions in naturally ventilated buildings (Serghides et al., 2017; Wang et al., 2019).

The research employed Rhino software with the Grasshopper plugin for parametric modeling. This allowed
for flexible adjustments of classroom geometry, including width, length, and window size. Ladybug and
Honeybee plugins simulated daylight and thermal behavior using actual climate data from Tabriz Airport.
Artificial lighting was excluded to isolate the impact of natural light. For optimization, the Octopus plugin
within Grasshopper applied the SPEA2 evolutionary algorithm. The three objectives—maximizing daylight
autonomy, minimizing glare, and increasing thermal comfort hours—were assigned equal weights to ensure
an unbiased evaluation. The simulated classroom was a ground-floor unit with an east-west orientation,
featuring one south-facing window and a fixed-size door. The window was modeled as non-operable, double-
glazed, and low-emissivity. Except for the southern external wall, all other surfaces were considered adiabatic.
The simulation focused on typical school days and hours, excluding holidays and vacations, and assumed
adult student occupancy per ASHRAE guidelines.

Results

The primary objective of this study was to determine an optimal ratio between window area and classroom
floor area to create a comfortable indoor environment that supports educational activities. Using parametric
simulation and multi-objective optimization, the study explored how vatiations in classroom dimensions and
window sizes affected thermal comfort, daylight adequacy, and glare probability. Out of the various
configurations tested, 70 optimal solutions were identified using the SPEA2 algorithm. These solutions
formed a Pareto front where none dominated the others, meaning each provided a balanced trade-off among
the three objectives. The optimal range of window-to-floor ratios was found to be between 0.125 and 0.2.
Within this range, several configurations demonstrated particularly high performance in specific areas.For
instance, some configurations achieved daylight adequacy levels exceeding 86%, making them suitable for
reducing the need for artificial lighting during school hours. Others achieved over 1830 annual hours of
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thermal comfort, which would reduce reliance on mechanical heating or cooling systems. In contrast, the
best glare performance, with values as low as 0.73, indicating minimal visual discomfort. These results
underscore the importance of considering all comfort factors in tandem. Enhancing one objective often
impacts another—for example, increasing window size can improve daylight but may also raise glare and
thermal instability. The study demonstrates that there is no one-size-fits-all solution; rather, the optimal
design based on contextual needs and priorities. Designers may select specific solutions from the Pareto set
depending on site conditions, user preferences, or institutional policies on attificial lighting and HVAC
usage.Ultimately, the study's findings provide a valuable framework for evidence-based design in educational
architecture, especially in cold-climate regions like Tabriz.

Discussion

Ensuring thermal and visual comfort in classrooms is essential for supporting learning and well-being. This
study employed multi-objective optimization to explore how window-to-floor ratios affect daylight, glare,
and thermal comfort. A ratio between 0.125 and 0.2 was found to be the most effective. Lower ratios reduce
glare and maintain daylight levels, whereas higher ratios improve thermal comfort. The results provide
practical guidance for cold-climate classroom design in Tabriz. Future research can examine these
proportions in other climates and consider additional factors such as acoustic comfort or surface-to-floor
ratio as further design parameters.

Culture of Islamic Architecture and Urbanism, 2025; 10(1) | 43


http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

FA=0 (WY OFF oMl (gilo b 5 (5olone Sy

oAl (5 Hlw 3a g (5 yloro Kb

L 4. DOI: http://dx.doi.org/ 10.61186/ciauj.10.1.541

VA

SIS 55 85 4y gai b s Cannnd b ding
9 ol Ll & Glolg orliws jgliieds oy
Ol3901 1> (6

D e i ot BT et ot O 101010 ) i st
Ol Gy Gy (oMol i oSS gl e g (koo 0SS g jlome 09,5 (oMl (g lome (415 (ol )
Ol 205 058 (oMol 32 oS35 g jluo e 9 (koo 0SS g slome 09,5 il Y
OIrl 208 08 (oMol 32 oK1 g jlus e 9 (koo KIS g lome 09, ¢)lutils ¥
Ol 5208 28 (ool 0 oIS (g3l 1S 5 (8 lome SIS (g 3lome 09,5 ¢lutils ¥

VXIS 2 bl gob A SR ZARVARIRRK Iy T

a5

sl 310 Blas 5 Clogdze sl laind Sgots 1l o 3 o Coad osry 650l s lans b
o L ¢ pawd a3l > (glo S 50 LS 4 0 joxiy Conline Caunnd g Bl He3 50 g 0liiS @B
Sbo)S 9 b )55 398 (e 2 ualiis jobas T2 )l () ()l 5 uﬂL"" w"ﬁ' 2
Ao (Rl hale)F (glaptus 4 (Siudly g (o5ian 5 4l i Sl M8 o0 ,8E o T
94 0idd)ljl (S cpicmod g (6550 9 Lo)S ol Cawd lay omie Wilgh o 1 o3l e Cuns (Jlcpll
Gl 9 il el 53 S )3 S 40,26 Colns | dine G S & i (Il
dalllao U"] 20 ) pd)ee J.—\n ot = Mbuo‘_.a:ol P ()"‘ 2 oMY R L)"‘ 9 .))l.) Lf’bl)s CAMI O‘).g)‘.{
L;Lmu,f)rb )] oslawl b (385 Gl Lfl” Lo ] BT dja_wyao éimia 2o ud% S
0oy ol Cund 305 ol 3)5ked sl 0aBplos] LugbST Slodine (15N 5 6 9 (2 Sl
&S Lfslbcu.ol;” 9 Slaal :\Jlf‘» )X .\JSL;O (;)M AR VRYANIA b)".g » I) usﬂaa ) dl.mu»% s
9 St Ulie 4 byrye Blanl )3 & sl 9dg0 ) ;Slo isd (Byme Bia pa lacn i plgie:
ColiSay bgsye B 53 g 59530 53L b o )0 (iS4 953l prda Ao o by )l Lol
) )8 e85 30 B3l (YL s > o (g )98

Sl o 51
00> IS (S 9y y9 CliS ()l el (b e

amaleki@tabriziauacir w5l Jgius"

7] ©2025 by the Authours.This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution
| NonCommercial 4.0 International (CC BY-NC 4.0 license)
https:/ /creativecommons.org/licenses/by-nc/4.0



http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

i ol (silaed poby o Sho luT il plol

Jll (e g 5y 59 ol woniiyd 5 Gl 639y )9
Sl il Lol eles! clelw 2l g gt (S ps
Colue oy oaCuns b Cons &l ] 458 0 0
Blanl a5 5)b 3y wyd W S Coline g 4590 paw
325 el cnbia a4 5 el g0ty |y 30
Olejr (b y99 <8l LRI img ol Lol Sl
Baoj cul (Spd al g Gl Stbel L
P e (wp N (b Jingh ddlaedge

A 325 R 53 dlaogie

Cuodl P oy (S I S (23460 Cunss sy

S5 oo 5] dl e oyl 3 sl Cloans ST o
oitlel g plalo L doje ol (glaisSioress
Ve wids 5 g law) 3 (glwe b LSl
obbb g hlexe ¢ )byl ;3 Taghizade et al,, 2019)
e srlio Gnly b & B gy (5l (sl |
Jb > .(Moghtadinejad & Pashaei, 2016) suly ol
3l e (sl yps el 94.\9:;9‘7;1 sodb sl
=y » Wge gl & 5l 5 lpady g (bl
aldio > Slas g K9 3l leidbs o) sldos (gl 53]
5 45 55 ol youtS o i it ], leles aBly Lagoea
—py oz ol (S 4 byje (sl Jodl gt lasd
hIE s S5 lagsb @ iy Sl jluand <lo)l3d
(Bakmohammadi & .S o w2ld il oy
2 G55 cldlas 3! Wl b > -Noorzai, 2020)
bl 5 il g opa bl ds0 5 (pp opas
con & ldlan 3 i) lSen g 92351lS ol 48 Splox
dos gbyo waldl 2Kl cla WS > Sl Lol
o el Jso 31 o3lizl b adllas gl 5 ksl y st
sl glo o > oy ) Stalel ¢k
2 Sdngh sl oad duslie (b &35 5 Eordae diges
ol S by |y Jasme oo lagh (ol
G 1y (ased (slaosly g 03905 (5 xSojlul (oulily e
B YNV ol Sloj B3k 3 (SigySUl (slaasl i
Sl 55 gy ke W3S (5 slaen VoVY (Vo
S S > 3l S il ds > VY 4015 il a5 3 VYA
38 b d > YY/Y 9315 ol do )3 YVA 5 ro i 05 L
pacls ol 0285155 gardae diges gyl SlaedS 3
gl bty g (3 Gl clulal ()15
23515 e (B 8o oo e 1) S alacne

doddo )
ol (g2glz (Seoge plitle ol (g)lese
T s 9 381 (slasls g Ll plos ] o 1 oS (S
Aaide (lojen jobody (i oloj g (99, Slos maplao LS
slas > (Fallahtafti & Mahdavinejad, 2015) 3,5 )3
sgstods (93,8kes Ly (b wald 3l el 50
Cud 2l Slygps J gt e (5,512
4 a5 (> il b -(Boubekd et al, 2020)
~oY )3 (b 95 (el 9 (e (555 late Il LS
gl sl (28kee sl ey inke > sl
b Lad slidey 9598 lise (Konis etal,, 2016) Kz
I ghieoye pis g 3> bbre  (g3a5te (g 9 Slowe
(Jloy 5 (bl CYMB! & e Wy o cwlio o
Sl | smbo 555 295 81 ) oyl 5 (S ¢ 53yl
WS 9 e Sl oo g Cnl (giuan ygi 2 pade o>
P opdbpo & pue oMo 235 Ml (K3d 5 Sy
a0 51 (W g ol g diibs) 39500 35 (55 Bpuae
Foo Lab 3l SauSeslanal (2oMo y jg) 498 il (g0 o
Wlgs o 30 3l iy [ Siid oS b do g 1L ol Cul
(Kentetal, 33 (¢pa bl pac g S 33 ol
el B )55 op &S Sy Lad gy S8 2017)
252 elb & cudl (il 095 (S cage w998
(b il (Veillette et al., 2021 $V¥+ ) i) Lad QT
b (©Skae o Slyg i I (Ko Gl il el
o g s s Sl Lad sled &S ] L;ﬁ)'?a]
ol 4 45« (Lamberti et al., 2021) 3,15 (¢ buan 156 31,8
o8 sl et b )57 plasl 31w Ly YIS 28 oS alie
b G s ilwand § Slllas Cuenl el oo
(Javantoodi et al., 2019; Xu et al, 3w o 3,5l |,
sy (e (gjloding sl ol (sieo e 2021)
9 590 s (2l ol oo 4 gl by
Silwdiaty (g, (Talaei et al., 2021) Cawl 48 pody 19,0
Ol 5 oy el pslitody Cilieo Bluws > dbansi
b gy dlio ;0 gy 0 B 4 g s b (A8lie Glual
4 i)l g (e Baadiz (gjludingy 89 3l (55050
P o Colus 4 0youy Colue Ay G (e Jlid
9 3l Sy pie cslio (o 55 ojod (b st
(o A b (ool 2 )l bl (2903 o2l
e oI S 4 935k s e SIS L o ]

£ | VEE gl oled quns Jo oMl sl ged 5 solane Sin


http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

il & Glolg olitsd yglatads (puny> (slo WIS )3 S 4y 483l prbaws Canmd (b dinge

(Ziaee & Vakilinezhad, 51483 )3 Slulid 5y90 (£39)9
wrgad 3 (les 5 (Xu) g o imghy > 2022)
S iy plogl e ghitl o sl Sk
Eas (hgp b lue y Baadis Glude )
S)lley ) imgh pl > sl 48513 o3litels,ge
=) piysNl s (Matlab) e «(Energyplus) (b (g5,
S Sl dps g osdedlitel (NSGAID) Y gl o !

ol 4880 e cocoglyl g (gjlodingg jolaieds
ime 35le (S (cla il Lol ob (sjludings Cilaal
5 o P Bgdie (B sld (bl 5 Bpae g5y
0A5aiB S &b )5 hgy lre ik & Cund @S duglie
839450 1 (65 )8 Jlojcite Moy ZFVIA Lyil5él 4y i
9 4l (65l Cpuan el ClgolS AV/A zals ¢ yioll
0 ytalul B3game | 25 el lise p3 LIV Liol38l
S gilwdinge 4 > aios p -(Xu et al, 2021) condl
itlol (ol 19 39200 lato 3] dlnwssio oo oM 8
Joslistal b g Suid g o5 il > 55l 9000 9 )
(oibgy ol lopite Cul oabaBly Syl by
gl ol 4 90l paw Cud ol > 48) Ky plas
L oS simd_e ohis uls Slodg (vl 3l 5 ladiind
e pleitls Ly & boje boyiio bl o
&5 e 38 9 Sl Sl b 5 3l satensee
(Lakhdari At Sgrge el gl objoel slolails o1,
— gy 3¢5 Ao ¢ 4l Ko 5 (gloeSS etal, 2021)
g9 by Jlate jl olul (gwp W Ban s gl
Szl 65 o s S Gl ol (b
kit dlasj] (g lano polie nicg dos g o lio oyl
ol 039y JyiS JB o o 5y slaojo> Slw] b Lab
Span Ol gy ol b &S w3 (LB 35 gl
e 9 L2l @yesie p Cebu SlaghsS FYAY b (5]
col  wibagr H Sle L] eleo]
Oogh & .(Bakmohammadi & Noorzai, 2020)
slogsl ilesre ly GMlgly 2% oS
syar 380es g (5l DB ik | )bl laglal
Saigidl g gialy slalile s Sl oy cul 3 ol 48,5,
4 (Ladybug) SL sud 9 (Honeybee) (o sl ¢yl yo )5

e osiodliz LogtST 5 (HYpE) calb 2265 ol o

fons . 3l (686 bl 5l Sluslus] o3l Ve s
Cuwl 0395 6 PMV/PPD Jio do3 oo i ¢ yigy oy
S oS i oty il Sl ] &S
Cusl 039 Ffse gadge cpl (lp (dulal Gl Jse
5&‘)&0& 9 l)‘\j 5‘_§)§.)..) :\xmca ).) -(Custodio et al., 2024)
PRI L oo Sl sl i)
Sl Sl i g win (gdadied (585 a5 b by
ij Bbabm ‘u,u.a:”; L)" CJLJ u,oL.ul » .AJ‘A&‘.))J bl)ﬁl
‘_5|)_39>|)§L;’.’5L.u a0 YY/\"\9Y'/Y"'\O:3L‘)U)‘ L;l)g uj)‘)>
ol 00y 3F Bl ax > OFIYY B VY by
— gy 8,8\l 13 oS Aty Mo ddlllae ! | SKiidng}s
@ Moo dagh il Ken plo g lews (al, 2023
939 2 cuslie (2lidy) (w5 9 ()9 Slodudd (g
ol @l sty el (Sl Gy b s hald
5 S5 oaudd (dy olb any oyl (iagy
Lg)ﬁfup b wLwogAaJ -f\wl)’ |) Lm)?r.b? Lg[m):fgl:é]
(Nesma et al, b o calio Cudlad dop ¢ it
U)yodu om)ﬁ Slaal )‘ gﬁ) Ry R °9M° 2023)
3l ool &S wad o i calisee Cladss gl Bl
Sgean (g b slie p ddadin gjludig b9,
S ikt 9 (oopp Olojed | a8 Sl Wy
g  shb yel 15 35350 dliio CBlial g b o ¢ S0 sy
Kb (s ldiare Wi o Slojwd ygbods slodings sloyljSle
Ziace &) dad Cuod 4 dwbo cuwle ozl g

Vakilnezhad, 2022; Xu et al., 2021; Lakhdari et al.,
2021; Bakmohammadi & Noorzai, 2020; Zhang et

(al,, 2017; Mahdavinejad et al., 2016

S Shy Silwainge & P SS9 5 oo B

Gl g olRd e (lap T 3 ()9 (slaawdd
i ol 39s  31 pl o CB end o S
Slodigil w039 (b )9 3 agesre 9 O
5y > (Grasshopper) pla w3 9 (Octopus) _wetS]
Sy gogid gl ey Jl g gjludige e (Rhino)
3 b5 gl el sdeslizd i Ltald] oo
9 ol b Sl > ()5 sladudd (la Sy &S
29 9 bawdd (cblos e bilyy Sy g col alde s

VEF gl oo qomd Jo oMol (55l 5 (s lono Sinjd | ¥5


http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

i ol (silaed poby o Sho luT il plol

@ 59 By Bl Go)b oSy sladilebs jf edlisl o8
ey ud (1Sle b eSS (695 Sl oo bl ol o
90 o> WA > igel i jre pdaw > W9 Ve
s (WYAD ¢S 5 305 (sig0) 135 Sl el
» @b dadedigun 5 cldlas Sy 399 8
3905 Sloman cclpl 9S> e Colu Bpu (o5t
u*’)L\“ L,,wa‘.;a dlmolo:&b.» L?])J" ).a‘ » L;J)g)lf ég‘.;a
Sllas Sgds 0 sdalie Sy ilel e I Sl
sbcodgioe W 4 ks ba plo p» asSebxl
Ol pesle (b Ao & (25Tl 4 B (Sl
s oyl ogMle (Zahiri & Altan, 2016) A
Srary S il (gjlodigg sty 3 485 &0
S L.:)o.: g Llasly yy ol ),.:L A yioS  guyd (S WS
UGS Gl 4 95}l paw Cams 13l Logas > cladllae
Jole psls imgh o Cul 4855 ol ogad oyl
gy o W S Colus 4 9d3h Coluwe Cuus
9 Syar pilel 4 bayo s jadls o Jdius (gl yusio

o W el L & s o 5l (Sb gy s
bl 51 7A 5 e 0 CudS d90 9 5yl Bae
P ReFIB gy wwly pol ) wddgiludnd
A8 bl Aucele) 3 Gl g Gy (2ldyy by
olelgr (ilwdings S5 iwins ,3 (Pilechiha et al., 2020)
adllaadyge oy (wibe 3 (il il g (BLy o) 499
9 M 65 )8 g cddllao iyl )3 .l 43,53
— S 399 0l 3 g5 Al ola iliseo (gl S
e BB E oypdige pite olgied (o sl
e diage S ) ol zols (clive &5 Wbd So Ll
pae Clelw s 5 Ay dgums 1) 59y y99 3l ool e
S93e +(Zhang et al, 2017) sy _zals |y )y ol
9 Oluls Baais (gilwdins 4 ldllis il Kan 4055
25§ ogllae ey Bl jolaiody (g)5 (Slad) Cubyo
OIS R > g0 I > (St Il xSl 5 b
Gy gy ks ST L adlas oyl o sl
I b (clad 3 gy > b )5 J 68l (gpSoe
Pros 23 298 Cax 5 bimd Jltl g ol o S,
BVES Y u‘“’ g3 o,g\ @L., Lol ododliin Lad 4 )9

350 Ay ()baid oy p Y Jgae

Table 1. A Brief Review of Research Background

23Lisuel3 y90 34! i clal

OB N g3 eU

e cutlyyy g SV

e cutlyyy g SV

Sy Ol gdlilcais Sl il

Aol sy

Rhino-Grasshopper 9 $9 loandd cdlis g 4l
Ladybug-Honeybee Som sl Sl

Rhino-Grasshopper

s il Nesma et al., 2023

Thermal comfort in
university classrooms in

Sl il Custodio et al., 2024 humid subtropical climate:

Field study during all
seasons
Thermal Comfort
Assessment in University
Classrooms: A
Discriminant Analysis for
Categorizing Individuals
According
to Gender and Thermal
Preferences
Optimizing Visual Comfort
in School Buildings
Through Parametric Design
Multi-objective optimization
of daylight performance and

Niza et al., 2023

Ladybug-Honeybee — (sbawdd cilise STy b )9 il sNeose Zinee & Vakilnezhad, thermal comfort in

Openstudio
Octopus

Ng> las il gla Sy

Matlab Jo23 4 955k o s
Energyplus 53 b, wlae o Shy

37" S o]

2022 classrooms with light-
shelves: Case studies in
Tehran and Sari, Iran
A Novel Optimization
Method for Conventional

S5l 9o Primary and Secondaty
Sl L,:;;"L.ﬂ Xu et al., 2021

b )9 3l (ka0

School Classrooms in
Southern China Considering

534 Energy Demand, Thermal
Comfort and Daylighting
Rhino-Grasshopper o2 4 955l e g G5 S0 Lakhdari et al, 2021 Parametric optimization of

Ladybug-Honeybee

daylight, thermal and energy

A4

Vo (gl olasd comd Jlo £ oMl (gl st 5 (6 lare Sin b


http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

woill & Glalg olaws jolateds () (slo (M )3 S 4 455l paw Cams b Ao

03lewls y90 4l 30! L puiio Slanl OB sy g oU
Octopus I3 las g4 Sy U;HL,,] performance of middle
.. . . school classrooms, case of
9ok lae &9 e J dee hot and dry regions
Julals 3 5
. Parametric optimization of
Rhino-Grasshopper sy d”"ﬂf Bakmohammadi & daylight, thermal and energy
Ladybug-Honeybee Lad awdin g4 Sl Ll Noorzai. 2020 performance of middle
Octopus AN ? school classrooms, case of
NP PEAISTY .
hot and dry regions
Rhino-Grasshopper s oolel S Sy 5 s Multi-objective optimisation

Ladybug-Honeybee
Energyplus

Octopus S g bl S5 e

0 S 518 CaBge
Rhino-Grasshopper ol cilisee clay Sy
Ladybug-Honeybee

NP R IST

framework for designing

5 boylayd il ooy sbva) dold  aub yg5 il (sliooe Pilechiha et al, 2020  office windows: quality of

view, daylight and energy
efficiency
Optimization of thermal and

daylight performance of
school buildings based on a

XV _ Zhang et al.,, 2017 L& .
Energyplus _ e )| > ! multl—ob]cctlve genetic
Octopus sla Sy g ulals 5l g4 algorithm in the cold climate
o of China

. e " o3l 8520 g bl (¢ 5lodine

cotect L . oy CuksS 9 (lje & PP
Radiance &y By olal g luwls ) ol WAD 1,505 5 3l5 (s9dpe sl wMS (g loxe jd y58 8, 3

b g

‘_rf’).?"‘

o Cagoy 5 0 5 byd o e () i -2006)
S5 3 sl o (linoj Juab 3 o g s Juad 3 o0
elod silo ol o (cla gzl | sdm AN {))
Ay ($3908 waiane (A (iee e el (o> (S
ool 2 Jlo o glacle Clelus )3 33,5 (s Cagboy g
390 Sbgad Dig33l 3l odlal b Cepw) lsp 9 Of
— ko YYY 50 ol 3 (SW)b 3:ko ccanl 48 5,3 il
(Outia, cul 3,5 b a5 VVE 4] olos bauwgio g yie

2019

OgR S, g (g, Y

allled g0yt (o2 V-
LBJ o8 cud olnl o Jod 0 e juys
9450 ¥F g lgil a3 Jlouh 4885 0 g a3 YA o bl
oS edudab b ol 1E e S 5ys dddy VP
S das maldl 350> 10 355 (Geiger) )6 ¢ (Képpen)
5 Com Qpline b ldlie Jhe ooy g
(Kottek et al, Cunl 48,55 S5 5 p)5 glopybiudd

1]

um

{1

a0
o wm ow o owm wm WS 0t M D
Dew Polit Terparature (C) - Heuly
Tatriz It AP_EA_IRN
TINT:00- 31DEC 2400

Dy Bl Temperatur (C) - Hury
Tibe It 4P EA IRV
1IAN 1:00- 31 TEC24:00



http://ciauj-tabriziau.ir/article-1-541-fa.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 0:05 +0330 on Saturday August 9th 2025

it ube gjlas pob o Sho 10T ciislis plofl

%
10000¢
=00

Realive Humidty (%) - Hourly
Tabrz It AP_EA_TRN
* JAN ;00 - 31 DEC 24:00

2w In

62651.00¢

w50

N Lot
LM \W h | “ ! “‘ | b il TN arsn
m "‘M‘Lﬂ‘m’w “‘ ‘ i I’Wm W |} e
k! | L 0

i ! i - i g

LL.] 197530
10

24510

am an
I A TR Mg % 0 W Dk

Orect Normal Iuminance (k) « Hourly

Taeiz Int AP_EA_IRN

LJAN1:00- 21 DEC 4:00

D-»>

5395 olislgn (saash ool 48,5, ot o] clo bl &0 b yo (S5 (sl 5515.) 5D
posiians il (c) (OC) (o abd glod (u) (OC) Sis ol glod (uﬂ]) - yeolwd LL U byl) olo slawl ;| oy

196) (o sy (3) (0X) (5350

Fig 1. Graphic Contours of Climatic Parameters on an Houtly Basis, Extracted from Tabriz Airport

Meteorological Database, from January to December. A. Dry bulb temperature (°C) B. Dew point

temperature (°C) C. Direct vertical irradiance (lux) D. Relative humidity (%o)

(Ouria, 2019) Cal o |Sol 305 199 dy gaw yid

S8l 25 e S ing Sl fages & 225
839400 Ji8 51 Ciliseo (claygiS18 o (ASHRAE 55) a0
{Y J58) ol onipaseio s oo sl Gl el
el (Al Claged (85 15 5 g ldges ) (3
Sl (Jlo clelis JS709) el WA 3 s ol
Al wal (WSl )l

3 555 et ol (Bl el fin 213
NS oy 4y 95 o walS 03 S )3 (b 55
xSl il b sy Sl 3 B g 5 s ol
Dgud
el Jlo b 5 Colo T3 S ot 30 2
el 939 clnjg, > lebws oyl 5l oys Yo g 3)ls 3l
(o @lelos JS 770) cslos ¥oFY 3 6 5 39 o0 i &

DESIGN STRATEGIES: JANUARY through DECEMBER
11.6% 1 Comfort{1020 hrs)
15.9% 2 Sun Shading of Windows(1392 hrs)

20.4% 5 Direct Evaporative Cooling{1784 hrs)
20.6% 6 Two-Stage Evaporative Cooling{1806 hrs)
9.2% 7 Natural Ventilation Cooling{802 hrs)
7.9% 8 Fan-Forced Ventilation Cooling(695 hrs)
18.5% 9 Internal Heat Gain{1617 hrs)
10.9% 10 Passive Solar Direct Gain Low Mass{959 hrs)
16.5% 11 Passive Solar Direct Gain High Mass(1442 hrs)
1.1% 12 Wind Protection of Outdoor Spaces(95 hrs)
0.4% 13 Humidification OnhA36 hrs)
0.0% 14 Dehumidification Onha(1 hrs)
0.0% 15 Cooling, add Dehumidfication if needed(0 hrs)
35.0% 16 Heating, add t idil ion if needed({3064 hrs)

100.0% Comfortable Hours using Selected Strategies
{8760 out of 8760 hrs) 1

.028

~

024
WET-BULB
TEMPERATURE
DEG.C

i
4
L

.020

RIHJRE, DEG, C

T T ps\
i
5
|
| H
H
HUMIDITY RATIO

DEW PD
&
|

2
5

'(

10 -5 o 5 10 15

DRY-BULB TEMPERATURE, DEG. C

Sy 008
e
L 5
10
20 25 30 35 40

Ctlls g 58le 5 Ve (39 51 48,5 ) 0l 23 il ptalel B g 5205 e S ytog Silis loges Y S

(Climateconsultant)
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Meteorological Database, from January to December
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Fig 5. Status of Various Factors Related to the Selected Solutions with the Highest DA
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