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Abstract

Optimal energy use is increasingly vital in architecture, where building envelopes significantly impact aesthetics,
thermal comfort, daylighting, and energy use. This study examines various traditional Gitih tile patterns in Isfahan’s
building openings, focusing on their wood-to-glass ratios and effects on useful daylight, visual comfort, and thermal
comfort. Using software simulations in Rhino7, Honeybee, Ladybug, MATLAB, and SPSS, the research identifies
Pattern 6 as the most effective. While all patterns were beneficial, some achieved over 97% visual comfort by reducing
glare, especially on western and eastern fagades, and those allowing over 20% daylight above 3000 lux suited precision-
focused spaces.
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Introduction

With global population growth projected to strain energy resources by 2050, energy-efficient architectural
solutions are increasingly vital. Building openings significantly impact energy use, aesthetics, daylighting, and
thermal comfort. In hot, dry climates like Isfahan, traditional Iranian architecture offers climate-responsive
features, notably Girih tile lattice patterns, which enhance thermal and visual comfort and natural ventilation.
However, such patterns have been largely overlooked in modern design. This study aims to revive and
optimize these traditional lattices by evaluating their environmental performance in Isfahan. The goal is
to create culturally rich, energy-efficient design strategies suitable for contemporary architecture in similar
climates.

Research questions
1. Which pattern is an optimal geometric pattern of Gitih tiles in the openings of buildings in Isfahan city?

2. What are the most important physical characteristics related to thermal comfort, glare, and useful
daylighting in openings with windows?

Methodology

This applied, quantitative study uses a semi-experimental approach and numerical simulation to analyze
18 Girih tile patterns from traditional Isfahan architecture. Data were collected through library research,
with 60 images leading to the selection of two samples per pattern type. The patterns were drawn in
AutoCAD, modeled in Rhino 7, and simulated using Ladybug and Honeybee plugins with Isfahan’s standard
EPW weather file. Simulations were conducted annually to maintain consistent climate conditions. Results
were analyzed using MATLAB and SPSS, enabling the identification of correlations between variables and
physical characteristics, ultimately determining the optimal lattice pattern among the 18 samples (Figure 1).

Fig 1. Research process and method

Background and Literature

Recent research has focused on optimizing traditional windows and lattice structures by blending historical
designs with modern parametric methods. Hosseini et al. found that Islamic geometric patterns with 1015
cm thickness improved daylight, though performance varied by orientation. Omidi et al. showed traditional
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windows in semi-arid climates balanced visual comfort, glare control, and energy efficiency. Madhoushian
and Fallahi highlighted the visual richness of mid-Qajar windows, while Raisi et al. found yellow stained
glass to be the best for thermal comfort. Hosseini also explored adaptable facades with colored glass for
improved daylighting. Parametric studies, such as those by Zeynal Zadeh, optimized window design for
energy savings, and Fallahi Tafti demonstrated improved airflow through window projections. Hosseini
further introduced a kinetic, butterfly-inspired facade to enhance daylight and reduce glare. Unlike these
studies, the current research uniquely centers on Girih tiles in Isfahan architecture, directly linking geometric
form to thermal comfort, glare reduction, and daylight efficiency without relying on stained glass.

Theoretical Foundation

Girih tiles exemplify the fusion of function and decoration in Islamic architecture, formed through
systematic geometric patterns and used across various materials and surfaces. These tiles are categorized
into nine functional groups, reflecting their versatility in architectural design (Figure 2). This study evaluates
Girih tile patterns in relation to three key factors: thermal comfort, visual comfort, and useful daylight
lluminance (UDI).

Fig 2. Knots classification and a sample image of each group (Fereshteh Nejad, 1977)

Thermal comfort refers to the satisfaction of occupants with the indoor climate, influenced by environmental
(temperature, humidity) and personal (age, clothing, health) factors. The adaptive model used in this study
allows natural regulation of comfort without artificial heating or cooling systems. Visual comfort depends
on appropriate natural lighting levels, avoiding extremes of brightness and glare, which can cause fatigue
and hinder performance. The study uses no artificial lighting, focusing on daylighting through different
lattice patterns. UDI is defined as the percentage of time natural lighting levels fall within the 100-3000
lux range, which is deemed comfortable for occupants. Glare, a major factor affecting visual comfort, is
measured using the Daylight Glare Probability (DGP) index through Honeybee simulations. Lower glare
values correlate with higher visual comfort, making it a critical indicator alongside UDI and thermal comfort
in evaluating optimal Girih tile patterns (Figure 3).
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Fig 3. Conceptual model of search

Research Model and Simulation Conditions

This study evaluates 60 traditional Girih tile patterns, selecting 18 representative samples—two from
each type—based on their historical and functional value. Using AutoCAD for modeling and Rhino 7
with Honeybee and Ladybug plugins for simulation, the research assesses Useful Daylight Illuminance
(UDI), visual and thermal comfort, along with other factors like radiance, daylight autonomy, and operative
temperature. Simulations were conducted in a standard 5 X 5 X 3.4 m room with a 2.3 X 2.8 m south-facing
window (52% wall coverage), complying with Isfahan’s municipal codes (Figure 4). A consistent 25% glass-
to-wood ratio and a glass refractive index of 1.52 were applied. Although lattice frame thickness usually
ranges from 0.8—1.5 cm, a fixed 5 cm was used for simulation reliability, preserving geometric proportions
(Figure 5). Climate, room dimensions, and frame thickness were held constant, while lattice geometry
and wood density (30-70%) were varied. No heating systems were used, and simulations reported annual
performance to assess long-term efficiency.

Fig 4. Window and room dimensions of the Fig 5. An example of a knotted frame with a width and
simulation depth of 5 cm

Results

This study analyzed simulation data of 18 unique lattice structures using MATLAB and SPSS to examine
how geometric patterns influence energy and lighting performance. Charts revealed that variables like useful
daylight illuminance and radiance vary significantly with changes in the wood-to-glass ratio, the number of
glass pieces, and their average size. As the percentage of wood increases, useful daylight decreases slightly,
while visual and thermal comfort significantly improve. Brightness and temperature show strong inverse
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relationships with wood content, and metrics like daylight autonomy and UDI>3000 also decline with more
wood. Conversely, UDI<100 rises with increased wooden frame area. Visual and thermal comfort correlate
positively, while both show inverse relationships with operative temperature and radiance. An increase in
wood percentage typically reduces the percentage of glass but increases the number of smaller glass pieces.
While useful daylight and glass percentage have a weak correlation, visual and thermal comfort generally
align with the number of glass pieces. The study concludes that optimal lattice structures feature a higher
wooden frame ratio, more but smaller glass pieces, and reduced glass percentage (Table 1).

Table 1. Pearson correlation coefficients

1 2 3 4 5 6 7 8 9 10 11 12
1 ‘Wood
percentage
2 Glass -1.000
percentage
3 Glass 0.932 20932
number
4 Glass aver- 20880 0880 -0.902
age size
5 UDI 0071 0.071 -0.129 -0.179
6 Visual 0.984 -0.984 0.933 -0.891 0.024
comfort
7 Thermal 0.709 -0.709 0.585 0.742 0.565 0.756
comfort
8 Radiance -0.905 0.905 0.815 0.852 0.132 -0.908 0.817
9 Operative -0.968 0.968 -0.922 0.814 0.163 -0.953 -0.669 0.889
temperature
10 Daylight -0.756 0.756 0751 0.526 0.681 -0.695 -0.183 0.579 0.801
autonomy
11 UDI>3000 -0.973 0.973 0914 0.908 -0.114 -0.993 -0.816 0.924 0.936 0.639
12 UDI<100 0.847 -0.847 0.837 0.626 0.578 0.800 0.291 0.670 -0.878 -0.982 0.745

Based on performance outcomes, specific Girih tile patterns were recommended for different building
orientations and lighting conditions to balance comfort (Table 2) and daylight performance (Table 3).

Table 2. More suitable Girih tile patterns for western and eastern use to adjust the glare on these fronts

First priority
Visual
Comfort above
98%
(6) (15) (16) 17) (18)

First priority
Visual
Comfort above
97%
(2 “) (5) (10) (11)
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Table 3. Similar performance of Girih tile patterns in terms of light for different uses

UDI>3000 UDI UDI<100
Very detailed workspaces Detailed workspaces Circulation spaces such as corridors
@®) ) (12) (M 2 3) (6) (15) (16)
(13) “4) ) (7 a7 (18)
10 (1) a4

Selection of Optimal samples

In the second phase of the study, 18 Girih tile patterns were evaluated using the mean and standard
deviation of simulation-derived percentages for useful daylight illuminance, visual comfort, and thermal
comfort. All variables were equally weighted, and higher means with lower standard deviations indicated
better performance. Patterns 11, 10, 6, 5, 4, and 2 showed the highest optimization, with average values
above 94% and relatively low variability. Among them, pattern 6 emerged as the optimal design due to its
highest average and lowest standard deviation, signifying superior and consistent performance in daylight,
visual, and thermal comfort metrics.
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Table 4. Additional specifications of Girih tile number 6 (Optimal pattern)

Girih tile pattern Daylight Daylight
autonomy illuminance
UDI>3000 UDI UDI<100
100-3000
<97 1 Average 5/708 Average 87/430 Average 6/860
¥ KL ¥
Average | 99/960 o) o) o)
(o)
Work
name:
Straight
6 eight
Glass
numbet 514 Radiance Autonomy Glare Operative Thermal comfort
Temperature
Place: Average 175/905 <90 1 Average 22/955 <97 1
e Average | 98/698 Average | 99/549
Isfahan (0 /0) (0 /0)

Wooden frame
area: 5/0741

Percentage of
wood used

compared to glass:

56/63%

Conclusion

This research highlights the effectiveness of Girih tiles, inspired by traditional Isfahan architecture, in
improving visual and thermal comfort in hot, dry climates. A key finding is the strong correlation between
increased wood content in the tiles and enhanced comfort levels, although this does not extend to useful
daylight illuminance. Among six evaluated tile patterns, pattern 6—commonly seen in the Safavid House and
Nain Grand Mosque—was identified as the most efficient. The study also demonstrates that the simulation
method used can be applied to different climates by utilizing EPW weather files. Integrating Girih patterns
into contemporary architecture offers dual benefits: preserving cultural aesthetics and promoting energy
efficiency. However, practical implementation is limited by the small number of optimal tile patterns.
Despite this, the study supports the architectural and environmental value of traditional design elements in

modern contexts.
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Table 1. Different Layers of the Insulated Exterior Wall and Their Specifications
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Table 3. Pearson correlation coefficients

12 1 10 9 8 7 6 5 4 3 2 1
L9 ey 1

-1.000 el dyd 2

-0.932 0.932 aid e 3

-0.902 0.880 -0.880 g bawsie 4

laaind o5

-0.179 -0.129 0.071 0.071 ssho 355 e 5

0.024 -0.891 0.933 -0.984 0.984 Gy el 6

0.756 0.565 -0.742 0.585 -0.709 0.709 S el 7

-0.817 -0.908 -0.132 0.852 -0.815 0.905 -0.905 Sty 8

0.889 -0.669 -0.953 0.163 0.814 0.922 0.968 -0.968 o 9
0.801 0.579 -0.183 -0.695 0.681 0.526 0.751 0.756 -0.756 oy oliee 10

0.639 0.936 0.924 0.816 -0.993 0.114 0.908 0914 0.973 0.973 UDI>3000 1
-0.745 -0.982 -0.878 0.670 0.291 0.800 -0.578 -0.626 0.837 -0.847 0.847 UDI<100 12

Ld o s |y A Liagh opl Glaal

A\R\% VF¥ cpgd ol (opd Jlo £ oMl (g3l ypid 5 (g)lane Kin )3

S 2ldgy 9 5P ol lapsio b iz 53 39290



Sl bl 9 6 Gialol da 3l Glediol b (s Sl Sl 3 4By 5 4 uzo S oSl (S e

Figure 8. Correlation Chart of Wood Percentage

with Visual Comfort
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Figure 7. Correlation Chart of Wood Percentage
with Useful Daylight Illuminance
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Figure 9. Correlation Chart of Wood Percentage with Thermal Comfort

Cor b b oldy) g 5yl laysie plo (Stuwen
WU o S slaylges LB > 5 mgh opl )
Lol osnlie |6

O Aoyd (Siued o pd odiad Ll F JSS jlygel
b oo Gl Mo )55 (lie ¢ 29> 02,8 Colune (38l
DAE &y g ym o b O SO Cle & byl ol 4zl
A UG Hlged 4 dogi b s Holize o i Hho
b 2oy g Spar plalel o oS S8l g i
SN (Stsod copo b oo )S o ad) )5 4 g
@ 005 Hhuw a8 dae pl ol )8y pudiins (S
O‘l] Iolg‘)l 09 palime A Lgo_\;maol...;li Cewl Y TRV,
O et A S g0 Babo pitren Wl jusio 9
b s0)S )3 418 55 4 253 w28 20yd 5 5yl Gialel
Ol L cplpls (] putue /YR Siusod copd b
o 4By J5 4 0> 8 Moy Ao )0 g Colue
DI sy bl Wl 55 )l Gl 5 Lo ,S

b e

VEF pgd 0)loud cumd Jlo { oMl (giloped 5 (sylome Simyp | VAA



s> ol by 2B M i)y y0) o

lod b Giga duoyd | Staods o905 .Y Y JSKu0
Figure 11. Correlation Chart of Wood Percentage
with Operative Temperature
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Figure 13. Correlation Chart of Wood Percentage
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Figure 10. Correlation Chart of Wood Percentage
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Figure 12. Correlation Chart of Wood Percentage
with UDI>3000
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Figure 14. Correlation Chart of Wood Percentage with Annual daylighting
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Figure 15. Correlation Chart of Wood Percentage with Glass Number
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Figure 17. Relationship between Glass Proper-
ties and Visual Comfort Chart
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Figure 16. Relationship between Glass Properties

and Useful Daylight Illuminance Chart
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Figure 18. Relationship between Glass Properties and Thermal Comfort Chart
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Table 4. More suitable Girih tile patterns for western and eastern use to adjust the glare on these fronts
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Table 5. Similar performance of Girih tile patterns in terms of light for different uses

UDI>3000

UDI UDI<100
355 oy Slolizd 355 03 353 S Slalss o 30ly Jio (VS s (slalsd
®) ) (12) ) @ ©) © (15) (16)
(13) @ ©) ™ ) (1)
(10) (a1 (a4

V¥ cpgd olosd (oid Jho ¢ oMl (g5l o g (6 )loe i yd



55 Oabaws by o 20Bis M a0yl Syl

b psis Al 63)90 gaiged o Ml i (Sl
dged (y8l idot cpl (gjlwand | Ban oS 1wyl
oialel g 5oy e g sy piulel &l plae)S
GzoS ol A3l e e b dze)S jhes il
b )95) sy 3y90 S el Blod I g paise 3 Sdes
2 S e cwllb ]y (Gl el g spa plalul G,
ol el Sy 4y ye5e sl gl 51 Sy 2 250
b o 4y 05 (gdas yolie g Al

by gl (7 Js2) 9y ohe oo I edlaal L
d‘)lb Joyd Q¥ (.SYL’ O.«.i;L.n Lf WA FDFY Lglbb)f
et it (555l 5 55 Sl (Sae Ol Cn e
dugliio )3 1) (5108 Yline Bl il jlade (im0 S 3)50 7 (]
okl ¥V ol peioed Wb b Sume)S ple b
Wged VA (o (S s jl Lot dune,S F Olasuin
ol 00 ()2 (63,90

51 S hdiges B3 A
gk pgd sdloye ) i ladiges Cbl jglated
Moy pxie daw | (g3de pdlde Hlxe CBlyodl 5 4 SOLe
@l | g o )l ptalel 5 e ool )
7 g 0355 dslone ilodg Jgl sl ye 55 (gjldend
6350 8503 YAy slire Blysdl g 1 Silee polie ,SSLES
IBM SPSS Statistics 27 )l38lp 5 51 oslaiwl b use,S
Moy Cows p piie dw o ol &S bl il e
Olles 4 (o5l dlsyo cpl o cplply sl s jo)l58
dw pb Cpitred Cuwl 0355 oy ulde (65luwd,lailin]
w5 ) plese G5 b 5 0y wp Saa e
oo Bl 5 (1Sle e Sllos cplply wloss
&2 2 upd 9 0j9 025 BB (g g et ©j904,

ol 0us plodl (4 unio
Oliee 42 453 asels ol oo Jgia (nl jl ooliial
oiall g (s Gialel oy se )9 el aw (ke

(il oialol g s bl g dude )53) (6531 el o Jloms Bl 5 (ke jolio T Jgu
Table 6. The mean and standard deviation values of the three energy parameters
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