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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: The history of Iranian-Islamic architecture is filled
Received 2022/12/06 with remarkable and magnificent works created by artists who utilized geometric
Revised 2023/03/01 iknowledge and principles. Geometry served as a common language among architects
Accepted 2023/05/30 {in designing these structures. With advancements in technology and new geometric
Available Online  2024/08/26 i knowledge, innovative design methods have emerged. Parametric architecture is one of
i the approaches that enables the exploration of relationships between masses and complex
Keywords: gshapes within computer environments. Experts suggest that these architectural works
Parametric Architecture istem from the application of parametric design thinking throughout the planning and
Accommodation Centers Edesign processes. However, examining these principles within architectural knowledge is
Iranian-Islamic Architecture i challenging due to the diversity across various fields, including functional and structural
Geometry gand other aspects. This research focuses on this process as it pertains to temporary

iresidences, such as caravanserais.

: ETHODS: This research relies on bibliographic studies and computational methods
.................................................... Lo to identify the geometric and mathematical principles used in the design of notable
Use your device to scan i suburban caravanserais. The data are analyzed using reliable software that algorithmizes
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and simulates parametric problems, visually displaying results to support the hypothesis.

INDINGS: The findings indicate that artists skillfully controlled and recreated design
{0 principles according to the existing criteria and conditions of their time, resulting in
iremarkable works that fulfilled contemporary needs. The design process explored in this
i study is confined to producing square or rectangular plans, though this constraint can be
{adjusted by parameterizing the initial information to generate polygonal plans such as
%hexagons or octagons. This approach also elucidates several hexagonal and octagonal
idesigns in Iranian-Islamic caravanserais, which closely resemble quadrilateral plans in
i spatial organization. A notable characteristic of Islamic architecture is its multi-functionality;
{Iranian-Islamic architecture produced “complete building forms” adaptable for various
ipurposes. A single building plan might serve for both fortresses and caravanserais, often
Number of References i making it difficult to differentiate them by plan alone. Thus, the parametric framework
35 i established in this project can apply not only to caravanserai buildings but also to desert
i castles, palaces, and schools with similar designs. It is important to note that the diversity
i of Islamic architectural types means that the parametric order developed here does not
gclaim to encompass all caravanserais. Rather, it offers a design approach rooted in Iranian-

Number of Figures i Islamic principles, analyzed through Grasshopper software using three case studies.
15

ONCLUSION: Parametric design is a design paradigm where the relationships
H between elements dictate the reproduction of geometry and complex forms, allowing
ithe outcome of a system or equation to be modified by adjusting specific parameters
§and variables. The results indicate that this rule-based methodology aligns with the
i geometric design production techniques of Iranian-Islamic architecture. By introducing
i constituent parameters and employing algorithmization in Grasshopper software, the
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: parameterization of the overall plans for four-balcony out-of-town caravanserais is
i validated. This conclusion can extend to caravanserai plans and similar building functions,
isuch as schools, in other architectural styles, including double-sided and polygonal
i designs. Furthermore, the significant advancements in architectural technology allow
i designers to leverage the rich knowledge of historical architecture using contemporary
programming languages. Consequently, applying parametric architecture principles and
i tools like Grasshopper enables programming based on crucial parameters that influence
ithe creation and development of valuable architectural works. The principles and
§ru|es governing algorithm creation are derived from the knowledge of Iranian-Islamic
architectural design, allowing for the development of algorithms in parametric language
i through the analysis of caravanserai plans.

{ HIGHLIGHTS:

The parametric order created in this project can be created not only for caravanserai
buildings, but also for desert castles and palaces and schools with similar designs.

i - The design process introduced in this project is limited to the production of square or
i rectangular plans. This constraint can also be programmed by parameterizing the initial
information to generate polygonal plans such as hexagons or octagons.
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Fig. 2. Traditional models that have the ability to
become smart and parametric models
(Mahdavinejad et al., 2012)
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Fig. 3. The geometry of the interior array of Sheikh
Latfullah Mosque, which follows fractal geometry and
can be expressed based on the principles of parametric

architecture (Mostagni & Alimardani, 2016)
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Table 1. Examining the principles and rules of caravansary design by analyzing research samples

Research sample Natanz Caravanserai

Jam Caravanserai

Madershah Caravanserai Description

Research sample plan

All three selected
caravanserais are of the
suburban type with a
central courtyard and are
considered among the
developed caravanserais.

Examining the golden
proportions in the
overall form of the plan

Base ratio = 1.15 Exact numerical fit = 1.15

Examining the order of
placement of users and
design axis

Exact numerical fit =1.13

All three caravanserais
follow the golden
proportions in overall
dimensions with a slight
difference.

Exact numerical fit = 1.17
All three examples have
benefited from a similar
design

The arrangement of axis
design from the outside to the
inside: fortification wall-
stable platform-stable
corridor-chambers and lvans-
small Ivans of chambers-
central yard

The arrangement of axis
design from the outside to the
inside: fortification wall-
stable platform-stable
corridor-chambers and lvans-
small Ivans of chambers-
central yard

The arrangement of axis
design from the outside to
the inside: fortification
wall-stable platform-stable
corridor-chambers and
lvans-small lvans of
chambers-central yard

Examining the
proportions of the Ivans
(Porch)

Following the dimensions
of the Ivan from the
golden proportions can be
considered the principle
of design

The dimensional proportions
of the Ivans follow the golden
ratio, close to 1.73

Non-compliance of the
dimensional proportions of
the porch with the golden

proportions

The dimensional
proportions of the lvan
follow the golden ratio,

close to 1.73.

Examining the
proportions of chambers
and small Ivans (Porch)

Following the dimensions
of chambers and small
iwans from the golden

proportions can be
considered the principle

The use of golden ratios
closes to 1.73 in the design of
chambers and small Ivans.

The use of golden ratios
closes to 1.73 in the design of
chambers and small Ivans.

Use golden ratios close to of design

1.73 in the south and north
chambers.

Checking the entry
method (Entrance hall)

It has an entrance hall
(Hashti) on the transverse
side
Investigating the
location of observation
towers

It has an entrance hall
(Hashti) on the longitudinal

All three examples have
an entrance hall (Hashti).
Entry on the transverse
side is preferred

It has an entrance hall
(Hashti) on the transverse
side
All three samples have
circular observation
towers with variable
radius.

It has observation towers in
the square of the plan

It has observation towers in
the square of the plan

It has observation towers in
the square of the plan
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Fig. 4. Professor Pirnia pointed to the use of a rectangle
surrounded by a regular hexagon with a ratio of 1.73
and half a rectangle with a ratio of 1.15 in the design of
houses (Zakeri, et al., 2016)
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Fig. 5. The command to draw a rectangle enclosed in a hexagon with a ratio of 1.15. The parameter enclosed in the
red box of the image is the first parameter of the outline formation, which will depend on the radius of the regular
hexagon in a reasonable and defined interval
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Fig. 6. Instructions for drawing the perpendicular axes of a rectangle enclosed in a hexagon (white axes in the image)
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Fig. 7. Command for drawing observation towers with a radius dependent on the main ratio of the set, right side on
parameter 20 and left side on parameter 10
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Fig. 8. Determining the axes of the design of the complex and creating the main parameters in the design of the plan
of the caravanserai, creating three main axes of the design, that is, the axis of the stable, the cell and the central yard,
each of which follows its own special parameter in the defined interval
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Fig. 9. Showing four examples of the design of the caravanserai plan by determining the parameters of the three main
axes of the plan
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Fig. 10. Instructions for drawing and formulating the porches of the collection that do not deviate from the golden
ratio of 1.73 under any conditions and in any parameter
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Fig. 11. The order of drawing and formulation of the entrance lobby and the entrance observation towers of the
complex, which can be adapted to the plan set with different parameters according to the change of other parameters
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Fig. 12. As you can see, the programming and design of the cells is such that the number of cells changes in specific
and proportional dimensions and increases and decreases with the change of parameters

Fig. 13. South side and entrance of the complex, left image: design without extraneous space. Image on the right:
design with extra space
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Fig. 14. The command to draw the details of the collection and complete the programming without considering the
thickness of the lines and a view of the entire programming process in the Grass Hopper software environment for the
parametric design of the plan of caravanserais

3,9 FELY o.a)l_w‘ 6)Lm uol_‘> o_f).’j .))_SGA
= 99m (69,55 v el s 5 1,8 Ll
awilgl o a5 0, S ol ol 1) « s Szl
Mo Hlo g 00ls Gudal (2 lise laal gl
. Lo.»_>l_~) AS_’ g/_Lc‘ 9 (MIChe” 1978) é)j oolaz_wl
B ks T oL aasg L, o el
S5 o, opl 5 (Hillenbrand, 1994) c s as i
Lgl)_a LQ.».: a4 0)5H L)_" L 03— éL?u‘ gri’)""")l‘
G55 SLegls s Laasld ol asly dily )57 slalsy
Slzml aslgige i aline sloag,b Lo leawjun g
Ol 655 0 Gl Jloblo> slal il IS 1 oS>
=l asdllas 5 o a5 aas o i cou pldl
oS> olal (5, So3lail 51 s g 00 (5,900, 5 )l,
dlos sl g 5l oolail Ly Laaiges 5 Sy 1
o—izeet 9" R g7 SPSS (o)Ll (slonf3le i 5 (o)L
slaygesl slssl gl o3Y Jo)_gi Sl an 4>y l‘”
Loosls (9 Jlo 5 (o) 32 e009031 €95 ot 5 )L
)‘)_9 2 S )90 Laools Oo9= JLA).’ ‘A_..b‘ ) |
Sleslawl Ly Laosls jogn Jlo i anli 5l e gad )8
alas pae b g alas glaais,s oS el )l gl
S35 yo 3ble Jlobls glal,ily 15 1 (S bl
bl slal il S S Sl alis a8
&3l o3 9590 9 00t 0wl =l (655 5 3Dl
J—d g s, (Vasigh, et al., 2021) el oo
o\.\_.uplaul o9 u9_>) I b_fo).,_...f J_J..\_v
03— InL?u‘ 6wa&5)$ dsd gy Lol . J-?L.\SGN

sl ool o) Lil oo ¥ Jgoo jo ymaitie jalay

Fig. 15. The overall designed plan considering the
thickness of the design lines
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Table 2. Introduction of the main algorithm parameters that can be changed to edit the structure of the plan

The main
parameter
1 Proportions of the
golden rectangle
in overall
dimensions

Row

2 The distance
between the axes
of the design

3 Number of
chambers

Parameter
introduction
The overall length
and width of the
plan of the
caravanserai
(Regular
hexagonal beam)

Axes forming the
stable platform,
stable corridor,

chambers and
central yard

The number of
chambers formed
in each side.

Range of influence

By changing this
parameter, the length and
width of the plan of the
caravanserai can be edited
in an interdependent and
limited mode following
the proportions of the
Iranian golden rectangle.

More simply, these axes

are rectangles inside the

main parameter 1, whose

distance from each other
can be changed and
edited. Due to the

dependence on parameter

1, they follow the same

fit.

This parameter cannot be
adjusted independently
due to the limitation of

following the golden
ratio, its number cannot
be edited in the above
algorithm and the ratio

can be messed up.

4 Dimensions of the
central courtyard

The length and
width of the
central courtyard

parameters
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Of course, changing and
editing this parameter also
depends on the previous

Range of Parameter range Image
proportions
X = ratio of length a = hexagonal radius
to width in case b= length of
samples. caravanserai
1.10<x<1.20 ¢ = width of
caravanserai
25>a>80
34.6>b>138.5
25>c>120
Y= the ratio of the e= width of the stable
longitudinal platform
opening to the f= the width of the
transverse opening steel corridor
of each rectangle. g = length of chamber
1.10<y<1.20 1.2<e<2.5
2.5<f<6.5
3.2<g<4.8
z = ratio of length to compared to the
width of the previous parameters
chambers along can be specified. In
with small iwan in fact, by adjusting
case samples. other parameters, the
1.5<z<1.8 number of cells can be
adjusted in a
completely principled
manner in the sides of
the caravanserai.
w= length to width It is completely
ratio of the central dependent on the
courtyard length parameter of
1.15<w<1.27 the cells (g), in fact,
by adjusting it, the
dimensions of the
central yard are also
adjusted.
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