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Four-sided wind catchers are common examples of wind catchers in Yazd. Analysing the
physical and structural features of these wind catchers can reveal part of the
characteristics of traditional Iranian architecture and the ability of traditional architects
to use such renewable energies as wind power. The present study attempts to examine
the effect of the arrangement of main and accessory air-shaft partition walls on the
structural behaviour and construction technology of four-sided wind catchers through
conducting library and field research studies. The study also attempts to simulate the
process of constructing a four-sided wind catcher based on an optimal type. The analyses
indicate that in addition to the amount of air conditioning, the shape of the partition walls
has a direct relationship with the wind catcher’s degree of resistance to the internal and
external forces. Moreover, the extension of the partition walls into the entirety of the rack
and canal, compared to other similar types with partition walls in the rack, are more
resistant against the lateral forces and transfer their resultant pressure more consistently
thanks to their connected and consistent structure. The analysis of the construction
process of wind catchers revealed part of the characteristics of the traditional Iranian
architecture, utilizing vernacular materials and aiming at constructing high structures that

are efficient, resistant, and dependent on renewable wind energy.

1. INTRODUCTION

Wind catchers have long been known as architectural
strategies to control climate conditions in warm-dry and
warm-humid areas in some parts of the Middle East and North
Africa. The main function of wind catchers lies in the natural
cooling of buildings’ internal environment through setting
airflow in motion and evaporative cooling. Wind catchers can
be seen in different forms in various geographical areas. Such
differentiation in type and form depends on several factors,
including the prevailing type of wind, wind direction and
velocity, the presence of disturbing winds and tornadoes in the
area, local temperature, maximum variation of day and night
temperature, intensity of solar radiation, the importance of the
space used, and master builders’ idiosyncratic methods [1-3].
The main function of the wind catcher as a passive system in
the use of renewable wind energy is the natural cooling of the
interior environment of the building through setting air flow
by creating air flow or exploitation approach of the pressure
difference between the inlet and outlet points of the wind, It
guides inside the building if the wind blows, and if not, it helps
the ventilation process of the building by letting the air out
(like a chimney). In hot and dry areas (low humidity) by
passing wind through the wet surface (ponds) cooling capacity
of the wind catcher (evaporative cooling) is increased. Due to
the optimal efficiency, ease of construction with eco-friendly
materials in each area, wind deflectors have been used in
various buildings (public and private) and can be seen in
different physical forms.Yazd is one of the desert cities in Iran
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with a warm-dry climate, where architects have long employed
several strategies like using wind catchers to control its
climatic conditions. Today, wind catchers have lost their main
function; they only serve an identity symbol for the city and
are considered ornamental elements owing to changes in
lifestyle and spatial needs and the use of water air-conditioners
in buildings [4]. However, studying and analysing different
typologies of wind catchers from the perspective of
architecture technology can reveal part of the geometry
knowledge and lost construction techniques previously used
by architects, and help the restoration of historical buildings,
some parts of which have been ruined. Besides, in the design
process of contemporary architecture and with the use of
renewable energies, such an analysis can present appropriate
patterns that comply with climate and the context of design.

Accordingly, the present study aims at investigating some of

the arrangement characteristics of air-shaft partition walls on

the structural behaviour and construction technology of four-
sided wind catchers in Yazd by addressing the following
guestions:

1. Do the various arrangement shapes of the middle
partition walls have any effect on the wind catcher’s
structural behaviour?

2. What impact does the way that the four-sided wind
catchers’ main and secondary partition walls are arranged
(either in the rack or in their entirety) have on their
structural behaviour?

3. How are the construction technology and arrangement of
materials in the four-sided wind catchers of Yazd?


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.150604&domain=pdf

2. LITERATURE REVIEW

The architecture of wind catchers has drawn the attention of
many researchers. Some researchers have examined wind
catchers in the Middle East and categorized them in terms of
climate conditions. Others have categorized Iranian wind
catchers according to their function, local names, number of
floors, and/or number of sides receiving airflow [5-7]. In
another categorization, researchers have paid attention to
Iranian wind catchers in a specific geographical area like Yazd.
They have categorized and studied the wind catchers in this
city in terms of their location in the house, the shape of the
plan, elevation, and section [8, 9] (Table 1). A consideration
of the cooling function of wind catchers in buildings
influenced by the shape of the wind catchers’ plan and the
direction of open apertures in various areas and climates, an
examination of the approaches to use wind catchers in modern
buildings, and an investigation of the role of wind catchers in
the reduction of energy consumption have constituted other
lines of research. According to these studies, increased cooling
power and optimum efficiency are considered as important
principles in the use of both two-sided and four-sided wind
catchers. As with the wind catcher in Yazd, this is a governing
principle, all through the four seasons. However, this principle
is only at work during the summer in the case of the wind
catcher in Kerman [10]. Other studies, moreover, have
considered the use of wind catchers in modern buildings in
Yazd (instead of wet air coolers) and its performance
improvement through such approaches as the application of
wetted curtains hung in the wind catcher canal or wetted
evaporative cooling pads installed at its entrance and its role
in decreasing energy consumption [11]. Considering the
height of wind catchers and the direction and speed of the wind,
other researchers have also examined the construction
technology of wind catchers and their seismic behaviour.
According to them, direction, speed of the wind, and the height
of the wind catcher are effective in its mass flow. The

increased speed of wind decreases the temperature and
increases the mass flow; however, the increased height of wind
catchers decreases mass flow. The studies also indicate that
wind catchers are vulnerable to earthquake shaking and wind
catchers of higher height bear more damage compared to those
of lower height [12]. Therefore, researchers have chiefly paid
attention to typology and the general construction method of
wind catchers, their cooling function, and seismic behaviour;
however, the role of the components of wind catchers in their
general structure has not been investigated. Since the
arrangement of air-shaft partition walls influences the
construction technology and structural behaviour of four-sided
wind catchers, the present study has attempted to identify the
structural features of four-sided wind catchers in Yazd for the
first time.

3. MATERIALS AND METHODS

The data of the present study were collected through library
and field research studies, on the one hand, and calculation
method, on the other, in order to investigate part of the
structural features of Iranian wind catchers. In this study,
different types of wind catchers in Yazd were first simulated
(Appendix1) according to their physical characteristics, the
number of sides receiving airflow, and the shape of the plan.
Among them, four-sided wind catchers with a rectangular plan
were selected as the most functional types. Because of the
existing variation in the shape (plan and elevation) of wind
catchers in this city, in the process of structural behaviour
analysis and construction technology modelling of wind
catchers, the samples under examination were selected from
one floor, four-sided wind catchers with a rectangular plan and
flat roof (Appendix2), which, in terms of function, are used at
public level (traditional houses) in Yazd (Figure 1, 2 and
Appendix3).

Table 1. Typology of wind catchers (Adapted from: [6-8, 13, 14] & Redrawing by Authors, 2019)

Geographical area The ground of typology Types
Warm-dry Warm-humid Semi warm-dr
Middle East Climate: (Dry areas of Iran, Irag & (Persian Gulf & m-ary
- (Afghanistan)
Egypt) Pakistan)
Functional Functional Symbolic Functional-symbolic
Local name Ardekani Kermani Yazdi
Iran Number of floors One floor Two floors
Number of sides receiving Two- Four-sided Six-sided Eight-sided
airflow sided
Shaft Square Rectangle Long rectangle Hexagonal  Octagonal
Shape of . . . . .
the plan Main shaft partition Diagonal Perpendicular Combined
walls (X shaped) (+ or H shaped) (K shaped)
Open aperture Square Horizontal rectangle Vertical rectangle
Elevation Height Long Average Short
Roof Flat Inclined Curve
Simple wind catcher wind catcher with a
Yazd - dome supplying fresh wind catcher with a
. without a dome not . .
Section: air to two floors dome supplying fresh

supplying air to the
basement

(ground floor and
basement)

air to the ground floor

Location of wind catcher in the
house

Wind catcher being
located behind the
rectangular hall and along
its axis

Wind catcher being
located in one of the
corners of the
northern hall

Wind catcher being
located in the corner of
the yard
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In the process of three-dimensionalization of all samples, in
order to compare the effect of the shape of the middle partition
arrangement on the performance of the wind catcher, in two
modes of middle partition walls (1-extension of partitions in
the rack and canal, 2- the partitions only in the rack), first the
dimensions of the samples (length, Width, height, wall
thickness) were considered similar and fixed, and only the
arrangement of the middle partitions was drawn based on the
available samples using AutoCAD 2017 software (at this stage,
the intervening variables were considered fixed so that the
desired variables could be reviewed and compared). Then, in
the computational process, basic information such as volume,
moment of inertia, and centre of gravity were obtained from
the computational section of AutoCAD 2017 software in the
path: Tools — Inquiry — Region/Mass Properties — Select
objects. In the next step, the data were completed by applying
coefficients and equations related to each section, so that the
effect of variables could be examined and the performance of
the samples could be compared.

Yazd has a warm-dry climate and is located in a desert area
in Iran; however, the city is not affected by sand winds thanks
to the surrounding mountains. Therefore, to make the most of
wind energy in the area, over 90 per cent of its wind catchers
have been built in a four-sided shape. Wind catchers in Yazd
are of higher height compared to other warm-dry areas in Iran.
On average, their height is approximately 5 meters. The main
elevation (plan elongation) in these wind catchers is mostly
extended toward the north-west (Yazd’s optimum wind)
(Appendix4) [9, 12, 15]. Wind stagnation pressure (q) in Yazd
is equal to 60.5 daN/m?2. In Figure 3, wind pressure at various
levels on wind catchers in Yazd is shown.

In four-sided wind catchers, air inlets are divided into four
main shafts by some partition walls. Regardless of the wind
direction, the wind is directed inside by one of these shafts.

Made of either clay or brick, these shafts are divided into two
types of main and accessory. Main partition walls serve a
functional role in splitting wind catchers’ shafts and extended
to the centre. Accessory partition walls, however, serve not
only a decorative function on the fagade of wind catchers, but
also an accelerating one, increasing the speed of airflow in
shafts (Bernoulli’s effect) (Appendix5). These partition walls
are sometimes extended to the centre and sometimes lead only
to the main shafts and choose this to build is happen under the
circumstance of environmental conditions, dimensions and
spatial needs and skill of craftsmen [13] (Figure 1).

|5

Elevation»

1

1. The ground floor’s roof
2. Shaft
3. Zeh and zanjir
(A kind of brickwork with chain-like corrugated facgade)
4. Wind catcher’s rack
4.1. Main and accessory partition walls
4.2. Decorative arches on partition walls
5. Wind catcher’s roof

Figure 1. Physical components of wind catchers
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Figure 2. Typology of partition walls’ arrangement in four-sided wind catchers (Adapted from [8] & Redrawing by Authors,

2019)
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Figure 3. Wind pressure at various height levels in Yazd
(Appendix7)

In the process of modelling the samples in this study, the
geometry of highly frequent secondary partition walls in Yazd
has been used (Based on library and field studies). In what
follows, the structural features of the sample types have been
investigated (Tables 2-4). They have then been compared and
contrasted so as to identify the optimal type. In the final stage,
the construction method of a sample four-sided wind catcher
has been simulated using traditional materials (Appendix6)
(corresponding to the geometry of the optimal partition wall)
and doing library research and field study (observations and
interviews with traditional master builders).

4. RESULTS

The simulated sample that has undergone the process of
structural analysis and final wind catcher construction
modelling in this study is a one-floor four-sided wind catcher
with a flat roof (with no supplying air to the basement). The
area of the rectangular-shaped wind catcher also equals
2.00*1.70 m, its thickness equals 1.5 bricks of 0.3 m, and its
height has been estimated to be 5.75 m2. The plan, moreover,
is extended toward the north-west (Yazd’ optimum wind)
(Figure 4). The final modelling process of wind catchers’
construction technology has been completed in four stages of
calculating the specific volume and weight, calculating the
moment of inertia and centre of gravity, selecting the optimal
type of partition walls, and modelling the construction process.
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Figure 4. Physical characteristics of the simulated wind
catcher

Since middle partition walls in four-sided wind catchers are
sometimes in the rack only and in other cases, entirely extend
to the bottom of the body, these two positions were also
compared alongside the analysis of the samples’ plan (Figure
5). In what follows, samples with partition walls in the rack
are indicated by P1 to P8 and those that are entirely extended
to the bottom are shown by Ps1 to Ps 8.

Il

!

Figure 5. The extension of the wind catcher’s main and
secondary partition walls in the section

4.1 Calculating the specific volume and weight

In the analysis done, the specific weight of traditional
materials has been considered 1700 kg/m® Therefore, the
specific weight v)) equals to 16660 N/m® [16]. Since the
materials are assumed similar (brick and mortar, excluding
plaster coating) according to Eqgns. (1) and (2), the specific
weight and the acceleration resulted from gravity (g) are stable
at the Earth’s surface. Density is defined in terms of the
kilogram per cubic meter (p); therefore, it can be concluded
that the higher the weight (w) is, the higher the mass (m) will
be (Eqns. (3-5)).

W=mxg (1
m=pxv )
Y=pXxg 3)
W=vxpxg “4)
W=vxy )

Equations obtained from volume [17].

According to the analyses conducted, sample types Ps4 and
P4 have the highest amount of specific volume, mass, and
weight, respectively. Sample types Ps2 and P2 are considered
in second place and samples Ps5 and P5 are in third place;
however, samples Ps1 and P1 and then Ps8 and P8 have the
lowest amount of specific volume, mass, and weight among
the sample types (Table 2). One of the important factors in the
design of a sustainable structure against the earthquake is its
mass in a way that the building undergoes greater force as its
mass and the intensity of the earthquake increase. Therefore,
in samples of greater mass, such measures as the use of
wooden struts to better transfer the forces have taken into
account. Since these wind catchers have remained after so
many years, it can be concluded that the tension caused by the
pressure of mass on the wind catchers are less than the one



caused by the sturdiness of the building materials. The
analyses show that the number of materials used in the samples
with partition walls in their entirety increases between 0.14
and 0.23 per cent compared to those with partition walls in the
rack. According to the calculations done, the type of the
partition wall and its height have a significant impact on the
wind catcher’s weight. In fact, the choice of the partition wall
can increase the weight by 2623.95 N (Table 2).

4.2 Calculating the moment of inertia and the centre
of gravity

Corresponding to the principles of the article 3-9 of the
Iranian Standard No. 2800, to strengthen a high structure
against earthquake forces, a system that is resistant to the
lateral load should transfer the force from an upper level to a
lower one. Creating a continuous and consistent structure,

especially in wind catchers with partition walls in their entirety
(Ps1-Ps8), has made it possible to more consistently transfer
the pressure caused by the forces. Moreover, based on the
national rules of the building, the sixth chapter, articles 1-5-1-
7-6, the plan of the structure should be, to the extent possible,
simple and symmetrical along two sides, perpendicular, and
without much projection and recess. Attempts should also be
made to avoid making asymmetrical changes of plan in the
height of the building as much as possible. This can be seen in
the plan and elevation of the samples under investigation.
Therefore, in the construction of high structures, the traditional
Iranian architects have considered building principles and
enforced forces based on experience and skill in applying the
practical knowledge of geometry. In what follows, two
influential topics in the resistance of the wind catcher structure
(moment of inertia and centre of gravity) in the samples have
been investigated.

Table 2. Calculation of the specific volume and weight

Samples with partition walls in the rack

Samples with partition walls in their entirety

Type’s name Volume W Type’s name Volume W
P1 6.9263 115,392.158 & Ps1 7.9401 132,282.066 ¢
P2 7.6216 126,975.856 ¢ Ps2 9.2687 154,416.542 ¢
P3 7.2669 121,066.554 Ps 3 8.5910 143,126.06
P4 7.7826 129,658.116 ¢ Ps4 9.5763 159,541.158 &
P5 7.5482 125,753.012 ¢ Ps5 9.1987 153,250.342 &
P6 7.3912 123,137.392 Ps 6 8.8285 147,082.81
P7 7.2174 120,241.884 Ps7 8.4964 141,550.024
P8 7.1622 119,322.252 & Ps 8 8.3909 139,792.394 ¢
Table 3. Moments of inertia and centre of gravity
Type’s Moments of Inertia Radii of Gyration
name X Y Z X Y Z
P1 65.8544 68.5978 17.3865 & 3.0835 3.1471 1.5844 &
Ps 1 69.0450 72.2061 19.7903 & 2.9488 3.0156 1.5787 &
P2 77.8474 80.6936 18.8690 1 3.1959 3.2538 15734 &
Ps2 83.0388 86.3963 22.6229 2.9932 3.0531 15623 &
P3 71.7466 74.5186 18.1240 3.1421 3.2023 1.5793
Ps3 75.9325 79.1481 21.1994 2.9730 3.0353 1.5709
P4 80.5664 83.6185 19.2786 © 3.2175 3.2779 1.5739 &
Ps 4 86.1685 89.9192 23.4056 2.9997 3.0643 1.5634 &
P5 76.5300 79.4922 18.7370 3.1842 3.2452 1.5755
Ps5 83.5858 87.1923 22.5324 & 3.0144 3.0788 1.5651
P6 73.8167 76.7944 18.4288 3.1602 3.2233 1.5790
Ps 6 78.2931 81.9017 21.7818 2.9780 3.0458 1.5707
P7 70.9054 73.6939 18.0687 3.1344 3.1954 1.5822 &
Ps7 74.9608 78.2079 21.0937 2.9703 3.0339 1.5756 ©
P8 69.8374 72.6184 17.7205 & 3.1226 3.1842 15730 &
Ps 8 73.6287 76.8615 20.4284 & 2.9622 3.0266 1.5603 &

Table 4. Classification of wind catchers with partition walls in their entirety

Gauge

Classification Vg!twe Moments of Inertia (Z axis) Radii of Gyration (Z axis)
according to optimal functio

1 Ps4 Ps4 Ps8

2 Ps2 Ps2 Ps2

3 Ps5 Ps5 Ps4

4 Ps6 Ps6 Ps5

5 Ps3 Ps3 Ps6

6 Ps7 Ps7 Ps3

7 Ps8 Ps8 Ps7

8 Psl Psl Ps1
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Table 5. The construction process of four-sided wind catchers [18, 19] & Authors, 2019

Component part  No. Name of elements

Construction method

1-1. External walls

- Constructing the walls of the wind catcher from the ground floor
ceiling to the beginning of wind catcher’s open aperture with thickness
proportional to the dimensions of wind catchers (approximately the
size of one and a half or two brick lengths the dimensions of the door's
brick are as follows: width: 20, length: 20, a thickness: 5 cm

Shaft D1
1-2. Horizontal struts

-Use of horizontal wooden struts (corresponding to the arrangement
shape of the wind catcher's partition walls) so as to hold the partition
walls and transfer their load to the body of wind catcher

-Horizontal struts aligned to the external body of the canal are
constructed at various intervals depending on the height of wind
catcher's canal.

- Filling the gaps among horizontal wooden struts with either clay or
brick.

1-3. Main and subsidiary partition
walls

- Constructing the wind catcher's partition walls and the canal's wall
with an approximate thickness of 5-8 cm at the same time and
extending it to the roof (using horizontal struts)

2.1- Wall, with a zanjir-lik facade
Zeh and zanjir D2

- Constructing a number of rows using clay or brick in a distance
between the shaft and the rack of the wind catcher with a chain-like
faade, which is sometimes whitened with plaster.

Forward (5 to 10cm) of each row relative to the bottom row

2-2. Main and subsidiary partition
walls

- Extending the wind catcher's partition walls to the inner part (The
extension of: D1/1-3).

3-1. External walls

- Constructing a number of rows of similar thickness to that of the body
of the shaft up to the beginning of the rack.

3-2. Main and subsidiary partition
walls

- Extending the wind catcher's partition walls to the inner part (The
extension of: D1/1-3).

- Horizontal wooden struts: for the most part, partition walls in this part
of the building stand out and are more visible in relation to the outer
body. At the time of execution when wood boards are placed on them,
they are used as scaffolding.

3-3. Vertical struts

- Constructing vertical wooden struts in the junction of partition walls
and body, which are extended to wind catcher’s ceiling

Rack D3 - Today, angle bars and metal cans can be used as partition walls.
- The adavantges of turning the wall in the corner of the wind catcher's
rack circular or bevel-shaped:
3-4. Constructing walls and a. To increase the statics of the building against the slide of open
corner of wind catchers in abeveled  apertures’ ceiling
or round shape facing inside b. To cause the wind to circulate from the corners to the other side
instead of striking a flat surface; this excludes the amount that is
absorbed by the open apertures.
3-5. Hor!zontal wooden strut on the -Using wood in the horizontal strut on the walls in the corner of the
walls in the corner of the wind . . .
catcher wind catcher at certain intervals (about every 2 meters) with wood.
- The stages of constructing the roof include: roofing plan, drainage,
embankment, and brick flooring).
Ceiling and 4-1. Constructing the roof - In wind catchers of larger dimensions on the surface of the roof, clay
. D4 pots (i.e. soucheh) were installed. Rainwater is collected in these pots
roof’s covering and is gradually evaporated
4-2. Parapet - Constructin_g and decora_lting Pa_rapet using clay or brick (in the shape
) of zeh or zanjir) and coating it with plaster on the facade.
5-1. Decorative arcs on the facade - C_onstructing decorative_arches (in various designs) on partition walls
using clay or plaster coating.
Coating and 5-2. Thatching the internal and - Th_atching the internal_ ar_1d external walls of wind catcher with c_ob or
D5 glutinous straw (consisting of moving sand and cob) or simgel

decorations external walls of wind catcher

(consisting of sieved vivid clay and washed straw).

5-3. Ornamental plasterwork on the
elevation of the wind catcher's canal

- Are built in various shapes on the basis of the architect's taste

Moment of inertia is a quantity expressing a body’s
tendency to resist rotation from the normal state around a
rotational axis, and it can be considered as the main factor in
bending resistance. Moment of inertia is very much related to
the way mass is distributed in the section. The closer is mass
to the centre, the lower is the moment of inertia. The level of
tension and bending transformation of a component depends
on the enforced force and the geometric shape of its section.

The larger is a section’s moment of inertia, the lower is its
tension level and bending transformations [17]. Therefore, the
larger a body’s moment of inertia is, the higher its resistance
against bending and rotation will be. According to the analyses
done, sample types Ps4 and P4, and then the samples Ps2, P2,
Ps5, and P5 have the largest amount of moment of inertia,
respectively. Therefore, they are more inclined to maintain
their previous state. However, samples Ps4 and P4, and then
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Ps2, P2, Ps5, and P5 have, respectively, the lowest amount of
moment of inertia compared to the other sample types (Table
3). Therefore, one of the solutions that the traditional architects
resorted to for the design of the bending components of wind
catchers was increasing their moment of inertia so as to resist
bending. Besides increasing ventilation, moreover, the internal
network division of the wind catchers was attributed to an
inclination to deflect neutral load and, consequently, increase
the resistance of the section against bending. Since a decrease
of mass in the height brings the structure’s centre of gravity
closer to the ground level, and, consequently, reduces the
possibility of collapse at the time of the earthquake, it can be
stated that compared to the samples Ps1 to Ps8 (with partition
walls in their entirety), the resistance of the wind catcher
against the earthquake forces in the samples P1 to P8 (with
partition walls in the rack) has reduced as the mass increases
to higher levels. Therefore, one of the reasons for the
frequency of wind catchers with partition walls in their entirety
was attributed not only to greater suction potential but also to
structure-related issues.

On the other hand, in physics, the centre of gravity of a set
of particles is a particular point that, in many issues related to
the system, behaves in a way as if all weight is concentrated at
that point. The centre of gravity only depends on the location
and weight of particles that form the system. In symmetrical
shapes, the centre of mass is the centre of gravity [20]. The
lower the centre of gravity of a structure is, the more stable it
is against lateral forces, centre earthquake and wind powers.
The analyses indicate that samples Ps8 and P8 with partition
walls in a perpendicular position in the shape of “H” and
samples Ps2, P2, Ps4, and P4 with partition walls in a
perpendicular position in the shape of “+” has the lowest
centre of gravity. Therefore, they are more resistant to lateral
forces. In similar situations, the centre of gravity is the highest
in the sample types Psl and P1, with diagonally arranged
partition walls and samples Ps7 and P7 with partition walls in
a perpendicular position in the plan. Overall, the shape of the
middle partition walls has had no significant effect on the
gravity level of wind catchers in Yazd. On the other hand, the
analyses show that the samples with partition walls in their
entirety (Ps) have lower gravity compared to those with
partition walls in the rack (P), thus they are more resistant to
lateral forces (Table 3).

4.3 Selecting the optimal type and modelling the
construction process

Based on the analyses done, wind catchers with partition
walls in their entirety are more resistant against bending,
torsional, and lateral (wind and earthquake) forces. Therefore,
at this stage, after a comparison of various wind catchers with
partition walls in their entirety, the best samples were
introduced according to their optimal function in the moment
of inertia and centre of gravity. Among them, a four-sided

wind catcher from the sample Ps2 (the optimum sample in
both measures) was selected to simulate the construction
process (Table 4). Overall, the construction stages of the wind
catcher include constructing the external components (walls,
ceiling, and ornaments) and internal components (partition
walls and wooden struts) whose construction begins
simultaneously and from the bottom-most part of the wind
catcher (connecting external walls to the partition walls and
structs) to create a consistent and resistant structure against the
external and lateral forces. In what follows (Figure 6 and Table
5), the construction stages of each part of the wind catcher and
their characteristics have been presented. It should be noted
that besides the struts of the wind catcher’s partition walls, one
of the common elements in the structure of wind catchers is
the use of horizontal and vertical wooden struts in the external
wall of its rack. The analysis of the simulated sample revealed
that these structs increase the resistance of wind catchers
against bending and torsional forces while they do not have a
significant effect on wind catchers’ resistance against lateral
forces (Table 6).

5. DISCUSSION AND CONCLUSIONS

The analyses indicated that the choice of materials, design
of the form, type of partition walls in the plan and section of
the wind catcher is not only effective in its degree of
ventilation, but also have a direct relationship with the
resistance degree of the wind catcher’s structure against
internal and lateral forces. The comparative study of the
sample types shows that wind catchers with diagonally
arranged partition walls need fewer building materials in terms
of volume. However, their strength against lateral forces is
lower compared to other types and are not that resistant to
bending and torsional forces. Other types in a perpendicular
position (+ shaped and H-shaped), the combined types (k
shaped), and those partition walls of greater specific weight
and splitting wind catchers’ main shaft into accessory shafts of
smaller and approximately equal dimensions are more stable
against bending and torsional forces in terms of function.
However, although the samples with partition walls of
perpendicular shape (H-shaped) are more resistant against
lateral forces (wind and earthquake) compared to other
samples, the shape of middle partition walls, in general, has
had no significant impact on the degree of gravity in wind
catchers in Yazd. Moreover, the analyses show that wind
catchers with partition walls in their entirety—despite their
higher specific weight compared to their counterpart samples
with partition walls in the rack—convey the pressure caused
by the forces in a more consistent fashion thanks to their
continuous and consistent structure. Therefore, they are more
resistant against the lateral forces compared to their
counterpart samples with partition walls in the rack.

Table 6. Analysis of the structural features of the simulated wind catcher

Moments of Inertia Radius of Gyration
X Y Z X Y Z

Type of calculation Volume w
Wind catcher with horizontal and vertical
wooden strut on the external body of the rack 8.82 146.94
Wind catcher without wooden struts on the 8.80 146.60

external body of the rack

89.48 92.77 21.62 3.18 3.24 156

89.06 92.33 21.56 3.18 323 156
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New paragraph: The simulation of the construction
technology of four-sided wind catchers in Yazd show that, in
the past, depending on environmental contexts and spatial
needs of buildings, Iranian architects, though unfamiliar with
today’s structural calculations, constructed stable buildings
having efficient shape and frame based on domestic materials
by solely relying on their ancestors’ experiences and their own
acquired knowledge (practical knowledge of geometry) (See
Figure 6, & Table 5). The following strategies show that
traditional architects have not only considered the function and
aesthetic properties of buildings in constructing high-rise
structures, but also the structural principles of construction and
the enforced loads:

(1) Considering a simple and symmetrical shape in the plan
of the structure and avoiding asymmetrical changes in
the building’s plan and elevation;

Employing partition walls in the entirety of structures
(to increase its resistance against lateral forces through
the consistent distribution of pressure caused by the
forces);

Taking into account the system of partition walls in
wind catchers to increase the ventilation power and
improve the structural function against bending,
torsional, and lateral forces;

Considering horizontal and vertical struts to increase
the function of wind catchers against bending and
torsional forces.

O]

@)

(4)

Although Iranian wind catchers have been classified by
other researchers in terms of climate types, function, local
name, number of floors, number of sides receiving airflow,
and/or their features in various geographical areas and some of
their architectural and functional characteristics have been
analysed, the present study has investigated wind catchers in
Yazd so as to shed light on some of the hidden concepts in
their architecture and construction technology. On the one
hand, the present study can be helpful in better recognizing the
architectural and structural characteristics of wind catchers in
Yazd and utilized in restoration designs buildings
(maintenance and/or renovation) of and historical contexts, in
such areas as physical (shape and form) and structural
characteristics (materials, components, connections, and type
of optimal partitioning) of wind catchers according to local
knowledge and experiences. On the other hand, it can help
propos new designs based on the exploitation approaches of
renewable energies. These solutions can be updated and used
in keeping with today’s technologies and new spatial
requirements. Furthermore, the analytical approaches used in
the present study can be applied to studies where other Iranian
ancient structures and techniques such as khishkhan-ha (dome-
like ventilator on the roof), windmills, and water-mills are to
be investigated in the scope of other various cities.
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\%
w

mass (kg)
volume (m?®)
weight (kg. m/s?=N)

Greek symbols

Y
p

specific weight (N /m?)
Density (kg/ m3)

APPENDIX
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All drawings and calculations have been done by the
authors using AutoCAD 2017 and Photoshop 2018.

The shape of the roof in the majority of wind catchers in
Iran, particularly those in Yazd, is flat [1].

Typology of partition walls’ arrangement in wind
catchers (Figure 7).

The location of wind catchers, physical proportions, and
the number and direction of open apertures are generally
affected by the direction of the optimum wind, the
location of the site, area, and the connecting space with
the wind catcher. In Yazd, wind catchers are generally
built on the south-western side of the houses as it receives
the least amount of sunlight in warm seasons. Wind
catchers of higher height are potentially more capable of
directing wind, yet less resistant to earthquake forces [12,
19].

According to Bernoulli’s effect, an increase in the speed
of air airflow occurs when it passes through a tightened
section [21].

Traditional materials used to construct wind catchers are
raw clay, plaster, Shiariineh timber, which is a kind of
hefty wood resistant to termite infestations [1].

Wind pressure has been calculated using P=C..Cq.q. In
this equation, P, Ce, Cq, and q are pressure of wind, gust

NOMENCLATURE factor coefficient, pressure coefficient, and wind
stagnation pressure, respectively.
g gravity (m/s?)
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Figure 7. Typology of partition walls’ arrangement in wind catchers (Adapted from [22, 23] & Redrawing by Authors, 2019)
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