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i radiant temperature play an important role in the thermal comfort of the outer space of
i cities. The microclimatic temperature conditions of the city affect the thermal behavior of
i buildings as well as the thermal comfort of pedestrians. Since the simplest way to change
§the microclimate and reduce the urban heat island is to use cool surfaces and increase
%green space, in recent decades, the use of green roofs in different climatic regions has
i expanded. The application of green roofs is one of the common strategies to reduce the
§therma| load of buildings. On the other hand, it is recommended to use cool surfaces
iand greenery to change the microclimate and mitigate urban heat islands. This research
aims to investigate the effect of green roofs on the urban microclimate in the hot and dry
i climate.

ETHODS: This study aims to determine the effect of green roofs on local microclimate
: and urban heat island in the low-rise contexts in the hot and dry climate of Shiraz.
iThe research method used in this research is a computer simulation method, carried
§out using Envi-met software. Envi-met is a 3D simulation and measurement software
%for microclimatic conditions of urban climate and is used to analyze the open spaces of
i urban environments. This software has been selected due to its numerous capabilities and
i different validated results. The case study is a part of a low-rise urban context in Shiraz, and
i the research was carried out using Envi-met software for thermal simulation of the outside
genvironment on one of the hottest days of the year. Thermal effects of three roof types
ion the surrounding environment have been evaluated: a common roof with reflecting
iisolation layer, a green roof with grass, and a green roof with trees. The simulation was
i done for the first day of July as one of the hottest days of the year. Data output is taken at
%the height of 0.5 m above the roof surface (6.5 m above the ground).

INDINGS: The results show that the application of green roofs with trees or grass
:# would slightly improve thermal comfort in the neighborhood. The maximum reduction
{in air temperature is between 0.27 to 0.74 degrees in the receptors, and 5.05 degrees in
i mean radiant temperature. In the case of relative humidity, the maximum changes are an
increase of 0.36% or a decrease of 0.48%, while the maximum fluctuation of wind speed is
ian increase by 0.68 m/s. The analysis of the correlation coefficients between the variables
iand the thermal comfort index of PMV shows a significant correlation. In verifying the
i results, they are represented as descriptive statistics, including the changes in the variables
Eof air temperature, radiant temperature, wind speed, humidity and thermal comfort.
In addition, the relationship between radiant temperature, air temperature, relative
{ humidity and wind speed and the thermal comfort has been investigated using statistical
fanalysis and the coefficient of correlation between them has been calculated in three
i modes: green roof with grass and green roof with tree at 9 am and 5 pm. The correlation
écoef‘ﬁcients in most cases are more than 0.7 and indicate a strong correlation. In this way,
i the obtained correlation coefficients show a strong significant direct relationship.
. N

d | https://dx.doi.org/10.30475/isau.2022.237674.1453 OPEN@J&WESS
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Extended ABSTRACT
[

ONCLUSION: Providing A green roof with trees is more efficient than a green roof
with grass providing better thermal comfort conditions in urban microclimates. The
i green roof area is more important than the green roof itself. The application of green roofs
i in small areas (urban blocks and neighboring) has little effect on the thermal comfort of
i the microclimate. It would effectively reduce air temperature and cooling effect only if
it is used in a vast area. The correlation between the variables and the thermal comfort
i created in different conditions shows a strong correlation. Based on the results, the extent
i and the size of the green roof have a more important effect on the region’s microclimate.
i These results are consistent with previous studies (Battista et al., 2016: 1058) and (Peng
et al., 2013: 598) and (Alcazar et al., 2016: 304) and indicate that considering green roofs
i in small extents such as an urban block or a neighborhood unit has little effect on the
i microclimatic conditions of the region. In order to benefit from the cooling effects of green
i roofs and reduce the heat on an urban microclimate scale, it is necessary to use green
roofs in a wider area. In summary, the following can be extracted from the results of the
i present study:

- Using a green roof can slightly reduce the outdoor temperature and improve thermal
i comfort conditions on a neighborhood scale.

i - Agreen roof with trees is more effective than a green roof with grass, and from this point
i of view, it is more preferred.

- If the use of green roofs is considered as a solution to reduce air temperature and
i improve thermal comfort conditions, it should be considered in large urban areas (several
i urban blocks or several neighborhood units).

i HIGHLIGHTS:

i - The extension of green roof area is more important than its type.

- Green roof with tree has the greatest effect on reduction of the mean radiant temperature
i among various types of green roofs.
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Sample 3: Green roof w1th a tree

Fig.3. Case Study models

Table 1. Details of applied roofs

Conventional Roof

Green roof with grass Green roof with tree

Parameter Amount Parameter
Absorption Coefficient 0.50 Carbon Dioxide C3 C3
Thickness 50 cm Leaf Type Grass Deciduous Tree
Reflection Coefficient 0.50 Albedo 0.20 0.40
Thermal Conductivity 0.84 Pass Rate 0.50 0.30
Coefficient
Plant Height 0.50 4.00
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Fig.4. Location of receptors in the model
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i fragmentation of the urban fabric, the destruction of public spaces, and the outbreak of
ithe Coronavirus as a rogue crisis have increased the depth and breadth of production
i of such a space. Until yesterday, neighborhoods, public baths, mosques, etc., were the
ibasis for friendly and neighborly relations between individuals and families. Today, the
%development of parks, especially local orchards, can pave the way for the beginning,
i consolidation, and continuation of friendly and neighborhood relations between local
i people due to the reduction and elimination of the people’s social role. This is because
i local parks are places where different groups and social strata get to familiarize themselves
gand interact with each other. Therefore, the need to use pocket parks as important social
istimulus projects of the city, promoting authority and social development, establishing
i capacity, and developing social capital is considered essential. Khorramdareh city’s
i capacities and potential in creating local green space in general and pocket parks, in
particular, can increase the city’s social presence by benefiting from citizens’ participation;
i because such parks are considered a lost space in the hierarchy of Khorramdareh urban
i parks. They can play an effective role in creating relaxation, interactions, and leisure spaces
ifor citizens. The reproduction of pocket parks as a driving force for social presence in
Khorramdareh was one of the main objectives of this study. The creation of pocket parks
ias a driving force for social presence in Khorramdareh was one of the main objectives
i of this study, and creating a city with a social, democratic, and citizen-oriented quality is
i one of the consequential goals of this research. This research is aimed at revitalizing the
i neighborhoods of Khorramdareh in the form of pocket parks and to provide solutions to
guse its capacity to develop relationships and interactions in the form of neighborhood
i units. According to the topic, the mental gap of the research investigates the conditions in
i which pocket parks revitalize the socialization of Khorramdareh neighborhoods. With this
i approach, the purpose of the present article is to introduce the pocket park development
%approach as the most effective method in promoting the production of social presence in
i the neighborhoods of the Iranian city.

ETHODS: The present study is applied in terms of research type, and the research

nature is based on a combination of qualitative strategies and correlation method.
i The current research is hybrid in terms of type, application, and nature. The present study
{is also considered cross-sectional in terms of time span (September 2017). In order to
%collect the data required for the research, documentary sources were studied, and some
i field observations were conducted. Consequently, a factor analysis test, one-sample T-test,
iand path analysis test in the form of DPSIR model have been run to analyze the data.

INDINGS: The presence of plants, trees, and generally natural elements in public spaces
encourages people to be present in these spaces. Research has shown that there is a
direct relationship between the use of public spaces and the duration of people’s presence
{in these spaces with the number and location of trees. Therefore, the existence of green

d | https://dx.doi.org/10.30475/isau.2021.264783.1605 OPEN%mcESS
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?space, by increasing the use of public spaces and the presence of people, will increase the

i solidarity and social motivation for the neighborhoods in Khorramdareh city. According
i to the results, the more such high-quality areas are created in neighborhoods, the more
i opportunities are provided for group social interactions such as meeting, chatting, playing
games, sports, etc. As a result of the above activities, these aforementioned spaces acquire
the characteristics of vitality and civil life while offering the characteristics of a place.

ONCLUSION: The results of the studies showed that the promotion index of social
: and neighborhood relations has the highest coefficient, with an impact rate of 4.83.
i In addition, the classification of indicators affecting the creation of social presence in
i the form of DPSIR model showed that the “pressure” index with a total effect factor of
0.713 has the greatest impact and causal relationship for creating social coexistence by
i creating parks in the city of Khorramdareh. Given that the pressure component consists
i of indicators (quality of social trust between residents; quality of feeling social security;
i quality of responding to the personality of individuals; a variety of activities tailored to the
! different needs of different groups of people during the day), these components should be
emphasized in the creation of social presence in the city of Khorramdareh. Furthermore,
i examining what people want from pocket parks and leisure areas and the qualities they
i like should be on the agenda of employers, investors, and executive working groups.
i Therefore, the need to review and explore pocket parks, which can be a place for social
interaction and increase the presence of people, is significant.

{ HIGHLIGHTS:

- Using a semi-structured questionnaire to determine the indicators of co-presence drivers
i through the park envelope and the integration of data and how they affect each other
i through the DPSIR model.

i~ The need to use pocket parks as stimulating projects for social presence in the city; In
order to be effective with the approach of promoting authority and social development,
i capacity building and development of social capital.
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Table 1. Different ways of presence of people in space in social theories (Yazdanian et al., 2016: 83)

Theory

Concepts

Production of space

Contradiction between social space and space planned by the forces shaping space

Creative action

Liberation of individuals from the external and imposed order of space by maximizing the
potential of individual and group

Urban riots

Shaping everyday life as a contrast between the production of space and its passive consumption

Symbolic resistance

Symbolic presence in space with distinct behavioral patterns and contrary to the behavioral logic

of that space
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Fig.2. Geographical distribution of samples on the surface of Khorramdareh neighborhoods
(Map taken from housing and urban planning documents of Zanjan province, 2020)

Table 2. Selected characteristics of the research to evaluate social co-presence reproduction with pocket park drivers
(Suzanchi and Triweh, 2011; Azmati and Zarghami, 2012; Samyari et al., 2015; Maroufi and Bayazidi, 2015; Aram et al.,
2016; Nori and Soheyli, 2017; Ahadnejad Roshti et al., 2019; Mandeli, 2019; Du and Zhang, 2020)

Dimensions Indicators

Effective

Promoting social
and neighborhood
neighborhood

relations local activities

3- The quality of social trust between residents
4- Facilitating the readability of urban neighborhoods

1-The quality of socializing space between different age groups in the Public spaces near residential houses

provides an accessible space for

2- The quality of citizens' level of awareness and their participation in communication with close neighbors,

whether this communicating in a friendly
chat inside the bars of a garden or public
social gatherings Be in local parks. For

5- Existence of natural and man-made supporting factors Bad weather example, small local parks can be the
conditions (radiation, rain, wind, etc.) such as trees, canopies, background provide good gatherings and

pavilions, in neighborhoods and easy access to it
6- Places to stand and pause (through factors such as attractive edges,

the presence of pause spaces definition
7- Quality of feeling of social security

personal interactions. In other words, these
spaces can lead to intercultural and intra-
social communication (Baulkwill, 2002:
697).

8- Quality of neighborliness and sense of sociability

9- Quality of local discourse and gathering space

10- Quality of different and sufficient pockets in the space of
neighborhoods and at suitable distances and positions (Bench,
platform ....) and the presence of different age and gender groups

11- Social dynamics and dissemination of cultural thoughts and ideas,
12- Existence of defined pause spaces (existence of a suitable support,
possibility of seeing and watching(Existence of beautiful and
attractive landscapes in the neighborhood, lighting Suitable for all
hours of the day and night and unobstructed viewing)
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Table 2. Selected characteristics of the research to evaluate social co-presence reproduction with pocket park drivers
(Suzanchi and Triweh, 2011; Azmati and Zarghami, 2012; Samiari et al., 2015; Maroufi and Bayazidi, 2015; Aram et al.,
2016; Nori and Soheyli, 2017; Ahadnejad Roshti et al., 2019; Mandeli, 2019; Du and Zhang, 2020)

Dimensions

Indicators

Effective

Social motivation
in the
neighborhood

Comfort and
imagination of
residents

1-Encouraging investment in public and people-centered activities in
the neighborhood

2- Cleanliness and hygiene of the place and the existence of
responsible volunteers for space hygiene and maintenance of the place
3- Contributing to the quality of aesthetic dimensions such as (good
design and good details, use of water agent Symbolically, planting
native and compatible trees and plants, beautiful landscapes and
architecture) and solving the problems of the neighborhood green
space

4- Adapting public spaces and passages for all sections of the
neighborhood

5- Reducing depression and stress and increasing social vitality
between Citizens

6- Defining group activities and entertainments in the context of
space-to-play, recreation; Activity and discovery

7- The potential of space for more presence according to the local
characteristics of the neighborhood, access, sociability, readability,
comfort and imagination, use and activity, etc.)

8- Planning in healthy social communication in the neighborhood with
the formation Social hangouts and socializing space between different
groups

1-Enhancing the social vitality of the residents in the space of a cozy
atmosphere for collective activities

2- Enhancing positive and pleasant sensory experiences in the space
according to the experience lived as soon as entering the neighborhood
3- A variety of activities tailored to the different needs of different
groups of people during Day and night

4- A place for walking and fun, holding local celebrations

5- Designing based on human senses and scale during the experience
of the environment and paying attention to the desirability of
environmental stimuli including sounds, smells and visual and tactile
stimuli

6- Responding to personality People

7- Quality in the visual appeal of the neighborhood

8- Safety and security of urban spaces at different times of the day
Possibility of people in urban spaces

9- Existence of opportunity to take photos

10- Mental motivation and meaning of urban neighborhoods

11- Proximity to nature and elements Natural

12- Quality of the sense of comfort and mental well-being of citizens
13- Linking the space of neighborhoods with each other and their
relationship with the street

Festivals, seminars, national festivals and
other important social events if well be
managed to have a very positive impact on
the urban environment and lead to greater
social cohesion (Rahnamaii & Ashrafi,
2007).

Mental image is related to how the body is
physically organized and receives mental
comfort from space. In explaining the
comfort and perception of users' support
against mines, crime and adverse climatic
conditions and providing the opportunity to
walk, sit, hear, talk, stop, see the scenery
and play (Marofi & Bayazidi, 2018: 245)

Identity and
sense of
belonging

1 -Not feeling alienated from space

2- Presence of people in different hours of the day

3- Quality of presence (continuity of presence) of users in this space
every time they visit (less than an hour, between one to two hours, half
a day, one day

4- Quality of adapting the space to the beliefs, thoughts, feelings and
expectations of users

5- Feeling accustomed and accustomed to space users

6- Tendency of residents to stay in the neighborhood based on the
desired mental image of the neighborhood

7- Strengthen pedestrian activities in the neighborhood

8- Formation of a sense of existence Management and supervision of
the neighborhood

9- Promoting the branding position of the neighborhood

10- Strengthening the use of cultural-identity symbols in these parks
as the neighborhood identity

The formation of a real sense of being
originates in the community (Massey,
2002: 40)

Realization of
individual rights
of a city

)9_EM u_>| 6‘)4 A bél.n.._..u‘ Cl_uﬁ; LSL‘LH u_u.»o
o2 sl sl Ll e o 5 00,5 9]

1-Voluntary participation of citizens for neighborhood development
2- More communication of neighborhood citizens with city council
and municipality

3- Availability of leisure uses and activities such as cafes and public
meeting places (24 hours)

4- Presenting suggestions and comments on managers' decisions
Neighborhood Attitude to the neighborhood as your home

5- The right to engage in creative neighborhood activities

6- The right to allocate space for urban interactions and use it

A society that does not create enough open
spaces for its children, hangouts for its
teenagers, spaces for social interactions,
sports spaces, etc. in the neighborhood,
should not expect committed, caring and
active citizens in the future of the city and
society. Enjoy (Rahnamaii & Ashrafii,
2007)
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Fig.3. Land use of Khorramdareh city

(Housing and Urban Development of Zanjan Province, 2017)
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Table 3. Frequency distribution of the sample studied
by the respondents

Adjective Item Frequency Percentage
Gender Female 45 11.8
Man 339 88.2
Sum 384 100
Age status 20-30 21 5.5
years
31-40 98 25.5
years
41-50 178 46.4
years
More than 87 22.6
50 years
Sum 384 100
Marital Single 75 19.5
status Married 309 80.5
Sum 384 100
Education High 93 24.4
level school
Diploma 145 37.7
Associate 87 22.6
Degree
Bachelor's 38 9.8
degree
Master's 21 5.5
degree
Sum 384 100
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Table 4. Rank of indicators affecting the reproduction of social viability with factor analysis test

Dimensions Indicators Coefficient
Promoting social and 1- The quality of social relations, sociability of space between different age groups in the 0.664
neighborhood relations neighborhood
2- The quality of citizens' awareness and their participation in local activities 0235
3- The quality of social trust between residents 0334
4- Qualifying the sense of comfort and mental well-being of citizens 0.725
5- Existence of natural and man-made supporting factors against bad weather conditions 0.712
(radiation, precipitation, wind, etc.) such as trees, canopies, pavilions, in neighborhoods
and easy access to it; places to stand and pause (from Factors such as the presence of
attractive edges, the existence of pause spaces are defined
6- Strengthening the social supervision of the residents 0.669
7- Quality of feeling of social security 0.698
8- The quality of the neighborhood bond and the sense of sociability 0.749
9- The quality of local dialogue and gathering space 0.717
10- The quality of different and sufficient pockets of pocket park in the space of 0.72
neighborhoods and at suitable distances and positions (bench, platform ....) and the
presence of different age and sex groups
11- Social dynamics and dissemination of cultural thoughts and ideas 0.813
12- Existence of defined pause spaces (existence of suitable support, possibility of seeing 0.368
and watching (existence of beautiful and attractive landscapes in the neighborhood,
appropriate lighting at all hours of the day and night and unobstructed viewing)
Social motivation in the 1- Encouraging investment in public and people-centered activities in the neighborhood 0.781
neighborhood 2- Cleanliness and hygiene of the place and the existence of responsible volunteers for the 0.28
hygiene of the space and maintenance of the place
3- Contributing to the quality of aesthetic dimensions such as (good design and good 0.604
details, using the water factor symbolically and jargon, planting native and compatible
trees and plants, beautiful views and architecture) and solving the problems of the green
space of the neighborhood
4 -Adaptation of public spaces and passages for all sections of the neighborhood 0.612
5- Reducing depression and stress and increasing social vitality among citizens 0.769
6- Defining group activities and entertainment in the framework of space-to-game 0.797
litigation, entertainment; Activity and Discovery
7 -Potential of space for more attendance according to the local characteristics of the 0.742
neighborhood, accessibility, sociability, readability, comfort and imagination, use and
activity, etc.
8- Planning in healthy social relations in the neighborhood with the formation of social 0.748
hangouts and socializing space between different groups
Comfort and imagination 1- Strengthening the social vitality of the residents in the atmosphere of a cozy space for 0.656
collective activities
2- Enhancing positive and pleasant sensory experiences in space according to the lived 0.706
experience as soon as entering the neighborhood
3- A variety of activities tailored to the different needs of different groups of people during 0.342
the day and night
4- A place for walking and having fun, holding local celebrations 0.862
5- Design based on human senses and scale during the experience of the environment and 0.671
paying attention to the desirability of environmental stimuli including sounds, smells and
visual and tactile stimuli
6- Quality of responding to people's personality 0.33+
7- Rough quality to the visual appeal of the neighborhood 0.596
8-Safety and security of urban spaces at different times of the day, the possibility of the 0.384
presence of people in urban spaces
9- Existence of opportunity for taking photos 0.778
10- Mental motivation and meaningfulness of urban neighborhoods 0.666
11- Proximity to nature and natural elements 0.745
12- Qualifying the sense of comfort and mental well-being of citizens 0.754
13- Connecting the space of neighborhoods with each other and their connection with the 0.342

street
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Table 4. Rank of indicators affecting the reproduction of social viability with factor analysis test

Dimensions Indicators Coefficient
Identity and sense of 1- Not feeling alienated from the space and providing comfort and psychological support 0.622
belonging to people
2- The presence of a large number of people at different hours of the day 0.691
3- Quality of presence (continuity of presence) of users in this space each time (less than 0.813
an hour, between one to two hours, half a day, one day
4- The quality of adapting the space to the beliefs, thoughts, feelings and expectations of 0.825
users
5- Feeling accustomed to space users 0.756
6- Tendency of residents to stay in the neighborhood based on the desired mental image 0.647
of the neighborhood
7- Strengthening pedestrian activities in the neighborhood 0.773
8- Forming a sense of management and supervision of the neighborhood 0.728
9- Upgrading the branding position of the neighborhood 0.279
10- Strengthening the use of cultural-identity symbols in these parks as neighborhood 0.733
identity
Realization of individual 1 -Voluntary participation of citizens for the development of the neighborhood 0.809
rights of a city 2- More communication between the citizens of the neighborhood and the city council and 0.794
municipality
3 -Availability of uses and leisure activities such as cafes and public meeting places (24 0.693
hours)
4- Presenting suggestions and comments on the decisions of neighborhood managers. 0.786
Attitude to the neighborhood as their home
5- Claiming the right to carry out creative neighborhood activities 0.828
6- Claiming the right to allocate space for urban interactions and use it 0.675

Table 5. Analysis of indicators affecting the reproduction of social presence with a single-sample t-test

Component t df sig Dispute Maximum Lowest
Promoting social and neighborhood relations 4.83 383 0.000 0.31 0.16 0.46
Social motivation in the neighborhood 4.24 383 0.000 0.55 0.28 0.82
Comfort and imagination 2.26 383 0.000 0.40 0.04 0.76
Identity and sense of belonging 1.76 383 0.000 0.15 -0.02 0.32
Realization of individual rights of a city 0.26 383 0.000 0.03 -0.23 0.30

DPSIR Components
Driving force (D)

Table 6. Classification of indicators based on DPSIR model components

Indicators

Strengthen social monitoring of residents; Contributing to the quality of aesthetic dimensions such as (good
design and good details, the use of the water factor symbolically and experiences, planting native and compatible
trees and plants, beautiful landscapes and views) and solving the problems of the neighborhood green space;
Adaptation of public spaces and passages for all sections of the neighborhood; The quality of the space's
adaptation to users' beliefs, thoughts, feelings and expectations; Feeling accustomed to space users; Upgrade the
neighborhood branding position

Pressure (P)

The quality of social trust between residents; Quality of feeling of social security; Quality of responding to
people's personality; A variety of activities tailored to the different needs of different groups of people during the
day

Status (S)

Impact (I)

Response (R)

The quality of the neighborhood bond and the sense of sociability; The quality of different and sufficient pockets
in the space of the neighborhoods and in the appropriate distances and positions (bench, platform ...) and the
presence of different age and sex groups; Social dynamics and dissemination of cultural thoughts and ideas;

Proximity to nature and natural elements; The presence of a large number of people at different hours of the day;

Residents' tendency to stay in the neighborhood based on the desired mental image of the neighborhood

The quality of social relations, the sociability of the space between different age groups in the neighborhood;
Design based on human senses and scale during the experience of the environment and attention to the
desirability of environmental stimuli, including sounds, smells and visual and tactile stimuli; Mental motivation
and meaningfulness of urban neighborhoods; Not feeling alienated from the space and providing comfort and
psychological support to people

Quality to the sense of comfort and mental well-being of citizens; Quality of local discourse and gathering space;
Encourage investment in public and people-centered activities in the neighborhood; Quality to the sense of
comfort and mental well-being of citizens; Quality of presence (continuity of presence) of users in this space each
time they visit (less than an hour, between one to two hours, half a day, one day; formation of a sense of
management and supervision of the neighborhood

0"

LI BRaN |

R
];.>
[ S
[y

1
[>
I’
[0
[

\o
(73




‘ e ' =
L L S
GG

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

VA—PR Sl /Y 6 jlods . ¥ 0,58 . 1P s 9 3l

S0y v 30 6598 S0 LT 45 3> (Hroseo

e S e sl )L olonlala _wlsy  claix]
S UQ_LLM Q)J'iﬁ) s_i_ad_iu|9_|so ‘o)d_a)}
—o—sloix! pailelw Lol g9, o] o aS sl
oy JSba sl aan e Laly, B o Llas
Hlampe LGlady wdls aw) ool 008 o
gl |y (Headaly 5 50 cp it - VY S
O (e J)l_a ool ala_ulgs ‘rcl.o..:-‘ & yg—a>pd
Slog i oyl iacul oy a0 0,08 0 )00, 4
SIS0l e g ol g 00,5 olwlis «Lud»
el T (gl abges S5 el b (B ise j0 45)
L €l sloddlse 0 (gom sload; o (b
I N emro Locmdp ¢ FAY IS, ST 0
5 VY S Sl po Lo €aS e (69, PV
Jlos asyls 1,8 -0V IS 5l po L« 3b»

DPSIR (sLatilsa iy Sigme 5 by, e e
Sl 00 ools i b S (o

Table 7. DPSIR component path analysis

Components direct Indirect Total
impact effect effect
Driving force (D) 0.632 0.005 0.637
Pressure (P) 0.617 0.096 0.713
Status (S) 0.527 0.144 0.671
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i of Iranian architecture. Based on this, some contemporary Iranian architects have tried
i to make it visible and realizable and have continued it based on these principles and the
{inspirations from the eternal works of this land. Relying on the importance of addressing
i this indicator, the aim of this research is to measure the application of the transparency
gconcept and how it manifests itself in the physical elements and spatial structures of
i contemporary Iranian architecture. Accordingly, in the current research, the way of
i realizing transparency in the contemporary architecture of Iran and the extent and quality
i of its emergence and development have been questioned and discussed. In order to
examine this issue in detail, two cultural centers in the contemporary period that have paid
i attention to the formal and semantic aspects of Iran’s past architecture have been selected
ito be analyzed and measured in terms of transparency. The current research started with
ithe hypothesis that the examination of the way transparency is represented in the two
buildings of Dezful and Isfahan cultural centers reveals the differences and similarities that
ican be effective in enriching the contemporary architecture of Iran. Therefore, research
i questions about the quality of transparency in these two buildings are proposed and lead
§to measures to make the space transparent in contemporary Iranian architecture: Which
physical elements and spatial structures have been used by each of the two cultural center
i buildings of Dezful and Isfahan and how to create transparency? What are the differences
i and similarities between the transparency appearance in these two buildings?

ETHODS: The current research has used two quantitative and qualitative strategies.
: So, the descriptive-analytical and analogical, and logical reasoning methods, as well
i as bibliographic and document studies, have been used to collect and analyze data. In
order to investigate the transparency issue in contemporary Iranian architecture, the main
i factors that create transparency in architecture were extracted from the existing theories.
iThen, these components were categorized into four subsections containing the main
{indicators of spatial transparency. The reason for choosing Dezful Cinema Cultural Center
%and Isfahan International Cultural Center among existing contemporary cultural centers
iis the architect’s exceptional attention to the use of Iranian architectural elements and
i techniques. In order to perform a quantitative analysis using Agraph software, Justified
i Plan Graphs were first drawn from the floor plans. Since the amount of visible area at
fany point of the space is an important indicator in evaluating the transparency level,
§UCL Depthmap software was used to measure this component. In the final stage, each
i of the four indicators of the transparency concept was measured and concluded with a
i quantitative analysis of syntactic indicators.

INDINGS: Four syntactic factors of visual cone, spatial integration, connection, and
depth were selected to evaluate the degree of transparency. Spatial connectivity and
depth, as well as the number of spaces, were analyzed in Agraph software, and two factors
i of visual accessibility (Isovist) and spatial integration were analyzed and interpreted in

d | https://dx.doi.org/10.30475/isau.2022.290149.1721 OPEN@J&WESS
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?Depthmap software. In Dezful Cultural Center, the location of the main volume of the
i building in the depth of the ground and the externally blocked walls have minimized
i the continuity and sequence of the internal and external areas of the building. While in
i Isfahan Cultural Center, the division of the plan into two inward and outward parts has
i maximized the visual transparency and continuity and sequence of inside and outside in
half of the building. In the Dezful building, the depth indicator showed that despite the
¢ hierarchy and the distance of the spaces from the external area, the location of open and
i semi-open internal distributable spaces is in the points that created the continuity and
i sequence of the internal areas at great depths from the building’s entrance. In the Isfahan
building, the low number of depth indicators for most spaces means more integration in
i the interior space. The comparison of the number of spaces in the two Dezful and Isfahan
i buildings, and its ratio to the maximum depth in the plan, shows that although there is
i a significant relationship between the number of spaces and the amount of integration,
the presence of a large number of spaces in a slight depth can moderate the effect of high
i spatial multiplicity on integration reduction. The numerical and figural comparison of the
i local integration and the maximum and minimum values clearly shows the important role
of the inter-space in spatial integration and transparency.

ONCLUSION: In this research, the results were obtained after analyzing the criteria

related to the transparency of the spatial structure, including spatial openness,
integration and overlap, continuity and sequence, and spatial coherence using the tools
§of depth, number of spaces, connection, visual cone, and integration. Transparency, in
i general, is observed in both buildings with the use of relatively similar measures. However,
i there are differences in how this transparency is created and its amount, which is caused
by the difference in how these elements and spatial structures are used. In general, the
i measures adopted in the physical elements and spatial structures of Isfahan Cultural
i Center have mainly led to visual transparency. In Dezful Cultural Center, physical and
mental transparency has emerged more than visual transparency.

{ HIGHLIGHTS:

i - Measuring the application of the transparency concept and how it manifests itself in the
physical elements and spatial structures of contemporary Iranian architecture.

i - Comparing and adapting the measures used to achieve spatial transparency by using the
i space Syntax technique and drawing and interpreting Justified Plan Graphs.

i - Revealing the differences and similarities in the way transparency is represented in the
two cultural center buildings of Dezful and Isfahan, which can be effective in enriching the
contemporary architecture of Iran.
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Table 1. The basement and ground floors’ plan and justified plan graphs of the study cases
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Table 2. Numerical values of spatial depths

Building Plan The maximum The number The depth of the Total depth Mean Relative
depth in the plan of spaces greatest spatial density (TD) Depth (MD)
Mean Mean
Dezful cultural Ground floor 15 47 12 29 6.17
center -1 9 41 4 18 4.39
Isfahan cultural Ground floor 18 110 6 85 7.72
center Graph 1 -1 12 16 2 74 4.62
Graph 2 5 18 2 45 2.5
Graph 3 5 18 4 45 2.5
Table 3. Numerical values of space number and depth number
- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Sum
buildin depth The number of spaces
Dezful cultural ~ Ground floor 1 1 2 2 5 2 3 4 3 4 5 11 2 1 1 47
center -1 3 5 10 13 3 3 4 - - - - - 41
Ground floor 1 4 5 12 17 19 10 14 9 8 5 3 3 - - 110
Isfahan cultural ~ Graph 1 2 4 3 3 1 1 - - - - 16
center Graph2 -1 1 7 2 - - - - - 18
Graph 3 1 11 1 1 - - - - 18
Table 4. Numerical values of space number and connection number
- . Sum of 1 2 3 4 5 6 7 8 9 10 11 12
building connection .
connectivity The number of spaces
Dezful cultural Ground floor 1+47 18 17 5 5 2 - - 1 -
center -1 1+41 17 11 7 3 3 - 1 - - - -
Ground floor 1+110 28 48 22 4 5 3 - -
Isfahan cultural ~ Graph 1 1+16 6 8 2 1 - - - - - -
center Graph 2 -1 1+18 12 5 - - - - - 1 - - - 1
Graph 3 1+18 12 5 - - - - - 1 - - - 1
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Table 5. Figural and numerical analysis of space structure from the viewpoint of transparency and mass to space ratio

Ramp’s Tramsparent mof

Buikling’s volumne i
the ground depth

vestibule yard
.,

Dezful cultural center

Open space to total space ratio 38.1%
Semi-open to total space ratio 14.7%
Area of the site 10000 m2
Number of entries 2
Open space

Close space
Semi-open space

Mass to space ratio

Avestibale with 2
transparent
3 Ioer conrtyand o
space frame [open-roof amphithcater) NG s i NaTa
Transgurens wall of he coiranee gomrir - age Open-rook
‘e S 25 i
Eatcance-., RN e =
B KT 1

Isfahan cultural center

Open space to total space ratio 34.9%
Semi-open to total space ratio 28%
Area of the site 10000 m2
Number of entries 7
Open space

Close space

i
P |
w -

[l %
| D, S | ‘I ‘
‘\'\_‘ L._'__'_. - . > 4

Semi-open space

Mass to space ratio

Table 6. Figural and numerical comparison of the visual cone and the amount of visible area (m2) in spatial stages

Dezful cultural center

Building
entrance

3668.773
28.7%

2617.9
20.4%

Enclosure
entrance

361221

1879.17

14.7% Vestibule
. 0

28.2%

2773.58
23.5%

Enclosure
entrance

1404.98
11.9%

Building
entrance

Isfahan cultural center

17.2% 8.6%

1023.54

Portico Vestibule
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Table 7. Figural and numerical comparison of spatial integration in two local and global modes based on convex
space map

global integration (R=n) local integration (R=5)

global integration (R=n) local integration (R=5)

t =
S
3
=
=}
5
(_% Ave 0.49254 Ave 0.874497 Ave 0.570048 Ave 0.881601
Min 0.273225 Min 0.349023 Min 0.349023 Min 0.349023
Max 1.14606 Max 1.38381 Max 0.872556 Max 1.60714
Count 121 Count 121 Count 69 Count 69
. |
e i
] < ;
= I
=
D
8
z Ave 1.03773 Ave 1.04843 Ave 0.574756 Ave 0.938333
m
Min 0.368618 Min 0.383096 Min 0.37825 Min 0.466854
Max 2.68636 Max 2.68636 Max 0.900813 Max 1.56449
Count 34 Count 34 Count 107 Count 107

Isfahan cultural center

Dezful cultural center
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. Legerity

. Visual Integration

. Constructional Integration

. Visual-Constructional Integration
. Local integration

. Global integration
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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: This research aims to answer this question: From the
Received 2020/05/13 residents’ point of view, what is the beauty and desirability of the form and appearance
Revised 2020/07/20 i of urban masses and buildings and their composition? What standards and values are
Accepted 2020/10/18 i considered for the designers and builders of today’s buildings, which are embodied in the
Available Online  2022/12/31 i current masses and building forms? Accordingly, this research explores relevant theoretical
itexts and objective and subjective issues of residents living in District 2 of Tehran. The
Keywords: §origin of beauty and aesthetic perception is often defined between the two concepts
Physical-Visual Aesthetics i of objectivism and subjectivism. However, newer philosophical analyzes that adopt an
Non-Physical Aesthetics {interactive perspective believe that the sense of beauty originates from the patterns that
Residents’ Point of View i connect people and things. In fact, a reasonable (and usual) solution to the objective-
Grounded Theory gsubjective controversy in the evaluation of aesthetic quality acknowledges that aesthetic

i quality is the joint product of observable characteristics that interact with psychological

i processes in the human observer. With the flourishing of aesthetic perceptual research

iand the publication of their results, the differences between the previous evaluations of

ibeauty and these studies became clear. They prompted researchers to look into these
st v e arile arfine i differences more.

ETHODS: In the literature review, descriptive and bibliographic methods have been
: used to progress the research. For the contextual studies, a type of qualitative
iresearch method called Grounded Theory Method, which is based on interpretation
i analysis, has been chosen. Finally, the comparative method (comparison and evaluation
gbetween the results of theoretical and contextual studies) has been used to analyze and
ipresent the results of the article. The grounded Theory Method applies interpretation
{in order to discover concepts and relationships between primary data and to organize
ithem in the form of a theoretical explanatory plan. In the present research, the mentioned
gq method has been used to reach the type of view and mental frameworks of the citizens of

i District 2 of Tehran in relation to urban building and mass aesthetics.

Number of References INDINGS: Based on the findings of the research, in the context of irresponsible urban
:# management, ambiguity in the demands of the residents between the new and the
§past, and the change of conditions and demands over time has created some issues.
i These issues are classified as conditional categories: “Speculative urban management”,
g”Wandering between urban fabric protection or change”, and “Instability of residents’
Number of Figures §demands and conditions”. In addition, the residents of District 2 of Tehran, in relation

7 ito the visual aesthetics of their living environment, believe in “visual irregularities and
i deterioration” (related to shape combinations) and “lack of open space and increased
density” (related to the combination of massesand spaces) which are classified asinteractive
i categories. The interviews affirm that the interactions and processes experienced by the

Number of Tables iresidents have led to consequential categories such as “forgetting the presence of the
5 :living environment” and “disconnecting with the living environment”. Accordingly, sub-
i categories such as distortion of memories and nostalgia can distort the future image and
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Extended ABSTRACT

?peace of mind, invigorate a sense of indifference towards the living environment, and
i lead to the thought of migration. They were the guides for the formation of the two main
i consequences mentioned in this research. Also, an important point emerging from the
i comparative evaluation between theoretical and contextual studies is the concepts that
i have been focused on in these two categories of studies are quite common. The concepts
mentioned in both categories almost cover each other. But what happened in District 2 of
i Tehran is actually the opposite of what was desirable. In other words, while the principles
i and criteria derived from theoretical studies were considered to achieve a pleasant and
i beautiful physical-visual combination, the results obtained from contextual studies reveal
an absence and lack of attention to aesthetic criteria in the formation of mass and building
i volumes in District 2 of Tehran.

ONCLUSION: According to the conducted investigations and the obtained results, it is
possible to determine a physical-visual aesthetic theory with two aspects: content and

i procedural. The content aspect of this theory is related to the principles and criteria that
i shape building volumes and masses, which are the same physical-visual components or
forces and are compatible with interactive categories obtained from contextual studies. Its
i procedural aspect is discussed in relation to the conditions and context of the formation
{ of building volumes and masses, which are non-physical components and forces and are
i consistent with the conditional categories obtained from contextual studies. The absence
and lack of attention to physical aesthetic criteria in the formation of building masses and
i volumes in District 2 of Tehran can be caused by the fact that the designers or constructors
i not only look at the building differently from the aesthetics experts, but also they have
i taken an almost opposite path to the theoretical criteria. Based on this, residents and
users of the environment have an ugly and undesirable visual perception. The difference
¢ in the views of these two groups can be a confirmation of the existence and influence of
i external forces affecting the formation of building masses. In this context, the land price
fand its related components are the main factors affecting the appearance of buildings.
In addition, the type of choice, approach, and taste of designers, contractors, or builders
i can be another non-physical component affecting the formation of aesthetic judgments
i resulting from the analysis and comparison of physical-visual components. The mentioned
i components, in the lack or shortage of appropriate legal controls and lack of specialized
! education related to contextual architecture and urban planning, can play a very effective
%role in the urban visual composition and cause a large gap between the desired and
! existing situation regarding physical-visual aesthetics in the building masses.

{ HIGHLIGHTS:

i- Evaluating of physical-visual aesthetics of building masses regarding to resident’s
i viewpoint through Grounded Theory Method.

- Comparative evaluation of visual aesthetics criteria derived from contextual and
theoretical studies.

i- Presenting the aesthetics theory including two aspects: content (physical-visual
i aesthetics) and procedural (non-physical aesthetics).
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Table 1. Organizing criteria to building form and mass
(Rosiani et al., 2012)
Variables Definition
Unity Unity of the facade elements among
buildings along the corridor
Rhyme and Elements variation of facade
Order composition with different dimensions,
placement, and distance
Scale and The ratio of building width and height
Proportion among buildings, observed by moving
observer with given distance and speed.
Sequence Arranged in a determined order
Complementary A common application of buildings
height and size also their elements, so
the buildings have complementary unity
to each other along the corridor.
Enclosure The ratio of the road width is 2-3 times

the building height to creates a
impression of spatial

Facade: wall facade treatment among buildings along

color and the corridor
material
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Table 2. Factors affecting the aesthetics of building
masses and volumes derived from theoretical studies

Non-physical
forces affecting

How to look at the past

(preservation or destruction)

aesthetics
derived from The way of urban management
theoretical The way of urban development
studies (comprehensive or one-dimensional)

The priority of private interests/public
interests

land price

Cultural-historical and climatic differences

physical-visual Scale and proportion
Principles and

criteria of

Attention to building and population

R density
aesthetics i
derived from enclosure (low height or openness)
theoretical Simplicity and complexity
studies - : :
Diversity and avoid monotony
Continuity
Rhythm and sequence
Balance

priority of space design over mass

ouds a3l sondiwo ds da > Ly ¥V S

b it j0 eoal Blosg , 500 5 Y Jga 0
oy IS SO J,S_wf_“_iﬁ oA LS s e (g 1A
od— o)Ll Jwlge g Lodaim a5 cwlond 2w
5 Goimdiwd Ly g (g Jl5 e 5 o JI5 S Sy a

G gradl g bools ol
W@ 8,58 00 gl ey Sl adlas 4y a>g L

slpo)li5) p—plie S id SeSx 5l glassas
oy ol sy a S eI L blae Lol g )
aSIIY S sl § S s Laaslas (o
a8 )5 ) pmedliae Al wd S cagel ol 0wl ol

A S8 el e S LU 4y aiilgs o Lag]
Keshtkaran) oo o | @gliis | oyl s
(et al.,, 2017: 101

Aesthetic factors
at high-rise building

Distinctive Primary
factors factors

Asymmetry. Complexity.
Spontaneity activity.
Stasis. Boldness.
Emphasis transparency.
Variety. Scale. Depth.
Randomness. Color.
Materials. Solids and
voids. Style.

Balance. Symmetry. Regularity.
Simplicity. Unity. Economy.
Understatement. Predictability.
Subtlety. Neutrality. Opacity.
Consistency. Scale. Flatness.
Sequentially. Proportion, color.
Materials. Style.

Fig.1. Primary and distinctive factors of aesthetics in
high-rise buildings (Keshtkaran et al., 2017)
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] ive | - Stasis i1 - Randomness !
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| Cnsien eance : proportion ! - Same patterns
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Non-physical aspects
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3 volumes and empty spaces
1| - Avoiding pure geometry
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i geometric parts
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iAvoiding creating cubic city blocks with ;
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E { - Low height

i - Openness

! - Avoid opening :
i ! and widening the !
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Fig.2. The formation of beauty, resulted from Physical-visual and Non-physical aspects affecting on aesthetic of

building mass
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Main Subcateg (phrases taken
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the interviews)
story building in a
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the buildings mismatch clustere gn narrow
= h thg ofmasses alleys/if they
OCACHEONICE retreat, newly built
and the to space houses will not
adjacent have much effect,
spaces because the alleys
are also narrow,
(System of narrow/the width of
proportions) the street does not

match with these
things/

Fig.3. An example of the communication structure
between the concepts emerging from the interviews,
and the sub-categories and the main category related
to them
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Table 3. Main categories and subcategories and their types derived from the interviews text

Category type Main category Subcategory
Conditional Speculative urban management lack of commitment and corruption in the supervisory
institution (municipality)
Inattention to public interests
Lack of specific rule of urban planning
Conditional Wandering preservation or changing urban fabric Desire to renew
Desire to preserve the past
Conditional Instability of resident's demands and conditions Car-centeredness
Migration of old residents
Need for changes
Luxury as a value
Interactive Visual Visual inconsistency of building Shapes and appearance variation of buildings
1rregu1gr1t1e§ and masses Form disconnection between adjacent buildings
deterioration S - . : : -
Unbalanced combination of building Spatial irregularity/uncertainty within masses
masses with adjacent spaces Undefined system of placing buildings
(arrangement system)
Disproportion of the size of the Scale mismatch of adjacent buildings
buildings mn relation to each other and Scale and proportion mismatch of masses to space
the adjacent spaces (system of : - ‘
proportions) Desire to be bl.llky and enlarge buildings (comparison
of building scale with human scale)
Interactive Lack of open space  Interest in the pattern of low-density Unpleasantness of density and high building and
and increased and low-rise buildings interest in low building height
density Interest in the pattern of villa
Desire for more open and wider Peasantness of openness of spaces
spatial proportions Annoyance of nesting and space compression
A desire for a less populated place or Unpleasant pressure of high population density
a mlsmat.ch between space and Interest in low population density
resident population
Consequential Forgetting the present tense of living environment Distortion of memories and missing for the past
Worrying about the future and lack of peace of mind
Consequential Disconnection from the living environment Sense of indifference to the living environment

Thought of immigration
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Table 4. Physical-visual aesthetic principles and criteria of building masses

Principles and criteria derived Results from contextual studies Principles and criteria
from theoretical studies derived from theoretical
studies
Balance Disproportion of the size of Scale mismatch of adjacent buildings Scale and proportion
the buildings in relat{on to Desire to be bulky and enlarge buildings
cach other and the adjacent (comparison of building scale with human
spaces (system of scale)
proportions)
Priority of space design over Scale and proportion mismatch of masse
mass to space
Attention to building and Interest in the pattern of low- Unpleasantness of density and high low enclosure
population density density and low-rise buildings building and interest in low building height
height
Interest in the pattern of villa
Scale and proportion Desire for more open and Pleasantness of openness of spaces Openness
wider spatial proportions Annoyance of nesting and space
compression
Diversity and avoid monotony Visual inconsistency of Shapes and appearance variation of Simplicity and complexity
building masses buildings
Rhythm and sequence Form disconnection between adjacent Continuity
buildings
Priority of space design over Unbalanced combination of Spatial irregularity/uncertainty within Balance
mass building masses with adjacent masses

spaces (arrangement system)

Undefined system of placing buildings
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Aesthetic
Theory
Procedural Content
aspect aspect

Conditions and context of Principles and criteria that
formation of volumes and shape building volumes

building masses and masses
(Non-physical components (Physical-visual

and forces) component or forces)

Fig.4. Various dimensions affecting the formation of an
aesthetic theory
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Table 5. Non-physical components or forces affecting
the aesthetics of building masses

Non-physical component/force affecting aesthetics

Derived from contextual — Derived from theoretical studies
studies

Wandering between How to look at the past
protection and changing
the urban context

Speculative [or The way of urban management
sustainable] urban
management

The way of urban development

inattention to the public ~ The priority of private interests
interests and demands or public interests

Instability of residents'
demands and conditions

land price

Cultural-historical and climatic
differences
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Fig.7. Procedural aspect (Non-physical components or
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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Thinking about nature and paying attention to how
Received 2020/08/11 biological phenomena grow and take shape has a long history and is more valuable
Revised 2020/10/01 ithan superficial and formal imitation. But more scientific and technical ability is needed
Accepted 2021/01/09 ito implement it in practice. This may be due to the superficial selection of complex and
Available Online  2022/12/31 i unambiguous topics due to weaknesses in scientific fields or lack of technical facilities
i for implementation. Given the technical and scientific developments in recent decades,
Keywords: ﬁthe possibility of such an inherent approach is not far from the mind. The emergence of
Biology inew theories and computing methods derived from biological systems over the past few
Growth Pattern i decades has made it possible to deepen the principles and rules of the form production
Differential Growth Algorithm i process. The main question is: how can biological growth and formation patterns be used
Computer Form Generation gto methodize the process of producing architectural forms? The main purpose of this

{article is to investigate the modeling and growth processes in biological phenomena to
i be used in the methodization of the form production process in architecture. One of the
i patterns in the growth process of biological phenomena is the differential growth pattern.

Use your device to scan ETHODS: The research method in the present research is descriptive-analytical,
and read the artcle onfine i and data collection includes library studies and documents. First, the theoretical
E E gand practical backgrounds of computing inspired by biological principles and their
L T i evolutionary evolution were examined. Then, using a simulation research method with

ia logical reasoning strategy, different growth patterns were formed. Finally, during the
i process, the production of the architectural form was tested and examined. In a simulation
gexperiment, a model of the growth pattern was presented in the production of computer
iforms. In the analytical part of the present study, considering the importance of the role
i of algorithmic thinking in modeling the growth process and the formation of biological
i phenomena for the computational production of an architectural form, a logical reasoning
éstrategy was established to provide a logical thinking system for realizing a relationship

Q ibetween biological realities in the growth process. It has been used to form a general

i conceptual framework in order to describe the subject and formulate growth guidelines

Number of References [ . .
: using the abstract values of producing architectural form.

INDINGS: This research started with the classification and analysis of theories in the
field of computing inspired by biological processes, according to the time hierarchy
%of their occurrence, then continued with the introduction of new computing methods
Number of Figures {inspired by biological principles. Finally, this research was completed using such theories
19 §and methods in the production of the digital form. The result is evidence of the historical

iand evolutionary course of such an approach from theory to practice. For more clarity,
:§theories, methods, and manufacturing processes are presented below with an evolution
itimeline, which is a new step in this field of research. Achieving the ability to simulate

Number of Tables i computational theories demonstrates the possibility of modeling growth processes and
2 i the formation of biological phenomena in the process of producing an architectural form
falong a path called computing. In this process, the growth algorithm is programmed
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?within the software environment and then equated. So that all the parameters affecting
i the formation and growth of the organism are identified and entered into the algorithm,
iand then the virtual growth process takes place. The result of such an algorithm is the
i application of the construction method of these organisms to architectural projects and
i the use of the characteristics of that organism to increase the efficiency of space. In this
process, architecture can inherit the qualities that the process of natural products has
i given to the organism and imitate them in their appearance and form, as well as in their
i function and behavior..

ONCLUSION: The form of the process is first generated in the virtual environment

by entering various environmental parameters as well as various growth patterns.
Then, if it responds to the mentioned environmental conditions and parameters, it will be
i placed in the path of digital manufacturing and built physically. As a result, the presence
i of such forms in the not-too-distant future in urban environments and architecture is still
i being determined. Therefore, the direction of research is more in the field of opinion.
Nevertheless, attempts have been made in the field of architecture to create a new design
logic based on the path of growth patterns. Naturally, this research is the beginning of
i further research in areas such as biology and algorithms. Subsequent researchers can
i examine and test other natural patterns, with a wider range of variables, in the algorithmic
i process, and step into the development of the research literature. The main result is that
%algorithmic simulation of growth patterns and the formation of biological phenomena
i through the computer channel can effectively create new methods for the architectural
i form production process.

{ HIGHLIGHTS:

i~ By using algorithms to simulate the growth patterns of biological phenomena on a
computer, new ways of making architectural forms can be found.

i - By using a set of rules in the form of code, it is possible to produce an architectural form
{in a self-organizing process.

i - Forms are generated in cyberspace with various environmental parameters and patterns.
If it responds to the conditions, it will be on the path of digital manufacturing.
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Fig. 4. An example of the emergence process
(Hensel & Menge, 2008)
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Fig. 5. Form formation process in the material system (Kudless, 2018)
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Fig. 7. An example of a Cartesian wax project production
process (Oxman, 2019)

Fig. 8. Polytrid project form production process
(Sabin, 2019)
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Fig. 6. The process of forming the entrance form of the
Paradise Booth (Bosses, 2019)
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Fig. 13. Ultraviolet rays of 54 spikelets at different
stages of growth (Hensel, Menges & Weinstock, 2013, 5)
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Fig. 16. Visual programming process of differential growth algorithm in producing architectural form
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Fig. 17. Growth process of the architectural form generated based on the differential growth algorithm in the third
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Table 1. Timeline of computer design and construction of a biology-inspired architectural form from 1940 to 1990

1940s 1950s 1950s 1960s 1960s 1970s 1970s 1980s 1980s 1990s
Theory Artificial Neural Network Bionic L-system Meme(tic) Swarm Intelligence
Warren McCulloch, Jack E. Steele Aristid Lindenmayer Richard Dawkings Gerado Beni, Jing wang

Walter Pitts 1958 1968 1976 1989

1943 Biomimetics Genetic Algorithm Fractal Theory A-Life
Cellular automata Otto Schmitt Evolutionary Benoit Mandelbrot Christopher Langton

Von Neumann 1950 Computation 1975 1986

John Holland Allometry and
1960 Architecture Form
Ranko Bon
1972
Fabrication
Computational

Form Generation

Form

There had not been overcome practical methods during these years

Table 2. Timeline of computer design and construction of biology-inspired architectural form from 2011 to 2019

1990 2000 2000 2019
Theory Biomimicry The application of the former theories in subsequent sections is noticeable
Jenine Benyus
1997
Fabrication There has not been organized methods EMERGENT/Tom Wiscombe
Michael Rosenman and John Dennis Dollens Prototype I-111 2009
Computational Form Gero 2005 Dragonfly 2007
Generation 1996 Genre 8 Jenny Sabin and Peter Llord Jones, Lab Studio
Fractal Geometry in Una-May O'Reilly, Martin 2008
Architecture & Design Hemberg, Peter Testa Neri Oxman Materilecology
Carl Bovill 2001 2007
1996 Chris Bosse, Digital Origami, Entry Paradise
Induction Design Pavilion 2007
Makoto Watanabe Matsys/ Andrew Kudless C-Wall
1995 2006
Evolutionary Design Honeycomb Wall
John Frazer 2006
1995 Emergent Technologies and Design
Form Eugene Tsui 1999 Federation Square Lab Michael Hensel, Achim Menges 2006

Greg Lynn 1995

Architecture Studio 2002
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Fig. 19. Logic governing the differential growth algorithm in the process of producing the architectural form of the
third experiment
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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Urban rivers are public spaces whose relationship
Received :Ldwith humans has been the focus of renewed attention in the 2000s and are
Revised %considered a suitable opportunity for local communities. The experiences of the cities
Accepted §such as Dezful, Isfahan, Shushtar, etc., show that rivers have played an effective role
Available Online {in locating and expanding cities, providing water and energy, ventilation and climate
i comfort, creating social spaces and spending leisure time, and have been a part of the
Keywords: ﬁresidents’ lives. However, their current situation indicates oblivion and ignorance of the
Sustainable Urban Regeneration ilinks between people, cities, and rivers. So, rivers have faced many challenges, such as
Riverfront Regeneration §instabi|ity, pollution, habitat destruction, and malfunctions with the rapid development
Sustainable Public Place i of urbanization. In urban design, this situation has weakened the spatial quality and
Urban River iturned rivers into wetlands with various problems. Therefore, any effort to preserve and
Place Management grestore these water sources is very important. In this regard, urban design can play an

Place Cultivation {important role by re-establishing the links between the city and the river. For this purpose,

ithe current research seeks an integrated approach of “river regeneration as a sustainable

i public place”; A natural-urban area that brings the river from the peripheral regions to the
e You device o scan. urban context to be effective in the quality of urban life. The latter approach of “sustainable
i waterfront urban regeneration” seeks to revive them as “sustainable places” in balance
i with the category of ecological protection. The current research is trying to explain how to
i revive the river as a sustainable public place while investigating people’s assessment of the
measures taken on rivers and their macro quality as public places.

ETHODS: The philosophical foundation of the research is pragmatism. Therefore,
: the research approach is combinational, and the research method is based on the
'§case study of the rivers in Isfahan, Ahvaz, Ardabil, and Rasht. The concepts and methods
i of sustainable revitalization have been analyzed through literature review and similar
éexperiences and have been completed through field surveys based on content analysis
iand contextual theory.

Number of References INDINGS: “Sustainable revitalization of the river as a sustainable public place” is a
:B comprehensive and integrated approach and a strategic and synergistic program in the
i framework of sustainable development (with a priority on the environmental dimension)
{in line with connecting the river with the city’s life system and returning it to the context
%of citizens’ lives. So, this framework is introduced along with revitalizing the river and
Number of Figures i paying attention to its challenges, with minimal physical interventions and changing

15 i the instrumental view of humans, through the processes of bed creation, place-making,
i exploitation, place ownership, and place cultivation, as a “sustainable public place”
focusing on the urban rivers to emerge, play a role in the social life of citizens and compete
i with other economic sectors. Using the latest aspect of sustainable urban regeneration,

Number of Tables ii.e., creating a “sustainable place” that relies on the dimension of social sustainability
4 ias a certainty of development, this approach has made the public space of urban rivers
%centered on the river a criterion of action and the relationship between the city and its
| cevesenes il
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Extended ABSTRACT

?residents. It establishes a close relationship with nature. In fact, the attraction and access
i of the city people to the river by relying on the social aspect of nature, such as spending
leisure time, their common interest, the protection of the river in the minds of the citizens,
i etc., leads to a balance between economic interests and environmental goals and provides
i public access to the river.

ONCLUSION: The geospatial information of the case studies shows that from people’s
H point of view, the quality of public places based on Karun and Zarjoub is at a medium to
a low level, Balgholi Chai of Ardabil is at a medium level, and Zayandehrood of Isfahan is at
i a medium to a high level. Nevertheless, corrective measures have improved the condition
i of the rivers and their public places to some extent. The sustainable revitalization of
urban rivers seeks to revive them in the form of a “sustainable public place”. The macro
i mechanisms of this approach include the balancing of the river dimensions, an active and
i comprehensive consideration, the facilitation of various functions, a holistic approach
i to the river, the priority of the river sanitation condition as an open biological system
§fu|l of diversity, simultaneous focus on “input, process, output, qualities, effects”, river
integration, grounding the human presence to experience the place, redefining the place
of the river in macro-environmental, social, economic systems, balancing the process with
i the life cycle of the public place and relying on its formations, paying attention to the
! expectations of the citizens in the process and facilitating the communication of the city,
the citizens, and the river.

{ HIGHLIGHTS:

i - Resetting the coherent relations between the river and the city, residents and the
environment; Redefining the economic, social and environmental status of the river and
upgrading it to a “sustainable public place”.

i - River revitalization based on sustainable public place formations in order to create
i desirable qualities and effects.

i - Sustainable revitalization of the river corresponding to the life cycle of the public place:
{ “Bedding”, “Place-Making”, “Operation”, “Place Management” and “Place breeding”.

- Combined focus on the five “input (river), process (sustainable life renewal), output
i (sustainable public place), qualities, effects”.
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Fig. 3. Required data gathering and analyzing methods
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Isfahan
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Fig. 4. A perspective view of the studied rivers in the case studies of the research
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Fig. 5. Location of studied rivers in the respective cities
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Table 1. Investigating people’s perceptions of the difference in the state of the city’s river before and after corrective
actions in case studies

The difference in the Ardabil Esfahan Ahwaz Rasht Total
condition of the river Number Percent Number Percent Number Percent Number Percent Number Percent
before and after the
corrective actions
It has gotten better. 24 47.1 17 36.2 18 42. 11 19.6 70 35.7
It has gotten worse. 8 15.7 12 25.5 3 7.1 3 5.4 26 133
No action has been 13.7 4 8.5 4 9.5 32 57.1 47 24.0
taken.
In some cases it has 12 23.5 2 4.3 11 26.2 1 1.8 26 13.3
gotten better and in
some cases it has
gotten worse.
No answer 0 0 12 25.5 6 14.3 9 16.1 27 13.8
Total 51 100.0 47 100.0 42 100.0 56 100.0 196 100.0

!t has gotten better it has gotten worse No action has been taken

47.1

13.7
23.5

o ™
<

Hl 255
Hl 255

M 157
0
B 36.2

Ardabil Esfahan

In some cases it has gotten better and in some cases it has gotten worse [ll No answer

57.1

26.2

W 143
1.8
MW 61

Il 196
I 54

B 2.9

- 0
~ o
[ ]

Ahwaz Rasht

Fig. 6. Comparative comparison of people’s perceptions of the difference in the state of the city river, before and after
corrective actions in case studies

Table 2. People’s overall assessment of the quality of river-based public places in case studies

Macro level Score Ardabil Esfahan Ahwaz Rasht
Number Percent Number Percent Number Percent Number Percent
very well 5 2 39 2 43 1 2.4 1 1.8
Good 4 3 11.8 13 27.7 3 7.1 5 8.9
Medium 3 35 68.6 26 55.3 18 429 0 0.0
Bad 2 6 11.8 4 8.5 9 21.4 19 33.9
Very bad 1 2 3.9 0 0.0 19.0 30 53.6
No answer 0 0 0.0 2 4.3 3 7.1 1 1.8
Total 51 100.0 47 100.0 42 100.0 56 100.0
Average score out of 5 3.13 3.56 2.78 1.75
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Fig. 7. Comparative comparison of people’s assessment of the quality of public places based on the river (in percentage)
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Fig. 8. People’s overall assessment of the quality of river-based public places in case studies
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Table 3. Opinions of government managers regarding the regulation of river position in the process of sustainable

urban regeneration of rivers

The proposition in question Frequency of agreement Average
(1 is the lowest/5 is the highest) agreement
1 2 3 4 5
Re-regulating the position of the river in relation to natural systems, including the 0 2 1 2 9 4.29
watershed and environment

Revising the position of the river in relation to the economy of the city and 0 0 2 4 8 4.43
citizens and playing an active role of the river in the local & urban economy

Redefining the place of the river in the social and cultural life of the city and its 0 2 1 4 7 4.14

residents and returning it from the margins to the context of life
Re-establishing, facilitating or strengthening the relationship between the 0 2 1 2 9 4.29

physical, functional, spatial and communication systems between the city and the

river

Table 4. Laws and regulations related to the issue of river restoration and legal guardians and their duties and powers
Title

Planning and Architecture of Iran regarding

spaces (Approved: 2016)

Duties and powers of trustees
- Restoring the existence of rivers and improving their place in urban and rural life and their role in the spatial
organization and ossification of cities, taking into account the relationship between the river and the surrounding
habitat
- Research related to the history of the environment and the structures formed based on the natural behavior of
rivers in the past and its relationship with the development of surrounding or related habitats
- Compilation of operational plans and executive guidelines with the aim of improving the role of rivers in the
quality of development of urban spaces and improving urban and rural livability
- Anticipation and implementation of joint cooperation agreements in the form of a partnership program and its
implementation instructions, including the share of tasks, responsibilities and powers of executive bodies
- Following up and monitoring actions taken
- Raising awareness and streamlining the presence of people and non-governmental organizations
- Documenting the history of rivers
- Documentary studies and investigation of the river's behavior in hundred-year intervals and paying attention to
the concept of the river in the spatial and geographical context with the aim of conceptual and functional revival
and taking a role in the spatial organization and life cycle of cities at three macro levels (River development, land
development, including development and planning strategies based on watersheds at the level of the land and the
role of rivers in the development of settlements), Middle level (urban and rural development policies in enhancing

Resolution 4/101396 of the Supreme Council of Urban
revitalization of rivers and recreation of riverside

the role of rivers), micro level (operational policies for the organization and design of riverside areas and
surrounding habitats) and considering its effects in development and construction plans

g ..
273 .
Ss22
S =8 o
= 25 53
o g 2R
AR
g

Preservation and restoration of old water buildings and historical water structures; Compliance with the approved
arena and privacy; Stabilizing the approved boundary and border in order to prevent the construction and
placement of unauthorized uses; Protecting and revitalizing the waterside space and connecting it with the network
of urban and neighborhood public spaces
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I Revitalization of urban rivers as "sustainable public places" and its mechanisms

I

1

The river as a "product":
A natural public sustainable place

The process and mechanism of creating a sustainable
river-oriented public place

|
What features should the

roduct have to

[

How should the process create the

be successful? product?
I 1 1 1 1 I 1 1 1 1
From the
R ners| | Activist point OE Exp'er'ts,l R here
Subiect esearchers ctivists VIEW O Subiect People's municipa esearchers
litere{ture point of point of similar 1itere{ture suggegtions and point of
view view experiences government view
and their managers
teachings

Fig. 9. The process of combining different sources, researcher’s analysis and inferring mechanisms

Leaving the river in its current

i Passive unsustainable state
/vexposure | . (Focusing on reducing river threats to the { . i
What [ ) J city /citgizens Fom--- 1 Flood and pollution control i
should be !
done with a A partial view (some opportunities for the 1 _____ T River engineering/river |
city river? presence of river) i Qorganization i

Active

Create a suitable platform by

exposure

\ Comprehensive view (reducing the threat
and using the opportunity of river)

departments

Using rivers as a Public

Place

Fig. 10. Method of facing the rivers in comparison with other possible methods
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Input: Process: Output: Desirable Desired
- Urban river Sustainable "Urban river as qualities; effects:
- Their revitalization of a sustainable Sustainability, River
potentlal/actual urban river public place" generality, protection
capabilities human - City water
- Their orientation, culture
challenges and resilience, uality of
issues individuality, life in city
communication

and coherence

Fig. 11. Sustainable river revitalization model based on the life cycle of a sustainable river-oriented public place
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i a better understanding of the situation there. The study outlines the comprehensive urban
iplan that was implemented in 2010, as well as a detailed tourism plan for the Galougah
%Sea that was developed in 2003. However, the city’s master plan has failed to effectively
iguide urban development and meet the needs of the current population. The planning
i process does not involve the urban beneficiaries, and they lack knowledge about how
i decision-makers make decisions regarding urban challenges. Urban challenges, such as
gservices, environmental problems like the urban sewage system, specific problems of
{inefficient urban fabrics, and physical problems like the transportation network, sidewalks,
iand road network lighting, have not been properly identified due to a lack of awareness
iand effective two-way communication between various city managers. To support this
gresearch, the implementation of an urban development strategy plan in Galougah city
i can be beneficial. This is due to the fact that the issues with urban management not only
i affect the city but also impact other urban stakeholders, such as the economy, sustainable
i urban employment, and seasonal migrations. By considering these issues, along with the
§structura| limitations of traditional plans and the distinct conditions of Galougah city,
ian urban development strategy plan could provide a more comprehensive approach to
i addressing the city’s challenges.

ETHODS: This research is both descriptive and analytical in nature and aims to be

practical. The data was collected through surveys and documentary methods. The
i researcher developed a questionnaire using a five-point Likert scale as the research tool.
gThe statistical population of this study includes experts in urban issues and residents of
i Galougah city. In order to gather information, documentary, library, and survey methods
iwere employed. Before being distributed to the statistical population, the prepared
i questionnaire underwent content validity by being tested with individuals who had
:§opinions on this issue, which helped to ensure its dependability. Cochran’s methodology
iwas followed and employed by a simple random sampling technique to distribute 355
iquestionnaires to heads-of-household, ensuring that they were representative of
ithe city. A random selection technique was used for each questionnaire. A snowball
i sampling approach was used to identify a group of specialists, and ultimately, 22 experts
§:were included in the study. To analyze the data, descriptive analysis techniques such as
i frequency percentage, mean, standard deviation, and variance were employed. Inferential
itests in SPSS, including the one-sample t-test, independent t-test, one-way analysis of
%variance (ANOVA), LSD post hoc test, and Pearson correlation, were also used.

INDINGS: The results of this study demonstrate that Galougah is dealing with issues,
{0 all of which have resulted in a decline in the city’s quality of urban life. The mandatory
i components of the urban development strategy can be strengthened in order to improve
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?the city’s livability. According to the statistical tests conducted, the research findings
i showed that the relevant indicators for the residents and experts of Galougah City are
i below average. The dimension of urban livability was found to be weaker than other
i dimensions among the average indicators for residents, while the dimension of urban
i competitiveness ranked second. The following scenario involves urban governance and
banking. Urban specialists assess these dimensions in the same context. The statistically
i significant difference observed between the two study groups’ viewpoints is due to the
i lower average of the analyzed dimensions by the experts, despite their alignment with
i the residents’ perspectives. This is because experts are more involved in practical and
unbiased city issues, such as competition and government, which may have influenced
i their evaluations.

ONCLUSION: According to the test results, Galougah City is not in an acceptable

state for city development strategies, and there is a greater need than ever to prepare
and implement the city development plan. Due to the poor and intolerable situation
{in Galougah city, improving and applying livability approaches appears important. The
%study of sustainable development goals in cities is based on governance, and proper
i observance and use of indicators can increase public confidence in institutions of urban
i management. The assessment and analysis conducted in this research can serve as the
i framework for assessing various concerns for the mentioned program. In general, the
results of this research demonstrate the importance of developing an urban development
i strategy plan. The research results have the potential to improve our understanding of
i various challenges faced by citizens and urban management. These findings can be used
i by managers, planners, and policymakers to develop a city development strategy plan that
addresses the city’s current situation and helps to solve its problems in a logical manner.

i HIGHLIGHTS:

i - The livability and competitiveness are low in relation to the studied case.

i- It is necessary to prepare and implement the city development plan for small cities in
i order to improve the quality of life, governance, efficient and correct financial resource
management, and competitiveness.
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Fig.2. Geographical location of Mazandaran province,
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Table 2. Analysis of the dimensions of the development strategy of Galugah city with one sample t-test

Dimensions Indicator Sig. Mean Standard t
deviation

Livability Economic conditions of residents 0.000  2.46 0.631 -16.570
Actions to reduce poverty 0.000 2.42 0.628 -17.808
Employment field in the city 0.000 2.66 0.612 -10.855
Economic stability and confidence building in residents 0.000  2.33 0.631 -20.474
Quality of city streets and transportation system 0.000 2.79 0.809 -4.968
Cultural facilities of the city 0.000 231 0.783 -17.176
condition of buildings and streets 0.000  2.57 0.697 -12.049
Green space of the city 0.000 2.45 0.667 -16.063
The quality of green places and recreational places 0.000  2.48 0.681 -14.757
Access to sports facilities 0.000 2.58 0.695 -11.634
The state of control of environmental problems 0.017 291 0.731 -2.395
Quality of Life 0.000  2.35 0.895 -14.149
Resident security situation 0.000 2.54 0.691 -12.820
Mental health of residents 0.000 2.81 0.789 -4.698
Crime Rate 0.000  2.83 0.753 -4.378

Governance Support of the city council to create an NGO 0.000 2.57 0.984 -8.475

Increasing the number of city council members 0.000 2.30 0.834 -16.241
Facilities for handling resident complaints 0.744 3.01 0.632 0.326
Holding municipal meetings with public groups 0.452 2.98 0.616 -0.752
The response rate of city laws to issues 0.000 2.80 0.759 -5.156
The degree of respect for the law of city officials 0.000  2.36 0.776 -16.129
The degree of respect for the law of residents 0.000  2.46 1.015 -10.348
The extent of the role of interested and influential groups in 0.008 3.16 1.200 2.660
decision-making
Informing residents about city plans 0.002 3.17 1.096 3.054
Official publication of contracts and tenders 0.175 3.08 1.136 1.360
Lack of ambiguity regarding contracts and tenders 0.959 3.00 1.007 0.051

Financial The level of desirability of the communication infrastructure 0.857  2.99 0.855 -0.181

Resource of the city
The extent of the telecommunication network 0.035 3.07 0.680 2.120
The number of bank branches in the city 0.000 3.17 0.792 4.227
facilitate of electronic banking 0.951 3.00 0.843 0.061
The number of ATMs in the city 0.033  3.09 0.820 2.135
use new technologies in providing services bank 0.638 3.02 0.766 0.470
Providing necessary training to residents to use new banking 0.009 2.90 0.748 -2.618
systems
The level of skill and knowledge of bank employees to use 0.399 3.03 0.732 0.844
new banking systems
security and trust of residents in electronic banking systems 0.001 2.81 1.082 -3.427
municipal investment for the economic prosperity of the city 0.000 2.46 0.904 -11.616
attention to income groups in the imposition of taxes and 0.000 2.71 0.934 -6.118
collection of city fees
The amount of legal guarantee of taxes and duties prescribed 0.000 2.76 1.066 -4.398
to be collected from residents
Necessary and sufficient measures of municipalities to prevent  0.000 2.72 0.898 -5.964
misuse of tax codes
Informing the residents about the activities and services and 0.000  2.79 1.042 -3.904
expenses of the municipality
Creating transparency and informing residents about the 0.000 2.48 0.844 -12.016
payment of duties and taxes
Appropriate stability of municipal revenue sources 0.000  2.49 0.979 -10.103
Compliance with the law in levying duties and taxes and 0.000 2.76 1.173 -3.997

earning money by municipalities
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Table 2. Analysis of the dimensions of the development strategy of Galugah city with one sample t-test

Competitiveness

Expertise of city managers to perform tasks 0.000  2.65 0.726 -9.437

Environmental advantages and sufficient capacities of the city ~ 0.078 3.08 0.933 1.766

to compete with neighboring cities

The existence of expert staff and potential human talents 0.000 2.67 0.667 -9.577

Commitment and supervision of city managers to implement 0.000 2.64 0.748 -9.226
long-term plans

Necessary actions of city managers to attract public and 0.000  2.82 0.753 -4.584
private funds to create new infrastructures

Existence of financial and legal incentives for the participation  0.000  2.48 0.652 -15.551
of the private sector in order to create new infrastructures

educational facilities in the city 0.000  2.47 0.761 -13.461
Having the human resources working in the governing 0.000  2.56 0.820 -10.424
organizations of the city with knowledge, information, skills

and education to perform tasks

The awareness of city managers about the advantages of the 0.000  2.58 0.703 -11.577
city to use them

Addressing the city's need for new infrastructures due to the 0.000 2.68 1.002 -6.117
city's growth through government budgets

Having the city in terms of local manpower 0.000 2.83 0.727 -4.466
The priority of organizations to use and attract local experts 0.154 3.08 1.081 1.429

Table 3. Dimensions of the development strategy of Galugah city from the residents’ perspective with one sample t-test

Dimensions Mean t df Sig. (2-tailed) 95% Confidence Interval of the
Difference
Lower Upper
Livability 2.62 -40.00 354 0/000 -0.02 -0.04
Governance 2.81 -7.86 354 0/000 -0.23 -0.13
Resource Financial 2.8 -7.001 354 0/000 -0.07 0.01
Competitiveness 2.78 -17.09 354 0/000 -0.26 -0.16

Table 4. Different aspects of Galugah city development strategy from the point of view of urban experts with one
sample t-test

Dimensions Mean t df Sig. (2-tailed) 95% Confidence Interval of the
Difference
Lower Upper
Livability 2.37 -3.42 21 0.000 -0.78 -0.17
Governance 2.57 -3.07 21 0.006 -0.70 -0.13
Resource Financial 2.72 -2.59 21 0.450 -0.47 -0.065
Competitiveness 2.40 -5.54 21 0.000 -0.81 -0.36
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Table 5. Investigation opinion of resident and experts for CDS in Galugah with independent samples test

Dimensions Levene's Test for Equality t-test for Equality of Means
of Variances
95% Confidence
Interval of the
Difference
F Sig. t df Sig. (2- Mean Std. Error Lower  Upper
tailed) Difference Differenc
e
Livability Equal variances 105.58 0.000 -549 375 0.000 -0.27 0.05 -0.37  -0.18
assumed
Equal variances -2.34 213 0.029 -0.27 0.12 -0.52  -0.03
not assumed
Governance  Equal variances 2.14 0.144  -0.55 375 0.578 -0.06 0.10 -0.25 0.14
assumed
Equal variances -0.70  25.7 0.485 -0.06 0.08 -0.22 0.10
not assumed
Resource Equal variances 33.67 0.000 -3.32 375 0.001 -0.25 0.08 -0.41  -0.10
Financial assumed
Equal variances -1.92 217 0.068 -0.25 0.13 -0.53 0.02
not assumed
Competitive ~ Equal variances 2.09 0.149  -2.05 375 0.041 -0.14 0.07 -0.28  -0.10
ness assumed
Equal variances -1.54 224 0.136 -0.14 0.09 -0.33  0.05
not assumed
City Equal variances 17.90 0.000 -337 375 0.001 -0.18 0.05 -0.29  -0.08
Developmen assumed
t strategy Equal variances =235 221 0.028 -0.18 0.08 -0.34  -0.02
not assumed
Table 6. Investigation variance fore CDS dimensions in Galugah City
Sum of Squares df Mean Square F Sig.
Between Groups 17.570 3 5.857 48.479 0.000
Within Groups 181.698 1504 0.121 - -
Total 199.269 1507 - - -

sl plw L oy ol (g )lo mme gl oaimsylis
e drwgi O paly Slal Candg Joloi
Ot e (53] 5| ol s
3 ,—ly ol a5 aas o pLas A Jgus o
—oled G 50 Sty dm Lo g b da g
T ;0 4S5, 9ba )l 852> (5l xe IS
O =il o Jlate ol 5l S 00 (gl e
PR WO I R YIS PO N Y1 JRUNIE 1 D B L g P S WY
IR e 3 L ppiie jlade S S o L e
255 Jsoz mall am azgil wnlb oo il 5
Cpllas) o o bl fa S a0 8 ax s
2 =S5 39— (b g (s S Lo
A o Gltd 1) > laiz 4l SKiwien (09
A S Gl (S &gt snel Cwty s o e
Ot ) ol 4 gy bwgie Sndg b L
i 99t (553l (5L it 55 3, Skt 3yt L
il gleasi s ol bl slecslw g
Ql)')‘ 9 ‘5_55 s_iab u)L.er_....S O g Qlj_.gl:'u 9
el wpyasa S g bbb g ol

do o (B8 (ah 0y 0l o)Ll aS ek plen

Ol L Leog )8 5l S0 JBlas a5 cwline ol
Lwog,S plaS ol cglar a Sl Lol o ks coglas
=2 g) 5l anl (mlpls rinsd (as it 5)ls 352y
300, oolaiwl Lo Siloe (cmgodign dnlin gl
oSl dmslie sl 65l sl ol )
O5—o3lom Ll 5 (o a5 0,05 05 2 Lo 5 oo
Sloasds (s p dm )z oV Jouz p2 020 LSD
= e b (p=Sle DS L el 1S
S 6 ity (eSilin Jgl 03,5 53 sl a
el a5 job les Ll o A lie ol L L
=Sk L gylo e glay s o lid (gl e
)0 0925 6 5 Sl 5 (s S (39—
Al o Ry ) S i BB ol
Wgi 33 S0 G99 (SSb Sl g3 09,5 50
IS i 3550 sl plw Ly ol85 IS (5 0
OlsTise o3l Gl g an ez g Ly o3 S
Grdytj Jalss Gloe jo Ol il a S e
e 89— (b i dn D i)
Gold iz B2 ilg 1S amy ol Lol el
Slal plw L s 8 (g yeS gl o osal i
Gy S Sl OB a2 o ol
SR Ay ;o iS5 s
JP ¥ S FYRN WP YRSUL VYT HN LW IR VIR P U
O Silen g sad oanl i (6,0 mre DglaT jog
=l as o aslie olal plw b 6 m el o

o

L |

1
[I
i
|

\o
(73




2
ay

1

9

ay
) J
q

N

9

&)

s

I1—1YR sl /¥ 0 5l AW 0598 - 1F) (sl g s

GIUS (190 (ool 65 35 15D § (GO0 Ly Moo i (e

Table 7. Result test LSD fore comparative CDS dimensions in Galugah

(I) cod (J) cod Mean Std. Error 95% Confidence Interval
Difference (I-J) Lower Upper Bound
Bound
Livability Resource Financial '-0.246 0.000 -0.296 -0.196
Governance *20.275 0.000 -0.325 -0.225
Competitiveness -0.141 0.000 -0.191 -0.092
Financial Resource Livability '0.246 0.000 0.196 0.296
Governance 0.029 0.251 -0.078 0.020
Competitiveness *0.104 0.000 0.055 0.154
Governance Livability '0.275 0.000 0.225 0.325
Resource Financial 0.029 0.251 -0.020 0.078
Competitiveness 0.133 0.000 0.084 0.183
Competitiveness Livability *0.141 0.000 0.092 0.191
Resource Financial *-0.104 0.000 -0.154 -0.055
Governance *0.133 0.000 -0.183 -0.084
** Correlation is significant at the 0.01 level (2-tailed)
Table 8. Integration of dimensions influence in Galugah CDS
Livability Financial Governance Competitiveness
Resource
Livability Pearson Correlation 1 70212 70.469 70.270
Sig. (2-tailed) 0.000 0.000 0.000
Financial Pearson Correlation 0.212 1 70.499 *0.400
Resource Sig. (2-tailed) 0.000 0.000 0.000
Governance Pearson Correlation *0.496 70.499 1 *0.306
Sig. (2-tailed) 0.000 0.000 0.000
Competitiveness Pearson Correlation *0.270 0.400 70.306 1
Sig. (2-tailed) 0.000 0.000 0.000

** Correlation is significant at the 0.01 level (2-tailed)
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i point in history, particularly during the Qajar era, and their remnants can still be seen in
iand around Qom. The study focuses on communities’ lack of knowledge on recognizing
i historic farmsteads. Regardless of their identity, many lord-owned farmsteads are being
{improperly reconstructed or registered on the National Monuments List under different
names and titles. The Qazibala farmstead in Qom has also faced these problems. This study
i focuses on two primary questions; 1. Which criteria for identifying the lordly farmsteads
i of Iran corresponds to the Qazibala Collection? 2. How does identifying the Qazibala as a
i lordly farmstead help protect it? The research aimed to introduce the Qazibala farmstead
gas a lord-owned farmstead in Iran. To this end, the interpretive approach and historical
{interpretive strategy are easily used with document research and field studies. The findings
i revealed that six criteria for identifying lord-owned farmsteads in Iran had been identified.
i So, the Qazibala farmstead is recognized as Lord-owned Farmstead following criteria such
gas the establishment of physical elements, historical documentation, historical continuity,
ilordly ownership, fixed population, and stable status. Therefore, identifying this complex
as a Lord-owned farmstead can affect its introduction, preservation, and revitalization and
prevent improper physical and functional interference from stakeholders.

ETHODS: The research aims to introduce the Qazibala farmstead as a lord-owned

farmstead in Iran. To this end, the interpretive approach and historical interpretive
ﬁstrategy were used with bibliographic research and field studies. To give the researcher
i complete access to the current condition of the farmstead, the farm’s territory and its
Ecomponents, including the mansion, reservoir, tower and barrow, garden, and Qanats,
i were initially mapped, photographed, and documented. Following that, historical and
%Iegal documents, like Naser al-Din Shah'’s travelogue, genealogy, deeds, and pictures of
§the Harvard University Document Center were studied, and interviews with Mohammad
i Vafaei and Afshin Bakhtiar were conducted to complete the research. The overlapping of
i the preceding information produced findings that were interpreted and analyzed to meet
éthe six criteria of lord-owned farmsteads in Iran’s central climate.

INDINGS: During the Qajar period, the Qazibala farm was managed using the feudal
{0 lord system. This system was maintained in the same order and under the ownership
i of lords such as Haj Hossein Khan Khalaj, Haj Isaq Khan, and Sardar Motazed until the
i constitutional period and the first period of the National Assembly. Many farmsteads,
i particularly the Qazibala farmstead, lost their original form and function during the
gsecond Pahlavi period, as the Iranian Land Reform began, and their owners dispersed and
§migrated. Lotf Ali Khan, the previous owner, entrusted the farmstead to Nazanin Vafai
i after the Islamic Revolution. The earthquake of 1980 also destroyed a portion of the farms’
i tower, barrow, and fence. The social and political changes allowed farm workers and serfs
:§to cross the farm’s fence into the fields, forming the Qazibala village. According to the
iresearch findings, the Qazibala farm meets all six criteria. The Qazibala farmstead meets

d  https://dx.doi.org/10.30475/isau.2022.271946.1634 OPEN%mcESS
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?the first criterion, which is the establishment of physical elements. Within this field were
features like agricultural land, Qanats, mosques, manors, towers, and barrows, which are
 still standing or currently experiencing a revival. This farmstead meets the second criterion
because it is credible according to two historical travelogues by two venerable and
i seasoned authors, along with numerous antiquated images and records that support the
§farm’s credentials. Based on the third criterion, along with the existence of architectural
i patterns in the physical components, and the mentioned documents, this farmstead dates
back to the historical eras of the Qajar and Mohammad Shah. According to the studies
i conducted in the fourth criterion, the owners of the farm from the Qajar period until it was
i converted into a village were Mohammad Hossein Khan, Haj Eshaq Khan, Motazed Nezam,
i Zinat al-Moluk, and Lotf Ali Khan; thus, this farmstead has been privately owned by their
i lords. Moreover, the fifth criterion reveals that, according to the mentioned documents,
this farmstead had a fixed and floating population from the start. Their number increased
i from 266 to 85 people between 1346 and 1390. These changes and demographic sequence
i have demonstrated the farm’s viability over time. The Qazibala farmstead is also valid in
i the sixth criterion. Pictures 10-13 depict the farmstead’s evolution from the beginning to
the present, demonstrating its stability despite changes in shape and substance.

ONCLUSION: Previous research demonstrates that the Qazibala complex satisfies
: the six requirements for identifying lord-owned farmsteads and is recognized as one.
i This farm was overlooked during the course of social, economic, and political changes
i and developments. Still, in the form of a “cohesive whole” and with the presence of all
possessions and associated elements, it can now be referred to as “Qazibala Lord-owned
i Farmstead” and be registered, according to documents and archives in the list of national
i monuments of Iran. Registration based on accurate information can help introduce
fand preserve this site. By registering this complex as a lord-owned farmstead, all its
i associated elements will be physically and functionally linked. None of these components
%can be subjected to inappropriate physical intervention on their own, but their role in
§the farmstead, along with other related elements such as reservoirs, mills, Qanats, and
i waterways, should be understood before taking appropriate action. Moreover, by stating
i that this site is a residential farmstead owned by a lord, it can be classified as an “Important
%Agricultural Heritage” and registered in the GIAHS system. The GIAHS secretariat in Iran
i can prepare the global registration file with five criteria based on executive instructions.
i With this action, many related data in the architectural, agricultural, economic, social,
§po|itica|, cultural, legal, and judicial fields hidden in the Qazibala farmstead and other
gfarms will be introduced and then placed on the path of dynamic preservation based on
i time and place requirements.

{ HIGHLIGHTS:

i - The Qazibala farmstead is recognized as Lord-owned Farmsteads in accordance with
gcriteria such as the establishment of physical elements, historical documentation,
¢ historical continuity, lordly ownership, stable population and stable status.

i- ldentifying this complex as a Lord-owned farmstead can affect its introduction,
i preservation and revitalization and to prevent improper physical and functional
interference from stakeholders.

- Most farmstead, such as Qazibala, can be identified and introduced based on the six
i criteria for recognizing Lord-owned Farmsteads.
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Fig. 1. Introducing six criteria for identifying historical residential farmsteads
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Fig. 2. : Right, the location of Salafchegan district in Qom province and the location of Qazibala village

(Iran National Cartographic Center, 2019)
Left, the location of Qazibala farmstead and the distribution of the surrounding farmsteads
in the aerial photo of 1968

of the Heritage, Handicrafts & Tourism Office of
(Qom Province, 2009
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1- Mohamad Hossein Khan Khalaj's Manour 5- Brick fence

6- Serf residency

7- Lordship residency
8- Inner fence Agriculture land 12-Firuzabad ganat

2- Farmstead Mosque
3- Main passageway (shah kucheh)
4- Watching tower
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11- Dehkan ganat

Fig. 3. The establishment of the physical elements of Qazibala Farmstead in the aerial photo of 1968

Fig. 4. The map of Qazibala Mosque and the image of the serf and service areas
(Document Center of General Office of Cultural Heritage, Handicrafts and Tourism of Qom Province, 1968)

Fig. 5. The Manor of Qazibala Farmstead
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Fig. 6. Maps of the current status of Qazibala Farmstead, the first fence
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Fig. 7. Haj Eshaq Khan (Haj Isa Khan), the main
owner of Qazibala farmstead and its manor
(Vafai Family Archive, 2018)

Fig. 8. Sardar Motazad-e Nezam, sitting person
(Vafai Family Archive, 2018)
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Fig. 9. Zinat al-Moluk and Lotf-Ali Khan Vafai, the

last owners of the farmstead and its manor
(Vafai Family Archive, 2018)
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Table 1. The population of Qazibala village during the
years 1966-2011 (Qazibala village Action Plan, 2008: 28)

Year Population
1966 266
1976 133
1986 123
1996 87
2006 95
2011 85
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4-Manor’s pool ( resource : Firouzabad qanat )
5-Firuzabad qanat’s path
6- Dehakan ganat’s path

Fig. 10. The location of the Qazibala farmstead Qanats and water sources in the aerial photo of 1968
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Fig. 11. Qazibala farmstead in 1968
It has the characteristics of a lord-owned farmstead.
It has an internal and external fence and active serf
residency.

Fig. 12. Qazibala farmstead in 1980
The external fence was destroyed due to the earthquake
and the serfs came out of the fence and the buildings are
being destroyed.

= p 7 i~
Fig. 13. Qazibala farmstead in 2010

The external fence was completely destroyed and the
farmstead turned into a village. Residential construction
by the serfs has intensified.

Fig. 14. inbala farmstead in 2020
The nature of the village changed from a residence to a
resort, and the inner fence of the farm can be seen as a
ruin.
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ARTICLE INFO Extended ABSTRACT

Article History: . ACKGROUND AND OBIJECTIVES: Knowledge has been a vital resource for progress

Received 2020/10/21 since human existence on Earth began. However, the rapid delivery and completion

Revised 2021/01/04 i of explicit and targeted knowledge management as a strategic resource are new these

Accepted 2021/02/28 idays. In fact, due to a lack of understanding of the concept of knowledge assets and its

Available Online  2022/12/31 i resources, and regarding the lack of knowledge of content management development in
i cities, the nature of knowledge development and its pattern in the cities of developing

Keywords: countries needs to be clarified. There is also no written plan to move towards knowledge-

Knowledge ibased urban development. In this research, the influential components of knowledge-

Knowledge-Based City ibased urban development in Iran have been provided by analyzing and integrating the

Urban Development i opinions of relevant thinkers.

Knowledge-Based Urban Devel- H

opment ETHODS: This research has a qualitative nature in terms of descriptive-analytical

H targeting, and it is conducted by content analysis and comparative research
i methods. The analytical approach of this article is non-interventional, and it is only used

.................................................... . ifor highlighting and systematically expressing the optimal patterns and points that have
Use your device to scan i been extracted from a collection of texts. Therefore, the bibliographic method has been

and read the article online

ifollowed to collect information. First, the opinions of thinkers were collected in three
ﬁtime periods of 1990-2000, 2000-2010, and 2010-2016 regarding knowledge-based
iurban development. Thereafter, the models and successful experiences in this type of
i development were collected and finally analyzed through categorical content analysis.
§The data were coded, and the Likert scale was used for the survey, which was theoretically
%saturated with 20 experts using the snowball sampling method after the screening. In the
iend, the indicators were prioritized by these people.

INDINGS: After analyzing thinkers’ views in three different decades, examining the

experiences of cities and countries in perspective and practice, and analyzing urban
i development patterns, the quality of criteria was analyzed. According to this method, using
ﬁthe Likert spectrum, six components, and twenty-five indicators were obtained based on
Number of References ithe consensus of 20 urban experts, including professors, managers, and experts in this
ifield. The obtained data were used to analyze potential cities in Iran in the realization of
i knowledge-based urban development. Finally, experts were asked to rate the components
iof knowledge-based urban development concerning Iran. First, the knowledge or
ginstitutional management component was prioritized at the top, and then the economic
§component, technology and communications, urban environment, knowledge indicators,
1 iand finally, the priority knowledge location were put into scrutiny. The main causes of
i the mentioned challenges were the inefficiency of management, the lack of integration,
%and the inexistence of integrated knowledge management in Iran, leading to the lack of
i realization of knowledge-based urban development.

NumEo?Tables . .
ONCLUSION: Urban development is a knowledge-based development in the 21st

cities century resulting from extensive social, economic, environmental, managerial,
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?and physical changes. According to extensive studies and projects in developed and
i developing countries, urban development has performed very well, and it can replace
i the current urban development plans in the world, given the existing context. One of the
i challenges is the need for integrated urban management to realize knowledge-based
i urban development. Another challenge is the need for more effective communication
between universities, units, and educational institutions with growth places or knowledge-
i based industries to exploit the infrastructure and facilities and prevent the leaving of
i knowledge-making employees from the knowledge context. Another important challenge
i relates to a passive society that does not participate, especially in urban affairs, and
creates social divisions. Another challenge is the need for more knowledgeable staff with
i political and social roots. As mentioned in this study, elite knowledge employees want
i adequate and appropriate infrastructure in this environment; however, when the vision
i of basic knowledge in Iran remains only theoretical, and the necessary infrastructure is
not provided to attract these employees, brain drain occurs daily. Another challenge is the
i mono-product economy and the inflexibility of the market and government interference
in private affairs, which can be seen in the social, managerial, and even ecological context.
i The impact of technocratic, inflexible, and coercive decisions on economic affairs is
evident. Therefore, this development will not take place except in societies with good and
i transparent governance and a democratic society with cultural diversity and adequate and
i receptive infrastructure.

i HIGHLIGHTS:

i - For the first time in this article, through qualitative content analysis, the components and
indicators of knowledge-based urban development are summarized.

i - One of the achievements of this article is the prioritization of components and indicators
i of knowledge-based urban development, which has been obtained through both content
analysis and summarizing the opinions of screening experts.
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Table 1. Definition of knowledge related to development

Definition provider Year Definition of knowledge
Truman 1949 Emphasis on knowledge distribution as a thoughtful source stronger than
money in helping people overcome despair
Earth summit 1992 Emphasizing the importance of knowledge and emphasizing the need to
expand knowledge assets around the world (expand, integrate, disseminate
and apply this knowledge)
Bugliarello 1994 Knowledge is becoming the organizing principle of society
World Bank 1997 Emphasis on knowledge for development in the information course,
participation of public and private organizations to mobilize knowledge
capital to achieve equitable and sustainable growth
Malone 1998  Emphasis on global knowledge strategy to realize the capacity to store human
knowledge to emphasize a set of global issues
More than international university in 2000 Emphasis on more effective use of existing practical knowledge and
Tokyo technology, greater integration of science with society as a whole and
wisdom, prevention of destructive use of technical advances for successful
transition to sustainability
Malone and Yohe 2002 Sharing knowledge to create a society that is environmentally sustainable,

economically prosperous and equal, and socially and politically sustainable

Sharing knowledge pattern for other regional innovations
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Table 2. Basis of knowledge-based urban development theory

Criterion Year Basic Theory Thinker
Economical 1986 New or endogenous growth theory Romer-1986Hoyt1998
Sociocultural 1969  Human Capital Theory-Social Capital Beker-1994Sakisbory-1968Felorida
Theory-Creative Class Theory
Environmental 1999  Rational Urban Development Theory- Geraham & Hily-1999UN
Sustainable Theory
Managerial 1986 Governance Theory-Actor Network Astuker-1998Kalon-1991
Theory-Strategic Planning Theory Faloday1986
Table 3. Theories 1990-2000 in relation to KBUD
Code Thinker Year Important Factors
Al Night 1995 Attention to urban structure, important input of local development, planning,
physical form.
A2 Porter 1990 Economic factors
A3 Huo 2000 Functional interactions, a harmonious approach in the form of construction
A4 OECD 2000 Quality of Life
Table 4. Theories 2000-2010 in relation to KBUD
Code Thinker Year Important Factors
AS Carrillo 2002 Strategic initiatives, conceptual and technical capacity, committed leadership to
express the social system, relationship with institutions in knowledge innovation
A6 Lore 2002 Technical knowledge for product and service innovation, market knowledge for
understanding economic change, financial knowledge for measuring input and output
and production and development processes, human knowledge in the form of skills
and creativity
A7 Hankson 2005 Reasonable and sustainable policy, technology dissemination, favorable
demographics
A8 Gonzalez et al 2005 Intellectual, human and social development - increasing the skills and knowledge of
residents and employees
A9 Ergizakis et al 2006 Be environmentally friendly for businesses, individuals and the government.
Al0 Kanlar & 2008 Technology and electronics infrastructure, knowledge-creating staff, knowledge
biglou infrastructure related to the global economy
All Kanlar 2008C Development of local economy, strong spatial relationship, expansion of creative
urban areas, increase of skills and knowledge of residents and employees
Al2 Kanlar 2008D High levels of economic success, knowledge intensity, diverse knowledge base
industries, strong academic institutions, excellent communications infrastructure and
transportation
Al3 Perry 2008 Acquisition-driven, process-driven, product-driven
Al4 Kanzman 2008 Creating a knowledge-based urban and regional policy
AlS Beo & et al 2009 Creative industries
Al6 Kanlar & 2009 Sustainable urban development, cultural life, quality of life, social and economic
biglou development of safe and sustainable knowledge-based, knowledge city design




eee Sl y 30 AL (5 yauh A gl DL LS (5 3Lud LS 9 599

1FO—1F Slorio /¥ 6 bois . 1F 0593+ 1 Fo) (ylians g 30l

Table 5. Theories 2010-2016 in relation to KBUD

Code Thinker Year Important Factors
Al7 Fernandez et al 2010 Economic quality, social quality, environmental quality, organizational quality
Al8 Kanlar 2011 Economic prosperity, environmental sustainability, social order, a fair place and good

governance

Al9 Fan & zumael 2012

KBUD uniform conditions

A20 Florida 2012 Resilience, high talent, technology
A21 Frankel et al 2013 Intangible values and tangible parameters, economic values, social values
A22 Kanlar et al 2013 Build places for businesses, people, places and governance
A23 Carrillo 2014 A set of policies, knowledge-based planning strategy, balanced and integrated
development, urban and regional studies research, initiative, an engineered urban
development model
A24 Bali et al 2016 Places to design, experiment and learn from innovation
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Table 6. Experiences from KBUD practice

Code Urban- Country  Year Perspective Important Factors
Bl Austin-USA 2010 Dynamic vision and Focus on production processes - systematically expand research
strategic planning capabilities, start government and local businesses - transform
urban life to attract and retain knowledge workers - expand
economic development policy - start promoting music heritage
consciously.
B2 Helsinki-Finland 2010 Strategic Urban Economic strategies of strong knowledge - population with very
Development Plan high level of education and skills (knowledge staff) -
Large Urban Appropriate access - Significant investment in art and culture -
Knowledge-Based Relatively high social equality - International reputation of the
capital of telecommunications.
B3 Eindhoven Holland 2004  Vision and common Improving knowledge, technology, creativity and innovation in
strategy for future the region and the city through: technology, design, culture and
development among all pioneers.
stakeholders-
Eindhoven Program:
Strips redevelopment
B4 Barselona-Spain - Barcelona Program: New knowledge-based and cultural economy - a wide range of
City of Knowledge cultural institutions - a strong creative level of knowledge
workers - high quality public services and facilities - an
environment built with preserved heritage - a strong global
group for knowledge exchange.
BS5 Manchester- 2002  Capital of Knowledge  Motivate and support business innovation, research, science and
England knowledge - Involve people through dialogue, negotiation,
education and employment - Support the growth of the regional
city environment that facilitates business success - Test new
ideas and ways Life and work.
B6 Singapore 2007  Ten-year knowledge Knowledge-based polar economy for the emergence of creative
base program for industries - Creating areas for large-scale knowledge community
economic development development - Combining work, living and playing
environments
B7 Brisbane- Australia 2003 Urban and regional Creative environment-Business environment-Office
planning environment: Governance: Public, private and academic
Smart city strategy participation-Natural and built environment-Knowledge-based
areas
Table 7. Experiences from the KBUD perspective
Code Urban- Country Year Perspective Important Factors
B8 Korea 2020  Electronic Agenda Predicting the future of the community and extracting ubiquitous
- The ubiquitous city services - Building the environment and infrastructure of the
city agenda city - Decentralized and compact design as the spatial structure of
the city - Mixed land use and programmable land use planning -
City management planning - New planning for Data, Democracy,
Market-Based Management-Mobility of city services.
B9 Montreal- Canada 2025 Sustainability Improving Montreal Graduation Rates - Supporting Innovation -
development Developing University Infrastructure - Creating an International
Area for Students - Promoting Industrial Research and Innovation
through Necessary Support - Accelerating Academic Research.
B10 Melbourne- 2030  Victoria Vision 21 Technology and Communications: The focus of e-government
Australia - Melbourne City policy is on tackling the digital divide resulting from the
Grand Strategy development of ICT in the community, providing access and
2030 expanding business websites - Creativity and cultural infrastructure:
Continuing to produce a knowledge economy - Human capital: Add
To the source of knowledge, acting as an economic stimulus
through innovation and development and research, creating poles
for the construction, development and provision of cultural
infrastructure - knowledge workers.
B11 Malaysia 2020 Malaysia 2020 Private and public sector coordination - convenient location - local
Program - National knowledge staff - culture and community
ICT Agenda
B12 Dublin-Ireland 2020 Dublin2020 Expanding, attracting and retaining entrepreneurial, skilled and

creative forces - Launching the next generation of IT infrastructure -

Marking Dublin as an urban area
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Table 8. Knowledge- based urban development patterns

Year Thinker

Criterion

Important Factors

Cl1 City of smart
and sustainable
knowledge base

Economics: The economics

of basic knowledge
Social: Justice
Environmental-urban:
sustainability
Institutional: Basic
knowledge governance

Create prosperity and prosperity
Strengthen human capital and create space

Quality of place and strengthening of suitable urban
development

Good governance atmosphere

C2  The ideological
model
Work
foundation

C3 Integrated
knowledge-
based urban
development

model

2018  Kanlar

2006 -

2012  Sarmin
etal

New economic environment

Elite staff
The pole of knowledge
access
Areas
Values and dynamics

Economic Development
Socio-cultural development
Environmental-urban
development
Institutional development

Entrepreneurship-Innovation-Knowledge (High Skilled
Organizations

Higher education - high income motivational specialties)
University or a cluster of knowledge

Physical connectivity and physical and virtual accessibility
(penetration power)

Physical environment - cultural and artistic environment
(distinctive features)
Urban diversity and high level of tolerance
Strong leadership and investment in communities

Basic-competitive-creative and innovative knowledge
Quality of life-Human and social development-Intellectual
capital
Location quality - stability - unique identity
Strategic and integrated-democratic and transparent-social
justice

C4 Triple lens

pattern

2006 Amiden
etal

Knowledge economics and
knowledge business
Knowledge community,
community and cultural
indicators
Organization, infrastructure
and knowledge environment

Power / Intensity of Basic Knowledge Economy (KBESI) -
Knowledge Markets Maturity (KMMI) - Basic Knowledge
Business Innovation (KBBII)

Population Knowledge Motivation (PKMI) - Creative
Affinity (CAI) - Knowledge Stakeholder Interaction
Innovation (KSIIT)
Knowledge-Enabling Technology (KETI) - Knowledge
Ecologies (KEI) - Principles, Policies, Applications,
Processes and Innovations ( 7PII)

C5 The pattern of
the most
admirable

rewards of the

knowledge city
(MAKCi)

Identity capital
Intelligence Capital
Financial capital
Communication capital
Individual human capital
Human capital (collective
base)
Instrumental capital
(tangible)
Instrumental capital
(intangible)

Determining the identity of the city, its clarity and distinction
(i.e., historical characteristics, city characteristics, affiliation,
etc.)

Capacity of city systems: (i.e. strategic city planning
agencies, public / private futures research centers of the city,
landscape studies, etc).

Macro indicators: investment; GDP, tax system, employment
/ unemployment
Ethnic diversity, personal health habits, intellectual and
cultural competencies
Health: biological inheritance and physical development;
Education: Overall personal growth
Demographic Structure, Public Health, Social Welfare,
Intellectual Heritage, Civic Culture, Innovation and
Entrepreneurship Capacities
Instrumental capital includes what naturally existed before
the establishment and construction of the infrastructure.
Organization and production systems in electronic and non-
electronic tanks

C6 Three-level
model of
knowledge-
based urban

development

2009  Kanlar

etal

Economic basis
Knowledge base
Socio-cultural basis
Quality of life and place

Value-added products using research, technology and brain
power
Strong clustering of knowledge, especially in improving the
overflow effects of employees of knowledge and long-term
economic well-being
To cultivate creativity to ensure economic growth, urban
development, socio-cultural and psychological well-being of
city residents
Accessibility and connectivity on an integrated connection
with other knowledge centers by good regional and
international transportation networks and IT infrastructure
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Table 9. Extraction of common codes from the knowledge-based urban development approach and KBUD
components and indicators

Number Common Common Vision Principle Indicators
Codes Criterion
1 A6-AT-A10- Human knowledge Knowledge -Having %20o0f highly skilled employees in the
A17-A20-B1- Knowledge infrastructure Ernployees workforce
B2-B4-B10- Knowledge Employees -Literacy rate level
5321 é'? 1C24-CC15- Human Capital -Level of Education
(_: 6 C-7— ég . Highly talented people -Per capita level of knowledgeable employees
2 A6-A10-Al1- Economic knowledge Knowledge- -Number of creative, innovative and knowledge-
Al12-A17-A18- Economic infrastructure based economy based industries
A21-B1-B2-B4- Knowledge-based economy -Level of knowledge employment
B6-B8-B10-C4- Market knowledge -Level of investments in the knowledge affairs of
C5-C6-C7 A the cit
Knowledge infrastructure ¢ty
related to the global economy -Number of knowledge-based productions
Economic quality -Number of suitable housing for knowledgeable
Market-oriented management employees
3 A5-A18-A22- good ruling knowledge -Level of vision and organization
B1-B7-B8-B11- Transparent knowledge management  _The level of government services with electronic
C1-C3-C4-C7 management facilities
Institutional arrangements -Electronic awareness level (transparency) for use
Those involved in knowledge in planning
Institutional quality -Number of departments dedicated to knowledge
Organizational quality management in government, such as municipalities
4 A5-A6-AT- Technology and Technology -Multinational headquarters
Al10-A11-Al12- Communication and -Level of electronic literacy
A20-C4-C5-C6- Accessibility Communication -Level of ethnicity and diversity
C8-B10-B12 Technology infrastructure -Service level with electronic facilities
Knowledge Enabling -Government budget level for knowledge
Technology industries
Strong spatial communication -Central International Airport
5 A5-A8-A17- Environment Knowledge -The level of government budget for public
A18-B5-B7-B8- Physical infrastructure Environment transport
C4 the environment -The level of government budget for
Environmental quality environmental programs
Knowledge ecologies -Number of innovations in the ecosystem
6 Al1-A2-A18- Place Knowledge -Number of R&D centers
A22-A24-C1- Physical form place -Number of places of knowledge industries in the
C2-C3-C7 Physical infrastructure urban plan
Physical environment Number of universities
Quality of place
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Fig. 1. KBUD conceptual framework in Iran
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gbright educational future of this field. In addition, the universities that do not use such
i assistants for any reason will face the sudden aging and retirement of their professors in
i the future. For this reason, it is important to hire teaching assistants to solve the shortage
iof professors regarding the increase of architecture students and train teachers for
%their educational future. However, on the other hand, the professors of architecture or
i architecture schools do not apply any criteria for selecting assistants. The vagueness of the
i appropriate criteria for selecting teaching assistants and visiting instructors has sometimes
iled to the selection of people who do not have the necessary qualifications and interest
gin educating architecture students. On the other hand, people who are good at being
i teaching assistants have a lower chance of being selected for the position due to the high
i volume of applicants. This might also lead them to give up their application. Therefore, the
{article’s authors aim to find the criteria for better selection of teaching assistants and ask,
“What are the appropriate criteria for selecting teaching assistants and visiting instructors
i with inadequate experience to help the main professors in teaching architectural design
i workshops?” The research results can be useful and generalizable for other architecture
éschools by changing the research parameters.

Iu

ETHODS: The research uses the “contextual” research method, and it was conducted

through interviews and questionnaires. Bibliographic studies have also contributed
gto conducting the research. Two groups were allocated for data collection. The first
igroup was comprised of professors, and the second group was comprised of students.
i This research was carried out by interviewing the faculty members of Hakim Sabzevari
i University, Khayyam University of Mashhad, and Hakim Nizami University of Qochan
g(choosing multiple universities in Khorasan was necessary to increase the internal validity
i of the research. In addition, several universities were requested to cooperate. These two
i universities agreed to cooperate with the researchers) and a questionnaire was compiled
'§for architecture students at these universities. In fact, this research was concerned with
éthe selection criteria of assistants from the perspective of these two groups, that is,
ithe main professors (and the assistants above) and the architecture students (and the
i assistants below). By examining and comparing the interview data and the questionnaire
i output, we achieved the criteria for selecting visiting instructors and teaching assistants
and finally prioritized these criteria.

INDINGS: The features deduced from the interview and questionnaire show that

»ou

{0 qualifications such as “proper communication with students”, “proper transfer of
'gcontent", “being available for students”, “updated information” , “study in the field of
iteaching” , “appropriate social behavior” , “learning from the professor” , “ mastery of
ithe relevant subject” , “ coordination with the professor” , “ regular attendance” and “
i motivation and interest in teaching” were addressed by both professors and students.

:0n the other hand, “professional work” , “ helping the professor” , “class management

d '} https://dx.doi.org/10.30475/isau.2022.252278.1537 OPEN%.accsss
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?skills" , “ appropriate age difference with the student” , and “ having been graduated”
i were only expressed by professors. Other qualifications such as “presentation of tasks”,
i “perseverance” , “satisfaction with the teaching method” , and “ encouraging students”
i were only mentioned in student statements. The shared opinions of the two groups in
i choosing the criteria and prioritizing them came from the same concern in both groups.
The difference in opinions seems to be caused by two different perspectives of professors
i and students.

ONCLUSION: The students’ concern and dissatisfaction with some teaching assistants

in the architectural design workshop, as well as the lack of clear criteria for selecting
i these assistants or instructors, prompted the authors to find and prioritize the selection
criteria in this research. The data of this research was collected in the form of “interviews”
i with architecture professors and faculty members of three architectural schools in
i Khorasan, and the completion of a “questionnaire” by the students of these schools. After
i coding and analyzing the data, the following criteria were extracted and prioritized based

” ou nn

{ on the opinions of professors and students: “regular attendance”, “updated information”,

”nou ” o«

i coordination with the teacher”, mastery of the relevant subject”, “proper communication

nou ”n

%with students”, “knowledge of teaching”, “being available for students”, “professional

i work alongside teaching”, “appropriate social behavior”, “learning from the professor”,

¢ “proper transfer of content”, “motivation and interest in teaching”, “encouraging students,

” o« ” ou

“helping the teacher”,” class management skills”, “presentation of tasks”, “satisfaction with

i the teaching method”, “perseverance in carrying out responsibility”, “being graduated”,”
i appropriate age difference with the student”.

” ou
’

i HIGHLIGHTS:

i - Interviewing professors and asking architecture undergraduate students to find common
! characteristics for selecting guest lecturers and assistant professors and students’
satisfaction with them.

i - Coding and analysis of the characteristics of assistant professors and visiting professors
i and the degree of importance with frequency priority, according to professors and students
- The final score of outstanding criteria accepted by architecture professors and students,
i introducing the selection criteria of teaching assistants and lecturers.
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Motivation and interest in teaching
Appropriate social behavior

Proper transfer of content
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Fig. 1. Important characteristics of assistant professors and young guest lecturers with priority of frequency of codes
extracted from interviews with professors
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Fig. 2. The characteristics of professor’s assistants and their importance from the students’ point of view, inferred
from the questionnaires
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Fig. 3. The important characteristics of professor’s assistants and their importance from the students’ point of view by
inferring from questionnaires and applying importance coefficients
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Fig. 4. The frequency score of assistants’ selection criteria and the frequency or importance of each from the point of
view of professors (interview) and students (questionnaire)
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Fig. 5. The percentage score of assistants’ selection criteria according to professors (interview) and students
(questionnaire)
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Table 1. The final score of the selection criteria for assistant professors and young guest lecturers

Selection criteria for assistant professors

The percentage of importance from the point of view of

professors and students

Regular attendance 8.263%

Updated information 7.239%
Coordination with the teacher 7.239%
Mastery of the relevant subject 7.204%
Proper communication with students 7.152%
Study in the field of teaching 7.030%

Being available to students 6.094 %
Professional work alongside teaching 5.813%
Appropriate social behavior 4.983%

Learn from the master 4.651%

Proper transfer of content 4.635%
Motivation and interest in teaching 4.427%
Encouraging students 3.542%

Help the teacher 3.488%

Class management power 3.488%
Presentation of tasks 3.456%
Satisfaction with the teaching method 3.386%
Perseverance in carrying out responsibility 3.247%
graduate 2.325%

Appropriate age difference with the student 2.325%
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1. TA: Teacher Assistant (in Architectural Design Studio)
2. Non-Career Teachers

3. Ethical

4. Pedagogical
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Article History: . ACKGROUND AND OBIJECTIVES: Air pollution and excessive energy consumption
Received 2020/05/24 are two crises that seriously threaten metropolises today and endanger the health of
Revised 2020/08/29 i society and energy sources in the future. Nearly half of the world’s non-renewable energy
Accepted 2021/01/06 i resources have been consumed. An energy shortage is inevitable because more than 40%
Available Online  2022/12/31 i of energy consumption is in the construction sector. The average energy consumption of
gbuildings in Iran is more than 2.5 times the world average, and big cities suffer from air
Keywords: i pollution, which is often caused by fossil fuels. More than 98% of the energy in Iran is
Buildings Envelope i consumed as oil and gas products, which account for 26.4% of carbon dioxide emissions.
Energy Consumption i The buildings are designed and built in such a way that they do not retain the cold and
Carbon Dioxide Emission heat that is provided with exorbitant costs. The heat exchange occurs quickly due to the
Renewable Energy i un-insulated outer envelope (walls, roof, and floor) and un-insulated cooling and heating
Time and Cost i facilities, which leads to an increase in energy consumption by heating and cooling

i systems. The energy consumption research in the recent decade comprises sustainable,

zero-energy, and zero-carbon buildings. The annual energy consumption of these buildings

iis nearly zero, and they do not produce carbon pollutants. Considering the non-use of
e You device o scan. i carbon dioxide-producing energies and renewable energy supply, zero-carbon buildings
i can effectively reduce air pollution in big cities. This research aims to identify and explain
gthe design principles of European zero-energy office building envelopes to reduce energy
iconsumption and carbon emissions. Then it will evaluate the feasibility of using the
i solutions above in cities with similar climates in Iran.

ETHODS: At first, the principles and solutions of reducing energy consumption,
H reducing carbon dioxide emissions, and using renewable energies that directly or
findirectly affect the design of the building envelope have been identified and specified.
§Then, to reduce energy consumption, carbon dioxide emission, and the use of renewable
i energy, 34 examples of office buildings in temperate European regions have been examined,
iand the most applied methods for designing their envelopes have been identified. Then,
ithe most widely used solutions identified for the feasibility of implementation for office
buildings in areas with similar climates in Iran have been weighted by the Shannon entropy
i method and ranked according to the combined weight of application, feasibility, or based
ion some parameters such as cost, ease of implementation during construction and after
i construction, the need for skilled labor and specialized equipment, execution time, the
produced energy and payback period of the investment.
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Number of Figures H

14 INDINGS: The results of the research show that the most employed solutions are
:# related to the use of photovoltaic panels, thermal insulation of the walls, the use of
inatural ventilation, attention to the dimensions and position of the windows, the use of
= i daylight, the use of materials with suitable thermal capacity, the use of greenhouse and
Number of Tables atrium, and the use of green wall and roof.
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ONCLUSION: The results of this article indicate the most effective principles and
common solutions for the envelope design of zero-energy buildings in Iran with
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?climates similar to the European climate. The combined use of these solutions in the
i design of envelopes can greatly reduce energy consumption and carbon dioxide emissions
{in the short term. Due to the novel nature of the construction and operation of zero
i energy buildings in Iran and the lack of experience in obtaining the productivity and
i energy efficiency of these buildings using various solutions so far, using the experiences
of advanced countries and the feasibility of implementing those solutions is indispensable
i to achieve an optimal and appropriate design and the highest energy efficiency of the
i buildings in Iran shortly. Therefore, the results of this research can effectively help
i designers in this field.

{ HIGHLIGHTS:

i - Identifying solutions for optimizing the office buildings envelope in temperate regions by
{ using examples of zero-energy buildings.

- Analyzing feasibility and prioritizing solutions based on parameters such as cost, ease of
i construction, need for skilled labor and specialized equipment, construction time, amount
i of energy production and payback period of the investment by using Shannon entropy.

i - 1dentifying the most used solutions with the priority of using photovoltaic panels, thermal
! insulation, natural ventilation, dimensions and position of windows, natural light, thermal
capacity materials, atrium, green wall and roof.
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Table 1. Examples of zero energy and zero carbon buildings

Name of the Location Climate Function Foundation =~ Name of the Location Climate Function Foundation
building (m?) building (m?)
SOM France moderate administrative 7000 Lajon Italy moderate administrative 755
Zero energy Germany  Moderate administrative 1335 Benasco Spain moderate to  administrative 1800
administration to warm Scientific warm research
Center
Solar XXI Portugal Moderate administrative 1500 The central Germany  moderateto  administrative 32715
building of warm
Solon
Company
Sirse Spain Moderate administrative 1743 Selvis Germany  moderate to  administrative 4000
warm
Marche Switzerla ~ moderate administrative 1550 Acciona Spain Oceanic administrative 2591
Kempthall nd to warm temperate
Administrative Austria moderate administrative 292 Mediterranean Spain Mediterrane  administrative 1070
Villach, to warm Sizzle an temperate
Rainbow Italy moderate administrative 6000 PSA Spain Mediterrane  administrative 1114
office center an temperate
ASMA Solar ~ Germany  moderate  Administrative 1400 S. Choartez Spain Mediterrane  administrative 2566
Academy to warm - Research Hatmon an temperate
Eterium Germany moderate administrative 3667 Isophoton Spain Mediterrane  administrative 2500
to warm headquarters an temperate
Ex-Post Italy Moderate administrative 2857 Andalusian Spain Mediterrane  administrative 5800
Energy an temperate
Agency
Green Tower 8 Poland moderate administrative 11660 Regional Spain Continental 62976
to warm government Temperate
Island Central France Moderate  Administrative 4083 ED7 Saimet Spain Continental ~ administrative 2047
Office Temperate
Building
Inerpos France Moderate  Administrative 739 Sai M. Spain Continental ~ administrative 2727
Temperate
Elitis Tower France Moderate ~ Administrative 4567 Sener Spain Oceanic administrative 5620
temperate
Green office France Moderate  Administrative 21807 Berdo Spain Oceanic administrative 1405
building Foundation temperate
Kraftwerk B Switzerla moderate Administrative 1403 Federal Germany  moderate to administrative 40,000
nd to warm warm
Energy Plus Germany  moderate  Administrative 7890 Federal Germany  moderate to  administrative 40,000
to warm Environmenta warm
1 Agency
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Use of active and passive solar systems

Using natural ventilation

Use of solar water heater

| Use of geothermal energy |
| Use of cooling system and solar collector |

Using photovoltaic solar system to provide electrical
energy

Rainwater collection and use in the building

Use of renewable solar energy

Using solar cells as window glass

Using sunlight for lighting and heating

Building extension and orientation

The ratio of the roof area to the useful area of the building

Fig. 10. Methods of using the renewable energy of the
sun
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Suitable thermal inertia of building walls according to usage |

Two-layer facade of buildings |

| Thermal envelope insulation
| Optimizing the material and surface of the translucent wall

Use of intelligent building management system |

Optimal use of natural light and control of sunlight
penetration

Reducing the penetration of unwanted air by creating a front
space at the entrance and sealing the components used in the
building

Reducing energy consumption

Using the appropriate thickness and height of joists and roofs

Using the thermal capacity of the soil by taking a part of the
building underground

Use of building materials with suitable heat capacity

Multi-glazed windows

Fig. 8. Methods of reducing energy consumption

Use of green wall or green roof

Sealing building components

| Use of greenhouse or atrium

Use of green and indigenous and recyclable materials

Use of cooling and heating systems and natural and
mechanical air conditioning

Green electricity production

Reducing CO2 emissions

Use of wind turbines and solar cells

Use of water, wind, sun, biogas and clean chemical
energies

Using carbon dioxide warning sensors

Fig. 9. Methods of reducing carbon dioxide emissions
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Fig. 11. Frequently distribution of energy consumption reduction solutions in envelope design
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Table 2. Ranking of solutions to reduce energy consumption in the envelope based on the feasibility

Solutions Multi-glazed Using Use of Optimizing Attention to Use of Thermal Sealing double-walled
windows intelligent canopy the material the building insulation building building
building and surface dimensions materials with components
Factors management of the and position suitable heat
system (BMS) translucent of the capacity
wall windows
Cost(-) Low high Low Low Low Low Low Low Very high
[©) 3) (7 (7 [©) ()] (@] 7 &)
Ease of Very high (9) medium high high high high high high Very low
implementatio ®) @) @) ™ @) @) ) )
n during
construction
()
Ease of high Low medium Very low Very low Very low Very low medium Very low
implementatio Q) ©) ®) M (O] ™ ™ ®) M
n after
construction
)
Need for Low High Low Low Low Low Low Low Very high
skilled labor (@] (3) (@] (@] (7 (7 (7 (7 1)
]
Need for Very low High Very low Low Low Low Low Low High
specialized © ©) ©) ™ ©) ™ ™ © ®)
equipment and
machinery
]
execution time medium High medium medium medium High medium Low High
© ®) ©) ) ®) ©) ®) ®) ™ @)
The amount of - - - - - - - - -
energy (0) 0) ©) (O] 0) ©0) ©0) 0) ©)
production
)
payback medium High Very low medium medium medium medium medium medium
period of the ®) ©) ™ ®) ©) ) ®) ®) ®)
investment
)
The weight of 0.08003314 0.0782131 0.1208867 0.11487919 0.11487919 0.12610773 0.11487919 0.07327869 0.17684307
each index
The assigned 0.2 0.17 0.15 0.13 0.11 0.11 0.09 0.03 0.01
weight based
on the
frequency of
approaches
usage
The combined 0.15512608 0.1288586 0.17573357 0.14473371 0.12246698 0.13443717 0.10020026 0.02130512 0.01713851
weight of each
index
The rank of 2 5 1 3 6 4 7 8 9
each index
based on the
combined
weighting
method
120 100
100
80
60 47.6
40 25 =
20 16.6
20 I 15 51 . 11.9 9.5 15 51
Green electricity  Greenhouse or  Using green and Green wall or roof  Cooling and Carbon dioxide

atrium local recyclable alarm sensors

materials

heating systems
and mechanical air
conditioning

production

M Relative frequency M frequency percentage

Fig. 12. Frequently distribution of using solutions to reduce CO2 emissions in the envelope design
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Table 3. Ranking of solutions to reduce CO2 emissions in the building envelope based on their feasibility

Solutions Green Cooling and Using green Use of green Use of CO2 Alarm
electricity heating system and local wall or roof greenhouse or sensors
Factors production and natural and recyclable atrium
mechanical air materials
conditioning
Cost(-) high Low medium high medium medium
3) (@) () 3) ©®) ®)
Ease of implementation during Low high high Low high high
construction(+) 3) (7) (7) 3) (7) (7)
Ease of implementation after Very low Low Low Low medium medium
construction(+) 0 3) 3) 3) 5) 5)
Need for skilled labor(-) high Low medium high Low high
©) (7 ) &) QU 3)
Need for specialized equipment and Very high Low Very low medium Low medium
machinery(-) M () ©) ®) 9 ®)
Execution time(-) high medium medium high high medium
©) () ) ©)] ©)] ®)
The amount of energy production high - - - - -
™ (M (0) (0) 0) (0) (0)
payback period of the investment high medium Low Low Low -
™ (M (%) 3) 3 ©) 0)
The weight of each index 0.15718253 0.13800218 0.1660124 0.12639434 0.15312575 0.25928279
The assigned weight based on the 0.48 0.17 0.12 0.09 0.07 0.07
frequency of approaches usage
The combined weight of each index 0.47429387 0.14748127 0.12523444 0.07151088 0.06738268 0.11409687
The rank of each index based on 1 2 3 5 6 4
the combined weighting method
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Fig. 13. Frequently distribution of renewable energy solutions in the envelope design
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Table 4. Ranking of solutions for the use of renewable energies in the building envelope based on feasibility
Solutions Using Using  Using Use of Use of Rainwa Use Reus  Use of Use Use Use of Use of  Use of Use of
photovolt  sunlig  sunlig solar geother ter of e of Trom of of biomass solar wind windbrea
Factors aic htfor  htfor systems mal collecti  solar hot be mirro  solar  technol  chimn turbin ker
panels heati lighti  connect  energy on for water and wall r tubes ogy eys es
ng ng ed to use in heate cold ducts
the the r air
grid buildin
g
(-) Cost Very high Low Low Very Very high high high mediu  mediu  mediu high high Very Low
M @ (@  hieh high ® ORENCO R m m ® (3)  hieh ©)
[©) [©) (5) (5) (5) 1)
Ease of Low high high Low Low Low Low Low mediu  mediu  mediu Low Low Low high
implementa  (3) m o0 e 6) ® ® @ m m m ® ® 6 @)
tion during (5) 5) 5)
constructio
n(+)
Ease of Very low Low Low Very Very Very Very Very Very Very Very Very Very Very Low
implementa 1) 3) 3) low low low low low low low low low low low 3)
tion after () ) M ) [©) ) ) () () ) M
constructio
n(+)
Need for high Very Very Very Very high high high  mediu mediu mediu high high high Low
skilled 3) low low high high 3) 3) 3) m m m 3) 3) 3) 7
labor(-) ©® O] O] OO NN
Need for Very high ~ Very Very Very high Low high high Low Low Low high high high Very low
specialized M low —low high ©] Q) ®» e o o O ® ®) ®) ©
equipment 9) 9) )
and
machinery
)
execution high mediu  mediu Very high medium high mediu  mediu  mediu  mediu Very high high Low
time(-) @3) m m high 3) 5) 3) m m m m high 3) 3) (7
(5) (5) [©) (5 (5) (5) (5) [©)
The Very high - - Very medium - - - - - - high - high -
amount of © © @ Ohigh ) © © © © © Q) ©0) Q] ©
energy
production
)
payback Very high  Low Low Very medium Low mediu  mediu  mediu Low Low high mediu high medium
% period of © G @ Ohich ©) m m m ORENC) Q) m ) ®)
_ the OO ®)
*9] investment
9 ()
~
-1 ) The weight 0.09326 0.060 0.060  0.13418  0.04843 0.07281 0.058 0.062 0.061 0.065 0.065 0.05462 0.0580 0.054 0.05006
. o of each 62 62 0 0 47 62 62 62
- “l index
The 0.21 0.14 0.14 0.11 0.06 0.06 0.05 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.01
assigned
weight
= based on
qQ the
. ‘@ frequency
3 of
9 N approaches
usage
iy The 0.25981 0.112  0.112  0.19580  0.03855  0.05795 0.038 0.041 0.032  0.026 0.026 0.02173 0.0153 0.014 0.00664
9 9 combined 58 58 47 1 61 11 11 49
weight of
each index
The rank of 1 3 3 2 7 5 8 6 9 10 10 12 13 14 15
each index
based on
the
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weighting
method
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Fig. 14. Comparison of the frequently distribution of the most used solutions in the three categories of energy
consumption, carbon dioxide emissions, and use of renewable energies
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Table 5. Analysis of feasibility and weighting of the priorities of the solutions in the design of buildings envelope for
the simultaneous reduction of energy consumption and carbon dioxide emissions and the use of renewable energies

Solutions Using The use of Green Multi- Optimizing Use of Using Using Use of Use of
photovoltaic solar electricity glazed the material canopy sunlight for  sunlight for  cooling and green and
panels systems production windows and surface heating lighting heating native and
Factors connected of the systems and recyclable
to the translucent natural and materials
municipal wall mechanical
electricity air
network conditioning
Cost(-) Very high Very high high Low Low Low Low Low Low medium
(1) [©) 3) (7 @) [©) (7 (@) @) (5)
Ease of Low Low Low Very high high high high high high high

implementation ® ®) ®) ©) ™ ™ ™ ™ @) Q)

during

construction(+)

Ease of Very low Very low Very low high Very low medium Low Low Low Low

implementation ) M) M ™ M) ) 3) 3 ® 6)

after

construction(+)

Need for skilled high Very high high Low Low Low Very low Very low Low medium
tabor(-) ©) (O] (©) Q) Q) Q) © © U] ©)
Need for Very high Very high Very high Very low Low Very low Very low Very low Low Very low

specialized (O] m M ©) ) ©) ©) ©) Q] ©
equipment and
machinery(-)
execution time(-) high Very high high medium medium medium medium medium medium medium
3) [©) 3) (5) (5) (5) (5) () (5) (5)
The amount of Very high Very high high - - - - - - -
energy © ©) ™ ©) ©0) ©) ) ©) © ©
production(+)
payback period Very high Very high high medium medium Very low Low Low medium Low
of the investment [C)] ) ) 5) (5) 1) 3) 3) ) 3)
*)
The weight of 0.13589271 0.19551438 0.07958924 0.06548895 0.09400253 0.09891831 0.08832817 0.08832817 0.06987729 0.08406024
each index
The assigned 0.15 0.07 0.15 0.14 0.09 0.11 0.1 0.1 0.05 0.04
weight based on
the frequency of
approaches usage
The combined 0.20581508 0.1381868 0.12054117 0.09257333 0.08542242 0.10986496 0.08918443 0.08918443 0.03527734 0.03395005
weight of each
index
The rank of each 1 2 3 5 8 4 6 6 9 10

index based on
the combined
weighting method
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{amount of sound exposure that the ear can tolerate is determined. Architecture limits
iand frames sound. This causes the sound to behave differently indoors than outdoors.
iThe type of difference is sometimes desirable and sometimes undesirable, and this is
§due to different architectures. There are many effective components in the formation of
i architecture and the physical structure of a place. However, early studies in Acoustics for
i architecture, exemplified by Sabine's formula, placed emphasis on the size, materials, and
i surface area of space as the most important factors in shaping its acoustics. As mosques
fare of a particular function in terms of acoustics, they require multiple behaviors in this
gﬁeld. An acoustically ideal mosque should not only provide quiet spaces for individual
i concentration, but also distribute sound effectively for collective use. According to Sabin's
i formula, this can be achieved through careful consideration of the volume, materials, and
gsurface area of the space.

ETHODS: The purpose of this study was to investigate how changes in volume affect

the acoustic behavior of mosques. To achieve this, the study aimed to maintain
gconsistent parameters affecting sound measurements to analyze the impact of volume
i variations on the acoustic behavior of mosques. Findings suggest that traditional mosques
{with smaller volumes generally have more homogeneous sound behavior and exhibit
S higher sound pressure levels throughout the space. In contrast, larger mosques may have
%areas with high sound pressure levels but inconsistent sound behavior. The study was
i conducted in two phases - a theoretical phase and a field study - focusing on analyzing the
{ acoustic behavior of mosques using advanced tools to obtain accurate results. The main
i objective of the research was to differentiate between acoustics in different volumetric
%types and identify effective techniques. In order to measure the Reverberation time, the
§2260 device of B&K Denmark has been used, and several points have been measured
{in mosques depending on the size of the plan surface. The SINUS Acoustic Camera was
i utilized for imaging purposes and was operated in two positions. During the first stage, the
§samp|es' overall noise level was recorded. In the second position, the sound source was
utilized. In all instances, the position of the source in the Mihrab was taken into account.
i This was done to simulate the preacher's typical placement in the Mihrab. The selected
ifrequency range is up to 10 kHz.

INDINGS: The findings indicate that all samples had a consistent sound distribution of

94 decibels. However, the largest volume exhibited the lowest sound pressure level,
while the smaller volumes had higher sound pressure levels in proportion to their size. This
i shows that the effect of loud noises in space is much less felt with increasing volume. This
i acoustic event intensifies with increasing frequency and the effect of volume is less at low
i frequencies. On the other hand, increasing the volume increases the reverberation time,
and this change, in contrast to the SPL, is greater at lower frequencies. In other words, the
ivolume at lower frequencies is an effective factor in changes in the reverberation time
iand does not play a significant role in the reverberation time of space at high frequencies.
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ONCLUSION: The results show that increasing the volume in the same structure of
the samples reduces the sound pressure level in the building and, at the same time,
{increases the reverberation time. This is directly dependent on the frequency, and at
i lower frequencies, increasing the volume has less effect on the sound pressure level. In
i the reverberation time factor, the frequency behavior is inverse and the volume will be
less effective at higher frequencies, which proves the acoustic balance in the samples. The
i three factors of volume, reverberation time, and sound pressure level vary in relation to
i the frequency range. The relationship between volume, reverberation time, and sound
i pressure level also varies depending on the frequency spectrum. This finding will be
§effective in designing mosques with a similar structure because the reverberation time
i and the desired sound pressure level can be predicted depending on the desired volume.
On the other hand, since a standard amount is defined for reverberation time in mosques
i and other settings, the volume of the space can be designed, and the sound pressure level
can be adjusted to achieve the desired Reverberation time.

{ HIGHLIGHTS:

i - The overall sound behavior in mosques with lower volumes is more homogeneous, the
Sound Pressure Level in totality of the space is higher and in larger samples, multiple
i places are created with high but heterogeneous Sound Pressure Level.

- In the same structure and architecture, increasing the volume will decrease the SPL and
{increase the RT.

- The effect of volume on RT and SPL is dependent on frequency and at lower frequencies,
i volume differences have less effect on SPL. For the RT factor, the behavior of the frequency
iis reversed and the volume has less effect on the RT at higher frequencies.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title

Research tools

Achievements

2012 Evaluation of acoustic quality Field Reverberation time is decreasing from low to high frequencies, which
of Yazd Grand Mosque measurement and is considered due to brickwork and decorations in the building.
simulation
2013 Investigating the role of the Library study It is dedicated to the relationship between architecture and acoustics
height of the main dome in the in a worship space and the main concern of the researcher in this
acoustics of Imam Mosque in research is the desired Intelligibility of the preacher's voice, which
Isfahan was done naturally during the construction of the mosque without
electro-acoustic equipment and can only be justified by architectural
solutions. According to the researcher, one of these factors is the
height of the dome of this mosque.
2014 Investigating the effect of Simulation According to the researcher, Moqarnas that built under the dome of
Mogqarnas on the acoustics of the mosque, reduces Reverberation Time by Uniformity
the public space of the mosque the distribution of sound pressure and creating a diffusion field. This
decrease is more pronounced in mosques that are symmetrically
modulated 1in 1 or 2 in 2
2014 Comparing Reverberation Field By comparing RT in mosques and churches, the researchers have
Time in West Churches and measurement and ~ Assessment less RT in mosques and consider it suitable for speech.
Mosques of Qajar Era in library study However, according to researchers, the different functions of the
Tabriz church and the mosque regarding
speech and music make natural the differences in RT.
2017 The formation of space due to Library study It deals with the commonalities of music and architecture and
the conceptual connection analyzes the result in a sample of Iranian worship space. The
between "music-mathematics" relationship between music and mathematics is first examined, and
and architecture (Case study: then music is linked to architecture through a mathematical passage.
the front and ceiling of the The researchers of this study finally emphasize the compatibility of
dome of Sheikh Lotfollah the physical elements of Sheikh Lotfollah Mosque in Isfahan with
Mosque in Isfahan) Iranian music.
2018 Analysis of acoustic design of Library study The sound is distribute
Imam Mosque (Shah Abbasi) throughout the space by Speaking under the dome of the mosque, and
in Isfahan and its expansion in the researcher knows the reason for this in the special form of the
sustainable development first shell of the dome of the mosque. By analyzing the type of dome
issues arches, the reflection and sound propagation are analyzed.
1990 RASTI Measurements in Field About 30mosques from Jordan have been presented that the results
Mosques in Amman, Jordan measurement of which show the high RT in mosques of this country. Finally, the
research concludes by providing solutions to deal with the poor
acoustics of these mosques and the need to isolate this building from
external noise and increase the amount of absorption inside the space.
1997 Relationships between speech Field Researcher of this study As a result of this research, which is taken
intelligibility and objective measurement and from his PHD thesis considers the tested spaces in terms of speech
acoustical parameters or human study comprehensibility in poor grading. After researching about churches

architectural features in
catholic churches

from the 16th century onwards, he concluded that speech
comprehension capacity generally declined to the Renaissance and
improved significantly in the Baroque style.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title

1998 Assessment of Speech
Intelligibility in Large
Auditoria
Case Study: Kuwait State

Mosque

Research tools

Field
measurement

Achievements

The research analyzes speech Intelligibility in the main nave of the
Kuwait State Mosque. researcher refers to this space as MPH (main
prayer hall) and acknowledges that although in architecture and
traditional views, the use of materials has been used to amplify the
sound of the naves; In this study, the discussion of speakers and
microphones is also considered. The research mainly refers to the
location of weak acoustic areas in order to be able to identify the
correct position of the speakers and evaluate the space of a mosque
from an electroacoustic perspective.

1999 Acoustical problems in
mosques: A case study on the

3 mosques in Istanbul

Calculation

After examining the sound problems in mosques, it tries to provide
specific rules and standards in the field of acoustic science for
mosques. This article obtains the results of research from a study of 3
Ottoman mosques in Istanbul.

2000 Speech intelligibility

evaluation for mosques

Calculation

In this study, mosques are referred to as Listening rooms. In this
article, the researcher considers speech Intelligibility in mosques to
be dependent first on the form and shape of the mosque and then on

the good sound system in the mosque. After evaluating Reverberation
Time with the Sabin’s formula, he examines auditory errors
(ALcons) at frequency 200.

2001 Church Acoustics

Library study

It is a guide to better church acoustics that first defines the science of
acoustics and therefore expresses basic definitions such as
absorption, reflection, room size, and RT, and then analyzes how
acoustic issues are recognized in the church. Introduces popular
ethnic and national music in churches and expresses the
characteristics of traditional churches. Finally, it concludes that
natural sound without speakers is much more desirable in churches,
and thus discusses the need for speech Intelligibility and, therefore,
the proper Reverberation Time in churches.

2002 The acoustical history of
Hagia Sophia revived through

computer simulation

2003 An improved model to predict
energy bases acoustic
parameters in Apulian-

Romanesque churches

Simulation

Field

measurement

In this study, ODEON software has been used to simulate 3 mosques
and 3 selected churches in Istanbul and Adrienne. The diagram of
Reverberation Time is presented for all three uses of Hagia Sophia in
two states, full and empty, and the lowest RT, both in full and empty,
is inferred for the use of the mosque in Hagia Sophia.

This study analyzes an advanced model for energy-based prediction
of acoustic parameters in Romanesque churches. For evaluation, 9
churches from 1,500 to 33,000 m3 were selected and used the
comparison
between predictions and field measurements. In all churches, a
frequency of 1 kHz has been selected for measurement

2005 Influences RT to Human

Activities: Method to measure

RT for different Measure RT
For different Mosque

Structure

Field
measurement

Reverberation Time depending on the structure and materials of
mosques is examined. In this article, three types of mosques with
90% wooden structure, 90% concrete structure and mosques with a
combination of several materials with ratios close to 60% concrete,
40% wood and glass have been used, and finally the last type of
mosques with a combination of different materials are the best for
RT. In this study, the Reverberation Time after field measurements
with the Sabin’s formula was also evaluated.

Used sound Reinforcement
systems in mosques today

2007

2008 Subjective study of preferred
listening conditions in Italian

catholic churches

Field
measurement
simulation

Field
measurement and
human study

Evaluates the sound reinforcement systems in contemporary mosques
and expresses the need to use such equipment. In this article, the
researcher believes that 75% of the absorption in mosques or any

other structure occurs with the audience of that space, and therefore
for this purpose, 8 different mosques have evaluated from the point
of the effect of sound systems on acoustic variables. All of these
mosques are selected from Saudi Arabia, and measuring them in their
empty state provides the highest RT.

The title of the article is to study the effect of different musical motifs

on people. During the field study, 9 churches and the architecture and

shape and style of each were evaluated. The aim of this study was to

measure the impact response that was performed on selected

churches with volume from 2000 to 160000m3. RT is estimated from
2 seconds to 12 seconds and 5 musical motifs are used. Finally, a
hearing test is performed on 143 people aged 20 to 60 years. The

results show that despite the usual pattern of observational
parameters, individual preferences with different musical motifs
change fundamentally.

Guidelines for acoustical
measurements in churches

2009

Field
measurement

This study also classifies the acoustics of churches as part of the
cultural heritage that should be preserved as the artistic and
architectural aspects of this buildings. It considers two acoustic poles
for the space of churches, one is the altar and the other is the rostrum,
which play a major role in measuring measurable parameters. In this
study, using the 3382ISO standard, three aspects of measurement are
considered for measurement, one is the selection of the source
position, the other is the selection of the receiver position, and the
third dimension is the Usable equipment.

2011 Mathematical model of speech
intelligibility in mosque with

column pillars

Field
measurement,
calculation

it has studied the mathematical model of speech Intelligibility in
mosques with columned naves. The selected mosques for this project
have a minimum volume of 280 cubic meters and all of them have a
dome and their main problem is that the column surface of these
mosques is covered with reflective surfaces. RT with the help of
Sabin’s formula is one of the variables of this study and all its
measurements have been done in the direction of the Mihrab and in 5
selected mosques.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title Research tools Achievements
2012 Impact of design decisions on Field Emphasizes the importance of acoustic design simultaneously with
acoustical comfort parameters: measurement the initial steps of the architectural design of a mosque. Simulation
and field measurement are both tools of this study and several factors
Case study of Dogramacizade Simulation including RT have been evaluated. The simulations were performed
Ali Pasa Mosque with ODEON software and the measurements were performed with
B&K equipment.
2016 Absorption characteristics of Laboratory In it, 8 models of carpets used in mosques have been tested
masjid carpets measurements experimentally and in the laboratory in a reverberant room, which has
been designed based on the ISO 354 standard. Each sample was
measured three times, in each of which a different type of flooring in
space was considered. The results show that the absorption
coefficient of carpets while the worshipers are standing in line; It will
be different and more.
2018 Virtual acoustic environment Field This study considers the sound factor and acoustic discussions as part
reconstruction of the measurement of the cultural heritage and believes that in restoration renovations,
hypostyle mosque of Cordoba simulation the sound should also be highlighted. With this view, he has proved
the necessity of the study and analyzed the acoustics of the Cordoba
Grand Mosque with the help of various field measurements and
simulations.
2019 Dome sound effect in the Field Analyzes the effect of the dome on the desirable sound distribution.
church of San Luis de los measurement This study seeks to understand the role of the dome in the perception
Franceses of sound and one of its main views is focused on how important it is
to place the sound source under the dome and the position of the
listeners
2020 The effect of acoustical Field The main concern of the study is the improvement of acoustic
remedies changing the measurement conditions in domed spaces, which are mainly used in worship.

reverberation time for
different frequencies in a
dome used for worship: A
case study

Analyze RT in the Line system and select a space for review that has
a high RT. Spray of acoustic materials on the inner walls of the room
and the dome has been used as a proposed solution and by measuring
the sound transmission level (STT) acknowledges that the material
used has improved the internal acoustic condition.

Table 2. Architectural studies performed with Acoustic Camera

Research year Research title Research tools Achievements
2012 The acoustics of performance Field The acoustic camera is one of the best tools in the study of historical
spaces (theatres and measurement monuments, because it is able to depict the sound heritage. On the
stadiums): a case study (acoustic camera) other hand, the comparison of a common use in historical and
contemporary samples with the help of acoustic camera is interesting
for researchers, because the efficiency of the building can be
compared with each other. performance halls are one of these notable
functions for researchers that has been selected for this study. The
comparison of the basketball court of University of Michigan as a
contemporary case and the Colosseum of Rome in the form of
historical space have led to the identification of the desired acoustic
properties of the historical building and can be implemented in
contemporary buildings.

2014 Room impulse response Field Various factors in the field of architectural acoustics are available
measurement with a spherical measurement with acoustic camera, and three-dimensional measurement of impact
microphone array, application  (acoustic camera) response in architectural space is one of these variables. An important
to room and building acoustics part of the information obtained from acoustic laboratories, which

includes reverberant room and anechoic room; Obtained through the
acoustic camera. The acoustic properties of various materials that are
tested in these test rooms are extracted with the help of this tool. This
study provides an example of these measurements with the help of
three-dimensional acoustic camera designed to test absorbent
materials in the anechoic room.

2015 The Acoustic Camera as a Field In the study with acoustic camera in architectural spaces, the study
valid tool to gain additional measurement variables fall into two general categories; First, the factors related to
information over traditional (acoustic camera)  the physical indicators of sound, and second, the parameters that are

methods in architectural the acoustic variables and overshadow the characteristics of the
acoustics architectural space. Identification of reflective and absorbing
surfaces, sound leakage locations, sound bridges, etc. are among the
second category variables in acoustic camera measurements. This
study is one of the researches that have analyzed these factors.

2018 simulation, visualization and Field The scope of acoustic camera also extends to human perceptions, and

localization of sound in a real measurement thus architecture is introduced as a platform for the benefit of

and a virtual room acoustic
environment using
beamforming

(acoustic camera)  acoustic camera. Humans are able to detect the direction and location
of real and virtual audio sources in a dynamic virtual audio
environment, and this finding, along with simulations and
measurements of the real environment, has been proven with the help
of acoustic camera in this study.
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Table 3. Architectural components of selected research samples

Case Studies Volume Volumetric Images Number of Column Peak Plan
(m3) group domes height  height
1 Khalkhali Mosque 1200 Small 12 2.2 53
2 Seqatoleslam 4000 Medium 30 2.60 5
Mosque
3 Shahidi Mosque 5800 Large 35 2.5 6.3

:

1 :—IEEEEE

Table 4. Field observation of selected research samples

Name of the mosque Openings Decorations Materials Characters in the building Position
Khalkhali West to the Karbandi Brick-Stone Column- Arch Tabriz Bazaar
courtyard-ceiling
Seqatoleslam Western-Ceiling Karbandi Brick-Stone Column- Arch Daraei Street
Shahidi Southern-ceiling Karbandi- Shamseh in Brick-Stone Column- Arch Tabriz Bazaar

Mihrab modul
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Table 5. Results of measurements with 2260 Sound Investigator

Reverberation Time measurements at different points in the samples

Shahidi Mosque

Seqatoleslam Mosque

Khalkhali Mosque
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Table 6. Measurement results with Acoustic camera

Acoustic imaging of samples in both normal and source modes
Shahidi Mosque Seqatoleslam Mosque Khalkhali Mosque
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Table 7. Result of 2260 measurements and Acoustic camera in Khalkhali Mosque

Khalkhali Mosque

SPL RT
Fr BN (db) RSS (db) RT(s) E——
125 1546 23 1 6 1 96 Agsfesﬁ[ion of meﬁsufing points
250 18.50 38.61 1.06 v
500 16.35 47.84 0.89
1000 2112 46.62 0.84
2000 13.28 49.96 0.68
4000 10.56 50.36 0.53
8000 3.50 46.78 0.47 o em e o wm m wm

Table 8. Result of 2260 measurements and Acoustic camera in Seqatoleslam Mosque

Seqatoleslam Mosque

SPL

Fr BN (db) RSS (db) RT(s)
125 16.72 22.28 2.61
250 27.41 36.66 1.88
500 31.18 44.78 1.17
1000 31.87 42.29 1.29
2000 22.01 45.69 1.09
4000 16.03 45.11 0.8
8000 5.46 39.09 0.5

RT

Segatoleslam mosgue
Aggregation of measuring points
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Table 9. Result of 2260 measurements and Acoustic camera in Shahidi Mosque

Shahidi Mosque
SPL RT
Fr BN (db) RSS (db) RT(s) Shahidi mosque
125 10.82 22.17 3.25 Aggregation of measuring paints
250 28.25 33.52 2.19 T‘
500 29.10 35.24 1.53 -
1000 24.69 36.22 1.35 :5
2000 6.11 36.71 1.12 5
4000 11.59 35.67 1.03 o
8000 3.23 27.39 0.53 ) e :
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Conclusion of Volumetric groups-SPL
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Fig. 2. Sound Pressure Level of the samples in total
volumetric groups

05_1? usuuo ‘) ..\_‘>‘5 6‘~.\_.0 )L..MB 9 &5_7 Y
cdle a s Logl sl S el sgp—iio 75 g
OleSs Groiw ladiges g lalw L oddlse
L) i s S 551 Ly wianl su oLsk]
E9= gdlas blad 5l Ladiges 09 anles po> doo

..\_v‘g_)jl&...n )_<J..\S_v l_s > 0 l_‘i).»o 9 009G

At—s L ddigad plad o J oo AF 2l loo
b e el g Gl e S
3¢ 3| g iin loo s 5l 5, olae L adigal
ao Lad paa s glolis , 5b o nolidl L
SLn S 3 55 5 3l a s oS5 i3 L

oo Uil oz ge ez il S8 e )
Pl Lid e Sep sl ol g 0gd o0 LSy
2 90 gﬁ—l"l'c’ =omb sla s B 0 x>
(J—lie ;o g ol e jlein i By Loy Ol oS
GL—Q@'JK); 9 L&s u’l}_:a'-lj QL_A)‘ 59 L_s__JI_y_,;. ]

¥ JS—2) ampod gl 395 51V

=

co= > QT:\_U,\;SGA dgdzme |y lao (5,Loxe

o L 0 g0 ol el a5y 0

Conclusion of Volumetric groups-RT

sl | hial khali Seqatoleslam s Shahidi
Fig. 3. Reverberation Time of samples in total
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