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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Among the features that characterize contemporary
Received 2019/03/25 architecture, sustainability has great significance. It is an approach in architecture that
Revised 2019/08/19 {is in line with the modern concept of sustainable development. The latter concept refers
Accepted 2020/05/23 ito the development of a society in order to address its present needs while supporting
Available Online  2021/12/22 ithe right and potentials of the next generation to address their own needs. Sustainable
i development includes economic, environmental, and social sustainability. The present
Keywords: garticle focuses on residential complexes and social sustainability. The literature review
Sustainable Architecture ion sustainable development from an architectural point of view shows that there is no
Social Sustainability i comprehensive model to help architects evaluate the social sustainability of a residential
SWARA-TOPSIS icomplex quantitatively. In fact, previous studies have mostly focused on defining
Residential Complex i sustainability criteria; however, no research has been done so far on the ranking and

i application of those criteria to evaluate architectural designs quantitatively. Therefore, the

imain objective of the present research is to develop a quantitative and comprehensive

:model to measure the sustainability of a given residential complex. The research answers

{two fundamental questions: What are the criteria for social sustainability in a residential
Use your device to scan : . . . . s .
and read the article online icomplex? How can we compare residential complexes as far as social sustainability is
iconcerned?

ETHODS: The present article is based on descriptive and analytical research, and

the data was collected through field study and bibliographic research. First, the
i criteria for social sustainability were laid out through studying the research literature.
gThen, a practical model was developed. The model applies SWARA technic to weigh each
i criterion and TOPSIS technic to measure social sustainability. In other words, the following
i procedure is carried out step by step: bibliographic research to find out the criteria for social
i sustainability in residential complexes, processing and classifying the results and making
éa final list, designing a quantitative model to measure social sustainability in residential
i complexes, receiving specialists’ views about ranking and weighting the criteria, devising a
i method to determine a level (score) for each criterion in a given residential complex, and
i finally, putting the model into practice and comparing the selected residential complexes.
¢ In the final step, a comparison of social sustainability proves that the model is practical. The
%cases have been selected based on similarity in size and full access to their information.
i Furthermore, academics and industrial experts with many years of scientific and executive
i experience in sustainable architecture and social sustainability were asked for their views
about the subject to make use of their expertise in this research.

Number of References

52

Number of Figures

1

INDINGS: The judgment made by experts in architecture, as the central part of the

findings, show that the most important criteria for social sustainability are the following

iten items respectively: culture of the residents, social interaction and homogeneity,

Number of Tables isecurity, safety, open areas, appropriateness of population density, quality of interior
15 i design, the gate and exterior view, building space outside the apartment unit, equipment,

§:and facilities. According to experts, 60 percent of weighted value is attached to “culture
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?of the residents, interaction and social homogeneity and security” among the mentioned
iitems. The culture of the residents includes a number of features like mutual respect
i among residents, compliance with apartment regulations, attention to private and public
i spaces, and cleanliness. Architects’ ability to influence this item is very limited; however,
i they should apply design expertise to separate private spaces from public ones and ensure
proper hygiene standards inside and around the complex. Features regarding “interaction
i and social homogeneity” include communication and social solidarity and relationship,
i participation in voluntary works and services of the complex, the possibility of resident’s
i participation in the design and creation of spaces, conformity to resident’s culture and
expectations, duration of residence, etc. When accompanied by variability in space use,
i innovative and flexible architecture can help residents design multi-functional spaces.
i Furthermore, security and safety are among inseparable aspects of architecture, and
designers must not disregard them for other aspects such as aesthetics and functionality.

ONCLUSION: The findings show that the proposed model is easily applicable to
measure the level of social sustainability in a residential complex. Thus, the model

i is recommended for either comparing constructed residential complexes or weighing up
i available construction plans.

i HIGHLIGHTS:

- Identifying the major social sustainability criteria.

i - Designing a quantitative model to measure the social sustainability of a residential
i complex.

- The integrated application of the techniques TOPSIS and SWARA
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Table 1. Principles of social sustainability (Empacher & Wehling, 1999)

Principle

Definition

Basic needs

At least, one level of fundamental needs including house, food, clothes and health as well as

a security program to prevent significant threats like diseases and social corruption.

Social resources

Stability and social tolerance, unity, orientation towards social welfare and potential for

making non-violent response to social challenges.

Equal opportunities
society.

Equal opportunities for education, employment and access to information for all sections of

Participation
developments

Sustaining oneself

Continuous participation in and influence on social, political, cultural and economic

The ability of every section of society to live and survive without getting help from others.

Cultural diversity
local cultures, etc.

Structural diversity within a society like in race, language and dialect, tribe, values, regions,
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Table 2. Principles of social sustainability according to scholars

Scholars

Dempsey et.al, (2011)
security

Principles

Social interactions, participation, collective sustainability, sense of place, equality and

Bramely et.al, (2009)
safety and security

Social interaction, social networks and collaborations, stability, satisfaction, sense of place,

Colantonio (2008)

Equality, inclusiveness, flexibility, security

Thinh et.al, (2002)

Karami & Mohammad
Hosseini (2018)

Social justice, social solidarity, participation, security
Social identity, social belonging, social feeling, social interaction, social participation

Ghafourian and et.al (2017)
Rahnama & Hosseini (2016)

Identity, sense of belonging, security, participation
Social equality, social capital, social interaction, quality of life, security

Negari & Javan Majidi (2015)

Social relations, identity, security

Jomehpour & Ebrahimi
(2015)

Participation, quality of life, security, satisfaction, desirability of environment

Gholizadeh and et.al, (2013)

Comfort, flexibility of open and semi-open spaces, social identity, social order, satisfaction

Davoudi and et.al, (2013)
Zarghami (2010)

Social interaction, social identity, social security
Justice, aesthetics, convenience, comfort, security, child growth, social identity
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Fig.1. The performance score matrix and the criteria
weight vector(at the top) in the MADM problem
(Zyound et al., 2017)
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Table 3. Criteria for social sustainability in residential complexes

Code

Title

Some features

Objective / result according to academic sources

C1

Cc2

Appropriateness
of population
density

Quality of interior
design

Apartment unit area being proportional to
the number of its residents, floor area per
capita

Quality of interior design and separation of
private and public spaces, visual fitness of
spaces, quality of materials and details,
lighting and brightness inside units,
flexibility of spaces, secondary spaces like
storerooms inside units, closets, etc.

Satisfaction and desirability of the environment
(Jomehpour & Ebrahimi, 2015), desirability (Amini and
et.al, 2013), social interaction (Latifian, 2011), physical
comfort at home (Zarghami, 2010)

Environmental satisfaction and desirability (Jomehpour &
Ebrahimi, 2015), visual aesthetics (Sedigh Akbari &
Hemmatian, 2013; Eghlimi & Taheri Pilerood, 2013),
physical comfort at home (Zarghami, 2010)

C3

The gate and
exterior view

The beauty of the gate, uniqueness of the
gate, exterior look of the complex

Environmental satisfaction and desirability (Jomepour &
Ebrahimi, 2015), visual aesthetics (Sedigh Akbari &
Hemmatian, 2013), addressing environmental and
physical aspects (Arasteh & Azizi, 2012), social identity
(Zarghami, 2010)

Cc4

Building space
outside the
apartment unit

Beauty of the entrance hall (lobby),
largeness of the entrance hall (lobby),
lighting and brightness of interior spaces of
the building, reduction of noise, green
spaces inside the complex, the quantity and
quality of parking lots and storerooms,
avoidance of functional interference,
cleanliness and hygiene

Quality of life / satisfaction (Yaran & Behroo, 2016;
Nahibi & Hassandokht, 2014), environmental satisfaction
and desirability (Jomehpour & Ebrahimi, 2015), visual
aesthetics (Sedigh Akbari & Hemmatian, 2013),
addressing environmental and physical aspects (Arasteh
& Azizi, 2012; Latifian, 2011), social identity / physical
comfort at home / social order (Zarghami, 2010)

C5

C6

Cc7

Open areas

Equipment and
facilities

Security

Quantity and quality of children's
playground in the complex, lighting and
brightness of the complex at night, the
green spaces of the complex, avoidance of
functional interference, quantity and quality
of parking lots, access to the street and
driveway inside the complex, existence of a
central yard, existence of cultural and
business centers, cleanliness and hygiene

Quantity and quality of equipment,
facilities, heating and cooling systems in
the complex

Security and peace in a complex, protection
against crime, possibility of monitoring
public spaces, population density in public
spaces of the complex, control over exterior
paths, trust among people in the complex

Inclusion of community spaces / increase in the comfort
level (Karami & Mohammad Hosseini, 2018), creation of
peaceful areas / reduction of stree (Farshchian & Masoud,
2018), social interactions / quality of life / satisfaction
(Yaran & Behroo, 2016; Nahibi & Hassandokht, 2014;
Eghlimi & Taheri Pilehroud, 2013), playability of open
and half-open spaces (Gholizadeh and et.al, 2013), visual
aesthetics (Sedigh Akbari & Hemmatian, 2013),
addressing social and cultural aspects (Arasteh & Azizi,
2012; Latifian, 2011), playability of open and
multipurpose spaces for children / social order (Zarghami,
2010)

Satisfaction and environmental desirability (Jomepour &
Ebrahimi, 2015), social order (Zarghami, 2010)

Existential security / feeling of security (Rahnama &
Hosseini, 2016; Jomehpour & Ebrahimi, 2015), social
sustainability (Nastaran & et.al, 2013), addressing social
and cultural aspects (Arasteh & Azizi, 2012), privateness
(Latifian, 2011)

C8

C9

C10

Safety

Interaction and
social
homogeneity

Culture of the
residents

Addressing safety aspects in interior
design, exterior spaces of apartment units,
areas, open spaces, facilities, etc.

Social relationship, social solidarity,
participation in voluntary works and
services of the complex, possibility of
residents' participation in the design and
creation of spaces, conformity to residents'
culture and expectations, duration of
residence

Mutual respect among residents, level of
education, observance of the rules of the
complex, showing respect to private and
public spaces, level of public health

Quality of life and satisfaction (Yaran & Behroo, 2016),
satisfaction and environmental desirability (Jomehpour &
Ebrahimi, 2015), physical comfort at home (Zarghami,
2010)

Residence stability, sense of belonging, social mutual
attraction (Rahnama & Hosseini, 2016), social
participation (Jomehpour & Ebrahimi, 2015; Shojaei &
Partovi, 2015), satisfaction (Amini and et.al.),
communication among residents (Khakzand & Baghalian,
2016; Eghlimi & Pilehroud, 2013), addressing social and
cultural aspects (Arasteh & Azizi, 2012), sense of
belonging (Latifian, 2011; Zarghami and et.al, 2010),
social identity (Zarghami, 2010)

Social interaction (Latifian,
(Zarghami, 2010)

2011), social order

Table 4. Measurement of the appropriateness of population density in a complex

Score

Guidelines

0-2

7 or more residents in an apartment unit. / floor area per capita is less than 20 square meters

24

5 or 6 residents in an apartment unit. / floor area per capita is between 20 to 35 square meters.

46

4 or 5 residents in an apartment unit. / floor area per capita is between 35 to 55 square meters.

6-8

2 or 3 residents in an apartment unit. / floor area per capita is between 55 to 70 square meters.

8-10

Less than 2 residents in an apartment unit. / floor area per capita is over 70 square meters.
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Table 5. Evaluation of the “Quality of internal design”
Criterion Indices
Entrance The role of entrance in separation of inside from outside / possibility of designing a place to take off shoes and
take off the coat.
Living room Best use of the space and avoidance of unused spaces / possibility of arranging standard furniture, different
activities, dining / lighting, appropriate direction of light, appropriate design taking light into account
Bedrooms Best use of the space and avoidance of unused spaces / possibility of arranging standard furniture, different
activities, the closets / lighting, appropriate direction of light, appropriate design taking light into account
Kitchen Best use of the space and avoidance of unused spaces / possibility of arranging standard furniture, different
activities, the cupboards / lighting, appropriate direction of light, appropriate design taking light into account
Bathroom Appropriate placement in the plan / placement of different elements inside the bathroom

diversity and
flexibility

Existence of multi-purpose spaces / possibility of change in spaces / diversity in spaces and executive details

Secondary
spaces

Existence of a closet room (size and quality) / storehouse inside the apartment unit (size and quality)

General point
about the plan
overlook to different spaces

The position of spaces and their connection to each other / the quality of spaces being proportional to one
another in terms of size / appropriate geometric separation and reduction of unused spaces / view and
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Table 6. Evaluation of lobby and exterior look

Criterion

Indices

Gate (main entrance)
entrance

Existence of a unique gate / design of the gate / material / lighting / use of plants in the

Lighting of the front view

Light intensity / color diversity of lighting / lighting type (intensive vs. extensive) / lighting

mode (synchrony) / lighting diversity

Materials used in the front
view

Modernity / material quality / visual attraction (form, diversity, color)

Windows

Quality of windows' material / energy saving (double-glazed windows) / visual attraction by
windows (form, diversity, color)

Gate and view on the whole
/ special attractions

Coordination among the components of the front view / possibility of cleaning the front view
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Table 7. Evaluation of building space outside the apartment

Criterion

Indices

Lobby (entrance)

Spatial separation of the lobby / luxuries and decorations / largeness and height of the lobby /

furniture and sofa in the entrance hall / security & information room / flooring, wall covering
and chandelier / use of plants, aquarium, etc.

Stairs Appropriate width of stairs / appropriate size of stair box / lighting and brightness / quality
and design of flooring and wall covering / existence of soundproof doors in apartment units /
good design of windows / quality of the windows' material

Garage Enough parking lots / ease of driving in the paths and ramps / avoidance of functional
interference in parking lots
Storerooms Enough number of storerooms / size and sufficient area / storeroom quality in terms of
ventilation, flooring & wall covering
Roof Roofing quality / order and items available on the roof

General points about
common areas

Proportion of different spaces in term of size / reduction of unused spaces
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3o «(Johari Teymouri et al., 2013) I, s 4
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Table 8. Evaluation of open area

Criterion

Indices

Children's playground

The size of playground (being proportional to the population) / quality of playground / taking

age categories into account / encouragement of creativity and thinking, rather than simply
playing / creating a sense of comfort and peace for children / encouragement of cooperation

among children.

Lighting and brightness
(automatic control).

The amount of lighting / lighting quality (intensiveness, color, etc.) / energy saving

Green spaces and planting

The size of green spaces being proportional to population / quality of green spaced, planting

appropriate trees / water supply and good watering system / using water saving tips / access

to green space for the residents.

Open parking lots (for the
guests)

The number of lots / good design.

Access to paths inside the
complex

Cleanliness and hygiene

Proper design of walking and driving paths / sign posts and guidance facilities.

Assignment of a person in charge of cleaning / cleaning quality and schedule.

General point about open
spaces

Avoidance of functional interference among spaces / flexibility and possibility of change in
use / existence of spaces for social interaction among the residents / appropriate use of spaces

and reduction of unused areas / taking climate into account.
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Table 9. Evaluation of lobby and exterior look

Criterion

Indices

Security room

Existence of security kiosk at the entrance / security guard's constant patrol around spaces.

Design of spaces

Avoidance of secluded corners in the complex / proper enclosure and walls around the complex / taking

security arrangements into account on the roof and in the basement floors.

Equipment CCTV system / possibility of recording through the CCTV / lighting in spaces and yards at night.
Residents Trust among the residents / residents' sensitivity towards security matters in the complex.

Table 10. Evaluation of safety in a residential complex
Criterion Indices

Interior design

Avoidance of making slippery surfaces / avoidance of sharp corners / safety of the front view and

glassworks / safety of windows (appropriate protectors) / existence of fire extinguishers for apartment

units.

Building space
outside the
apartment

Open areas

Safety of the staircase (existence of stairs fence) / avoidance of stair with sharp corners / safety of
windows (appropriate protectors) / avoidance of making slippery surfaces / installation of a sufficient
number fire extinguishers / safety of the roof with appropriate fences.

Avoidance of drops and surfaces with too much slope / avoidance of making slippery surfaces / separation

between walking and driving paths (parking) / safety of playgrounds.

Equipment and

Application of safety standards in the elevators / implementation of safety measures in cooling facilities /

facilities implementation of safety measures in heating facilities / employment of safety measure in gas piping /
implementation of safety measures in electrical wiring.
Table 11. Measurement of interaction and social homogeneity
Score Guidelines
0-2 Very little interaction among the residents. They do not care about each other's problems and even they don't

2-4

know each other's names. Most residents do not participate in arranging the affairs of the complex. Most residents
do not put forward any idea about the design or creation of spaces. Average duration of residence is lower than 3
years. There is no meeting to manage the complex or the meetings are not taken seriously.

Little interaction among the residents. Few number of residents care about each other's problems and pay each
other visits. A number of residents participate in arranging the affairs of the complex voluntarily. Few number of
residents put forward ideas about the design and creation of spaces. Average duration of residence is 3 to 6 years.
Meetings to manage the complex are held irregularly and few number of residents attend them.

Average interaction among the residents. A good number of residents care about each other's problems. Some
residents participate in arranging the affairs of the complex voluntarily. Some residents put forward ideas about
the design and creation of spaces. Average duration of residence is 6 to 9 years. Meetings to manage the complex
are held almost regularly and some residents attend them.

6-8

Strong interaction among the residents. Most residents care about each other's problems. A high number of
residents participate in arranging the affairs of the complex voluntarily. Residents put forward ideas about the
design and creation of spaces. Average duration of residence is 9 to 12 years. Meetings to manage the complex
are held regularly and around 70% of residents attend them.

8-10

Very strong interaction among the residents. All residents care about each other's problems. Most residents
participate in arranging the affairs of the complex voluntarily. All residents put forward ideas about the design
and creation of spaces. Average duration of residence is over 12 years. Meetings to manage the complex are held
regularly and all residents attend them.
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Table 12. Evaluation of the culture of residents

Score

Guidelines

0-2

Residents do not respect each other and this results in frequent arguments in the complex. All residents possess a low
level of education. Families do not care about each other's expectations and do not take them seriously. The noise
made by children inside the units or in other spaces always bother the residents. It seems like observing regulations of
the complex is given the lowest priority by the residents. Building charges are not paid regularly and this makes a lot
of problems for the manager. People are not aware of private and public spaces and intrude on privacies. The level of
cleanliness in the complex is very low.

Residents show little respect to each other. Most resident’s posses a low level of education. Families sometimes care
about each other's expectations. The noise made by children inside the units or in other spaces bother the residents
most of the time. Few people observe regulations of the complex. People are not aware of private and public spaces.
The level of cleanliness in the complex is low.

46

The level of respect among residents is average. Most resident have an average level of education. Families try to care
about each other's expectations. Sometimes, the noise made by children inside the units or in other spaces bother the
residents. Most people observe regulations of the complex; however, building charges are occasionally not paid on
time and makes some problems. Most people are aware of private and public spaces to some extent. The level of
cleanliness in the complex is average.

Residents generally show respect to each other. Most people possess a high level of education. Most families care
about each other's expectations and they control their children not to disturb other residents. Most residents comply
with regulations and pay building charges on time. Most people are aware of private and public spaces in the
complex. The level of cleanliness and hygiene is fairly high.

8-10

Residents show deep respect to each other. All residents have a high level of education. Families care about each
other's expectations and they control their children not to disturb other residents. Everybody complies with the
regulations of the complex. People are well aware of other's privacy as well as private and public spaces. The level of
cleanliness and hygiene is very high.

Table 13. General information about selected complexes

No.

Location Neighborhood Apartment units Age Detail

East of Tehran Aqdasieh

180 14 A 16-storey tower

Tehran Pars
Yousefabad

East of Tehran
West of Tehran

270 10
250 40

6 connected blocks
Three 25-storey towers

AW N -

West of Tehran Sadegieh

170 7 Two 14-storey towers
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Table 14. The steps of the SWARA method, and determining the criteria weights

Criteria (ranked) Weights (the ROC ki=q;+1 W — U
method) Tk T Y
Cio 1.000 1.000 1.000 0.304
Co 0.659 1.659 0.603 0.183
C, 0.488 1.488 0.405 0.123
Cs 0.374 1.374 0.295 0.090
Cs 0.289 1.289 0.229 0.070
Cy 0.220 1.220 0.188 0.057
C, 0.164 1.164 0.161 0.048
Cs 0.115 1.115 0.145 0.044
Cy 0.072 1.072 0.135 0.041
Ce 0.034 1.034 0.130 0.040
Table 15. The steps of the TOPSIS method
Criteria: Code C, C, C; Cy Cs Ce C, Cg Co Cio
Weight w; 0.057 0.048 0.044 0.041 0.070 0.040 0.123 0.090 0.183 0.304
The Complex 1 7.000 5.105 6.458 5.106  6.400 7.125 6.909 6.250  7.000 7.000
scores Complex 2 5.500 4.136 7.684 4880  4.680 5.150 4.545 4950 4.500 5.000
m";tf'x Complex3 ~ 7.000 4.664 5.895 6.040 6.080 4.600 5.636 5700 9.000  8.000
Y Complex 4 8.000 5.764 6.421 6.760  7.320 5.725 5.091 7.300  7.000 7.000
The Complex 1 0.399 0.245 0.284 0.209 0.448 0.285 0.850 0.563 1.281 20128
WEigh_ted Complex 2 0.314 0.199 0.338 0.200 0.328 0.206 0.559 0.446  0.824 1.520
mz:;[.l’.lx Complex 3 0.399 0.224 0.259 0.248  0.426 0.184 0.693 0.513 1.647 2.432
v Complex 4 0.456 0.277 0.283 0.277 0.512 0.229 0.626 0.657 1.281 2.128
The index Ideal point A* 0.456 0.277 0.338 0.277 0.512 0.285 0.850 0.657 1.647 2.432
points Anti-ideal 0.314 0.199 0.259 0.200 0.328 0.184 0.559 0.446 0.824 1.520
point A~
Relative Complex 1 df =0501 df =0.844 CL, =0.627
Closeness ~ Complex 2 df =1.308 d; =0.082 CL,=0.059
tl‘:j;gf Complex 3 df =0276 d; =1.246 CLs = 0819
Solution  Complex 4 df =0532 d; =0835 CL,=0611
Rank: Complex 3 > Complex 1 > Complex 4 > Complex 2
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1. Social development

2. Barbara Ward

3. Brundtland commission

4. Economical development, Environmental development,
and Social sustainability

5. Analytical Network Process (ANP)

6. DELPHI

7.Multiple Criteria Decision Making (MCDM)

8. Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS)

9. Step-wise Weight Assessment Ratio Analysis (SWARA)
10. Rank aggregation

11. BORDA

12. Rank-Order Centroid (ROC)

13. Relative Closeness to the Ideal Solution

14. Average number of persons per dwelling

15. DEMATEL

16. System Dynamics (SD)
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