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Abstract: The urban built environment has a significant role in leading individuals to outdoor spaces,
socializing, and being together. Despite the Egyptian Government’s efforts to provide more housing
for people in different forms, they ignore the social life in the new residential neighborhood when
designing the neighborhood’s urban form. This paper examines the quantitative connection between
the Urban Form Aspects and Social Sustainability in residential communities. The research selects
Salam New City in Port Said Governorate as a case study and applies different scenarios for the most
important urban aspects. The research uses the simulation method to investigate the effects of the
different urban form scenarios on the social aspects by using Urban Modeling Interference (Umi) and
DepthmapX simulation software. Finally, the paper concludes that social interaction and activities
improve by 48% and social integration will improve by 74% from the base case for Salam New City
case study when using the Urban Form Aspects (Green percentage 35%, Mixed land use 40%, Street
network 7% with D/H Ratio 4/1), which leads to improving the social life in the selected area.

Keywords: social sustainability; urban pattern; green open space; mixed land use; walkability

1. Introduction

Contemporary neighborhoods are exclusively residential and car-centric. Not having
access to the essentials close by forces locals to rely on personal vehicles. The new cities in
Egypt are an example of these contemporary neighborhoods. One of these new cities is
the 10th of Ramadan City in Egypt. During the 30 years from 1977 to 2006, the residents
are 500,000 people despite the city being home to about 1,258,200 people, which is 25.2%
of the total number of people who were supposed to live there because they do not have
enough services with a bad design like schools, places to have fun, public transportation,
sidewalks, etc. One interpretation is that it reflects the robustness or frailty of the social
fabric at large, as measured by the strength of ties within various networks [1,2]. This
makes cities not fulfill the resident’s needs, raises the cost of the infrastructure needed to
support outdoor spaces, and raises land values without making better social life in the
residential neighborhoods. Egypt is now getting ready to build up to 18 new cities in 2017.
To achieve the government’s goal of creating sustainable new communities by the year
2030, this research provides the numerical relationship between urban form and social
sustainability, allowing urban planners to consider residents’ needs when creating new
residential neighborhoods.

Improving the local environment, reducing traffic, and making walking more pleasant
all enhance health and aesthetic enjoyment, reduce emissions, and encourage the residents
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to participate in physical activities [3,4]. Urban form refers to the size, shape, and configura-
tion of an area or its parts and describes a city’s physical characteristics. Urban form aspects
can be concluded as Density, Land-use mix, Urban Pattern and Connectivity, Building
Typology, Quality of Centre, and Transport infrastructure [5-9]. Social sustainability is
essential to building social capital, which is defined as the trust, mutual understanding,
and shared values and behaviors that bind the members of communities together [1,10].
Social sustainability can be concluded as social participation, safety, security, social equity,
neighborhood satisfaction, social interaction and activities, and sense of place [5,11-13].
Previous studies investigated the relationship between urban form aspects and social
sustainability aspects [11,14-19]. Most of them demonstrate a qualitative relationship.
Rarely do researchers explain the numerical relationship between urban form aspects and
social sustainability aspects. Additionally, the Egyptian planning laws neglect the social
aspect when designing residential neighborhoods in new cities because of the lack of clarity
numerical relationship between urban form aspects and social sustainability aspects. This
research aims to create a numerical relationship between the most important urban form
aspects and the most important social sustainability aspects at a residential neighborhood
level to be a guideline for urban planners when designing a new residential neighborhood.
The limitation of this study is within residential neighborhoods in Port said city and can
apply to the neighborhoods with areas from 35 acres to 95 acres.

The research uses quantitative and qualitative methodology by using literature review,
simulation, and comparative analytical methods. The research starts with a description
of the Urban form aspects and social sustainability aspects. Then, the research contains a
literature review for the qualitative relationship between the most important urban form
aspects and the most important social aspects through their indicators. The research selects
a residential neighborhood in Salam New City in Port Said Governorate in Egypt as a
case study. After that, the research investigates the effect of changing urban form on
the social sustainability aspects at the residential neighborhood scale by having different
scenarios for the most important urban form aspects and measuring their effect on the most
important social aspects to find the numerical relationship between the different aspects.
The research uses Urban Modeling Interface (UMI) simulation software to measure the
walkability indicator and DepthmapX simulation software to measure the spatial indicator
to evaluate the changing in social aspects The research implies a new design for the selected
neighborhood to achieve high social sustainability. The research finds when the residential
neighborhood includes a green percentage of 35%, Mixed land use of 40%, and a Street
network of 7% with a D/H Ratio of 4/1, The Social Interaction and Activities will improve
by 48% and The Social Integration will improve by 74% from the base case. Urban planners
can use these findings to improve the social life in the new residential neighborhood
in Egypt, and these findings can be a guideline to change the Egyptian urban laws for
designing new communities.

2. Explaining the Relation between Social and Urban Form Aspects

Social aspects are generally overlapping together so that an increase or decrease in one
indicator can affect the other. According to previous researchers [20-24], the most important
social sustainability aspects are social interactions and networks, social integration and
security, and Safety. According to previous researchers [25-30], the most important urban
form aspects are Mixed-use, Urban Pattern, and Quality of Centre.

There is a positive relationship between mixed land use and walkability, and social
interaction, safety, and security. In other words, by increasing walkability, safety and
social activities increase, and with high mixed-use, social interaction, and activities increase
too [5,22,31-36]. Additionally, there is a positive relationship between social integration
and Connectivity [15,16,31,37,38]. There is an indicator for each social sustainability and
urban form aspect, allowing for an evaluation of the degree to which each aspect was
met. These indicators are measurable through different simulation software. Figure 1
concludes the previous relations between social aspects, urban form aspects, and their
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indicators. One of the most important indicators is walkability, as it links to the quality of
life in many ways. Walkability refers to the level at which an urban setting encourages its
residents to walk [39]. Connectivity is one of the few proxies related to resilience that is
also commonly associated with urban morphology, design, and regeneration. connectivity
is a crucial parameter, so areas with low levels of connectivity can have several points of
failure, thus leaving the system vulnerable [37]. Table 1 contains the most important urban
form and social sustainability aspects, along with their most important indicators and the
relationship between them.
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Figure 1. Matrix and expressing the relation between variables. Source: Adapted by the researchers.
Retrieved from [5,16,26,31,40-42].

Table 1. Social and Urban Form Aspects (Measurement and Evaluated Scale). Source: Adapted by
Researchers Retrieved from [5,16,26,31,40-42].

Social Relation between Urban Form
Aspects Indicators Aspects and Indicators Aspects Indicators
Social Mix-use More mixed land use,
o Higher levels of Social Mixed Land Mixed-use
Activitiesand  percentage and .
. s Activities, and Use percentage
Interaction walkability ;
Interaction.
More people walking Street
Safety z'and walkability around means more Urban Pattern Percentage and
Security eyes on the streets, blocks clusters
which improves safety. Arrangement
well-connected space Creen open
Social Spatial will create Quality of P
. . . spaces
Integration connectivity well-integrated center
percentage

neighbors

3. The Research Methodology

The research uses quantitative and qualitative methodology by using literature review,
simulation, and comparative analytical methods. The research defines the main aspects
of social sustainability and urban form. Then, the research describes the most important
urban form and social sustainability aspects and extracts their quantitative indicators. The
research selects a case study in Egypt in Salam New city in Port said Governorate. The
research simulates the base case for the selected case study and the different scenarios for
the Urban form indicators by using Urban Modeling Interference (UMI) plugin in Rhino
simulation software and depthmapX software. The research compares and analyzes the
results of different urban form scenarios with base case to evaluate social improvements in
the selected neighborhood. Finally, the research demonstrates a quantitative percentage for
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the urban form to improve the social aspects in the residential neighborhood in Port Said
City. Figure 2 explains the research methodology and process.
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Figure 2. The research methodology.
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4. The Selected Case Study

The study selects a medium-sized area for a residential complex for a social housing
project, which is the prevailing model for the implementation of social housing projects
at the national level in the Egyptian Republic. All study areas are barely completed but
have not yet been inhabited and have not been handed over to their beneficiaries. The
case study is in Port Said City, Salam New City, one of the cities of the Suez Canal region,
which is considered one of the most important areas at this moment and contains many
development projects. This plan includes a new neighborhood dedicated to social housing.
This neighborhood contains a group of residential buildings and a service center. Part of
that residential complex comprises an area of about 306,659 m? with a total number of
buildings of about 190 residential buildings with an average area of 289 m?2. This part
includes a service center and a small park. Figure 3 presents the layout of the residential
neighborhood in Salam New City.

Selected Area

Figure 3. Shows the layout of the neighborhood in Salam New City. Source: Adapted by the
researchers retrieved from [43].

5. Data and Simulation Method

This part contains the analysis and measurements of the effect of the urban form
aspects on the social aspects.

The research use UMI and depth map X as simulation software. UMI is a Rhinoceros 6
plugin developed by the MIT Sustainable Design Lab to assess the environmental perfor-
mance of neighborhoods, including walkability. DepthmapX is a spatial analysis platform
designed for studying social processes within different scales of the built forms; aiming at
deriving variables that may have social significance.

The current urban form aspects for the base case are mixed land use of 4%, a U-shaped
urban pattern with a D/H ratio of 2/1, and street percentages of 17% and 2% green open
spaces. Researchers proposed urban form scenarios to evaluate the changes in the social
aspects. The researchers select these scenarios based on the case study’s residential use,
keeping urban density constant to not affect the number of units, so the researchers propose
a maximum 50% mixed-use percentage as a scenario according to the total number of the
residential blocks. Additionally, to get the maximum usage from the selected area and not
waste space in the surrounding area, the researchers do not propose more than a 45% green
area percentage as a scenario. The current amenities for the selected area are in Figure 4.

The previous walk score system was built according to the main important amenities
grocery, restaurants, shopping, cafes, schools, banks, bookstores, parks, and entertainment.
The researchers use the same evaluated methodology, as it has great similarities between
its design amenities and Egypt amenities that use in the residential neighborhood design in
Egypt, so the researcher uses this method as it is fulfilling the residents’ needs.
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Figure 4. The location of the amenities in the selected neighborhood. Source: Adapted by the

researchers retrieved from [43].

5.1. The Urban Configurations That Used in the Simulation Setting
Table 2 contains the walkability score description that using in the following results

and analysis.

Table 2. The walkability score using a patented system. Source: Adapted by the researchers retrieved

from [44].
Walk Score Description

90-100 Walker’s Paradise

70-89 Very Walkable

50-69 Somewhat Walkable

Car-Dependent

2549 (Most errands require a car)

024 Car-Dependent
(Almost all errands require a car)

Table 3 below contains the most effective urban configuration that has a great effect
on the social sustainability aspects. These urban configurations are extracted from the
literature review and the relation between the urban form aspects and social sustainability

aspects.
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Table 3. Urban Configurations that have effects on Social Sustainability.

Urban Configuration Illustrative Sketches

On edges, 40% of mixed land use

[ I T S
[]

Center 60% mixed land use

The mixed land use percentage is
calculated depending on the total
number of residential buildings

Mixed Land Use located on the ground floor for the
residential blocks arranged
according to the previous sketch
The U-shape urban pattern is
Urban Pattern selected with the previous

dimension and pattern with a D/H
ratio of 4/1

- In Between Buildings, 80% of green

Green Percentage open spaces from the total Area

(Green Open Spaces) - In the Center, 20% of the green
open spaces from the total Area
The building pattern should be
surrounded by a street on both sides
Street Network as shown above. No street should

be used between buildings, but
pedestrian paths should be created.

«---» Streets
¢mmmm) Pedestrian Path ‘ Green Spaces -Buildings

5.2. Simulate Different Scenarios for the Most Important Urban Form Aspects

The following simulation contains the base case simulation results with its current
urban configuration: Green Open Spaces percentage from 15% to 45%, Mixed-use percent-
age from 20% to 50%, and Urban Pattern with a U-shape arrangement with different D/H
ratios. The simulation will be for each aspect with different scenarios with the constant of
the other urban form aspects and then to simulate all aspects with the best scenario of each
aspect in one case.

5.2.1. Base Case Simulation Results

Urban form aspects of the base case are Green open space 2% (6439.75 m?), mixed Land
Use 4%, a U-Shape urban pattern with a D/H ratio of 2/1, and with a street percentage of
17%. The results of this case are as follows:

e  Walkability Score: The Walkability score is 42, which is car-dependent (most errands
require a car), according to The Walk Score methodology. That means the area is unsafe.

e  Connectivity Value: The area has a low connectivity value between different spaces.
The average of the connectivity line is 942 from the total connectivity line.
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The area has 4% mixed-use, which indicates the lack of different uses in the area, and
the most used is residential use. The urban pattern is in a U shape with a D/H ratio of 2/1.
The green percentage is 2% of the total area. Low walkability and connectivity indicate low
social interaction, safety, and integration.

5.2.2. Green Open Spaces Percentage with Constant of Mixed Land Use Percentage and
Urban Pattern

The researchers analyze the effect of the different green area percentages on the social
aspects through the social indicator’s value.

The total area is 306,659 m?. The contestant factors are mixed land use 4% and U shape
urban patterns with a D/H ratio 2/1 and with a street percentage of 17%. The analysis
contains various scenarios of the green area percentage from the total area.

Scenario 15% with an Area (47,650 m?)

e  Walkability Score: The walkability score is 43, indicating Car-Dependent (Most er-
rands require a car) according to The Walk Score methodology, which means the area
is unsafe.

e  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line
which means the area has low social integration with no progress.

With the constant of a mixed-use percentage of 4% and the urban pattern in a U-shape
Urban Pattern with a D/H ratio 2/1 and modifying The Green area Percentage by 15%
From the total Area There is little Effect on the Walkability score, they are still unsafe, and
the connectivity value has no effect with means the social integration still weak.

Scenario 25% with an Area (76,664 m?)

e  Walkability Score: The Walkability score is 43, indicating Car-Dependent (Most er-
rands require a car) according to The Walk Score methodology, which means the area
is unsafe.

e  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line
which means the area has low social integration with no progress.

With the constant of a mixed-use percentage of 4% and the urban pattern in a U-shape
Urban pattern with a D/H ratio 2/1 and modifying the green area percentage by 25% from
the total area, there is little effect on the Walkability score, but they are still unsafe, and the
connectivity value has no effect with means the social integration still weak.

Scenario 35% with an area (107,330 m?)

e  Walkability Score: The Walkability score is 43, indicating Car-Dependent (Most er-
rands require a car) according to The Walk Score methodology, which means the area
is unsafe.

o  Connectivity Value: Connectivity Value, the area still has a low connectivity value
between different spaces—the average of the connectivity line is 942 from the total
connectivity line, which means the area has low social integration with no progress.

With the constant of a mixed-use percentage of 4% and the urban pattern in a U-shape
Urban Pattern with a D/H ratio 2/1 and modifying the green area percentage by 35% From
the total Area, there is little effect on the Walkability score, but they are still unsafe, and the
connectivity value has no effect with means the social integration still weak.

Scenario 45% with an Area (137,996 m?)

e  Walkability Score: The Walkability score is 43, indicating Car-Dependent (Most er-
rands require a car) according to The Walk Score methodology, which means the area
is unsafe.
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e  Connectivity Value: Connectivity Value, the area still has a low connectivity value
between different spaces—the average of the connectivity line is 942 from the total
connectivity line which means the area has low social integration with no progress.

With the constant of a mixed-use percentage of 4%, The urban pattern in a U-shape
urban pattern with a D/H ratio 2/1 and modifying The Green area Percentage by 45%
From the total Area and There is little effect on the Walkability score, but they are still
unsafe, and the connectivity value has no effect with means the social integration still weak.

Summary
From the previous results, the research can conclude that:

o  Walkability Score: The Walkability score is increased a little bit which indicates Car-
Dependent (Most errands require a car) according to The Walk Score methodology,
which means the area is unsafe.

e  Connectivity Value: Connectivity Value, the area has a low connectivity value between
different spaces—the maximum achieved connectivity value is 0.05%—which means
the area has low social integration.

The following Table 4 contains a comparative analysis of walkability and connectivity
value results for the different green space scenarios.

Table 4. Comparative analysis for the walkability and connectivity value.

Walkability Score Connectivity Value

1000

43.5
800

43
425 / s
42 400
41.5 200
Current Green Green Green Green 0

2% 15 % 25% 35% 45 % Current 2 % Green 15 % Green 25 % Green 35 % Green 45 %

The results of the connectivity values are constant with no change in the various green
percentage which means the social integration is not improved. The walkability score has
a little change compared with the base case with a percentage of 3% but there is no effect
with various green percentages, so the social activities and interaction and the safety and
security have no great improvement.

5.2.3. Mixed Land Use Percentage with Constant of Urban Pattern and Green
Area Percentage

The base case has a total building unit count of 190 residential buildings with 9 mixed-
use buildings (4%) with a contestant factor of the green percentage of 2% and a U-Shaped
urban pattern with a D/H ratio of 2/1. The number of buildings is constant in all scenarios
(190 buildings), but the difference in each scenario is the use of the ground floor Some of
the building is residential and the other is another use (a mixed-use building). The selection
of which building is mixed land use is random, as the location does not matter.

Note that the urban density is constant. When changing the ground floor from being a
mixed-use instate to residential use, an extra floor is added to be a residential use instead of
the ground, so the total block height is 19 m instead of 15 m on the neighborhood borders.

Scenario 20% Mixed-Use Buildings

e  Walkability Score: The Walkability score is 82 which is Very Walkable according to The
Walk Score methodology, which means the area becomes safe

o  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line,
which means the area has low social integration with no progress.




Buildings 2022, 12, 1935

10 of 19

A high effect on the walkability score indicates that the neighborhood has become safe,
while the connectivity value has no effect, indicating that social integration is still weak.
This is true even though the percentage of the green area has been held constant at 2% and
the urban pattern has been kept in a U shape with a D/H ratio of 2/1.

Scenario 30% Mixed-Use Buildings

e  Walkability Score: The Walkability score is 88 which is very Walkable according to The
Walk Score methodology, which means the area becomes safe.

e  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line
which means the area has low social integration with no progress.

A higher Walkability score indicates that the neighborhood is still secure, while a lack
of change in the connectivity value indicates that social integration is still weak. These
assumptions are made while holding the green area percentage constant at 2% and the
urban pattern in a U shape with a D/H ratio of 2/1.

Scenario 40% Mixed-Use Buildings

e  Walkability Score: The Walkability score is 89 which is Very Walkable according to The
Walk Score methodology which means the area becomes safe

e  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line
which means the area has low social integration with no progress.

Keeping the percentage of green space and the urban pattern (a U with a D to H ratio
of 2 to 1) unchanged, while increasing the percentage of mixed land use to 20% of the total
land use, has a negligible impact on the walkability score while leaving the neighborhood
feeling secure. There is no change in social integration despite increasing the Connectivity
value.

Scenario 50% Mixed-Use Buildings

e  Walkability Score: The Walkability score is 90, which is High Walkable according to
The Walk Score methodology, which means the area becomes safe.

e  Connectivity Value: the area still has a low connectivity value between different
spaces—the average of the connectivity line is 942 from the total connectivity line
which means the area has low social integration with no progress.

Keeping the percentage of green space and the urban pattern (a U with a D to H ratio
of 2 to 1) unchanged, while increasing the percentage of mixed land use to 20% of the total
land use, has a negligible impact on the walkability score while leaving the neighborhood
feeling secure. There is no change in social integration despite increasing the connectivity
value.

Summary
From the previous results, the research can conclude that:

o  Walkability Score: Mixed land use percentages between 40% and 50% are acceptable
and can be achieved to achieve a safe and secure neighborhood, which improves their
walkability score relative to the base case.

e  Connectivity Value: With a mean connectivity line of 277 (constant) out of a possible
1000, the local community is not making any strides toward greater social integration.

The following Table 5 contains a comparative analysis of walkability and connectivity
value results for the different mixed-use scenarios.
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Table 5. Comparative analysis for the walkability and connectivity value results for the different
mixed-use scenarios.

Walkability Score Connectivity Value
100 1000
80 00
60
600
40
2 400
0 200
Current 4% Mixed use Mixed use Mixed use Mixed use
20% 30% 20% 50% Y

According to the previous results, the value of the walkability score increased by
53% from the base case, suggesting an improvement in the social activities and safety and
security aspects because of the shift to a more mixed-use percentage. However, increasing
the percentage of mixed land use does not affect social integration.

5.2.4. Urban Pattern Indicator with Constant of Mixed Land Use Percentage and Green
Area Percentage (Street Percentage 17% from Total Area)

The prosperities of the urban open space, the width (or distance) of open space (D),
such as public squares and streets, to the height of the surrounding buildings (H), is known
as the D/H ratio (H) [7]. To assess the effect of changing the urban pattern on the social
aspects, the D/H ratio should be a factor in the proposed different scenarios.

The analysis includes different D/H ratios with U-shaped urban patterns to assess the
most applicable urban patterns that achieve the best results for the social aspects.

Scenario 3/1 D/H Ratio

e  Walkability Score: The walkability score is 43, which indicates to Car-Dependent (Most
errands require a car) according to The Walk Score methodology, which means the
area is unsafe.

e  Connectivity Value: The connectivity value has increased. the average of the connec-
tivity lines is 870 of the total connectivity lines, which means social integration is
increased.

As expected, the walkability score rises slightly when the urban pattern is altered, but
the results show that the neighborhood is still not safe for pedestrians. Compared to where
we are now, our connectivity value has decreased, indicating that the neighborhood is not
very well-integrated.

Scenario 4/1 D/H Ratio

e  Walkability Score: The walkability score is 34, which indicates to Car-Dependent (Most
errands require a car) according to The Walk Score methodology, which means the
area is unsafe.

e  Connectivity Value: the area has a low connectivity value. the average of the connec-
tivity lines is 1220 from the total connectivity lines which means the social integration
is increased.

When comparing the base case and the pattern ratio of 3:1, the results show that a
decrease in walkability occurs when the urban pattern is altered, indicating a decline in
neighborhood safety. The value of connectivity is higher than in the baseline case, and the
ratio of 3 to 1 indicates a higher degree of social integration.

Summary
From the previous results, the research can conclude that:

e  Walkability Score: The walkability value is up and down when changing the urban
pattern which indicates in all cases non-improving in Safety and Security.
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e  Connectivity Value: There is increasing in the connectivity value when changing the
urban pattern, which indicates a little improved social integration.

The following Table 6 contains a comparative analysis of walkability and connectivity
value results for the different mixed-use scenarios.

Table 6. Comparative analysis for the walkability and connectivity value.

Walkability Score Connectivity Value
1400
50
1200
40 — 1000 \/
30 800
20 600
400
10
200
0 0
Pattern 2-1 Pattern 3-1 Pattern 4-1 Pattern 2-1 Pattern 3-1 Pattern 4-1

The results show fluctuating walkability scores, suggesting a connection between
walkability and urban pattern as measured by the D/H Ratio. The percentage increase
was around 3% relative to the base case, and the percentage decreased by around 20% in
alternative cases. The Connectivity Score increased by 23% from the base case, while, in
other cases, it decreased by 8%. This demonstrates a positive and negative relationship
between the urban pattern ratio and the connectivity value. Since streets in open areas
discourage people from mingling, the social aspects of a place do not improve when the
street network accounts for about 17 percent of the total area.

5.2.5. Urban Pattern Indicator with Constant of Mixed Land Use Percentage and Green
Area Percentage (Street Percentage 7% from Total Area)

The following analysis presents different D/H scenarios with a street percentage of
7% to assess their impact on the social aspects.

Scenario 2/1 D/H Ratio

o  Walkability Score: The Walkability score is 38, which indicates to Car-Dependent (Most
errands require a car) according to The Walk Score methodology, which means the
area is unsafe.

e  Connectivity Value: The area has a low connectivity value between different spaces—
the average of the connectivity lines is 2061 from the total connectivity lines, which
means the area has low social integration with little progress compared to the base
case.

Only 4% of the land use is classified as mixed-use, so there are no other types of
development in the area; the rest is all residential. The city’s layout resembles a U-Shaped
Urban Pattern, with a D/H ratio of 2/1. The percentage of green space is 2% of the total
area. As a result, walkability and connectivity are of low value, and thus, safety, social
interaction, and social integration are also low.

Scenario 3/1 D/H Ratio

e  Walkability Score: The walkability score is 33, which indicates to Car-Dependent (Most
errands require a car) according to The Walk Score methodology, which means the
area is unsafe.

e  Connectivity Value: Connectivity Value has between different spaces—the average
of the connectivity lines is 2435 from the total connectivity lines, which means social
integration is increased.

When the urban pattern is changed, walkability drops compared to Pattern Ratio 2-1,
indicating a decline in safety and security. Compared to the connectivity value, the Pattern
Ratio of 2-1 increased, indicating better social integration.
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Scenario 4/1 D/H Ratio

Walkability Score: The walkability score is 32 which indicates to Car-Dependent (Most
errands require a car) according to The Walk Score methodology, which means the
area is unsafe.

Connectivity Value: the area has a low connectivity value between different spaces
—the average of the connectivity lines is 3620 from the total connectivity lines which
means the social integration is increased.

When comparing the base case and the pattern ratio of 3/1, the results show that the

walkability score decreases by 1 point when the urban pattern is changed, indicating a
decline in neighborhood safety and security. Regarding connectivity, the ratio of 3/1, and
the ratio of 2/1 in the Urban Pattern both increase the value of connectivity, which in turn
increases social integration. The ratio of urban to rural areas is higher than the 2/1 found
in the Urban Pattern.

Summary

From the previous results, the research can conclude that:

Walkability Score: There is decreasing in the walkability value when changing the
urban pattern which indicates a non-improving in Safety and Security.

Connectivity Value: There is increasing in the connectivity value when changing the
urban pattern which indicates social integration.

The following Table 7 contains a comparative analysis of walkability and connectivity

value results for the different mixed-use scenarios.

Table 7. Comparative analysis for the walkability and connectivity value.

Walkability Score Connectivity Value

40 4000

= 3000
36
34 2000
32

30
28 0

Pattern 2-1 Pattern 3-1 Pattern 4-1 Pattern 2-1 Pattern 3-1 Pattern 4-1

Based on these findings, walkability has a negative correlation with changing the

urban pattern, as it has been shown to decrease by 24%. In addition, the urban pattern
ratio is positively correlated with the connectivity score, and the score itself is rising by a
percentage of 74%.

5.2.6. Urban Pattern Indicator with Constant of Mixed Land Use Percentage and Green
Area Percentage (Street Percentage 7% from Total Area)

YYVYY

The researchers propose the following model with a specific urban form scenario:

Urban Pattern is a U-shaped Urban Pattern with a ratio of D/H 4/1.

The Street Percentage is 7% of the Total Area.

Green Area Percentage is 35% (about ~122,663 m?).

Mixed land use percentage 40% (Most applicable ratio) with a block height of 19 m
(Constant Urban Density).

Walkability Score: The walkability score is 82 which is Very Walkable according to The
Walk Score methodology, which means the area becomes safe.

Connectivity Value: the area has a low connectivity value between different spaces
—the average of the connectivity lines is 3620 from the total connectivity lines which
means the social integration is increased.
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Compared to the base case, the walkability score increases by 40%, which is good news
for the community’s sense of safety and the number of opportunities for socialization
and interaction among its residents.

A high percentage of mixed land use, with 40% having a significant effect on the
walkability score (up 48% from the base case).

Compared to the base case, connectivity has increased by 74%, suggesting an increase
in social integration as well.

6. Results and Analysis

The previous simulation results show variation in the social aspects in the selected

neighborhood analysis as follows in Figures 5 and 6:

R0
0’0

K2
0‘0

K2
0‘0

K2
0‘0

R
0‘0

After the previous comparative analysis for the walkability score and connectivity
value results, the research concludes the results in the following points:

The change in green percentage does not affect the connectivity value but reduces
the walkability score by 3% compared to the base case. Based on the results of this
research, any percentage higher than 25% is optimal for social contributions.
Compared to the base case, the walkability score improves by as much as 53% under
mixed-use scenarios, which have an impact on safety and security, and social interac-
tion but no effect on connectivity value. The results show that 40% mixed-use is the
most applicable percentage for the social aspects of improvement.

The connectivity value is strongly affected by the urban pattern, with the best value
being 4/1 with a street percentage of 7% to achieve an improvement in connectivity
value with a percentage of 74%. When the street percentage is reduced, connectivity
improves.

When the optimal values for each indicator (Green percentage 35%; Mixed land use
40%; Street network percentage 7% with D/H Ratio 4/1) are applied to the chosen
neighborhood, the results have great value for enhancing the social aspects, with
percentages of 48% for social interaction and safety and 74% for social integration.
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Figure 5. The walkability results for the various scenarios. Source: Designed by the researchers

according to the previous simulation results.
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Figure 6. The connectivity results for the various scenarios. Source: Designed by the researchers
according to the previous simulation results.

Figures 7 and 8 presents a new design for the residential neighborhood in Salam New
City that is recommended to achieve high social sustainability.
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Figure 7. The relationship between the urban form and social aspects after the study results.

The research implies that the residential neighborhood in Egypt should have a min-
imum mixed-use with percentage 20%, green open spaces with a minimum 15%, and a
U-shape with 3/1 D/H to enhance social interaction and activities, social participation and
safety, and security as a step to achieve social sustainability in new communities.
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Figure 8. The proposed design for the selected neighborhood at Salam New City. Source: Proposed
by the researchers according to the simulation results and analysis.

7. Discussion

Previous researchers investigate the relationship between the urban form aspects and
the social sustainability aspects through the walkability and connectivity value indicators.
These researchers investigate the relation from a theoretical perspective. For example,
increasing mixed-use in residential neighborhoods, such as commercial and service, enables
residents and workers to engage in a variety of daily activities while sharing the same
public space. In other words, the presence of mixed-use in a residential area increases
social activities and interactions [22,31,32,45,46]. The patterns, locations, designs, and
ensuing gaps between buildings at different levels of a neighborhood all present distinct
opportunities for the fulfillment and expansion of social interactions linked with the
social participation of adjacent leads. In other words, changing urban patterns to achieve
high spatial connectivity value leads to increase social participation in the residential
neighborhood [3,15,27,47,48]. Feeling safe and secure is one of the principal signs of the
impressions of neighboring people on foot. Improving walking abilities tend to attract more
pedestrians to the road and make them more secure [20,24,33,46]. According to the previous
studies, none of them explain or present a numerical relationship or design consideration
to achieve social sustainability in a residential neighborhood. Few studies describe a design
configuration to increase social sustainability in neighborhoods. For example, previous
studies suggest that the U-shape for urban pattern and row houses promote engagement
since it provides a common entry point for all participants. These urban configurations
enhance interaction because of the enormous dimensions of space between the blocks and
the limitless number of people around each block. Other researchers imply that increasing
connectivity means more intersections, smaller blocks of roads, fewer impasse streets and
cul-de-sacs, and the creation of central squares with multiple activities and facilities to
promote a livable and sustainable neighborhood [3,49]. These studies neglect numerical
specifications for urban configuration. The unhabitable organization describes a numerical
percentage for the urban to achieve social sustainability in a residential neighborhood such
as mixed-use should be at least 40 percent, and the street network should occupy at least
30 percent of the land and at least 18 km of street length per km?, but it does not describe
the improvement percentage on the social sustainability aspects [50,51]. The research
implies that the residential neighborhood in Egypt should have a minimum mixed-use
with a percentage 20%, green open spaces with a minimum 15%, and a U-Shape with
3/1 D/H to enhance social interaction and activities, social participation and safety, and
security. These percentages improve the social sustainability aspects with a minimum
percentage ranging from 20% to 30% for social interaction and activities and safety and
security aspects and with a minimum percentage ranging from 40% to 50% for the social
participation aspect. The research also implies a new design for a residential neighborhood
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in Port Said Salam New City to increase social sustainability compared to its base case.
By using the urban form with a green percentage of 35%, mixed land use of 40%, and a
street network percentage of 7% with a D/H Ratio of 4/1, the social sustainability aspects
enhance by 48% from the base case for social interaction and activities, and the safety and
security (The percentage of the walkability score improvements as an indicator), and by
74% from the base case for social integration (the percentage of the connectivity value as an
indicator). These conducted numerical relations between urban form aspects and social
sustainability aspects will help urban planners to design a new residential neighborhood
by considering the social aspects in their design and will be a design guideline to change
the urban planning laws in Egypt and insert the social sustainability factors in new cities.

8. Conclusions

Urban planners are becoming more aware of the financial benefits of incorporating
social thinking that improves urban communities” well-being and quality of life. Create
spaces that encourage residents to interact and participate in fun activities together. There
is a growing awareness that the physical environment can influence human behavior and
neighborhood socio-demographic characteristics. People are more likely to form positive
relationships in environments that feel safe. Walking in neighborhoods with mixed-use
spaces encourages social interaction. In the design of social housing buildings, the absence
of any consideration for social life in urban design, whether existing or new, was observed.
According to the study’s authors, the neighborhood’s walkability, mixed land use, provi-
sion of social infrastructure and recreational facilities for all ages groups, accessibility to
the public realm, ability to fulfill everyone’s needs regardless of age, and maximization of
community participants are essential components of a socially sustainable urban commu-
nity. Constant urban density in the same area should be achieved by increasing building
height to meet the demand for more homes for the people and, at the same time, have a
good urban form to achieve a good social life at the neighborhood level.

The research provides a new design model for a residential neighborhood in Salam
New City in Port Said City to improve the social life in this neighborhood. After applying
the most effective urban configuration aspects with different scenarios and analyzing their
effect on the social aspects, the results found when using (Green percentage 35%—Mixed
land use 40%—Street network percentage 7% with D/H Ratio 4/1) on the base case of the
case study, the social Aspects improves as follows:

%  The social interaction and activities and the safety and security will improve by 48%

from the base case (The percentage of the walkability score improvements as an
indicator).

%  The social integration will improve by 74% from the base case (the percentage of the
connectivity value as an indicator).

Social life has an important role to build sustainable communities. The research
implies a design urban form considerations of the residential neighborhood as a U-Shape
of the urban pattern with a minimum D/H ratio of 1/3, increasing the walkability by
using different uses in the neighborhood not less than 20% from the main use count,
pedestrian paths and decreasing the mobility as possible, and well design of the green open
space to increase the interaction spaces for the residents not less than 25%. The research
demonstrates a numerical relation between the urban form aspects and the social aspects
to be a guide for the planners when designing the urban form of the housing complex to
improve the social life to be a step to designing sustainable communities in new cities.

Future research should investigate the ability to achieve the recommendation of this
research on the old residential neighborhoods to enhance the social life in these neighborhoods.

The stakeholders should change the current laws and regulations for designing new
cities and their urban forms to increase the social life in the residential neighborhood to
design a healthy and resilient city.
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