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1 ABSTRACT

The rapid growth in cities has led to new city eats specially in third world countries. With the
development and progress in technology, new demhads appeared. The future of technology and the
digital transformation have led to the requestfémter and cheaper means of transport that neédfitb
new demands. One of these challenges is the usdag® eavheelers to quickly support delivery demaimds
crowded cities. In addition no pedestrian routesansidered. Modification in the infrastructureeded to
be done to meet these demands. In this study dealcity of Alexandria in Egypt is studied ases@ample
of a quick expanding city. First, investigationtbé direct impact of currect routes on the builtimmment
whether main or secondary routes two-wheelers menems done. Followed an analysis of integratiod an
choice of current routes in order to help in sugggssafe pedestrian and two-wheeler paths andsrodte
research aims at providing regeneration of roadsties and for guiding the design of new onesxisteng
projects based on simulation results. Green andggrgaving is what is needed to collaborate with th
digital era. The significance, magnitude, and cgtesicy of integration and choice measures justijrt
relevance in built infrastructure interventionsptomote pedestrian and two wheelers. The main &ithi®
study is to optimize decision making by using thace syntax theory. The research aims at provilipigpt
sample of responsive routes in existing citiesfanguiding the design of new ones in the future.
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2 INTRODUCTION

2.1 Routes in Cities for Pedestrian and Two-Wheelers

Currently, vehicular; two-wheelers; and pedestfiaw are inevitably overlapped in old cities. Tdwothe
problem of their overlap, interface and match algtmust be made to study optimal location of their
interaction in order to suggest parking areas &ficles and two-wheelers. Considering in mind tined-
wheelers can be bicycles whch is a green modeangport or motor cycles which are treated as vesicl
Followed is to provide a suggested suitable wakagdgddestrian flow, considering other transport rsoate
well as. This will also lead to preserving someamiwld historic cities from traffic; thus, increagiand
diversifying transport modes, so as to offer suéaditernatives to easier transport modes suchwas t
wheelers and suggest safe pedestrian routes. anwbkeas pedestrian routes are typically providea b
combination of sidewalks, carriageways and crospoigts. “One specific example is the designatbn
pedestrian routes to schools” (Institute for Trams®tudies, 2005). However, it is relatively uncoon for
pedestrian routes to be planned and signed aswmnket Pedestrian routes can also be shared witér ot
users, most commonly with cyclists (Institute fbransport Studies, 2005). Cycling is considered “an
extremely flexible transport mode, which makesagyeto combine with other transport modes” (Inggitior
Transport Studies, 2005). Therefore, it is fundaaeno include cycling “infrastructure in mobility
planning” considering that choice of transport detseon several factors (Institute for Transportdigts,
2005). These factors include time; reliability;xilaility; comfort; security; finances; and the eroiment
which fall into the choice of bicycles and the twbeelers ( (Institute for Transport Studies, 2005).

2.2 Strategies for Pedestrian and Two-Wheelers

A city’s parking strategy can help support pedastand two-wheeler traffic. If there is a distabeéwveen
the parking space and the destination more peoplecansider pedestrianization and two-wheelers an
attractive transport mode. Pedestrianisation iswknas a traffic policy that is intended to redube t
opposing environmental and safety effects of velicto reclaim space for both pedestrians and nadfict
activities, and, to improve the urban environmdnst{tute for Transport Studies, 2022). In urbaraar
pedestrians are provided by a combination of sitlesy@arriageways and crossing points. An exangle
the designation of pedestrian routes to schoolseglndational facilities. Yet, it is relatively umomon for
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these routes to be planned and signed as a netWarkertheless, the majority of pedestrian routeaprise
road corridors which are footpaths along major Wagys; routes over land available for public usehsas
parks and river banks; and other public placese$teédn routes can also be shared with cyclisteaaseen
previously mentioned. An image of a bike route &ootpath with symbols along a bridge at a park in
Poznan, Poland can be shown in Figure 1.

|

Fig. 1: An Image of a Bike Route and Footpath witimBgls Along a Bridge at a Park in Poznan, Polandi(@&o Dreamstime,
2019)

On the other hnd two-wheelers presented by bicyloiege taken a faster turning point. Several coesitri
have already invested in improving its bicycle asfiructure. The expanding bicycle network and parki
areas has been found to be a green sustainablersiomean of transportation. “In larger cities wdeush
hour congestion is an issue the bicycle will becemred as a good alternative to the car in relatotmavel
time (Cycling Embassy of Denmark, 2018). To promite-wheelers local authorities are to work with
structure plans, as well as master plans. Heréothes is on the local area and how different Igdahning
fields should work together to provide good lané asd organize infrastructure, including the cycek
network. The mobility plan should help ensure gded-wheeler parking facilities at traffic hubs when
transferring to another transport mode. There shbala focus on destinations such as schools, cacrahe
areas, and all central areas. A focus area isitketd the primary cycle track and pedestrian nekwn
order to reach more outlying destinations suchiafd hubs and commercial areas with many workggac

The local authority’s various plans for the phykasign of cities and local areas are cruciatherfunction

of cities and local communities, including how tet drom one place to another. Successful land use
planning makes it easy and natural to move by tweelers or on foot. “However, there is a fine bedan
here since many functions in a small area may ralsan traffic chaos if the area isn’t geared tditrafr if

the design isn’t optimal” (Cycling Embassy of Denky&018). This could have a negative impact orpfeo
who wish to use two-wheelers or walk in the aréa.a result, there will be a need for many parlspgces
since people will drive into the center shop, opick up children from schools. Architecture andimha
planning can play an important role in encouraghuse of two-wheelers. Cities equipped with safe
wheeler lanes, parking lots, and pedestrian roamelsfacilties. This can encourage citizens “toaraffrom
using their cars and opt for a much more sustagnadglans of transportation” (Tommorrow City, 2021).

3 SPACE SYNTAX APPROACH

Space syntax, originated in the seventies of teedentury by Bill Hillier and his colleagues aetBartlett
School of Architecture, University of London. Spagtax is “a theory and method for analysing apati
relationships” (Akkelies van Nes et al., 2021).lidils contribution to understanding the built emaviment
“through an operational method to analyze spatidtionships between built objects allowed for avne
refined knowledge about the relationship betwegeactes and society” (Yamu C. et als., 2021). It corabi
tangible factors with intangible factors.

For urban planning and design, space syntax catheespatial effects of various urban design psajoand
potentials. If the land use is affected by the wwduand density of people in the streets, then spatx
“assesses the effects on the future potentialsredtdife that are connected to land use* (YamwetCals.,
2021). Thus, urban design proposals can be téstgite an indication of the potentials of vitaban street
life. Space syntax can support decision-makinguftsan designs, allowing the creation of sustainalies
and communities.
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In this study the axial analysis which reducesgtié into a system of lines is used (Hillier B.H#&nson J.,
2009). In the space syntax theory, “spaces andesoabuld be ranked from most integrated to most
segregated based on the integration analysis” eEWish 1., 2022). The more “integrated space arue is

the more likely it is to be a destination locatfon it is easier to reach” (Hillier B., 1996). & important to
distinguish between local and global integratiostfiAxial integration estimates the degree of asit®lity
that a street has to all other streets in the udyamtem, taking into consideration the total numbkr
directions (Yamu C. et als., 2021). Axial integpatiis strongly related to connectivity. The fewhe t
direction changes of a certain street to all otezets in the system, the higher its integratience its
inter-accessibility (Yamu C. et als., 2021). Fig@ri#lustrates an axial map (b) and a global axidgration
analysis (c) of the settlement (a) and the justifan graph (d), with the root node A representimg main

street.
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Fig. 2: An axial map (b) and a global axial integma analysis (c) of the settlement (a) and théfjoation graph (d), with the root
node A representing the main street. (Source: Yamet als., 2021)

Another analysis is the Choice analysis that shoove much a route could be used as being the shpdts
from and to all other routes (Al-Sayed K., 2018hofce is the potential of through movement, a edat
chosen for movement from all routes to all oth€bkoice measures how likely “an axial line or aedtre
segment is to be passed through on all shortagtsdrom all spaces to all other spaces in thieeesystem
or within a predetermined distance (radius) fronthesegment® (Hillier B. et als., 1987). Figure 3
demonstrates the depth analysis in two differrents, which is the base idea of integration anslgsid
shows how choice is calculated (Source: Moharel20L9).
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Mean depth from route (1) is Mean depth from route (1) is
4{routes 2,3.4 and 5)"1+ S{routes 1,69, 11 and 13)"1+

4 (routes B, 9, 11 and 13) "2 + 7 (routes 3,4, 5,7, 8, 10.and 12 "2
4 (routes 8, 7, 10 and 12) *3 i node counts (12) =[1.58333333 |

I node counts (12) =52

Ref Choice Connectivity Integration [HH]  Line Length (Mean bEDTH Node Count RA
Axial map Dataextracted o 1 o3 4 15154221 24383774 2 13 018181819
sample related (o from Depthmap
Figure G.2 (A) software @ 2 35 5 25978665 34810314 | 1583333 13 0.10606061

Fig. 3: The Depth Analysis in Two Differrent Roo8o(irce: Mohareb N., 2019)

4 CASE STUDY

This study focuses on the historical city of Aledda, Egypt. By using Depthmap for applying the cpa
syntax theory routes are suggested based on idtierse and many other analysis for both pedestriens
two-wheelers due to their importance. Mixed pedstrtwo-wheelers and vehicles are shown in thateig
different views of various routes located in thenpke area of the study showing mixed modes (Figre

\ i b

|\ = B
Fig. 4: Views of Eight Different Streets ShowingXdd Modes (Source: Author)

This experimental research using an inductive agugircstarts by studying a sample of a residented &
Alexandria, Egypt. An ariel view of Stanely bridgemain feature of the study area in Alexandria,Egwan
be seen in (Figure 5). By testing the study areases utilizing the space syntax theory parkingparare
suggested in order to be able to choose and prowiolevheelers and pedestrian routes. Followed e

Syntax theory is again applied to check differertog®elp in decision making in the choice of pedastand
two-wheelers routes.
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e
Fig. 5: View of Stanley Bridge, Alexandria, Egypb(8ce: (The Arab Contractors, 2019)).

5 METHODOLOGY

A configurational approach is faced with suggesiiagking locations, taking space into action. Fitse
urban grid provides the required information abistuses, and therefore could help in proposing the
location of parking areas, considering the moverbehtavior along its paths for the transfer fromisiehto
the pedestrian/two-wheeler tracks. The first stéghe work is to create two different plans of #re
neighborhoods in the East district of Alexandrigyft. A terrain view of Alexandria, Egypt showiniget
study area is shown in (Figure 6). (Figure 7) shtivesstudy area consisting of three neighborhoodke
East district of Alexandria, Egypt. The plan isriheduced into sets of straight paths, named axégds.
Such axial maps are further transformed into segmeaps, “suitable for allowing the adoption of atrite
length for the radius and a more intuitive underditag of the results” (Turner A., 2007). (FiguresBjows
the defined cores in the grid of the study arechiordar (a) Choice core, (b) Integration core. The
normalization step is then acted, in order to bie &b graphically overlap the results coming outthod
analysis, in view of the fact that the analysistfa pedestrians (R= 1000 m) and for the vehidRes §000
m).

(92 emge() 4 il | |

Fig. 6: A Terrain View of Alexandria, Egypt Showittge Study Area (Source: Adapted from Google Earth)

Fig. 7: The Study Area Consisting of Three Neighbods in the East District of Alexandria, Egypt (8= Author).
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Segregated

Fig. 8: The Defined Cores in the Grid of the StudgaEast Alexandria, Egypt: Vehicular (a) Choice C¢kIntegration Core
(Source: Author).

Areas, highly affected by different traffic modese hence suggested to be suitable for the location
parking. In order to verify the level of proximitf those locations to schools, commercial areasnaaich
public facilities of the selected residential stuahga located in the East district of Alexandrigyfi, the
pedestrian and vehicles Choice cores are overlafaptitke Integration core, computed according tocall
(R= 3) radius of Integration. (Figure 9) shows diféerent landuse of the study area.
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Fig. 9: The Different Landuse of the Study Areay&e: Author)

6 RESULTS

The main results are summarized in (Figure 10) e/meost of the suitable location for parking sitppesar
based on the map in (Figure 8) (a) and (b) whighesent the actual result of the interception betwihe
pedestrian Choice core (R= 1000 m), the vehiculai€z core (R=8000 m) and the Integration core. The
most suitable location for parking sites appeac®i@ting to the pivoting areas around different nmoeat
flows, as a point of conjunction of several impaottastreets and the land use. And from subjective
observation of mixed uses found everywhere as showRigure 9). In this study only significant usa®
considered and merged with the Choice and Integratore results. Based on the suggested pedestioan/
wheelers routes and parking locations of the stu@a another analysis is done for vehicular (a)icgho
Core, (b) Integration Core as shown in Figure TbnFFigure 11 it can be seen that choice resuttandt
differ a lot but some routes became more integrdfetdighly integrated could cause traffic congestin
peak hours which was not considered in the studyreMlesigns could be tested in further studiegaah
ultimate proposals based on configuration analggiplyin space syntax theory which is considered a
powerful tool. One of the drawbacks is that traffan differ at different hours and different seasaich
cannot be measured by the space syntax theory uralysit could comapre between different design
proposals.It is also important to highlight on thaterfront sidewalks, where people stroll alonggbaside
overlooking the sea and where various points ofredt like restaurants, entertainment centres,tspor
facilities, and beach properties are located anpakcadt to it. For this cause sidewalks and trdffjbts are
enough for two-wheelers and pedestrians considehagthe waterfront of linear Alexandria is oneitsf
main features.
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@ ® @ Pedestrian Routes |
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Fig. 11: Based on the suggested parking and peal@$ivb-wheelers routes of the Study Area East Aldka, Egypt: Vehicular (a)
Choice Core, (b) Integration Core (Source: Author).

7 CONCLUSION

This research shows how space syntax can poweffallysed to help select the location for pedegtwan
wheeler routes and parking sites, providing reshls appear to narrowly correspond to the acitizhtson.

It is worth underlining that this research is mgral theoretical study that aims at testing a metiuod
identifying possible for pedestrian/two wheeleradtions, which could sometimes not be applicable for
actual old cities design but some uses can be rmaddihd because of the presence of buildings thatic

not be removed or demolished. However, this stumly leelp in suggesting pedestrian and two-wheelers
routes based on the results, when accompanied wstdireed by the outputs of traffic models and their
details. The suggested location for pedestrianfivin@elers and the parking zones, using Space Syntax
theory in the case of part of East Alexandria isebable tool for concretely supporting planningdan
decision-making. Furthermore, a similar approach ba easily extended to suggesting routes and the
location of other urban activities, differently atdd to the distribution and influence of otheriglgds and
transportation movement.
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