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1 ABSTRACT

Greater Cairo, the Egyptian capital, hosts arouhdnillion inhabitants, in addition to 2 million caonuting,

5 million of that total are daily subway users. d@rsubway stations are considered, nowadays, otie of
most frequently used public spaces in cities nowsddhe underground reciprocal stations are quite
complex, and the majority of their users, no malttew familiar they are with the building facilitieare
observed to face difficulties in wayfinding behagio The users perceptions, in terms of spatial
configuration, strongly influence the success of/fimaling, with a specific consideration to the easf
illiteracy of the Egyptian users, which is estinthi 20.9%. This paper aims at providing an obyecti
approach to validly predict wayfinding performaniteattempts to to determine the critical zoneduiss of
wayfinding and the possible ways of dealing withrthto avoid adding movement patterns to the exgecte
planned stations layout and the surrounding urlosutext.

Keywords: reciprocal subway stations, space syntayfinding, critical zones, spatial complexity

2 INTRODUCTION

Most of the wayfinding literature focuses on theyfirading process rather than the environment inclvhi
wayfinding takes place (Ruetschi, U. J., & Timpf, 2904, October), but as wayfinding is an interacti
between the wayfinding and wayfinder (Allen 199%rken et al. 1999), to focus on the environment is
essential. Following that perspective, severalistudtarted to determine features of the envirotraed
different that improve the wayfinding process tlglowsettings, and confirm that people’s movements is
affected to a remarkable extent by the spatialigardition through spatial cognition (e.g. Wisema883;
Kim & Penn, 2004).

However, there is a gap to be bridged between élegd process and architectural design discipliimethe
design of large-scale underground stations spabesanthe level of difficulties in spatial cognitiorcreases
such as wayfinding and legibility, architects halfficulty with perceiving the outcome of a designterms
of the spatial configuration and cognition, whidhoagly affects the success of wayfinding, and efee
designers and operational teams tend to use sigsgem. In the Egyptian context that witnesseggh h
degree of users illiteracy, the presence of sigiage important factor but could not compensateflmr
plan complexity (Raubal, M. 2001), which highlighlke importance of settings in wayfinding accordiag
its ability to deal with different culture, the kelvof cognition and literacy. In that context difat authors
have mentioned different underlying factors thdluence user’s judgments of complexity, those fexto
related to the plan configuration symmetry, the hanof possible connections between parts of gettind
observer view point (O’'Neill, M.J.1991, Werner, &.L.ong, P.2002, Le Corbusier.1931/1986).That atds
Hillier's concept of “generic function” (1996, p.2b which refers to three aspects of human occuypahc
buildings that is prior to particular functionalograms or activities, first, to occupy space mearise aware
of its relationships to others, second, to occupyi&ing means to move in it, finally to move irbailding

it depends on being able to retain an intelligiigture of it. So, we would follow the more holistiiew to
understand the Egyptian context. The Egyptian wgrdend reciprocal stations would be our selectest ca
study and space syntax (SS) techniques would bleedpp explore station settings and its implicaian
users perceptions and choices. We would analysestison why the users struggled to find their watys
tending to re-find way through surround urban cenby adding more pattern of movements, wastinggtim
and effort.

3 SCOPE AND METHODS

The research methodology can be summarized instagies as follows; Firstly, the study of the thmesn
underground reciprocal stations in Greater Cairouph basic architectural analysis, using j-grapalysis
by Hillier. This would lead to the selection of tase study, presenting higher complexity, in teahs
spatial configuration with respect to functionsspiaces and user’s flow. Secondly, underground mktwo
case study analysis using decision point densigyyais and route mapping by Xiaoling Dai. This wibbk
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done in order to determine the number of directianall decision points of the case, helping tecethe
studying zone depending on the higher points oéafiions. Then, the space syntax analysis would be
followed and include Axial and VGA analysis to spoid identify the features of movement’s criticahes.
Thirdly, the selected case study redesign, usiagesgyntax analysis for activation of spatial agunfation.
Finally, the fourth stage includes a comparisorthef redesign with the current status of the cageyst
concentrating on the importance of the four wayfigdactors (number of turns, symmetry degree adist

to the target, the visual field) and how to contna@yfinding performance, with respect to the fumadl
relationships. This would include an identificatiohthe critical zones and its visual field propest which
mainly affect the quality of wayfinding, and thegsential paths priorities on the multi possibibtigaths as
the main reason to improve user’'s perception andtahenap. Thus, the paper concludes by providing a
proposal for the design process and guidelinesufaterground reciprocal stations, based on the above
results for station space activation.

4 BACKGROUND

The selected reciprocal stations represent thetefsection of the three lines. Attaba station doedlines
2&3, Ramsis and Tabhrir stations combine lines 1&2e three stations are located in downtown to tafge
most crowded contexts of greater Cairo. Accordimg Qairo’s future development prospects, the
underground network will include 3 lines, and thisuld increase the number of reciprocal statioomf3

to 14. These new additions would highlight the am@ance of studying wayfinding and settings of the
reciprocal stations to be able to improve pedesdriaovements, fig.1.
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5 COMPARATIVE STUDY

This section tries to elaborate the distinctivetigpdeatures of the three reciprocal stations bynparing
them through basic architectural analysis (the uayeatures, vertical and horizontal movements) pnd
graph analysis, to provide a cross reading forréuprocal stations as a preliminary stage to wtdad
stations and users movements patterns.
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5.1 Basic architectural analysis

The following table illustrates the different shtconfiguration effect on users movements pattess
follows: Attaba station represents the simplestfigonation and least number of exits. As a restlit®
symmetry and radiation pattern of movement, whictamates from the ticket hall, disconnecting thesuse
movements patterns. The small space of the statidnnear distance between exits supports theyabflit
path adjustment of the urban context. In the @isRamsis station, it represented the least synymetr
terms of configuration and path, on the other haind|so represented the most connected case tdth t
urban context, due to its large circular path betwgckets halls and available exists. Finally, flragtation
presented the middle situation between Ramsis attdb& stations, having symmetry and simple

configuration as Attaba, and circular path and laygring movement patterns as Ramsis station.

Comparison

layout

Analysis

Exists no

real Op.

——| symmetry

Av. of adjustment
path from urbn

Ataba Station

High degree of
symmetry  on
one main axig
With slight
variations
according to the
relation with
urban context

25182m?

Tahrir Sation

High degree of
symmetry  on
one main axis
With slight
variations

according to the
relation with
urban context.

44793m?

after subtracting
area for un
working exist

33486m*

Ramsis Station

Complex
relation
between two)
axes, in addition
7 to numbers of
axis revealed
for the relation
of urban context
(low
symmetry).

45117 m?

Spatial

Table 1. Movement pattern analysis according tamitontext, Red circle represent area of adjustpeghtat urban context.
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Table 2. Movement pattern analysis according tticarand horizontal configuration. Green vertitiaés for line or direction

5.2 J-graph analysis

changer, Orange line for arrivals and departingause

The j-graph analysis provides a clearer visionhef differences between stations (Figure 2) by deteng
the depth degree, spaces integration and losingpeagibilities according to possible routes in eacte.
The three j-graphs are drawn starting from the sdespest space of the system (Tickets Hall), aridar
to embed the accuracy of movement's routes witlctiteent operating status, the closed routes naieall

indicated by special symbols.
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Fig. 2: Reciprocal stations plans
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Table 3. J-graph Analysis, Red rectangle repredeséd exits.

The previous table shows that Attaba station remtethe most popular sample of underground single
stations which is characterized by the limited namlbf exits (not more than 4) and clarity of its
configuration, which support the ease of mental pragess although it contain many deep spacesessib
of long routes. In the case of Tahrir stationhib\ws a great similarity with Ramsis station confaion, but
according to operational conditions in Tahrir, esuturned to semi mandatory as a result of closisl with
respect to low users density which supported péamemuality. On the other hand, Ramsis station is
somehow ‘out of control’ this reflects overlappiraations which produce overlapping routes, in toldito
frequent turns and movements detour to gain lowalisonnection and high possibilities of directidihis
all led to low quality of mental map and disabilibydetermine the short route.

Respectively the comparative study would concludg Ramsis station configuration could be seerhas t
most complex sample, focusing on the ticket hath audy zone that belongs to d-type space acuptdi
Hillier's classification.

6 RAMSIS STATION ANALYSIS

The pervious comparative study analysis suggestatithe circulation system of Ramsis station isyver
different from the other reciprocal stations, tiiRemsis station could be counted as the most conualss:.
In the following part, the quantitative analysisstben conducted to uncover critical zones anda thature

EEE
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that causes complexity through decision point dgrasialysis by X Dai (2015) and space syntax tegqmni
by Hillier (2007).

6.1 Decision point density analysis

X Dai, Q Dong & J Guo (2015) have modified Both &1N(1991) and Peponis (1990) definition of deaisi
point by developing the idea from Hillier's (1996)atement on a/b/c/d topological type classificatio
Therefore, in an “L” shaped corner, the effort fimeking a decision is almost nothing compared tmasing
with many directions. So, only “d” space is regar@s a decision point, where the forward route adg
more than one direction, that is to say the diopstiat that point is more than two. This descrgimage
may be captured by a quantitative measure as ttisiole point density analysis. This measure shdead
able to tell whether there are too many decisionset made when a user is entering a building asdaha
navigation task.

In the following part, the (DPD) map will be usedreveal the rates of decision points and theatia@hship
to walking distance according to optimal route dach type of users, thus determining meeting padinas
have high density flow as a factor effecting petioepquality, and finally ensure J-graph resultddcate
studying zone.
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Fig. 3 Route Mapping, Decision points are notedpass, a number is assigned to the spot represteedimber of directions at
this point.
High rate of decision points along the path reack#decisions, estimated in average as, a deaisiery 15
meters. The ticket hall at (El- Marj) represents lighest rate which stood 9 decisions, followedHejwan
hall at 6 decisions. After that the possibilitiesghn to decline to 4 at two positions, but actuttiyse
positions which stood 2 decisions were raisedlty dtructure elements that opposed with function.

According to the pervious analysis, wider movemeafsesented to users at ticket hall level, whietest
hall had the highest users density, collectingaltes and users types thus j-graph analysis resofirmed
for the ticket hall classification as d type space.

6.2 Intelligibility of Ramsis station

Conroy Dalton, 2000 suggested that the correlatietween some measures might describe some char-
acteristic properties of layouts that relate to fiveling, where Kinda Al-Sayed, 2015 clarified the
intelligibility through the correlation between égration and connectivity graphs. According to ikelill
(1996), intelligibility means the capacity of a gli@ space to give an impression of the integratibthe
whole system, so high degree of intelligibility ¢duease making decisions through an unexplored
environment.
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Fig. 5 Scatter plot of the correlation between laxigegration and connectivity (R2=0.25).

According to the color coding, axial connectivitsagh is the opposite side of the integration grapith
represents the low value of R-square of 0.25. Sigsifies that it is difficult to obtain a guide tbe overall

system from single spaces . Thus, this buildingld/itse hard to navigate and the wayfinding task khbe
complicated to perform.

6.3 Determining critical spaces

The VGA analysis was brought in to provide the ditative measures. It would give us the mean wsibl
area in every position of the spatial system thholegir patterns. Starting with VGA integration wdulear
the locations where people tend and pause to dedllb@r navigation, visual control to locate plaeehere
route choice decisions need to be taken, the vidusalering coefficient is indicative to how mucheoloses
in terms of visual information when moving from doeation to another, Finally, the through visiaagh
clarifies the longer lines of vision with higherlvas. The data map is drawn in the way that eveor dnd
window is open to the line of sight; the grid irptlenapX program is set as 500mm*500mm.
"

Fig. 6 Left, the VGA Visual control. Right, the VGAtegration HH graph
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Fig. 7 Left, the VGA clustering coefficient. Righie VGA through vision

Following depthampX’s color scheme, graphs locdiedhain critical zones where people tend to pause
whether to evaluate their progress, take routecehdecision or lose visual information. Additioyalthe

last graph (through vision) highlights that thekéits halls record longer lines of vision with highalues
which means the ease access of arriving users ang ohallenges for departing users. Consequeihidy, t
characteristics of those poses would be studiedetermine abilities of improvements depending am th
visual control graph.

Fig. 8 Movements pattern and critical pauses chariatics

6.4 Features of critical space
According to studying critical zone features it vedesar that:

e Structural system location feeling up paths andsitats, plus its impact on the percentage of vision
as shown in (pause 3,4) thus confirming the Pregutlb the objective on increased path width to
withstand flow.

» It is preferred to locate structural elements i thiddle of paths due to the relation between Visua
field and path width (pause 1,2,5).
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e The involvement of movements’ routes in the sanmuali field would ensure wayfinding ease
(pause 1) and also could explain the low overcrogrdate in Helwan hall.

* By following directions of movements flow, in Helwdicket hall, movement of users of line 1, 2
converge in the middle of the hall to decide desiom directions whether left or right without
overlapping. One the other hand El-Marg Hall hasfarent kind of movement scenario, users flow
of both lines1,2 converge in three sequenced paositin additions to their opposite directions.sThi
would conclude that Helwan hall direct movementdrehan El Marj Hall.

7 STATION REMODELED SCENARIO

In the analysis above, the spatial system of Rastat®n has been compared with other Egyptiarprecal
stations as a benchmark. A detailed understandihgw to construct an extremely complicated cirtiata
system is then achieved. It is mainly about how ytmsign the horizontal routes leading to vertical
connections between ticket hall and urban context.

By creating a series of redevelopment actions, avelenefit from Helwan hall by reducing the numbier
critical pauses, possible routes, and increasimjjagity degree and width of the visual field totain all
routes. On the other hand, reducing number of thynstraightening station routes to have a conigiline
of sight instead of abrupt turns. By a simple visospection, we can realise that the new verssoa much
simpler structure than the original one even witdintaining all functional spaces fig.9.

Fig. 9 Left, the original design. Right, the remaakscenario.

7.1 Remodeled scenario analysis

In the following text we will follow the same stepkthe original version analysis, starting withteatenining
intelligibility degree through axial analysis thémrning to VGA analysis, but in this scenario itlivbe
sufficient to focus on Visual control graph helpiiogstudy then new characteristics.

7.2 Intelligibility of Ramsis station

As shown of the following graph there is a high réeg of similarity between the integration and
connectivity, which affected the value of R-squéna represents the intelligibility of the systesrbe fairly
high, with an R square of 0.82, which means tranfsingle spaces it is possible to easily obtajuide to
the overall system. This could be interpreted a&slthilding is easy to navigate and the wayfindiagkt
should be easy to perform.

2
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Fig. 10 Left, the axial integration HH graph. Rigthte axial connectivity graph

e
2EE o = 23*5:
[ ]

Inlegralion [ 1]

X

Q4zzEz -Ix

T
1

COTECINEY T
Fig. 11 Scatter plot of the correlation betweerakixitegration and connectivity (R2=0.82).

7.3 Characteristics of remodeled scenario

VGA visual control graph could clarify the reasdasthe high degree of intelligibility fig.12. Byxamining
the visibility distributing in the new scenariostrand is discovered - the visibility of the threain critical
zones improved dramatically along with increasihg width of the visual field, similarity degree atie
straightening of the plan which enhanced visuakssand ease of wayfinding. Hence, by following the
users flow, it was clear that users converge atpase for each hall with no overlapping or opoftdw of

line 2 users, in addition to separating passenféhe occasional movement of the route crossersiwhi
enhances reducing overcrowding flow capacities, @utefore, it is transformed into a normal buigdin
which people can understand and memorize, thatday, gains a legible spatial system.
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Fig. 12 Movements pattern and critical pauses charatics

8 CONCLUSION AND DISCUSSION

In this study, J-Graph was utilized to analyse spatial configuration of three large-scale undargtb
reciprocal stations in greater Cairo: Attaba stgtibahrir and Ramsis stations. The operationalgtesi
these stations were analyzed based on interviews tweé operational office in charge of each fagilit
Ramsis station was found to have the lowest integraand its layout and circulation were desigfretn
the viewpoint of spatial configuration. The degodavayfinding quality was analyzed through spacetay
technique. The following are design guidelinesif@igorating underground reciprocal stations.

e Design process

This paper gives a thorough explanation for thelpetion of spatial complexity for a special builginThis
effort is in line with many other studies aimingpbviding an objective, quantitative approach &didly
predicting wayfinding performance during the egolgnning stages of a building (Werner & Schindler,
2004). First of all, there is a need for an intéguladesign process which takes into account thettjeation

of the diverse passengers experiencess and thieggt®n as the center of planning indoor pedeastiiaius,

the complexity model of a larggcale underground reciprocal stations appears tddsely related to the
production of critical zones which could identifg pauses that discontinues the sequence of movement
which is normally present, in case of increasedsipigies paths, and creating difficulties of mahmap
representation.
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e Circulation plan

In a largescale underground space, a circulation system g&hoellformed from the user perspective to
improve wayfinding. First, users movements couldcbatrolled and directed through decreasing clitica
zones with respect to its characteristics of widea field. Second, confirming the importancerafreasing
visual access and symmetry degree, and decreasmden of turns and distance to the target. Thasd,
proposed by this study two main types of pathsabe identified, the sequential paths which coulitig
users flow, and multi possibilities paths which amte space interactively. Thus, in such a functiona
buildings sequential paths have the priority onrttudti possibilities paths.

e Spatial configuration plan

To activate a large scale space, a main axis ofaticin is required. It is also important to formmain core

to concentrate the flow of floating users. Firsbn€ensus value of axial integration and conneytigitthe
main anchor to achieve a clear suitable configonatSecond, structure elements should be desigited w
respect to the spatial configuration to avoid patiun of additional paths affecting users flownécessary
to place an element in a route. It's also prefetoede set in the middle, as a way to not affestiai field.
Third, the spatial configuration of routes andridée in directing movements affect users flow mtran
caring about routes width. Fourth, avoiding oveplag passenger flow could be reached without affgct
stations functional relationships. Finally, thegsige system is not always the suitable solutioantmance
wayfinding especially in case of users illiteratiyus the importance of configuration reveal to hgwe
priority.

e Site plan

Well connecting of urban context with indoor envineents is a challenge to balance ease accessvifi@rr
and out departing users, as proposed. Providingusaiaccess is not the anchor of balance espedally
departing, but it's mainly depending on the easesathing destinations by confirming the importante
increasing visual access and symmetry degree, aoeasing number of turns and distance to thetarg
Therefore, the designers may be able to cope Wwitlspatial complexity with higher controllability bhese
efforts that contributes improving the efficiency pedestrians flow. The enhancement of the indoor
environment which affects the densities of movemamtthe urban scale, thus, avoiding adding more
movements patterns to the expected planning oesethtations.
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