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VISUAL GEOMETRICAL ANALYSIS OF OUTDOOR SPACE STRUCTURE
AROUND RAILWAY STATION BUILDINGS*

by Gehan ELHADY** Yoichi KUBOTA*** Kiyotaka FUKAHORI****

1. Introduction

After WWII in Japan, many railway stations in large cities have been rebuilt and extended several times. Because of the
rapid growth of demand due to urbanization, clarity of form was scarified and little attention was paid to the main needs of
passengers (accessibility and orientation). This resulted in visually complicated outdoor spaces that evoke feelings of
confusion and disorientation in the passengers.

The main purpose of this study is to clarify the visual structure of open space patterns around railway station buildings. The
visual structure has been analyzed by investigating the effect of different types of spatial relationships between the station and
its surroundings on the degree of visual access of the station. Accordingly, a typology of space structure patterns around
stations of the Tokyo metropolitan area could be constructed. Since many elements of open spaces were found to affect the
visual accessibility, the study focused on clarifying the shape effect of the station plaza and the type of link to main street. A
geometrical analytical methodology was proposed for measuring the degree of visual access for the different open space
patterns. In order to clarify merits and demerits of the different patterns as well as current spatial problems characterizing the
open spaces, the analysis was applied to both theoretical cases and a sample of real cases of study.

2. Typology of Space Structure Patterns

Tablel: Space structure patterns having plaza in front of station

Pattern (1) Pattern (2) Pattern (3) Pattern (4)
Plaza orthogonaly linked to Plaza Binary linked to Plaza binary linked to Plaza directly opened to
main parallel street Main parallel street main orthogonal street main street
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Higuchi V has mentioned that designers, engineers, architects and urban planners who are charged with implanting physical
installations as a setting, it is basic and essential to grasp the nature of that setting as a visible spectacle and to understand its
spatial structure. Accordingly, analyzing the different types of relationships between the station and its surroundings is of a
great importance in understanding the visual structure of open spaces around stations.

The study covered a sample of stations around the Tokyo metropolitan area where millions of passengers daily commute to
and might find difficulties in reaching their destinations. Various types of open spaces were observed around the study area.
The cases were classified according to the following criteria: availability of plaza, location of station plaza and type of link to
main street. The grouped patterns were mainly classified into two categories: patterns with plaza in front of the station building
and patterns with no plaza. According to the importance of station plaza as a transportation node and a creative space that is
expected to generate its own culture and community in the future?, the study focused on cases providing plaza in front of the
station building. The main patterns used in the analysis are shown in table 1. The analysis of the other patterns encountered by
the typology® is beyond the scope of this paper. The typology of space structure patterns clarified the nature of the different
spatial relationships. A good understanding of the space structure patterns could be revealed.
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3. Framework of Analysis:

(1) Concept of analysis

Studies often call for improving access to open space but rarely have a measure for access. An analysis is both descriptive
and evaluative. It should depend upon a good description but goes beyond it to identify patterns and potentials. For instance, a
description of open space might merely locate open space and describes its type but an evaluation might assess its accessibility,

maintenance or visual interest.

Visual accessibility is an important factor in facilitating one’s spatial orientation and way finding. Lynch” has noted that
visual accessibility and its impact should be the design criteria for a highly “legible” or imageable environment. Therefore,
clarifying the impact of open space patterns on the degree of visual access can provide a basic idea about the visual structure of
open space. In order to provide an intuitive comparison between the effect of different space structure patterns, a geometrical

analysis of open space structure patterns was conducted.

(2) Hypothesis

Visual accessibility is considered as a measure of the portion of vision provided
from the station building with the respect to the distance from the station. The
issue is to clarify how the passenger passing through different types of space
patterns can visually access the station building.

The horizontal and the vertical angles of views express the extremities of the
field of vision. In the present study the percentage of visible length from the
station building is considered to express the extremities of the horizontal angle of
view. However, the effect of vertical angles of views is to be covered in future
studies concerning vertical elements of space. Consequently, the percentage of
visible length and the distance from the station building are considered as criteria
or indexes for determining the degree of visual access as shown in Figure 1. The
percentage of visible length is defined as the ratio between the visible length of the
station from any viewpoint (L1) and the length from the station building (L)*100.
The distance (D) is measured from the station fagade up to the viewpoint.

(3) Design of theoretical cases
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D: Distance from station

L:

length of station

L1: Visible length from any viewpoint

Figure 1: Indexes of analysis

The analysis of cases of study can clarify current problems and effect of
composite elements. While the study aim is to analyze the effect of space

Classification of station

building size

structure patterns, a design of theoretical cases representing the different

patterns was proposed. Design guidelines of ideal railway station buildings
and basic theories of urban space design were implemented.

Estimation of platform lengt}q‘_

A flow chart of the theoretical cases design process is shown in Figure

i1

2. Table 2 shows the classification of the different elements. The cases
were first classified according to traffic size (i.e. number of passengers per

Estimation of plaza area size

‘

Number of
passengers/day

Traffic volume

day)s) into six size classes as shown in table2. Many factors are to affect

the station building length such as the building size, land use, and
architectural design... Accordingly, the platform length was considered as

Estimation of street widths *_

the station length %L). The estimation of the platform length was based on
several elements®” such as building size, number of trains, capacity of

iyt

vehicles, headway, average length of vehicles and others. Which have been
considered in the calculation process. The estimation of the plaza area size

~ Construction of
 theoretical cases

was based on the model introduced in the 1981 handbook of traffic demand

iyt

prediction®. The area was calculated for each building size as shown in
table2. The main street width is mainly related to traffic volume. The

Geometrical analysis

estimation of the main streets width was based on the Japanese design
standards of streets in urban areas” and streetscape design guidelines.

Table 2: Space structure patterns having plaza in front of station

Figure 2: A Flow of the design of theoretical cases

Noat %zsye)ngers Station size | Platform length | Plaza area size | Street width
. Less than 2,000 . Very small 125m 559 m* 20 m
. Between 2,000-6,000 . Small 160 m 1194 m? 25m
. Between 6,000-15,000 . Medium 190 m 1838 m? 30-40 m
. Between 15,000-100,000 | | Large 240-300 m 5
15,000 2174 m.

15,000-25,000, 3078 m>

25,000-50,000, 5338 m)

50,000-100,000 9858 m
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(4) Outlines of methodology

The method of Visibility Contour Lines Distribution has been proposed for measuring the degree of visual access of the
space structure patterns. The main concept is to illustrate contour circles rising from the station center and distributed around
the station. Viewpoints can be located on these circles. As mentioned previously, the percentage of visible length and the
distance from station building are the indexes for determining visual accessibility. Therefore, the percentage of visible length
can be measured from these points. The viewpoints having equal percentage of visible length are joined by one contour line.
Finally, the distribution of visibility contour lines for each type of space pattern can be drawn. The distribution of contour lines
identifies locations of high and low degree of visibility. That is very important in early stages of station design as well as
improvement projects. Thus, better allocation of space eclements and traffic functions can be estimated. In such a case good
degree of visual access can be achieved.  Figure 3 illustrates the method, which proceeds in four steps:

Step 1: The first contour circle is constructed (diameter = station length). Every point on this circle has a view angle of 90°
and can see 100% of the station building facade.

Step 2: Successive contour circles are drawn having view angles ranging from 0° up to 180°.

Step 3: In order to avoid random distribution of viewpoints, a set of radial lines with 20 degree interval was drawn from
the station center. Intersection of the contour circles and the radial lines defines locations of the viewpoints around
the station building.

Step 4: The percentage of visible length is measured from these points. The viewpoints with similar percentage are joined
by one contour line. Finally, the distribution of contour lines can be drawn for each pattern.

............ Square
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= < 4T
3| (8 41— Rectangular (1)
g R 13 (WD =2)
/2] R, Rectangu]ar (2)
i (W/D =0.5)
Step 4
Figure 3: Visibility contour lines methodology Figure 4: Assumptions of plaza shape

(5) Study parameters
Many elements of open spaces are to affect the visual access such as building height, shape of plaza, traffic functions

distribution, type of relationship to main street and others. This study focuses on the shape of plaza and type of link to main
street, however the effect of other factors is the matter of discussion of further studies.

a) Shape of plaza:

Anastasi'® found that the perception of the area of geometric figures having the same area varies according to their shape.
Also, Sandalla and Oxley'? found that the area of a room was perceived as larger as the length/width ratio increased. In the
present study three types of shape were proposed by changing the width/depth ratio as shown in Fig.4.

b) Type of link to main street:
It was observed from analyzing the different space patterns that type of relationship or link to main street determines the

main physical relationship between the station building and the surrounding street network. The types of links to main streets
can be observed from the space patterns previously shown in Table 1.

3. Results of Theoretical Analysis

(1) Distribution of visibility contour lines % of visible length

The method of Visibility Contour Lines was applied on
both the theoretical cases of study as well as a sample of
cases from the study area.

Figure 5 illustrates the process of the analysis results.
First the percentage of visible length was measured from
the primary illustrated contour circles as explained
previously. Then the distribution of effective visibility
contour lines could be drawn for the different patterns.
The final results are shown by the relationship between
the percentage of visible length and the distance from the Distance
station fagade up to the main street level.

Figure 6 shows the difference between the shapes of Figure 5: Process of analysis results
contour lines thus expressing the effect of varying W/D

ratio.

—483—



R RERRERIBELIELLKL
AOAOAOAO‘?,:’:.:,:&Q‘:’:&,o.a.o.o.o.

R RIRIHKERLI KK LXK A
QLXK

L RRRERRILRIEKEKS
‘ ;
5 TRK 100%
oY% v v 9 0 ¢
RKIRIILIKR:
RRRRRILLLRIRK
SRRREIREIRIEEI

Figure 6: Contour lines distribution of different shapes for cases of large stations

(2) Effect of plaza shape

Figure 7 represents the relationship between the percentage of visible length and the distance from the station building for
the different cases from small size stations to large size ones by varying W/D ratio. Large depth Plazas (W/D=0.5) were
observed to provide low degree of visibility. As can be seen from the graphs, the percentage of visibility ranges from 20% for
case of small stations up to 40% for large stations. While cases having square shape plaza provided better results for the
different station sizes. Large width plazas (W/D=2) provided the best degree of visibility. By increasing the width of plaza,
larger amount from the station frontage can be seen. Thus, increasing the degree of visibility of the station. Additionally, it
provides good arrangement of traffic functions and different elements of plaza as well as creating gathering spaces and
pedestrian accommodations. That is very important especially for large size stations characterized by complexity where several
functions are grouped in one place. These implies the importance of providing appropriate dimensions for the station plaza that
increases the degree of accessibility and enhance the quality of the visual environment around the station building.
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Figure 7: Relationships between distance and percentage of visible length for different shape of plaza

(3) Effect of type of link to main street

Out of plaza limits, the type of link to main street mainly affects the visual accessibility to the station. Accordingly the

effect of each type will be discussed separately. The distance up to main street level was considered as a walkable distance of
300 m in radius.

a) Pattern 1: Orthogonal link to main parallel street relationship

This type represents the classical European pattern for planning important buildings that have a strong position in the city
such as cathedrals and stations where the building becomes “Vista”.

Good degree of visual access to the station is provided as shown in Figure 8. The plaza ideally centered to the station
entrance permits larger amount of the facade to be seen along the main street.
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There is a gradual decrease in the percentage of visibility as observed from the shape of contour lines for cases of middle
size stations shown in Figure 9. As observed, good percentage from the station facade can be perceived up to main street level.
A strong visual axe to the station building maintains good degree of visual exposure for the passengers. Accordingly; feelings
of stability and ease of access are provided.

In these types of space structure, the station identifies its presence and it is “sign” for the passengers. It can be seen from
Figure 11 that not only good percentage of visible length could be seen, furthermore the spatial characteristics of this type
improve its degree of visual access.

b) Pattern 2: Binary link to main parallel street relationship

As shown in Figure 11-12, there is a slight decrease in the percentage of visible length out of the plaza limits. A small
amount from the station frontage is perceived. Accordingly, providing appropriate width for the binary streets is very important
for cases of pattern 2. As shown for cases of middle size stations, only 20% from the station can be seen at 100m far. The
station is partially exposed to the passenger and becomes partial sign (Figure 13). This implies the importance of identifying
the station as well as choosing appropriate location for the space elements especially the station entrance for improving the
degree of visual access.

c) Pattern 3: Binary link to main orthogonal streets relationship

Less degree of visual access is generally observed for types of binary links to orthogonal street. As shown from the results
(Figure 14-15), the percentage of visible length slightly decreases out of the limits of plaza. The station is almost unseen at
100-200m according to the station size. It is revealed from the distribution of contour lines out of plaza limits that it is very
difficult to perceive the station or to identify its presence when approaching from the main street.

The station is not vista any more. The plaza is partially exposed to the passenger and it becomes the only sign for the station
as shown in Figure 16. It can be observed that the design of plaza is very important to clarify the presence of the station.
Additionally, providing landmark elements can guide the passenger and improve the degree of visual access to the station.

d) Pattern 4: Direct relationship to main street

This direct relationship to main street increases the degree of visibility within the limits of the plaza as observed in Figure
17-18. Visual exposure is maintained along the main street. This pattern is commonly observed in Tokyo central area. Usually
the rail line is elevated. For the passengers coming from the main street, rail line is signaling the presence of the station
location (Figure 19). This implies the importance of the station canopy design.

5. Analysis of Real Cases of Study

In the previous chapter, the analysis was applied on theoretical 100 [~y T
cases ideally designed. Due to site restrictions and different spatial : : H
characteristics, different results are expected from the analysis of real 80 Lo S = (S;::‘t’r'abla" ]
cases of study. i § :

In order to clarify the effect of these elements the analysis was 60 [orreorrien S e S h
applied on a sample of cases of study. In order to provide intuitive
comparison, the same process of the theoretical analysis was applied on
the cases of study. First, the cases of study were categorized according
to the station size following the same classification shown in table2.
Secondly, in order to study the effect of the parameters, the cases were
classified according to the shape of plaza and type of link to main street
as have been done in the theoretical analysis.

It was observed that the location of the station has an effect on the
distribution of space structure types. The distribution of space patterns Pattern
location is shown in figure20. It can be seen that pattern (1) having the
previously explained advantages was observed to be concentrated in Figure 20: Distribution of space structure
the suburban areas. While cases of pattern (4) are commonly found in patterns location
the central areas, which will have, an effect on the analysis results as
will be explained.

Percentage

(1) Pattern 1: Type of orthogonal link to main parallel street relationship

It was observed that most of the cases belong to type of large stations (25,000-50,000 P/day). As shown in Figure 20,
pattern 1 was commonly observed in the suburban areas. While central area characterized with complexity and congestion
lakes the advantages of simplicity and ease of access provided by this pattern.

Rectangular shape plaza (W/D>1) is the common within the cases of study as shown in Figure 21, implying the advantages
of this type of shape as explained previously.

Figure 22 represents the results for cases of large stations (25,000-50,000 P/day) together with the results of theoretical
cases of the same category. The obtained results were found to have low degree of visual access compared with the theoretical
cases. It was observed that around 300 m far, the percentage of visible length is around 10% for all the cases. Considering the
effect of space elements (landscape, poles, advertisement poles.....), the station will be unseen. This is clearly observed in case
of “yutenji” station having small area size of plaza compared with the design standards introduced in the theoretical analysis. It
could be observed that the location of plaza has an effect on the degree of visual access as shown in the case of “Yutenji” and
“Sakado”, where the plaza is located at the corner of the station reduces its visibility. Another reason of the reduction in the
degree of visual access can be attributed to narrow streets commonly observed in all the cases of type (1).
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For large stations (25,000-50,000P/day)

(2) Pattern 2:Type of binary link to main parallel street relationship

Generally few cases were found to belong to this pattern as shown in Figure 20. The results are shown for examples from
cases of large stations (over 100,000P/day) commonly found in the central area. As mentioned before in the theoretical
analysis, cases of pattern (2) have a slid decrease in the degree of visibility out of the plaza limits. Also the cases of study
showed lower degree of visibility than the theoretical analysis as shown in fig.24.

All the cases are having rectangular shape plaza (W/D>1) providing wide frontage from the station fagade and appropriate
arrangement of traffic facilities. Accordingly, good degree of visual access can be acquired within the limits of plaza; while
from the street level, the visibility is completely restricted. This can be attributed to the nature of binary links and narrow
streets that mainly restrict the visibility as observed in cases of type (1). Thinking about the effect of vertical elements such as

surrounding buildings and street furniture especially advertisement poles characterizing Japanese streets, the station will be
almost unseen from the binary links.
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Figure 23: Relationship between No. of Passengers/day Figure 24: Distance versus percentage of visible length for
and percentage for cases of pattern 2 large stations (>100,000P/day)

(3)Pattern 3:Type of binary link to main orthogonal streets relationship

As shown in Figure 20, cases of pattern (3) are commonly observed in the suburban areas. Site restrictions greatly affect the
percentage of visible length from the station where usually the station is separated by high buildings parallel to the station.
Narrow streets linking the plaza to main street decrease the degree of visual access as observed in case of “Shiomi” station.

It was revealed that the direction of link has an effect on the degree of visual access to the station. Skew links were
observed to permit better degree of visual exposure as shown for case of “Ushihama” station.

Providing landscape areas parallel to the station can greatly overcome the shortcomings of pattern (3) as can be seen in case
of “Yonohomachi” station. Where the passenger reaching the station can identify its presence and can locate himself directed
by the landscape areas up to the station entrance. However this extremely difficult in the usual cases of limited land to build on
but should be considered in case of future design or development.
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(4)Pattern 4:Type of direct relationship to main street

All cases were found to belong to types of large stations and frequently found in the central areas. Figure 28 represents the
results of cases of large stations (100,00 p/day). Square shape plaza is the common one (Figure 27).

In spite of the fact that almost all the cases are located at the busy central areas, low degree of visibility was found
compared with the theoretical cases. It can be observed that usually the plaza is located at the station corner. As most of the
types are elevated railways, rail line is clearly identified by the passenger coming from main street. Therefore giving good

attention to the station canopy design can increase the degree of access to the station as well as the effect imposed from the site
restrictions.
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Figure 27: Relationship between No. of Passengers/day Figure 28: Distance versus percentage of visible length
and percentage for cases of pattern 3 for small stations (6,000-15,000P/day)

6. Conclusions

This study focused on analyzing the visual structure of open space around railway station buildings by studying the impact
of space structure patterns on the degree of visual access of the station. A typology of the space structure patterns was
constructed. A geometrical analysis was applied on both theoretical cases and a sample of cases of study. Shape of plaza and
type of link to main street were considered as the main parameters in the analysis.

It was revealed that the degree of visibility varies according to the shape of plaza. By increasing width/depth ratio of the
plaza, larger amount from the station facade could be perceived thus increasing the visual access. Additionally, it provides
good arrangement of traffic functions and different elements of plaza.

Merits and demerits of the different space structure patterns could be revealed from the analysis of the theoretical cases. It
was observed that the classical patterns having plaza centered to the station building and orthogonally linked to main street
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provide good degree of visual access. Station is vista for passengers and a strong visual axe is maintained up to the main street
level. On the contrary, patterns with binary links were found to decrease the degree of visual access out of the limits of plaza.
This implies the importance of providing appropriate width for the streets as well as identifying the station presence.

The effect of site restrictions and current problems characterizing outdoor spaces could be clarified from the analysis of
cases of study. All the cases were found to provide low degree of visual access compared with the results of theoretical
analysis. It was observed that the gape between the theoretical analysis results and those of the cases of study could be
attributed to several factors. The central areas lack the advantages of simple patterns, which were commonly found in the
suburban areas facing small size stations. Streets linking the station to its surroundings found to be very narrow compared with
the design standards. Generally, no harmony between the station size and the plaza area size was observed in several cases.
Thus reducing the degree of visual access. Additionally, It was revealed that the location of plaza affects the degree of
visibility where plazas located at the station corner decreases the portion of vision provided from the station especially in cases
of pattern 1. Direction of link to main street was found to affect the percentage of visible length from the station. Where skew
link was observed to maintain better degree of visual exposure especially for cases of pattern 3 (plaza is binary linked to the
orthogonal street).

The effect of other space elements rather than the shape of plaza and type of link should be discussed in further study in
order to clarify the dominant factors. Additionally, the expression of visual access was limited to the percentage of visible
length from the station concerning the extremities of horizontal angle of view. Further studies are required to estimate the
effect of space elements individually as well as vertical elements. Then, the combined effect of all parameters on the degree of
visual access to the station could be discussed.

References

1) Higuchi, T.: The Visual and Spatial Structure of Landscape, The MIT Press, 1975.

2) El Hady, G., Kubota, Y. and Fukahori K.: Effects of the structure of open space on the visual accessibility of railway
station buildings in urbanized area, Proceedings of the Annual International Symposium on City Planning, vol. 1, pp.421-
430, 1998.

3) Edwards, B.: The Modern Stations, New Approach to Railway Architecture, E & FN Spon, 1997.

4) Lynch, K.: Site Planning, The MIT Press, 1971.

5) Report of Civil Engineering Laboratory: Landscape Planning of Station Square, Japan Ministry of Construction, 1987.

6) Jason C. Yu.: Transportation Engineering, Introduction to Planning, Design, and Operations, Elsevier North Holland Inc.,
1982,

7) Vukan R.Vuchic: Urban Public Transportation, Systems & Technology, Prentice Hall, Inc., 1981.

8) The Japan Society of Civil Engineering: Handbook of Traffic Demand Prediction, 1981.

9) Wolfgang S. Homburger and James H. Kell: Fundamentals of Traffic Engineering, 12 Edition, University of California at
Berkeley Institute of Transportation Studies, January1988.

10) Anastasi, A.: The estimation of area, Journal of General Psychology, vol. 14, pp. 201-225, 1936.

11) Sandalla, E. K. and Oxley, D.: The perception of room size: The rectangularity illusion, Journal of Environment and
Behavior, vol.16, pp. 394-405, 1984,

Visual Geometrical Analysis of Outdoor Space Structure around Railway Station Buildings*
by Gehan ELHADY** Yoichi KUBOTA*** Kiyotaka FUKAHORI****

The purpose of this study is to clarify the effect of space structure patterns around railway station buildings on the degree of
visual access of the stations. A typology of open space structure patterns could be constructed based on analyzing different
cases of study around the Tokyo metropolitan area. A geometrical analysis was applied on both theoretical analysis and a
sample of real cases. The study focused on studying the effect of shape of plaza and type of link to main street. Merits and
demerits of the different space structure patterns and the effect of size restrictions were clarified.

The results indicated that increasing the W/D ratio of the plaza increase the degree of visual access to the station. Stations
with plaza orthogonally linked to main street were found to provide good degree of visual access. On the contrary, stations
with plaza binary linked to main street were found to restrict the degree of visual accessibility. Additionally, the effect of
factors such as location of plaza and direction of link were shown to affect the degree of visual accessibility.

Abstract (in Japanese) #HREAD DO MM IR T HRMEBHT*

AN TUNT o+ BRB—  RIE R
AWMEOBNEIHERESBDI=ES T IEMEE/ 2 — URRADEUN T I RAICREBZTHEEEHOMNITHIE
THd. TTEROBEREVNR L LI-T—XRE T2 23 EIZEBD S A4 THFERThA . BMMMEDRERN
X, BEANRELH-FERORFBIZME, XBBEFAUBESVTHEESABBITOVWTEES LIz, BRI
BLTIZEBORy—ILOHBE, HBEDEARENOERZERL-, #RL LTHEBO WD ANy 5 8%
W7o EYT45MTE L. GRAEEIASERCT7IERTEIHBEARNT I LI EY FoHABL,
2AUFTLTPI RTS8 4 FEHKITEWN EGEMNHBIL T,
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