

























































































The workshop on Access and Traffic also emphasized the need for cri-
teria, guidelines, and a minimal set of design standards. Participants noted
that access to the station should be considered early in the design process.
Further, planning for access must consider the goals to be met by the sta-
tion, and the impact of the station activity on the activity in the surrounding
area. A set of priorities for access to the station by different parties and
vehicles were established; pedestrians and the elderly and handicapped should
have high priority access. Constraints on parking (limited space and parking
fees) were discussed as a means of discouraging auto use.

Workshop Five, Operations and Maintenance, explicitly dealt with the
costs of the station. Participants felt that the annual life cycle costs in-
curred in operating and maintaining a station should have priority emphasis in
the design process. Research is needed on how to best estimate the costs of
operations and maintenance for a station. Clearly, station planning and
design should include operations and maintenance people from the earliest
stages; the maintainability of alternative designs must be considered. The
participants urged that the evaluation of any station design include a com-
prehensive functional analysis of the station, emphasizing the maintenance
functions and overall operations. The station must be considered as part of
the total system and its maintenance must be well planned and the ease of

maintenance insured, as much as possible.

The sixth workshop focused on Joint Development, Land Use, and Sta-
tion Impacts. The need for research, including detailed case studies, on the
effects of joint development was noted., Comparative studies of inner city
versus suburban locations would be especially valuable since different prob-
lems might arise in these two contexts. Such analyses should also assess the

legal and financial complexities involved in joint development.

Similar studies are necessary regarding land use and stations impacts.
It is necessary to define the objectives a station is designed to realize, and
then to assess how well the objectives are met by the design. Case histories
would be valuable provided there were means of evaluating the effectiveness
of various designs in achieving their stated objectives. It should be possible
to determine the reasons underlying the success or failure of particular
designs,
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Preventive maintenance and continued inspection of the station by maintenance
people should insure that major structural problems do not show up by sur-
prise. Even the warranties or bonds should be carefully filed away because a

roof defect after ten years may well be covered by a warranty or bond.

Maintenance should also be kept in mind when designing station items,
such as imposing lighting fixtures which may be great for aesthetics, but will
cause horrendous problems when a light tube needs replacing. Likewise,
installation of exposed outside signs that always face the bad weather should
be reconsidered in light of replacement and maintenance costs of that sign.
Leaking and seeping water problems in subway stations also become inter-
esting maintenance problems when they occur on a regular basis. Actually
they become even more interesting operating problems when the resulting
water is one foot over the track level. A cheap caulking job during con-
struction may save capital cost, but will add operating costs for the life of

the station.

Other maintenance problems in station operation include such miscellane-
ous items as fire extinguishers, emergency lighting, poorly designed con-
cession stands, poor surfacing on well-used platform levels, various types of
advertising signs, and a host of other items too numerous to mention. Good
station design should minimize these problems. Escalator and elevator servic-
ing and maintenance should be left to the professionals in those fields; transit
systems cannot seem to afford the skilled technical personnel required for
these sophisticated people movers. However, station air conditioning can
usually be handled by the same technicians who take care of the air condi-
tioning in other transit system buildings.

One further subject to be dealt with concerns station siting or physical
location. As stated before, one Hi-Spced Line station was built forty-five
years ago in a Philadelphia arca with no potential for passengers. Almost a
half century of operation and non-operation has not changed this condition,
since the station is located under a park, and in recent years an additional
park has been created adjacent to the station. 1 am sure no present-day
planner can ever remember a city park being turned over to the type of
commercial development or residential area that can support rapid transit
patronage. In downtown Camden, the two stations were built one block
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ACCESS AND TRAFTIC

by
Walter H. Kraft, D.Eng.Sc., P.E.
Vice President

Edwards and Kelcey, Inc.

My topic of access and traffic seems tc be a catchall for what happens
generally in the area outside terminal buildings, and I will try to limit my
remarks with that in mind. However, before discussing access and traffic, I
think we should again consider the primary function of a terminal. There are
many definitions that have been and could still be given. The one that I
usually think of is that a terminal's primary function should be the efficient
transfer of persons and goods from one mode of transportation to another,
where the word efficient includes such considerations as easiest, safest,

fastest, and most economical.
ACCESS

A number of questions come to mind when discussing access, such as
access for whom, access for whal, and what does access mean? For the
answer to the question of access for whom, we can consider the user who
requires access to the terminal, such as the passenger, the employee and the
visitor. Access for what includes consideration of what modes would require

access. These could include:

0 automobile
o bicycle

0 boat

o bus

0 moped

0 motorcycle
0 pedestrian
) train

) trolley or light rail
0 trolley bus

0 vdan
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0 Architectural and Structural Design

0 Operating Aspects

s Prosthetic Equipment and Technical Aids
) Vertical Equipment and New Concepts

For questions on the conference and on the specifics of the recommendations,
I refer you to Dr. John J. Fruin, who was the Conference Chairman.

In most cases, having accessibility provides mobility; however, in some,
it does not. For example, in the Tri-State Region of New York, New Jersey
and Connecticut, many senior citizens who have no handicaps do not have
mobility, since they do not use the total transportation system outside of
their state. Their discount fare tickets are only good for the state in which
they reside, and they generally do not take trips at the higher fare rate. In
this case, they have complete accessibility but do not have mobility because

of the cost problem. T am sure that this problem can be solved in time.
DIRECTION OF ACCESS

Another consideration of access is whether the access is to or from the
terminal, since the access requirements will vary by mode as shown in Figure
1. Inbound arrivals at certain facilities occur on a random basis and provide
for a smooth and continuous increase and decrease (Type A). In other
facilities, the flow of wvehicles and passengers is more acute, and may occur
on a pulsating basis (Type B), particularly in air and rail transit stations.

ACCESS S5YSTEMS

Another way to consider access is to investigate the access system and
look at the different types that are available (Figure 2). Type A is an
access pattern that flrequent]y occurs at bus terminals where buses and
automobiles use the same line haul system, pass through the same access
system, and then enter the terminal. This type of system works well for low
volumes. 1In some cases, it does provide for a separation of movements into
and out of the terminal, which is always a desirable goal. An interesting
consideration here is that the access may be limited by constraints in either
the line haul or terminal portions of the system. Holding areas for passen-
gers and modes are affected by the scheduling of the line haul system where
infrequent scheduling may cause more vehicles and persons to be stored for

longer periods of time. Also, insufficient berthing facilities in the terminal
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PRIORITY OF ACCESS

1. Pedestrians

2. Bicycles and Motorcycies

3. Surface Transit

4. Taxis

5. Automobiles to drop-off passengers

6. Automobiles that will park

The most positive method of providing priority of access is by spatial separa-
tion, either horizontally or wvertically. Alternatively, priority can be provided
by a time separation (e.g., traffic signals).

PARKING

There are a number of alternative means of dealing with certain segments
of the access system, such as how should kiss-and-ride facilities be provided.
Should they parallel to the curb of the terminal, or should special holding
areas be provided for them? I think that many of these questions will be
discussed and answered during the workshop sessions. 1 would, however,
like to deal with another portion of the access system, which is automobile
parking, not for kiss-and-ride, but for park-and-ride facilities, employee
facilities, and other automcbiles. The objective of any parking system should
be to provide a space for the motorist that is as close to his or her terminal
destination as possible, in a manner that will minimize conflicts with other
modes while walking or driving. To aid in this, parking aisles should be
perpendicular to the terminal space, so that people walking will be fully
visible to automobiles, since they will be traveting in the same area and in
many times in the same direction. One item of controversy that has occurred
in recent years is the size of the parking stalls, specifically the size of the
parking module. Automobile sizes have been changing and have become
smailer. They should continue to become smaller as the changeover peaks
between 1985 and 1990. Considering that wvehicles are smaller and that most
terminal parking facilities have a low turnover rate, which might be close to
one, new design concepts should be considered that will provide as small a
space for parking as possible. This will also tend to reduce walking distan-

ces and may increase parking area capacity. At the present time, it will be
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stations--have barrier-free areas, but virtually all future outlying stations
will incorporate this feature. Other Phase A stations provide close-in bus
bay facilities with ample weather protection.

Figures 1 and 2 depict the barrier-free design at the North Avenue
Station (to open September 1981) using a cut-away model. Ordinarily, bus
loading areas in such a busy commercial district would be relegated to the
perimeter sidewalks. At North Avenue, advantage was taken of extra space
behind the main pedestrian entrances plaza along West Peachtree Street to the
left. Buses unload around a hexagonal island and transferring patrons pro-
ceed directly to the platforms.

MARTA's overall policy of systemwide integration of bus and rail, espe-
cially the decision to provide barrier-free transferrng, has forced the de-
signer to assure bus priority. Given the large amount of space buses re-
quire, it is easy to compromise. To do an adeguate job, separate, protected
roadways are needed, minimal walking distance is imperative, and a better
level of patron amenities is called for. Among the latier features are good
signing and graphics, usable seating, full weather protection, and a generally
higher quality of finishing materials than would tend to be the case if the

lcading area were not physically a part of the rail station.
Unmanned Stations

The second major differentiating policy decision was to have unmanned
stations. Both BART and WMATA are designed to have a station attendant at
the fare gates. The term unmanned, at least at MARTA, is a misnomer.
Between the patrolling police, system supervisors, maintenance crews and bus
operators, there will usually be a staff person In a station. In reality, the
term signifies two things: 1) that there will not be a booth for a stationary
station agent, and 2) that some equipment will be able to operate in his

absence.

Obviously, passenger assistance and security monitoring are still neces-
sary functions. To handle this, MARTA opted for a system of five zone
security centers, one for each of the four outlying rail lines and another for
the downtown stations. An average of seven stations will he served by each
zone center located within one of the stations. This precinct approach was

chesen over the alternative of monitoring all stations at central control to
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MARTA's fare collection system was also tailored to reflect the overall
bus/rail network. Roughly 60% of arriving patrons will transfer from buses,
s0 the transfer problems dominated the fare collection study. Although
WMATA expected about the same volume of bus-rail transferring, provisions
to handle this conveniently were not adequately incorporated.

Station Uniqueness

The MARTA Board of Directors also as a matter of policy decided that all
stations should look different. This, of course, sets MARTA apart from
WMATA. It was subsequently decided to award the design of each station to
a different design firm, primarily to help the local design firms ailing from
the 1974-75 recession. Standardization was retained over such details as
lighting fixtures, doors and hardware, plumbing fixtures, etc. through the
Manual of Architectural Design. Interestingly, this didn't seem to signifi-
cantly affect the cost of the stations. Preliminary calculations indicated that
the costs-per-square foot for the first five at-grade stations all hovered
within a few dollars of $85; the comparable figure for aerial stations was

$105, again with little deviation among the four aerial stations.

Two additional policy decisions should also be mentioned. There are not
as significant as the first four, but they do affect the design of the stations.
The first was the decision not to run the rail system all night but to close
down all stations between 1:00 a.m. to 5:00 a.m. This forced the designers
to design limited and securable entrances which could be easily operated. At
that time (1975), MARTA was the only U.$. system to purposefully close
down at night. BART and WMATA both initially closed down for system
testing purposes, but were to operate all night.

The second decision - on concessions - illustrates an interesting point.
The MARTA Board of Directors never acted one way or the other on concess-
ions. The General Manager, however, favored concessions except those of
food and drink. The operations and financia! planning personnel set up
criteria for the inclusion of concession space. Yet the designers apparently
did not want concession spaces. Necessary space allocation and conduit runs
werc never included. As a result, even though there is a policy in favor of

concessions, none of the MARTA stations have concessions.
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Urban Development

In spite of reluctance on the part of designers to accommodate, MARTA,
even in its relative infancy, can show excellent examples of joint development
projects and good urban design. The Georgia State, North Avenue, and
Omni Stations would compare favorably with any joint development projects
anywhere. The Civic Center, Peachtree Center and Five Points Stations have
excellent tie-ins to existing (and future) developments. Other stations have
been specifically designed to encourage and incorporate future air rights and
value capture possibilities. For a new system which has yet to open its

downtown stations, what Atlanta has done is exceptional.
Station Operations

The philosophy of unmanned stations, with its complimentary security
arrangement, has provide tc be very workable and flexible. Both were ex-
tensively copied from the PATCO system and compliments that system's inno-
vation and foresight. After a year of operating 19 hours each day, MARTA
can still claim it has not had a serious patron assault. Except under a com-
plicated fare structure or collection system, a special fixed attendant's booth
does not seem warranted.

Landscaping

There have been many favorable comments on MARTA's landscaping
effort, which has been seen as a major visual benefit of the system. It is
mentioned here to emphasize its importance; there is a tendnecy (for in-
stance, at MARTA) to reduce landscaping to cut costs. (This is really false
economy because landscaping is the least expensive way to cover ground.)
What has been learned at MARTA, however, is to treat landscaping more in
line with how highway departments treat it. The use of extensive hydroseed-
ing of wildflowers, the use of many small plant specimens instead of fewer
large ones more susceptible to dying, and the use of handy, native species
instead of possibly nicer, more exotic plant material are all becoming part of

MARTA landscaping criteria.
In Conclusion

Faced with the dilapidated, dangecrous image of rail stations in our older
cities, transit planners in the 'sixties began to feel that large, beautiful sta-

tions were a major factor in attracting commuters away from their automobiles.
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monitor system was installed at my suggestion by the Assistant General Man-
ager in charge of transit services. It was done shortly after the system
opened. The monitors are exclusively the staff of the Urban and Site Plann-
ing Branch of the Office of System and Service Planning. Each monitor
reviews a specific set of stations every two weeks. The monitor notes any
problems and takes whatever action is necessary, including follow-up. I
should note that the monitor has no authority over, nor is he concerned with,
the station attendant except to assist him in any way possible to operate a
better station or eliminate a problem. The monitor perscnnel involved are all
long~term WMATA planners. Their experience goes back through all the
planning and design of WMATA. They know how things were done and why -
and that includes both good design and the goofs, and they can explain these
things to operating personnel. Beyond that, when problems arise in the
station operation it is usually these same monitor personnel who are called on
to solve them. So we literally have to live with our mistakes. Worse yet, we
have to live with ewverybody else's mistakes. But as we catch and correct

them we learn, and we try not to repeat them.

Just a few general comments now on what we have done right, and
why -- and what we have done wrong, and why. 1 will be stepping on a few
toes, including my cwn. Keep in mind that the Monday morning quarterback
has never lost a game, but he never played in one either. Keep in mind that
over the years since the early sixties the influences and cast of characters,
both pelitical and technical, which guide Metro are constantly and naturally
changing. The raising of Metro is like raising & teenager --you have to
experience it to believe it.

To the general comments then:

- Our original parking plan called for 30,000 parking spaces for the
full 100 mile system. We knew the demand was far beyond that.
Cur most recent net income analysis set the demand at over 100,000
spaces. So, as we open our lots they quickly become overloaded.
The overleading, the new air pollution rules, cnergy shortage and
gasoline costs have changed the picture now, and the board has
recently approved about 25,000 more spaces. So now we have
scheduled over 55,000 spaces - still only half of what's needed but

certainly a large step in the right direction.
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addfares, have had to be added at Silver Spring; and these are by
no means short term conditions. National Airport has been a temp-
orary terminal since July 1977, and will be until 1982. Silver
Spring will continue to be a temporary terminal until 1987.

General maintenance has been forced to use make-do and sometimes
cumbersome methods to clean and maintain the system. More atten-
tion to the problems of general maintenance during the planning and
design could have helped. I have to add, however, that this
criticism is universal for anything of any size and complexity that
was ever huilt.

Metal dust, primarily from the braking system, has been the source
of much grief: the stations and everything in them collects a
greasy coat of dust. Lights are a particular problem since their
intensity is quickly affected. Also, everything in the mechanical
and electrical control rooms collects the dust, which can cause seri-
ous problems. The mechanical and electrical rooms are supposed to
be protected from dust infiltration by close-fitting doors, but the
piston effect of the trains blows the stuff into everything

Not enough concern was given, either in design or during construc-
tion, to the maintenance requirements of the power system. This is
particularly true where replacement of major components is con-
cerned. There are situations in the system where permanent con-
crete walls would have to come down to remove and replace trans-
formers or other such equipment. A particularly vexing example is
where an appropriate access hatch was designed and built - then
completely sealed and paved over.

The elevator system was imposed on us as a reguirement a compara-
tively short time before we started operations. Location and design
decisions were made in a hurry. The elevator system was originally
meant for only the handicapped, but, as you Know, it is now open
te anyone. Some of the elevators are quite remote and insecure.
Some do not require the patron to pass through the faregates. we
will be saddled with this operating and security problem forever.
There is now a plan to place special faregates at the elevator en-

trances. 5ad to say ! have no reason to believe these faregates

81







€8

- STATION PROPER

SITE PLAN

MEZZANINE lKnock] |2 IBicycles| |Bus Bays
(Entrance| Fare Collection out wl £ g o [Off-street
Ways [ Ultimate (Initial) [Panely Stoln]|= 0 ol =
Into tn w 8 % ‘6 X ":'; I 21 o = - w
- id R ' © E = | L o 15218 § u T
w| « Q 1val = Qel |l L I ¥ | 8| O F i s
|l W) g @ al o ¥l olsl ol o o 21+ .
o 2| &lk2| 8 3|l E|n|l|2 <l8zlel 2] &8
alol > tot] « {ar | <lolw|mnlw € [Als]| o a | v
See General Noles
11 1 10(7)] 9 2 2 4 2 Prote 1 -1 3 -

MAIN
TEAMINAL —*

WOREH TERMIMAL

-EDGE OF SUPERETAUCTURE
FAA BHUTILE BUS
S CAHORY

The station was deslgned to allow
the addition of a future north
entrance. Cost of adding the
entrance would be borne by others.

araa tn which illagal
kiss & ride takes place

100 200 Jeo'

+(©

HUNTINGTON {(C) ROUTE
NATIONAL AIRPORT STATION
Artington, Virginia

N

_J

SPLH{TRSVY)-FPLN{COMP}-PHOG (DECO) JuLY 1980 ]
Figure 2

LATEST REV.







58

(" STATION PROPER | SITE PLAN )
MEZZANINE Kno?k 2 Bicycles| |Bus Bays
Entrance| Fare Collection ou » & % o Off-street
Ways | Ultimate (Initial) [Panelsl 5| o| w|Z o —5l =
nto ) " <lalslX 5 w8 > B ol w
tr i v 1 © -« | 0 <{ 2 O O 1 o)
= O |2l « v c|l=|E|®]< g W& O i
w5 a (we| @ zo| | @& X |[¥ 3| O F o
El R w| o |o<ul O 0 - S oo |+ o
g I;E ﬁ i& P =] D] @ ,J_: T E _9_’ < |o > O E E 8
n )] 0 > 0T < | | <lolw|yp]iy « |hfls| o, a n
‘8§ G | t
_ 2 _ 8 (5) 8 ‘4) 2 2 -t=lgl-=1>2 oe General Noles
Plate 1
. U tanding under Wisconsin Avenue
/riven “°f,,—) — - at Albermarle Street for connect-
SEARS (f-‘f ave WY ‘:“:,—::—-—ﬁ—-— ing passageway to access on bath
' " = - < sldes of Wisconsln Avenue. All
[ bus interface are curb drop
along City streets. 62 kiss &
ride spaces are system built in
/ the median strip between Fort
B n = Drive and LOth Street From
/\V‘ - " Albermarle to Brandywine Streets.
' : §
P PARKING GARAGE z 5
;k._._.) L —-atevglor ": ot e - ﬁ
oth ar,
o ) CIETERA Mwddde chspeen FTIVTIITD C ) (CT T
FORT URIvE
SHADY GROVE [A] ROUTE
o xe Q. TENLEYTOWN STATION
\_ \ District of Columbia )

SPLH(TRSV}-FPLN{COMP}-PROG (DECO} JULY 1980 Figure 4

LATEST REV.







Figure 6 shows the Metro Center Station. This is the transfer
station for the Red, Blue, and Orange lines, all of which are op-
erating. The problem arises in the number and location of transfer
escalators. We are adding the necessary escalators. Installation of

these should begin any day now.

These are some of the problems in the system. We have learned from

our mistakes, so I hope you can too. But we also learn from our successes.

We must be doing scmething right:

We are carrying over 300,000 pecple per day now. This is slightly
more than we projected, but it quite significant because our pro-
jections were generally considered tc be optimistic (Outrageously so

by some.)

Most of the bus system is being turned back at the rail heads and
the interface and passenger movement is working well. To give you
an idea of numbers: the Pentagon Station handles over 200 buses
during the peak hour. Silver Spring handles over 135 and Ballston

almost 100; and these are "temporary terminals”.

Our Kiss & Ride facilities are a {low-through, rather than drive
in - back out, design. The flow is smooth, safe and efficient.
The various schemes for the flow through which suit different local

conditions are shown in Figure 7.

In spite of problems [ spoke of earlier, the consistent response
from the general public is good. We've received much praise for
the design and operation of the trains and stations. We have

seldam been criticized without some qualifying praise.

We still have to make exceptional arrangements to handle exceptional
crowds, such as the yearly 4th of July celebration or the recent
Pope's wvisit. But fairly large crowds, such as Redskin games or
less auspicious religicus and other public gatherings, are handled

routinely.

A major, time-consuming, costly alternative analysis was done by a
separale political steering committee and came to the conclusion that

our routes were right in the first place.
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BART STATIONS: A REAPPRAISAL

Wilmot R. McCutchen
5an fFrancisco Bay Area Rapid Transit District

Just over eight years ago, on September 11, 1972, the Bay Area Rapid
Transit System (BART) inaugurated a 26-mile service through twelve stations
in the East Bay, extending from Qakland to Fremont. During the next two
years, service was expanded throughout the 71-mile BART system, including
stops at 34 stations - 15 subway and 19 either at-grade or elevated above
ground. Just this year, the San Francisco MUNI started service on its level
in the four-joint use subways under San Francisco's Market Street and has
extended its routes to include the four MUNI stations built by BART on Quter
Market Street and at the West Portal of the existing Twin Peaks Tunnel.
This is the culmination of over twenty years of planning, design, construction
and operation, so it is indeed timely to take stock of the planning and design

effort as judged by the operational results achieved so far.

It is interesting, from my own viewpoint, to compare nctes with the
paper (1) I presented to the Man/Transportation Interface Conference in the
Spring of 1972. That paper contains many specific design and planning
features of the BART system, and I will not develop all of these here again.
Instead, I want to evaluate certain factors, which arise principally out of the
station planning process, from the advantage of 20/40 hindsight - not 20/20,
because many station design “solutions" are still unclear, even from a back-
ward look. There are several workable solutions to some design problems,
and I will attempt to discuss some different approaches that were taken on
BART, and how we fared with each.

Basic System Design

First of all, let us look at the basic system layout (Fig. 1). The BART
service area is roughly a square drawn on the S. F. RBay Area, 30 miles on a
side. The BART system was visualized as an interurban system, connecting
principal urban centers by means of high-speed, trunk rail service. Existing
transportation corridors were utilized wherever possible. In the major down-
town population centers of San Francisco, Oakland and Berkeley, the line is

in subway. Also, in these major population hubs, the BART system takes on
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the added character of a local subway rail transit. It was conceived by the
early planners, however, that the BART system would be augmented by local
transit, be it rail, light-rail or bus. This basic layout influenced station
spacing and character. Downtown stations are mainly in subway, averaging
about six-tenths of a mile separation, while suburban or outlying stations are
at-grade or above-ground and are spaced on an average of three miles apart.
For comparison with the Washington Metro, Fig. 2 shows the BART network
placed to scale on the District of Columbia and adjacent areas.

Based on planned travel times, station dwell times and passenger service
areas, the original station numbers and locations have worked out well.
During the course of detailed route location, some stations sites were adjusted
(e.g. Lafayette, Coliseum) and some which were originally planned as aerial
stations were put in subway (N. Berkeley, Ashby). Only one station -
Embarcadero - on Lower Market Street in San Francisco, was actually added
to the original allotment. The locations of above-ground stations, in estab-
lished transportation corridors such as freeway medians or adjacent to rail
lines, caused the least possible intrusion into neighborhoods. Only during
the main downtown station construction was there considerable disruption to

normal community activities.

The modes of operation and the projected patronage largely dictate the
type of station platform, whether center (island) type or side platform type.
Generally, the BART subway stations are center platform. The above ground
stations are center platform at terminal stations and wherever turnback opera-
tions were planned in the system. Otherwise, suburban stations with a pre-

dominant travel direction in morning or afternoon were made side platform.

There still seems to be lively debate among transit planners over the
merits of side versus center platform stations. Center platform stations offer
great flexibility for passenger loading and unloading, such as at terminal
stations, and for' traffic reversals generally. On the other hand, they are
structurally more cxpensive than side platform stations, although this cost is
offset by the greater amount of escalators and elevators required for side
platform stations. Passengers can be sheltered from the clements more easily
with the side platform design. From hindsight, there are still arquable points
as to whether some of the BART stations would have functioned better with a
different design. Perhaps the Oakland West Station, located at the east end
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of the Transbay Tube, could have served better as a center rather than side
platform station. Also, if the very early and tentative plans for fdur tracks
through downtown Oakland and Transbay had been implemented, the Oakland
West Station would have been modelled after MacArthur Station, that is, with
two center platforms. These early plans were not implemented, mainly for

cost reasons.

There are also a variety of opinions on the subject of a standard archi-
tectural style for station design versus a more distinctive design for each
station. The BART planners opted for the individualized station designs,
although the same architect working with an identical structural form would
sometimes arrive at similar architectural solutions. Certain design criteria,
however, such as platform length, wvertical circulation, maps and signage, fire

sprinklers, platform clearances, and minimum surge space, were uniform.

Station Ewvaluations

In evaluating the station designs collectively, seven general categories of
functions can be used for convenience. The following will highlight scme of
the design features considered to have worked well in practice, compared with
those where improvements would be desirable. I have titled these categories:
Access (including intermocdal transfer facilities); Entry, Exit and Circulation;
Fare Collection; Amenities; Lighting, Communications, Alarms and Security.

Access & Intermodal Transfers

Table 1 lists the types of access and intermodal transfer facilities which
have either been successful or required improvements when operations got
underway. Perhaps the area where eariy planning most missed the mark was
in the allotment of parking spaces to individual stations. Twenty~three sta-
tions have parking facilitfes for automobiles. The original capacity was 17,692
stalls, but this has been increased to a current count of 21,441 stalls, with
additional spaces to be added where possible. Also, stall conversion to
accommodate smaller cars is underway. Some present capacity, however, such
as at North Berkeley and Coliseum Stations, is still under-utilized. General-~
ly, stations near the major downtown cores do not usually have full lots
whereas stations near the end of each line are greatly oversubscribed. This
type of demand forecast distribution seems to have been missed in the original
planning, aithough the original forecasts in total far excceded the spaces
which could practicably be built in the original construction.
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Table 6

Lighting, Communications, Alarms

Improvements Needed Good Design Features
1. More uniform controls. 1. Good ambient illumination.
2. More centralized controls, automated. 2. Good emphasis over sen-
3. PA capabilities at end of platforms. sitive areas - fare gates,
platform edge.
Table 7
Security
Improvements Needed Good Design Features
1. Close down of extra fare areas in 1. Generally good surveillance
non-rush hours. capability; eliminating blind
2. More CCTV needed. Install initially spots.
(conduits at least). 2. Good design a deterrent
3. Toilets - all in paid area. Controlled to abuse/vandalism.
by agent. 3. Courtesy phones.
4.  Station shutdown.
5. Re-vamp Kkeying.
6. Motorize all grilis.
7. Secure access to AFC equipment.
8. Barriers for fare evasion.

The original BART station design criteria siressed fundamental archi-
tectural features that would "build-in" security factors for patrons. Well-
lighted, inviting, spacious and attractive stations, with blind spots and
re-entrant corners minimized, were established early as design goals. The
station agent's booth was placed to afford maximum visual surveillance of the
concourse area (Fig. 8). Toilets, in particular, were to be located in paid
areas under the station agent's surveillance and control. Good circulation
and surge space, already mentioned, permits patron movement through the

station with lessened chances of exposure to petty crimes like pickpocketing.

Where problems in particular station features have arisen, in many
cases, the basic design criteria for one reason or another were not followed.
One of the cited improvements in Table 7 recommends a better station shut-
down system. The original criteria did not envision protracted station shut-
downs, but did specify closure of part of the platform and some fare gates
during non-peak hours. The BART station security and operations would be
enhanced if they could be closed more tightly during non-operating hours,
either on a whole or part station basis.

107







Conclusions

Using the evaluation factors listed in this paper, the planning and
design of the BART stations in the original system achieved successful re-
sults. Scme shortfalls in parking spaces at end-of-the line stations and in
intermodal transfer facilities occurred. Part of these shortages occurred
because of budgetary constraints, and part because of incorrect forecasting
of demands. Advertising has proved successful, while the concession pro-
gram has not yet met expectations. Design for security and lighting has
been successful on the whole, but some improvements such as lighting con-
trols, station shut-down procedures, and closed circuit TV could be insti-
tuted.

BART stations also conform satisfactorily with the general guidelines of
the transit industry, as reflected in the American Public Transit Association's
"Design Guidelines" (4).
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THE DESIGN OF INTERMODAL TERMINALS: A CASE STUDY
The Northeast Corridor Improvement Project

Hanan A. Kivett
Chief Architect

Northeast Corridor Project
INTRODUCTION

The Northeast Corridor Improvement Project ‘(NECIP) within the Federal
Railroad Administration is undertaking the massive upgrading and rehabilita-
tion of 457 miles of railroad right-of-way between Washington, D. C. and
Boston, Massachusetts. The primary objective of this $2.5 billion investment
is to provide reliable and dependable 2 hour and 40 minute intercity rail
service between Washington, D. C. and New York and 3 hour and 40 minute
service between New York and Boston. An integral part of this program is
the rehabilitation, expansion or reconstruction of 15 stations along the right-
of-way. One of the major features of the station development program has
been the enhancement and reinforcement of intermodal connections with exist-
ing rail transit/subway system, local bus systems, taxis, rent-a-cars and, of
course, private automobiles.

At selected locations the incorporation of intercity bus facilities has
provided an opportunity to develop fully integrated intermodal terminals
incorporating virtually all available modes of ground transportation with the
intercity and commuter rail system at a single downtown location. Benefits to
be derived from the development of such intermodal terminals inciude common-
ality of wvehicular and pedestrian circulation facilities, public services, con-
cessions, and information systems, as well as simplicity and directngss of

intermodal connections among the various surface modes of transportation.

Several of the stations being improved under the NECIP have existing or
potential intermodal capability, particularly with regard to the accommodation
of intercity and commuter bus facilities. Boston South Station is the best ex-
ample of all elements coming together: diversified institutional and political
entities, funds from several Federal agencies, and physical plans responsive
not only to specific transportation needs but also providing a framework for
major commercial air rights development. Therefore, the ensuing documenta-

tion will focus solely on the actual development of a full intermodal terminal at
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completed by the FRA's consultants in early 1979. 1In December of 1979, after
negotiation of two multi-agency agreements and transfer of the station prop-
erty from the BRA to the MBTA, the consultants to the FRA began design
development for rail facilities; consultants to the MBTA began design develop-
ment of subway and bus facilities; and consultants te the BRA began feasi-
bility and design studies for the air-rights commercial development. Final
design of the transportaticn elements is now underway, with completion of
construction documents scheduled for April of 1981.

DESIGN OBJECTIVES

The South Station Transportation Center will combine intercity and
commuter rail, intercity and commuter bus, subway, local bus, and automobile
parking in a location clese to major vehicular arteries and within easy walking
distance of downtown Boston. To maximize the potential of this combination

of transportation [facilities, the following design objectives were established:

0 Provide facilities that meet the operational and support needs of the
intercity, commuter, and local fransportation operators and users
with maximum efficiency.

0 Provide an environment that meets contemporary standards for
passenger safety, comfort, and enjoyment.

0 Provide an overall setting, massing and image that enhance the
historic Headhouse.

o Provide convenient interchange between the various transportation
modes and metropolitan Boston.

0 Provide transportation facilities that complement and encourage state
and city plans for commercial development at South Station and the

surrounding area.

0 Provide barrier-free access for the physically handicapped.

o Provide a distinct identity for each transportation mode and op-
erator.
0 Provide maximum f{rontage along Atlantic Avenue for the competing

automobile pick-up/drop-off needs ol the rail and bus carriers, and

potential air-rights commercial development.
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The second floor of the headhouse will become retail space; the third,
fourth and fifth floors will become commercial office space. To cofnp]ete the
original symmetry of the headhouse facade, a new west wing containing retail
and commercial office space will be rebuilt, and the east wing will be extend-
ed to accommodate a new fire stair. Both of the new wings will have facades

in the neoclassical style of the original architecture.

Above the track area in a three-level, long-span post-tensioned concrete
and steel structure will be a commuter and intercity bus terminal and parking
for approximately 800 cars. The first air-rights level provides intercity bus
passenger processing and package express areas, short term parking, and a
commuter bus concourse owverlooking the trainroom. A pedestrian circulation
spine at this level, overlooking Atlantic Avenue, the trainroom and the rail
passenger concourse, links the subway, rail and bus facilities. The second
air-rights level provides an intercity bus concourse with docks for 40 buses
and pull-through islands for 21 commuter buses. The third air-rights level
provides approximately 600 long term parking spaces. Passengers will arrive
at the bus facilities by escalator and elevator from the Atlantic Avenue auto
pick-up/drop-off area and through the railroad station headhouse from Dewey
Square, the Red Line subway station and the rail passenger concourse.

The parking levels are served by two single lane helices on Atlantic
Avenue, which provide entry and exit. There is also an exit-only ramp for
automobiles to Kneeland Street. Package express, intercity bus and commuter
bus, are served by two entrance ramps, one directly {rom the Massachusetts
Turnpike and one from Kneeland Street, and an exit ramp, also to Kneeland
Street. Additional ramps, providing exiting directly to the Turnpike and the

John F. Fitzgerald Expressway, are planned for the future.
AGENCY COORDINATION AND IMPLLMENTATION

Coordinaton of the overlapping or competing requirements of the FRA,
the MBTA, and the BRA, the lead government agencies, -is the key to the
ultimate completion of the transportation center. Since December of 1979,
each agency and its consullant team has endeavored to advance coordinated
designs for each agency's program. This effort, which required good faith
negotiations and compromise by the parties on a number of design and tech-
nical issues, has led to the preliminary designs depicted herein; it has pro-

ceeded in three primary arenas.
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Completion of other staticn projects along the Corridor such as Washing-
ton Union Station, Newark Station and New Haven Station, all of which are
planned to incorporate intercity bus facilities, will further demonstrate the
viability of a consolidation of surface transport modes as an integral element
in the improvement of urban transportation systems to foster greater use of
these systems by the travelling public.
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The view from the bridge linking the bus and rail terminals overlooks the trainroom
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The second air-rights level plan. The intercity bus concourse has docks for 40 buses. Pull-through islands can
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STATION RENCVATION IN CLDER
RAIL RAPID TRANSIT SYSTEMS

Robert A. Olmsted
Assistant Director of Planning

New York Metropolitan Transportation Authority

I am here today to talk about recent experiences with station renovation
in older rail rapid transit systems. Although the program mentions New
York, Chicago, and Boston, I will concentrate most of my remarks on New
York.

The new rapid rail systems in North America--San Francisce, Montreal,
Toronto, MeXico City, Washington, Atlanta, soon Baltimore, Miami and perhaps
others . . . possibly even Los Angeles, all have the luxury of being able to
tearn from the experiences of the older, turn-of-the-century systems and

build in good design features from the beginning.

The problems in renovating stations in older systems is quite different.
Renovation, especially renovation involving structural alterations or major
changes in station access, are costly and what one can do is severely limited
by physical and budgetary constraints, especially when one considers that the
older systems also have enormous needs for capital for other rehabilitation
projects . . . new cars, new track, modernized power and signal systems,
etc., etc., etc. In New York City alone, scme $250,000,000 a year is bud-
geted for ongoing improvements to the existing system, an amount generally
considered to be "bare-bones". The system has an approximate replacement
cost of $25 to $40 billion. A "modest" expenditure of only 4% of this amount
for annual replacement of worn-out capital items indicates a need for an
expenditure of well over $1 billion a year. So station renovation projects
must freguently take a back seat to less glamorous projects, and so much
greater is the challenge to the planner, engineer and architect designing

station rencvation projects to make every dollar count,

Although the first North American underground subway lines were
opened at the turn of the century . . . 1898 in Boston, 1904 in New York,
and 1905 in Philadelphia, the New York and Chicago systems still ccntain

elevated stations built in the last century. New York is, in fact, right now
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Chicago's historical CBD with new subways. But the high cost of these
subways (Franklin Street) has led to reconsideration, so that the Loop may
remain and be rehabilitated. Should it stay, major renovation of the Loop
stations will be needed.

Back to New York. There has been a renewed interest in improving the
appearance and functioning of our stations. In recent years, several projects
have been undertaken. While some are major projects when looked at individ-
ually, they are voices in the wilderness in a system having 465 separate
stations. These projects vary from the complete reconstruction of the Bowl-
ing Green subway station in the lower Manhattan business district to the
refurbishment of the mezzanine of the 42nd Street station in the 6th Avenue

Line.

The Bowling Green job, which cost $17 million dollars about 5 years ago,
involved major structural work and excavation. A completely new northbound
platform was added and new entrances and an expensive below-track con-
course was built. The station walls were refinished with red tile and floors
with terrazzo. (Terrazzo, incidentally, has a tendency to crack when placed
on surfaces subject to wvibration from trains.) New lighting and ventilating
fans were put in, and a historic park on top of the station rebuilt. There
will be very few modernization projects of this magnitude. For example, a
proposal to reconstruct the 72nd Street station is in jeopardy because the
current estimate exceeds $40 million. A less elaborate and less desirable

solution may have to be adopted.

The refurbishing of the 42nd Street mezzanine on the Sixth Avenue line
complemented another job, the construction of 400 foot long intermocdal trans-
fer passageway to an adjacent subway station on another line. The passage-
way was originally designed to older standards, but a decisicn was made to
upgrade the design standards to include higher ceiling, terra cotta wall
finish, terrazzo floor and murals depicting the history of the area. This
passageway, the Bryant Park passageway, is now one of the most attractive
places in the New York system. The contiguous 42nd Street Mezzanine was
refurbished to similar design standards. The work was paid for by the
builder of an adjacent office building, his contribution to gain a zoning vari-
ance. The funds, howewver, were sufficient to do but half the length of the
mezzanine, and it is a stark contract to stand at the dividing line and see the
old and the new!
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loaded with passengers. Incoming buses unload passengers at a special
unloading sidewalk at the south side of each of these levels and situated
adjacent to the bus entry to the building. This allows a bus to unload and
proceed to an island platform to relcad or to a bus storage area.

Mid and Longhaul passengers are quite different from commuters and
must be assisted by public signing or other information aids to make their
way through the building. These passengers are unfamiliar with the building
and are generally burdened with baggage. They, like the commuters, enter
the building on the street or subway level and from these points, must be
directed to one of two ticketing locations. Which ticketing location is depen-
dent on where they entered the building and the bus carrier they plan to
travel on. Ticketing facilities for all bus companies are located on the street
level of the existing building. In addition, supplementary ticketing facilities
for Greyhound and Trailways, the largest carriers using the terminal, are
also located on the subway level of the new extension. After purchasing
tickets, passengers must be directed to either one of three bus loading areas.
These areas are located at the lowest level of the existing building, the
lowest level of the extention and on the upper level of the extension. Access
to each of these areas is through different circulation routes and passengers

must rely on public signing and/or directions from information agents.

Bus loading and unloading for these passengers are at sawtooth bus
loading platforms boarded from wide spacious passenger waiting areas. These
waiting areas are enclosed, heated and air conditioned and may have a news-
stand and snack bar for the convenience of the bus patrons. Disembarking
passengers are directed via public signing from these areas directly to the

street or subways. Baggage is loaded and unloaded at the bus gate position.

All parts of the building will be totally accessible to the handicapped
with the exception of the island platforms on the suburban and upper bus
levels. Handicapped patrons using buses normally boarding at these plat-
forms will be picked up, on call, at a special area accessible by elevator.
Public toilet rooms, drinking fountains, elevators and telephones are designed
for handicapped use. In addition, escalators and stairways are marked to
assist patrons with impaired wvision.

Architecturally the building is contemporary and designed to make the

building users feel comfortable and safe. The finishing materials of brick,
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CANADIAN INTERCITY TERMINALS

Peter Strobach
Project Manager, Station Policy and Development
VIA Rail Canada Inc.
Montreal, Quebec

1. INTRODUCTION

In the allocated time today, I would like to take this opportunity to
describe recent Canadian efforts in the planning and development of intercity
terminals and hope to raise some issues which we may discuss at tomorrow's
workshop. Although this paper is based mainly on VIA Rail project experi-
ence, experience of other carriers are also included as a significant number
of terminals are expected to be shared by either bus, or in some cases,
marine carriers.

The paper outlines some of the background and context of surface trans-
portation in Canada, suggests guidelines for Canadian Terminal Development,
and gives some examples of present and future intercity terminal projects.

2. BACKGROUND AND CONTEXT

VIA Rail Canada is a new actor on the Canadian Transportation scene.
Since April 1st 1979, VIA, a Federal Crown Corporation, has had sole respon-
sibility for managing in one unified system all rail passenger services in
Canada formerly operated by CN and CP Rail. VIA now manages all intercity
passenger rail service in Canada with minor exceptions in Northern Ontario
and British Columbia. Commuter rail services, excluded from VIA's mandate,
are still operated by CN and CP Rail.

VIA has been given a mandate that will have a major influence on the
direction of Canadian intercity terminal development. Its two-fold corporate
mandate calls for (i) providing efficient and attractive services in areas where
rail is an appropriate and effective form of passenger transportation: (ii)
minimizing operating losses. Specifically for terminals, we are now preparing
plans to manage and control passenger terminals as an integral part of the
total surface transportation system and to develop a new design standards

that will promote more multifunctional and intermodal terminals.

157













There are some exceptions to this in Canada, since during the mid
sixties several cities have undertaken rail relocation projects from central
areas as part of urban renewal projects. Consequently for cities, such as
Quebec, Saskatoon and Ottawa, rail access to the central terminal has to be

included in the planning process.

Major Canadian intercity rail terminals were built between 1900 to 1930
during the great railway age and in many cases the buildings have a definite
historical/heritage value and often have a significant architectural value as
well. This is especially evident in Western Canada where urban development
centered around the passenger terminal and the building often became a major
landmark.

The implications of these considerations for planners and designers are
that:

1. New functional standards required to attract passengers have to be

housed in an existing physical space.

¢. New terminal designs have to be integrated with older architectural
styles.

These two considerations, which may be conflicting at times, truly pose
a challenge to planners, architects, designers and engineers to come up with
plans that are modern and efficient and yet do not destroy the character of
the building. We are presently involved in three major projects where we and
our consultants are responding to this challenge (Vancouver, Winnipeg and
Toronto).

Another factor that introduces an additional challenge to the planning
process is the magnitude of a particular project. In many cases, required
terminal modifications are beyond the capability of the carrier and other
parties may become involved. In Quebec City, for example, where plans are
begin prepared to relocate the station downtown, fifteen parties, comprised of
city, regional, provincial departments and carriers are involved in the pro-
cess. As in the Quebec case, major terminal plans have to be both a "sell-
ing" as well as an "informaticn" document to people who may have different
objectives and different viewpoints on the same project.
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planners may have to accommodate changes in their plans in order
to include new features which may not have been considered before.
eleventh hour suggestions although unpopular are often wvalid.

Moreover, if a project is over one year in duration, the finan-
cial position of the carrier may change and force changes in the
design details. Even when plans are complete, the negotiated
cost-sharing arrangement for terminal development may also force
changes in design details. Thus, flexibility in the proposed ter-
minal plans to allow changes in design detail is essential to success-

ful implementation.
5. FUTURE OUTLOOK

Future terminal development is closely linked to the success of intermodal
coordination in Canada. Although potential roles for carriers are now ap-
parent and are basically understood, specific roles for local, provincial and
federal governments have not been defined as of today as this has only
recently come to the forefront with the creation of VIA Rail.

TDC, the Transportation Development Center of the Federal Ministry of
Transport, is planning to initiate a research program to determine the appro-
priate roles of the various participants and the likely federal provincial mech-
anisms for implementing terminal plans. The extent of this program should be
known by this fall or the end of this year, and will certainly add a new

dimension to the terminal development process.

In the interim we are trying to meet many of the technical and adminis-
trative challenges I mentioned today through initiating new terminal projects
that underscore that future major transportation decisions must be intermodal
rather than mode-by-mode as is the current practice in Canada.

165



















Rotterdam Central Station

This station is a good example of a traditional terminal in the Nether-
lands. It is located in the heart of Rotterdam. On the rail side it is a
through-type station with 14 elevated lines. The main terminal building is
located at street level on the downtown side of the tracks. Another smaller
terminal building is located on the other side of the tracks. A tunnel under
the tracks connects the two buildings and also provides access to the plat-

forms.

The integrated nature of the stations is clearly visible in Figure 1.
Auto's and taxis use the frontage road between the terminal and the city tram
and bus stations. Underneath the bus station is the metro station connected
to the railway station with tunnels. To the east of the station is the inter-
city bus terminal. To the west is a short term parking lot. Long term
parking is located north of the tracks. Bicycle storage with a capacity of
3100 bicycles is in the basement of the main terminal building and next to the
secondary terminal building.

The layout inside the main building is functicnal. In the great hall are
located the ticket wickets, automatic fare machines and concessions. The
main pedestrian flow is through a wide tunnel leading to the 14 platforms.
Access is by stairs. Escalators will be installed in the near future. Access
to the trains is direct and straightforward. Access to the other modes from
trains requires some searching.

Information on train schedules and platform locations is well presented.
The Netherlands is the only country in Europe where train information is
given in order of destination. All other countries give train information in
chronological order. In other words, in the Netherlands you select your
destination first, then find a suitable departure time. In other countries you
find a departure time first and select your destination.

The Dutch Railways run an "open" system so that all platforms are
accessible by anyone, passengers or otherwise. This is not the case in Eng-
land where British Rail runs a "closed" system whereby only people with

tickets are allowed access to the platforms.

Al Rotterdam a color coding system is used to assign passengers to their

appropriate cars on international trains. The edge of the platform is painted
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with different colors to indicate where the cars will stop. A display unit on
the wall matches the car number with the colored sections on the platform.

The German railways use overhead signs to mark off platform sectors.

The Dutch Railways also assign their trains to platforms to ensure that
the majority of connecting passengers transfer by simply crossing the same

platform.

Railway Stations in Great Britain

As in most countries rail travel has decreased dramatically during the
past 25 years in Great Britain. In 1877 there were approximately 2,700
stations in Great Britain as opposed to 5,000 in 1862 (2). However, rail
travel is on the increase again. Moss and Leake (3) report a growth rate of

2 to 4 percent per annum for intercity rail travel.

The largest and most impressive railway stations are in London. There
are 16 stations located in a circle around central London. Most of them are
stub, or terminating, stations. Some 14 of these stations are connected with
the London Underground. These stations process immense volumes of passen-
gers. It has been estimated that Liverpool St. Station, and London Bridge
station process one million passengers a day each. London's stations are all
old, dating back to the mid tc late 1800's. British Rail is in the process of
modernizing them. The latest station to be renovated is London Bridge

station.

Integration of Transportation Facilities

Like the Dutch Railways, British Rail is very much interested in the
integration of its facilities with the other modes of transportation. In London
this is done wvery well except for regional and intercity buses which have

their cwn terminals scme distance from any railway station.

Taxi service at a number of London stations is well integrated with the
rail service. In both Liverpool 5t. Station and Paddington Station, taxies

drive into the station, parallel with the tracks, to pick up fares.

Mcss and Leake (3) conducted a study on the access journey tc the
provincial rail terminals of Leeds, Newcastle and York. They surveyed
passengers from these staticns to King's Cross Station in London. Table 3

containg the results.

173






Bus Stations in the Netherlands

Location of Bus Stations

In general it is customary in the Netherlands to place a bus station
adjacent to or nearby a railway station. Bus stations are usually located on
the downtown side of the railway station. In a survey of the 70 bus sta-
tions, Grondelle and Polder (5) found that 84% of them were located in the
front of the station, such as Haarlem, 6% of the stations were located at the
rear of the stations, such as Eindhoven, and 10% were a mixture of in front,
at the rear, beside, or across the street. Utrecht for example has three bus
stations, two at the front and one in the rear. The preferred location of a
bus station with respect to the train station is to the left when facing the
station. This location minimizes bus movement and pedestrian-vehicle con-
flicts.

A further distinction is made between the type of bus stations. Rasic-
ally there are two types: 1) city bus stations, and 2) intercity bus stations.
These two types are often physically separated from each other. The layout
of Rotterdam station (Figure 1) shows this separation clearly. It is important
to differentiate between the two types of buses because of the dwell time of
the buses. Only about 50% of the city buses begin and end their routes at
the station and they stay a short time. Often the stop at the station is no
different than any other city bus stop. Of the intercity buses about 855
begin and end their routes at the station and require longer time. Conse-
quently, intercity bus stations require considerably more space than city bus

stations.

Platform Layout

Two types of bus platforms are used in the Netherlands: 1) herring-
bone type and 2) linear or island type. The herringbone type is the most
popular and is illustrated in Figure 1 for Rotterdam. Tach bus line has its
own platform. The rcsult is a large area, not efficiently utilized and requir-
ing long walking distance for passengers. COrientation is also a problem in
this kind of layout as is safety where pedestrians have to cross roadways and
aisles being used by buses. The visibility of the buses can be enhanced by
parking them so that passengers leaving the train station see the front of the
buses,
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FIGURE 3

WANDSBEK - MARKT METRO STATION, HAMBURG, GERMANY
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FICURE 4

CENTRAL STATION, THE HAGUE, THE NETHERLANDS
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1. Tunnel for future metro 16. Restaurant

2. Escalators 17. Service Area

3. Frontage road 18. Office Complex

4. Main entrance 19. Bicvcle Storage

5. Ticket wickets 20. Railway Platforms

6. Entrance to rail platforms 21, Escalators

7. Stairs 22. Lscalataors

3. Escalators 23. Tram Station

9. Corridor 24. Glass wall

10. Stairs and escalators to bus 25. Bus Station

and tram station 26. Escalator

11. Concessions 27. Access road for buses

12. Offices 28. Elevators

13. Corridox 29, Roof Gardens

14. Waiting Area 30. Parking Garage

15. Kitchen

SOQURCE : Reference 9.
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keep the fumes out of the pedestrian area of the terminal. See Figure 5 for

layout.

The bus station processes some 70,000 passengers a day of which about
half transfer to and from the buses. The station accomodates 1,300 buses a
day (900 urban and 400 inter-urban) or 105 buses per hour (80 urban and 25
inler-urban). These buses come from 10 urban lines of which 2 are trolley
and 33 inter-city lines. During the peak period, buses operate at a fre-
quency of 26 seconds. The station also processes 2000 small packages a day.
The maximum static capacity of the station is 50 buses (10).

In order to process so many buses in such a short time and in such a
limited space a dynamic computer controlled traffic control system has been
installed. The system works like the DOVER system described previously.
Some 350 buses are now equipped with VETAG transponders and are assigned
to their gates automatically by the computer. Passengers are advised of
gate, time, and bus number wvia solari type panels in the ticket hall. The

entire terminal functions as efficiently as a major airport terminal.
Conclusions

From this brief overview of the planning, design, and operation of

European transportation terminals the following conclusions were drawn:

1. In order to maintain and perhaps increase ridership on public
transportation it is essential that a good level of service be pro-
vided. This not only applies to the vehicles and way but also to
the terminal. For it is here that the user makes his first contact

with public transportation.

2. Throughout Wegtern Europe emphasis is on the integration of public
transportation. Terminals are designed, to accomodate trains,
buses, trams, metros, taxis, cars, bicycles, and above all pedes-
trians. This integration is further reinforced through common
ticketing, interlaced schedules, and co-ordinated management.

3. Joint developmenl of land on or near transportation terminals is a
trend for the future. Encouraging private enterprise to develop
land adjacent to transportation terminals enhances the transportation
system, stimulates urban development and helps to finance the

infrastructure.
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STATION DESIGN METHODOLOGY

by
Michael J. Demetsky

Department of Civil Engineering
University of Virginia

During the past day and a half we have been given first, an overview of
developments regarding passenger transportation interface facilities including
specific reference to the purposes of transit stations, the associated opera-
tions and maintenance problems, and passenger access and movement in the
facility; and second, vivid descriptions of experiences with new station de-
signs and renovations in North America and Europe. These discussions
provide an overview of the state of the practice in the design of major pas-
senger transporiation interface facilities.

We will now review a methodological approach to transit station design
developed at the University of Virginia over the past 5 years. This work
was initiated to try to overcome a major shortcoming of transit station design
practice, namely the inability to investigale a wide range of meaningful design
alternatives. Consequently, in many cases, only a limited number of spatial
configurations and mixes of different components would be considered in
selecting the final station design. In addition, no comprehensive framework
was available to evaluate and compare recent design experiences.

Today, we will discuss the role that the University of Virginia method-
ology can play in the development of better transit station designs. This
discussion will include: 1) the rationale and background for the methodology,
2) an overview of the methodology, 3) an example application, and 4) the role

of this conference in evaluating and revising the methodology.
BACKGROUND AND RATIONALL

An early seminar on transit station design (1) brought together repre-
sentatives from both the private sector (architectural, planning and engineer-
ing consultants) and the public sector (transit agencies and authorities).
These wvarious professional interest groups agreed that a common design
methodology did not exist, that transportation interface design was an art and
that a svstematic approach for evaluating suggested designs was lacking. A
large number of different procedures were employed by planners, architects

and engineering consultants engaged in transit station design.
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crowds and special level change devices such as elevators. Many minimum
standards are now required by law.

Statement of Objectives

Having a typology of components for the station of interest, a general-
ized list of transit station objectives was derived. These station design
objectives must reflect the points of view of the general user, the special

user (elderly and handicapped), and the operator.

Passenger Processing Objectives

General User

Minimize travel impedances (time, distance)
Minimize delays {(queues)

Minimize conflicts (crossing movement paths)
Minimize crowding

Minimize disorientation

Maximize safety

Maximize reliability

Collect fare efficiently

O @ -~ s W

Minimize level changes

Special Usger

Eliminate level changes
Reduce fare collection barriers
Avoid crowding

Eliminate physical barriers

€ B = N s N

Provide locational guides

Operator

Maximize equipment reliability
Control entry efficiently
Maximize safety

Process flow efficiently

o W N =

Provide adequate space
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Statement of Policy and Measures of Performance and Cost

The criteria given in Table 1 were selected by considering the physical
elements of the station and the affected interest groups. To show the roles
of station components within a procedural design methodology, a further
classification scheme was developed in which the terminal performance criteria
are classified according to the manner by which they enter the terminal
design process, l.e., as a result of an initial policy decision or as measures
of performance and economic efficiency. The former category reflects con-
temporary commmunity values, while the latter two provide physical measures of
the operational efficiency of a terminal function. It is useful to make this
distinction because different decision processes govern the two areas. Table
2 illustrates examples of typical station components as classified under this

scheme.

The interrelationships among the analytical measures and categories used
in the development of station criteria are summarized in Figure 1. This
diagram shows the steps involved in defining the elements for an evaluation
model. The physical terminal components are identified and those interest
groups affected by their perfoermance are considered when developing a set of
objectives that apply to the general station design problem. These objectives
(e.g., minimize travel impedance) are used to develop a set of criteria (e.g.,
walk time required) which establish a set of performance mecasures (e.q.,
minutes required). The performance parameters are then categorized as
either results of policy decisions, measures of the performance of functional

elements, or measures of the cost of construction, operation and maintenance.

Formulation of a General Fvaluation Model

Once performance measures are identified with .an impact group(s), an
evaluation matrix can be constructed such as shown by Table 3. This evalua-
tion matrix provides the decision-maker with a summary of all performance
parameters according to their role in the design methodology, and their
impacts on the appropriate interest groups. FExplicit measures of performance
or numerical indices derived from subjective rating schemes comprise the

entries to the matrix cells.

This tabulation shows raw criteria measures in a decisionmaking frame-
work. For example, the decisionmaker can review Table 3 for dominances and

tradeoffs and select a "best" design or, at least refine the total set of cri-
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PHYSECAL TERMINAL COMPONENTS

Transportation Environment Provisions for

Functions Specia! User

L 4

INTEREST GRQUPS

User Special User Cperator

L

OBJECTIVES

- PERFORMANCE

L

Pot icy Performance Cost

Y

EVALUATICON

Figure 1. Definition of Station Performance lleasurns

201







Lacal Demand
and Site
Requirements

Entry
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Oecision

(::) Indicates the application of terminal analysis procedures
for the following purposes:

. Establish policy

2. Generate alternative terminal designs

3. Establish performance and cost measures for eacn
alfernative

Ficure 2.
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Table 4

Criteria Measurement

CRITERTA

Totzl Walk Time

Total Tise in System

Routa Travel Times

Area Per Person

Total Delaw

Queve Length

Flow Conflicts

Connectivity

Orisntation Aids

Safery Features

Design Hazards

Back-up racilities

Inspection Procedures

Number on lLevels

Mechanical and Ramp Level Change Aids
Fare Zollectilon-zntrv Barrier
Fhysical Barrier to Special Users
Entry Control

Station %ize

Odor concentration

Suspended Aerosols and Particulates
Inflow Alr Rate

S3r Dischargss

Atpr Yelocity

Prezsure Changes

Thermal Comfcrt

Nelne

Lighting

Personal Comfort Nacilinies
Cleanl iness

Pleasantness

Advertisling

Concessions

Weather Dwxposure

Securlty

Maintenance & Repair

Cleaning Fequirenents

Fundds Available (Budpet) vy
Funds Feguired

Tncome (Mon-transport Activity)

Incromental Return (Relative to Low
Cont Altarnatlve)

Encrgy Requireronts

Joint Dewvelopment Provisions

Typansion Fotential

205

SOURCE OF MEASURIMENT

UTA Station Simulation Model (USS)

uss

LSS

Uss

uss

Uuss

UsSS, Plan Analysis

UsSS, Plan Analysis, Network Analysis

Inspection

Inspecticn

Inspection

Inspection

Policy (Terminal Management}

Inspection of Plan £ Design

Inspection of Plan & Design

Inspection of Plan & Design

Inspection of Plan & Desipgn

Inspection of Plan & Design

Estimarad Demand

LDesipn Specifications

Cesign Specifications

Design Specifications

Design Specifications

Design Specifications

Design Specifications

Design Specifications

Design Specifications

Design Specifications

Policy

Design Standards, Terminal Manapement

Arenities provoded, l.e., music, art,
etc.

Pollcy

Policy

Inspection

Policy and Plan Analysis

Desipn Experience

Desipn Exporience

Program, Gemership

Policy
Cost Analysis

Desipgn Standards

Folicy Cprion
Policy Opticn
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Falite Trosltoaes
Partormycon Stantacds
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Required Ootigna

Concessions
Advertising
Parscnal Care Facilities
Teleanonas
ABsthetics
Construction Marerrals
Design Flaxibility
BParking Faciiities
Provisions for Special isers

Fassenger Origntation

Fhysical Eaviesrrent
Safaty
Security

Y

GCaneral Trial
Station Designs

Palicy
Design Concepts

Selection
and Layout
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Design Cancec*s Analysis
Cost Analyars

|

Datailed Station Dosigas

Fassenger Procassing
Paisenger Orientatica
Physical Eawviranment
Satety
Security

!

Fvatvation |1

Parlornarsce
Fatcenner Processing
Passenqer Oriectation
Physicel Invironment
Safery
Security

Cost

Tesign Selectlon

Figure 4. Elements Considered in Transit Station Design Methodology
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process and insures the direct consideration of alternatives, both in concept
or with features. It is a mechanism to organize data on design experiences,
and to facilitate effective facility planning.

The emphasis on establishing policies which ultimately shape and con-
strain the station design options is really basic to the methodology. The
MARTA experience as described by Richard Stanger emphasized this; there
were four policies that differentiated MARTA stations from those of any other
system.

1. The transit system was to be an integrated bus/rail system,
2. The stations were to be unmanned,

3. The fare collection system was to be a flat fare barrier to system,
and

4. All stations were to look different.

The first policy defined the scope of the design concepts that were available,
the second limited security options to off-station surveillance and the second
and third helped to draw the specification for fare collection. Such policies
are clearly compatible with the methodology and philosophy contained therein.

While the methodology was derived using internal station design reqguire-
ments only, it can easily be expanded to consider integral external features
such as parking and access mode requirements, and entrance and exit points.
It is our view that the major benefit of the methodology is tc serve as a
mechanism for the transfer of information and experience with transit station

design.

We anticipate that the transportation planning and design professions will
look to the papers, discussion and workshop summaries from this conference
to indicate weaknesses in the state of the practice of transit station design
and to identify areas where research is needed.
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WORKSHOP #8
TRANSIT STATION SECURITY
Dr. E. Donaild Sussman, Chairman
Dr. Larry G. Richards, Recorder

Passenger security has become a major issue for urban mass transpor-
tation systems. Perceived security is a primary determinant of transit mode
choice and use patterns. Fear of crime and harassment is the most signifi-
cant factor preventing transit use in some of our large cities, especially those
with older transit systems. Even frequent users of transit schedule their

trips to avoid travel during certain time of day.

Attempts to contro! transit crime may involve manpower (police), tech-
nology (crime countermeasures), or design. Various police depiloyment stra-
tegies can have marked effects on criminal activity. Similarly, closed circuit
television (CCTV), a technological solution, has proven to be very effective
for reducing certain types of transit crime. Elements of station design which
help eliminate the opportunities for crime have been described in one of the
University of Virginia reports distributed at this conference [Richards and
Hoel, Improving Transit Station Security]. Design strategies will be es-

pecially important to future transit systems, such as Automated Guideway
Transit (AGT), because these systems will be characterized by low manpower -
no employees will be in the stations during normal operations. However, even
In some current systems, designers are ignoring the lessons to be learned

from the security problems of older systems.

Various crimes common in transit environments are listed in Table 1.
Most of the discussion in the workshop focused on these crimes and means of
dealing with them. During the discussion, several general classes of prob-

lems related to transit crime emerged and solutions for them were proposed.

A major institutional problem is that weak or erratic law enforcement is
often associated with transit crime. This is true at both the judicial and
patrol levels. The prosecution of transit crimes is low in prestige. There-
fore, inexperienced and/or poorly motivated prosecuters are often used. Most
transit crimes are relatively minor offenses and are not taken seriously by the

courts. Light sentences arc common.
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The model simulates the movement and processing of passengers and
visitors at the following types of facilities: boarding gates, customs, im-
migration, ticketing and check-in, car rental, enplaning and deplaning curb-
sides, baggage claim areas, and parking lot exits. Reports are generated for
congestion statistics - waiting times, queue lengths and occupancy; queue
statistics for each facility - including number of queue entries, queue size,
and time spent waiting in queues; and facility utilization - including number
of patrons utilizing the facility, maximum number of agents busy, and average
number of agents busy during the simulated period. Model validation data
were collected at three airports, but the authors did not report results of
model applications in actual design efforts.

The Detailed Station Moedel (DSM) was developed by the General Motors
Transportation Systems Division under contract to the Transportation Systems
Center of the U. S. Department of Transportation. The model was designed
as part of a major sotfware development project, the Automated Guideway
Transit Technology-Systems Operation Studies (AGTT-SOS) to simulate per-
, 18980). The model

simulates vehicle and passenger movements within a station, to evaluate con-

formance of entire AGT systems (R. A. Lee, et. al.

trol policies for demand responsive service for individuals and parties, sche-
duled service, probability of transfers, search and disposition of empty

vehicles, and launch delay resulting from network congestion.

The model functions as a discrete event processor and simulates pedes-
trian movement within stations on a link network. The model produces output
which is used to evaluate station performance. Performance measures report-
ed include: vehicle load factors, vehicle arrival and departure rates, empty
vehicle statistics, passengers arriving, boarding and departing, and gqueue
statistics for passengers and vehicles. No validation procedures or actual
system simulation runs were reported by the authors. However, the research

effort is still continuing.

The final model discussed in the state-of-the-art of computer-aided tools
is the UMTA Station Simulation Computer Module (USS). USS was developed
by Barton-Aschman Associates under a contract to UMTA (BRarton-Aschman,
1975). USS is a discrete event, Monte-Carlo simulation model in which the
physical facilities of the station are translated into links and nodes. The

user must specify areas, distances and device service times. Passenger
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