














































































































the general traffic stream. Indeed, positive benefits
can accrue to the automobile traffic.

2. A park-and-ride express~-bus combination that
provides a high level of service can attract automobile
riders although such high-level service is extremely
expensive for the public to support. This observation
suggests that a service oriented to a relatively small
market requires a carefully established fare and route
structure to ensure that revenues offset a realistic por-
tion of the operational costs.

3. Increases in bus accidents appear to be a problem
when a reversible exclusive center bus lane is used.

4. The bus-preemption system did not appear to have
an adverse effect on traffic signal operation but did in-
crease the required service calls.

5. The new bus service and the bus-priority treat-
ment greatly increased the number of persons moved on
Northwest Seventh Avenue. Between 20 and 30 percent
of the persons moved on Northwest Seventh Avenue were
moved by bus although buses constituted less than 2 per-
cent of the traffic stream.

6. The park-and-ride facility was an essential ele-
ment of the transit service, and a majority of the bus
passengers would have been lost to the automobile if the
facility had not been provided.
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Where Express Buses Work

Jeffrey M. Zupan and Boris Pushkarev, Regional Plan
Association, New York

Densities of residential areas and sizes of central business districts neces-
sary to generate sufficient demand to support express buses for given fre-
quencies of service at a reasonable cost are estimated. Two types of
express-bus operations are considered. In the first case, patrons are
picked up by buses circulating in a residential area before the bus travels
express to the central business district. In the second, commuters arrive
by automobile at a park-and-ride lot before continuing their trips by ex-
press bus. We found that, for express-bus operations with pedestrian ac-
cess, a cost of 6 cents/passenger-km (10 cents/passenger-mile) is attainable
for only a narrow range of residential densities and only to rather large cen-
tral business districts. |f 12 cents/passenger-km (20 cents/passenger-mile)
is an acceptable cost standard, a wider range of supporting conditions is
possible. Express-bus operations that provide park-and-ride facilities are
more broadly applicable at the 6 cents/passenger-km (10 cents/passenger-
mile) standard. Residential densities as low as 7 dwelling units/hm? (3
dwelling units/acre) and central business districts of moderate size can in
some cases support express-bus service. These findings match reasonably
well with empirical data from 11 express-bus operations in two Connec-
ticut cities. The achievement of more express-bus operations is possible
by higher residential densities over a larger area and by growth of central
business districts in medium- to large-sized cities.

This paper is part of a larger study to determine the
land use densities suitable for a variety of public transit
modes and service levels. The express bus is only one
of eight modes considered. The measure of demand

for public transit in an urban setting and the cost of
supplying the service to meet that demand, developed

as part of this effort, will not be fully described here.
Nevertheless, outlining the relevant variables involved

is necessary before the focus of this paper —matching
demand and supply for express-bus service—is dis-
cussed,

A set of models was created that estimate the num-
ber of public-transit trips from a residential area to a
nonresidential concentration or cluster. One model
estimates the total number of trips between two places;
the other model divides those trips into trips by
transit and trips by automobile. The models further
record the distinction between work trips and nonwork
trips and the distinction between travel to CBDs or spread
highway-oriented clusters.

The model developed to estimate total trips between
a residential area and a nonresidential cluster shows
that such trips are a direct function of the size of the
nonresidential cluster measured by square meters
(square feet) of nonresidential floor space, the number
of workers (for work trips) and number of people (for
nonwork trips) in the residential area, and an inverse
function of the distance between the residential and non-
residential areas. Since the model was calibrated with
data from the New York urban region, the competing
influence of Manhattan as an attractor of trips is also
accounted for.

The modal-choice model distinguishes among
travelers with zero, one, or two or more automobiles
available in their households. Automobile ownership
is shown to be a function of residential density, income,
transit service available, and number of drivers in the
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household. Bus frequency, proximity of rapid transit,
availability of commuter-rail service and, most im-
portant, the size and character of-the nonresidential
cluster are significant parts of the model. A complete
description of all the models is published in another
report (1),

The cost of express-bus operations to meet the transit
demand is found by estimating the vehicle-hours neces-
sary to meet that demand in a particular urban setting.
Vehicle-hour calculations are based on round-trip dis-
tance (including the usually empty return run) and speed.
Speed, in turn, depends mostly on how much of the run
is on freeways and how much is on congested streets.

The vehicle-hours must be related to passenger
boardings within the entire collection area of the route,
That area may be quite small if passengers walk to the
bus or very large if passengers arrive by automobiles.
The proportion of passengers who arrive by automobiles
may range from 10 to 90 percent or more, depending on
whether the express-bus service is from residential
streets or from commuter parking lots.

Two types of collection areas are examined:

1. The bus circulates 15 min through the neighbor-
hood or 5.2-km? (2-mile®) collection area to ensure that
every resident is within 0.37 km (0.25 mile) of a bus stop
before the bus makes the express run to a CBD, and

2. Most riders drive or are drivenfrom a 52 ~km® (20-
mile®) tributary area to a single location from which the
bus makes the express run.

For both types of areas, a cost of $15/bus-h and a 4
and 4-h split-ghift labor agreement were assumed. Thus
daily cost is $120/bus. We assumed that the trips are
exclusively trips to work and that they take place only
during a 2~h period inbound and a 2-h period outbound,

The purpose of the illustrative calculations (Tables
1 and 2) is to find out what minimum residential densities
in the collection areas will provide sufficient passenger
volume to keep costs per passenger-kilometer (passenger-
mile) within predetermined limits. This is done for
three assumed operating speeds—56, 40, and 23 km/h
(35, 25, and 15 mph); three peak-hour service fre-
quencies—>5, 10, and 30 buses in 2 h; four downtown
sizes—4. ’? 3.3, 1.9, and 0,9 km* (50 35, 20, and 10
million ft* of nonremdentlal floor space; four dis-
tances between the beginning of the express run and the
downtown—8, 16, 24, and 32 km (5, 10, 15, and 20 miles);
and two limits of cost—6 and 12 cents/passenger :km
(10 and 20 cents/passenger-mile). The 6 cents/
passenger -km (10 cents/passenger-mile) rate appears
to be in scale with many existing express-bus operations
as wellas rail operations with whichthe express bus may
be competing. The 12 cents/passenger.km (20 cents/
passenger -mile) rate is in scale with local bus opera-
tions that express buses might replace on particular
routes. Many densities are unlikely to occur in the
given situations even over a 5.2-km’® (2-mile®) collection
area, on the average, given empirically encountered
density gradients. This observation is even more true
in the case of collection areas as large as 32 km? (20
miles”) where average densities are likely to be quite
low. In Tables 1 and 2 density ranges that are likely to
exist are boxed in.

Table 1 deals with a 5.2-km” (2-mile®) pedestrian col-
lection area, A cost of 6 cents/passenger-km (10 cents/
passenger-mile) or less can only support a frequency
of five buses during the peak -hour period, a CBD of
4.7 million m® (50 million ft*), 40 to 56~ km/h (25 to 35-
mph) speeds at a distance of 16 km (10 m11es), and
dengities in the 30 to 35-dwelling unit (du)/m® (12 to 14-
du/acre) range.

However, if costs of 12 cents/passenger:

km (20 cents/passenger-mile) are acceptable—which
converts to a cost per passenger of $2 at 16 km (10
miles), $3 at 24 km (15 miles), and so on~then there is
a somewhat wider variety of situations that can support
express buses with pedestrian collection, as shown by
the boxed data in Table 1. There are no reasonable
densgities that can support a service of 30 express buses
during the peak period from a 5.2-km’ (2-mile®) col-
lection area,

Although under some circumstances express-bus
operations with local collection are possible, these
cases are largely confined to a narrow range. At 6
cents/passenger.km (10 cents/passenger-mile), a 24
to 32-km (15 to 20-mile) run to a CBD of 4.7 km® (50
million [t*) requires average speeds of at least 40 km/h
(25 mph) and rather high residential densities of 30 to
34 du/! hm? (12 to 14 du/acre). For lower residential
densities, a still larger CBD size would be needed to
attain the same trips per square kilometer. Nonres-
idential clusters of over 4.7 km® (50 million ft*) are
mostly found in urban areas of over one million people,
which suggests that our hypothetical express-bus ser-
vice remains confined to very large cities if this ser-
vice is dependent on pedestrian access. In fact, the
major existing walk-to-express-bus services are located
in the Washington, D.C., area, in New York City, and
in New Jersey where commuters to New York City live.

An express-bus service of the park-and-ride variety
is applicable more broadly, as Table 2 indicates. How-
ever, the larger collection area of 52 km® (20 miles?)
is 1ess likely to have the average densities that may be
encountered in a 5.2-km” (2-mile®) area. Therefore,
the range of realistic densities for the collection areas
is narrowed a great deal, as evident from the boxed
data in Table 2.

If a cost of 12 cents/passenger.km (20 cents/
passenger-mile) is acceptable, express-bus service
with a park-and-ride facility can cover a still wider
range of conditions, including a slower speed of 24 km/
h (15 mph) and higher service frequencies.

Summarizing, park-and-ride express-bus services
generally can provide low and medium-service fre-
quencies (about 10 buses in a 2-h perlod or less) to
CBDs larger than approximately 1,9 km?® (20 million
it*) for distances of approximately 24 km (15 miles)
from residential areas with densities as low as 5 du/
hm® (2 du/acre). However, although park-and-ride
express-bus service is broadly applicable to medium-
sized cities, park-and-ride express-bus service be-
comes more difficult for CBDs of less than 1.9 km®
(20 million ft*).

The firmness of these conclusions must be tempered
by once again calling attention to some of the key as-
sumptions, We assumed that the cost of the bus opera-
tion was $15/h. In the New York region the actual costs
vary from approximately $13 to over $21/h. I costs
lower than $15 are assumed, the range of possible
express-bus operations widens. In addition, the de-
mand model cannot estimate peculiar or special situa-
tions. If a particular residential area has an un-
usually high orientation to a CBD, residential densities
lower than those shown might support express-bus
operations.

The conclusions above are meant to be illustrative.
The intention is not to lay down a hard-and-fast rule;
e.g., 10 du/km” is appropriate in a given situation, and
therefore bars from consgideration areas with 8 du/hm
Instead, the intention is clearly to caution planners
from a{:ceptmg 8 du/hm” as absolute and Lertqinly to
be wary when the method indicates 4 du/m°®,

Analytical conclusions to empirical observations
are useful. Table 3 gives some characteristics of



express-bus routes instituted in 1973-75 to serve the
CBDs of two medium-sized cities —Hartford and New
(These data, for 1975, were
provided by the Connecticut Department of Transporta-
tion.) All of these routes operate from park-and-ride

Haven, Connecticut.

lots, either existing church-owned parking lots or newly

constructed commuter lots.

The suburban routes

operate mostly over a distance of 8 to 19 km (5 to 12
miles) and two 27-km (17-mile) routes go essentially

beyond the suburbs to neighboring urban areas.

The

demand densities were available only at town-level
aggregation (large in Connecticut) and range from 5 to 60

Table 1. Minimum residential densities that provide sufficient passenger volume to keep costs within predetermined limits for express-bus service

with local collection.

Cost per Buses Distance  Line- Residential Density (dwelling units/ Cost per Buses Distance  Line- Residential Density (dwelling units/
Passenger- During  From Haul hm?) by Downtown Floor Space Passenger- During  From Haul hm?) by Downtown Floor Space
Kilometer 2-h CBD Speed Kilometer 2-h CBD Speed
(¢) Peak (km) (km/m)  4.7km® 3.3km® 1.9km? 0.9km? | (¢ Peak (km) {km/h)  4.7km? 3.3km® 1.9km® 0.9 km?
6 5 8 56 - - - -t 12 5 32 56 34.6 56.8 - -*
40 -t - - - 40 44.5 69.2 -* -
24 — — — TS 24 ! -t -
16 56 46.9 - - 10 8 56 7 34.6 74.1
40 34.6 59.3 - -t 40 2 46.9 -
24 - - - -t 24 34.6 64,2 -*
24 56 44.5 - - -t 16 56 37.1 69.2 -
40 61.8 -t - - 40 49.4 - -
24 - - - -t 24 A 66.7 -* -t
32 56 66.7 -t —* -t 24 56 39.5 61.8 -t -t
40 e s ot T 40 54.4 A . e
24 o e T =0 24 1.7 i+ i =
10 8 56 - - - - 32 56 L7 - -t -
40 e . e e 0 e e _ =
24 e e o = 24 — s Zh =%
16 56 59.3 74.1 - -* 30 8 56 54.4 66.7 - -
40 69.2 - - -t 40 59.3 69.2 - -t
24 - - - - 24 4.7 - -* -*
24 56 - = — -t 16 56 -t — - -
40 - =i i = 40 3 o o £
24 i s e = 24 =% N =i e
32 56 e a o — 24 56 ik _ e =
0 e s = 55 40 = e SN Sy
24 — —F e — 24 A o i e
30 _ _ s e o e 32 56 = o s ==k
12 5 8 56 A 8 46.9 40 - - - -t
40 4 3 1 54.4 24 - - -t -t
24 .9 5 2l 66.7
16 56 .9 . WL -t s
40 3 . 5 -t
24 2 X 2 -t
24 56 ‘ 32.1 2 -
40 4 39.5 -t -
24 370 61.8 - -

Note: 1km = 0.6 mile; 1 m? = 10.8 fi2,

®Either more than 7413 dwelling units/hm? are required or supplying the service at the stated cost per passenger-kilometer is impassible at any residential density.

Table 2. Minimum residential densities that provide sufficient passenger volume to keep costs within predetermined limits for express-bus service

with park-and-ride lots.
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Cost per Buses Distance  Line- Residential Density (dwelling units/ Cost per Buses Distance Line- Residential Density (dwelling units/
Passenger-  During From Haul hm?) by Downtown Floor Space Passenger- During From Haul hm?) by Downtown Floor Space
Kilometer 2-h CBD Speed Kilometer 2-h CBD Speed
(4] Peak (km) (km/h)  4.7km* 3.3km* 1.9km® 0.9 km® () Peak (km) (km/h)  4.7km® 3.3km® 1.9 km® 0.9 km?®
6 5 8 56 [ 4.9 4.9 7.4_] 12.4 12 5 8 56 4.9 4.9 49 7.4
40 4.9 4.9 74 12.4 40 4.9 4.9 4.9 9.9
24 = - - - 24 4.9 4.9 4.9 12.4
16 56 12.4 32.1 16 56 4.9 4.9 7.4 12.4
40 7.4 ) 12.4 39.5 40 4.9 4.9 9.9 17.3
24 = —* - -t 24 7.4 7.4 12.4 29.7
24 56 17.3 74.1 24 56 4.9 7.4 12.4 7.1
40 9.9 12.4 247 - 40 7.4 7.4 12.4 46.9
24 =l - - -t 24 9,9 9.9 17.3 74.1
32 56 14.8 32.1 -t 32 56 7.4 9.9 14,8 69.2
40 12.4 17.3 49.4 - 40 9.9 9.9 17.3 -
24 - - - - 24 12.4 14.8 20.7 -
10 8 56 rm 7.4 9.9 J 19.8 10 8 56 4.9 49 A 12.4
40 9.9 9.9 12.4 24,7 40 4.9 4.9 7.4 12.4
24 =* -* - - 24 4.9 4.9 7.4 14.8
16 56 12.4 17.3 56.8 16 56 4.9 7.4 9.9 24.7
40 12.4 12.4 19.8 74.1 40 4.9 7.4 12.4 32.1
24 - -t - -t 24 74 9.9 14.9 56.8
24 56 12.4 14.9 24,7 -t 24 56 7.4 9.9 14.9 61.8
40 12.4 17.3 34.6 - 40 9.9 | 12.4 19.8 -
24 -t -t -t -t 24 12.4 14.8 34.6 -*
32 56 17.3 24.7 7.1 - 32 56 12.4 12.4 27.2 -*
40 19.8 37.1 -t - 40 12.4 17.3 39.5 -
24 - - - - 24 17.3 27.2 T4.1 -*
30 8 56 12.4 14.8 19.8 -t 30 8 56 T4 9.9 12.4 22.2
40 12.4 17.3 29.7 -t 40 9.9 9.9 14,8 29.7
24 - - - -t 24 12.4 12.4 17,3 42.0
16 56 17.3 22.2 56.8 - 16 56 9.9 12.4 19.8 4.1
40 19.8 32.1 74.1 -* 40 12.4 14.8 29.7 -*
24 -t - - -t 24 14.9 22.2 51.9 -
24 56 29.7 51.9 -t - 24 56 149 17.3 42.0 -
40 29.7 66.7 -* - 40 17.3 27.1 74.1 -
24 -t - - - 24 29.6 61.8 - -
32 56 56.9 - - - 32 56 22.2 37.1 - -
40 - - - - 40 32.1 59.3 - -
24 - - - - 24 59.3 - - -*
Note: 1km = 0.6 mile; 1 m? = 10.8 ft2,
*Either more than 7413 dwelling units/hm? are required or supplying the service at the stated cost per is il ible at any resi ial density.
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Table 3. Characteristics, daily use, and services of express-bus operations to two medium-sized cities.

Bus-
Buses Assigned to Trips Avg Hours
Service Route Running Scheduled  per Passengers  per
Period Time Distance  Speed Square per Bus- Assigned
Origin of Trip Passengers  Bus-Hours  (h) Morning  Evening  Runs  (min) (km) (km/h) Kilometer*  Hour Bus
To Hartford®
Manchester 1064 24,15 2.0 5 7 14 20 13 39 8.8 44.0 4,0
West Hartford 783 19.02 2.0 4 5 13 20 8 24 6.9 40.2 4.2
Enfield 709 23.43 1.6 (4 1 9 30 28 55 4,1 30.3 3.3
Avon 526 217.50 1.5 5 i 7 35 19 32 4,3 20.8 4.6
Glastonbury 328 13.50 1.5 4 4 7 25 11 27 1.2 24.3 3.3
Middletown 255 11.40 1.2 3 3 4 30 28 55 1,2 22.4 3.8
Simsbury 244 11.00 1.3 5 4 4 30 19 39 1.4 22.2 2.4
Newington 204 11,40 1.5 3 3 6 20 16 48 3.0 17.9 3.8
Total 4113 139.22 29,5
To New Haven®
Bradford 447 14.42 2.0 3 3 9 15 11 45 4.0 31.0 4.8
Milford _ 98 10.00 1.5 2 2 4 25 16 39 0.8 9.8 5.0
Total 545 24.42 22,3

Notes: Data for passengers and bus-hours are fur wo duections; other data are for one direction,
1 km? = 0.4 mile?; 1 km = 0.6 mile; 1 m? « 10,8 ft?

® Arbitrarily calouluted over gross lastd area of each munmpaluv which ranges from 34,2 to 13391 km?; actual tributary area not known
b Urbanized area population 465 GG0; CBD office lloor space 068 ko nonresidential floor space in cluster over 3.28% kmZ

Urbanized area population 348 O0(0; CBD office llotr spsce 0.33 km?; nonresidential floor space in cluster 2.47 km?

daily trips/km® (2 to 23 daily trips/mile®). The average
scheduled speed varies from 24 to 55 km/h (15 to 34
mph); higher speeds generally occur in corridors that
have freeways. Although the service period does not
exceed 2 h in each direction, there are 4 to 14 depar-
tures, The productivity varies greatly from route to
route but averages 28.4 passengers/vehicle.h, and the
fare in May 1975 averaged $0.44/passenger for a trip
just under 16 km (10 miles). How much of the cost this
fare covered is not clear. On the Hartford bus system
in general, the operating cost was $14.20/bus:-h. How-
ever, this average cost cannot be applied to the express-
bus routes that have below-average vehicle use. As
evident from Table 3, buses assigned to the service
operated only about 4 h/d. Whether these buses could
be used elsewhere during off-peak hours is questionable
though the labor agreement did permit 4-h split shifts
for bus drivers.

More generally, Hartford, which has a downtown non-
residential concentration in excess of 3.3 km® (35 million
ft?), about one-third of which is in the CBD proper, sup-
ports a flourishing number of express-bus services;
perhaps the two most heavily used close-in routes
operate at a profit.

By contrast New Haven, which has a concentration
of 2.4 km® (26 miiiion ft"), supporis oniy one reasonably
used route; the other route carries fewer than 100 people/d
or only 10 passengers/bus h. Express-bus patronage
may well be more a function of CBD office floor space
than of total CBD floor space in a more broadly defined
cluster, The CBD office floor space is 0.7 km” (7.4
million ft) in Hartford, plus additional large office
buildings outside the CBD proper; in New Haven, how-

ever, the floor space is 0.3 km® (3.6 million ft*), Fur-
thermore, a heavy commuter market to the north of
New Haven's downtown is not exploited by commuter
buses because of the lack of convenient freeway access.
Nevertheless, the Connecticut data seem to support the
proposition that a downtown cluster size on the order of
2 km® (20 million ft*) may represent the lower limit of
park-and-ride express-bus feasibility, at least if the
frequency is five buses during the peak period.

From a land-use-policy perspective, the achievement
of more widespread express-bus operations is possible
by higher residential densities over a larger area and by
the growth of the downtowns in medium- to large-sized
cities.
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Planning and Designing Bus-Transit

Garages

Rick Kuner, New Alternatives, Inc.

How large should a bus garage be? How many square
meters are needed to accommodate the different func-
tions that must be contained in the building and on the
site? Answering questions of future design size with
certainty cannot be done. Uncertainty arises because
of the potential impact of public policies regarding car
or van pools, preferential treatment for buses, parking
fees, potential fuel shortages, type and amount of tran-
sit service provided, population in the service area,
and availability of funds. The best way to deal with
these uncertainties is to test the implications of differ-
ent sets of conditions.

The purpose of this paper is to describe a computer-
based model, developed by the author, that deals with
questions of transit-garage size under different future
conditions. The model is quick, is inexpensive to use,
and has been applied to existing and proposed bus-
transit garages in five cities where the bus fleets are
small to medium sized.

Bus garages have five major functional areas or ele-
ments: general offices, operations area, repair area,
vehicle storage (cold-weather indoor, warm-weather
outdoor, or both), and an outside area, The linkages
among these elements are shown in Figure 1. Three
types of circulation are essential to the proper function-
ing of the facility, Buses need quick access from the
street to the returned-bus reservoir and easy access to
the street to start a revenue run, Within the site, buses
must be able to circulate through the fueling-cleaning -
washing line every night and then to the repair bays or
bus-storage area, One report (4) found that half of the
service-cycle time was consumed by moving the buses
from the returned-bus reservoir through the fueling-
cleaning -washing line to the storage or repair area,
Employees should be able to circulate quickly between
general offices, operations area, and repair area;
hostlers should be able to proceed from one bus to an-
other quickly. Employee and visitor vehicles should
have easy access to parking areas. The importance of
an efficient layout increases as the size of the fleet in-
creases (4).

MODEL FUNCTION

The problem-solving technique inherent in the model is
sensitivity analysis, a procedure employed because of
uncertainty about the actual value of a parameter under
analysis. The major input parameter is the estimated
future bus-fleet size. Although the exact number of
buses needed in the future is seldom known, the planner
will want to know how sensitive allocation of garage and
site space is to changes in bus-fleet size, The proce-
dure in sensitivity analysis is to change the value of the
parameter in question (bus-fleet size) and to examine
the extent to which the changes affect the results of the
analysis (garage and site space allocation),

The model user identifies the different bus-fleet
sizes to be tested and specifies whether buses are to be
stored indoors or outdoors. The model uses these input
data and a series of precoded assumptions and guide-
lines (Table 1) to generate an architectural space pro-
gram for each element of the garage and site.

MODEL OUTPUT

The output report produced by the computer program is
shown in Figure 2. 'Test results of any four bus-fleet
sizes (between 10 and 150) can be given in one report.
The results of the model can be used to draw curves
showing the effects of bus-fleet size on facility size,

QUESTIONS THAT THE MODEL
HELPS TO ANSWER

How adequate is the space in the present garage? In
Flint, Michigan, a fleet of 40 buses was stored in a
building of 5357 m® (57 600 ft?); the model, however,
indicated a need for only 3142 m?® (33 800 ft*) (2). In
Sioux City, Iowa, a 30-bus fleet was housed in a build -
ing twice as large as needed; the transit board dealt
with the excess space by leasing it to a trucking com-
pany (3). In Duluth, Minnesota, the working areas in

a bus-transit garage were too large and the storage
areas were too small (1), The fleet contained 88 buses;
63 were stored in the area designed for bus storage,
and the remaining 25 had to be stored in the repair shop,
body shop, and cleaning-washing area,

How large a site is needed for the present bus fleet?
This question is answered in the final rows of the com-
puter report (Figure 2) that show total site area required.

How large a building and site might be needed in the
future? This question is directly related to staging.
Given a projected need for increased service, a large
bus fleet, and the uncertainties of when the need will
occur, the transit agency should acquire a larger site
than needed initially, build a core facility, and have the
facility designed so that additions can be made easily
when the need arises. The model is ideally suited to
deal with this question because of the range of bus-fleet
sizes that can be tested.

How should space be allocated in a new garage? The
model generates a preliminary architectural space pro-
gram that can be used in discussing future needs with
interested agencies. The model does not produce a final
space program, but it does provide a useful start.

How much can the size of the building be reduced by
storing buses outdoors instead of indoors? In warm cli-
mates, indoor bus-storage areas need only be heated to
2 to 4°C (35.6 to 39.2°F). The model provides for an
option to specify either indoor or outdoor storage. Bus
storage can amount to a significant portion of the build-
ing, but this space is the cheapest space per unit to
build.

LIMITATIONS OF THE MODEL

1. The model is a planning tool and not a substitute
for architects and engineers. The model extends the
capabilities of technical personnel, but does not replace
them, In all applications to date, the model has been
used as an aid in making fundamental decisions concern-
ing need for a new garage and concerning best site loca-
tion. These decisions have been made prior to contract-
ing with architects and engineers,

2. The model does not account for inefficiencies of
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administrative offices for the transit system.
4., The model is limited because assumptions thatare
valid in some cases are applied to all cases.

sites with unusual shape, topography, or subsoil condi-
tions.
3. The precoded assumptions and guidelines built

into the model are limited to fleet sizes of 10 to 150

buses.

The model could be modified to deal with larger

fleet sizes, but the applications so far have not required
this capability. The model also assumes that the garage
will be the single transit maintenance garage and general
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Table 1. Major assumptions of the model,

Counting room

Interior circulation

Operations area

Dispatcher
Operator's day room
Interior circulation

Repair area

Foreman

Repair bays

Machine and electrical
Tire repair and storage
Paint and body area

Fueling-cleaning-washing

Contingency

Vehicle storage

Bus parking
Circulation

Outside area

Parking

Returned bus reservoir
Contingency

4.7 minimum

15 percent of subtotal
11.2

18.6 minimum

10 percent of subtotal

11.2
69.8/bay

18.6 minimum

231/bay

298 minimum (93 for
a second fuel island
and cleaner)

10 percent of subtotal

39.1/bus
15 percent of subtotal

32.6 to 37.2/space

39.1/bus
10 percent of subtotal

Facility Element Size (m?) Miscellaneous
General offices
Private offices 11.2 to 15.6 Private office
portation supervisor O or 134 In small systcms, dispatcher
Maintenance supervisor 0or 13.4 In small systems, foreman
Office manager Oor 11,2 In small systems, receptionist

or secretary

Space for a work table, file cabinets,

and fare boxes

Private office

Private office
One 20-bus bay plus 1 bay for in-
crements of 10 or more buses

Two sets (winter and summer)
One 50-bus bay plus 1 bay for in-
crements of 25 or more buses
Wraparound washer (a second fuel
island and cleaner when the fleet

reaches 100 buses)

Indoor or outdoor

Employee, supervisor, and
visitor parking

Note: 1 m? =108 ft?,



Figure 2. Model output of a
hypothetical office-bus maintenance
facility.

Gilman Division of Barton-Aschman Associates, Inc.
Their long years of transit experience and expertise
were invaluable in developing the assumptions and guide-

lines coded into the model.

FUNCTIONAL AREAS FACILITY SIZE (SQUARE FEET) AT CIFFERENT BUS_FLEET SIZES
30 BUSES 4G BUSTS 88 BUSES 130 BUSES
2. CENERAL OFFICES T ) g - = e
GFNERAL MANAGSR.zeveosnaaos 168 169 T 168 168
TRANSPORTATION SUPFEVISCR. .. 0 0 144 Lad
MAINTENANCE SUPEPVISODR. 0 0 144 144
OFFICE MANAGER eaes.. s 0 120120 .
VISTIORS suisemeicsmseemae s 24 22 b4 8)
SECRETARIES AND CLFKSewonns 0 144 5 2BBuc roem o AR
RECEPTIONIST-SECRETAR Yaunaas 72 72 72 72
CCNFERENCE RCCMeuscsooaannns 150 150 17¢ 260
WORK SPACEasoeosens D) 8) 176 26)
DFFICE_STORAGE.. LL ; 108 204 288 __ o
CCUNTING ROOM,. . 80 50 128 180
VAULT CART STORA 11 B IC 31 4s_
MALE REST RNOM.. 35 5 44 65
FEMALE REST ROCMusssscsscecs 35 35 44 65
SUBTNTALewses 123 929 1813 2323
__ INTFRICR CTRCULATICNecoaanss 108 139 272 348
_ TOTAL-GENERAL OFFICES..... 831 1068 2085 2671
B. OPERATICNS APEA = 2 R
DISPATCHER souparessnnssnssn 120 120 120 120
DPERATORS DAY ROOMesossvosss 500 60 1080 1502
MALE LCCKER RQMeeoeevonoses 120 100D 408 . 720 _
FEMALE LCCKER R00M., are 60 50 234 360
MALE REST R00Muassss o SO .. L2a _ 264 P L S
FEMALE REST ROOMeaeeosasanen 60 80 176 260
SUBTOTAL.w.as 550 1150 2342 3350
= 11y 234 335
T 13us 2576 3685
Co REPATR_AREQ __
EOREMANswswwimssemmuenmsemns s oo 0200 o 120 120 ) 120 ‘
REPAIR £4YS.. eess 1500 1500 3000 5250
PACHINE ANC ELECTHICAL AREA, 1400 1AY 3720 54900 |
TIRE REPAIR AND STNRAGEsasss 140 100 372 540 |
_ PAINT AND_BODY AREZ.eseeesas 2550 2550 3300 4050
FUELING=CLEANTNG=WASHINGse0s 3240 3250 3250 4230 |
STOCKROOM, 5 300 400 800 1300
BCILER RO v W 600 700 11ac 16G0
LOCKER R30Macseconsesonneens 50 6 108 159
MALE REST RODMeossennoonaoes 40 40 se 100
FEMALE REST ROCMacaassacasns 20 Mo - B R e - m— |
SURTOTALsasse 9520 10870 15967 22760 _ |
CLNTINGENCYussasonscssssnses as2 1757 1597 2216 ‘
TOTAL-REPAIR AREA...u. 10612 11627 17564 25036 J
D. VEHICLE STORAGE _ . = A i ) g
BUS PARKINGaosoassos . 12690 1eacd 36560 54600 \
AUXILEARY VEHICL®Seessasasss 400 _4cn 1200 2400 ‘
SUBTOTALssess 13900 17200 38160 57000
CIPCULATION.sovsaasanaananes 1950 2580 5724 8550 |
TOTAL-VEHICLE RAGEweasas 14550 19780 " 43884 65550
E. DUTSIDE AREA . =
SUPERVISOR pnxnc.......... 4000 5260 11600 17200
ENPLOYEE PARKING. . o 15750____ _____1S2%9 __ _____3605C_____ 50750 .
QETUPNED BUS PESEFVOLS L4200 546) 12180 18963
CIRCULATINNsevssusananssssss 2355 2551 5583 a601
WALKWAYS.eeoovnans weeses 1007 1205 2286 3314
LANDSCAPINGavosnasanss. .o 2007 2239 3286 4314
SUBTUTAL . 2925§ 361219 71385 102239
CCNTINGENCY.. . 2936 332 713% 10224
TOTAL=NUTSIDE AREAssaee 32255 29651 18524 112463
TOTAL=BUILDIMNG ARCSA,. 27738 33784 T e6109 96942
TOTAL=SITE AREA {SF)evesas <o 60033 73735 144633 209405 .
TOTAL=SITE AREA (ACRES)esssonces lo4 1.7 3.2 4.8
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