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stantially higher on Northwest Seventh Avenue during 
the stages that included a reserved lane. Most of the 
bus accidents involved automobiles making illegal left 
turns; e.g., 72 percent of the bus accidents happened be­
cause buses were cut off by automobiles, and 22 percent 
of the bus accidents were caused when buses were side­
swiped by automobiles-all illegal maneuvers by auto­
mobiles. Thus, illegal use of the exclusive lane by auto­
mobiles was the major source of bus accidents. 

EVALUATION OF THE TRANSIT 
SERVICE 

One of the most important measures of the effectiveness 
of the transit service is patronage. Total ridership in­
creased from approximately 1050 passengers/ct at the 
beginning of the project to approximately 1450. The 
net ridership increase during the project was 37.3 
percent, which represents an annual increase of 20.3 
percent. In the same time period, MTA total rider­
ship increased by 14,6 percent; therefore growth of 
Orange Streaker ridership was greater than overall 
growth of transit ridership in the Miami area. Except 
for a few months at the beginning of the Orange Streaker 
service, the average load factor was slightly over 60 
percent. 

Another indicator is the percentage of tripmakers 
using the transit service. In this analysis only persons 
making project trips (i.e., from t)le Orange Streaker 
market area to its service areas) were considered. 
Trips on the Ora11ge Sh'eaker averaged 17 percent of the 
trips during tJ1e demonstration project {with a high of 
19.4 percent) compared to 5.1 perce11t for comparable 
routes that existed prior to the Orange Streaker service. 

To assess public reaction three surveys were con­
ducted. 

1. An on-board survey was conducted of all bus 
riders. 

2. A handout, mail-back survey was conducted of car 
poolers forming at the park-and-ride facility. 

3, A telephone home-interview survey was conducted 
of the general public in the market area. 

One of the most interesting findings of the bus survey 
was that most of the Orange Streaker passengers were 
choice riders. Almost three-fourths of the passengers 
hacl an automobile available t.n t.hP.m hnt. rhQ'3f' t0 ridf:l thf:l 
bus. Of the passengers who made the same trip before 
the Orange Streaker service, 55. 6 percent made the trip 
in a single-occupant vehicle. Another 18 percent had 
previously made the trip in multiple-occupant vehicles, 
and 25.4 percent had ridden another bus. Thus, the 
Orange Streaker service did replace a large number of 
automobiles in the traffic stream. The passengers were 
generally favorable toward the service (93.8 percent gave 
it a positive rating and only 2.6 percent gave it a nega­
tive rating). 

Most of the nonusers of the service cited bus-service­
related reasons for not using the service: 32 percent 
cited inconvenience of bus routes, 25 percent cited 
schedule difficulties, 8 percent cited preference for 
automobile, and 5 percent cited bus travel time. The 
attitude toward transit service, therefore, appeared to 
be positive among the nonusers, and apparently a high 
percentage of the nonusers would use a transit system 
if it serviced them more directly. 

The Golden Glades park-and-ride facility provided the 
opportunity for intermodal transfers. Parking lot use 
was approximately 440 vehicles near the end of stage 1, 
and car-pool formation was estimated to be between 30 
and 40/d. The relatively low car-pool formation was 

not too surprising since car pooling was not stressed in 
this stage and other locations were more accessible. 

Approximately two-thirds of the vehicles that entered 
the lot parked there (i.e., park-and-ride vehicles). About 
26 percent of the entering vehicles were kiss-and-ride 
vehicles and 7 percent were car-pool vehicles. A study 
of the access modes used by express-bus passengers in­
dicated that approximately 25 percent of the bus passen­
gers used the feeder-bus service to reach the bus ter­
minal, approximately 55 percent used the park-and-ride 
mode, and approximately 20 percent used the kiss-and­
ride mode. 

We concluded that the park-and-ride facility was an 
important element of the express-bus service. We es­
timated that if the park-and-ride and kiss-and-ride ca­
pabilities had not been provided, approximately 60 per­
cent of the express-bus passengers would have been lost 
to the automobile. 

Another important measure of effectiveness is the 
economic viability of transit operations. We determined 
that the total cost of operating the Orange Streaker ser­
vice in the Northwest Seventh Avenue stae:es of the nroi­
ect was $903 698 ($1.70/passenger); revenues, hO\~ever, 
accounted for only $ 320 836 ($0.60/passenger). This 
deficit resulted in a total deficit of $1.10/passenger (or 
$2.20/passenger / d). There were five primary reasons 
for this deficit. 

1. Costs attributed to vehicle-hours represented 53 
percent of the total cost, primarily because of drivers' 
wages and related expense items. Because the express 
service was strictly a peak-period service and drivers 
had to be paid a minimum of 8 h/d, an extremely high 
percentage of non-revenue-producing hours resulted 
(63 percent of the total). 

2. A relatively large number of buses were only able 
to make one revenue trip since the service was offered 
only in the peak period. The average number of trips 
per bus was less than 1.5 trips/peak period . Costs due 
to these vehicles (which relate to expenses of yards, 
garage facilities, and administrative overhead) amounted 
to 30.4 percent of the total cost. 

3. The peak-period, unidirectional nature of the ex­
press service produced a high percentage of deadhead 
travel. Over 46 percent of the Orange Streaker bus 
travel was nonrevenue producing; the comparable figure 
for MTA systemwide, however, was 13.3 percent. This 
11!11"1!:ihlP. f'nntrihntPf'l 14 fi n.01"'/IP.nt nf thP tnt!ll flnct -;1n,i 
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relates to fuel, lubrication, and maintenance costs. 

4. The Orange Streaker service included some feeder 
routes in the market area. These routes returned only 
10.5 percent of their cost, although the line-haul portion 
returned 39 .1 percent of its cost. 

5, Service to each of the four employment areas was 
investigated, and we found that the downtown and Civic 
Center routes were the most productive and collected 
about 41 percent of their costs. The airport employment 
area was less productive, returning 36 percent of its 
cost; but the airport terminal and Coral Gables route was 
extremely inefficient, returning only 11.9 percent of its 
cost. 

In summary, the extremely high-quality service and 
low- far e structure, coupled with some relatively ineffi­
cient routes (airport area and the feeder segments), pro­
duced costs that greatly exceeded the collected fares. 

CONCLUSIONS 

1. The project was successful in demonstrating that 
express buses can be given priority treatment on urban 
arterial streets and cause little or no adverse effect on 



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 etream. 

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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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. If 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/hm2 (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 mode ls 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 publishep, 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 thrOtlgh the neighbor­
hood or 5.2-km2 (2-mile2

) collection area to ensw-e that 
every resident is within 0.37 km (0.25 mile) of a bus stop 
before the bus makes the express rw1 to a CBD, and 

2. Most riders drive or are driven from a52-km2 (20-
mile2) 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-shift 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-4.7, 3.3, 1.9, and 0.9 kmi (50, 3'5, 20, and 10 
million ft2 of nonresidential 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 well as rail operations with which the 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-km2 (2-mile2) 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 km2 (20 
miles2) 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-km2 (2-mile2
) 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 m2 (50 million ft2), 40 to 56-km/h (25 to 35-
mph) speeds at a distance of 16 km (10 miles), and 
densities in the 30 to 35-dwelling unit (du)/m2 (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 
dens,ities that can support a service of 30 express buses 
during the peak period from a 5.2-km2 (2-mile2

) 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 km2 (50 
million rt2) requil·es average speeds of at least 40 km/h 
(25 mph) and rather high residential densities of 30 to 
34 du/lml (12 to 14 du/acre). For lower 1·esidential 
densities, a still larger CBD size would be needed to 
attain the same trips per square kilometer. Nonres­
idential clusters of over 4. 7 km2 (50 million ft2) 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 km2 (20 miles2) 
is less likely to have the average densities that may be 
encountered in a 5.2-km2 (2-mile2) area. Therefo1·e, 
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 period or less) to 
CBDs larger than approximately 1.9 km2 (20 million 
rt2) for dista,lces of approximately 24 km (15 miles) 
from r esidential areas with densities as low as 5 du/ 
hm2 (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 km2 

(20 million ft2). 
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
hon was $15/h. In the New York region the actual costs 
vary from approximately $13 to over $21/h. If 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/ kni2 is appropriate ln a given situation, and 
thel'efore bars from consideration areas with 8 du/ hm2. 
Instead, the intention Is clearly to caution planners 
from accepting 8 du/ hm2 as absolute and certainly 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 
Haven, Connecticut. (These data, for 1975, were 
provided by the Connecticut Department of Transporta­
tion.) All of these routes operate from park-and-ride 
lots, either existing church-owned parking lots or newly 
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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 hm2

) by Downtown Floor Space Passenp:er- Durin~ From Haul hm 2
) by Downtown Floor Space 

Kilometer 2-h CBD Speed Kilometer 2-h CBD s1,e~d 
(¢) Peak (km) (km/Ill 4.7 km' 3.3 km 2 1.9 km 2 0.9 km 2 (¢) Peak (kml lk1n/ hl 4.7 km 2 3. 3 km 2 1.9 km:i: 0.9 km 2 

6 5 8 56 - - -· 12 5 32 56 34.6 56.8 -
40 - -· 40 44 .5 69. 2 - -
24 - - 24 66 7 -· -

16 56 []TI] 46.9 - - 10 56 17 .3 22 .2 34.6 74.1 
40 G 59 .3 - - 40 19.8 27,2 46.9 -
24 - - 24 24.7 64.2 -

24 56 44 .5 - - 16 56 24.7 37.1 69 .2 -
40 61.8 - - 40 32.1 49.4 - -
24' - - 24 46.9 66.7 - -

32 56 66. 7 - - 24 56 39.S 61.8 - -
40 - - 40 54.4 -· -
24 - 24 71.7 -· -

10 8 56 - - - 32 56 71.7 - - -· 
40 - - 40 -· - -
24 - - 24 - - -· 16 56 59 .3 74.1 - -· 30 56 54.4 66.7 - -
40 69 .2 - - - 40 59.3 69.2 -· -· 
24 - - - 24 71.7 -· -

24 56 - 16 56 - - -· -
40 - - 40 - -· -
24 - - 24 -· -· -

32 56 - - - 24 56 - - -· 40 - - - 40 -· - - -· 24 - - - 24 -· - - -· 
30 - - - 32 56 - - -

12 5 56 14.8 46.9 40 - - - -
40 14.8 54,4 24 - - -· -
24 17.3 66.7 

16 56 l0.8 -
40 24.7 
24 34. G -

24 56 32. 1 -
40 39.5 - -
24 61.8 - -

Note: 1 km= 06 mile; 1 m2 =: 108 fl 2, 

'Ei1her more than 7413 dwelling units/hm1 are required or supplying the service at the staled cost per passenger•kilomeler is impossible 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. 

Cost per Buses Distance Line- Residential Density (dwelling units/ Cost per Buses Distance Line- Residential Density (dwelling units/ 
Passenger- During From Haul hm 2

) by Downtown Floor Space Passenger- During From Haul hm 2
} by Downtown Floor Space 

Kilometer 2-h CBD Speed Kilometer 2-h CBD Sµeod 
(¢') Peak (km) (km/h) 4.7 km' 3.3 km 2 1.9 km 2 0.9 km 2 (¢) Peak (kml (km/h) 4,7 km 2 3.3 km 2 1.9 km' 0.9 km 2 

6 5 8 56 I u 4.9 7.4 I 12.4 12 6 8 56 4.9 4.9 u 7.4 
40 4.9 4.9 7.4 12. 4 40 4.9 4.9 4.9 9.9 
24 - - -· - 24 4.9 4.9 4 ,9 12.4 

16 56 I 7.4 7 ,4 I 12.4 32.1 16 56 4.9 4.9 7.4 12.4 
40 7,4 9,~ 12.4 39 . 5 40 4.9 4.9 9 .9 17.3 
24 - - - - 24 7.4 7.4 -rz:.r- 29.7 

24 56 [lL--=M--l 17.3 74.1 24 56 4,9 7. 4 12.4 37.1 
40 D 12.4 24.7 - 40 7.4 7.4 12.4 46.9 
24 uTI -· - - 24 9 ,9 9.9 17.3 74.1 

32 56 14. 8 32.1 - 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 29.7 -

10 8 56 I 7.4 7.4 9.9 I 19 .8 10 8 56 4.9 4.9 7.4 12.4 
40 9.0 9.9 12.4 24.7 40 4.9 4.9 7.4 12 .4 
24 

1 9; I 
- - - 24 4.9 4.9 7.4 14.8 

16 56 12.4 17.3 56.8 16 56 4.9 7.4 9 D 24.7 
40 12.4 12.4 19.8 74.1 40 4.9 7.4 12.4 32.1 
24 - - - - 24 7.4 9.9 14.9 56.8 

24 56 12.4 14.9 24.7 -· 24 56 7.4 9.9 14.9 61.8 
40 12 .4 17,3 34.6 - 40 LllJ 12.4 19 .8 -· 
24 -· -· - - 24 12.4 14.8 34.6 -

32 56 17.3 24.7 71.7 -· 32 56 12 .4 12 .4 27.2 -· 
40 19. 8 37. 1 - - 40 12 .4 17.3 39 .5 -· 
24 - - - - 24 17.3 27.2 74.1 -

30 8 56 12. 4 14.8 19.8 - 30 8 56 

~ 
9.9 12.<I 22.2 

40 12.4 17.3 29.7 - 40 9 9.9 14.8 29.7 
24 - - - - 24 4 12.4 17 3 42.0 

16 56 17 .3 22.2 56.8 - 16 56 9 12.4 19 .8 74.1 
40 19 .8 32.1 74.1 - 40 IZ..I 14.8 29.7 -
24 -· - - - 24 14.9 22.2 51.9 -· 24 56 29 .7 51.9 - - 24 56 14 .9 17.3 42 .0 -· 40 29.7 66.7 -. - 40 17.3 27.1 74 .1 -
24 - - - - 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 • 06 mile; 1 m2 "' 108 ft' 

'Either more than 7413 dwelling units/hm2 are required or supplying the service at the stated cost per passenger-kilometer is impbssible at any residential 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 o! Trip Passengers Bus-Hours (h) Morning Evening Runs (min) (km) (km/h) Kilometer• Hour Bus 

To Hartfordb 
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 7 7 9 30 28 55 4.1 30.3 3_3 
Avon 526 27.50 1.5 5 7 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 ll.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 ll.40 1.5 3 3 6 20 16 48 3,0 17 .9 3. 8 

Total 4113 139.22 29. 5 

To New Havenc 
Bradford 447 14.42 2.0 3 3 u 15 11 45 4.0 31.0 4. 8 
Milford 98 10 .00 1.5 2 2 4 25 10 39 0 ,8 9 .8 5.0 

Total 545 24.42 22.3 

Notes: Dala for passengers and bus-hours are for two d11 ections; olher d;,la are for one direction. 
1 km7 • 0.4 mile2; 1 km• 0.6 mile; 1 m2 • 10.8 ft2. 

'Atbl TfMl1"; calcull!ttl O'llff grost. L1#t area of &:ich mutddp,11lh'f, whlc:h ranges from 34.2 to 1330 km 2 ; actual tribtJt111y area not known 

:~=t:::: :;:: ::::::i1::~: ::: t::J g:g ~::i~: 11:: ::: g:i ::-JJ ~~~~!:\~:~~\:: ::~~~:::ii~ :1
1~:~: ~~:; i, km

2
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daily trips/ km2 (2 to 23 daily trips/ mile2
). 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 ave1·ages 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 km2 (35 million 
ft2), 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 km2 (26 miiiion ii"), supports oniy one reasonabiy 
used route; the other route carries fewer than 100 people/ct 
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 broadll defined 
cluster . The CBD office floor space is 0.7 km (7.4 
million It2) in Hutfo1·d, plus additional large office 
buildings outside the CBD proper; in New Haven, how-

ever, the floor space is 0.3 km2 (3.6 million ft2). 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 01·der of 
2 km2 (20 million ft2

) may rep1·esent 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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Abridgment 

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 (i). 

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 m2 (57 600 ft2); the model, however, 
indicated a need for only 3142 m2 (33 800 ft2) (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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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 

Figure 1. Linkages among major elements 
of a proposed facility in Sioux City, Iowa. 

RETURNED 

BUS 

RESERVOIR 

administrative offices for the transit system. 
4. The model is limited because assumptions that are 

valid in some cases are applied to all cases. 
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Table 1. Major assumptions of the model. 

; 
I 

EMPLOYEE 

PARKING 

• . . 
• 

REPAIR "REA 

, ... - - - - --- SUPERVISOR & 
I VISITOR PA RKING 

Facility Element 

General offices 
Private offices 

Maintenance supervisor 
Office manap;er 

Counting room 

Interior circulation 
Operations area 

Dispatcher 
Operator's day room 
Interior citculation 

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 

Note: 1 m2 = 10,8 ft 2, 

BUS CIRCULATION 

------ CAR CIRCULATION 

••••oo•••• PEDESTRIAN CIRCULATION 

Size (m 2
) 

11.2 to 15.6 

0 or 13.4 
0 or 11.2 

4.7 minimum 

15 percent of subtotal 

11.2 
18 .6 minimum 
10 percent of subtotal 

11.2 
69 .8/bay 

18 .6 minimum 

237 /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. I/bus 
10 percent of subtotal 

Miscellaneous 

Private office 
T- --·"11 -•·-'--- ...1:- .. -.1.-1..--UI .:::uuu..1..1. <:>J.=i'-'-'"o, u1.=ipa,..._11c.1. 

In small systems, foreman 
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 2 5 or more buses 
Wraparound washer (a second fuel 

island and cleaner when the fleet 
reaches 100 buses) 

Indoor or outdoor 

Employee, supervisor, and 
visitor parkin~ 



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