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8672Dt, where Dt is distance at t 
second term results in 

and the third becomes 

t. The 

(9) 

(I 0) 

Thus, for times at which full speed is not attained, 
we have 

Note that v 2t is speed attained in a time 2t and 
v3t is that attained in a time 3t. 

If t = 3T0 , it is assumed that Vt approaches 
V0 , and then Equation 11 becomes 

{12) 

or 

(13) 

RESULTS IN SPECIFIC CASES 

Equations 11 and 13 have been applied to specific 
cases of four balancing speeds, three acceleration 
speeds, and three run lengths. The results of these 
calculations are given in Table 2, where 

Ua = energy expended in acceleration to 
overcome train resistance (MJ) , 

Uf = energy in full-speed portion of run where 
speed is constant (MJ) , 

Ur total energy for the run (MJ) , and 
tr time required for the run. 

Table 3 gives the results in a oifferent form that 
is more convenient for evaluating the time-energy 
trade-offs under consideration. 
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ENERGY CONSERVATION 

In view of the current need to conserve energy, it 
will be of interest to review the data presented 
here to determine what methods of conservation may 
be of value. As the energy required for" propulsion 
is directly proportional to car weight, it is 
obvious that a reduction in weight per unit of 
capacity is desirable. There is another trade-off 
here, since weight reduction may involve excessive 
costs or reduced life of equipment. In addition, 
since it is essential that buffing strength be 
adequate to prevent danger in collisions or car 
damage in coupling, there is also a safety factor. 

But, since the largest term in the energy account 
is kinetic energy (Uk), it will be seen that 
recovery of some fraction of this term by 
regenerative braking is an effective method of 
energy conservation. The problem is then what to do 
with this energy. With direct-current power 
distribution, the power supply network may be unable 
to accept such reverse energy flow because of a lack 
of load from other trains in the power-on condition 
or excessive increase in line voltage at the 
regenerating train. This energy can be stored by 
diverting it into some type of energy-storage 
device. Two proven storage devices are available: 
the storage battery and the flywheel. There is also 
the question of whether these devices should be on 
board or on the wayside. The flywheel appears to 
have economic advantages over the battery, and can 
be on board or on the wayside. The development of 
this device to a state that permits wide commercial 
use should be expedited. 

It can also be seen from the data in Tables 2 and 
3 that the equipment used should be adapted to the 
station intervals. High-speed cars with short 
station spacings appear to waste energy. Long 
stat ion intervals conserve energy, and it may be 
possible to adopt skip-stop operation where denser 
areas necessitate short intervals. 

Publication of this paper sponsored by Committee on Rail Transit Systems. 

Rationale for Selection of Light Rail Transit 
for Pittsburgh's South Hills 

E.L. TENNYSON 

A project to update the 70-year-old South Hills electric railway system in 
Allegheny County, Pennsylvania, was among the f irst such projects to be sub
jected to intense scrutiny as part of a federally mandated alternatives analysis. 
The rationale of the accepted solution is examined, and the technical process 
by which consensus was ach ieved is described. The data used derive from the 
alternatives-analysis work of the consultants, from regional planning projections, 
and from the author's observations and experience in the area. The alternatives 
analysis did not include a final solution for the downtown Pittsburgh traffic 
problem, but the subsequent review process, based on good data , led to the 
conception and acceptance of the Sixth Avenue subway . 

For more than 70 years, street railway service has 
been provided to the southern portion of Allegheny 

County, 
Hills. 

Pennsylvania, an area known as the South 
As of 1980, most of this rail operation is 

on private right-of-way. This may account, in part, 
for its success and continued existence. However, 
100-year-old bridges, 70-year-old way and power 
facilities, and 35-year-old cars cannot continue on 
indefinitely. The leaders of Allegheny County (of 
which Pittsburgh is the county seat) recognized this 
and made plans years ago for a more contemporary 
replacement facility. 

Allegheny County currently has a population of 
1.7 million; 458 000 reside in the city of 
Pittsburgh and 114 553 in the suburbs served by the 
street railway system. As the table below 
indicates, both Pittsburgh and Allegheny County are 
in a population decline but the areas served by the 
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street railways are in a major growth mode <.!>: 
Decennial 

1970 Population 
Location -Poeulation Change !%) 
Rail service area 

Beechview 12 965 -3.1 
Dormont 12 856 -1.8 
Mount Lebanon 30 596 +12.0 
Castle Shannon 11 899 +0.5 
Bethel Park 34 791 +47.1 
Upper Saint Clair 

(Drake Road) 15 411 +86.0 
Library 4 600 +14.0 

Total 132 118 +20.5 
Allegheny County 1 600 000 -2.0 
Pittsburgh 458 651 -14.0 

Projections suggest a 1980 population of 45 000 for 
Bethel Park and 24 000 for Upper Saint Clair. The 
other communities are projected to stabilize. 

The topography is difficult. Two major rivers 
(the Allegheny and the Monongahela) converge on two 
sides of the central business district (CBD) to form 
the Ohio River and the "Golden Triangle". The 
Golden Triangle is the euphemism given to the very 
compact, dense, convenient (for pedestrians), and 
prosperous center of commercial activity in 
Pittsburgh. Pittsburgh is one of the nation's prime 
corporate centers and, according to the 1970 U.S. 
Census, has the fifth highest transit modal-split 
share in the nation. 

On the south side of the CBD, a sharp escarpment 
known as Mount Washington blocks movement in that 
direction. To solve this problem, a double-track 
street railway tunnel was drilled through the 
mountain 70 years ago on a 6 percent grade. It has 
recently been paved for joint use by buses but not 
carpools. The tunnel is at capacity at peak hours. 
A 50-year-old highway tunnel is nearby, but it is 
too congested for efficient bus movement. 

Because of the presence of many other hills, 
valleys, and streams, Pittsburgh and Allegheny 
County have numerous bridges, several of which have 
had to be closed because of structural 
deterioration. Much of the land is too steep to 
use. The highway "pattern" is patternless because 
of the topography. There can be no grid system, but 
most valleys have arterials along their bottoms and 
many ridges have arteries along their spines. 
Traffic conditions and air quality both need major 
improvement, by mutual agreement and federal 
requirement. 

There are two trunk street railway corridors that 
operate south out of the CBD in the Triangle, across 
the Monongahela River by way of a 100-year-old 
historical bridge, and up through the tunnel. One 
of these two routes spans the next valley and then 
climbs to serve the ridge-top communities of 
Beechview, Dormont, and Mount Lebanon. There is a 
bucolic and rustic single-track extension on private 
right-of-way to Castle Shannon (a borough) 13 km (8 
miles) from the CBD by way of this route (route 
42/38). 

This Dormont-Mount Lebanon line serves 45 percent 
of the passengers on the present rail system and 38 
percent of the passenger kilometers but constitutes 
only 36 percent of the route kilometers. In 
Beechview and Mount Lebanon, the tracks occupy major 
street centers; otherwise, they are on private 
right-of-way outside the CBD and are double track 
except as noted. A 2-min peak and 12-min base 
headway are operated at the busiest seasons of the 
year. The 11-km (7-mile) Mount Lebanon run consumes 
31-37 min, depending on Triangle traffic 
conditions. This service operates inbound north on 
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Smith field Street to Seventh Avenue, then outbound 
south on Grant Street. Average weekday patronage is 
about 10 000, or 3 million/year. The fare in 1979 
was 50 cents. Weekly, monthly, and annual passes 
for regular riders are offered. Approximately 33 
Presidents' Conference Committee (PCC) railcars are 
required to meet the peak schedule with shopping 
margin. Buses also serve parts of the same corridor 
but are not as convenient for the Beechview and 
Dormont ridge-top communities. 

The other corridor or route, which has two 
outlying branches, hugs the side of Saw Mill Run 
Valley on private right-of-way through Overbrook. 
This route has several major bridges and a 4-km 
(2. 5-mile) stretch of single track where topography 
did not leave room for two tracks. A conventional 
railroad block signal system protects all movement 
on this line. This stretch, with its 2-min 
headways, may be the busiest 4 km of single track 
anywhere. Buses serve the valley bottom and the 
opposite side for the first 6 km (4 miles), beyond 
which point the rails follow PA-88, a shoulderless, 
winding, two-lane facility that has less capacity 
than the present peak rail volume (2200 passengers/h 
one way). This branch carries 11 000 passengers/day 
and more than 3 million/year. 

At Castle Shannon, 11 km (7 miles) and 27 min 
from the Pittsburgh CBD, the tracks connect with the 
bucolic extremity of route 42/38. Then, 13 km (8 
miles) out at Washington Junction, a single-track 
branch diverts to Drake Road 5 km (3 miles) beyond. 
This branch is route 36-Drake, which terminates at 
the most intensively used park-and-ride lot in the 
entire region (l, p. 35). The double track 
continues south as route 35-Library for an 
additional 8 km (5 miles) through the suburban 
borough of Bethel Park to the county-line community 
of Library, a mining research center. The 88 
Transit (bus) Line also operates express service 
along this route to points south but does not 
attract a heavy volume of local riders. Transit 
fare to Library was 70 cents in 1979. Route 35 
requires 18 cars, and 13 more are required for route 
36, including spares. 

In addition to a free park-and-ride facility at 
Washington Junction, pay parking is provided in the 
Castle Shannon vicinity by private entrepreneurs 
whose facilities accommodate almost half of the 
entire metropolitan area's park-and-ride activity 
<I, Table 7, p. 42). To augment service to these 
lots, peak-hour short-turn service is operated as 
far as Castle Shannon as route 37, which requires 
six cars, including spares. 

There is also a route 49 that provides a tunnel 
bypass and an exceptional view of the city for 
tourists as it climbs over Mount Washington on a 
single track up New Arlington Avenue on age-old 
cobblestones. Except when the tunnel is closed for 
repairs and route 49 becomes strategic, this route 
provides only minimal service for minimal demand. 

The areas served by routes 35 and 36 have changed 
from isolated old mining communities to extensive 
new suburban developments inhabited by two-car, 
upper-middle-income families. Contrary to 
generalized regression analyses, the higher incomes 
and higher automobile ownership create higher levels 
of transit use in that the park-and-ride mode is 
used to escape traffic congestion. Transit service 
on these routes in 1979 was more frequent and more 
heavily patronized than it was in 1946, when 
Pittsburgh transit experienced its peak year after 
four years of gasoline rationing. This growth has 
increased service frequency to the point of serious 
and frustrating congestion on the single track. The 
paradox is evident: Good service has attracted more 
patronage than it can properly handle without 
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upgrading. Two-way operation on single track 
requires precise scheduling and tight discipline 
but, when automobile congestion in the CBD is 
delaying service, on-time operation becomes 
impossible. A solution to this problem is urgently 
needed. 

PROPOSED SOLUTION 

After federal-aid matching funds were made available 
for urban transit more than a decade ago, community 
leaders proposed an automated-guideway system to 
serve the CBD over a little-used railroad line just 
east of Grant Street, then south through an 
abandoned railroad tunnel, and over a new viaduct to 
reach the route 42/38 rail right-of-way alignment in 
Beechview, then on over that right-of-way to 
Dormont, Mount Lebanon, Castle Shannon, almost to 
Drake Road, near which point it would divert to 
serve the South Hills Village Regional Shopping 
Center. This 17-km (10.5-mile) route would have 
required removal of at-grade street railway 
facilities, thus aborting operation of routes 42/38 
and 36. The future of route 35 was also threatened, 
since the plans suggested shuttle feeder service 
rather than the existing direct service. Objections 
were raised against these impacts, against proposed 
automated features, and against the cost of the 
project, but the basic problem was the attempt to 
replace 35 km (22 miles) of street railway with only 
17 km of automated guideway (see Figure 1). 

As civic debate continued, the Urban Mass 
Transportation Administration (UMTA) was developing 
its alternatives-analysis requirements. It was 
finally determined that the problem should be 
subjected to a formal, professional alternatives 
analysis by experienced engineers and economists. A 
supervisory task force was created that consisted of 
city, county, state, and Port Authority Transit 
representatives. Continuing surveillance was 
provided by the League of Women Voters. The task 
force maintained liaison with the principals and the 
consultants. I was a member of the technical 
committee of the task force . 

Federal funding for 80 percent of the cost was 
approved on condition that an exclusive-busway 
alternative be included. Other alternatives were 
the original Transit Expressway Revenue Line, light 
rail (a major upgrading of the present system), and 
rail rapid transit. The do-nothing or null 
alternative was not realistic because of the 
problems of deteriorating highways, bridges, and 
rail transit lines. Peak-hour movement could not 
continue if nothing were done. 

ALTERNATIVES ANALYSIS 

The objective of the alternatives analysis was to 
reduce or eliminate the delays experienced by the 
present transit system, thus speeding movement and 
reducing cost, or at least reducing operating cost. 
All alternatives were designed to meet the speed and 
capacity requirements of the corridors served in 
order to provide meaningful comparisons. For the 
busway, this meant that grade-separated downtown 
terminal access was needed to avoid serious delay 
and to provide necessary capacity. Even now, the 
streets of Pittsburgh's Golden Triangle are often 
saturated (1_, p. III-48). 

Exclus i ve Bus way 

In addition to a downtown bus terminal with future 
capacity for 14 000 peak-hour passengers, an 
adequate crossing of the Monongahela River was 
necessary. For economic reasons, and to avoid the 
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acquisition of right-of-way, the ridge-top busway 
was truncated at the Dormont-Mount Lebanon boundary, 
with mixed traffic operation south of that point. 
The existing busway in the Saw Mill Run Valley 
corridor would have been extended through Bethel 
Park over the present route 35 rail right-of-way. 
This would have required total abandonment of rail 
service during construction. 

This alternative involved the least capital cost 
and fewer transfers for passengers, but these 
advantages were more than offset by higher operating 
costs, poor CBD distribution, and long headways on 
the outer ends of the lines as they branched out 
beyond the bu sway. Because of capacity and exhaust 
problems, underground bus stations were not 
feasible. Since tunnel capacity was not adequate 
for year-2000 volumes, it would be necessary to 
reactivate the old abandoned Wabash railroad tunnel 
sometime before the year 1990, which would require 
costly approach structures. No effective service 
could be provided for the area during the 
construction period, since rail service would have 
to be removed to facilitate construction and 
parallel highways are already beyond capacity limits. 

Even though use of articulated superbuses was 
assumed on those routes able to accept them, the 
labor cost of this alternative was prohibitive. The 
South Hills have a 20 percent peak-hour one-way 
ratio to all-day, two-way travel. Some bus drivers 
could only serve a maximum of 100 passengers/day 
with 12-m (40-ft) buses. A larger-capacity, or 
automated, vehicle was clearly required to cope ef
ficiently with this high-volume, higher-peak-load
ing, commuter-dominated demand. 

The use of imported oil was not seriously 
considered at the time of the study, but it has 
since become a factor for consideration. 

Tr a ns i t Exp resswa y Re ve nue Line 

The Transit Expressway Revenue Line, which was the 
original plan, involved the highest first cost 
without sufficient operational economy to amortize 
it at any reasonable interest rate. Not only would 
guideway heating cause a severe problem of energy 
cost and waste but also extensive and costly feeder 
bus service would be necessary. Only 17 km (10. 5 
miles) of the present 35-km (22-mile) rail system 
would have been replaced with automated facilities. 
The wider station spacings caused some complaint in 
local neighborhoods. Because of these adverse 
economic and service factors, it was not necessary 
to resolve any problems with automation like those 
experienced on other large automated transit 
projects. 

HeayY Rail Rapid Transit 

The heavy rail alternative was identical to the 
automated-guideway Transit Expressway Revenue Line 
except that full-sized steel-wheeled cars would be 
used. This would reduce the number of units to be 
automated and avoid the guideway heating problem 
associated with rubber tires on structures. This 
alternative offered the lowest operating costs, in 
spite of the extensive feeder bus system required, 
but it required a greater investment than light rail 
to serve fewer passengers over the same area. Since 
the Sixth Avenue subway alternative investment was 
not included in the heavy rail estimate, the 
comparison with light rail lacks this valuable 
feature. The absence of close access to major 
department stores and to Pittsburgh's Gateway 
Center, as well as the need for so much feeder bus 
service to serve slightly fewer passengers, caused 
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Figure 1. Light rail transit plan proposed for Allegheny County. 

Figure 2. Observed tendency of 
transit passengers to change 
vehicles to save time. 
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the rejection of this alternative, as it had the 
rejection of the original plan. 

Light Rail Transit 

Major improvements to the present system proved to 
be the alternative that would be most cost effective 
and attract the most riders (.!, p. III-44). No 

present rail riders would be forced to ride feeder 
buses, although some present bus riders would elect 
to transfer to rail service to save time. Field 
studies have determined that passengers will tansfer 
voluntarily if the time saving is sufficient (see 
Figure 2). The break-even point (SO percent will 
and 50 percent will not) occurs at a 7-min gross 
time saving (about 4 min net). 

In addition to upgrading the present system, the 
new link into South Hills Village Regional Shopping 
Center would be included. The Port Authority of 
Allegheny County, which operates the transit system, 
has already acquired a large adjacent tract for a 
major shop facility and vehicle storage. Using this 
area as a base of operations will eliminate nearly 
an hour of spread time from most operators' penalty 
time. The location of the present base of 
operations--at South Hills Junction near the 
CBD--necessitates an empty outbound move every 
morning, partly over single track, and a reverse 
empty move in the evening after passenger movement 
has been completed. 

The Mount Lebanon subway parallel to Washington 
Road (US-19) was retained in the plan, but a new 
alignment through Beechview was not. Traffic 
conditions on US-19 required transit separation, but 
Broadway in Beechview is not congested and local 
residents requested retention of present access (1, 
p. X-7). The high labor cost of light rail in 
comparison with heavy rail is offset by greatly 
reduced feeder bus operations and less sophisticated 
fare collection but more revenue. The convenience 
of more frequent stops will result in slower 
main-line travel time over a specific route, but the 
retention of routes 35, 36, and 37 along Saw Mill 
Run Valley through Overbrook will offer time savings 
not offered by the other guideway alternatives. The 
short-turn opportunities offered by light rail also 
provide compensating economies. 

Downtown distribution of passengers has always 
posed serious unsolved problems. For light rail 
service, the city of Pittsburgh suggested a division 
of service over three routing patterns: 

1. Private right-of-way (including some existing 
railroad subway) east of Grant Street to the Penn 
Park Amtrak station opposite the Greyhound bus 
terminal (this alignment was common to all 
alternatives except the busway), 

2. Exclusive transit lanes on Third and Fourth 
Avenues to serve an off-street terminal on county 
land at Smithfield Street (this would branch from 
the first alternative), and 

3. Exclusive transit lanes on Smithfield, 
Oliver, and Wood Streets to Fourth Avenue to extend 
the second alternative closer to Gateway Center and 
major department stores (only one-third of the 
service would extend this far, and no multiple-unit 
trains would be permitted for fear of blocking cross 
streets). 

With CBD route 1 (above) on the railroad 
alignment, no street operation would exist on the 
Saw Mill Run Valley line all the way to the outer 
termini [21 km (13 miles)]. The ridge-top route 
42/38 would be traffic free as far as Broadway in 
Beechview [6.5 km (4 miles)). Five suburban grade 
crossings would be separated. Unfortunately, 
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however, most passengers would seek out the street 
service in the direction of the department stores 
and Gateway Center. The resultant operation--three 
outer routes, two short turnbacks, and three CBD 
options for each route--would not be practical. The 
headway between two specific points would be too 
long. It would be necessary to have a simplified 
service pattern to balance traffic by using a 
minimum of transfers at a common point, such as 
Carson Street. 

A summary analysis of the four basic 
technological alternatives is given in Table 1 !.!l. 

IMPLEMENTATION 

After the completion of the alternatives analysis, 
the task force and the Port Authority board of 
directors unanimously adopted its recommendations. 
A draft environmental impact statement (EIS) was 
prepared a~nd won the full endorsement of all major 
civic groups and agencies. Two individuals offered 
very minor objections (.!, p. X-3). One person felt 
that any investment of any kind was hopeless. 

Prior to the preparation of the EIS, a new city 
administration joined with county planners to 
express doubt about the use of exclusive rail lanes 
on downtown streets, where lack of capacity is 
perceived to be a serious problem. The success of a 
reserved bus lane on Fifth Avenue led nationally 
recognized consultants to suggest that the city 
convert Fifth Avenue to a light rail and pedestrian 
mall, but transit technicians had trouble finding a 
new location for the displaced buses and automobiles 
(1, p. V-128). Allegheny County had long wanted a 
short subway under Third and Fourth Avenues, instead 
of exclusive lanes, but this was felt to be too far 
removed from the city's activity centers. These 
varying ideas led to suggestions of a Fifth Avenue 
subway, but problems with geometry and sidewalk 
capacity caused the full-subway idea to be shifted 
to Sixth Avenue, a location that won unanimous 
endorsement and adoption after approval of the EIS. 

Total removal of rail transit from the surface of 
CBD streets and the diversion of some bus travel to 
rail will result in higher bus speeds and added 
capacity for vehicle traffic. 

UMTA has awarded, and the Port Authority has 
accepted, an initial or first-phase grant of $265 
million for the Sixth Avenue subway, conversion of 
approximately 1.6 km (1 mile) of nearby railroad to 
transit use, extension of the system to South Hills 
Village, and rehabilitation of the trunk-line track, 
power system, stations, and other facilities on the 
17-km (10.5-mile) line included in the original 
automated-guideway plan. New cars and the Mount 
Lebanon subway have been held for approval in the 
next phase, pending a comparison between Austrian 
tunneling methods and the more typical cut-and-cover 
methods. Route 35-Library service will not receive 
immediate major upgrading but will be given 
sufficient rehabilitation to keep it functioning. 

OPERATIONS 

The analysis determined that twice as many 
passengers will want to use the Sixth Avenue subway 
as will want to use the railroad alignment that will 
connect with the proposed East Busway for 
traffic-free service to the city's heavily populated 
East End. The busway is being designed with the 
option to extend the light rail service in that 
direction. A light rail operational pattern must be 
devised to split the service in proportion to demand 
and to load the cars evenly, with frequent headways. 

The three basic outlying termini (Drake, Library, 
and South Hills Village) will be supplemented by two 
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Table 1. Economic comparison of four transit-system alternatives. 

Transit 
Exclusive Express- Heavy Light 

Item Busway way Rail Rail 

Guideway (km) 23.8 16.8 16.8 30.0 
Stations and formal stops 46 12 12 54 
Schedule speed tkm/h) 29 40 40 32 
Energy saving (MJ 000 OOOs) 1012 333.4 1263 I I 32 
Passengers carried by year 2000 

(000 OOOs) 39.5 39 .5 39 40 
Capital investment ($000 OOOs)" 

Construction 146.5 228.0 206.8 212.7b 
Right-of-way 17.3 22.8 22.8 17.8 
Rail vehicles 0 83.7 60.3 77.3 
Buses 85.9 37 .3 37 .3 34.2 
Engineering and ad ministration 22.0 34.2 31.0 27.4 
Contingencies 36.2 ...2E 53.4 45 .3 

Total 307 .9 464.7 411.6 414.7b 

Annual operating costs 
($000 OOOsf 

Maintenance of way and structures 0.55 0.96 0.99 0.95 
Maintenance of rolling stock 4.57 4.46 3.06 3.35 
Energy (fuel or power) 1.61 d 2.51 1.72 1.73 
Conducting transportation 15.55 9.35 8.32 8.94 
General and administrative 11.77 8.23 7.32 7.36 

Total 34.05 25.51 21.45 22.61 

Cost per passenger ( $) 
Total operating cost 0.86 0.65 0.55 0.57 
Capital recovery cost 0.70 0.94 0.84 0.83 

Total 1.56 1.59 1.39 1.40° 

Note: 1 km = 0.62 mile; 1 MJ = 947.8 Btu. 

~1975 dollars. 
Includes additional $30.2 million for Sixth Avenue subway, an improvement not in· 
eluded In the othor options. 

~ 1-975 dollars, including othor servrcet in corrtdor. 
OPEC ond lranliln 1979:011 price ond supply gyrations not reflected. Electricity in 
Allogheny County is predominantly coal fired, end there is sonlf? usu of nuclear power. 

e lncJudes cost of Sixth Avenue subway but mflQCts no saving from Its operation. This 
saving is reported in the UMTA environmental impact statomcnt (1, Table V-32, p. 
V-168) to bo $100 000/year exclus·ivo of surface traffic bonoffts. -

Figure 3. Pittsburgh light rail transit routing proposal (peak-hour headways 
circled). 

DRAKE ROAD 

' ' ',buses 

~-Min. Headway 
('Pe .. k) 

short turn-backs at Castle Shannon and Mount 
Lebanon. Library and Drake passengers are primarily 
home-to-work commuters. To speed their trip, these 
route 35 and route 36 cars should continue to follow 
the faster Saw Mill Run Valley route through 
Overbrook. Only one contraflow trip per 
quarter-hour should be scheduled to mitigate 
directional conflicts on the single track. 

Figure 4. Golden Triangle showing proposed Sixth Avenue subway. 
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Table 2. Car requirements for initial operation of new system. 

Cars 

Route To-From Peak Base 

35-Library Penn 23 5 
36-Drake Road Sixth Avenue 11 5 
37-Shannon Sixth Avenue 8 0 
38-South Hills Village To Penn during peak, 

to Sixth base 11 5 
42-Mount Lebanon Sixth Avenue li l! 
Schedule total 78 26 

Spares and shop margin !Q ~ 
Total 88 88 
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Additional reverse movements can follow route 42/38 
to complete their round trip. 

The South Hills Village Regional Shopping Center 
is expected to generate local traffici this suggests 
that the South Hills Village service should follow 
the much more heavily populated route 42/38 through 
Mount Lebanon. The declining density of population 
with distance from the CBD suggests, and economics 
require, that a portion of the route 42/38 service 
turn back in Mount Lebanon near the present 
Clearview loop. Similarly, cars that carry 
passengers bound for the Linden Grove and Cretestone 
park-and-ride lots near Castle Shannon should not 
have to operate all the way to Library but should 
turn back at Castle Shannon (instead of short 
turning, outbound route 37-Shannon cars can become 
inbound route 42 cars and vice versa when 
single-track occupancy permits). 

If the peak-hour common trunk headway were 1 min, 
the approximate service pattern would be as follows 
(see Figure 3): 

Route 
35=LI'brary via Valley 
36-Drake via Valley 
37-Castle Shannon via Valley 
38-South Hills Village via 

Dormont 
42-Mount Lebanon via Dormont 

Headway 
Peak 
4 
8 
2 

8 
2 

(min) 
Base 
20 
20 
10 

20 
6.7 

For route 37-Castle Shannon and route 42-Mount 
Lebanon, all available service is included in the 
headway, including routes from farther out. 

When 1-min trunk headways are not adequate for 
the projected growth in travel volume, two-car 
trains will be used to avoid congestion. This is 
not feasible with the present PCC rail cars. 
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Express service on route 36 and on every other trip 
on route 35 is provided during peak hours and should 
be continued to minimize car kilometers while 
maximizing patronage. 

At the CBD ends of the routes, studies anticipate 
a 3-min peak and a 20-min base headway to and from 
Penn Park Station and, as a result, 1.5-min peak and 
5-min base headways in the new Sixth Avenue subway. 
Previous operation of 1-min headways in the Newark, 
New Jersey, subway (with four routes) and 27-s 
headways in Philadelphia's Woodland Avenue subway 
has established the practicability of very short 
headways with one-car trains, if multiple loading 
berths are used. 

To offer this frequency of service, and the 
suburban frequencies specified above, it is most 
logical that route 35-Library and route 38-South 
Hills Village operate to Penn Park Station during 
the peak and only route 35-Library during the 
off-peak. All other service would use the Sixth 
Avenue subway to Gateway Center, which has an 
intermediate station near Wood Street in the heart 
of the shopping district near Oliver Plaza (Figure 
4) • This service pattern results in the car 
requirements given in Table 2. 

The present fleet of cars will offer a one-way 
peak-hour capacity of 4680 passengers and a 
derivative all-day capacity of 28 000 (12 percent 
greater than that recently experienced). The 
resultant annual total will approximate 7. 8 million 
passengers. Growing population, faster service, and 
new cars such as those Philadelphia and Toronto are 
purchasing, half operated in two-car trains and half 
as single units, would mean that 132 cars would be 
required to carry 7650 passengers one way in the 
peak hour. An eventual peak-hour total of 14 000 is 
projected, at which time two- and three-car trains 
will be required. 

ECONOMICS 

The alternatives analysis found that light rail 
service will save $9.5 million/year (in 1975 
dollars) in comparison with the exclusive-busway 
alternative. The operational savings are even 
greater but are reduced somewhat by the added 
capital-recovery charges. Because of the excessive 
age of bridges and deterioration of facilities, new 
capital must be invested. Parallel highways are 
saturated at peak hours. Given the need and the 
commitment to upgrade facilities, the question of 
annual operating results becomes paramount. The 
Port Authority of Allegheny County currently budgets 
$85 million annually for transit expenses, of which 
48 percent is recovered in revenues and 52 percent 
is covered by federal, state, and local subsidies 
that cover both bus and rail service. 

The first-phase operation will use the present 
car fleet, which is undergoing rehabilitation. 
Annual cost estimates for this phase are calculated 
as follows (1 mile • 1.6 km): 

Maintenance of way and structures 
46 miles x $18 000 

Maintenance of rolling stock • 
93 x $10 000 

Power = 93 x $5400 
Platform labor = 108 x $21 000 
Supervision and administration 

at 16 percent 
Li•ability at 4 percent 
Annual total operating cost 
Annual passengers = 7.8 million 

at $0.57/passenger 
Loss ratio (loss + cost) 
Operating ratio (Interstate 

$828 000 

$930 000 
$502 200 

$2 268 000 

$754 800 
$207 000 

$5 490 000 

$4 446 000 
19 percent 
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Conunerce Commission definition) 
Operating cost per passenger 

kilometer at 8.9 km/passenger 

125 percent 

7.9¢ 

Excluding New York City, the typical domestic 
transit system has a loss ratio in excess of 50 
percent and Interstate Commerce Commission operating 
ratios of more than 200 percent. The Pittsburgh 
transit system as a whole is quite typical in this 
regard. The upgraded light rail operation appears 
to have the capability of attracting and carrying 
more passengers at a much reduced percentage of 
loss. It may also be noted that the power system in 
Allegheny County is supplied largely from coal, not 
foreign oil. The initial 7.8 million passengers 
will consume 59.5 MJ (16.5 million kW•h) of 
electricity. If this were oil, including refinery 
losses, it would represent 4500 m3 (1.2 million 
gal) yielding more than 15.3 passenger-km/L (36 
passenger miles/gal), which is a 50 percent better 
yield than that of commuter automobiles. Because 
new rail cars use regenerative braking, almost 18.3 
passenger-km/L (43 passenger miles/gal) is possible 
as compared with less than 13 passenger-km/L (30 
passenger miles/gal) by automobile. 

Data on the complete new system as it was 
envisioned by the consultants are given in the 
tables below [l km = 0.62 milei 1 MJ = 0.277 kW•h 
(electric power)i 1 MJ = 947.8 Btu (energy)]: 

Item 
Guideway (km) 
Stations and stops 
Speed (km/h) 

Route 35-Library 
Route 38-South Hills Village 
Areawide system average 

Electric power per year (MJ 000 OOOs) 
Energy savings per year (MJ 000 OOOs) 
Year-1990 light rail passengers (000 OOOs) 

Millions 

Amount 
30 
54 

28 
25 
21 
151 
286 
20.2 

of Dollars 
Item 
Capital investment 

Baseline plan construction 
Sixth Avenue subway (net) 
Right-of-way 
Rail vehicles 
Engineering and Administration 
Contingencies 

•rotal 
Year-2000 annual operating cost 

Maintenance 
Way and structures 
Vehicles 

Energy 
Conducting transportation 
General and administrative 

Total 

1975 

182.5 
30.2 
17.8 
77.3 
27.4 

~ 
380.5 

0.8 
1.1 
0.9 
3.2 

---1..:.§. 
8.6 

1980 

268.3 
44.4 
26.2 

101. 7 
40.2 

~ 
547.3 

1.1 
1. 7 
1.4 
4.7 

-1..:..!!. 
12.7 

Operating cost per passenger is determined to be 
42.6 cents and 62.9 cents in 1975 and 1980, 
respectively. The following inflation rates were 
used in determining the 1980 dollar amounts given in 
the table: 6, 7, 8, 9, and 10 percent in 1975, 
1976, 1977, 1978, and 1980, respectively. I have 
recalculated the 1980 capital investment for rail 
vehicles based on Southeastern Pennsylvania 
Transportation Authority light rail bids. Savings 
from the Sixth Avenue subway operation are included 
in the cost of conducting transportation and also in 
the 62.9-cent figure for 1980 operating cost per 
passenger. 
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Planning Procedures for Transit-Station Renovation 

JOHN R. GRIFFITHS AND LESTER A. HOEL 

The application of planning and design procedures to the problem of transit
station renovation is described . The process is illustrated by using as an example 
the 69th Street Terminal in Philadelphia, a complex transit terminal that handles 
many transfer movements and transit vehicle connections and has a variety of 
system elements that are badly in need of renovation . The performance of the 
existing station was evaluated based on selected objectives and criteria and in 
light of its conformance with current policy guidelines. A series of alternative 
renovation layouts was produced to improve the processing of passengers by re
ducing conflicts, trip times, and level changes. These plans included considera
tion of horizontal and vertical separation, station access for fare collection, 
passenger volumes on each transit line, and accommodations for the disabled . 
Each alternative renovation plan was then evaluated along lines similar to those 
for the evaluat ion of the existing station. The results indicated the priority of 
each interest group and showed where conflict existed. The next step in the 
process is the preparation of detailed architectural and structural design plans 
and specifications, cost estimates, and a financial plan . 

The renovation of transit stations is becoming in
creasingly important because the cost of new con
struction has been rapidly increasing while transit 
has been attracting new riders because of fuel 
shortages. Major capital investments in most new 
transit systems, such as those in Baltimore and Buf
falo, are being built incrementally . In cities that 
have existing transit services, particularly Boston, 
Chicago, New York, and Philadelphia, greater 
reliance on present systems will be necessary. As 
newer systems begin to age, they too will be 
considered for renovation as recycling of transit 
structures becomes more productive and necessary. 

Since the public's impressions and acceptance of 
transportation services depend heavily on the per
formance of modal interchange facilities, and since 
travelers generally place greater weight on time 
spent transferring between modes than on time spent 
in the vehicle, it is the abrupt transitions and de
lays at interface facilities that can reduce the 
service advantages offered by high speeds, frequent 
service, and advances in line-haul technology. In 
the case of older stations, these impedances are re
flected in deficient designs, deterioration of phys
ical plant, and changes in the public's perception 
of acceptable services. 

This paper describes the application of planning 
and design procedures to the problem of transit-sta
tion renovation. The transit-station design 
process, as developed by Demetsky, Hoel, and Virkler 
(1), involves a series of procedural steps that 
assist the designer in ensuring consistency and 
comprehensive treatment in transit-station planning 
and evaluation. The methodology also uses analytic 
techniques, decision rules, and separate criteria 
for each interest group that uses the facility. 
Figures 1 and 2 illustrate the process. TO 
demonstrate how the procedures are implemented, they 
have been applied to a complex station-renovation 
problem. 

DESCRIPTION OF TRANSIT STATION STUDIED 

The purpose of this study is to develop the planning 
process for transit-station renovation by applying 
each procedural step to an older, existing station 
that has deteriorated and is not functioning accord
ing to modern standards. The 69th Street Terminal 
just outside of Philadelphia was selected to demon
strate the planning process for transit-station ren
ovation. This selection was based primarily on the 
station's need for renovation, the variety of system 
elements contained within the station complex, the 
availability of information, and the willing assis
tance of the agency that owns and operates the ter
minal [the Southeastern Pennsylvania Transit Author
ity (SEPTA)]. 

The 69th Street Terminal is located just north of 
West Chester Pike at its intersection with 69th 
Street. It is west of the city limits of Philadel
phia in the township of Upper Darby in Delaware 
County and is the western terminus of the Market 
Street-Frankford subway-elevated line and the east
ern terminus of a high-speed light rail line from 
Norristown. The station also serves two trolley 
lines and many bus lines that terminate in a well
established retail-commercial district in Philadel
phia's western suburbs. Figure 3 shows the transit 
lines that are served by the terminal, and Figure 4 
shows the terminal layout. 

Approximately 50 000 persons/day (transit users 
and shoppers) pass through the terminal. In 1971, 
more than 70 percent of the daily subway-elevated 
users--about 13 200 persons--arrived at the terminal 
by means of public transportation. Of the 1200 
daily users who drive, about 70 percent approach 
from either the West Chester Pike or Garrett Road. 
The morning and evening peak hours each account for 
about 30 percent of the daily users, or a total of 
60 percent of daily traffic. The subway-elevated 
Frankford line operates 24 h and carries approxi
mately 18 000 riders bound for the central business 
district (CBD). 

The subway-elevated line operates six-car trains 
at headways from 3 to 30 min. The Norr is town High
Speed Line is a light rail segment that uses single 
or tandem cars between the terminal and Norristown. 
The trolley lines to Media and Sharon Hill operate 
as single, low-level platform cars. Bus feeder ser
vice totaling 62 coaches in the peak hour is also 
provided. None of the rail lines are compatible or 
interchangeable with each other. 

The terminal faces West Chester Pike, a major 
commuter route into the Philadelphia CBD. This ar
terial has a typical weekday volume of 25 000 ve
hicles and a peak-hour volume of 1100 vehicles in 
the peak direction. The termi nal is located on a 
site of nearly 35 acres and consists of three inter-


