
W O O D A N D H A M I L T O N : T O L L P L A Z A S 1 2 7 

I = moment of inertia of normal cross-sec
tional area of column with respect to 
gravity axis of bending. 

L = total length of column. 
M — bending moment; Mo greater end mo

ment; Ml = smaller end moment; 
MI = bending moment x distance from 
origin; M,,, = maximum bending 
moment. 

P . = compressive axial load on a column; 
= 7 r 2 £ / / L 2 is the E u l c r load for 

straight column with pinned ends. 
Pt = critical load for an}- column; = 
load that first produces yielding; P„ — 
applied load multiplied by an approxi
mate safety factor n. such that the 
maximum fiber stress does not exceed 
/„ , the yield point strength of the 
material. 

Q = 
1 

P, s. 

S = section modulus, I/C. 
a = (L/2r) VP/AE = pL/2 for general use 

where safety factor n is not involved or 
where safety factor rt = 1; also a = 
( L / 2 r ) \/Pn/AE where P is the working 
load and n is the factor of safety; 2a is 
simply twice the above defined a 
values. 

A = maximum initial deflection at mid-length 
of an initial ly curved column; at mid-
length the init ial ordinate yo = A; 
Ac/r^ = crookedness ratio. 

X = 3.1416. 

Design of Toll Plazas from the Operator's 
Viewpoint 

H O W A R D C . W O O D , Principal Bridge Engineer, and 

C A R L S . H A M I L T O N , Supervising Bridge Engineer, 

San Francisco-Oakland Bay Bridge 

T H E distinguishing feature of the to l l faci l i ty is the tollgate. While the function of 
the gate is the seemingly simple one of collecting and processing tolls, the present-
day version, handling high volume traffic presents operating requirements of 
considerable complexity. No t only must the integrity of the collection system be 
assured, but inasmuch as the tollgate is an obstruction in the roadway, its restric
t ion on the free movement of traffic must not be inconsistent wi th the capacity and 
standards of the facil i ty i t serves. 

This paper presents some observations of the authors pertinent to the design of 
to l l plazas drawn f rom their experience on to l l bridges operated by the California 
Division of Highways. 

# T H E single feature that distinguishes the 
tol l highway facili ty f rom the so-called free 
highway facility of like character and standard 
of design is found in the construction provided 
for the collection of tolls—the tollgate. Every 
other construction and standard which pro
gressive engineering has developed for our 
modern highways can be found as well in one 
type of facility as the other. 

I t would be difficult to find a phase or detail 
of design or construction common to these 
facilities which has not been dissected, ana

lyzed, and discussed voluminously, i f not 
finally, in our technical proceedings, journals, 
and books. The engineer researching any par
ticular problem is generally confronted wi th 
the necessity of limiting his choice of literature 
rather than with a scarcity of information. 

A similar plethora of mateiial confronts 
inquiry into the general subject of tol l facili
ties. Augmenting the many excellent reports 
and articles covering the various major proj
ects constructed pre-1940, there has appeared 
a }-oluminous and growing literature on tol l 
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road developments in this country since the 
end of World War I I . But insofar as this litera
ture differs f rom the technical literature of 
general application in the highway field, i t 
deals almost exclusively with the economic, 
legal, and policy aspects of the subject. There 
is a surprising meagerncss of material on that 
unique feature of the tol l facility—the tollgate. 
This is particularly so with respect to informa
tion bearing on the performance of tol l plazas 
as buil t and operated. 

The authors draw upon their experience of 
the past 18 years on the management staff of 
the San Francisco-Oakland Bay Bridge and 
other bridges operated by the California D i 
vision of Highways to present some observa
tions applicable to the design of tol l plazas. 
The principal source of information has been 
the Bay Bridge—a multi-lane structure carry
ing maximum traffic volumes. Conclusions 
presented are therefore particular to this 
bridge, but are believed to have value for any 
toll plaza application. 

P E R T I N E N T D A T A O N T H E S A N F H A N C I S C O -

O A K L . \ N D B A Y B R I D G E 

The principal design features of the San 
Francisco-Oakland Bay Bridge have been 
adequately described in the technical litera
ture and we mention here only those data 
which have value for this paper. 

The bridge is a two-level structure crossing 
San Francisco Ba>- in a general east and west 
direction. The upper deck, 58 feet wide be
tween curb faces, provides for six lanes of 
automobile traffic. The lower deck provides 
three lanes for truck and bus traffic on a 31-
foot roadway flanked by two inter-urban rail
way tracks on the south side. 

The westerly ramps of the bridge are lo
cated close to the business, financial, and in
dustrial center of the City of San Francisco, 
and the easterly end is on the waterfront of the 
Ci t j - of Oakland, the principal city of ten 
which comprise what is locally known as the 
East Bay. Arterial highways and freeways and 
city streets distribute traffic on both ends to 
the urban areas and the state Highway Sj's-
tem. 

The urban area served by the bridge has a 
present population of about one and a half 
million people—800,000 on the San Francisco 
side, and 750,000 in the East Bay cities. These 
cities furnish 85 to 90 percent of the bridge 

traffic. I t is estimated that the equivalent of 
12 percent of the urban population crosses the 
bridge daily—40,000 in inter-urban trains and 
buses, and 150,000 in automobiles, long haul 
buses, and commercial vehicles. I t is apparent 
that with the daily movement described and 
the equality of population at both termini, the 
bridge is, in effect, the main street of the 
metropolitan Bay Area. 

T R . A F F I C D . ^ T A 

Eccept for the war years of 1943 through 
mid-1945, the bridge traffic has increased 
steadily, if somewhat erratically, year by year. 
I n 1937—the first f u l l year of operation—the 
average daily traffic was 25,000 vehicles, and 
the annual total, 9,100,000. I n 1953, the 
daily average was 87,500, and the annual total, 
32,000,000. The daily variation in traffic from 
the average does not exceed about 10 percent. 
Buses average 1.5 percent of total traffic, and 
trucks, 8.5 percent. The daily flow of traffic 
over the bridge is about evenly divided be
tween the east and west directions. Peak-hour 
volume in the major direction is only slightly 
less than 6 percent of the average daily traffic 
for both the morning and evening peaks (west 
in the morning, east in the evening). I n the 
minor direction, i t is 2'-)i to 3 percent in the 
morning, and 3}i to 4 percent in the evening. 
The peak traffic occurs for about 13-̂  hours 
both morning and evening, Mondays through 
Fridays. 

Data on annual traffic composition are given 
in Table 1, and tvpical peak-hour traffic in 
Table 2. 

O R I G I N A L B A Y B R I D G E T O L L P L A Z A 

The tol l plaza is located on the East Bay 
shore on made ground about 3,800 feet f rom 
the easterly end of the structure proper. 

As originally constructed, the cross section 
of the west approach highwaj- between the 
bridgehead and the toll plaza consisted of six 
10-foot auto lanes, leading from the upper 
deck, flanked on each side by two 11-foot 
truck and bus lanes. Five-foot curbed division 
strips separated the auto lanes from the 
heavier traffic. The division strips terminated 
about 500 feet f rom the center line of the to l l -
gates thus providing an unobstructed conform 
(convergence-divergence area) from traffic 
lanes to tol l lanes. On the opposite side of the 
gates, the conform area was similar but the 
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road cross section changed to provide three 
lanes for mixed traffic in each direction, sepa
rated by a 5-foot curbed median strip. 

The toUgate layout consisted of 16 lanes of 
the familiar "onside-offside" design. (The 
quoted terms refer to the side on which the 
driver pays to l l wi th respect to his position in 
the vehicle.) The two lanes on the e.xtreme 
right in each direction were equipped with 
platform scales for the w eighing of trucks—one 
60-foot and one 30-foot scale in each direction. 
I n the initial operation, these scale lanes were 
also used for the passage of buses (weighing 
omitted). The remaining 12 lanes were de
signed and equipped as auto lanes. The out-to-
out wddth of the toUgates was 195 f t . 6 in. as 
compared with the 114-foot out-to-out width 
of the traffic lanes on the west approach. 

On one end (south) the tollgates are flanked 
by the westbound main track of the bridge-
owned inter-urban electric railway, together 
with set-out tracks and maintenance yard. On 
the other (north) end is located the building 
which serves operation and maintenance ac
tivities. Original design contemplated that 
future expansion of the tollgates would be to 
the north; that is, on the opposite side of the 
operations building from the init ial gate lay
out. 

T O L L P L A Z A C H A N G E S 

As traffic increased on the bridge, so did 
difficulties in processing vehicles through the 
tol l lanes. The critical volume appeared to be 
in the vicinity of 60,000 vehicles daily on the 
prevailing pattern. This figure was reached in 
mid-1942 but dropped to 50,000 daily with the 
imposing of gasoline rationing on December 4, 
1942. By stages a number of projects were 
undertaken to improve efficiency in handling 
of traffic. 

The initial project during war years pro-
\-ided additional traffic lanes for trucks and 
buses. Because a substantial percentage of the 
heavy truck traffic consisted of mili tary vehi
cles not subject to tol l under existing agree
ments, the construction of an additional 
traffic lane in each direction permitted such 
\-ehicles (and buses) to be routed through a 
passenger car to l l lane. By thus bypassing the 
overtaxed truck lanes, the mili tary and bus 
traffic was expedited and truck traffic corre
spondingly relieved of delaj-s. 

Wi th the l i f t ing of gasoline rationing on 

T A B L E 1 
S A N F R A N C I S C O - O A K L A N D B A Y B R I D G E 

A N N U A L T R A F F I C B Y C L A S S 

C a r s 
Unc las 
sified 

(passes) 
Buses T r u c k s T o t a l 

1952 
1953 

26,772,974 
27,532,367 

1,332,280 
1,334,466 

428,464 
405,633 

2,653,925 
2,576,001 

31,087,643 
31,847,467 

T A B L E 2 
S A N F R A N C I S C O - O A K L A N D B A Y B R I D G E 

T Y P I C A L P E A K - H O U R T R A F F I C 

C a r s Buses T r u c k s 

F r i d a y , J a n . 16, 1954 

7:00-8:00 a . m . E 2,295 57 233 2,585 
w. 4,611 123 376 5,110 

4,688 4:30-6:30 p . m . E 4,172 102 414 
5,110 
4,688 

W . 3,167 49 284 3,600 
24-hour total 

3,167 
90,120 

M o n d a y , J u l y 12, 1954 

7:00-8:00 a . m . E 2,139 49 219 2,407 
W. 4,587 104 415 5,106 

4:30-5:30 p . m . E 4,529 97 439 5,065 
W 2,912 44 288 3,244 

89,889 24-hour total 
2,912 3,244 

89,889 

August 15, 1945, traffic across the bridge 
jumped almost overnight from 55,000 vehicles 
per day to 70,000 per day. Due to material 
shortages, we had to suffer for a time but 
eventually constructed a 4-lane truck and bus 
plaza to the north of the operations building. 
I t was completed in 1949. W i t h westbound 
commercial traffic diverted to this plaza, two 
additional lanes were available for automobile 
use in the main (south) plaza. But, more i m 
portant, the construction of the new plaza 
permitted improvement of the approaches to 
the south plaza to provide a conform about 
1,400 feet long in place of the previous 500-
foot length. The construction materially im
proved the utilization of the tol l lanes by 
patrons. 

Coincident with the completion of the north 
plaza, installation was commenced on more 
modern tol l registration and recording equip
ment. Passenger lane equipment was less 
complicated than freight lane equipment and 
was completed first. I t has given about five 
years of satisfactory service. Truck lane equip
ment has been in service about two years but 
we have not yet obtained consistently reliable 
performance. 

A project is now pending to reconstruct and 
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extend the existing plazas to serve the ultimate 
capacity of the bridge. I t is planned to provide 
15 "onside" lanes in an extended north plaza 
consisting of 11 passenger lanes, one bus lane, 
and three truck lanes. The south plaza wi l l 
then be reconstructed to provide a bank of 
like number. 

These various changes in the tol l plaza lay
out and equipment, combined wi th our more 
or less continuous studies and observations of 
plaza operation under maximum traffic loads, 
have led us to a number of conclusions which, 
had they been known to the designers at the 
time of original construction, would have re
sulted in a much better plaza. To the extent 
permissible, they have been applied on our 
design for the proposed new plaza. 

T O L L S C H E D U L E S A N D T H E I R E F F E C T S 

A complex tol l schedule can affect both the 
design and operation of a tol l plaza. Adverse 
effects arise principally from an unnecessarily 
large number of classifications, the special 
privileges granted to certain classifications and 
the method of application of tolls. Economy in 
construction cost and efficiency in operation 
and traffic handling are promoted by the sim
plest possible tol l schedule, and one geared to 
the volume and composition of traffic in the 
peak hours. Every effort should be made to 
have not more than 10 classifications. 

A large number of classifications may re
quire development of special to l l collection 
equipment wi th its attendant costs and poten
t ia l delays. Margin for error and tol l manipu
lation in collection wi l l be increased and a 
corresponding burden placed on supervisors to 
maintain the integrity of the system. Special 
privilege may be in the form of commutation 
books for automobile patrons, and credit 
accounts for trucks. Either can, under certain 
circumstances, increase the burden of handling 
traffic through the lanes. 

Method of application wil l principally apply 
on trucks; that is, whether to l l is specified on 
the basis of: 

(1) Type of vehicle (fiat rate or mileage) 
(2) Axle count 
(3) Axle count plus tire count 
(4) Gross weight determined by scale 

weight 
(5) Manufacture's rated capacity 
(6) Length of journey over facil i ty (toll 

roads), or some combination of 
these methods, or others 

Commutation books, if sold in the tol l lanes, 
add another classification to register equip
ment for each form sold and, for each sale 
made, effectively double the time to pass a 
vehicle through the lane. When sold on a 
calendar-month basis, sales are concentrated 
in a few days at the beginning and end of the 
month and, as most commuters are peak-hour 
riders, these sales can produce congestion and 
delay at traffic volumes much below the ca
pacity of the plaza. I f the books are sold on 
a 30-days-from-date-of-purchase basis, the 
sale of books is spread throughout the month 
but passage time is increased through the lanes 
in checking the book for validation date. 
Books may be sold on an off-plaza basis but 
this poses some problems in the control and 
supply of books and generally does not serve 
the patron as conveniently as bridge sales 
unless a large number of sales outlets are 
provided. Other forms of selhng commutation 
rates prevail with tol l facilities but, as far as 
we are aware, all have the disadvantage of 
slowing traffic at some stage of the transaction. 

The Bay Bridge, unt i l about two years ago, 
sold two sizes of commutation book—a 40-
tr ip and 50-trip book. Each was sold on a 
calendar-month basis. About 9 to 10 percent of 
the car patrons purchased one form or other 
of the books. This amounted to 4,000 to 
5,000 sales per month concentrated in the 
peak hours on about three days. The books 
had certain added features which, when used, 
would increase the time of passage through a 
lane f rom 2J^ to 3 times the normal. I t was 
not deemed policy to abolish the books. To 
ease an intolerable traffic situation, the prob
lem was partially solved by selling only one 
form of book, good for the remainder of the 
month in which sold and all of the succeeding 
month. The added features of the previous 
books were eliminated as no longer necessary. 
This procedure gave substantial!}- the same 
privilege as formerly, effectively spread sales 
throughout the month, and did not increase 
the use. Color coding identified the validity 
of the book so that no time was normally 
lost for examination by the collector. I t is to 
be noted that this solution did not lessen the 
total delay (except in the elimination of the 
added features referred to) ; i t merely spread 
the delay over 25 days or so rather than three, 
and thus made i t tolerable. 

The method of applying tol l to trucks is 
probably the to l l decision most aflecting 
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either the design or operation of a to l l plaza. 
I f tolls are on a cash basis only, a truck tol l 
transaction wil l average two to three times as 
long as a passenger car transaction. I f credit 
is granted, the upper l imit may quadruple the 
car to l l time. 

When i t is anticipated, or known, that 
maximum traffic volume must be handled 
through a barrier plaza, probably one of the 
first four methods of tol l application previ
ously mentioned wil l be used—flat rate, axle 
count, gross weight, or axle count plus tire 
count, although a number of the eastern 
bridges and tunnels use type of vehicle and 
manufacturer's rated capacity. Each has merit 
for particular conditions and also disadvan-

Flat rate tolls wi l l have application in 
barrier plazas where unit tolls are assessed, 
the average tol l is low, and the maximum 
number of trucks must be handled through 
the minimum number of lanes. On a flat rate 
cash tol l , trucks can probably be handled 
through a lane at a rate of 300 per hour. The 
flat rate has no equity basis and hence wi l l 
not generally be popular with patrons except 
in the l imiting circumstances cited. 

I n our analysis there is l i t t le advantage in 
any of the next three methods f rom the stand
point of speed in the handling of traffic. What 
l i t t le there is probably favors them in the 
order named. I t is to be noted that the first 
and th i rd are really extensions of the flat rate 
which attempt to establish an equity basis by 
relating the tol l to the gross weight capacity 
in a roundabout way. The advantage of the 
straight axle-count method lies in the ease of 
checking tol l registrations against axle count 
record if there is a uniform charge per axle. 
This advantage does not extend to the third 
method inasmuch as there is no way to record 
the extra tire on dual wheels. This method also 
makes the number of truck classifications 
unncessarily large. 

The merit of the gross-weight method is 
that i t places tol l on the same basis as the 
trucker charges for hauling and is clearly 
equitable. I t has the disadvantage that to l l 
registration and supervisory equipment is 
more complicated for automatic operation 
than the axle-count method; the cost of plat
form scales and scale pit construction is an 
added expense both as to first cost and main
tenance. 

By any of the last three methods named. 

the possible capacity of a truck lane is 225 to 
250 trucks per hour on a cash basis. Wri t ing 
up charge tags to credit customers wi l l reduce 
these figures substantially—about 20 to 25 
percent in Bay Bridge experience. 

I t should be noted that considerable work 
has been done by at least one manufacturer 
of to l l recording equipment on the use of 
dynamic scale equipment for weighing trucks. 
Claim is made that trucks can be processed 
through a tol l lane at a rate of 300 per hour 
on either a cash or credit basis. 

T O L L C O L L E C T I O N E Q U I P M E N T 

I t is trite, of course, to say that the only 
reason for the tollgate is to collect and account 
for the money, or its equivalent, assessed each 
vehicle using the facility. These moneys wi l l 
have been indentured to the service of the 
bonds which made the construction possible. 
B y agreement, they may also have been allo
cated in part to cover insurance, operation, 
and maintenance costs. There is therefore an 
obligation on the owner to assess and process 
the tolls strictly in accordance with prior 
covenants to the bond-holders and the public, 
and to guard, insofar as i t is possible, against 
diversion of collections. Obviously any loose
ness in processing of the tolls can lead to 
substantial losses. 

Consideration must also be given to the 
welfare of the tol l collector. I n most organi
zations he wi l l be a carefully screened and 
valuable employee. Good collectors are rather 
difficult to come by and i t would be an un
fortunate circumstance if looseness of system 
or inferior equipment encouraged them to 
dishonesty. The collector is also entitled to 
equipment which can operate at high speed 
and without unreasonable physical demand on 
him. 

Tol l collection equipment is ver\' specialized. 
Rigid requirements must be met as to ac
curacy, ruggedness, speed of operation, ease 
of maintenance, and tamper-proof design. 
Not only must these requirements be met but 
they must have been demonstrated over an 
extended period of time. A traffic-busy to l l 
plaza is not a proper place to iron out the 
deficiencies of inadequate equipment. 

Fortunately for the engineer, basic equip
ment of adequate design is available but 
equally unfortunate is the circumstance that 
the market for this equipment is compaia-
tively small. Thus, competition is limited and 
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prices relatively high. Because the equipment 
is not suited to mass production methods, 
delivery dates have considerable uncertainty. 
This uncertainty is compounded if special 
features of the tol l schedule cannot be ac
commodated on the basic equipment and re
quire development work. 

I n the equipping of a tol l plaza, the role 
of the engineer is not likely to be that of a 
designer, but rather that of an analyst of 
available equipment and as a specification 
writer around his specific needs. I n the modern 
high-traffic-volume tol l plaza, the require
ments for compactness, remote recording, and 
the features mentioned above wi l l almost 
certainly call for electro-mechanical rather 
than mechanical equipment. I t is well to bear 
in mind that a busy lane in a plaza may handle 
as many as 2}.^ million cars in a year. This is 
a substantial number of operations for a 
working part to carry and sti l l maintain 
accuracy. I t is also well to note that the work
ing parts in the axle counter circuit in this 
same lane wi l l have twice as many operations 
in the same period. Obviously not only 
ruggedness, but also ready access and ease of 
maintenance are prime requisites. A l l com
ponents should be of unit design and either 
set-screw mounted or have plug-in connec
tions for easy removal. 

I t is not the purpose of this paper to de
scribe in detail the various types of collection 
equipment that may be used. A n interchange 
plaza on a tol l road wil l have the same func
tional equipment as a barrier plaza charging 
a unit tol l , wi th the added feature that the 
register equipment at an entrance plaza wil l 
issue some form of tabulating or punched-card 
ticket which is can led by the patron to his 
exit plaza w-here the card is surrendered to
gether wi th the tol l and processed through the 
exit register. 

On the Bay Bridge, the following basic 
equipment is installed for a tol l lane: 

1. A treadle-actuated counter which counts 
each axle passing through the tol l lane. Axles 
crossing the treadle in opposite directions are 
segregated and accumulated separately. 

2. A remote electric register, installed in a 
locked room in the administration building, 
which prints a record of the total axle counts 
in each direction, the total transaction count 
of each classification passing through the lane, 
the total cash freight transactions (in freight 
lanes), the credit transactions (in freight 

lanes), the key number of the collector on 
duty, and the time of each printed impression 
on the tape. 

3. A key button box mounted adjacent to 
the door of the tollbooth in the location 
determined to be the most accessible to the 
collector. The collector opening a lane inserts 
and turns his key in the key receptacle. This 
unlocks his button box and causes a print to 
be taken of the register counters. Thereafter, 
on completing a transaction, he depresses a 
button of the proper classification. This adds 
one count to the corresponding counter uni t 
in the register. I t also displays the proper 
symbol on the overhead classification indi
cator (mounted on the canopy fascia) and 
sounds a bell to notify the patron that the tol l 
has been recorded. 

4. A classification indicator mounted on the 
canopy fascia and indicating in illuminated 
numerals visible for at least 500 feet, the 
transaction last recorded by the collector on 
his button box. A dark period separates each 
transaction. 

5. Each freight lane, in addition to the 
foregoing devices, is equipped with automatic 
toll-computing and printing equipment. A 
scale dial attachment converts the indicated 
weight into the amount of the tol l . For a 
charge transaction, the collector inserts a 
stencil plate presented by a credit customer 
into a slot in a printing device. The stencil 
plate bears the name of the customer, the 
account number, and j-ear. The collector then 
depresses the classification button correspond
ing to the number of axles on the vehicle. 
This causes a ticket to be printed and issued 
in duplicate. The ticket records the transac
tion number, the amount of toll , the informa
tion on the credit identification plate, lane 
number, date, and time. The amount of the 
transaction is simultaneously added to the 
credit totalizing counter of the register. 

When a cash truck transaction occurs, no 
credit plate is inserted in the printer. When 
the collector depresses the button correspond
ing to the axle classification of the vehicle, a 
ticket is printed and issued, but the space 
reserved for the credit plate information is 
blank. The amount of to l l is automatically 
totalized on a cash transaction counter of the 
register so that the end of the collector's shift 
the total sum of all cash registered by him is 
available to the auditor. 

The ticket for each transaction is issued in 



W O O D A N D H A M I L T O N : T O L L P L A Z A S 1 3 3 

duplicate, the original going to the vehicle 
driver. The duplicate goes to the billing de
partment and, after microfilming, is returned 
to the customer with his monthly statement. 
Each ticket is printed with a consecutive 
serial number and automatically advanced on 
each transaction. I n this way each collector 
is lield responsible for every ticket and i t is 
impossible to divert a ticket without the 
knowledge of the accounting department. 

6. A detail transaction tape machine which 
is installed at a convenient location for direct 
observation of the tol l lanes, and can be 
remotely connected into any tol l lane register. 
This detail transaction machine automatically 
prints the classification number, axle count, 
and time of each transaction in the selected 
lane during the period of check. This record is 
compared with visual checks made by inde
pendent observers during the same period. 
Errors, honest or dishonest, are detected 
beyond doubt and the collector held to 
account. 

7. Traffic accumulating machine. This ma
chine records and prints hourly, or a shorter 
period if desired, the up-to-the-minute cumu-
lati%-e traffic by lanes and b\ ' direction. I t 
performs no collection function but provides 
a record of traffic performance for the traffic 
engineer or others interested. 

The above described equipment was pur
chased in 1949 at a cost of $270,000 for 20 
lanes (6 freight lanes, 14 passenger lanes). 
Installation cost was about $30,000, or a total 
cost of $300,000. On the basis of 30 million 
vehicles crossing the bridge annually at the 
present time, this represents a cost of one cent 
per vehicle if written off in one year. On a 
capital recovery basis at 4 percent for 20 years 
life, and a reasonable allowance for main
tenance, i t amounts to less than 0.1 cent per 
vehicle. 

To complete the story on collection equip
ment, i t should be recorded that the passenger 
lane equipment has given excellent service. 
The freight lane equipment has not been so 
satisfactory. Two years after completion of 
installation i t has not yet been brought up to 
a satisfactory performance standard. We are 
still working on i t . 

Also of interest are some figures on accuracy 
in recording and collections. Collectors are not 
required to make good their shortages (except 
for proved dishonesty), and are not per
mitted to keep overages. A good collector is 

expected to collect with an error not greater 
than $0.25 per $1,000. I n 1952, with collec
tions of $9,305,000, the collectors were over 
registration by $1,490, and short $1,386—a 
net overage of $104. I n 1953, with toll collec
tions $9,546,000, the overage was $1,341, and 
the shortage $1,126—a net overage of $215. 

On the axle counter record, collectors exceed 
counters about 1:1100, and counteis exceed 
collectors about 1:12000. The failure of 
counters in the first case can be fairly well 
explained by skipping of motorcycles and auto 
trailer axles. The second ratio represents 
collector error or failure to perform. 

T O L L L A N K P E R F O R M A N C E 

The desirable plaza would be one that had 
a traffic volume capacity just slightly greater 
than the peak hourly volume presenting itself 
to the plaza. Even here, if the excess margin is 
too narrow', half-hour peaks can establish a 
congestion condition that maj- be difficult to 
oxeicome for the entire peak period. Traffic 
once congested—stopping, starting, surging— 
is difficult to get moving again in uniform flow. 
Regardless of this circumstance, i t wi l l gen
erally be the peak hour traffic and its com
position that wi l l control. 

I t is of some interest to contemplate annual 
traffic figures on some facilities that are known 
to be operating at peak-hour capacity, to
gether with their tol l lane facilities. A selected 
few are shown in Table 3. 

Since all of these facilities are operating 
around peak capacity and undoubtedly have 
considerable back-up during peak hours, i t 
would appear that somewhat more than one 
tol l lane should be provided for every 1.5 mi l 
lion vehicles on the annual basis. I t is to be 
noted here that the composition of traffic, 
which varies considerablj' wi th the above 
facilities, does not seem to be so critical as on 
an hourly basis. The figure appears to be use
fu l for a rough estimate on barrier plazas 
handling mixed traffic. 

T A B L E 3 

F a c i l i t y Y e a r 
A n n u a ! 

Volume, 
Mil l ions 

No. of 
T o l l 

L a n e s 

Average 
A n n u a l 

T r a f f i c / L a n e 

B a y B r i d g e 
L i n c o l n T u n n e l 
H o l l a n d T u n n e l " 
P h i l a d e l p h i a - C a m d e n 

B r i d g e 

1953 
1952 
1964 

1953 

32 
19.5 
19.5 

29.6 

20 
12 
12 

20 

1,600,000 
1,620,000 
1,620,000 

1,480,000 

''• D u a l i ) laza. 
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T O L L L A N E C A P A C I T I E S 

I n our studies for reconstruction of the Bay 
Bridge to l l plaza, the fundamental problem 
was to determine the number of tol l lanes that 
should be provided to serve the maximum 
traffic volume. This volume could be estimated 
to a close approximation for the ultimate 
capacity of the bridge under several differing 
contingencies that could occur. The percentage 
composition of traffic in the passenger vehicle, 
bus, and truck classes was known within rea
sonably narrow limits, and the pattern of 
traffic was likewise well established. The de
termination of the required number of lanes 
would control the tol l plaza and approach 
road design. 

As a first order of business i t was therefore 
necessary to establish the peak-hour perform
ance of a tol l lane. 

Our expeiience has convinced us that the 
maximum number of vehicles can be most 
efficiently handled through a tol l plaza when 
the traffic is segregated and the individual 
lanes dimensioned to best serve the group for 
which designed; that is, passenger car, bus, or 
truck. I f all lanes were designed for mixed 
traffic, the wider lanes required for trucks and 
buses w'ould necessarily control, and there 
would be an appreciable loss of efficiency in 
passenger car collections which normally con
stitute about 85 percent of the total volume of 
traffic. There is no objection, of course, to 
using tol l lanes designed primarily for buses 
and trucks for passenger cars when traffic in 
the former is at low ebb. 

I n our studies of actual to l l lane perform
ance on the Bay Bridge, the striking fact was 
the great variation in vehicles handled per 
hour through adjacent lanes under similar 
conditions. Our approach was therefore to de
termine what ŵ e called a basic capacity for a 
tol l lane designed for each group—passenger 
car, bus, or truck. I n the passenger car group, 
values were determined for both an onside and 
an offside lane. A similar distinction was not 
made for the bus and truck groups. W i t h the 
basic capacity for a lane determined, we then 
assigned a practical capacity for that lane by 
multiplying by a factor representing our evalu
ation of average performance capacities. 

I n determining basic capacities, the per
formance statistics of lanes favorably located 
wi th reference to the alignment of a traffic lane 
were selected when the lane was manned by a 

superior collector and heavy traffic pressure 
prevailed. For an onside passenger lane, only 
a few performances exceeded 800 cars per hour, 
but numerous instances occurred of values be
tween 700 and 800. However, i t was our judg
ment that the lower of these values was about 
the maximum performance that could be con
sistently expected from a good collector. This 
value was therefore taken as the basic capacity 
of an onside passenger lane under our condi
tions of operation. 

Offside passenger car lanes showed gi-eat 
variation under changing traffic pressures, but 
under peak conditions handled 88 to 92 per
cent of an onside lane. The basic capacity of 
an offside passenger lane was taken as 90 per
cent of 700, or 630 cars per hour. 

Truck lane statistics were similarly studied 
for performance for cash transactions only as 
i t was felt that the effect of credit charges 
were properly included in a modifying factor. 
The basic capacity of a truck lane was estab
lished at 223 trucks per hour. 

Inasmuch as insufficient bus traffic existed 
to give a sustained trial period through a lane, 
the basic capacity of a bus lane was deter
mined from a projection of the time elapsing 
in individual transactions. I t was taken as 400 
buses per hour. 

I t is pertinent to note that, while a value of 
90 percent of an onside passenger lane ca
pacity was assigned to the offside passenger 
lane, this value was onh' realized under heavy 
traffic pressure and otherwise favorable con
ditions. The average performance w'as only 
about 65 percent of the onside lane and fre
quently much lower. When traffic prassure 
drops and the patron has some freedom of 
choice, he naturally prefers the onside lane. 

Since the values for basic capacity were 
determined for favorably located lanes under 
conditions of traffic pressure (congestion) that 
would not normally be tolerable, and excel
lence of collector and patron performance and 
cooperation that could not be insured, i t was 
desirable to apply factors which would result 
in more realistic average values for design 
purposes. 

Our studies indicated that about 83 percent 
of basic capacities was the best that could be 
expected for the average performance in a 
passenger lane. For truck and bus lanes, 90 
percent of basic capacity was justifiable with 
an additional reduction of 25 percent in truck 
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lanes for credit transactions. Application of 
these factors to basic lane capacities provided 
the following figures for practical lane capaci
ties: 
1. Onside passenger car lane—580 cars per 

hour 
2. Offside passenger lane—525 cars per hour 
3. Bus lane—360 buses per hour 
4. Truck lane (cash transactions)—200 trucks 

per hour 
5. Truck lane (credit transactions)—150 

trucks per hour 
I t should be reiterated that these values are 

for conditions prevailing on the Bay Bridge 
where the basic auto toll is 25 cents per car and 
90 percent of the passenger car transactions 
are cash. The trucks pay tol l on a gross-weight 
basis and 40 percent of the truck tolls are on a 
charge basis. 

T O L L L A N E D I M E N S I O N S 

For efficient handling of traffic, the lateral 
dimensioning of the various elements of a tol l 
lane is an important factor. When i t is recalled 
that the average passenger to l l lane trans
action takes place in about six seconds, i t is 
evident that fine adjustments must be made 
to establish the most favorable condition for 
consummating the transaction. 

The booth must be wide enough to accom
modate necessary registration equipment, the 
cash drawers and other supply shelving, and 
provide complete freedom of movement for 
collectors differing greatly in physical propor
tions. I f the booth is too wide, the collector 
must make unnecessary motions to reach 
different devices and objects in the booth, and 
he may also discourage traffic through his lane 
by hanging back in the booth. The wider 
booth may also call for increase in the overall 
width of the plaza and thus further decrease 
efficiency. I f the booth is too narrow, the 
motions of the collector are hampered with a 
loss in efficiency and the collector of large 
physique may be placed in a position of hazard 
from passing vehicles. I n general, one width of 
booth is satisfactory for a passenger car or bus 
lane while the truck lane wi l l be somewhat 
wider. The preferred width for a passenger-
lane booth is 3 f t . , and for a truck-lane booth 
3 f t . 6 in. 

The toUbooth island must be wide enough to 
accommodate the booth and provide curb 
walks on each side of the booth of sufficient 

width to afford protection for the collector and 
booth. I f the curb walks are too narrow, pro
tection f rom overhanging portions of the vehi
cle or load is not afforded. Moreover, as vehi
cles frequently overrun the door of the booth, 
the collector is hampered in collection unless 
he has sufficient room on the curb to walk to 
the driver of the vehicle with complete safety 
to himself. A curb designed wi th too much 
width causes the vehicle to stand out too far 
from the collector and lowers his efficiency by 
forcing unnecessary motion. A satisfactory top 
width of curb on the collection side of the 
booth is 18 inches. A booth designed for onside 
collection can have a narrower curb in the 
rear side of the booth as compared with the 
collecting side. A minimum top width of 10 
inches is satisfactory. 

I t probably should be mentioned here that 
the tollbooth floor and the curb in front of the 
booth should be made low in order to make i t 
possible for the collector to perform his work 
with a minimum of bending over or stooping 
whenever he has to talk to the driver of a vehi
cle. This is particularly true with the low over
all height of the present-day automobile. A t 
the Bay Bridge, in our latest designs, we are 
building the tollbooth floors and the adjacent 
curbs three inches above the roadway through 
the lane. For protection against traffic, the 
curbs are stepped-up to a height of 8 or 10 
inches beyond the ends of the tollbooth. 

The width of the vehicle way through the 
tol l lane is probably more critical than any 
other element. I f the lane is too wide, the 
driver tends to stand out f rom the tollbooth, 
thus forcing the collector to extend a long 
reach to collect the tol l . Both collector fatigue 
and time lost in the unnecessary motion reduce 
the capacity of the lane. The wide vehicle lane 
wil l also reduce the efficiency of the plaza by 
adding to the overall width. The minimum 
width of the vehicle way is estabfished, or 
course, by the width of vehicles, or vehicles 
and load, that must be accommodated. How
ever, this minimum width cannot be used even 
if i t could be accurately determined, because 
of the adverse "claustrophobic" effect of too 
narrow a lane. This condition would cause 
drivers to be supercautious in entering the 
lane, thus slowing down traffic unduly. For 
the same lane width, the effect wi l l be more 
pronounced when all the lanes are constructed 
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onside as compared with coupled onside-
ofFside construction. 

As a design principle, i t ma3' be said that 
the most efficient lane would be the narrowest 
possible one consistent with no sense of re
striction to the vehicle driver. 

Since buses and trucks require wider lanes 
than passenger cars (whereas the latter are 
normally about 85 percent of total traffic), i t 
follows that efficiency of the tol l lanes, and 
therefore of the plaza, is promoted by provid
ing a sufficient number of lanes designed for 
each type of traffic. Mixed lanes cannot be 
tolerated in a large plaza operating at capacity 
loads if the distribution of vehicle classifica
tions is near normal. 

I t is our opinion that the best width of 
vehicle lane for a passenger car tol l lane is 8 f t . 
2 in. for onside-offside construction, and 8 f t . 
6 in. for all onside tol l lanes. For bus lanes, 10 
f t . is desirable and 9 f t . 6 in. acceptable. Truck 
lanes equipped with platform scales wi l l re
quire a 10-ft. 7-in. wddth, but otherwise may 
be 10 f t . wide. Truck lanes should either have 
a coupled onside-ofTside pair, or an open-ended 
onside lane, for handling wide loads. 

A L L O N S I D E V S . O N S I D E - O F F S I D E C O N S T R U C T I O N 

An important consideration in tol l plaza 
design is the problem of whether to use all 
onside lanes or coupled onside-offside lanes. 
The latter permit an appreciable reduction in 
width (about 15 percent) of the plaza. 

Prior to 1940 the design of the front seat of 
a car was such that a driver, as the sole occu
pant, could readily reach across the seat and 
pay tol l on the offside of the vehicle. However, 
even with autos of this vintage, there was a 
studied avoidance, by drivers, of the offside 
tol l lanes for the preferred onside lane. To an 
appreciable degree he would choose the onside 
lane even at the sacrifice of time. I n the inter
vening years, the design of automobiles has 
changed considerably and nearly all manu
facturers now provide an ample three-person 
front seat. I t may be said of today's car that 
i t definitely is not convenient for the driver to 
pay tol l on the offside. Even where there are 
passengers in the front seat with the driver, he 
frequently objects to having the passenger 
hand the tol l to the collector. I n consequence, 
the tendency to choose the onside lane in 
preference to the offside has increased. The 
statistics on toll lane performance on the Bay 

Bridge indicate that in off-peak hours the off
side lanes is only about 65 percent as efficient 
as the onside lane. I n peak hours, with the 
pressure of extremely heavy traffic, the per
formance is somewhat better and ranges be
tween 88 and 92 percent of the onside lane. I t 
may be averaged at 90 percent. 

This performance factor of 90 percent for 
the offside lane represents a loss of about 60 
cars per hours per lane at practical operating 
capacity. Since half of the lanes would be off
side in an onside-offside plaza, the total loss 
for the plaza is a fair ly substantial figure. For 
a 12-passenger-lane plaza, i t would be equiva
lent to the loss of 60 percent of one onside lane. 
I t would therefore appear reasonable to as
sume that the efficient plaza would be one 
constructed entirely of onside lanes. This 
assumption would not be entirely correct, 
however. 

The most flexible and economical plaza is 
the single plaza with swing lanes. Since the 
volume of traffic flowing in both directions is 
seldom at maximum in coincident hours, the 
single plaza permits the assignment of the 
lanes to favor the predominant direction bj-
reversing the flow in one or more of the center, 
or swing, lanes. This procedure is not pre
cluded with all onside lane construction, but 
certain difficulties arise. 

For ideal lateral dimensions, the onside lane 
requires 2 f t . 1 in. more space than the a^•erage 
width of a lane for onside-offside construction. 
I n a 12-lane plaza this additional width re
quirement becomes the equivalent of two 
complete lanes. I f space is limited, the con
struction of all onside lanes may not be possi
ble because of the added width if an adequate 
number of lanes is to be provided, or the ad
vantage of a single plaza may have to be 
sacrificed by going to a dual plaza. Either 
contingency wil l result in some loss of effi
ciency for handling traffic; the second wi l l 
greatly increase the cost of construction and, 
to a lesser degree, the cost of maintenance and 
operation. 

A n additional factor inherent in the greater 
width requirement of the onside lane operates 
to reduce, or even under some conditions 
eliminate, the efficiency gap between the on
side and offside lane. This factor arises from 
the fact that i t requires about three tol l lanes 
to serve each traffic lane and, since each to l l 
lane, including the tollbooth and island, is 
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somewhat wider t h a n a t r a f f i c lane, i t fo l lows 
t h a t about t w o - t h i r d s of the t r a f f i c mus t f a n 
ou t l a t e ra l ly f r o m the t r a f f i c lanes as the plaza 
is reached i n order t o reach an open t o l l lane. 
T h e la tera l divergence necessarj- w i l l be the 
w i d t h of one t o f o u r or more t o l l lanes, depend
ing on the number of t r a f f i c lanes served b y 
the plaza. Observat ion indicates t h a t the 
t r a f f i c eff iciency of a t o l l lane decreases w i t h 
an increase of la te ra l divergence. T h e decrease 
is r a p i d when the t r ans i t i on length i n w h i c h i t 
mus t be accomplished is short, and is s t i l l 
s ign i f icant w i t h a long t r ans i t ion . Because of 
the greater w i d t h of the onside lane, the d iver 
gence effect is greater t h a n fo r onside-ofTside 
cons t ruc t ion . T h e fac to r is explored more 
f u l l y i n a discussion of t r ans i t ion areas. 

T o summarize the a rgumen t of a l l onside 
versus onside-offside lane cons t ruc t ion , we 
m a y reiterate t h a t the onside lane as a single 
u n i t has a decided advantage over the offside 
lane, b u t th i s advantage decreases and even 
vanishes as the number of t o l l lanes required 
increases. Nevertheless we m u s t recognize t h e 
decided preference of the t r a v e l i n g publ ic for 
the onside lane. Wherever possible this con
s t ruc t i on should be used. 

TRANSITION AREAS 

T h e t r ans i t i on zone between t r a f f i c lanes 
and t o l l lanes is p robab ly as i m p o r t a n t , f r o m 
the t r a f f i c v i e w p o i n t , as any other element i n 
the plaza. Observa t ion indicates t h a t th i s 
impor tance increases as the capaci ty of the 
plaza is approached and t h a t inadequate de
sign of the t r ans i t ion can e f fec t ive ly t h r o t t l e 
the a t t a i n m e n t of m a x i m u m efficiency i n the 
t o l l lanes. I t is also indica ted t h a t the exi t 
t r ans i t i on f r o m the t o l l lanes is, under cer ta in 
condi t ions , a lmos t as i m p o r t a n t as the ap
proach t r ans i t i on . Since the la te ra l dimensions 
of t i i e t r ans i t i on are established b y the w i d t h 
of the t r a f f i c lanes approaching and leaving 
the pla^^a and the w i d t h of the plaza a t the 
t o l l lanes, the p r inc ipa l p rob lem is the selection 
of a proper l eng th f o r the t r a n s i t i o n and the 
development of a geometr ical c o n f o r m a t i o n 
w h i c h w i l l i n v i t e divergence or convergence i n 
an effect ive and o rder ly manner . 

O n enter ing the approach t r ans i t i on area i n 
dense t r a f f i c , there is a de f in i t e d i s inc l ina t ion 
of the d r ive r t o diverge f r o m the l ine of the 
n o r m a l t r a f f i c lanes. H i s ac t ion is p r o b a b l j ' 
governed largely b y his est imate of the hazard 

rAII Toll Lanes 12 'wide including -
I booths and islands. 

^Traffic Lanes 

NoTE^Diagram indicates 
average effects computed 
from 3.F-0. Bay Bridge data 
for assumption of "Onside" 
Toll Lanes only. 

Traffic Lanes' 
Figure 1. Decrease In efficiency of a toll lane w i t h 

Increasing lateral divergence from a traffic lane. 

of a col l is ion w i t h an ad jacen t vehicle should 
he change his course. I t is also observed t h a t 
he has a greater ob jec t ion t o divergence t o 
the r i g h t t h a n t o the l e f t w h i c h is no d o u b t a 
d i rec t consequence of the re la t ive v i s i b i l i t y i n 
ei ther d i rec t ion . 

B a y Br idge experience, w i t h t r a n s i t i o n 
lengths of 500 feet a n d 1,500 feet o n l y , i n d i 
cates t h a t the d r ive r requires a subs tan t ia l 
distance i n w h i c h t o maneuver . A s ta t i s t ica l 
analysis of t o l l lane performance under these 
l i m i t i n g condi t ions develops the lane fac tors 
f o r approach divergence shown g raph ica l ly on 
F igure 1. These da ta is compu ted f o r onside 
lanes o n l j - . T h e percentage reduc t ion i n ca
p a c i t y i n d iverg ing lanes shown i n F igu re 1 
was no t de terminable w i t h a n j - great ref ine
ment . I n pa r t i cu l a r the exact condi t ions of 
t r a f f i c pressure exist ing fo r the 500-f t . t r ans i 
t i o n l eng th was no t recallable a t the t i m e of 
ana lyz ing the da ta . However , the i n f o r m a t i o n 
on the f igure is subs tan t i a l ly representat ive 
of effects t h a t m a y be expected i n an approach 
c o n f o r m area. 

W h i l e we d i d no t f i n d i t possible t o assign a 
separate numer i ca l va lue f o r the divergence 
effect i n ex i t t ransi t ions, nevertheless we can 
record cer ta in observations w h i c h are of value . 

W h e n t r a f f i c is approaching the plaza i t is 
necessarily s lowing up , b u t on depar ture f r o m 
the plaza i t is increasing speed. I f the driv^er 
has no urgent reason fo r selecting a pa r t i cu la r 
t r a f f i c lane on departure, he apparen t ly ac
complishes the converging maneuver i n the 
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t r a n s i t i o n area w i t h less hes i ta t ion a n d inde
cision t h a n he exhibi ts i n the d ive rg ing m a 
neuver i n the approach to the plaza. H e also 
accomplishes his purpose i n a m u c h shorter 
dis tance—about ha l f t h a t requi red on the 
approach. T h i s is the cond i t i on exis t ing i n the 
wes tbound depar ture f r o m the present B a y 
Br idge plaza. 

However , a d i f f e r en t s i t ua t i on occurs on the 
eastbound depar ture f r o m the br idge t o l l 
plaza. A t points Ho of a mi l e a n d o{ & 
mi le east of the t o l l lanes, the h i g h w a y 
branches. I t f r e q u e n t l y happens t h a t a br idge 
pa t ron , desiring t o cont inue his j o u r n e y on a 
pa r t i cu l a r branch, crosses the br idge a n d 
enters the t o l l plaza f r o m a t r a f f i c lane on the 
side opposite t o t h a t w h i c h w o u l d prov ide the 
mos t convenient access t o the pa r t i cu l a r 
b ranch road. T o cont inue his j o u r n e y a f t e r 
leaving the plaza, he mus t maneuver across 
three t o f i v e lanes of t r a f f i c t h a t is r a p i d l y 
p i c k i n g u p speed. A p p a r e n t l y m a n y drivers , 
con f ron ted w i t h th i s s i t ua t ion on approaching 
the plaza, w i l l no t diverge t o the outermost 
lanes, since i t m a y m u l t i p l y the number of 
t r a f f i c lanes he m u s t cross a f t e r he has passed 
the t o l l lanes. T h u s the effect ive use of the t o l l 
lanes is affected b y d i f f i cu l t i e s encountered i n 
the ex i t t r ans i t i on area when patrons have a n 
u rgen t reason f o r ga in ing a pos i t ion i n p a r t i c u 
lar t r a f f i c lanes. T h e so lu t ion f o r th i s s i t ua t ion 
is n o t obvious b u t i t appears t o ca l l f o r a 
greater ex i t t r ans i t i on l eng th t h a n w o u l d nor
m a l l y be required—possibly as long as the 
requi rement f o r an approach t r ans i t i on . 

L A Y O U T OF T H E PL. \ZA 

W i t h the vo lume , composi t ion , and p a t t e r n 
of an t i c ipa ted t r a f f i c k n o w n or es t imated, the 
p rac t i ca l capaci ty of a t o l l lane i n the var ious 
classif icat ion groups de termined, and w i t h the 
salient considerations on t o l l lane d imens ion
ing and c o n f o r m effects i n m i n d , i t is an easy 
step t o make t en t a t i ve layouts of the plaza. 
A s has been ment ioned prev ious ly , i t is desira
ble f r o m the s t andpo in t of economy i n o r ig ina l 
cost a n d i n opera t ion t o have the ent i re t o l l 
plaza designed i n a single u n i t composed of a 
cont inuous series of t o l l lanes and booths . 
I f th i s is possible, the number of t o l l lanes as
signed to each d i rec t ion of t r a v e l can be va r i ed 
whenever necessary t o accommodate changes 
i n re la t ive t r a f f i c volumes. W e p o i n t out , how
ever, t h a t fo r the larger t o l l plazas (say those 

r equ i r ing 10 or more lanes f o r each d i rec t ion 
of t r a f f i c ) , t h i s arrangement loses the advan 
tage or at tractiveness w h i c h i t has i n a smaller 
plaza. T h e economy i n o r ig ina l cost, as w e l l as 
i n operat ion, is no longer present because of 
the ext remely long t r a n s i t i o n requi red and the 
increased task of s h i f t i n g t r a f f i c markers sepa
r a t i n g t r a f f i c i n opposing direct ions. F u r t h e r 
more, unless a t u n n e l or overhead v i a d u c t is 
p rov ided across the wide plaza, added t r a f f i c -
accident hazards are in t roduced whenever 
vehicles or persons have t o cross the m a i n 
s t ream of t r a f f i c t o go t o or f r o m the t o l l plaza 
operations b u i l d i n g or office. W h e n the ex
pected t r a f f i c vo lume is such t h a t a t o l l plaza 
of large propor t ions is indica ted , we w o u l d 
recommend a ca re fu l s tudy be g iven t o the 
a l t e rna t ive of cons t ruc t ing a d u a l plaza; t h a t 
is, a separate t o l l plaza f o r each d i rec t ion of 
t r a f f i c . 

I n the l a y o u t f o r the reconst ruct ion of the 
B a y Br idge t o l l plaza, th i s p rob lem was au to 
m a t i c a l l y solved by space l im i t a t i ons and the 
est imate of t r a f f i c t o be u l t i m a t e l y accommo
dated. T h e apphca t ion of p rac t i ca l lane ca
pacit ies t o the es t imated t r a f f i c v o l u m e 
de termined t h a t s l i gh t ly less t h a n 25 t o l l lanes 
w o u l d be requi red f o r a l l onside-lane construc
t i o n , a n d s l i g h t l y more t h a n 25 lanes fo r 
onside-offside cons t ruc t ion . Since space l i m i 
ta t ions i n the south plaza w o u l d no t p e r m i t 
cons t ruc t ion of more t h a n 15 lanes i n the first 
instance and 16 lanes i n the second instance, 
there was no a l t e rna t ive b u t t o consider a d u a l 
plaza. F o r such a l ayou t , the c o m p u t a t i o n of 
the number of lanes required was 15 i n each 
plaza, consist ing of 11 passenger lanes, one 
bus lane, a n d three t r u c k lanes. Thus , the 
necessity fo r going t o a d u a l plaza design i n 
th i s instance requi red five more lanes t h a n 
w o u l d a single plaza. 

There are, of course, m a n y details of design 
a n d equ ipment w h i c h m u s t be considered i n 
the development of a t o l l plaza b u t w h i c h are 
too va r i ed and deta i led t o be considered i n 
th i s paper. Such mat te rs as heat ing, v e n t i l a 
t i o n , u n i t and general l i g h t i n g , a rch i t ec tu ra l 
t rea tment , etc., are b u t a f ew of the details 
t h a t mus t be solved i f the t o l l plaza is t o f unc 
t i o n successfully. A n y fea ture or device w h i c h 
promotes the t w o th ings t o be accomplished 
i n a t o l l plaza ( the safeguarding of money and 
expedi t ing of t r a f f i c ) m u s t receive serious con
siderat ion. O u r premise is t h a t controUing the 
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ac t iv i t i es i n a t o l l plaza i nvo lve split-second 
opera t ion . I n v i ew of the shor t t i m e i n v o l v e d 
i n each t ransac t ion , a n y i ngenu i ty , device, or 
de t a i l t h a t w i l l save a f r a c t i o n a l pa r t of a 
second m a y represent a subs tant ia l percentage 
increase i n the eff ic iency of opera t ion . F o r 
instance, communica t i on is ve ry i m p o r t a n t i n 
a large plaza and a ma t t e r t h a t is sometimes 
over looked. T h e t o l l lanes and the supervisory 
office should be connected w i t h a t w o - w a y 
a m p h f i e d i n t e r commun ica t i on system. 

A general observat ion on a r ch i t ec tu ra l 
t r ea tmen t m i g h t also n o t be amiss here. A t o l l 
plaza is an obs t ruc t ion on the h ighway , and, 
i n the interest o f p r o m o t i n g t r a f f i c movement , 
the a rch i t ec tu ra l t r ea tmen t should be such as 
t o m i n i m i z e the obs t ruc t ion effect . W i t h i n the 
l i m i t a t i o n s imposed b y s t r u c t u r a l and f u n c 
t i o n a l adequacy, every e f f o r t should be made 
t o design on slender lines. T h i s is p a r t i c u l a r l y 
i m p o r t a n t f o r the onside pJaza where the close 
spacing of booths presents a p rob lem i n over
coming the c laustrophobic effect men t ioned 
elsewhere. T h e tol lgates are n o t the place fo r 
" fo r t r e s s" t y p e of a rch i tec ture in tended to 
ref lect the s o l i d i t y of the enterprise. 

P U B L I C R E L A T I O N S AND ECONOMICS 

T h e purpose a n d premise of the modern 
express h i g h w a y , a n d p a r t i c u l a r l y the t o l l 
h ighway , is the movemen t of large volumes of 
t r a f f i c w i t h d ispatch, f r eedom f r o m congestion, 
and safety. O n the t o l l f a c i l i t y , the t o l l plaza is 
an obs t ruc t ion t o t r a f f i c , necessitated b y t h e 
m e t h o d of f inanc ing . I t is inherent i n the 
opera t ion of a plaza t h a t t r a f f i c shal l be a t 
least m o m e n t a r i l y delayed. I t is impera t ive 
t h a t the delay encountered shal l be a m i n i m u m 
consistent w i t h the comple t ion of a t o l l t rans
ac t ion . I n so fa r as the p a t r o n is concerned, his 
impression of the eff iciency of the t o l l f a c i l i t y 
w i l l be measured i n large pa r t b y his re la t ive 
f r eedom f r o m delay and inconvenience en
countered i n the t o l l plaza. Genera l ly the 
s tandard of delay and inconvenience accepta
ble t o the p a t r o n requires t h a t the plaza oper
ate a t a level lower t h a n the m a x i m u m 
capaci ty of the plaza i n terms of the volumes 
of vehicles handled . Each t o l l t ransac t ion is a 
pub l ic contac t a n d i t is h i g h l y desirable t h a t 
the impression created i n th i s contac t ref lect 
c r ed i t ab l j - on the f a c i l i t y . I n i tself th i s estab
lishes a w a r r a n t f o r designing the plaza on the 
basis of generous capaci ty . 

ToUgate cons t ruc t ion is r e l a t ive ly cos t ly 
and therefore should no t be overdesigned. 
Nevertheless, i f the t r a f f i c is avai lable t o war
r a n t the p rov is ion of a t o l l lane, i t w i l l be 
f o u n d t h a t the cost of the lane is a compara
t i v e l y mino r percentage of the t o t a l cost of 
opera t ion . T h e money i n v o l v e d i n the con
s t ruc t ion of a single lane as a u n i t w i l l v a r y 
over qu i t e wide l im i t s , f lepending on the 
condi t ions encountered and the fac i l i t ies p r o 
v ided . Discussion of the economics of to l l - lane 
cons t ruc t i on w o u l d therefore be ra ther id le 
w i t h o u t de ta i led i n f o r m a t i o n on the specific 
con t ro l l i ng condi t ions. 

O n the B a y Br idge , the cost of cons t ruc t ing 
and equ ipp ing an average lane is abou t 
$30,000. T h e cost of other cons t ruc t ion t h a t 
cou ld p rope r ly be chargeable t o the u n i t cost 
of the lane, such as office and employee hous
ing , general l i g h t i n g , ex t ra roadway requi red 
i n the t r a n s i t i o n area, etc., w o u l d p r o b a b l y 
double th i s cost, or say $60,000 per lane. 

O n the basis of hand l ing a m i l l i o n vehicles 
per year per lane and w r i t i n g off the inves t 
m e n t on the basis of cap i t a l recovery i n 20 
years a t 4 percent interest , and w i t h a reasona
ble al lowance f o r maintenance, the cost per 
vehicle w o u l d be j u s t abou t 0.5 cent. O u r 
present opera t ion cost, exclusive of cap i t a l 
charge, is 2.24 cents per vehicle. T h u s , i n 
r o u n d figures, the cost of t o l l fac i l i t ies i n th i s 
instance is 18 percent of the t o t a l opera t ion 
cost. A large v a r i a t i o n i n t o l l lane cost w o u l d 
ref lect a m u c h smaller percentage cost i n t o t a l 
opera t ion expense. T h e p a t r o n c o n f r o n t e d 
w i t h delays a t the plaza because of inadequate 
fac i l i t i es is no t l i k e l y t o be h a p p y w i t h the 
knowledge t h a t his delay is saving a f r a c t i o n a l 
pa r t of a cent on the cost of hand l ing his 
j ou rney . 

CONCLUSION 

T h i s paper is w r i t t e n t o present some i n f o r 
m a t i o n a n d conclusions on a subject t h a t is 
i m p o r t a n t i n the cur ren t h i g h w a y p ic tu re b u t 
has been largely neglected i n our technical 
l i t e ra tu re . W h i l e i t is hoped t h a t the content 
of the paper w i l l i n i tself have value to other 
engineers, i t is necessarily l i m i t e d t o experience 
encountered i n specific fac i l i t ies . I t w i l l have 
served i ts purpose i f i t encourages others i n the 
same f i e ld to present the i r experience on t h a t 
i m p o r t a n t a n d un ique fea ture of the t o l l 
h i g h w a y f a c i l i t y — t h e to l lga te . 




