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Vehicular Charges on Highway Toll Facilities

H. C. Duzax, Transportation Economist
Bureau of Public Roads

THis study examines the variation of toll charges with vehicle type, size, and weight
on 137 publicly owned toll facilities. The great variety in the methods of assessing
toll charges, in the levels thereof, and in their graduation with vehicle type and size
impedes precise measurement of the relation it is sought to develop.

Toll charges on each facility were determined for each of 15 selected vehicles and
combinations ranging in size from a light passenger car to a truck-trailer combination
having a maximum gross vehicle weight of 72,000 Ib. Since the primary emphasis is
on the variation of toll charges with type and weight of vehicle, the toll charges on
each facility were converted to index numbers, using the charge for the light passenger
car as a base.

Toll charges on publicly owned toll facilities increase with vehicle weight, although
not precisely. Toll roads graduate toll charges a little more severely with the weight
of vehicle than do toll bridges and tunnels but not as severely as do ferries. This situa-
tion is illustrated by the relation between the tolls charged a light passenger car and
those charged a three-axle, tractor-semitrailer combination. This vehicle combination,
the heaviest that can use all of the toll facilities included in the study, has & maximum
gross weight of 40,000 1b. and an average operating gross weight of 27,000 Ib.

Expressed as percentages of the charges made for a light passenger car, the median
toll charges for the three-axle, tractor-semitrailer combination, conventionally desig-
nated by the term 2-S1, are: bridges and tunnels, 275 percent; ferries, 608 percent; and
roads, 402 percent.

The median toll charges made for this combination per unit of maximum gross
weight, expressed as percentages of the light-passenger-car charges per unit of maxi-
mum gross weight, are: bridges and tunnels, 24 percent; ferries, 90 percent; and roads,
36 percent.

For the average operating gross weights used in this study the median charges
made per pound for the 2-S1 combination, expressed as percentages of the light-
passenger-car charge per unit of average operating gross weight, are: bridges and
tunnels, 36 percent; ferries, 70 percent; and roads, 50 percent.

The median indexes of toll charges per unit of load on the heaviest axle of this
tractor-semitrailer combination, when loaded to its maximum gross weight of 40,000
Ib., are: bridges and tunnels, 31 percent; ferries, 73 percent; and roads, 48 percent.

The charges made for a 41-passenger bus having a maximum gross weight of 27,000
Ib. follow a similar pattern. The median indexes of toll charges per unit of maximum
gross weight for this bus are: bridges and tunnels, 35 percent; ferries, 90 percent; and
roads, 48 percent.

Detailed data in the text confirm that on toll bridges, tunnels, and roads the varia-
tion of toll charges with gross weight or axle load is definitely less than proportional.

If it is assumed that toll charges are indicative of the relative payments the operators
of various types and sizes of vehicles are willing to make to provide the total revenue
determined to be necessary, then one indication of the data produced by this study
is that the benefit derived from a highway facility by vehicles of different sizes is not
directly proportional to gross weight but increases at rates distinctly less than propor-
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tional to gross weight. If the position is taken that the value of use per mile of travel
is directly proportional to gross weight, the conclusion becomes inescapable that
passenger-car users are currently suffering grievous discrimination on toll facilities.

@ WHETHER the toll method of financing
is pointed to with pride, viewed with alarm,
or accepted with reluctance as an expedient,
the fact remains that numerous toll facilities
are now in existence and more are in prospect.
Of no less importance than their number is
their location “The toll roads thus far con-
structed and proposed, with few exceptions,
oceupy locations intended for routes of the
Interstate Highway System” (7). Similarly,
most of the existing and proposed toll bridges,
tunnels, and ferries lie athwart the more-
important traffic arteries.

The contributions exacted from highway
users in the form of tolls are not insignificant.
The Automobile Manufacturers Association
estimated the 1951 receipts from public and
private toll facilities to be $170 million (2).
During the 1951 calendar vear, publicly owned
toll facilities alone collected an estimated
$140 million for highway purposes (3) and an
additional $7 million for nonhighway purposes
(4). Several lucrative toll projects, among
them the Delaware Memorial Bridge, the
western extension of the Pennsylvania Turn-
pike, and portions of the New Jersey Turn-
pike, were in operation during only a fraction
of the 1951 calendar year, others were opened
to traffic during 1952, and still others are in
various stages of construction, planning or
study.

Among the better known projects opened
during 1952 are the final 9-mi. section of the
New Jersey Turnpike, the Chesapeake Bay
Bridge in Maryland, the George P. Coleman
Bridge over the York River and the Elizabeth
River Bridge and Tunnel in Virginia, and the
Denver-Boulder Turnpike, in Colorado.

The 88-mi. Turner Turnpike in Oklahoma
is scheduled to be opened about April 1,
1953. Nearly 50 mi. of the 535-mi. New York
Thruway are in use, although no tolls will be
charged until a 150-mi. section between
Batavia and Utica 1s opened in about a vear.
The Ohio Turnpike, the West Virginia Turn-
pike, and an extension of the Pennsylvania
Turnpike, to connect with the New Jersey
Turnpike, are under construction. Work on
other toll road projects, notably the Garden
State Parkway in New Jersey and extensions

of the New Jersey and Maine Turnpikes, is
expected to be started soon, and several other
toll road projects are under consideration.

Additional toll crossings (bridges, tunnels,
or ferries) are also under construction, planned,
or proposed. Among those under construetion
are the Bay St. Louis Bridge in Mississippi,
the third tube of the Lincoln Tunnel, the
Lower Tampa Bay Bridge in Florida, the
Paseo Bridge between Kansas City and North
Kansas City, Missouri, to name a few. Work
may be started soon on several other toll
crossings, among them the Delaware River
Port Authority Bridge from Philadelphia,
Pennsylvania to Gloucester, New Jersey, the
San Rafael-Richmond Bridge across San Fran-
cisco Bay, a bridge across Mackinac Straits,
and a tunnel-bridge-causeway across Hampton
Roads. Others, including a bridge at New
Orleans over the Mississippi and a second
Lake Washington bridge at Seattle, are in the
planning stage, and still others have been
proposed.

It is true that in the future many existing
toll facilities will become free as the bonds
issued to construct them are retired, unless
the tolls are continued to bolster the security
of bonds issued to construet other toll facilities.
Also, several of the toll crossings recently
completed, under construction, or proposed
are to replace existing public or private toll
facilities.

With toll facilities inecreasing in numbers
and toll collections mounting even more
rapidly, the relation of the toll method of
financing to over-all tax systems and financial
policies is worthy of attention. To what extent
may the prevalence of toll facilities and their
impact on the pocketbook affect the willing-
ness and ability of highway users to pay
taxes for the construction and maintenance of
toll-free highways? Will continued resort to
toll financing lead to the use of motor-fuel
taxes earned on toll facilities, particularly
roads, on those facilities rather than on toll-
free highways as is now the case? Or, at the
opposite extreme, will the willingness of high-
way users to pay for deluxe accommodations
lead to the establishment of tolls on each
facility at rates as high as the traffic will hear
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and the use for general highway purposes of
any excess over the amount required by the
facility for debt service and maintenance?
The investigation of these and similar prob-
lems that arise from the growing dependence
on toll financing are not within the scope of
this paper. They are, however, fit subjects for
study and serve to point up the need for
inquiry into the implications of increasing
dependence on the toll method of financing.

The present study does not encompass all
of the desirable objectives of a study of toll
charges but is restricted to an investigation of
the variation of toll charges with the type and
size of vehicles. This limited objective was
chosen in the belief that it would provide
much of the basic information needed for any
other studies of toll charges and would also
shed some light on the general problem of
motor-vehicle taxation.

The relation of toll charges to the tax rates
that are charged vehicles of different types and
sizes for the use of toll-free roads is somewhat
obscure. On the one hand, the payer of tolls
also pays whatever user charges are imposed
on his vehicle by his state. On the other hand,
the toll facility usually expects to defray its
entire cost, or most of it, out of toll charges
graduated with the type and size of vehicle
and, therefore, has a somewhat similar interest
to that of the state government in seeing that
each class of vehicle pays its way. The situa-
tion, however, is to some extent similar to that
of private business, in that if maximum income
is sought the upper limits of toll rates are
governed more by what the traffic will bear
than by considerations of equity alone. Under
these conditions the optimum rate of toll
charge for a given class of vehicle may be
stated as that rate at which the total receipts
from vehicles of that class will be a maximum.
This being the case, the equity motive,
whether from the standpoint of benefits re-
ceived or from that of costs occasioned, is
relatively much weaker in the fixing of toll
charges than it is in the imposition of road-
user taxes.

COLLECTION OF DATA

At the outset it was decided to limit the
study to publicly owned facilities. Several
factors contributed to this decision, but among
the more important were the circumstance
that the majority of the privately owned toll

facilities are ferries, many of which carry only
passenger cars and light trucks, and a belief
that toll schedules and other necessary in-
formation would be more difficult to obtain
for privately owned facilities than for publicly
owned ones.

Number of Facilities

Since the primary interest is in the variation
of toll charges with vehicle type or size, some
publicly owned facilities were automatically
excluded. Among those are facilities which
exclude all commercial vehicles or all except
light trucks, and facilities, such as those
serving recreational areas, for which the toll
charge is based on or includes an admission

TABLE 1
PUBLICLY-OWNED TOLL FACILITIES INCLUDED
IN STUDY

Percent

charge. A few other publicly owned toll fa-
cilities which would otherwise have been in-
ciuded had to be omitted from this report
because toll schedules could not be obtained
or interpreted in time for inclusion.

This report covers 137 toll facilities, as
shown in Table 1. Almost two thirds of the
facilities, 89 to be exact, are bridges; 7 are
tunnels; 33 are ferries; and 8 are roads. The
relatively small number of ferries is accounted
for by the fact that many of the publicly
owned ferries can carry only passenger cars
and small trucks of the pickup and light-
delivery type, so were not included in this
study.

Toll Charges

Schedules of toll charges for many facilities
were available in the Washington office of the
Bureau of Public Roads. Toll schedules for
other facilities were obtained through the
Public Roads field offices and the state high-
way departments.

There is great variety in the measures used
to determine the toll charge for a particular
vehicle. This is shown in Table 2 and Figure 1.
Among the most popular single measures are
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maximum gross vehicle weight, gross vehicle
weight at time of crossing, number of axles or
tires, chassis weight, and manufacturers’ rated
capacity. A number of facilities use combina-
tions of these and other vehicle characteristics

ECONOMICS, FINANCE,

AND ADMINISTRATION

and combinations. This measure is used on a
number of publie ferries but is not used by
any other type of facility.

This table does not exactly tell the whole
story with respect to the variety of methods

TABLE 2
MEASURES OF TOLL CHARGES
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Figure 1. Measures of toll charges.

to determine the toll charges, combinations
involving the number of axles being most
popular,

Only number of axles or tires is common to
all four types of facilities, and this measure is
used on only 19 percent of the bridges, 14
percent of the tunnels, 3 percent of the ferries,
and 50 percent of the roads. The only measure
used by a majority of the facilities of any one
type is a combination of length for passenger
cars, licensed gross weight for light and me-
dium trucks and combinations, and gross
weight at time of crossing for heavy trucks

at time of crossing

used in arriving at the toll charge for a given
vehicle, because facilities using a common
vehicle characteristic as a measure may not
all apply the measure in the same way. For
example, charges based on the maximum gross
vehicle weight may be determined by applying
a single unit rate to the gross weight, by
applying a different unit rate to each incre-
ment of weight, or by using a different fixed
charge for each gross-weight interval. Fur-
thermore, tractor-semitrailer and truck-trailer
combinations may be considered either as a
unit or as separate vehicles and may or may
not be charged at rates differing from those
applicable to single-unit trucks.

Scheme of Comparison

It is readilv apparent that the variety in
the measures used, as well as in their applica-
tion, precludes direct comparison among the
facilities on the basis of toll schedules alone.
This obstacle was surmounted by selecting a
series of vehicles and determining the toll
charges for each vehicle on each facility.

At the time this studv was started, the
Public Roads Research Reports Branch had
embarked on the study “Road-User and
Property Taxes on Selected Vehicles,” re-
ported by E. M. Cope and R. W. Meadows
in the previous papers in this volume of
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Procrepings. The 11 vehicles adopted for use
in that study cover the range of vehicle types
and sizes rather well, except that no bus was
included. As it was considered desirable to fa-
cilitate comparison between the two studies by
using the same vehicles in both, it was decided
to adopt the 11 vehicles already selected for
use in the study of road-user and property
taxes and to add a twelfth, a large intercity
bus. While the study was in progress, three
other vehicles were added, because of certain
situations encountered in the data used, giving
15 vehicles in all. Each vehicle was given a
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Figure 2. Maximum gross weight, average gross weight,
and maximum axle load of selected vehicles.

number for convenient identification. Vehicles
5A, 9A, 10A, and 12 are the vehicles added
for use in this study. The vehicles identified
by 1 through 11 are the vehicles adopted from
the study of road-user and property taxes.

The vehicles used are described in Table 3.
The average operating gross weights shown
in this table and Figure 2 were assumed for
each vehicle after considering information re-
garding the percentage of vehicle miles
traveled loaded and the average load carried
by various types of trucks and truck com-
binations (§). These values, although not
claimed to be typical, are believed to be not
unreasonable.

The sithouettes of the 15 vehicles are lo-
cated along the abscissa of Tigure 2 in ac-
cordance with their maximum gross vehicle
weights in kips, or thousands of lb. The
average operating gross vehicle weight of each
vehicle is shown by the height of the respective
bar in the lower section of the chart, and the

ECONOMICS, FINANCE,

AND ADMINISTRATION

heaviest axle load produced by each vehicle is
indicated by the height of the bar in the upper
section. The dotted bars denote vehicles shown
in the bottom row, the checkered bars apply
to the middle row of silhouettes, and the solid
black bars denote vehicles shown in the top
row. Thus, the horizontal location of the
silhouette and bars for the three-axle truck
shows that this vehicle has a maximum gross
vehicle weight of 40,000 1b. The height of the
checkered half bar in the lower section of the
chart indicates that it has an average operating
gross vehicle weight of 29,000 1b., and the
height of the checkered half bar in the top
section of the chart shows that the maximum
axle load imposed by the three-axle truck,
when loaded to its maximum gross vehicle
weight of 40 kips, is 16,000 1b.

The three-axle, tractor-semitrailer combina-
tion shown in silhouette in the top row of
vehicles also has a maximum gross weight of
40,000 1b. The solid black half bars above this
vehicle combination show that it has an
average operating gross weight of 27,000 1b.
and a maximum axle load of 17,500 Ib.

PROCEDURE

The toll charge for each vehicle on each
facility was determined from the toll schedules
by applying appropriate vehicle character-
istics. It is entirely possible that in some cases
the toll charge assigned was not the proper
one. Toll schedules are subject to misinter-
pretation. This is particularly true of those
schedules which classify vehicles by physical
characteristics, such as manufacturers’ rated
capacity, which are not precisely defined, or do
not have a universally accepted value.

Needless to say, it was found that the
charges for any given vehicle covered a wide
range. In the case of toll roads, much of this
dispersion reflects the disparity in the lengths
of the roads. Therefore, the toll-road charges
were reduced to rates per mile. Toll-crossing
charges, however were not converted to rates
per mile as it was thought that the level of
charges established for toll crossings, par-
ticularly bridges and tunnels, were less affected
by the length of the facility than by other
factors, chief among which are (1) the amount
of annual charges to be met out of toll reve-
nues and (2) the volume of revenue traffic.
Table 4 illustrates this point.

The George P. Coleman Bridge across the
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TABLE 4

COMPARISON OF GEORGE P. COLEMAN AND
DELAWARE MEMORIAL BRIDGES

George P. | Delaware
Item Coleman | Memorial
Bridge Bridge
— —_—— - . -
Length, feet........................ .. 3,750 10,750
Toll charges :
Passenger car®. . ... ... .. .. .. .. ... I $0.75 $0.75
Single unit trucks ‘
Pickup . ................ . ... ... 0.75 1.00
2-axle, 12,500 pounds GVWP ... .. . 100 1.00
2-axle, 19,000 pounds GVW . ..., . L 1.50 1.00
3-axle, 35,000 pounds GVW . .. . . ‘ 1.75 1.50
3-axle, 40,000 pounds GVW . .. .. .. 1.75 | 1.50
Tractor-semitrailer combinations |
3-axle, 40,000 pounds GVW ... .. .. 2.00 | 1.50
4-axle, 50,000 pounds GVW . ... ... i 2.50 2.00
Bus, 41 passenger®.............. .. .. ‘ 3.50 1.00

# Charge for car with driver and passengers.

b A5 used in this report, the term “GVW” means maxi-
mum gross vehicle weight.

¢ Charge for bus with driver and 20 passengers.

greatly except in the case of the bus. For this
vehicle, the charge for use of the George P.
Coleman Bridge is 314 times the charge for
use of the Delaware Memorial Bridge, al-
though the Coleman Bridge is the shorter of
the two. Light-panel and pickup trucks are
the only vehicles for which the Coleman
Bridge charges are not equal to or higher
than the Delaware Memorial Bridge charges.

LEVEL OF TOLL CHARGES

The next four tables show, in the form of
frequency distributions, the range in toll-
bridge, toll-tunnel, toll-ferry, and toll-road
charges levied on vehicles of various sizes.
In lieu of giving frequency distributions for
each of the 13 vehicles studied, the four

TABLE 5
FREQUENCY DISTRIBUTIONS OF BRIDGE TOLLS FOR PASSENGER CAR, TWO-AXLE TRUCK,
BUS, AND 2-81 COMBINATION
T | ) T D e
Toll in Dollars Passenger Car ’ 2 A;Lizé:%‘;&‘ooo 41-Passenger Bus :‘ 43’05010 %%T:égaé“o,&,

JE— . — — e S | - —
No. ‘ A ! No. ‘ % No. ‘ % } No. ‘ [
0-0.25 47 52.8 18 20.2 17 1.1 |7 7.9
0.26-0.50 18 20.3 | 27 30.3 B B/ 2 ‘ 2.8
0.510.75 SER T ¥ S A ' 15.7 5 | 56 | 13 14.6
0.76-1.00 7 79 9 10.1 13 146 13 14.6
1.01-1.25 1 1.1 5 5.6 4 ‘ 45 | 10 12
1.26-1.50 A O o R 8.8 6 68 | 6 | a8
1.51-1.75 1 L1 1.1 5 56 1 1.1
1.76-2.00 — — 3 3.4 3 34 5 5.6
2.01-2.25 — - 1 \ 1.1 — — = ‘ —
2.26-2.50 - — 2 2.3 — - 2 ! 2.3
2.51-2.75 — — - — 5 5.6 - =
2.76-3.00 - - 2 7 a3 1 R 2.3
3.01-3.25 - - - — — ! — - —
3.26-3.50 il - [ - 1 1.1 A 3.3
3.51-3.75 — — | = — — -~ | 1 1.1
3.76-4.00 - — — — - — T 1.1
4.01-4.25 = — 1 1.1 1 1.1 1 1.1
4.26-4.50 — - — \ — — ‘ — e ‘ —
4.51-4.75 — - L= - 5 O P —
4.76-5.00 — — — — . 1.1
Over 5.00 \ - — ‘ — ‘ — ‘ 1 ‘ 1.1 | 1 ‘ 1.1
Total. ............ | s | w00 | 8 | 1000 | 8 | 1000 | 8 | 1000

York River at Yorktown, Virginia, and the
Delaware Memorial Bridge over the Delaware
River at Wilmington, Delaware, were chosen
for this comparison because the toll schedules
for these two bridges are similar and the two
bridges were built at about the same time.
Construction of the George P. C'oleman Bridge
was started in 1949 and the bridge was opened
to traffic in May 1952. The Delaware Memorial
Bridge was started in 1948 and was opened to
traffic in August 1951.

Although the Coleman Bridge is less than a
third the length of the Delaware Bridge, the
toll charges for the two bridges do not differ

vehicles listed below were chosen as repre-
sentative of the range in vehicle size from
the light passenger car to the 40,000-1b tractor-
semitrailer combination, the heaviest com-
bination or vehicle that is not prohibited by
state or facility size-and-weight regulations
from using some of the toll facilities included
in this study.

Maximum
gross
Vehicle weighi
ib.
Light passengerear.......................... 3,959
Two-axle truck ... 19,
Bus.............. 27,000

Three-axle tractor-semitrailer combination .. 40,000
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On those facilities which make a separate
charge for passengers, the passenger-car toll
used is the charge for a passenger car with
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Figure 3. Percentage distributions of bridge tolls for
passenger car, two-axle truck, bus, and
2-S1 combination.
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by only 28 percent, and for the 2-81 combina-
tion by only 25 percent.

This table gives evidence of a variation of
toll charges with vehicle size and weight.
The wide range and great variety in toll
charges, however, obscure the nature and
amount of this variation.

Tunnel Tolls

Frequency distributions of the tunnel tolls
for the four vehicles are shown in Table 6
and Figure 4. The tunnel tolls cover a much
narrower range than do the bridge tolls, partly
because only seven tunnels are represented in
this table. The most-popular class interval of
tunnel tolls for passenger cars is 26 to 50
cents, but by a margin of only one tunnel. For
tunnels, the most popular range of charges
for the two-axle truck is from 76 cents to $1.

TABLE 6

FREQUENCY DISTRIBUTIONS OF TUNNEL TOLLS FOR PASSENGER CAR, 2-AXLE TRUCK, BUS,
AND 2-81 COMBINATION

2-Axle Truck 19,000 |
!

i . 2-$1 Combination
1-Passenger Bus ‘ 40,000 Pounds GVW

Toll in Dollars w} Passenger Car Pounds GVW
! . - L. - PR J—
| v | % LN | % ! Yo. ' % Ne. | %
0-0.25 : 3 42.9 — — — — — —
0.26-0.50 | 4 | s 2 | 28 3 42.9 1 14.3
0.51-0.75 b= = 2 28.6 1 14.2 1 14.3
0.76-1.00 = — o3 | oes 3y w28 | 5 | 74
Total ............. | 7 | 100.0 o7 1 100 T | 1000 7 1 1000

driver and one passenger, and the bus toll is
the charge for a bus with driver and 20
passengers.

Bridge Tolls

Table 5 and Figure 3 give frequency dis-
tributions of the bridge tolls for the four
vehicles. On more than half of the bridges (53
percent) the passenger car toll is 25 cents or
less. An additional 20 percent charge from 26
to 50 cents, and 16 percent charge from 51 to
75 cents. Only 3 percent of the bridges charge
more than 81 and no bridge charges more than
$1.75.

The bridges practice greater variety in the
choice of charges for the three other vehicles.
Although the most popular range of charges
for the two-axle truck, the bus, and the 2-S1
combination is from 26 to 50 cents, rates
within this interval are used for the truck by
only 30 percent of the bridges, for the bus

F n 27000 POUNDS GV

PEAGENT OF FAGILINES.

“ w3359 ROUNDS Gvw

|

o
0-028 926-0 50 o078 076-100

Figure 4. Percentage distributions of tunnel tolls for
passenger car, two-axle truck, bus, and
2-S1 combination.

Three tunnels charge the bus 26 to 50 cents,
one charges it from 51 to 75 cents, and three
charge it from 76 cents to $1. The 2-Sl
combination is charged from 76 cents to §1 by
five tunnels.
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Ferry Tolls

The frequency distributions of ferry tolls
shown in Table 7 and Figure 5 differ in
several important respects from those shown
for bridges and tunnels in Tables 5 and 6,
respectively. In the first place, the charges are
generally higher for all vehicle types on ferries

than are the bridge and tunnel charges, pos-
sibly because of the greater variation in the
length of the crossings. Another important
difference is that ferry charges appear to be
graduated much more steeply with size and
weight of vehicle than are bridge and tunnel
charges.

TABLE 7

FREQUENCY DISTRIBUTIONS OF FERRY TOLLS FOR PASSENGER CAR, 2-AXLE TRUCK, BUS
AND 2-S1 COMBINATION

Toll in Dollars

2-Axle Truck ‘

Bus i

‘ Passenger Car 2-51 Combination
No A L %o % No % No. %
0-1.00 5 15.2 3 9.0 3 9.1 3 9.1
1.01-2.00 19 57.6 4 121 { 3.0 — =
2.01-3.00 3 ‘ 9.1 5 15.2 2 6.1 3 9.1
3.01-4.00 1 3.0 5 15.2 = - 1 3.0
4.01-5.00 1 3.0 — - — - 3 9.1
Subtotal. . | 20 87.9 7o s [ 6 1 182 ] 0 | 303
5.01-6.00 — 3 9.0 1 3.0 1 3.0
6.01-7.00 1 2 6.1 3 9.1 — =
7.01-8.00 = 1 3.0 7 21.1 — —
8.01-9.00 — ‘ — 5 ‘ 12— = — —
9.01-10.00 — — — o= — — -
Subtotal. ... .. o 121 1w | 383 | w82 | 1 3.0
10.01-15.00 - — 5 15.2 5 15.2 ‘ 8 18.1
15.01-20.00 — — = - 5 15.2 — —
20.01-25.00 — ‘ — — — — — L8 18.2
25.01-30.00 — — — - 2 61 ! 5 15.2
30.01-35.00 — — - — 3 9.1 5 15.2
Over35.00 + | — ! — - | — i 3.0 ‘ = =
Total..... .......| 33 0.0 33 1 1000 | 33 | 1000 | 33 | 100.00
G oo et e j As was true of bridges and tunnels, ferries
- are more nearly unanimous in the choice of
charges for passenger cars than in the selec-
N TR oo on 1 tion of charges for the larger and heavier

encent of Facuimies

B S0 000 mor t00 3o 3000 300 3¢
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Figure 5. Percentage distributions of ferry tolls for
passenger car, two-axle truck, bus, and
2-S1 combination.

than on the other two types of toll crossings.
Where intervals of 25 cents were used in the
tables of bridge and tunnel charges, intervals
of 81 and 85 are used in this table for the
ferry charges. Also, the ferrv tolls are more
evenly distributed over a much-wider range

vehicles. Of the ferries, 58 percent charge
passenger cars from $1.01 to $2, an additional
15 percent charge $1 or less and 9 percent
charge from $2 to $3. Only 12 percent charge
more than $5 and none charge more than $7.
Charges for the other vehicles are dispersed
over a wider range, and no level of charge is
an overwhelming favorite for any of these
three vehicles. The wide range in charges is
not surprising in view of the great variation in
the length of ferry crossings.

Road Tolls

Frequency distributions of toll-road charges
per mile for the passenger car, the two-axle
truck, the bus, and the 2-S1 combination are
shown in Table 8 and Figure 6. This table
differs from the preceding tables in that the
charges have been converted to rates per
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mile and the frequencies represent miles of
road rather than the number of facilities.
With the exception of two toll roads, the
rates per mile were obtained by dividing the
charges for a full-length trip by the length of
the facility. Both the Pennsylvania Turnpike
and the New Jersey Turnpike, however, were
divided into three sections each.

The sections used for the Pennsylvania
Turnpike are the western extension from the
Ohio state line to Irwin, the original turnpike
from Irwin to Carlisle, and the eastern exten-
sion from Carlisle to Valley Forge. For a
passenger car, the rate per mile is 1.1 cents
on the western extension, 0.9 cents on the
original turnpike, and 1.2 cents on the eastern

ECONOMICS, FINANCE, AND ADMINISTRATION

The charges for other vehicle types are simi-
larly reduced for full-length trips.

The variation in the rate charged per mile
on the New Jersey Turnpike is much greater
than that on the Pennsylvania Turnpike.
The passenger car rate per mile is 1.1 cents
for the southern section from the Delaware
Memorial Bridge to New Brunswick, 2.4 cents
from New Brunswick to Elizabeth, and 4.0
cents per mi. for the northern section
from Elizabeth to the George Washington
Bridge. The sum of the charges for these three
sections is $2, giving an average rate per mile
of 1.7 cents. The rate per mile based on the
$1.75 charge for a full-length trip is 1.5 cents.
The 25-cent reduction for a full-length trip

TABLE 8

FREQUENCY DISTRIBUTIONS OF ROAD TOLLS PER MILE FOR PASSENGER CAR, 2-AXLE TRUCK,
BUS, AND 2-81 COMBINATION

Toll in Cents per Mile Passenger Car 2-Axle Truck Bus 2-S1 Combination
mi. | % mi. % m. % mi %
0-1.0 401.0 | 46.8 83.2 9.9 - | = - -
1.1-2.0 413.8 48.0 — — 83.2 9.5 — —
2.1-3.0 16.9 1.9 563.5 85.5 173 2.0 83.2 9.5
3.1-4.0 28.7 3.3 168.1 19.5 56,7 | 599 32.0 3.7
4.1-5.0 — - 16.9 1.6 214.5 248 544.9 £33
5.1-6.0 - - — - -~ 81.0 9.6
6.1-7.0 - 1 = - - 17.6 2.5 — —
7.1-8.0 - - — — — ~ 87.6 10.1
8.1-9.0 - - 17.6 2.2 - — — -
9.1-10.0 - - — = - — — —
10.1-11.0 - = — — — — 17.6 2.5
11.1-12.0 - | - — — — — — =
12.1-13.0 - - — - - — - -
13.1-14.0 — - — - - — - -
14.1-15.0 o= - 1.1 1.3 — — — —
15.1 and over - - 0 = | = 1 | 13 1.1 1.3
Total............. | s | 1000 | se0.4 | w000 | se0.4 | 1000 | 860.4 | 1000
S also applies to the charges for tractor-semi-

.
:
I

- ——

Figure 6. Percentage distributions of road tolls per
mile for passenger car, two-axle truck, bus, and
2-St combination.

extension. The sum of the charges on the three
sections yields an average rate of 1.1 cents
per mile, compared with a rate of 1 cent per
mi. based on the charge for a full-length trip.

trailer combinations having three axles. Trac-
tor-semitrailer combinations having four or
more axles are given a reduction of 50 cents.
Passenger cars with trailers and single-unit
trucks with dual rear tires are given no reduc-
tion for a full-length trip.

Proposed toll charges for the Ohio and
West Virginia turnpikes were used in pre-
paring this table, although it is realized that
the charges finally adopted may be somewhat
different.

The toll-road charges for each of the four
vehicles selected cover a narrower range than
do the charges for toll crossings. Also, the
most-frequent charge for each of the four
vehicles is favored by a greater plurality in
the case of toll roads as opposed to toll cross-
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ings. This is not surprising. Toll roads are
competitive with toll-free roads and enjoy
much less freedom in establishing rates than
do toll crossings, which are almost always
monopolies or near monopolies. It is also
true that the expression of toll-road charges
in cents per mile factors out one of the major
elements contributing to variation of tolls.

The most-popular charge for the passenger
car is in the neighborhood of 1 cent per mi.
On 47 percent of the toll-road mileage, the
passenger-car rate is 1 cent per mi. or less
and on 48 percent of the mileage the rate is
from 1 to 2 cents per mi.

The two-axle truck is charged from 2 to 3
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converted to index numbers, using the charge
for the light passenger car as a base, in order
to eliminate the effect of variations in the
level of toll charges. The next three tables
show frequency distributions of the indexes
of toll charges on bridges and tunnels com-
bined, ferries, and roads for a pickup truck
and for the two-axle truck, bus, and 2-Si
combination used in the preceding series of
tables. Frequency distributions of the indexes
of passenger-car charges are not needed as,
on all facilities, both the light and heavy
passenger cars were charged the same toll,
and this toll charge was taken as 100 in com-
puting the index numbers.

TABLE 9

FREQUENCY DISTRIBUTIONS OF INDEXES OF BRIDGE AND TUNNEL TOLLS FOR PICKUP
TRUCK, TWO-AXLE TRUCK, BUS AND 2-51 COMBINATION

Percentage of

Passenger Car Toll Pickup Truck

2-Axle Truck

==
e
7

2-S1 Combination

No.
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! No.
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® Of these facilities, 52 charge the pickup truck, 9 charge the two-axle truck, 5 charge the bus, and 1

nation the same toll the passenger car is charged.

cents per mi. on 66 percent of the mileage
and from 3 to 4 cents per mi. on 20 percent.
On 60 percent of the toll-road mileage the bus
is charged from 3 to 4 cents per mi., and on
25 percent of the mileage it is charged from 4
to 5 cents per mi. The charge for the 2-S1
combination is from 4 to 5 cents per mi. on
63 percent of the mileage and from 5 to 6
cents per mi. on 10 percent of the mileage.

RANGE IN VARIATION OF TOLL CHARGES WITH
SIZE OF VEHICLE

The tables illustrate the fact that the varia-
tion of toll charges with type and size of
vehicle 1s somewhat obscured by the great
range in the levels of toll charges. Since the
primary emphasis in this study is on the
variation of toll charges with type and size of
vehicle, the toll charges on each facility were

Wlhage <760 MoUNDS v

e T Tved
s e s

98- 22e- 276 336 M ats  are sav sm. szs
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Figure 7. Percentage distributions of indexes of bridge
and tunnel tolls for pickup truck, two-axle truck, bus
and 2-S1 combination.

Bridges and Tunnels

The frequency distributions of indexes of
toll charges shown in Table 9 and Figure 7
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indicate that almost as much individuality
is exercised in graduating bridge and tunnel
charges with the type and size of vehicle
as in choosing the level of charges. In spite of
the rather broad class intervals used, the
pickup truek is the only one of the four vehicles
on which a majority of the bridges and tunnels
agree. Seventy percent of the facilities charge
the pickup truck from 76 percent to 125
percent of the passenger-car charge. For the
other three vehicles, the most popular class
interval of charges is from 176 to 225 percent
of the passenger-car charge. This relation to
the passenger-car charge is used by 36 percent
of the facilities for the two-axle truck, by 28

ECONOMICS, FINANCE, AND ADMINISTRATION

Although 176 to 225 percent of the pas-
senger-car charge is the most popular charge
for the 19,000-1b. truck, the 27,000-1b. bus,
and the 40,000-1b. tractor-semitrailer com-
bination, it is significant that 31 percent
of the facilities charge the two-axle truck less
than 176 percent of the passenger-car charge,
while only 25 percent charge the bus less than
176 percent of the passenger-car toll, and only
10 percent charge the 2-S1 combination less
than 176 percent of the passenger-car charge.
Only a third of the bridges and tunnels charge
the two-axle truck more than 225 percent of
the passenger-car charge, while 47 percent
charge the bus and 60 percent charge the 2-51

TABLE 10

FREQUENCY DISTRIBUTIONS OF INDEXES OF FERRY TOLLS FOR PICKUP TRUCK, TWO-AXLE
TRUCK, BUS, AND 2-81 COMBINATION

i

Pasi?;lcge:rtacg:ro’lf'oll ‘ Pickup Truck 2-Axle Truck Bus 2-S1 Combination
No. | % No. | % No % No. %
Under 75 — | — — — — -— — —
76-125 22 ‘ 66.7 7 21.2 — — — —
126-175 11 33.3 4 12.1 3 9.1 1 3.0
176-225 — — 4 12.1 1 3.0 4 12.1
226-275 — — 3 9.1 — — 2 6.0
276-325 — — 10 30.5 — — 5 15.2
326-375 — — 2 6.0 — — 1 3.0
376-425 — — 2 6.0 1 3.0 — —
126-475 — — — — 3 9.1 2 6.1
476-525 — . — — — 3 9.1 1 3.0
526-575 - = — — 1 3.0 — =
576-625 — . - - — — — 3 9.1
626675 — | - — — 3 9.1 1 3.0
676-725 — — — — 10 30.5 4 12.1
726-775 — | — — — 6 18.1 5 15.2
776-825 — ‘ — — — 1 3.0 2 6.1
Over 825 — — 1 3.0 1 3.0 2 6.1
Total. ............ ‘ 33 | 100.0 | 33 100.0 33 | 100.0 ‘ 33 ‘ 100.0

2 Of these facilities three charge the pickup and two charge the two-axle truck the same toll the passenger car is charged.
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Figure 8. Percentage distributions of indexes of ferry
tolls for pickup truck, two-axle truck, bus, and
2-S1 combination.

percent for the bus, and by 29 percent for the
2-S1 combination.

combination more than 225 percent of the
amount charged the passenger car.

Ferries

Frequency distributions of the indexes of
ferry charges for the four vehicles are shown
in Table 10 and Figure 8. Two thirds of the
ferries charge the pickup truck from 76 to
125 percent of the passenger-car charge and
one third charged this vehicle from 126 to 175
percent of the passenger-car charge. The fre-
quency distributions for the other three ve-
hicles are of little significance, except to il-
lustrate the great variety in the steepness with
which the toll charges are graduated with the
weight of vehicles. It is only in the frequency
distribution for the bus that the two most-
favored charges are in adjacent intervals.
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Thirty percent of the ferries charge the two-
axle truck from 276 to 325 percent of the
passenger-car charge, but almost as many
(21 percent) charge only 76 to 125 percent of
the passenger-car charge. The frequency dis-
tribution for the 2-81 ecombination is bimodal
and the two modal classes are widely sepa-
rated.

Roads

Table 11 and Figure 9 give frequency dis-
tributions of the indexes of toll-road charges
for the four vehicles used in the two preceding
tables. The passenger car charge is again used
as 100 percent. For each of the four vehicles
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percent of the toll road mileage. The remaining
three percent of the mileage is almost equally
divided between the two adjacent intervals.
The mileage in the lowest interval represents
the Brunswick-St. Simons road mentioned
above.

With the exception of the Brunswick-St.
Simons toll road, the charges for the two-
axle truck range from 126 to 325 percent of
the passenger-car charge. On 32 percent of the
mileage the charge is 176 to 225 percent of
the passenger-car charge. The most popular
charge for the bus, 276 to 325 percent of the
passenger-car charge, is used on 40 percent of
the toll-road mileage. On 50 percent of the

TABLE 11

FREQUENCY DISTRIBUTIONS OF INDEXES OF ROAD TOLLS FOR PICKUP TRUCK, TWO-AXLE
TRUCK, BUS, AND 2-S81 COMBINATION

|
Pasenger Car ool | Pickup Track ‘ 2-Axle Truck Bus 251 Combination
| mi. A mi ! % mi. T i, o
Under 75 TR 1.3 e — - =
76-125% | 8346 97.0 = = — — — —
126-175 T 1.7 230.6 26.8 16.9 2.0 - —
176-225 T — ‘ 276.3 32.2 1181 ‘ 137 —~ | =
226-275 - — 115.7 13.5 130.5 15.2 177.9 20.7
276-325 [ — 26,7 | 26.3 312.1 39.8 = =
326-375 I - ] = = 818 9.5 w7 | LT
376-425 ‘ — — 1 na 1.3 1596 | 1805 430.0 50.0
12647 - - = = 67.1 T8
476-525 ‘ — — - ‘ - 1.1 1.3 159.6 | 18.5
526-575 — - | - = - = | =
576-625 — - = - - - =
626-675 I — ‘ - = - — - —
676-725 — - = = \ - 1 = — —
726-775 — — L — - =
776-825 S I — — — — | -
Overs?zs | — - - ] = = — 1.1 13
Total. .. ... 860.4 | 1000 | 8604 | 860.4 | 100.0

860.4 | 100.0 i
i

100.0

# The pickup truck is charged the same as the passenger car on 834.6 mi.

the indexes of toll road charges, in contrast to
those for toll crossings, cover a relatively
narrow range. Also, a majority of the toll road
mileage 18 concentrated in adjacent index
intervals for each vehicle. As a result, the
graduation of toll charges with vehicle weight
is rather clearly defined.

The Brunswick-St. Simons highway in
Georgia graduates charges much more steeply
with the size of vehicle than do the other toll
roads and is the only toll road on which a
charge is made for passengers. This road differs
from the other toll roads in that it does not
compete with toll-free roads but provides the
only means of access to a portion of the
Georgia coast.

The pickup truck is charged from 76 to 125
percent of the passenger-car charge on 97
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Figure 9. Percentage distributions of indexes of road
tolls per mile for pickup truck, twe-axle truck, bus,
and 2-81 combination.

mileage the charge for the 2-S1 combination
is from 376 to 425 percent of the passenger-car
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charge. The lowest interval of charge for this
vehicle is 226 to 275 percent of the passenger-
car charge, and except for the Brunswick—St.
Simons toll road, the highest interval of charge
is 476 to 525 percent of the passenger-car
charge. In the order named, these intervals
account for 21 percent and 18 percent of the
toll road mileage.

RELATION OF TOLL CHARGES TO
VEHICLE WEIGHT

The preceding tables illustrate the wide
variety in the levels of toll charges and in the
manner in which toll charges are graduated
with vehicle type or size. The following tables
are intended to shed additional light on the

ECONOMICS, FINANCE, AND ADMINISTRATION

relation between vehicle weight and toll
charges. The value of these tables is somewhat
impaired by the circumstance that state or
facility size-and-weight regulations limit the
number of facilities that can be used by the
larger vehicles. The heaviest vehicle that can
use all facilities is the three-axle, tractor-
semitrailer combination.

Toll Charges per Vehicle

Bridges and Tunnels. The median and modal
indexes of bridge and tunnel tolls for the 15
vehicles previously described are given in
Table 12 and Figure 10. It is apparent that the
charges increase with vehicle weight, although
not very precisely. The heavy passenger car is

TABLE 12
MEDIAN AND MODAL INDEXES OF BRIDGE AND TUNNEL TOLLS
Vehicle
Index of
- Passenger Car Charge
! Maximum Gross Weight
Reference T T T T T T —
Number | Type Index of .
1 Amount Passenger Car Median Mode
' Weight
- e A RN
\ 1. % % %
1 Passenger car 3,959 100.0 100.0 100.0
2 | Passenger car , 4,655 117.6 ‘ 100.0 100.0
3 ' Pickup truck 4,700 118.7 , 114.0 102.0
4 Stake truck 12, 500 315.7 164.0 150.0
5 Van truck 19,000 479.9 200.0 197.2
12 Bus, 41 passenger capacity 27,000 682.0 i 207.7 192.3
5A ' Dump truck, 3-axle 35,000 884.1 230.0 202.7
6 ‘ Dump truck, 3-axle 40,000 1,010.4 237.5 200.0
7 ' 2-81 combination 40,000 1,010.4 275.0 201.1
8 2-82 combination 50,000 1,262.9 280.0 211.4
9 2-82 combination 50,000 1,262.9 280.0 211.4
9A } 2-82 combination 56,000 1,414.5 308.3 300.0
10A 2-2 combination 60,000 1,515.5 405.7 Bimodal
10 3-S2 combination 64,000 1,616.6 375.0 Bimodal
1 i 3-3 combination 72,000 1,818.6 608.3 625.0

MEDIAN
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Figure 10. Median and modal indexes of bridge and
tunnel tolls.

charged the same toll as the light passenger
car on all facilities. The median charge for
the pickup truck, which is but little heavier
than the heavy passenger car, is about 115
percent of the passenger-car charge. Median
charges for the combinations range from about
275 percent of the passenger-car charge for
the 40,000-1b. tractor-semitrailer combination
to about four times the passenger-car charge
for the 60,000-1b. truck-trailer combination
and about six times the passenger-car charge
for the 72,000-1b. truck-trailer combination.
Ferries. Table 13 and Figure 11 give the
median and modal indexes of ferry charges.
The median for the three-axle truck having a
maximum gross weight of 40,000 lb. deserves
special mention. This vehicle, because of state
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or ferry size-and-weight limitations is pre-
vented from using more than two thirds of
the ferries. It so happens that the ferries
which it can use do not graduate tolls as
steeply with the vehicle size and weight as do
the other ferries. The median charge for this
vehicle is only 137 percent of the passenger-
car charge, while the median charges for the
35,000-1b. truck and the 40,000-lb. tractor-
semitrailer combination are, respectively, 425
percent and 608 percent of the passenger-car
charge.

The bus also deserves special mention—but
for a different reason. Most ferries make a
charge for bus passengers, and as a result, the
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road tolls are graduated more severely with
vehicle size and weight than are bridge and
tunnel tolls but not as steeply as are ferry
tolls. The toll charge for the 41-passenger bus
is about 300 percent of the passenger-car
charge on roads, about 200 percent of the
passenger-car charge on bridges and tunnels,
and more than 650 percent of the passenger-
car charge on ferries. For the heavier vehicles
and combinations, the indexes of road tolls
bear a similar relation to the indexes of bridge
and tunnel tolls and ferry tolls.

The 3-S2 combination appears to receive
preferential treatment on roads. This com-
bination, however, is excluded by state limita-

TABLE 13
MEDIAN AND MODAL INDEXES OF FERRY TOLLS
Vehicle
Index of
Passenger Car Charge
Maximum Gross Weight
Reference -
Number Type Index of
Amount Passenger Car Median Mode
Weight
: 1. % % %

1 Passenger car 3,959 100.0 100.0 100.0
2 Passenger car 4,655 117.6 100.0 100.0
3 Pickup truck 4,700 118.7 114.6 109.6
4 Stake truck 12, 500 315.7 225.0 250.0
5 Van truck 19,000 479.9 241.6 208.7
12 Bus, 41 passenger capacity 27,000 682.0 640.0 707.9
54 Dump truck, 3-axle 35,000 884.1 425.0 525.0
6 Dump truck, 3-axle 40,000 1,010.4 137.5 135.0
7 2-81 combination 40,000 1,010.4 608.3 Bimodal
8 2-82 combination 50,000 1,262.9 700.0 701.0
9 2-82 combination I 50,000 ; 1,262.9 700.0 701.0
94 2-82 combination | 56,000 1,414.5 1,242.7 I 1,566.0
10A 2-2 combination ! 60, 000 1,515.5 1,342.7 ! 1,525.0
10 3-82 combination 64,000 1,616.6 1,442.7 | 1,601.0
11 3-3 combination 72,000 1,818.6 1,675.0 } Bimodal

tolls for this vehicle are higher than those for
trucks of comparable weight.

On the whole, ferry tolls increase much
more steeply with vehicle size and weight
than do bridge and tunnel tolls. Whereas the
median bridge and tunnel toll for the 40,000-1b.
tractor-semitrailer combination, the heaviest
of the vehicles that can use all toll facilities, is
275 percent of the passenger-car charge, the
median ferry charge is 608 percent of the
passenger-car toll. The 56,000-1b. 2-82 com-
bination is charged about three times as
much as the passenger car on bridges and
tunnels and more than 12 times as much as
the passenger car on ferries.

Roads. Table 14 and Figure 12 give the
median and modal indexes of road tolls per
mile for the same 15 vehicles. On the whole,
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Figure 11. Median and modal indexes of ferry tolls.

tions on size or weight from all of the toll
roads exeept the 17.3-mi. Denver-Boulder
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Turnpike, which graduates toll charges less
severely with vehicle size and weight than
do some of the other toll roads.

Toll Charges per Unit of Maximum Gross
Vehicle Weight

The preceding tables indicate that the in-
creases in toll charge with vehicle sizes are
somewhat less than proportional to the in-
creases in maximum gross vehiele weight. The
three tables which follow compare the indexes
of toll charges per unit of maximum gross
vehicle weight for the 15 vehicles.

Bridges and Tunnels. Modal and median
indexes of bridge and tunnel tolls per unit of

ECONOMICS, FINANCE, AND ADMINISTRATION

the value for the light passenger car was used
as 100 percent. Because of the difference in
weight, the heavy passenger car pays a little
less per pound than the light passenger car,
although charged the same toll.

The pickup truck, which is charged the
same toll as a passenger car on most facilities
and has about the same gross weight as the
heavy passenger car, pays a little less per
pound of maximum gross weight than the
light passenger car but a little more than the
heavy passenger car. For vehicles heavier than
the pickup the charge per unit of weight
decreases as the maximum gross weight in-
creases. The erratic behavior of both the

TABLE 14
MEDIAN AND MODAL INDEXES OF ROAD TOLLS
Vehicle
- Index of
‘ ] Passenger Car Charge
i Maximum Gross Weight
Reference hns S
Number Type Index of
Amount Passenger Car Median Mode
Weight
| /b % % ‘ %
1 Passenger car 3,959 100.0 100.0 100.0
2 Passenger car 4,655 117.6 100.0 ‘ 100.0
3 Pickup truck 4,700 118,7 100.0 100.0
4 Stake truck 12,500 315.7 163.6 158.8
5 Van truck 19,000 479.9 186.5 194.8
12 Bus, 41 passenger capacity 7, 000 682.0 300.0 298.4
54 Dump truck, 3-axle 35,000 884.1 397.9 ! 402.7
6 Dump truck, 3-axle 40,000 1,010.4 397.9 ' 102.7
7 2-S1 combination 40,000 1,010. 4 402.5 102.7
8 2.82 combination 50, 000 1,262.9 417.1 551.0
9 2-S2 combination 50,000 1,262.9 4171 551.0
9A 2-82 combination 56, 000 1,414.5 528.1 551.0
10A 2-2 combination 60,000 1,515.5 561.5 553.8
10 3-S2 combination 64,000 1.616.6 401.0 401.0
11 3-3 combination 72,000 1,818.6 699.2 701.0
- o mode and median after a weight of 56,000 lb.
5. is reached may be caused by the small number
; b of bridges and tunnels that can be used by the
e Bl heavier vehicles. However, it is significant that
I'4 . . .
i both of the truck-trailer combinations ap-
5 parently are charged a higher rate per pound
3 weon than the heavy tractor-semitrailer combina-
§ tions.
* 209 Ferries. The relation of ferry tolls per pound
o —L of maximum gross weight indicated in Table
0 10 20 30 40 50 60 70 - . . -
oA G0 VEHELE WK K . 16 and Figure 14 is quite different from that
- P shown in Table 15 for bridge and tunnel tolls.
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Figure 12. Median and modal indexes of road tolls.

maximum gross weight are shown in Table
15 and Figure 13. As in the preceding tables,

The probable reasons for the bus and the
40,000-1b. truck differing from the general
pattern set by the neighboring vehicles has
been pointed out.

The most prominent differences between
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this table and the preceding one are that the
ferry charges per unit of weight do not de-
crease as rapidly or to as low a point as do the
bridge and tunnel tolls and the charges for
vehicles having a maximum gross weight of
40,000 lb. or more remain relatively stable

TABLE 15
MEDIAN AND MODAL INDEXES OF BRIDGE AND

road tolls per unit of maximum gross vehicle
weight shown in Table 17 and Figure 15
follow a pattern similar to that of the bridge
and tunnel toll indexes given in Table 15.
In terms of toll per unit of maximum gross
weight, the medium-weight passenger car and

TABLE 16
MEDIAN AND MODAL INDEXES OF FERRY TOLLS

TUNNEL TOLLS PER UNIT OF MAXIMUM - - 2 S bk
GROSS WEIGHT PER UNIT OF MAXIMUM GROSS WEIGHT
Index of
Index of i
Vehicle Passenger Car Vehicle PasscelrllgrereCar
harge arge
T Refer- .
Refer- : | Maximum
Maximum ence ; AMedi
\(;nce Type " Gross . Median| Mode Num- Type \%e?s}?t Median| Mode
¢ bum< Weight ber B
er o o -
! Ib. A A . o lb. e %o
1 | Passenger Car 3,959 | 100.0  100.0 3 | pussenger Car 3959 100 1000
2 | Passenger Car 4,685 | 85.0 | 85.0 3 | Pickup truck 4700 | 98.3 | 92.7
5 Pickup truck 4,7 921 90.0 4 Stake trick 12,500 62.0 0.0
4 gtake tmkck 12,500 53 é 320 5 Van truck ]9’000 180 600
5 an truck 19,000 46, 3.7 o ! = - el
12 | Bus, 41 pussenger 2,000 351 | 304 12| Bus, 4 pussenger | 20,000 | 0.0 . 102.0
capacity ! ¥ -
A e B Sl AR
5 | Dump truck, 3axle | 40,000 19.0 | 15.6 7 | 281 Combination 40,000 | 90.0 | 103.3
7 2-S1 Combination 10, 000 23.6 20.0 8 2.2 Combination 50, 000 850 971
8 | 2-82 Combination 50,000 | 246 4 244 9 | 2-82 Combination 50,000 | 85.0 | 97.1
9 | 2-82 Combination 50,000 | 24.6 [ 24.4 9A | 2-52 Combination 56,000 | 83.6 | 100.0
9A  2-82 Combination 56,000 . 21.8 17.3 104 ! 2.2 Combination 60000 85 6 96.0
10A | 2-2 Combination 60, 000 31.6 28.6 10 3.82 Combination 64000 91 4 1000
10 3-82 Combination 64, 000 240 20.0 1 3.3 Combination 72’000 91'4 ! 100‘0
11 3-3 Combination 72,000 ‘ 46.7 ‘ 40.0 ' 2 .
l°— MOOE
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Fig ure 13. Median and modal indexes of bridge and
tunnel tolls per unit of maximum gross weight.

at about 85 to 100 percent of the passenger-car
charge per pound. This is inherent in the toll
schedules of a large number of ferries, as the
schedules provide a fixed charge per pound of
gross weight for all vehicles exceeding a certain
weight, generally 35,000 to 40,000 1b.

Roads. The median and modal indexes of

e ew JRJREN Rz
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Figure 14. Medlan and modal indexes of ferry tolls per
unit of maximum gross weight.

the pickup truck are charged a little less
than the light passenger car and heavier
vehicles are charged progressively less. On
the whole, it appears that the charges per
pound of gross weight are a little higher for
the heavier vehicles on roads than on bridges
and tunnels.
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Toll Charges per Unit of Average Gross Vehicle
Weight

As vehicles do not always operate at the
maximum gross vehicle weight, it is appro-
priate to compare the toll charges per unit of

TABLE 17

MEDIAN AND MODAL INDEXES OF ROAD TOLLS
PER UNIT OF MAXIMUM GROSS WEIGHT

Index of
Vehicle Passenger Car
Charge
l:gfcir- [Ma.ximum

Num- Type Gross (Median | Mode

ber i Weight

1b. % %
1 Passenger Car 3,959 | 100.0 100.0
2 Passenger Car 4,655 85.0 85.0
3 | Pickup truck 4,700 87.4 90.2
4 Stake truck 12,500 54.6 52,9
5 Van truck 19,000 48.2 48.1
12 Bus, 41 passenger 27,000 47.5 48.4
capacity

5A | Dump truck 35,000 45.8 46.8
[} Dump truck 40, 000 35.5 37.9
7 2-81 Combination 40, 000 36.5 34.9
8 2-82 Combination 50,000 48.9 43.9
9 2-32 Combination 50, 000 48.9 43.9
9A | 2-82 Combination 56,000 30.0 30.0
10A. | 2-2 Combination 60,000 36.5 32.5
10 3-82 Combination 64,000 30.6 30.0
11 i 3-3 Combination 72,000 30.0 30.0
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Figure 15, Median and modal indexes of road tolls per
unit of maximum gross welght.

average gross vehicle weight. This is done in
the three tables which follow.

Bridges and Tunnels. Median and modal
indexes of bridge and tunnel tolls per unit of
average gross vehicle weight are given in
Table 18 and Figure 16. These indexes do not
differ greatly from those for maximum gross
vehicle weight in Table 15, except that for the

freight vehicles heavier than the pickup truck
the charges per unit of average gross vehicle
weight are greater in relation to the passenger-
car charge than are the charges per unit of
maximum gross weight. The indexes for the
pickup truck and the bus, on the other hand,
differ but little from those given in Table 15.
This situation results from the circumstance
that, as shown below, the load capacity of the
pickup truck or the bus, like that of the pas-
senger car, is much smaller in relation to the
empty weight of the vehicle than is that of the
heavier freight vehicles.

Maximum
. Empty Load
Vehicle Weight | Capacity ‘ V(éle-(i)gslslt
R
Light passenger car 3,059 900 | 3,959
Pickup truck. .. 3,220 1,480 ' 4,700
Two-axle truck 8,625 10,375 19,000
Bus............ 19, 650 7,350 27,000
2-81 combination 16,145 23,855 40,000

Thus, the charges per unit of weight for the
pickup truck and the passenger vehicles are
affected much less by the amount of load
carried than are those of the heavier trucks
and combinations.

Ferries. Median and modal indexes of ferry
tolls per unit of average gross weight are
given for each of the 15 vehicles and vehicle
combinations in Table 19 and Figure 17.
This table, like the other tables dealing with
ferry charges, indicates that many of the
ferries graduate toll charges with vehicle type
and size in such a manner that the charge per
unit of gross weight remains relatively con-
stant. As mentioned before, however, this is
not a universal practice.

Roads. Median and modal indexes of toll-
road charges per unit of average gross vehicle
weight are given in Table 20 and Figure 18
for each of the 15 vehicles. The charge per
pound of average gross weight decreases rather
rapidly as the size of vehicle increases for
single-unit vehicles having maximum gross
weights up to about 27,000 1b. The charge per
pound of average gross weight for the 27,000-
Ib. bus, the 35,000-1b. dump truck, and the
40,000-1b. dump truck is about 45 percent of
the passenger-car charge. For the vehicle com-
binations, all of which have maximum gross
combination weight of 40,000 1b. or more, the
charge per unit of average gross weight re-
mains relatively stable at about 45 to 50
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TABLE 18

MEDIAN AND MODAL INDEXES OF BRIDGE AND TUNNEL TOLLS PER UNIT OF AVERAGE
GROSS WEIGHT

. Index of
Vehicle Passenger Car Charge
Reference . Maximum Gross | Average Gross ;
Number | Type Weight Weight Median Mode
1. 1. % %
1 Passenger Car 3,959 3,359 100.0 100.0
2 Passenger Car 4,655 4,055 82.8 82.8
3 Pickup truck 4,700 3,600 93.6 89.8
3 Stake truck 12,500 7,000 74.7 70.3
5 Van truck 19,000 12,500 48.6 37.6
12 Bus, 41 passenger capacity 27,000 23,000 36.4 30.1
5A Dump truck, 3-axle 35,000 26,000 34.9 30.5
6 Dump truck, 3-axle 40,000 29,000 33.6 29.8
7 2-81 Combination 40,000 27,000 36.0 31.2
8 2-82 Combination 50,000 32,000 33.5 30.5
9 2-82 Combination 50,000 33,000 33.0 30.3
9A 2-82 Combination 56,000 37,000 29.3 28.2
10A 22 Combination 60,000 39,000 38.5 31.1
10 3-82 Combination 64,000 44,000 0.0 32.0
1 3-3 Combination 72,000 ,000 50.0 26.0
o percent of the passenger-car charge per unit of
0 L - . .
. 1 average gross weight. A notable exception 1s
¢ . the 3-S2 combination which, as mentioned
. l ' l . before, is excluded from all except one of the
i, --I-III- toll roads.
H
EH . .
3 o E Toll Charges Per Unit of Maximum Axle Load
$w .
2 For roads, axle loads are the principal
i, H consideration, but not the only consideration,
w0 . in determining the structural requirements
o and, therefore, the costs of pavements. “The
10 20 0 40 50 60 70 - . - .
MarsaAl OS5 VO KT W 155 . axle load of vehicles is the principal deter-
— ) ow <8 Ly _ minant of the supporting capacity that must be
P P
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Figure 16. Median and modal indexes of bridge and
tunnel tolls per unit of average gross weight.

provided in the surfaces and foundations of
roads” (6). Bridges, on the other hand, are
affected not only by the axle load of a vehicle

TABLE 19
MEDIAN AND MODAL INDEXES OF FERRY TOLLS PER UNIT OF AVERAGE GROSS WEIGHT
. Index of
Vehicle Passenger Car Charge
Reference Maximum Gross | Average Gross .
Number Type Weight Weight Median Mode
| 1b. 1. % A
1 ! Passenger Car 3,959 3,359 100.0 100.0
2 : Passenger Car 4,655 4,055 82.8 82.8
3 Pickup truck 4,700 3,600 111.4 Bimodal
4 Stake truck 12,500 7,000 100.0 51.3
5 Van truck 19,000 12,500 71.4 85.0
12 Bus, 41 passenger capacity 27,000 23,000 84.0 Bimodal
5A Dump truck, 3-axle 35, 000 26,000 65.7 85.0
6 | Dump truck, 3-axle 40,000 29,000 16.6 12.0
7 | 2-S1 Combination | 40,000 27,000 { 70.0 89.3
8 2-82 Combination | 50, 000 32,000 ‘ 70.0 Bimodal
9 | 2-82 Combination : 50,000 33,000 ; 72.0 88.3
9A i 2-82 Combination 56,000 37,000 ! 80.0 90.0
104 | 2-2 Combination 60,000 39,000 82.0 88.7
10 3-82 Combination ‘ 64,000 44,000 ; 84.0 90.9
11 3-3 Combination ‘ 72,000 | 50,000 | 84.0 89.3
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Figure 17. Median and modal indexes of ferry tolls per
unit of average gross weight.
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loads at or near that of the heaviest axle. As
in the preceding tables dealing with indexes,
the value for the light passenger car is taken
as 100.

Bridges and T'unnels. The median and modal
indexes of bridge and tunnel tolls per unit of
load on the heaviest axle for each of the 15
vehicles are given in Table 21 and Figure 19.
The apparent deviation of the five-uxle, trac-
tor-semitrailer combination and the six-axle,
truck-trailer combination from the pattern
established by the other vehicles deserves
special mention. Although these are the two
heaviest vehicle combinations used in the
study, they impose axle loads lighter than
those imposed by any of the other combina-
tions and no heavier than the 14,000-1b. axle

TABLE 20
MEDIAN AND MODAL INDEXES OF ROAD TOLLS PER UNIT OF AVERAGE GROSS WEIGHT
. Index of
Vehicle ‘ Passenger Car Charge
Reference | Maximum Gross | Average Gross ‘ :

Number Type Weight ‘ ngght Median Mode

‘ 1. ’ . _3 % %

1 | Pussenger Car 3,959 3,350 100.0 100.0
2 | Passenger Cur 4,655 4,055 ‘ 82.8 82.8
3 ‘ Pickup truck 1,700 3,600 89.9 90.1
1 Stake truck 12,500 7,000 \ 78.2 85.0
5 Van truck 19,000 12,500 63.6 73.3
12 Bus, 41 pussenger capacity 27,000 23,000 47.5 42.1
5A Dump truck, 3-axle 35,000 26,000 41.7 16.8
6 ! Dump truek, 3-axle 40,000 29,000 45.6 47.3
7 ‘ 2-S1 Combination 40,000 27,000 50.4 50.6
8 2-82 Combination 50, 000 32,000 41.5 15.9
9 2-82 Combination , 000 ! 33,000 i 44.5 15.9
9A 2-82 Combination 56,000 37,000 i 45.8 17.2
10A ! 2-2 Combination 60, 000 39,000 48.6 8.3
10 ! 3-S2 Combination 64, 000 44,000 30.5 30.0
1 | 3-3 Combination 72,000 50,000 49.9 19.6

but also by the load on any group of axles
and by the total weight of the vehicle. For
ferries, the axle load imposed by a vehicle is
probably of less importance than either the
space occupied or the gross weight of the
vehicle.

In spite of the tenuous or nonexistent rela-
tion between the axle loads imposed by a
vehicle and the bridge or ferrv costs occa-
sioned by the vehicle, the following series of
tables compare the toll charges per unit of
weight on the heaviest axle for the 15 vehicles
studied. The axle loads used for each vehicle
are those imposed by the heaviest axle when
the vehicle or combination is loaded to its
maximum gross weight. These tables do not
take into account the number of axles having
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Figure 18. Median and modal indexes of road tolls per
unit of average gross weight.
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TABLE 21
MEDIAN AND MODAL INDEXES OF BRIIiGE UE(I)) TUNNEL TOLLS PER UNIT OF MAXIMUM
AXLE AD
. Index of
Vehicle Passenger Car Charge
Reference Maximum Gross | Maximum Axle . |

Number Type Weight Load Median ‘ Mode

‘ . | Ib. % | %

1 Passenger Car ! 3,959 | 2,000 100.0 100.0
2 Passenger Car 4,655 2,340 85.4 85.4
3 Pickup truck 1,700 2,800 72.8 \ 68.6
4 Stake truck 12,500 9, 500 37.1 33.9
5 Van truck 19,000 14,000 ' 29.2 28.4
12 Bus, 41 passenger capacity 27,000 \ 18,000 31.6 ‘ 30.2
57 Dump truck, 3-axle 35,000 13,500 35.2 31.4
6 ‘ Dump truck, 3-axle ‘ 40,000 16,000 30.4 i 29.6
7 2-81 Combination 40,000 ‘ 17,500 30.8 | 31.2
8 ' 2-82 Combination 50,000 18,000 36.2 30.6
9 | 2-82 Combination 50,000 18,000 36.2 30.6
9A | 2-82 Combination ‘ 56,000 18,000 33.3 | 30.6
10A 2-2 Combination : 60,000 | 18,000 27.5 34.4
10 ‘ 3-S2 Combination ‘ 64,000 | 14,000 80.0 ‘ 35.0
1 3-3 Combination ‘ 72,000 14,000 90.0

PERCENT OF LIGHT PRSSENGER CAR RATE
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Figure 19. Median and modal indexes of bridge and
tunnel tolls per unit of maximum axle load.

load imposed by the 19,000-ib. single-unit
truck. However, the tractor-semitrailer com-
bination has four axles at 14,000 lb., while
the truck-trailer combination has two axles
at 14,000 1b. and three axles at 12,000 lb.

The bus, which has only one axle with a
load of 18,000 lb., is charged about 30 percent
of the passenger-car charge per unit of weight
on the heaviest axle, while the 2-S1 combina-
tion, which has two 17,500-1b. axles, and the
2.2 combination, which has three axles at
18,000 Ib., are also charged about 30 percent
of the passenger-car charge per pound of
maximum axle load.

Ferries. Table 22 and Figure 20, which show
the median and modal indexes of ferry tolls

TABLE 22
MEDIAN AND MODAL INDEXES OF FERRY TOLLS PER UNIT OF MAXIMUM AXLE LOAD
. Index of
Vehicle Passenger Car Charge
Reference | Maximum Gross | Maximum Axle :

Number Type ! Weight Load Median Mode

1b. b, % %

1 Passenger Car 3,959 2,000 100.0 100.0
2 Passenger Car 4,655 2,340 85.4 ‘ 85.1
3 ! Pickup truck 4,700 2,800 78.6 73.3
4 ‘ Stuke truck 12,500 9,500 1.5 36.8
5 Van truck 19,000 14,000 42.5 ‘ 44.8
12 Bus, 41 passenger capacity 27,000 ,000 65.4 64.0
5A ‘ Dump truek, 3-axle 35,000 13,500 73.3 65.0
6 Dump truck, 3-nxle 40,000 ; 16,000 26.6 ‘ 16.0
7 2-S1 Combination s ! 17,530 72.5 68.7
8 2-82 Combination 50,000 ‘ 18,000 100.0 ‘ 151.4
9 2-S2 Combination ‘ 50,000 18,000 100.0 151.4
9A 2-82 Combination . 56,000 ‘ 18,000 I 145.9 I 155.5
10A 2-2 Combination i 603, 000 18,000 165.0 ‘ 185.7
10 3-52 Combination ‘ 64,000 14,000 210.0 | 245.0
11 | 3-3 Combination 72,000 14,000 244.0 246.7

|
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load. The 2-81 combination with two axles at
17,500 1b. and the 2-2 combination with 3
axles at 18,000 1b. are charged, respectively,
about 50 percent and 60 percent of the pas-
senger-car charge per unit of weight on the
heaviest axle.

CONCLUSION

In this paper we have inquired briefly into
the variation of toll charges with type and
size of vehicles. There is infinite variety in the
methods of assessing toll charges, the levels of
toll charges, and the graduation of toll charges
with vehicle type and size. This variety im-
pedes precise measurement of the relation

TABLE 23
MEDIAN AND MODAL INDEXES OF ROAD TOLLS PER UNIT OF MAXIMUM AXLE LOAD

Vehicle

Index of
Passenger Car Charge

Reference Maximum Gross J Maximum Axle .
Number Type l Weight | Load Median Mode
I
. b | % %
1 \ Passenger Car 3,959 ,000 [ 100.0 100.0
2 ! Passenger Car 4,655 2,340 85.4 85.4
3 Pickup truck 4,700 2,800 | 68.6 68.7
4 Stake truck 12, 500 9,500 ’ 31.4 32.9
5 | Van truck 19,000 14,000 33.9 31.5
12 ' Bus, 41 passenger capacity 27,000 18,000 35.1 35.3
5A | Dump truck, 3-axle ( 35,000 13,500 52.8 63.1
6 Dump truck, 3-axle 40, 000 16,000 49.1 47.6
7 2-81 Combination 1 40,000 17,500 47.5 48.3
8 | 2-82 Combination ‘ 50,000 18,000 45.5 45.8
9 ‘ 2-82 Combination 50,000 18,000 ‘ 45.5 45.8
9A 2-52 Combination i 56,000 18,000 | 49.5 49.8
10A | 2-2 Combination ] 60, 000 18,000 ‘ 59.5 Bimodal
10 3-82 Combination [ 64,000 14,000 50.0 50.0
11 3-3 Combination | 72,000 i 14,000 89.3 98.6

per unit of load on the heaviest axle for each
of the 15 vehicles, are similar to the other
tables and figures dealing with indexes of
ferry tolls per unit of weight. For the smaller
vehicles, the indexes of unit charge decrease
as the weight and axle loads increase; but for
vehicles having a gross weight of more than
12,500 Ib., the indexes increase with the vehicle
weight.

Roads. Median and modal indexes of toll-
road charges per unit of maximum axle load
are given for the 15 vehicles in Table 23 and
Figure 21. The bus, with a maximum gross
vehicle weight of 27,000 1b. and one 18,000-Ib.
axle, is charged about 35 percent of the pas-
senger-car charge per unit of maximum axle

-
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Figure 21, Median and modal indexes of road tolls per
unit of maximum axle load,
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between the toll charged and the size of
vehicle.

However, patterns of toll charges are dis-
cernible, and these patterns are not the same
for all of the three major types of facilities.
Toll roads graduate toll charges a little more
severely with the size of vehicle than do
bridges and tunnels, but even on toll roads
the heaviest vehicles and combinations are
charged only about a third as much per unit
of maximum gross weight as are passenger
cars. It is only on ferries that the larger
vehicles are charged almost as much per
pound of maximum gross weight as passenger
cars are charged.

This study has not inquired directly into
the relation between the toll charged a vehicle
and either the costs occasioned by it or the
benefits conferred on it. In the case of toll
roads, however, it can be accepted that the
toll charges are not greater than the henefits
received. Otherwise, the toll roads would not
be used in preference to toll-free roads. For
commercial vehicles, it can be assumed that
the toll charges are less than the additional
monetary cost incurred by using inferior toll-
free roads. The relation of passenger-car tolls
to measurable monetary benefits is less direct
because of the value placed by passenger-car
operators on time savings, relief from driving
discomforts, the pleasure of travel unimpeded
by slow-moving vehieles or urban congestion,
and other factors not subject to exact mone-
tary evaluation. Even so, it appears that toll-
road charges can be accepted as at least
indicative of the relative payments the owners
and operators of various types and sizes of
vehicles are willing to make.

If this general concept be accepted, then
the indication of the data produced by this
study is that the benefit (or value of use)
derived from a highway facility by vehicles of
different sizes is not, as is often claimed,
directly proportional to gross weight but,
rather, increases at rates distinctly less than
proportional to gross weight. If, on the other
hand, it is insisted that the value of use per
mile of travel is directly proportional to gross
weight, the conclusion becomes inescapable
that passenger-car users are currently suffer-
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ing grevious diserimination on highway toll
facilities.

Although a study designed to determine the
relationships that exist between toll charges
imposed and costs occasioned or benefits
gained by the vehicles that use the toll facil-
ities would involve many complex and diffi-
cult analyses, it is believed that such a study
would have great value. The investigations
reported in this paper provide a starting
point, and it is hoped that they can be
broadened to produce something significant
regarding the relation between toll charges
and costs or benefits.
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