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Pennsylvania Turnpike Traffic Analysis 
'Y THE HIGHWAY TRANSPORT RESEARCH BRANCH 
‘UREAU OF PUBLIC ROADS 

Information regarding turnpike usage was collected at roadside-interview 

stations on the highways east of Harrisburg and west of Philadelphia during 

June, July, and August of 1950 before construction of the eastern extension of 

the Pennsylvania Turnpike, and on the same highways and the turnpike in 

1952 after its construction. 

Traffic diversion to the toll road was much greater for passenger cars than for 

commercial vehicles, except in the mountainous areas where the type of vehicle 

or purpose of trip made little difference. 

It was found that a much greater increase in traffic in the vicinity and general 

direction of the turnpike resulted after its opening than elsewhere in the State, 

indicating that this facility generated a considerable amount of new traffic. 

The travel-time ratio and time saved or lost were found to be good measures 

_ for determining the amount of traffic diverted from adjacent highways. Traffic 

used the toll road if time could be saved, even though the distance was increased; 

hence the greater the time saving, the greater the usage. Only a small propor- 

tion of traffic losing both time and distance used the toll road. 

The toll-road usage curves differ from similar curves established for free 

limited-access highways in metropolitan areas. It was found that the smaller 

the time or distance saved, the greater the difference between such curves. 

i Traffic diverted to the Pennsylvania Turnpike was between two-thirds and three- 
f fourths of that which would have been assigned from curves developed for free 

_ limited-access highways. 
Vacation trips as a whole accounted for greater usage of the toll road than 

trips for other purposes—presumably because there were a few very short trips 

and many long trips with vacations as the purpose. 

Vehicles traveling between Philadelphia and Pittsburgh used the turnpike to 

a very large extent regardless of purpose of trip and type of vehicle due to the 

large saving of time for all vehicles and of fuel as well for commercial vehicles. 

NE of the most difficult problems facing 
J highway planning engineers is estimating 

é traffic which would use improved highways 
various classes. This is important from the 
ints of view of economic justification, pri- 
ties, and design features. With present 
phasis on the completion of the National 

mtem of Interstate Highways the study of 

€ usage of controlled-access highways, such 

will constitute a large part of that system, 

sumes special importance. 

When a high-type facility is constructed, 
ere is a large diversion of traffic from roads 

mediately parallel and a lesser diversion 

om more distant roads. In addition, there is 

merease in highway traffic throughout the 

ea which is called traffic generation. A part 

this increase is composed of trips diverted 
om public carriers, and an important part is 
mposed of new trips which would not have 
en made if the improved facility had not 

%n available. Furthermore, there is the 

ng-range traffic growth or trend which fol- 

Ws generally the basic economic trend and 

kes place on highways of all classes through- 

it the country. 

In estimating traffic usage of a proposed 
ity, therefore, the engineer must concern 

355212—55——1 

himself with these three factors: Diversion, 

generation, and long-range trend. To do this 

successfully, empirical data, properly analyzed, 

are needed. The Bureau of Public Roads, with 

the cooperation of the various State highway 

‘departments and other agencies, is endeavor- 

ing to supply these data and analyses to the 

extent practicable. 

Other Traffic Studies Made 

With regard to controlled-access facilities 

such as are contemplated in the Interstate 
system standards, several studies have been 

made and reported for highways in urban 

areas,! but very few for those in rural areas. 

There are few controlled-access free roads ex- 

tending for long distances through rural areas 

and these have been opened to traffic only 

recently. There are, however, several toll 

roads or turnpikes built approximately to 

Interstate system standards, which have been 

in operation for a number of years and others 
which are being opened from time to time. 

These facilities offer good opportunities for 

1 Traffic assignment, Highway Research Board, Wash., 

D. C., Bulletin 61, publication 246, 1952; also Gulf Freeway 

traffic survey, Houston, Texas. Texas Highway Department, 

1951. 

Reported by DANIEL O’FLAHERTY 

Head, Traffic and Travel Studies Unit 

study, though the deterring effect on traffic of 

the toll charges offers a complicating factor 

which must be evaluated in applying the re- 

sults to free roads. 

For a number of years the Bureau of Public 

Roads has cooperated with several States 

through the planning survey divisions of the 

highway departments in studies of toll-road 

traffic in relation to that on adjacent high- 

ways. The toll authorities have supplied at 

regular intervals information on traffic using 

the turnpikes. Such information, in addition 

to regular reports from the State highway de- 

partments concerning traffic volumes through- 

out the country, has given a broad picture of 

the changes in traffic flow which result from the 

construction of modern toll roads. This in 

itself, however, is not enough to permit 

accurate traffic estimates for any particular 

project under study. 

Conclusions which can be drawn from this 

type of information are somewhat clouded by 

the fact that there is no differentiation between 
passenger car and truck traffic, or between 

trips which could conveniently be made on the 

turnpike and those which are purely local. 

Relations determined from traffic counts alone 

would be expected to vary widely in different 

areas according to the composition and charac- 

teristics of traffic in the area. In order to es 

tablish more basic relations, intensive traffic 

studies were made on several of the turnpikes. 

In these studies, drivers were interviewed at 

stations on roads parallel to the turnpike route 

both before and after the opening of the turn- 

pikes, and at all turnpike interchanges under 

study after its opening. Questions were 

asked concerning trip origins and destinations, 

trip purpose, and other matters pertinent to 

the study. 

Such studies were made in Maine, New 
Hampshire, New Jersey, Pennsylvania (east- 

ern and western extensions), and Ohio. The 

‘‘after’ study has not been conducted in Ohio, 

because only one short section has been com- 

pleted. In New Jersey the data are being 
analyzed. The resultsof the Maine Turnpike 
study have been partially reported to the 

Highway Research Board and a further report 
is included in this issue.2, The present article 
reports the results of the study of the eastern 

extension of the Pennsylvania Turnpike which 

was opened to traffic in November 1950. 

3 Proportionate use of Maine Turnpike by traffic through 

Portsmouth-Portland corridor, by J C Carpenter. Proceed- 

ings of the Highway Research Board, vol. 32, 1953, pp. 452- 

463; also Traffic usage of Maine Turnpike, by Glenn E. 

Brokke. Pages 224-230 of this issue. 

203 

el Se a eS Ee eee eee 



YOUNGSTOWN: PE 
NEW CASTLE 

¢ BUTLER 

| 
a 
| PITTSBURG 

| 
| 
| 

WHEELING : y 
° H 

PHILADELPH 

| HAGERSTOWN 

age i v7 pe ° - nu nt wo o hon 9 a & & — & INTERCHANGE NUMBER 

o mo + —onvrwo nN co) 0 o iO i i9 See I OUN: 3 = e C ie eaae 
j ) ,NORW ) ) 0 r on Oo = o© ONR | 

=" fems oerealrae, Maen Senha Shae 32 Sf othcieci ane S nee in 
Figure 1.—Location of the Pennsylvania Turnpike. 

Pennsylvania Turnpike Study 

~ The location of the entire Pennsylvania 

Turnpike is shown in figure 1. The inter- 

changes are indicated by the numbered circles, 

and mileages along the turnpike measured 

from the western terminus are shown at the 

bottom of the illustration. 

The original section, which was opened in 

October 1940, extends from interchange 7 at 

Irwin (near Pittsburgh) to interchange 16 at 

Carlisle, a distance of 158.9 miles. A profile 

of this section of the turnpike and the principal 

parallel free routes (U. S. 30 and 11) appeared 

in a recent article in Public Roads. The 

grades on the turnpike are much lighter and 

the total rise and fall much less than on the 

parallel free route. The rise and fall on the 

turnpike (original section) is 11,327 feet, com- 

pared to 26,257 feet on the free route. The 

comparatively low grades and saving in climb 

have much to do with the high usage of this 

section of the turnpike especially by trucks. 

The eastern extension of the turnpike, 

which was opened in November 1950, extends 

from interchange 16 at Carlisle to interchange 

24 at Valley Forge (near Philadelphia), a 

distance of 100.9 miles. It was on this section 

that the intensive traffic study was made. 

Origin and destination stations were operated 

in 1950 on one line just east of Harrisburg and 

on a second line about 20 miles west of Phila- 

delphia before the turnpike was completed, 

3 Operating characteristics of a passenger car on selected 

routes, by Carl C. Saal. Pun.ic Roaps, vol. 28, No. 9, 
Aug. 1955, p. 181. 
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and in 1952 after its construction. The loca- 

tion and types of survey stations are shown in 

figure 2, which is an enlargement of the study 

area. 

There were 15 identical interview stations 

operated on the highways in the ‘‘before”’ and 

“after” studies made during June, July, and 

August of each of the 2 years. Additional 

interview stations were located at the turnpike 

interchanges and at 3 locations on the free 

highways in the after study. The stations 

were occupied on approximately the same 

dates in each year for the same number of 

hours. The duration of the operations was 

for at least a full 24-hour period on weekdays in 

June, July, or August. Additional 24-hour 

operations were made on Saturday and Sunday 

at a limited number of locations. 

The topography along this section of the 

turnpike is generally level as compared with 

the rugged terrain through which the original 

section was built. There are four or more 

parallel routes in the eastern section from 

which traffic is diverted. 

Since the major parallel routes are high-type 

and well-maintained highways, the big traffic 
obstacle in this area is the large number of 
towns and cities located on the regular routes. 
Such places cause traffic to slow down even 
when highways are adequate. During peak 
hours the highways in and near these munici- 
palities are congested, and delays at such times 
may be considerable. : 

During the survey the routes connecting 
Valley Forge with Philadelphia were inade- 

Se elt PEP AU oti 

quate to serve properly the volume of trac 

delivered by the turnpike. There was lite 

choice between the routes from Valley Four 

and from Paoli on U. S. 30 to Philadelph. 
Both offered traffic resistance, especially durig 

peak traffic periods. An expressway is und 

construction between Valley Forge and Phi 

delphia which will relieve this situation a3 
may cause greater turnpike usage ie | 

curred in 1952. 

The turnpike has a minimum right-of-wy 
width of 200 feet, and has four 12-foot trac 
lanes divided by a 10-foot median strip 1 

addition to acceleration and deceleration lais 

at interchanges. There are 10-foot pay: 

shoulders. The maximum grade is 3 perce) 

the maximum curve is 6 degrees, and the mi 
mum sight distance is 1,000 feet. | 

The average distance between interchans 

in the 327.2 miles between the Ohio Statel 
and Valley Forge is 14.2 miles. The short! 

section, 5.4 miles, crosses the Susquehar? 
River south of Harrisburg between int 

changes 18 and 19, and adjoins the long 

section on the eastern extension which is ¥ 
miles in length and connects interchanges * 

and 20, _ 

The speed limit for passenger vehicles | 
the turnpike is 60 miles per hour west?! 

Breezewood, on the original section, and & 
miles per hour east of that point including © 
eastern extension. It is 45 and 50 miles | 
hour, respectively, for all other vehicles © 

cept where lower speeds are posted, such asf 

tunnels and at toll-gate approaches, | 
October 1955 ® PUBLIC 
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Table 1.—Number of trips between interchanges on the Pennsylvania Turnpike intercepted 

on the eastern extension during an average summer weekday in 1952 

Interchange 

1 Ohio State line_ 
2 Beaver Valley 
3 Perry Highway 
4 Butler Valley 
5 Allegheny Valley 
6 Pittsburgh 

9 Donegal 
10 Somerset 
11 Bedford 
12 Breezewood 

13 Fort Littleton 
14 Willow Hill 

17 etre Pike 
18 Harrisburg-West Shore 

19 Harrisburg East 
20 Lebanon-Lancaster 
21 Reading 
22 Morgantown 
23 Downingtown 

‘Total esses 

Gettys- ead Harris- Leba- Read- |Morgan-| P°W2-| valley non- 
ing town | ne Lan- 

caster 

(23) (24) 

760 | 1,025 347 8, 357 | 19, 162 

1 Trips off or on at Carlisle and traveling to or from the west did not use the eastern extension. 

Traffic Between Interchanges 

The average daily traffic volume on all sec- 

tions of the turnpike, in the summer and 

throughout the year, is shown in figure 3. 

Saturdays and Sundays as well as weekdays 

are included. The volume on the original 

section is greater than that on either the 

eastern or western extension. The summer 

traffic is about 29 percent greater than sets 

average annual traffic. 

The trips intercepted on the eastern exten- 

sion of the turnpike were analyzed on the 

basis of point of entry and point of exit to 

determine their travel on the turnpike. The 

results are shown in figure 4 for an average 

summer weekday, 

The hatching at the bottom of the chart 

indicates the trips over the whole length of 

the Pennsylvania Turnpike between the Ohio 

State line and Valley Forge. The next group 

includes vehicles on trips that used the full 

length of the eastern extension extending from 

Valley Forge to Carlisle or farther west. The 

third group of trips are those intercepted at 

Valley Forge which are shorter than the length 

of the eastern extension. This accounts for 

the total trips at Valley Forge. The remain- 

ing trips are those which do not extend to 

Valley Forge, but enter or leave the turnpike 

between Carlisle and Downingtown. The 

latter group includes trips entirely on the 

eastern extension as well as those on all or 

portions of the turnpike west of Carlisle. 

The apparent decrease in turnpike use west 

of the eastern extension is due to the omission 

in figure 4 of all trips which enter and leave 

the turnpike between the Ohio State line and 

a point west of Carlisle. Such trips were not 

sampled in the eastern extension study. 

The length of that portion of a trip which 

lies between the termini of a controlled-access 

facility is important in determining diversion 
to the facility. It is of particular interest to 
note some of the results found in this study 
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regarding the length of that portion of the 

trips found on the turnpike itself. There 

were 2,509 vehicles, making up approximately 

25 percent of the vehicle-mileage on the east- 

ern extension of the Pennsylvania Turnpike, 

that used the entire 327 miles in traveling be- 

tween the Ohio line and Valley Forge. An- 
other 2,979 vehicles traveled at least the 101 

miles of the eastern extension between Valley 

Forge and Carlisle. This number of trips 

adds to 55 percent of the vehicle-mileage on 

the eastern extension during the summer 

months. That is, during the period of the 

survey, more than one-half of the vehicle- 

miles of travel on the eastern extension 

resulted from through trips on it (see fig. 4 

and table 1). Almost. two-thirds of the 

vehicles intercepted at Valley Forge traversed 

the whole length of the eastern extension. 

There were 19,162 trips intercepted in the 

1952 study on the eastern extension. Of this 

total, 2,307 vehicles were off or on at Carlisle 

traveling to or from the west and did not use 
the eastern extension. 

Table 2 shows the percentages of the turn- 

pike trips and of the vehicle-mileage by these 

trips, on different lengths of the turnpike. 
For example, 8.0 percent of the turnpike trips 

were less than 10 miles in length, and ac- 

counted for only 0.3 percent of the turnpike 

vehicle-mileage. All but 38.6 percent of the 

Table 2 

Trips for all vehicles 

Trip length, in miles Total for group 

Percent 
Number of total Number 

Underd0 es) a 1, 528 8.0 1, 528 
36-05 5. nee A ee 1, 543 8.1 3, O71 
DOO not ee ee 1, 389 7.2 4, 460 
BO-100. 5 8 2, 935 15.3 7, 395 
100-200 e_ 5 eee 3, 505 18.3 10, 900 
200-300 =. os 5, 314 27.7 16, 214 

OPS SEE Seige 15.4 19, 162 

.—Number of trips and vehicle-miles of travel by turnpike trip-length groups 

Cumulative total 

trips were for distances greater than 100 mi 

and all but 9.7 percent of the turnpike vehic 
mileage was due to these long trips. 

information is presented graphically in figu 

The average length of the turnpike po 

of the trip was 163.7 miles which is, of cours 

less than the average length of trip from origi 

to destination. This figure is somewhat mis 
leading, however, since stations were operat 

only on the eastern extension and short trip 
between interchanges on the other section 
were not included in the sample, whereas all o 
the through trips were included. . 

The average trip length determined fron ' 
tickets for all types of vehicles for the whol, j 

turnpike was 98 miles for the year 1952 ani 

105 miles for the period of the survey. If onl: 

the mileage on a particular section is con 

sidered, the annual average length of trips w 

as follows: Eastern extension, 55 mile: 

original section, 97 miles; and the wester 

extension, 39 miles. 

Traffic Diversion and Generatiaa 

As previously mentioned, the traffic tha 
uses a new facility is composed of both dive 

and generated traffic.” It is difficult to sepa 
rate the amount diverted from the amoun 

generated. 
Diverted traffic is composed of vehie 

traveling over existing roads before the cor 

struction of a new facility, and then transfer 
ring to the new route after its completior 

When there is a saving in time, drive 

generally transfer to a high-type free facility 

Fewer of such trips are diverted to a toll roac 
It is desirable to determine what proportion ¢ 
eligible or potential trips between particuls 
zones actually use the toll road and wheth 

time or distance is saved. | 
The term ‘generated traffic’ as used | 

highway engineers in various areas of th . 
country often has different meanings. rh 

Officials has defined the term in one of it 

publications. As used in this article, how 
ever, generated traffic refers to the amount 

traffic using a new road, plus. that on the ol 

roads in the corridor, less the amount thé 

would have been expected on the old highway 

had not the new facility been constructe 

That is, additional trips made over and aboy 

those diverted from nearby roads to the ne 

facility—generally those which were not mac 

4A policy on geometric design of rural highways. Americ 

Association of State Highway Officials, Wash., D. C., 195 

p. 66. 

Vehicle-miles of travel 

Total for group Cumulative total 

Percent 
of total 

SFESRSm 

0 
“al 

3.3 
6 
.9 
6 
. 0 
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TURNPIKE USAGE — PERCENT 

0,6 0.7 0,8 0.9 1.0 

TIME RATIO= TIME VIA TURNPIKE + TIME VIA HIGHWAY 

Figure 9.—Turnpike usage by passenger cars in relation to the 

time ratio. 

at all, or were made by other means before the 

new facility was built. It is also possible that 

some trips were included which were diverted 

from roads so far away that they did not pass 

any of the survey stations. Some of the 

generated traffic occurs on free highways due 

to the transfer of former traffic to the toll 

facility, thereby making the old roads more 

attractive. The additional traffic, above 

diversion, that oceurs on the new road, how- 

ever, is of principal interest. 

In addition to the diverted and generated 

traffic, it often happens over a period of years 

that additional traffic results from the develop- 

ment of new communities, industries, and 

businesses along the new highway. This 

development traffic, unless it occurs almost 

immediately after the opening of the facility, 

is not recognizable as generated traffic, but 

appears rather as a faster than normal growth. 

Origin and Destination Zones 

‘The comparison of travel time and distance 

on the old highways between major points or 

zones with the travel time and distance be- 

tween the same points or zones by way of the 

new highway, and other relations based on 

these factors, provide tools for estimating the 

usage of a proposed facility. Trips between 

zones need to be analyzed to determine the 

percentages of trips that actually use the new 

and superior route. 

212 
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6 

PERCENT 

50 

TURNPIKE USAGE 

pose Si ee ree 
COMMERCIAL VEHICLES 
Pe ee a PP Se 

a 
cs 

Ml 1.2 1.3 06 0.7 

As the basis for such an analysis, Pennsyl- 

vania as well as the rest of the country was 

divided into geographic zones. Compara- 

tively small zones designated by three-digit 

numbers were first selected, but a preliminary 

review of the data indicated they were too 

small for proper analysis. After studying the 

detailed trip movements between individual 

zones, certain of the smaller zones were com- 

bined into two-digit zones to facilitate the 

analysis of the data. 

Figure 6 shows both two- and three-digit 

zones for the United States except Pennsyl- 

vania. Two- and _ three-digit zones for 

Pennsylvania are shown in figures 7 and 8, 

respectively. 

Time and Distance Data 

Time and distance runs, ‘floating with 

traffic,’’ were made on the turnpike and the 

highway routes between zones. The time and 

distance over logical free highways from origin 

to destination and via the turnpike, using the 

most logical free routes to and from the turn- 

pike, were compared. 

Based on nationwide speed studies and data 

from the Pennsylvania Turnpike Commission, 

the difference in speed between passenger cars: 

and commercial vehicles was established as 

being generally 5 miles per hour. That is, if 

passenger cars traveled at 40 miles per hour, 

trucks were assumed to travel at 35 miles per 

hour. Where the speed was very low, 20 miles 

0.8 0.9 1,0 11 1.2 I, 

TIME RATIO = TIME VIA TURNPIKE + TIME VIA HIGHWAY 

Figure 10.—Turnpike usage by commercial vehicles in relation’ 

the time ratio. 

per hour or under, truck speeds were assum« 

to be the same as for passenger cars. ‘TI 

passenger-car speed on the turnpike was esta’ 

lished at 57 miles per hour, and for commere¢i 

vehicles, 52 miles per hour on the eastern € 

tension and 49 miles per hour on the remaind! 

of the turnpike. 5 
The average speed on the turnpike is a 

proximately that of the driving speed. Hoy 

ever, on regular highways the average spel 

is much below the driving speed on the op} 
highway. It is for this reason that spee} 
used for free highways in this study are bel 

speeds reported in general by State agenej 

and by the Bureau of Public Roads for r 

highways. The speeds ordinarily report 

are for level tangents on the open road, 4 

do not reflect the time lost passing me | 

towns and cities, or driving on tortuous cury 

and in hilly terrain. Time in this study } 

cludes that for passing through the ma 
towns found in Pennsylvania, or from cent 

to center of the municipalities. 

An additional factor was involved for 

via the turnpike. Extra time and distar 

were required to get on the turnpike, pick | 

the ticket, pay the toll on leaving, and retu 

to the regular highway. These actions add 
about 1 mile in distance and 4 minutes in tif 

on the average. Consequently, these amour 

were added to turnpike data before computi 

the time and distance ratios, and time or @ 

tance saving or loss. 

, ql 

I 

ee a 
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distance ratio. 

The data developed were on a zone-to-zone 

dasis, as previously indicated, and the travel 

: ime and distance between the centers (usu- 

/ uly, but not necessarily the geographic cen- 

ers) of zones via logical routes and via the 

jurnpike were computed. Where zones are 

ge, it is possible that trips from that por- 

nm of the zone nearest the facility will use 

o a larger extent than those farthest away. 

The use of actual origins and destinations for 

ndividual trips would result in more accurate 

ine but analysis in such detail would be 

RB AR eo gel 

e consuming, costly, and impracticable in 

his study. In any event, the application 

} would ordinarily be by zones and the method 

used was, therefore, in keeping with the 
1ormal application of the results. 
_ Experience in analysis of the Pennsylvania 

Jata indicates that the use of a toll road by 

ivers is not always determined on the basis 

‘saving of time or distance. For example, it 
was found that some of the motorists paid toll 

{0 use the turnpike, even though they lost both 
} time and distance in so doing. Some of them 

probably did not know whether they could 

save time by using the turnpike, while others 

}perhaps did so intentionally preferring to use 

a high-type facility. Notwithstanding a cer- 

ain amount of erratic behavior of this kind, 

time and distance relations do seem to be 

) fairly reliable measures of the percentage use 

of the turnpike by trips between different 
pairs of zones. 

IC ROADS ® Vol. 28, No. 10 

DISTANCE RATIO= DIST. VIA TURNPIKE = DIST. VIA HIGHWAY 

igure 11.—Turnpike usage by passenger cars in relation to the 

50 

TURNPIKE USAGE — PERCENT 

30 

20 

Turnpike Usage Related to Time and 

Distance 

The percentage of trips on the turnpike was 

determined in relation to time ratio (travel 

time via the turnpike divided by travel time 

via free routes), distance ratio (travel dis- 

tance via turnpike divided by travel distance 

via free routes), products of these ratios, and 

amount of time saved and lost for passenger 

cars and commercial vehicles separately. So 

far as is known, this is the first time such 

relations have been established for a toll road. 

First, the percentage of turnpike use was 

plotted separately for each zone-to-zone move- 

ment. ‘This resulted in considerable scatter, 

largely because of the small number of trips 

between some of the zones. To determine the 

final curves for the various factors in relation 

to turnpike usage, it was therefore considered 

desirable to combine the ratios or minutes 

saved or lost into groups. These were aver- 

aged both for turnpike usage and for other 

factors to obtain central points through which 

the final curves were drawn. 

In most instances, it was found that a simple 

average of the percentage turnpike use be- 

tween pairs of zones falling into the same 

group of ratios or minutes was preferable to 

an average weighted in accordance with the 

number of trips between each pair of zones. 

This was likely due to the very large number 

of trips from certain urban zones where the 

eid ae De np 
ca ae 
Ea Be ace 

DISTANCE RATIO = DIST. VIA TURNPIKE ~ DIST. VIA HIGHWAY 

Figure 12.—Turnpike usage by commercial vehicles in relation to 

the distance ratio. 

usage ratio was not comparable to those for 

other zones. By weighting in such cases, the 

unusual movement had entirely too much 

influence on the curve. 

Turnpike Usage Related to Time 

Ratio 

Time ratios for trips between the various 

zones were computed for passenger cars and 

commercial vehicles separately. The percent- 

age of turnpike use was plotted against the 

time ratios, grouped as previously explained. 

The resulting curves are shown in figures 9 

and 10. 

The time ratio was computed by dividing 

the travel time for the toll facility by the travel 

time for regular highways. The time required 

to travel the separate routes was obtained 

from runs made by the floating-car method as 

previously indicated. 

In case the trip extended beyond the ends 

of the turnpike, time and distance were not 

figured for the entire trip in computing ratios, 

but for only that portion within the turnpike 

area. In this procedure, “points of choice” 

were designated; that is, for computation 

purposes, the termini of the longer trips were 

considered as the points where drivers made a 

choice of whether the turnpike would be used. 

The reason for using this procedure is that 

travel time and distance for the portion of a 

trip lying beyond the turnpike area are the 

213 



same for trips made on the turnpike and those 

which are not, and the ratios tend te approach 

unity as distance beyond the turnpike area 

increases. 

The effect on time ratios of that portion of 

the trip not eligible to use the turnpike may 

be illustrated as follows: Passenger-car trips 

between the Ohio State line and Philadelphia 
have a time ratio of 0.65 for which the curve 

in figure 9 indicates a 92-percent turnpike 

usage. An extra 100 miles beyond the turn- 

pike causes an increase to 0.73 of the time 

ratio with a consequent reduction of indicated 

turnpike usage to 85 percent as determined 

from the curve. An increase in trip length of 

1,000 miles increases the time ratio to 0.91 

and reduces the indicated turnpike usage to 

33 percent. 

This means that the three groups of trips 

considered, which could be made on the turn- 

pike between the Ohio line and Philadelphia 

and save the same amount of time, would have 

three different time ratios, and the turnpike 

usage on the basis of the time-ratio curve 

would be 92, 85, and 33 percent, respectively. 

It has been definitely established that 

approximately the same percentage of trips 

are made on the Pennsylvania Turnpike 

between zones west of the Ohio line and 

Philadelphia or east of the Delaware River, 

regardless of whether the origin is near the 

turnpike or at points as far away as the west 

coast or New England. Therefore, for trips 

with termini beyond the turnpike where 

drivers could logically use either the turnpike 

or a parallel road, a point of choice was estab- 

lished before computing time and distance 

ratios. Trips with origin or destination west 

of Pennsylvania were assigned the Ohio line 

as an approximate point of choice. Deerfield, 

Ohio, was used for points to the north, such as 

Cleveland, Ohio, and Michigan; Canton, Ohio, 

for trips normally using U. 8. 30; and Wash- 

ington, Pa., for trips between the southwest 

and east that pass through the Pennsylvania 

corridor. It was found that a point of choice 

appeared to be near Somerville, N. J., for 

trips with origin or destination in northern 

New Jersey and beyond Somerville. 

Because the points of choice are definite 

points on the highway, the time and distance 

ratios for trips extending beyond the turnpike 

area are more accurate than the ratios for 

trips with both termini within the turnpike 

area, where time and distance are measured 

Table 4.—Through trips of passenger car, commercial, 
percentage of trips using the turnpike on an average summer weekday, 1950-52 

| Passenger cars 

| 

Year and location 

Num- | Percent 
ber of total 

1950: 

Re Pittsburgh- Philadelphia_- iyo Be 87.3 

~~ Pittsburgh-Philadelphia... 200.4 | 91.0 
ah. Pittsburgh- —Harrisburg ........_. 184.9 89. 7 

: Pittsburgh- Philadelphia _____. 227.1 | 88 5 
Harrisburg-Philadelphia_........| 497.6 | 75.6 
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| Using turnpike 

Table 3.—Standard error of estimate of 
percentage of turnpike use based on the 
variation of points from a final curve in 
each category 

Standard error of 
percentage of turn- 

pike use for— 

Turnpike usage criteria 

Commer- 
cial 

vehicles 

Passenger 
cars 

Percent | Percent 

12.3 
Time ratio: 

Individual points 
Averages of— 

0.01 ratios 
0.05 ratio groupings 
0.10 ratio groupings 

Distance ratio: 
Individual points 
Averages of— 

0.01 ratios 
0.05 ratio groupings 
0.10 ratio groupings 

Product of time and distance 
ratios: 

Individual points 
Averages of— 

0.01 ratios 
0.05 ratio groupings 
0.10 ratio groupings 

Product of time ratio squared 
and distance ratio: 

Individual points 
Averages of— 

0.01 ratios 
0.05 ratio groupings__ 
0.10 ratio groupings 

pecan are (time saved or 
lost): 

Individual points 
Averages of groupings by— 

5-minute intervals 
10-minute intervals 
15-minute intervals 
30-minute intervals 

from center to center of zone. In the latter 

case, the time and distance for many of the 

trips differ materially from the measurements 

because origins and destinations may be near 

the edge rather than the center of the zone. 

This is one of the factors causing the previ- 

ously mentioned scatter in the plotted points 

for zone-to-zone movements. 

There are other important factors, however, 

contributing to this scatter. Drivers do not 

all travel at the same speed, so the time ratios 

between the same points vary among drivers. 

Also, the ease of driving on the turnpike ap- 

peals to some more than others and where a 

toll is involved, the financial status of indi- 

viduals has an important bearing on the 

choice of route. 

Because of these factors, it is impossible to 

determine whether a particular trip will be 

made on the turnpike, particularly if the time 

ratio is between 0.85 and 1.05, but it is possible 

to determine with a reasonable degree of ac- 

Commercial vehicles 

Combinations Other commercial 

Total Using turnpike Using turnpike 

Total Total 
Num.- | Percent Num.- | Percent 
ber of total ber of total 

196.1 | 170.7 | 90.7 | 1881 | o27 | ‘snaen Tene 

230.1 171.8 95. 6 179.7 36. 7 80.5 45.6 
206. 1 37.3 94.2 39. 6 6.5 100.0 6.5 

256. 5 162. 6 86. 0 | 189. 1 26.9 82.8 32.5 
658. 2 25. 4 22.6 112.3 37.9 59. 4 63. 8 

| 

and total vehicles between selected cities, together with the number | 

1 

All commercial Using turnpike 

Using turnpike Total | 
Num- | Percent | Total | 

Num- | Percent ber | of total | 
ber | of total 

a a ar | 
| 

204. 4 90. 2 226.7 375.5 88. 8 i 

208. 5 92.5 225. 3 417.9 91.8 
43.8 95.0 46.1 228.7 90.7 

189. 5 85.5 |° 221.6 416.6 87.1 
63. 3 35.9 176.1 560. 9 67.2 
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f 

curacy the percentage of drivers that will d 0 

so. Within reasonable limits, therefore, it is 

possible to assign trips to a turnpike on he 
basis of the time ratio. 

In the method of grouping used, the varia. 

tions just mentioned have been ironed o out 

and the plotted points for the groups sho 

as X’s in the figures fall very close to a sat 

curve, as in figures 9 and 10, for examp 
Before deciding upon the groupings show. j 

other smaller groupings were tried and ae 

some instances, the shape of the curve el 

influenced to some extent by these small 

groupings. 

From the curve in figure 9, the proportion 

turnpike usage can be read for the time rati 

computed for travel of passenger cars betw 

zones. For example, when the time rat 

was 0.67 or less, 90 percent or more of th 

trips were made on the turnpike. For a tin 

ratio of 0.80, the percentage use approxima 

69 percent; for 0.90, it was 35 percent; 

1.00 or equal time via the turnpike and 

the free road, it approximated 19 percer 

Because of higher speeds the distance via th 

turnpike was, of course, greater than the S 

tance via the free routes when travel time 

equal; and it would appear that almost o 

fifth of the drivers traveled this extra distance 

saved no time, and yet paid toll. This is 

necessarily true, however, because some 0 

these drivers may actually have had lowe 

time ratios because of the location of thei 

origins and destinations within zones, drivin, 

habits, or other factors. The turnpike usag 

dropped to 7 percent at time ratio 1.10 an( 
was down to about 2 percent at 1.20. ha 

The curve for commercial vehicles sho v 

in figure 10 was drawn on the basis of group 

ings similar to those used in plotting figure 

for passenger cars. The curve for commercig 

vehicles is somewhat steeper, and there is, 0 

the whole, a lesser percentage of turnpike us 

for commercial vehicles than for passenge 
ears. For the whole curve, assuming eve 

distribution throughout, approximately thre 
fourths as great a percentage of commereié 
vehicles as passenger cars used the turnpik 

to where the trip-time ratio falls on the cu v 

Figure 14 (Right).—Turnpike usage 

commercial vehicles in relation to 

product of time and distance ratios. 

All vehicles 
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|) The percentage use for commercial vehicles is 

much less than that for passenger cars as the 
‘time ratio increases to 0.80 and above, with 
Honly one-third as much as for passenger cars 

pata ratio of 1.05. 
} A comparison of turnpike usage with that of 

1 free road of similar design is valuable because 

ay give some indication of the effect of 

ls on the usage of such a facility. A curve 

howing the percentage use of a portion of the 

Shirley Memorial Highway, a free fully con- 

Tolled-access road in Virginia entering Wash- 

| mgton, D. C., was developed in a previous 

study. If the curve developed for the Shirley 

Highway had been applicable to the Pennsyl- 

ania Turnpike, 62 percent of the eligible trips 

Would have been made on the facility, whereas 
mly 44 percent actually did so. In other 

words, approximately 70 percent of the trips 

hat would have been made on such a free road 

lad the Shirley Highway curve been appli- 

‘able, actually were intercepted on the 

urnpike and paid toll. We cannot conclude 
hat this percentage is an accurate measure of 

he effect of the toll charge on turnpike usage, 
1owever, as there are other important differ- 

nces between the two highways. The Shirley 
dighway is shorter and has more frequent 
nterchanges than the Pennsylvania Turnpike. 

“ven more important, perhaps, is the fact that 

yy e effect of travel time and distance on freeway usage, by 

Ja el L. Trueblood. Puriic Roaps, vol. 26, No. 12, Feb. 
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it is located largely in an urban area, whereas 

the area through which the turnpike passes 

is dominantly rural. 

Turnpike Usage Related to Distance 

Ratio 

Distance ratios were computed in a manner 

similar to that for time ratios already described 

except that distances were substituted for time. 

For trips extending beyond the turnpike limits, 

distance ratios were computed from point of 

choice, as in the case of time ratios. Turnpike 

usage in relation to distance ratios for pas- 

senger cars is shown in figure 11. 
Few of the distance ratios in Pennsylvania 

are less than 1.00. Where the distance is the 

same, a very large percentage of vehicles will 

be found on the turnpike, since in such case 

there is a substantial saving in time. In fact, 

at a distance ratio of 1.00 and at a time ratio 

of 0.79, about 73 percent of the passenger cars 

in Pennsylvania, on the average, used the 

turnpike. As in the case of the time-ratio 

chart (fig. 9), the distance-ratio chart has 

critical areas where the scatter is rather large 

when plotted for individual zone-to-zone trip 

interchanges, but by properly combining the 

data a logical series of points can be obtained 

to establish a curve. 
The comments concerning distance ratios for 

passenger cars apply ia general to commercial 

vehicles. However, for commercial vehicles, 

160 180 200 220 240 

Figure 17.—Turnpike usage by passenger cars in relation to the time differential. 

the shape of the distance-ratio curve (fig. 12) 

is more nearly like the time-ratio curve (fig. 10) 

than was the case for passenger cars. Of 

course, the values for distance ratio are greater. 

Where the distances are equal via the turnpike 

and via highways; i. e., ratio 1.00, about 68 

percent of the total commercial vehicles used 

the turnpike. This is 5 points less than at the 

same distance ratio for passenger cars. There 

was a considerably lower percentage of com- 

mercial vehicles using the turnpike than in the 

case of passenger cars when the distance ratio 

was 1.25 or greater. 

Turnpike Usage Related to Product 

of Time and Distance Ratios 

In figure 13 is presented a curve indicating 

the turnpike use for the several values of the 

product of the time and distance ratios for 

passenger cars. This curve is less steep than 

either the time- or distance-ratio curves for 

passenger cars. The ratio ranges from less 

than 0.70 to more than 1.70 or almost twice 

the spread for the time ratio. 

The turnpike usage as read from this curve 

amounts to about 90 percent at 0.68, which is 

practically the same as indicated by the time- 

ratio curve. However, at ratio 1.00, 36 per- 

cent instead of 19 percent used the turnpike. 

There was a 4-percent usage of the turnpike 

at product ratio 1.70, while for the time 

ratio this percent usage occurs at 1.16. 
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Figure 18.—Turnpike usage by commercial vehicles in relation to the time differential. 

The curve for turnpike usage for commer- 

cial vehicles is shown in figure 14. This is 

somewhat similar to the passenger-car curve, 

but a little steeper. Also, the turnpike usage 

is almost nil after the ratio reaches 1.35, 

whereas the passenger-car curve still shows 

4-percent usage at 1.70. 

The difference in turnpike usage between 

the two curves is about 18 percentage points 

at 0.80 and 4 points at 1.60 and above: At 

1.00 ratio 27 percent of the commercial ve- 

hicles used the turnpike as compared with 36 

percent for passenger cars. At 1.00 the dif- 

ference is, therefore, 9 percentage points, but 

this is equivalent to 33 percent more passenger 

cars than commercial vehicles. 

Usage Related to Product of Time 

Ratio Squared and Distance Ratio 

The product of time and distance ratios has 

a tendency to flatten the curve in comparison 

with either time-ratio or distance-ratio curves. 

Time ratio may be more indicative of turn- 

pike usage than distance ratio, since the dis- 

tance ratio between two zones remains con- 

stant while the time ratio may vary for the 

same zones from time to time because of 

changes in speed. For example, the time 

ratio may be reduced with consequent in- 

crease in turnpike use when the parallel free 
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80 100 

road becomes congested to the extent that 

driving time is increased thereon. 

This being true, it was thought that assign- 

ing more weight to the time ratio might im- 

prove the curve based on the product of time 

and distance ratios. After much experiment- 

ing, it was found that the square of the time 

ratio multiplied by the distance ratio (7? D 

ratios) gave good results. Such a curve is 

shown in figure 15 for passenger cars. The 

range in ratios is from less than 0.50 to over 

2.00, or almost 3 times the range for time 

ratio (fig. 9). 

The curve for commercial vehicles, figure 

16, is quite similar to the one for passenger 

cars but, as usual, the commercial usage of 

the turnpike is less than for passenger cars for 

the same ratio. The commercial-vehicle curve 

ranges from less than 0.40 to 1.90. Actually 

the turnpike usage becomes practically zero at 

1.70 and above. The passenger-car curve shows 
2 percent use of the turnpike at 2.10. 

At ratio 1.00, more than 25 percent of the 

passenger cars use the turnpike, while only 

17 percent of the commercial vehicles do so 
for the same value. 

Usage Related to Time Differential 

The curve showing turnpike usage on the 
basis of time saved or lost for passenger cars 

is shown in figure 17. Like all of the usag 
curves, there was considerable scatter whe 

individual zone-to-zone movements were usec 

By grouping into 15-minute intervals the dat 
became sufficiently well stabilized so that 

smooth curve could be drawn. With smalle 

time groupings, a number of points were cor 

siderably out of line, but for portions of th 

curve where this was not the case they wer 

sometimes used to aid in determining th 

exact shape of the curve. 

It will be noted that some trips were mad 

on the turnpike even with a 20-minute loss i 

time, which means a considerable loss i 

distance. With a saving of 20 minute 

approximately 40 percent of the drivers pai 
toll in preference to using the regular higl 
ways; this percentage increases to ove 

two-thirds of the trips with an hour’s savin 

in time, and to 93 percent with a 3-hour saving 

The minutes-saved curve for commercit 

vehicles is shown in figure 18. The scatte 

pattern for trucks is such that the grouping 

in number of minutes saved is double that f¢ 

passenger cars (30 minutes instead of lf 

before stability results. 

For commercial vehicles the use of 

turnpike was less than for the same ti 

saving for passenger cars. For 20-minu 

time saving there was 25 percent usage f 

trucks compared with 40 percent for passeng 
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Figure 19.—Number of through trips between Pittsburgh and Philadelphia for passenger cars and commercial vehicles on an average 

% summer weekday, related to turnpike usage and trip purpose (passenger cars) for years 1950-52. 
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| "ears; for 1-hour time saving, a 48 percent usage and for a 3-hour saving, an 83 percent usage Standard Error of Estimate 

compared with 67 percent for passenger cars; compared with 93 percent for passenger cars. 

for a 2-hour time saving, a 71 percent usage No trucks losing 10 minutes or more used The standard error of estimate has been 

"Compared with 83 percent for passenger cars; the turnpike. computed for each of the curves in this report 
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Figure 21.—Percentage of passenger cars using the turnpike between Philadelphia and areas along the turnpike route on an average 

as a measure of the scatter of the averages of 

the grouped data from the fitted curve. 

Curves plotted parallel to a fitted curve and 

at a distance of plus or minus 1 standard error 

from it will contain within their bounds 

approximately two-thirds of the points to 

which the curve was fitted. 

In general, original observations have a 

greater degree of scatter than averages for 

groupings of the observations. Computing 

group averages prior to curve fitting has the 

effect of smoothing the data. This is justifiable 

if thereby the functional relation is made 

apparent. However, care must be taken lest 

excessive smoothing obscure the effects of 

factors which should be taken into account. 

In actual practice the origin and destination 

data are grouped jin zone-to-zone movements. 

Unfortunately the trip interchange between 

zones is not uniform, varying from only a few 

trips to several thousand trips. The initial 

standard error was computed on the basis of 

the individual zone-to-zone movements not- 

withstanding the fact that some of the zone- 

to-zone trips were so few that they hardly 

constituted a sample of adequate size. 

To mitigate the effect of the small sample, 

the data were then successively grouped into 

large units. In the case of ratio abscissa the 

trips within each 0.01 ratio were added to- 

gether to give one point, then within each 
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summer weekday in 1952. 

0.05 ratio to give one point, and finally within 

each 0.10 ratio to give one point. In the case 

of time differential, similar groupings were 

successively made within 5-minute, 10- 

minute, 15-minute, and 30-minute intervals. 

The results of these calculations for both 

passenger cars and commercial vehicles are 

tabulated in table 3. 

For the individual zone-to-zone movements, 

time differential has slightly greater accuracy 

than the other curves for both passenger ears 

and trucks. However, as the data are grouped 

the time-ratio curve appears to give the best 

results. In addition, time differential is 

inherently dependent on the length of the 

turnpike and would, therefore, require a series 

of curves for each length of turnpike. Time 

ratio, on the other hand, is independent of 

length and is more generally applicable, 

particularly in view of the small difference 

in standard error. 

The computation of standard error is of 
importance mainly in the comparison of 

methods. In the application of the results, 

the interest lies in the accuracy of the total 

volume which will use a facility rather than 

in the accuracy of the individual zone-to-zone 

movements. 

Since any estimate of total turnpike volume 

would involve a large number of zone-to-zone 

movements, the proportion the standard error 

of the total bears to the total volume woul 

be substantially smaller than the proportions 

the standard errors of estimates of zone-to 
zone movements bear to zone totals. I 
absolute amount the former would be large 

than any of the latter. It is probable tha) 

the size of the relative sampling error of th 

total volume is well within the accuracy 0 

present measurements of zone-to-zone move 

ments and of predictions of trends. 4 

Philadelphia Trips ; 

In figure 19 and table 4 are presented dat 
for trips between Philadelphia and the Pitt 

burgh metropolitan area for 3 years. ) 

1950 and. 1952 trip information was obtaine 
at the same locations in eastern Pennsylvani 

between Harrisburg and Philadelphia. : 

1951 data were collected in western Pennsy, 

vania just east of Pittsburgh in connectio 

with a study of the western extension of th 

turnpike. The time of Operation was th 

same for all three samples and represents 

summer weekday. Though the 1951 info: 

mation was obtained more than 150 ] 

from the nearest operation in the East, th 

Philadelphia-Pittsburgh trips were intercepte 

in both studies and the data should — 
comparable. ‘ 

The similarity of the number of trips, 

type of vehicle, the purpose of trips for pa 

& 
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Figure 22.—Percentage of commercial vehicles using the turnpike between Philadelphia and areas along the route on an average summer 

W senger cars, and the percentage use of the 

® turnpike in the several categories indicate the 

equacy of the samples obtained in the three 

‘surveys. The number of passenger-car trips 

by purpose (work or business, social-recrea- 

on, vacation, and other) and the total trips 

for passenger cars and commercial vehicles 

ith the latter divided into combinations and 
other commercial are shown in figure 19. 
The percentage of turnpike use by years for 

all purposes and for all types of vehicles is 

0 indicated. A remarkable fact is that 

e average number of passenger-car trips 

between Philadelphia and Pittsburgh during 

the 3 years was almost exactly the same as 

‘the average number of commercial trips dur- 

ing the same period (228 and 225, respec- 

tively). However, passenger-car trips were 
Increasing while commercial trips were de- 

treasing. Also, about the same number of 
‘passenger-car and commercial-vehicle trips 

used the turnpike for the same 3 years (203 

and 201, respectively). Trips for work or 
business and vacation increased steadily over 

the 3-year period, while those for social and 
Tecreation and for other purposes remained 

) fairly constant. Turnpike usage by trips for 

} work or business increased from 86 to 92 

percent, but there was no apparent trend in 

‘turnpike usage by trips for the purposes in 

| categories. The high percentage use J 
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weekday in 1952. 

of the turnpike by passenger-car and com- 

mercial-vehicle trips is evidently due to the 

very great saving in time for both passenger 

cars and trucks.. There is a large saving of 

fuel for trucks, particularly on the original 

section of the Pennsylvania Turnpike between 

Irwin and Carlisle. 

The percentages of passenger-car trips be- 

tween Philadelphia and Pittsburgh made for 

each purpose were similar for 1950, 1951, and 

1952. Trips for work or business were 47, 

46, and 49 percent of the total for each of the 

3 years, respectively; for social-recreation 29, 

28, 23; for vacation 22, 26, 26; and for other 

purposes 2, 0.5, and 2. ; 

In figure 20 and table 4 are presented data 

showing the differences in turnpike usage for 

trips between Harrisburg and Philadelphia as 

compared with trips between Pittsburgh and 

Philadelphia and Pittsburgh and Harrisburg. 

Vehicles in the latter two categories use the 

turnpike to a considerably greater degree than 

those between Harrisburg and Philadelphia. 

The Pittsburgh-Philadelphia trips are shown 

for 1950, 1951, and 1952; the Pittsburgh- 

Harrisburg trips are shown for 1951 only, 

because these trips were not intercepted in the 

1950 and 1952 surveys which were confined 

to the eastern extension; and the Harrisburg- 

Philadelphia trips are shown for 1952.only, 

because this section of the turnpike was not 

open in 1950 when the first survey on the east- 

ern extension was made. 

While 36 percent of all truck trips were made 

on the turnpike between Harrisburg and Phila- 

delphia in 1952, only 23 percent of the com- 

bination vehicles used it. The reason for the 

low turnpike usage by these large vehicles has 

not been determined. 

In 1951, 49 percent of the total trips be- 

tween Pittsburgh and Philadelphia were made 

by commercial vehicles while only 18 per- 

cent were by commercial vehicles between 

Pittsburgh and Harrisburg. In 1952, 46 

percent of the trips between Pittsburgh and 

Philadelphia were by commercial vehicles 

compared with only 21 percent for the Harris- 

burg—Philadelphia trips. 

It was found that there was greater turn- 

pike usage between Harrisburg and Philadel- 

phia than between Harrisburg and the areas 

around New York City and New England. 

This was expected since a part of the traffic 

used the shorter routes via U. 8. 22, going 

northeast from Harrisburg rather than the 

longer one via the turnpike and Philadelphia. 

Figure 21 shows the relative passenger-car 

turnpike usage by trips between certain areas 

along the turnpike and Philadelphia in 1952. 

The areas are marked by different types of 

shading, so drawn that the usage of the turn- 

pike by passenger-car trips between each area 
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Figure 23.—Percentage change, 1950-52, in passenger-car trips between Philadelphia and 

areas of varying turnpike usage. 

and Philadelphia falls within a_ specified 

percentage range. 

Kighty to one hundred percent of the passen- 

ger-car trips with origin and destination in the 

area west of a point midway between Car- 

lisle and Bedford were made on the turnpike. 

This area extends upward across U. S. 422 

just west of Johnstown. Of the trips between 

Pittsburgh and Philadelphia, 89 percent were 

made on the turnpike. 

There is another area of 80- to 100-percent 

usage extending westward from Harrisburg 

and including Carlisle. For passenger cars, 

60 to 80 percent of the vehicles traveling 

between Philadelphia and areas along U. S. 

22 from Harrisburg to Johnstown used the 

turnpike. The area where the usage was less 

than 20 percent extends from the Philadel- 

phia end of the turnpike westward for about 

40 miles and farther south, almost 100 miles 

westward along U.S. 30. 

Figure 22 shows the relative turnpike use by 
commercial-vehicle trips in and out of Phila- 
delphia in the same manner as passenger cars 
are shown in figure 21. The area where the 
turnpike usage was less than 20 percent was 
the same as that for passenger cars. The per- 
centage of turnpike use for commercial vehi- 
cles in this area was very low in most cases, 
being 5 percent for Reading, 5 percent for 
Lancaster, and only 1 percent for York. Be- 
tween Harrisburg and Philadelphia, 36 percent 
of the commercial vehicles used the turnpike 
compared with 76 percent of the passenger 
cars. The area to and from which'20 to 40 
percent of the Philadelphia trips were over the 
turnpike includes Harrisburg and extends 
westward to the north along the route of U. S. 
22 and U.S. 422 to a point north of Pittsburgh. 
This is in contrast with 60- to 80-percent usage 
by passenger cars for this area. South of the 
turnpike from Gettysburg westward, Phila- 
delphia trips with origin and destination close 
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to U. 8. 30 were made via the turnpike to a 

rapidly increasing degree. - The 80- to 100- 

percent area is reached at a point about half 

way between Carlisle and Bedford. Beyond 

that point over 80 percent of the commercial 

trips in the area served by U. 8. 30 as the 

principal free route were made on the turnpike. 

The high usage of the Pennsylvania Turn- 

pike by commercial vehicles is unique in turn- 

pike experience and is due principally to the 

very steep grades and sharp curves on U.S. 30. 

240 

NUMBER OF TRIPS PER DAY IN 1952 AS PERCENTAGE OF NUMBER IN 1950 

nN ° 

100 

80 

60 

40 

20 

12) 
RE ADING HARRISBURG 

AREA 76% 
14% 

Figure 24.—Percentage change, 1950-52, in passenger-car trips between 
Philadelphia and cities along the turnpike. 
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Traffic Generation . 

Figure 23 shows the growth in the number 

of trips between Philadelphia and the different 
areas shown in figure 21 from 1950, before the 
turnpike was opened, to 1952 after it was 

opened. This comparison is for summer 

weekday trips. The 100-percent line on th 

chart represents the number of trips betwee 
the different areas and Philadelphia the year 
before the turnpike was opened. For the are 

in which less than 20 percent of the Phila 

delphia trips were made on the turnpike, ther 

was a 3-percent decline in the number of trips 
from 1950 to 1952. For the area in which 20 

40 percent of the vehicles used the turnpike, 

there was a 9-percent increase; for the 40- 

60-percent area, a 11-percent increase; fo 

the 60- to 80-percent area, a 37-percent in. 
crease; and for the 80- to 100-percent area, ¢ 
55-percent increase. Thus, the higher the 

percentage use of the turnpike by trips to anc 

from Philadelphia for any area the greater was 

the growth in the number of these trips afte 

the turnpike was opened, indicating definitely) 
that the increase was caused by the existene 
of the turnpike. : 

Figure 24 shows the percentage increase it 

the number of trips between Philadelphia anc ~ 

certain cities along the turnpike route afte 

the turnpike was opened. For Reading, whe 

the percentage use of the turnpike was 14 per 

cent as indicated by the figure below the bar 

there was only a 2-percent increase in thy 

number of Philadelphia trips, as indicated by 
the height of the bar; for Harrisburg where th 

usage was 76 percent, there was a 53-percen 

increase in the number of trips to and fron 

Philadelphia. For Carlisle and the intervenin 

area west of Harrisburg, where there was a) 

| 
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' 88-percent usage of the turnpike for Phila- 
i delphia trips, the increase in the number of 

trips was 129 percent. This area is at the 

, western end of the eastern extension of the 

| Pennsylvania Turnpike and would, therefore, 
benefit more proportionately by the opening 

| of the turnpike than any other area. 
A number of these trips were undoubtedly 

ew trips which would not have been made had 

t the turnpike been built, but some of them 

0 were probably diverted from public car- 

tiers. Trips between Philadelphia and Pitts- 
gh have benefited by the existence of the 

iginal section of the Pennsylvania Turnpike 

from Irwin to Carlisle for many years, and the 
opening of the eastern extension was not so 

portant, relatively, for these trips as it was 

or the trips between Carlisle and Philadelphia. 
r this reason, the percentage increase in the 

ber of trips from Pittsburgh to Phila- 

lphia after the opening of the eastern exten- 
ion of the turnpike was only 31 percent. 
From traffic counts before and after the 

pening of the turnpike, an attempt was made 

to estimate the total traffic generated between 

interchanges 19 (Harrisburg East) and 20 

oo: It would appear that about 40 
bercent of the traffic on the turnpike between 

these interchanges was composed of new trips 

nduced by the facility. However, some of 

se trips may have been diverted from routes 

30 tar away that they were not included in the 
ttudy. In attempting to estimate traffic 
generation from counts alone, this uncertainty 
8 always present. 

Turnpike Traffic Growth 

i igure 25 shows the growth from 1947 to 

9 954 of traffic on the original section of the 
rennsylvania Turnpike between Irwin and 
Ye lise compared with that of other main 
ural roads in Pennsylvania, and all main rural 
ads including the eastern and western exten- 
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Figure 25.—Traffic growth on the original section of the turnpike (Urwin-Carlisle) compared 
? with that on main rural roads in Pennsylvania, 1947-54. 

sions of the turnpike during this same period. 

This figure is plotted on semilogarithmic 

paper, which has the characteristic of present- 

ing equal rates of growth as parallel lines 

regardless of the height of the curve on the 

chart. Throughout the period from 1947 to 

1952 the.turnpike curve has a steeper slope 

than the curve for the other roads, indicating 

amore rapid growth. From 1952 to 1953 the 

two curves are very nearly parallel, and from 

1953 to 1954 the turnpike curve drops, while 

the curve for other main rural roads continues 

to rise. This drop in traffic, 2.5 percent, on 

the old section of the turnpike in 1954 was 

largely due to a decline in truck usage of 6.4 

percent, since passenger-car usage remained 

practically the same. Probably this is related 

to general economic conditions, there being a 

slight decline in the Gross National Product 

from 1953 to 1954. 

The old section of the turnpike had been in 
operation for 7 years in 1947 so the more rapid 

growth of the turnpike traffic up to 1952 does 

not represent generation occuring soon after 

the opening of a new facility of this kind. 

There is no way of knowing whether it repre- 

sents continuing generation or increasing 

diversion. The very steep slope of the turn- 

pike curve from 1950 to 1952 undoubtedly 

shows the effect of the opening of the eastern 

and western extensions. The former was 

opened in November 1950 and the latter, 

partly in August and partly in December 1951. 
This is a good illustration of the effect of turn- 

pike extensions and connections on traffic 
using the old section. 

Figure 26 shows the growth of traffic on the 

old section of the Pennsylvania Turnpike 

throughout its life compared with that on 

other important rural roads in Pennsylvania, 

and on all rural roads including all sections of 

the turnpike. During the war years, traffic on 

the turnpike decreased much more rapidly 

than that on the other roads, but after 1944, 

the last full year of the war, it made a rapid 

recovery, and in 1954 it was 180 percent higher 

than in 1941, whereas traffic on other principal 

roads in Pennsylvania was only 26 percent, 

and including the turnpike, only 39 percent 

higher than in 1941. This exceptionally rapid 

growth of the Pennsylvania Turnpike traffic is 
probably due to unique features of this par- 

ticular project and it would certainly be un- 

wise to assume that such growth would be 

duplicated on other projects. 
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Figure 26.—Traffic growth on the original section of the turnpike (UIrwin-Carlisle) compared 

with that on main rural roads in Pennsylvania, 1941-54. 
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BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 

BUREAU OF PUBLIC ROADS 

The Maine Turnpike was opened to traffic 

on December 13, 1947, as an alternate route 

to U. S. 1 between Kittery and Portland, 

Traffic was interviewed both before 

and after construction and continuous 

volume counts have been available since 

1947. 

This article shows the traffic growth, the 

State of registration of the vehicles, the 

repetitive frequency of trips on both high- 

ways, and the effect of these variables on 

the proportion of traffic using the turnpike. 

An empirical curve of passenger-car traffic 

diverted to the toll road on the basis of 

time ratio is established and compared with 

similar curves for the Pennsylvania Turn- 

pike and a free limited-access facility. 

The effect of increasing the toll rate from 

$0.50 to $0.60 and subsequently to $0.75 for 

a full-length trip is investigated and related 

to the amount of traffic using the turnpike. 

The amount of traffic attracted by the 

construction of the new facility beyond 

that anticipated from normal increase is 

determined, and the distribution of the 

excess increase between the old road and 

the turnpike is reported. 

Maine. 

HE Maine Turnpike, a 42.2-mile toll 

facility, provides an alternate route of 

travel to U.S. 1 between Portsmouth, N. H., 

and Portland, Maine, as shown in figure 1. 

The turnpike is a four-lane divided highway 

with full access control as compared to U.S. 1, 

a basically three-lane roadway with unre- 

stricted access. 

The local area directly served by the route 

has a population of about 64,000, which is an 

average density of about 200 persons per 

square mile. In addition, this local area 

borders the Atlantic Ocean and provides a 

strong attraction for recreation and vacation 

traffic during the summer months. 

Portland, which is located immediately 

north of the turnpike, has an urban area 

population of about 115,000; and Portsmouth. 

which is immediately south of the turnpike, 

has a population of about 19,000. Between 

these cities the principal sources of local 

traffic are to the east of U. S. 1, while the 

turnpike is located to the west of U. S. 1. 

Thus, the use of the turnpike results in excess 

travel for a majority of the local trips. 

Access to the turnpike is provided at four 

intermediate toll stations as well as at each 

terminal station. A fifth intermediate toll 

station between the Saco interchange and 

the north terminus is operated during the 

summer months. 
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Traffic Usage of Maine Turnpike 

Previous Studies 

Origin and destination surveys were made 

in August and October of 1947 and 1948 

and in August of 1950. Partial results of 

these surveys were presented at a meeting of 

the Highway Research Board.! 

Data from both the Maine and Pennsyl- 

vania Turnpikes were combined in a paper pre- 

1 Proportionate use of Maine Turnpike by traffic through 

Portsmouth-Portland corridor, by J C Carpenter. Proceed- 

ings of the Highway Research Board, vol. 32, 1953, pp. 452- 

463. 
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Figure 1.—Sketch of the Maine Turnpike corridor. 

MAINE TURNPIKE TRAFFIC STUDY 

Reported by GLENN E. BROKKE 

Highway Transport Research Engineer 

sented at the annual meeting of the Americar 

Society of Civil Engineers in 1954.2 

It is the primary purpose of this artick 

to show the relative magnitude of the variou; 

factors that influence the amount of traffic o1 

the Maine Turnpike. The data reflect con 

ditions as they exist in this area and, conse 

quently, the conclusions will not necessarily 

be applicable in areas of substantially differen 

characteristics. 

2 Traffic diversion to toll roads, by John T, Lynch. Proceed 

ings of the American Society of Civil Engineers, vol. 81] 

separate No. 702, June 1955. 
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Conclusions 

To determine accurately the amount of 

traffic that will be attracted to a new facility, 

it is necessary to obtain information concern- 
ing the origin and destination of trips and 

relative speeds on the existing highways as 

compared to the new facility. It has been 
found that the most accurate single measure 
of traffic diversion is time ratio; that is, the 
time required to make a trip on the improved 

Vfacility divided by the time required to make 

it by the existing route. 

_ For preliminary purposes, rough estimates 

of the proportion of the traffic which would 

use a new facility can be made on the basis of 

less comprehensive field information, particu- 

larly if most of the potential traffic consists of 
diversion from an adjacent parallel route. 

)} Formulae for relating both traffic volume and 
|) State of vehicle registration to turnpike usage 

are developed in this article. 

These approximate measurements might 

Serve to determine whether a proposed project 

. a sufficient merit to justify further examina- 
tion by means of a study of the origins and 

destinations of the potential traffic. 
a traffic served by a new limited-access 

acility and the old parallel highway is the 

}existing traffic multiplied by a normal in- 

crease factor and further multiplied by a 

generation factor. In the case of the Maine 

Turnpike and parallel U. 8. 1, the generation 

factor increased at approximately 6 percent a 

ear for 5 years, after which it remained 

constant at approximately 1.30. 

Tn the case of Maine, origin and destination 
data obtained from screen lines at both ends 

Jof the proposed turnpike would have account- 
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TREND FOR OTHER MAIN RURAL 

ROADS THROUGHOUT STATE 

. 
OOOO + CR SCee 

1949 . 1950 195] 1952 

for years 1948-54, as compared with 1947. 

Table 1.—Average daily traffic volume for 
the Maine Turnpike and parallel route 
U. S. 1 for the years 1948-54 

Average daily traffic for— 
Percent 
of traffic 

Maine 
turn- Total 
pike 

3, 321 
3,719 
4, 252 
4, 809 
5,144 
5, 438 
5, 653 

ed for 99 percent of the traffic using the turn- 

pike. 

From the origin-destination data, the 
present and estimated future trips can prob- 

ably be assigned to a toll road from the Maine 

Turnpike or Pennsylvania Turnpike curve 

or an interpolation between the curves. 

The time-ratio curves appear to be applic- 

able for toll rates up to at least 134 cents per 

passenger-car mile. 

Traffic Growth 

Figure 2 shows the trend in traffic on U.S. 1 

and the Maine Turnpike from 1947 (the last 

year before the turnpike was opened) through 

1954. The U.S. 1 traffic data used in this 

comparison were recorded near the middle of 

the Maine Turnpike area where the volume 

was lowest, in order to eliminate as much as 

possible the effect of local traffic which could 

not conveniently use the toll road. 

In figure 2, the 1947 traffic volume on U.S. 1 

is assigned the value of 100. The line sloping 

200 
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20 

1954 

Figure 2.—Traffic using the Maine Turnpike as related to parallel route U. S. 1 at Mile 29 

upward on the chart represents the trend of 

traffic on other important routes throughout 

Maine in relation to 1947 traffic. The height 

of the individual bars represents the total 

amount of traffic in each year. The shading 

of the bars denotes the portion of the traffic 

that used U. 8. 1 and the turnpike. Figures 

within the shaded portions indicate the per- 

centage of total traffic that used each of 

these facilities. 

Traffic Diversion Related to Corridor 

Volume 

Figure 2 indicates the most simple measure 

of traffic diversion. If U. 8. 1 and the turn- 

pike are defined as the corridor, then for each 

value of annual traffic volume in the corridor, 

a percentage diversion to the Maine Turnpike 

can be determined. Table 1 shows the 

average daily traffic volumes for the Maine 

Turnpike and parallel route U. 8. 1, and the 

percentage of traffic using the turnpike for 

each of the years, 1948-54. The data essen- 

tially represent a straight line indicating a basic 

diversion of 39 percent to the turnpike, plus 

1 percent for every 1,400 average daily traffic 

in the corridor. This relation may be ex- 

pressed as follows: 

ADT 

1,400 
Percentage diversion to turnpike=39+ 

In order to compare the Maine Turnpike 

with other limited-access highways, it is de- 

sirable to take into account the surfaced width 

of the highway from which traffic is being 

diverted. U.S. 1 has an average width of 

32.8 feet. Thus, the figure 1,400 for average 

daily traffic can be interpreted as approxi- 
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mately -425 ADT per 10-foot lane. The per- 

centage diversion on a volume basis can there- 

fore be more generally stated as: 

Percentage diversion to turnpike= 

ADT per 10-foot lane 39 4S See 
2 425 

Inasmuch as the Maine area attracts resort 

travel, the summer season has a much higher 

traffic volume than the remainder of the year. 

The magnitude of this variation is shown in 

figure 3. 

It is of interest to note that generally during 

those months in which the corridor is carrying 

more than the annual average volume, the 

turnpike is carrying relatively more traffic 

than U. 8.1. Conversely during the months 
of less than annual average volume, U. S. 1 is 

carrying relatively more traffic. The seasonal 

fluctuations in traffic on U. S. 1 have been 

reduced somewhat by the construction of the 

turnpike, because the latter provides needed 

relief during peak flow. 

The percentage of the total traffic that is 

diverted to the turnpike for each month of the 

year was computed, thereby establishing a 

percentage diversion for a wide range of traffic 
volumes. The individual months for the 
7 years following the turnpike opening pro- 

vided 84 plotting points for determining a 
curve relating percentage diversion to traffic 
volume. Naturally there was some scatter 

to these points, but the use of a series of mov- 

ing averages resulted in a very smooth curve. 
The plotted points and the curve are shown in 
figure 4. In addition, figure 4 shows the line, 
previously discussed, representing the per- 
centage diversion for the average daily traffic 
volumes in the different years. The plotted 
points from which this line was established 
are also shown. 
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Figure 3.—Monthly variations in the traffic flow. 

The curve for the monthly traffic volumes 

departs substantially from the straight line 

for the annual average figures, although the 

curves are reasonably close for the corridor 
volumes in which they overlap, The reason 

that the curve for monthly traffic volumes 

diverges downward from the line for annual 

traffic volumes is probably that low volume 

counts occur during the winter when travel 

is predominantly local, while the high volume 

months are in the summer when there is a 

substantial volume of out-of-State traffic. 
Thus, it is likely that the percentage of foreign 

vehicles (out-of-State) influences the percent- 

age diversion to the turnpike. 

As a matter of interest, the diversion per- 

centages for the first 2 years’ operation of the 

Oklahoma Turnpike are also plotted in figure 
4. These two points are somewhat above the 

Maine Turnpike curve which indicates a 

larger diversion percentage. Part of this ex- 

cess diversion is probably attributable to at- 

traction from more distant routes. However, 

figure 4 indicates that a percentage diversion 

Table 2.—Passenger-car traffic on both U. S. 1 and the Maine Turnpike according to Stz 
of registration 

August 1948 

State of registration Percent of Percent 

corridor using 
traffic turnpike 

Maine. = 27.234 Ae ee eee 33. 4 32 
Massachusetts._......._....-- 31.5 62 
INGW York. 222° see 8.2 55 
New Hampshire___...___.___- 6.6 35 
Wornectiont 2) estes ees 3.9 66 
New: Jersey.) 5 Se ee ses 3.1 65 
Pennsylyania= -25 220 2.3 64 
Rhode Islands) estes fos. 5 2:2 60 
Wermoni¢ 32:5. 20 3, 5 oat ae -5 37 
All other 22s eee 8.3 52 

T otal eee 100.0 49 

1 Weekday traffic only. 

5 AT pret Ce eR tN te : 

based on volume does provide a rough approxi 

mation of the traffic on a toll road. 

States of Registration 

Table 2 shows the percentage of passenge 

cars using both U. S. 1 and the Maine Turr 

pike according to the States in which the v 

hicles are registered. From this table it- 

evident that foreign passenger cars use th 

turnpike in greater proportion than do loes 

passenger cars. It is also evident that ther 
is a material difference in usage by vehicle 

registered in the various States. 
Passenger cars registered in New Hampshit ! : 

show less tendency to divert to the turnpik 

than do passenger cars registered in Mas 

chusetts. New Hampshire is adjacent to h ) 

south end of the turnpike while Massachuset 
is centered approximately 80 miles south ¢ 

the Maine Turnpike. However, vehicles re, 

istered in States more distant than Mas 
chusetts have only a slightly higher tendell 

to divert and, as a matter of fact, passen zi 

cars registered in States more than 500 mik 

f 

S 2 fs &-da= 

October 1948! August 1950 

Percent of Percent Percent of Percent — 
corridor using corridor using — 
traffic turnpike traffic toxnpie 

59.7 32 37.7 38 
20. 1 75 32.0 62 
2.8 78 6.4 54 
5.6 53 6.5 42 
2.9 80 3.6 67 
173 80 2.6 60 | 
1.0 73 2.0 57 \ 
1.3 79 2.3 59 Min 
-3 47 5 38 % 

5.0 64 6.4 48 RR 

100.0 48 100.0 50 

Vs | 
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| uway appear to have slightly less tendency to 

livert than do vehicles registered in Massa- 

In addition to distance, the location of the 
tate relative to the general axis of the turn- 

} dike appears to influence the diversion per- 

rentage. For example, Vermont is about the 

,} ‘ame distance from the turnpike as Connecti- 
"I wut, yet approximately one-half the percentage 

f Vermont cars use the turnpike as compared 

) vith Connecticut cars. In this connection it is 

‘noted that Vermont is located approximately 
") it right angles to the turnpike while Connecti- 

ut is almost in line with the turnpike. 
Finally, it is also evident that the diversion 

8 vercentage of foreign traffic is dependent on 
le season of the year. Presumably many of 

foreign cars, particularly from the more 

listant States, spend an appreciable amount 

f time in the turnpike area and become, in 
ffect, local cars for the duration of their visit. 

A mathematical expression which takes into 

Ul 

Trip frequency 

August 

Percent 

1 Weekdays only. 
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—w = VEHICLES PER DAY IN EACH MONTH 

Ss annie ae ANNUAL AVERAGE DAILY TRAFFIC (ADT) 

14 ADT — OKLAHOMA TURNPIKE-FIRST YEAR OF OPERATION 

24 ADT— OKLAHOMA TURNPIKE—SECOND YEAR OF OPERATION 

3 4 

account the factors mentioned and which ap- 

proximates the diversion to the turnpike is as 

follows: 

During resort season: 

Diversion=%+% K cos A 

Where: 

K=0 for State of Maine. 

Distance 

Kes 100 
100 miles. 

K=1 for States more distant than 100 miles. 

for distances between 0 and 

A= Angle to the center of population of the 

State from general axis of turnpike. 

During other times: 

Diversion=13+% K cos A 

Where: 

K and A have the same significance as 

above. 

Table 3.—Trip frequency of traffic in the Maine Turnpike corridor 

1947 1948 
ae ee ee ee August 

1950 
October ! August October ! 

Percent Percent Percent Percent 
23 10 18 7 
26 16 23 19 
17 12 18 12 
24 40 26 45 
10 22 15 Ad 

100 100 100 100 

5 6 7 

THOUSANDS OF VEHICLES PER DAY IN CORRIDOR PER 10' WIDTH OF OLD ROAD 

Figure 4.—Percentage of traffic diverted to the Maine Turnpike as related to total traffic volume in the corridor. 

While this formula may apply only in the 

case of the special situation of the Maine Turn- 

pike, it may be worthwhile to test it in other 

areas to see whether the formula, or a modi- 

fication of it, would be useful in making pre- 

liminary traffic estimates to determine whether 

a proposed project might be worthy of further 

investigation. 

Trip Frequency 

As traffic is stopped and interviewed, a num- 

ber of other characteristics of the traffic can be 

examined in more detail. One of the general 
elements that will increase the understanding 

of traffic behavior is that of trip frequency. 

Motorists who make a trip through an area 

every day will likely be acquainted with the 

location and condition of the various alternate 

routes. The infrequent user is more likely to 

follow route markings or to rely on general 

conceptions of the desirability of various 

routes. The trip frequency of traffic in the 

corridor, as determined from the interviews, 

is shown in table 3. 
It is of considerable significance that during 

the summer season well over half the traffic 

was making the trip annually or less frequently. 

Even in October these infrequent trips account 

for approximately one-third of the traffic. 

Generally speaking, a larger percentage of ve- 

hicles making infrequent trips would be ex- 

pected to use the turnpike than would those 
making trips on a more frequent basis. The 

actual percentages are shown in table 4. 
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Table 4.—Percentage of corridor traffic using Maine Turnpike according to trip frequency 

Trip frequency 

Yearly 
Less than once yearly 

Average 

It is noted that the percentage use varies 

with frequency about as expected except for 

those trips which are less frequent than annual. 

Trip frequency, however, does provide a rather 

sensitive indication of turnpike use. 

Time Ratio Studies 

With origin and destination data available, 

it is possible to establish the traffic diversion 

to the turnpike based on distance and time 

factors. The distance between zones of origin 

and destination was measured from maps. 

Travel time on U. 8S. 1 and the turnpike was 

obtained from field measurements. A time- 

ratio value was computed as time required to 

drive from origin to destination via the turn- 

pike divided by the time required via U. 5. 1, 

except for trips with either origin or destina- 

tion beyond the limits of the turnpike. For 

these longer trips, the time was computed from 

a point near the turnpike where the motorist 

must make a choice of either U. 8. 1 or the 

turnpike. The time ratio was computed from 

this point of choice. Figure 5 shows the diver- 

sion of passenger cars based on time ratio. 

Data for trips in August of 1948 and 1950 

were used in establishing the time-ratio curve. 

From the 2-year traffic data, a measure of the 

100 

90 

80 

August 1948 | October 1948 | August 1950 

reliability can be obtained by comparing the 

diversion in each year with the average diver- 

sion of both years. 

The area served by the Maine Turnpike was 

divided into 31 zones. The total number of 

trips with origin or destination in each of these 

zones, together with the percentage of trips 

made on the turnpike, were established for 

1948 and 1950. The diversion to the turnpike 

of trips for each zone varied from less than 3 

percent in the local area to more than 70 per- 

cent in areas of surrounding States. 

Assuming that the average of 1948 and 

1950 data represents the most probable value 

of diversion, the standard deviation of diversion 

percentages for each of the 31 zones for each 

year and for the time-ratio curve is as 

follows: 
Standard 
deviation 
percent 

1948 Gatae acetone eee 4.5 

V950 W012, = athe he ee ee 3.4 

Mme=TavlolCUrvie= ==. tes ae =n ee 8.0 

In examining each of the individual zones, 

it was noted that vehicles on trips from zones 

11 and 12 (fig. 1) actually divert to the turn- 

pike at a much higher percentage than antici- 

pated from the time-ratio curve. A study of 

the highway network of the area indicates tk 
reason for this apparent high diversion. In-. 
terviews were conducted on only U. S. 1 and 

the turnpike. Vehicles traveling between 

zones 11 or 12 and Portland (or farther north) 
can also use U. 8S. 202 and State Route 22. 
The turnpike can and probably does attract 
some of the trips from these routes thus in- 
creasing the number of trips on the turnpike 

However, the trips remaining on U. S. 202 anc 
State Route 22 are omitted from the sample. 
Since all of the diverted trips but only part oi 
the total trips are included in the sample, the 
actual percentage diversion is understen aaa 
high. 3 

Since the total volume of trips from zones 

11 and 12 is small and the time-ratio curve iy 
the result of the smoothed integration of al 

trips, the high diversion from these two zone 

does not materially affect the time-ratic 
curve. However, from a statistical stand. 

point, the trips from these zones contribute a1 

inordinate amount of the standard deviation 
If zones 11 and 12 are omitted, the standar¢ 

deviation of the remaining 29 zones is 5.9 per 

cent instead of the 8 percent for all zones. 

Comparison With Other Time-Ratic 
Curves 

While the time-ratio curve has an acceptabl 

degree of statistical accuracy when used witl 

Maine data, the question naturally arises a 

to how it compares with other studies made o 

time-ratio curves.’ In the articles cited in th 

3 The effect of travel time and distance on freeway usage, db 

Darel L. Trueblood. PuriLic ROADs, vol. 26, No. 12, Fek 

1952; also Pennsylvania Turnpike traffic analysis, by Dani 

O’Flaherty. Pages 203-223 of this issue. , 
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Figure 5.—Percentage of passenger cars using the Maine Turnpike in relation to the time ratio. 
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150 for the curve rotation is probably the effect by LEGEND of distance. The trips on the Pennsylvania " 140 ee Turnpike will average substantially longer 4 Through ve : than trips on the Maine Turnpike. There- g ae 
fore, for equal time ratios other than 1.0, . SSS Spr ees Oe a the time saved or lost would be much greater ? weonennees a for the Pennsylvania than for the Maine 

: 120 Pocal : ‘ a Turnpike, tending to increase the attractive- i, j i ness of the longer turnpike where the ratio is a 0 
less than 1.0 and to decrease it where the ratio A M 
is greater than one. 

Z 
A study of the rotation of the two curves ; 100 

indicates a number of features that should 7 
be kept in mind as further data become * 90 available. 

4 o 
1. The magnitude of time saved has an 

; a 80 effect on the percentage diversion. At a ; ro} 
constant time ratio, the greater the time saved t = 
the greater the diversion. 

4 70 
2. The magnitude of time lost also has an ~ 

an effect on the percentage diversion. At a Ww 60 
constant time ratio, the greater the time lost 

¥ < the less the diversion. 
, 4 50 

3. While the magnitude of time saved and ‘ 
time lost affects the diversion, the effect is f 
less than that of time ratio. Thus, it is | i 40 better to modify the time-ratio curves by . ? 
considering the minutes saved or lost, than 

30 
it would be to modify minutes saved or lost 
curves by time ratio. 

E 20 4. The fact that the diversion is the same 
for a time ratio of 1.0 on both the Maine and 

; 
Pennsylvania Turnpikes suggests that time ‘ : 10 ratio is a more vital factor than distance in 

2 
traffic diversion, considering the fact that at 

a ; . TRIPS VEH.MI. TRIPS VEH.MI. TRIPS VEH.MI. TRIPS VEH.MI. a Amst ae aide eon oe 
7 1948 1949 1950 1951 turnpike. 
I YEAR 5. The Maine and Pennsylvania Turnpikes 

approximate the minimum and maximum 
Figure 6.—Through and local passenger-car trips and vehicle-miles of length of turnpikes in the United States. 

travel on the Maine Turnpike for years 1949-51, as compared with Most turnpikes will fall into categories some- 
1948. 

where between these extremes. 

PRA oa 

footnote, it is found that the curves show 

greater diversion to the limited-access facili- 
ties. The Shirley Freeway curve (Shirley 

» Memorial Highway in Virginia) if applied to 
the Maine data would result in 38 percent 

) greater diversion to the turnpike than actually 

} exists, illustrating primarily the greater attrac- 

} tion of traffic to a free road, though other 
‘factors are involved such as more points of 

“access on the Shirley Highway, and the urban 

} characteristics of the area through which the 

} freeway passes as compared to the rural charac- 

teristics of the Maine Turnpike area. 

_ Similarly the Pennsylvania Turnpike curve, 

though for a toll road, indicates an 18 percent 

greater diversion to the Maine Turnpike. 
Tt is noted, however, that the Maine and 
Pennsylvania curves have a striking similarity. 

‘Each of the curves show a diversion of about 18 
Percent of the traffic when the time ratio is 1.0. 

For higher time ratios, the Maine Turnpike 

} curve indicates greater. diversion than the 
Pennsylvania Turnpike curve and for lower 

time ratios, the Maine curve indicates less eC ay ne 1580 oe 1982 1983 1954 
) diversion than the Pennsylvania curve. Thus YEAR: 
‘ifthe Maine curve is rotated about the point 

of 1.0 time ratio, it will practically coincide Figure 7.—Percentage of traffic generated in the Maine Turnpike corridor, 

|\with the Pennsylvania curve. The reason 1947-54. 
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Table 5.—Traffic increase on U. S. 1 and the Maine Turnpike, 1948-54 

U.S. 

Estimated Sornial Generated 

increase 

Actual 
count 

4, 194 
4,577 
5, 033 
5, 551 
6, 039 
6, 222 
6, 229 

Types of Trips Made on the Turnpike 

Traffic using the Maine Turnpike in the 

years 1948 through 1951 was divided into four 

groups as follows: 

Through trips:—Trips that were made be- 

tween the two terminal interchanges. 

Local south trips.—Trips made between an 

intermediate interchange and the south ter- 

minal interchange. 

Local north trips.—Trips made between an 

intermediate interchange and the north ter- 

minal interchange. 

Local trips.—Trips made between two in- 

termediate interchanges. 

Figure 6 shows the relative number of trips 

in each category and the contribution of each 

type of trip to the total vehicle-miles traveled 

on the turnpike. The total trips and vehicle- 

miles of travel in 1948 are shown as 100 per- 

cent, and the quantities in the succeeding 

years are related to the 1948 base year. It 

can be seen that through trips are not only 

the most frequent but contribute more than 

75 percent of the total traffic in each of the 

4 years. 

The usefulness of figure 6 is primarily in 

determining the number of interview lines 

that would be required in estimating traffic 

on a facility comparable to the Maine Turn- 

pike. 

Interview lines at the north and south ends 

intercepted about 99 percent of the total 

traffic using the turnpike. A south line alone 

would account for 90 percent of the traffic 

while one at the north alone, would account 

for about 85 percent of the traffic. 

Effect of Toll Rate 

The Maine Turnpike offers a good oppor- 

tunity to measure the effect of various toll 

rates. In May 1949, the toll was increased 

A recent report, The Financing of Highways 

by Counties and Local Rural Governments, 

1942-51, is the second publication resulting 

from an extensive long-term study by the 

Bureau of Public Roads. The report pre- 

and detailed statistical 

data, concerning the financing of highways by 

the county and local rural governments during 

the 10-year period. 

sents a discussion, 

Included is information 
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Maine Turnpike 
Percent 

generated 
n 

Total 
generated 

Estimated | Gonerated traffic 
normal 
increase 

Actual turnpike 

from 1.18 to 1.41 cents per passenger-car mile 

and in May 1952, the rate was further in- 

creased to 1.76 cents per passenger-car mile. 

If the increased toll has a deterrent effect, the 

percentage of traffic diverted to the toll road 

should be measurably less after the toll is 

increased, 
Actually, the diversion changed only slightly 

with the increase in toll. In the 11 months 

subsequent to May 1949, the traffic diversion 

was only 0.9 percent less than the 11 months 

preceding May 1949. Similarly in the 11 

months subsequent to May 1952, traffic diver- 

sion was only 1.9 percent less than in the 11 

months preceding May 1952. From data 

appearing in an earlier part of this article, it 

was shown that diversion tends to increase as 

the total corridor volume increases. In the 

11 months subsequent to May 1949, the aver- 

age corridor traffic volume increased by 675 

vehicles per day which corresponds to a 0.5- 

percent increase in diversion. Similarly the 

increased corridor volume subsequent to May 

1952, was 1,150 vehicles per day correspond- 

ing to an 0.8-percent increase in diversion. 

It, therefore, seems reasonable to assume 

that increasing the toll rate from 1.18 to 1.41 

cents per passenger-car mile had a total effect 

of losing the 0.5 percent anticipated increase 

plus the 0.9 percent actual decrease for a total 

decrease of 1.4 percent in diversion of passen- 

ger cars. Similarly the increase in tolls from 

1.41 to 1.76 cents per passenger-car mile had 

the effect of losing the 0.8 percent anticipated 

increase plus the 1.9 percent actual decrease 

or the total decrease of 2.7 percent. Combin- 

ing the two figures, the tetal effect of increas- 

ing the toll rate from 1.18 to 1.76 cents per 
passenger-car mile was a 4.l-percent reduc- 

tion in the turnpike percentage of passenger 

cars passing through the corridor, which 

amounts to an 8.2-percent decrease in the num- 

ber of passenger cars using the turnpike. 

New Publication 
for each year, by States, on county and local 

receipts, expenditures, and debt for rural 

highways. Comparisons with earlier years 

are included in the summary tables and charts. 

The report was made possible by the col- 

lection of the basic data through the efforts 

of the State highway departments, the county 

and local governments, and the field offices 

of the Bureau of Public Roads. The analysis 

| 

Since the toll rate was increased 50 pereent, 

and traffic only decreased 8.2 percent, the ne 

result was a 38-percent increase in revenue. 3 ; 

It is, therefore, apparent that toll rates up to. 

1.76 cents per passenger-car mile will be p 

in areas similar to the Maine Turnpike cor 

i} 
cai 

ridor without a significant change in the num- 

ber of passenger cars using the toll road. 

Traffic Generation 
Sh Foe oa 

Figure 2 indicates that total traffic on botl 

the turnpike and U. 8. 1 has been increasing 

a greater rate than for other important roa 

in the State. This excess increase is caused 
for the most part, by traffic generation al- 

though the increase probably includes diver. 

sion from more distant routes, normal varia 

tion in traffic flow, and development traffic. i 
| 

Assuming the increase on the other impor 

tant rural roads represents the increase that, 

could have been anticipated had not the turn- 

pike been constructed, the excess increase in 

the volume of traffic in the Maine Turnpike 

corridor is shown in figure 7 as traffic genera- 

tion. The percentage shown is the amount 

that normally increasing traffic would have to 

be further increased to equal the actual traffic 

volume, Figure 7 indicates that traffic in the 
corridor increased at a greater rate than nor: 

mal for about 5 years, at which time it wa 

about 30 percent larger than would have bedi 
anticipated from normal growth. 

While figure 7 indicates traffic generation or 
both U. 8. 1 and the turnpike, it does not pro 

vide any information showing which facility 

was used by the generated traffic. This ca 

be approximated in another manner. 

If the 1948 average daily traffic on U. S. J 
and the turnpike is increased at the same rate 

as other important roads in Maine, it will be 
found that the computed traffic is not as large 

as the actual traffic as shown in table 5. 

From the table it can be seen that about 6 

percent of the traffic generated since 1948 is 

attracted to the turnpike and about 40 percen’ 

to U. S. 1. It is of interest to note tha 
U.S. 1 continued to increase at a rate great e: 

than normal until 1953, after which it i 

creased at arate less than normal. The aver 

age daily traffic on U. 8. 1 in 1953 and 195 
was practically constant at about 6,22) 
vehicles, which is approximately 1,900 ve 

hicles per day per 10-foot lane—nearly th 

same as in 1947. This observation sugges 

that U. S. 1 has again reached a point of cor 

gestion where traffic seeks to avoid it. 

= a= 

‘| 
t 
a 

q 
| 
a 

and presentation were the work of the Fina D 

cial and Administrative Research Branel 
Bureau of Public Roads. ’ 

This publication is a sequel to the firs 
study report, The Financing of Highways b 
Counties and Local Rural Governme 
1931-41. The present report is availab 
from the Superintendent of Document 

U. S. Government Printing Office, Washingto 
25, D. C., at 75 cents a copy. 1 
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STATUS OF FEDERAL-AID HIGHWAY PROGRAM 
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ACTIVE PROGRAM 

STATE ERO GEANMED PROGRAMMED ONLY CONSTRUCTION EES ER nT CONSTRUCTION UNDER WAY TOTAL 

Ee ae een Gadel Cree ee es retert | tes | oe eer Mile 

Alabama $24,105 $11,897 $6 ,316 285.9 $5,210 $2,904 64.0 $44, 376 $22,551 726.3 $61,483 $31,771 1,076.2 

yhoo ieee 2,850 Shak Be 1,347 947 ae 10,690 Nes toko 185.0 14,887 10,924 291.5 
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| 2,865 ___ 66,0 991 640 | 35.3 | 15,536 | 10,037 322.3) 20,352 
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