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Operating Characteristics of a Passenger Car on 
Selected Routes 
CARL C. SAAL, Chief, Vehicle Operations Section, 
Highway Transport Research Branch, Bureau of Public Roads 

The Bureau of Public Roads has made extensive use of instruments developed by 
the Committee on Vehicle Characteristics of the Highway Research Board to 
observe certain operating characteristics of a typical 11951-model passenger 
car. These instruments record for any trip the amount of time in seconds that 
a vehicle operates in various class intervals of speed, rate of deceleration, 
percentage of maximum intake manifold vacuum (roughly proportional to engine 
torque), and percentage of throttle opening. The total trip time and amount of 
fuel consumed in each class interval of speed are also recorded, making it 
possible to compute the average rate of speed and fuel consumption. 

The typical passenger car was operated by the same test driver about 28,000 
miles on nine distinct studies during 1951 and 1952. Five of the nine studies 
delt with operations over a high-speed freeway and over the parallel major 
highway. These studies, which involved the New Jersey Turnpike, two sec­
tions of the Pennsylvania Turnpike, the Maine Turnpike, and the Shirley High­
way, were made primarily to determine the advantages with respect to vehicle 
operation that may result through the use of freeways instead of the parallel 
major highways and to show to what extent certain built-in characteristics of 
the vehicle are used In normal operation. The other four studies were of a 
special nature, made to evaluate the effect of traffic signals, sight distance, 
grade separation and traffic conditions on certain operation characteristics of 
the vehicle. In addition, special tests were conducted with other instruments 
to determine the fuel consumption and accelerating ability on individual grades. 

A comparison between travel time on a high-speed freeway and on a parallel 
major highway revealed a considerable time saving from use of the freeway. 
In contrast, fuel consumption, measured at the travel speeds found on the free­
ways and other roads, indicated the use of the freeway resulted in a higher rate 
of fuel consumption for the test car in each case. Use of the freeways saved 
enough travel mileage to make the fuel consumption in gallons approximately 
the same for an average trip over either type of facility, even with the higher 
speed of travel on the freeway in four out of the five cases. The results of the 
measurement of the other vehicle characteristics reveal that no more than 60 
percent of the maximum decelerating ability of the test car was used on any test 
run, and that the maximum engine torque and fu l l throttle opening were used 
only a very insignificant portion of the time. 

Useful results of an incidental nature are included in this report. Variation 
of fuel consumption with speed and gradient, and the variation of fuel consump­
tion with rise and fal l for various attempted speeds were determined for the 
test car. These relations are used in the report to evaluate the effect of differ­
ent methods for reducing gradient and of methods for estimating the fuel con­
sumed on a given section of highway. Other data contained in the report show 
the time and fuel required to accelerate from 0 to 70 miles per hour on various 
degrees of grade. 

• A KNOWLEDGE of certain operating ating conditions, the Committee on Vehicle 
characteristicsof motor vehicles is essen- Characteristics of the Highway Research 
tial in the development of standards and Board, assisted by industry and govern-
specifications for highways and for ve- ment, developed instruments to record for 
hides that will provide for the safe and any trip the amount of time that a vehicle 
efficient movement of traffic. In order to operates at various speeds, rates of de-
obtain data on the operation of typical pas- celeration, percentages of maximum en-
senger cars under varying highway oper- gine torque, andpercentagesof fu l l throttle 



opening; the total fuel consumption and the 
amount of fuel used at various road speeds; 
and the total trip time. 

The Bureau of Public Roads has made 
extensive use of these mstruments to de­
termine how these vehicle characteristics 
for a typical passenger car are related to 
various types of highway operations. A 
representative passenger car was oper­
ated some 28,000 miles on nine distinct 
studies during 1951 and 1952. Five of the 
nine studies dealt with operations over a 
freeway and over a parallel major highway. 
The other studies were of a special nature 
made to evaluate the effect of traffic sig­
nals, sight distance, grade separation, and 
traffic congestion on the vehicle's opera­
tional characteristics. 

This report wi l l be concerned essen­
tially with the results of the studies which 
involved freeway operation. However, it 
wil l cover briefly studies of a special nature 
and will include the results of special tests 
made to determine the fuel consumption and 
accelerating characteristics of the test 
vehicle on individual grades. The results 
reported here will supplement those ob­
tained by other investigators with the same 
set of instruments. 

Although the basic data should have use 
in the fields of highway economics and de­
sign and within certain areas of automotive 
engineering, i t is cautioned that the data 
represent only the performance of one 
1951-model passenger car operated by the 
same driver throughout the tests. It may 
be farfetched to consider the performance 
data as representative of the average per­
formance of passenger cars operating in the 
general traffic. On the other hand, it is 
believed that the performance of the test 
car on highway sections of varying geo­
metric design may be compared to estab­
lish a relation which wil l be fairly repre­
sentative of the relative performance of the 
average passenger car. Also, the relations 
established between fuel consumption, 
speed, and other variables may be reliably 
used to determine the relative advantages 
of various methods of reducing grades and 
estimating the fuel consumed on a given 
highway section. 

TERMINOLOGY 
In order that there be a clear under­

standing of the discussions m this report, 
terms frequently used are here defined. 

Freeway. A divided arterial highway 
for through traffic with f u l l control of ac­
cess and with grade separations at inter­
sections. 

Major Street or Major Highway. An 
arterial highway with intersections at grade 
and direct access to abutting property and 
on which geometric design and traffic con­
trol measures are used to e^edite the 
safe movement of through traffic. 

Overall Travel Time. The time of 
travel, including stops and delays except 
those off the traveled way. 

Overall Travel Speed. The speed over 
a specified section of highway, being the 
distance divided by overall travel time. 
The average for all traffic, or component 
thereof, is the summation of distances 
divided by the summation of overall travel 
times. 

Composite Performance. The perform­
ance in given terms for a round trip over a 
specified section of highway. (Composite 
gasoline consumption in gallons per mile 
is the total number of gallons of gasoline 
required by a vehicle to travel in both d i ­
rections on a section of highway, divided 
by twice the length of the section in miles.) 

Directional Performance. The per­
formance in given terms in a single direc­
tion over a specified section of highway. 

Road-User Benefits. The advantages or 
savings that accrue to drivers or owners 
through the use of one highway facility as 
compared with the use of another. Benefits 
are measured in terms of the decrease in 
road-user costs and the increase in road-
user services. 

Total Rise and Fall. The arithmetic 
sum of the vertical rise and fal l in feet for 
any section of highway. (H a section of 
highway progressively rises 100 feet, falls 
500 feet, rises 30 feet, and falls 10 feet, 
the total rise and fa l l will be 640 feet. 
The total rise and fa l l is the same regard­
less of the direction of travel.) 

Rate of Rise and Fall. The total rise and 
fa l l for any section of highway divided by the 
length of section in hundreds of feet. (It 
is not to be confused with the percent of 
grade. It is equivalent to the average per­
cent of grade only when either the rise or 
fa l l is 100 percent of the total rise and 
fa l l . ) 

Average Test Method. The driver 
travels at a speed which, in his opinion is 
representative of the speed of all traffic at 



the time, without trying to keep a balance 
in the number of passings. 

Attempted-Speed Test Method. The 
driver attempts to maintain a specified 

i speed over a section of highway, passing 
I all vehicles that interfere with maintaining 
I the specified speed, and exceeding the 
' specified speed only during the passings. 

Maximum Torque. The maximum engine 
torque at a specified engine speed or cor-

' responding road speed. 

/ PURPOSES OF REPORT 
The specific purposes of this report are 

to (1) show some of the road user benefits 
, that may result through the use of a free­

way instead of a parallel major highway; 
I (2) determine the extent to which certain 
' built-in vehicle characteristics are used in 
f normal operation; (3) establish basic re­

lations between fuel consumption and high-
' way gradient, and between acceleration 
I and highway gradient; (4) evaluate several 

methods used to estimate the fuel con-
' sumed on a highway section; and (5) de­

termine the relative advantages, in terms 
of fuel savings, of two methods commonly 
used to reduce gradients. 

SUMMARY OF FINDINGS 
The pertinent findings described below 

refer specifically to the operations of the 
test passenger car. Definite conclusions 
as to the overall performance of passenger 
cars in the general traffic cannot be formed 
from the results of tests on a single pas­
senger car operated by the same driver on 
all tests. Only indications of the overall 
performance of passenger cars should be 
read into any of the findings. 

1, For each of the five freeway studies, 
considering the total lengths, the test car 
would have had to travel over the freeway 
at a slower speed than the average overall 
travel speed reported for all passenger 
cars using the facility in order to realize 
the same rate of fuel consumption as ob­
served on the parallel major highway. 
Therefore, if the test car were to maintain 
prevailing overall travel speeds on the 
comparable roads, the consumption per 
mile was higher on each freeway than on 
the parallel major highway. 

2. A major highway must have a much 
greater rate of rise and fal l or be much 
more congested than a parallel freeway in 

order to have a lower rate of consumption 
on the freeway when the vehicle is operated 
at the average overall travel speeds found 
on the two roads. For example, the con­
sumption per mile at the prevailing average 
overall travel speeds was lower on the 
western section of the Pennsylvania Turn­
pike than on the highly urbanized section 
of the parallel route extending through 
Wilkmsburg and Pittsburgh. 

3. A sizable time savings resulted in 
each case from the use of a freeway, in­
stead of a major highway, at the average 
overall travel speeds found on the two 
roads. 

4. Except in one case, the use of the 
freeway in preference to the parallel major 
highway saved enough travel mileage to 
make the fuel consumption in gallons ap­
proximately the same for a composite trip 
over either facility when the vehicle was 
operated at the average overall travel 
speeds found on the two roads. 

5. The use of a freeway instead of a 
major highway, where the average overall 
travel speed on the freeway was below 40 
miles per hour, as on the Pentagon net­
work, for example, resulted in a sizable 
savings in gasoline during the peak traffic 
periods. 

6. The percentage of time spent in 
braking was nearly zero on a freeway and 
very small on a major highway; however, 
the time spent m braking on a major high­
way was as much as 34 times greater 
than that spent on a freeway. The maxi­
mum rate of deceleration recorded on any 
test was about 60 percent of the potential 
rate of deceleration built into the car. 

7. The maximum engine torque and the 
fu l l throttle opening were used only a very 
small portion of the time on either a free­
way or a major highway. Less than half 
of the potential torque and power were 
normally utilized on any test run. The 
average engine torque and throttle opening 
observed on a major highway was appre­
ciably less than that observed on the par­
allel freeway at the average overall travel 
speeds found on the two roads. 

8. The relations established between 
fuel consumption and rate of grade and be­
tween fuel consumption and rate of rise.and 
fa l l were very similar in charactei?. ^ In 
general, the rate of consumption increases 
at a fairly uniform rate with an increase in 
grade or rate of rise and fa l l up to 6 per-



cent. Above 6 percent, the increase is at 
a faster rate. 

9. A reduction of grades in excess of 6 
percent resulted m appreciable savings in 
fuel consumption, whether or not the re­
duction produced a reduction in rise and 
fal l . However, reduction of grades be­
tween 4 and 6 percent produced no sub­
stantial savings unless the grade reduction 
also reduced rise and fal l . A reduction of 
3- and 4-percent grades did not result m 
an appreciable savings, even if rise and 
fa l l was also reduced. 

10. The use of the rate of total rise 
and fal l of a section of highway to estimate 
the fuel consumption on the section was 
found to be as accurate as a more-compli­
cated method that involves the consideration 
of each individual grade. 

SCOPE OF THE STUDIES 
Freeway Studies 

In selecting the five pairs of test routes 
for studying some of the road-user bene­
fits that might result from the use of free­
ways by passenger cars, an effort was 
made to cover as wide a range of highway 
conditions as possible in the eastern part 
of the United States. The five freeways 
selected for study were the New Jersey 
Turnpike, the middle section of the Penn­
sylvania Turnpike, the Maine Turnpike, the 
western section of the Pennsylvania Turn­
pike, and the Shirley Highway (in Virginia). 
Only the latter route was free of toll . The 
parallel major highway in each inst£.nce 
was the alternate route that would be com­
monly used to travel between the same 
termini. 

Figures 1 through 5 show sketches of 
the general layout of the test routes for 
each study and the profiles for each pair 
of routes, except for the Maine Turnpike 
study. These profiles were plotted from 
elevations measured with an altimeter. It 
is to be noticed that each of the routes, ex­
cept the western section of the Penn­
sylvania Turnpike, was divided into test 
sections by control points located at def­
inite changes in the character of the pro­
file or traffic flow. The operating char­
acteristics of the test vehicle, within each 
section, were recorded at these control 
points. 

A l l of the freeways were built approx­
imately to the same design standards. The 

maximum grade was not over 3 percent in 
any case, and the rate of rise and fa l l 
varied from 0. 8 for the New Jersey Turn­
pike to 1.4 for the two sections of the 
Pennsylvania Turnpike. It could be ex- , 
pected that the test car would perform j 
about the same on each of the five freeways. . 

In contrast, each route paralleling a I 
freeway afforded a conglomeration of sur­
face types, pavement widths, curvature, 
and gradient. There was also consider- ( 
able variation in the design characteristics 
between the various parallel routes. The 
rates of rise and fa l l varied from 0.9 for \ 
the route paralleling the New Jersey Turn­
pike to 3. 3 for the route paralleling the 
middle Pennsylvania Turnpike. The paral­
lel major highway and the turnpike had ap- I 
proximately the same rate of rise and fa l l 
in the case of the New Jersey and Maine ] 
studies. The rates of rise and fa l l for the , 
routes paralleling the middle and western 
sections of the Pennsylvania Turnpike and ' 
the Shirley Highway were about 2.4, 1.4, 
and 1.3 times that for the respective free- I 
way. In addition to the wide range in the 
character of the profiles, the routes par­
alleling the freeways differed materially 
from each other in other ways, which had 
a bearing on the results obtained. This 
can best be brought out by a brief descrip­
tion of each parallel major highway. 

Generally, the parallel major highway 
in New Jersey was of four-lane construc­
tion with fair alinement, except for the 
southern section between control Points 1 
and 2 (see Figure 1). This southern sec­
tion was essentially of two-lane construc­
tion with poor alinement. The test car en­
countered traffic congestion particularly 
onSections 1-2; within the numerous small 
municipalities that lie on the route from 
Control Point 1 to 6; on the bypass around 
Camden in Section 2-3; and on parts of the 
sections between Control Points 6 and 10 
where the route passed through a highly 
urbanized area. The congestion was most 
severe from control Point 8 to 10, which 
extends from the east approach of the 
Pulaski Skyway to the George Washington 
Bridge. 

In Maine, the parallel route was a two-
lane highway with rather poor alinement 
for all except a short section near Port­
land. The test car was frequently slowed 
by passage through frequent municipalities 
varying in population from a few hundred 
to over 20,000. 
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The route paralleling the middle section 
of the Pennsylvania Turnpike generally 
consisted of two lanes varying in individual 
width from 9 to 12 feet. Only a small 
mileage had lanes wider than 10 feet. Nar­
row shoulders, sharp curves, and re­
stricted sight distances were the rule. 
The greater portion of the route was paved 
with bituminous surface with high crown 

prevailing in many sections. The opera­
tion over this route may be classed as strict­
ly rural, since there are only six towns of 
any size, the largest of which was about 
17,000 population. Traffic congestion was 
only a minor factor in the results of tests ob­
tained for this route. The important factor s 
with respect to passenger-car operations 
were gradient and poor alinement. 
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The western portion of the Pennsylvania 
Turnpike bypasses Wilkinsburg, Pitts­
burgh, and an almost continuous string of 
municipalities which dot the north bank 
of the Ohio River between Pittsburgh and 
Rochester. The parallel major highway 
was principally urban for about 70 percent 
of its length. 

made to supplement data previously ob­
tained by tests of vehicle performance on 
an old road and subsequently on a complete 
relocation of improved alinement between 
a junction near Frederick and the city 
limits of Hagerstown, Maryland. The 

In Virginia, US 1, which parallels the 
Shirley Highway, passes through Alex-
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for a maximum speed limit of 35 mph. or andria and its environs, which constitute 
less. This route in the rural areas is a over 30 percent of the length of test route, 
four-lane highway with fair alinement. Restricted speed zones also exist through 

areas of heavy roadside development and 
Special Studies through a military reservation. Actually 

One of the four special studies was more than 50 percent of the route is zoned 
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sketch and profiles of the two test routes 
are shown in Figure 6. In length and rise 
and fa l l , there is little to choose between 
the two locations. The rates of rise and 
fa l l were 3. 7 for the new road and 4.1 for 
the old road, the highest rates of all the 
test routes. Moreover, on each road, 
grades ranged as steep as 8 percent, and 
on each, heavy grades run a mile or more 
in length. The big difference between the 
two roads lies in the percentage of the total 
length of each that permits passii^. On 
the old road 49.3 percent in one direction 
and 45.6 percent in the other, or nearly 
half of the total length, was marked for no 
passing. On the new road only 12. 2 per­

cent of the length m one direction and 11. 6 
percent in the other would not permit safe 
passing. 

Another special study involved two pos­
sible routes between two bridges across 
the Potomac River at Washington, D. C., 
and Annandale, Virginia (see Figure 7). 
This study was made primarily to obtain 
average running times of passenger cars 
for use in a study (1) of the effect of travel 
time and distance on freeway usage. How­
ever, while the running times were being 
observed the other vehicle characteristics 
were also studied. The f i rs t leg of each 
route was identical, being a rather low-
speed freeway operation (posted limit of 
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40 mph.) on the Pentagon network. One 
of the routes followed the Columbia Pike 
to Annandale, on which there were numer­
ous intersections at grade and on which 
there was heavy traffic congestion during 
the mornii^ and evening peaks. The other 
route, included a section of the Shirley 
Highway and Virginia Route 236. About 
two thirds of the latter route was a free­
way as compared to about one fourth of the 

route to Annandale by way of the Columbia 
Pike. 

A third study was made for the Regional 
Highway Planning Committee for Metropol­
itan Washington to aid in determining the 
need for constructing an interchange ramp 
at Fourteenth Street, S. W., and Maine 
Avenue in Washington, D. C., which would 
eliminate an at-grade intersection for 
traffic desiring to make a left turn from 



Maine Avenue into Fourteenth Street. A 
grade separation had been built at this lo­
cation, but the one intersection leg was 
retained at grade because the ramp had to 
pass through a corner of the Bureau of 
Engraving and Printing Building. Only 
travel time and fuel consumption were 
measured on this study during both the 
peak and off-peak traffic periods. 

The fourth special study was made on a 
2-mile section of Columbia Pike between 
Four Mile Run Drive and Scott Street as 
indicated on Figure 7. Tests were made 
during peak and off-peak periods when 
there were two traffic light installations, 
and then repeated when eleven additional 
traffic actuated signals had been installed 
within the same section. 

Special Tests 

In addition to the Freeway and special 
studies that have just been described, tests 
were made to determine the fuel con­
sumption and accelerating ability of the 
test car on individual grades of 0.0, 2. 84, 
6. 0, and 8. 0 percent. The grades were 
1. 00, 0.40, 0. 284 and 0. 50 miles in length, 
respectively. A l l of these grades were at 
elevations of 900 feet or less, and all ex­
cept the 8. 0-percent grade were surfaced 
with a pavement of portland-cement con­
crete. The 8-percent grade was paved 
with a high-type bituminous concrete. 

TEST PROCEDURE 

Freeway and Special Studies 

The instruments installed in the test car 
were described in detail in a previous re­
port (2). For that reason, this report will 
consider only the type of information col­
lected and the procedures employed. 

A typical field data sheet is shown m 
Figure 8 for the southernmost section of 
the major highway paralleling the New 
Jersey Turnpike. The recording apparatus 
consisted of five banks of 10 counters 
each, an electric clock, and a master time 
counter. These counters were actually 
arranged in the same pattern as the field 
data sheet. Each count represented 1 
second on the banks of counters for speed, 
braking, engine torque and throttle open­
ing; and 0. 001 gal. on the bank of counters 
for gasoline consumption. Each counter of 

a bank represented a class interval of the 
particular item being studied. The units 
of the class intervals were miles per hour 
for speed and gasoline consumption, feet 
per second per second for braking, and 
percent for engine torque and throttle open­
ing. The range in the class intervals for 
each bank of counters is shown in Figure 8. 

The time read from the electric clock 
was used to check the proper functioning 
of the master counter and, in turn, the 
time indicated by the master counter was 
used to ascertain that all counters of a 
given bank were functioning properly. In 
Figure 8, it is seen that the total time 
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Figure 9. Fuel ca l ibrat ion with burette 
of 1951 Pontiac Six Sedan on 1-ir.ile level 
sect ion i n t h i r d gear for var ious sus­

tained speeds, 
counts shown opposite the counter banks 
checked closely with the master time 
counter. Likewise, the trip time from the 
electric clock compares closely with that 
from the master counter. As indicated, 
the end result was an average rate of speed 
and gasoline consumption, and the percent­
age of the time spent in each range of speed, 
deceleration, and percentage of maximum 
torque and fu l l throttle opening, and the 
percentage of gasoline used in the various 
speed ranges. The time recorded on the 
master time counter was used to compute 
the average speed. 

It is to be understood that engine torque 
was not directly recorded. Rather, the 
engine torque was assumed to be propor­
tional to the pressure existing in the intake 
manifold. The intake - manifold - vacuum 
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instrument consisted of a metal bellows 
to which was attached a calibrated spring 
and a swing arm that passed over a sector 
divided into contact segments representing 
ranges in vacuum. These ranges in vacuum 
were assigned engine torque values in per­
centage of maximum torque, as shown in 
Figure 8. The maximum torque referred 
to in this instance roughly approximates 
the maximum for the engine speed or cor­
responding road speed at the instant of re­
cording. It I S not to be confused with the 
peak engine torque. The percentage values 
can be roughly converted to pound-feet of 
torque or pounds of tractive effort by as­
suming an average maximum torque for the 
entire range of engine speed involved. 

The "average" test method was used in 
those cases where the traffic volume was 
dense enough for the driver to reliably 
approximate the speed of all traffic at a 
given instant. Where the average test 
method was not feasible, test runs were 
made on a particular section at three or 
more attempted speeds so that the rate of 
fuel consumption could be interpolated for 
an average running speed of all passenger 
cars obtained from other sources. At­
tempted speeds greater than 60 mph. were 
not possible, because the fuelmeter did 
not have sufficient volume to supply the 
flow of fuel required to negotiate existing 
grades at higher speeds. 

Three test runs were made over each 
test route in each direction at each at­
tempted speed for all except two of the 
studies. For the intersection study at 
Maine Avenue and 14th Street, Washington, 
D. C., 12 test runs were made in the off-
peak period and 26 test runs in the peak 
period. For the traffic light study on 
Columbia Pike (see Figure 7), four and 
sixteen test runs were made before the 
installation of additional traffic lights 
during the off-peak and peak periods re­
spectively; six and eighteen test runs were 
made after the installation during the off-
peak and peak periods, respectively. The 
test runs were scheduled so that a par­
ticular test section or route would be 
traveled at different times during the period 
of study. 

Fuel Calibration of Test Car 

In order to maintain the fuel character­
istics of the test car at approximately the 
same level throughout the period of the 

study, calibration tests were conducted 
before and after most of the studies. The 
fuel consumption of the test car was checked 
with a burette on a measured mile lo­
cated on the Shirley Highway. Test runs 
were made in both directions over the sec­
tion at speeds of 15, 20, 25, 30, 40, 50 
and 60 mph. 

The results of 13 such calibration tests j 
are shown in Figure 9. The average con- ' 
sumption rates m miles per gallon, be­
tween April 1951 and September 1952 when 
the odometer readings ranged from 2, 500 \ 

SPeeo - M I L E S P E R H O U R 

Figure 10. Calibration of fuel meter with 
burette on 1-mile level section for various 
sustained speeds during period Apri l 1951 

through April 1952. 
to 34, 235 miles, is shown by the smooth 
curve. The variation of the rates of con­
sumption from the average during this 
period are indicated by the maximum and 
minimum values, each of which are con­
nected by a series of straight lines. The 
percentage of variation from the average 
ranged from 1. 4 to 6. 2 percent. In view 
of this rather small variation, which was 
obtained by frequent engine tuneups, no 
attempt was made to correct the results 
for changing fuel-consumption character­
istics. The triangular-shaped points are 
the rates of consumption observed before 
the start of the project, when there was 
1,392 miles on the odometer and the en­
gine was apparently either not properly 
broken in or tuned. 

In the fal l of 1953, about a year after the 

i 
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' completion of the freeway and special 
studies, it was planned to make some 
special grade tests with the same passenger 
car. The vehicle was calibrated at that 

I time, and the rates of consumption, indi­
cated by the circular points on Figure 9, 
were found to be less than the minimum 

I rates observed for the previous period of 
tests. For this reason, the engine was 

I given a tune-up that included the replace­
ment of spark plugs, and overhaul of car­
buretor and distributor. The rates of 

. consumption observed after this tune-up, 
indicated on Figure 9 by the square-spared 
symbols, fe l l generally on or above the 
average curve and well within the band 
created by the maximum and minimum 
lines. 

I Calibration of Instruments 

I The accuracy of the instruments for 
measuring deceleration, throttle opening, 
and intake-manifold vacuum were checked 
only a few times during the entire series of 
studies. However, the speedometer was 

\ calibrated frequently against the test-car 
speedometer, which had been calibrated 
with an accurate speedometer actuated by 

^ a test wheel. It was found that the class 
1 intervals originally established for a given 
' bank of counters did not vary appreciably 

during the tests. 
I The volumetric fuelmeter, which was of 

the positive-displacement type, was cali­
brated in conjunction with the fuel calibra­
tion of the test vehicle before and after 
most of the studies. The results of the 
calibration tests, made with a burette that 
could be read to the nearest cubic centi­
meter, are shown in Figure 10. These 
tests were conducted on a 1-mile level 
section of highway at the indicated speeds. 
A plus error indicates that the fuelmeter 
reading m gallons was less than the true 
consumption, the opposite for a negative 
error. 

Since speed is proportional to the rate 
of flow, it is evident in Figure 10 that the 
fuelmeter did not give the same accuracy 
for all rates of flow. The fuelmeter was 
purposely adjusted to give the higher de­
gree of accuracyfor flow rates comparable 
to those for sustained speeds of 30 mph. 
or more, because rates of flow in that 
range were normally required. The aver­
age error was decidedly on the plus side 
for the lower flow rates and slightly on the 

negative side for the higher flow rates. It 
increased at a fast rate as the flow rate 
decreased below the flow rates comparable 
to speeds of 30 mph. or less. The fuel­
meter reading wil l result in a rate of con­
sumption that is considerably lower than the 
true rate, if the engine operates at or near 
idle speed for an appreciable portion of the 
total running time. 

The results of the calibration tests were 
used to correct the observed rates of con­
sumption to a common base, if i t could be 
determined that the flow rates were con­
sistently high. Correction factors could 
not be developed for those tests with con­
siderable low-speed operation, since i t 
was not possible from the speed record 
obtained on the counters to ascertain 
whether the vehicle was accelerating with 
a high flow rate or idling with a low flow 
rate. The variation in the fuelmeter ac­
curacy during a study was not of sufficient 
magnitude to affect materially the relative 
fuel consumption for two parallel routes 
studied at approximately the same time. 
However, it was necessary to correct to a 
common base, in order to relate the re­
sults of the various studies, since the ac­
curacy of the fuelmeter is shown in Figure 
10 to vary appreciably during the period of 
the studies. 

Special Test Procedures 

In order to determine the relation be­
tween fuel consumption, speed, and degree 
of gradient, the test car was operated at 
sustained speeds of 15, 20, 25, 30, 40, 50, 
60 and 70 mph. on 0.0-, 2.84-, 6.0- and 
8. 0-percent grades. For each sustained 
speed, at least three runs were made in 
both directions over a given grade. The 
fuel consumed by the test car was meas­
ured with a graduated burette connected in 
the fuel line between the car fuel pump and 
the carburetor. Fuel was pumped by the 
regular fuel pump into the burette and by 
an electric fuel pump from the burette to 
the carburetor. The temperature of the 
fuel m the burette was recorded for each 
run. Because the range of these tempera­
tures was small, no attempt was made to 
correct the observed volumes to a stand­
ard base. 

The accelerating ability of the test car 
was measured on the same four grades. 
Test runs were made withwide-openthrot­
tle in each direction on each test section. 
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accelerating through each gear from a 
standing start to about 40 mph., and in 
direct gear (third) from a speed of 20 mph. 
to the highest practicable speed. A min­
imum of two test runs were made for each 
condition of test. 

The acceleration was determined from 
a record of time and distance, which was 
made on a wax-coated paper fed through a 
chronograph at a constant speed of about 5 
mches per second. Time was recorded on 
the tape at 1-sec. intervals by a small 
electrically actuated hammer wired to a 
timer. The record of distance was ob­
tained by means of a rotating contact 
housed on a test wheel and driven by an 
odometer shaft. The rotating contact 
opened and closed an electrical circuit at 
every 2 feet of travel, causing a stylus of 
the chronograph to make a crenelated 
trace on the moving tape. 

A time-distance curve was plotted for 
each test run. This curve was differen­
tiated by the mirror method at frequent 
points to determine instantaneous speeds. 
After the f i rs t differentiation a time-speed 
curve was plotted and differentiated to ob­
tain approximate instantaneous rates of 
acceleration. From these results, it was 
possible to derive relations for each grade 
that could be used to determine the dis­
tance and time required to accelerate be­
tween any two speeds, and the instantane­
ous acceleration rates for given speeds. 

In conjunction with the acceleration 
tests, the fuel consumed while acceleratii^ 
was measured with the burette at frequent 
points during each test run. When the 
burette was read, the chronograph tape 
was marked by pushing a switch wired to 
a stylus. It was then possible to determine 
the speed at the instant the burette was 
read. The result was an accumulative 
record of fuel consumption by speed which 
could be used to find the fuel consumed 
when accelerating between any two speeds. 

Test Car Specifications 

The pertinent specifications of the test 
car are listed below: 
Make and Model - 1951 Pontiac 6, 4-door 

sedan 
Transmission - 3 speed synchromesh 
Weight: Front - 1920 pounds 

Rear - 2080 pounds 
Total - 4000 pounds 

Bore and stroke - 3 Vis x 4 inches 

Piston displacement - 239. 2 cu. in. 
Compression ratio - 6. 5 j 
Transmission ratios: 

1 St 2. 67 to 1 
2nd 1. 66 to 1 
3 rd 1 to 1 ; 

Rear axle ratio - 4.10 to 1 | 
Maximum gross horsepower -96 at 3400 rpm. 1 
Maximum net horsepower - 90 at 3400 rpm. 
Maximum gross torque - 191 at 1200 rpm. 
Maximum net torque - 186 at 1, 000 rpm. 

The following horsepower and torque ^ 
data were taken from curves in the Manu­
facturer's Shop Manual: 

Road speed Maximum Maximum 
in 3rd gross gross 
gear horsepower torque 
mph. lb. - f t . 
20 34 185 
25 44 191 
30 54 191 
35 63 189 
40 72 186 
50 85 178 
60 94 163 
70 96 143 
80 91 119 

SUMMARY OF BASIC DATA 
The results for each test route are 

summarized in Table 1. This summary 
wi l l form the basis for a discussion of the 
operation characteristics of the test car 
on freeways and the parallel major high­
ways, and for a brief resume of the find­
ings for the four special studies. It con­
tains the average rates of speed and fuel 
consumption, the average engine torque, 
and the average throttle opening for each 
test method, ("average" or "attempted 
speed")* The average engine torque and 
throttle opening were determined by 
weighting the percentage of the total trip 
time recorded in each class interval with 
the midpoint value of the given class 
interval. 

Correction factors derived from the 
results of the fuel-meter-calibration tests 
were applied to the observed rates of con­
sumption to produce the values shown in 
Table 1; except where no correction was 
warranted, and except in the cases of in­
tersection and traffic-light studies. In the 
latter instances, reliable factors could not 
be developed, because the test car oper-
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TABLE 1 
SUMMARY OF AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE ON VARIOUS ROUTES 

Test Route Length 
Rise 
and 
f i l l 

Date 
of 

tests 

Period 
of 

study^ 

miles ft^lOO 

Delaware Bridge to 116 3 0 8 Apr. 52 S a m 

Speed 
Fuel 

consumption 
Rralj 

Percent time 
Attempted Average (corrected) 0-3 

ft/sec" 
over 3 
f t /sec ' 

M u 
decel­
eration 

Time 
[actor 

Average 
engine 
torque 

Average 
throttle 
opening 

mph percent percent It/sec' sec/lOO percent percent 

George Washington Bridge via to 50 
Hew Jersey Turnpike 6 p m 80 
Delaware Bridge to 122 2 0 9 Oct 51 S a m "Avg " 
George Washmgton Bridge via APr ' 2 to do 
US 130, 1 & 9 ' P ™ 

39 4 
48 6 
58 1 

33 3 
J O 7 

18 6 
17 2 
15 4 
17 4 
17 2 

100 0 
100 0 
99 9 
98 1 
98 2 

1 9 
1 8 

8-10 
8-10 

11-13 
14-16 
14-16 

2 6 
2 4 
5 3 

181 2 
159 0 

29 0 
33 8 
45 4 
31 4 
34 8 

34 1 
25 7 
20 3 

Carlisle Interchange to 
New Stanton Interchange via 
Pennsylvania Turnpike 
Carlisle to Greenslmrg, Pa 
via US 11 & 30 
(includmg larger towns) 

Carlisle to Greensburg, Pa 
via US 11 & 30 
(excluduig larger towns) 

Dec 51 
& 

June 52 
Dec 51 

& 
June 52 
Dec 51 

L 
June 52 

8 a m 
to 

8 p m 
8 a m 

to 
6 p m 
S a m 

50 
60 

30 
40 
50 

40 2 
49 0 
57 1 

30 6 
38 0 
42 7 

30 6 
40 3 
48 0 

18 8 
16 8 
15 1 
17 6 
16 6 
15 6 
17 5 
16 5 
15 5 

100 0 
99 S 
99 7 

0 1 
0 3 

99 4 0 6 
99 0 1 0 
97 6 2 4 

11-13 
8-10 

11-13 

11-13 
11-13 
14-16 

2 7 
7 6 

18 5 
70 5 
93 5 

196 8 

27 0 
33 5 
42 6 
30 2 
32 8 
36 3 

14 7 
17 8 
31 3 

Kittery to Portland, Maue 
via Mame Turnpike 

41 8 1 2 Aug 52 S a m 40 
50 
60 

39 8 
49 0 
58 8 

19 3 
16 5 
14 9 

Kittery to Portland, Maine 
via US 1 

43 S 1 3 Aug 52 Weekday 
Weekend 

"Avg "• 
do 

36 4 
35 1 

17 
17 

9 
7 - - - - -

PittslHirgh Interchange to 55 2 1 4 July 52 40 40 3 19 0 - - - - - -
Ohio State Line via 50 49 8 17 4 
Pennsylvania Turnpike S a m 60 58 8 15 7 

Oct 52 8 p m 40 39 9 19 1 - - - - - -
50 49 9 17 1 — — — — — 
60 58 8 15 6 - - — 

Pittsburgh Intercliange to 58 5 2 0 Dec 51 "Avg " ' 26 4 16 7 - - - - - -
Ohio State Line via US 22 '(40 9) 2 1 Dec 51 S a m do 23 8 16 2 — — 
Pa Al t 19, 88, & 51 '(17 6) 1 9 Dec 51 to do 35 8 18 2 — — — — 
(through Pittsburgh) ' 40 9 2 1 July 52 6 p m do 25 9 18 7 — — (through Pittsburgh) 

" 40 9 2 1 Oct 52 do 25 1 18 6 - — — 
' 12 9 2 7 July 52 do 18 3 14 9 -

Washington, D C (High­ 18 4' 1 3 Dec 51 "Avg " ' 49 8 
50 9 

17 9 90 7 0 3 8-10 19 7 38 8 24 7 
way Bridge) to Woodbridge, Mar 54 do 

49 8 
50 9 17 2 — — — 

Va via Shirley Highway 14 1 1 1 Mar 54 Off - 55 53 2 IS 8 — Va via Shirley Highway 
Mar 54 peak 50 49 5 17 9 — — — — 
Mar 54 40 40 6 19 6 — — — — 
Mar 54 30 30 8 21 1 — - - — 

Washuigton, D C (High­
way Bridge) to Woodbridge, 
Va v u US 1 

20 3 
(6 0)" 

(14 3) ' 

1 
1 
1 

7 
0 
9 

Dec 
Dec 
Dec 

51 
51 
51 

Ofr-
peak 

"Avg 
do 
do 

31 S 
23 6 
40 7 

16 
18 
IS 

0 
1 
2 

98 
97 
99 

9 
9 
5 

1 1 
2 1 
0 5 

11-13 
11-13 
8-10 

120 
318 

43 

7 
8 
4 

31 
28 
32 

0 
7 
7 

1V 7 
12 4 
21 2 

Washington, D C (High­
way Bridge) to Woodbridge, 
Va via Mt Vernon Blvd 

20 4 
(6 1)' 

(14 3) ' 

1 
1 
1 

7 
0 
9 

Dec 
Dec 
Dec 

51 
51 
51 

Off -
peak 

"Avs ' ' 
do 
do 

36 4 
28 8 
40 7 

18 
17 
19 

8 
7 
2 

98 
97 
99 

7 
3 
5 

1 3 
2 7 
0 5 

11-13 
11-13 
8-10 

127 
335 

43 

0 
8 
4 

31 
30 
32 

8 
3 
7 

20 6 
17 1 
21 2 

Frederick to Hagerstown, 
Md via New US 40 

Frederick to Haj^crstowii, 
Md via Old US 40 

3 7 luly 51 30 32 3 18 5 100 0 ' 4-7 1 2 26 8 23 1 
July 51 40 40 9 17 5 100 0 0 0 — 0 0 30 3 26 2 
Sept 52 S a m 40 39 8 17 5 99 1 0 1 4-7 7 2 — 

July 51 to 50 49 4 16 2 99 7 0 3 27-29 22 8 3-1 2 29 4 
Aug 52 6 p m 50 48 5 15 8 — — — — — — 

Sept 52 50 47 7 16 0 99 7 0 3 8-10 21 6 - — 

July 51 60 53 4 14 6 99 8 0 4 S-10 28 7 41 0 33 9 
Sept 52 60 54 6 14 6 98 8 1 2 S-10 79 1 - — 

4 1 July 51 S a m s 35 9 16 6 99 2 0 S 8-10 82 4 29 9 20 7 

6 p m 

Washington, D C (High­
way Bridge) to Annandale, Va 
via Columbia Pike 
Washmgton, D C (High­
way Brulge) to Annandale, Va 
via Shirley Highway 
Washington, D C (Memorml 
Bridge) to Annandale, Va via 
Columbia Pike 
Washuigton, D C (Memorial 
Bridge) to Annandale, Va via 
Shirley Highway 

July 51 Peak 
Off-peak 

July 51 Peak 
Off-peak 

July 51 Peak 
Off-peak 

July 51 Peak 
Off-peak 

•Avg 
do 

•Avg 
do 

"Avg 

'Avg • 
do 

26 6 
33 1 

40 0 
43 9 

28 5 
34 3 

41 0 
45 3 

15 4 
17 8 

16 4 
17 7 

15 4 
17 4 

lo 4 
17 7 

97 5 
98 2 

97 3 
98 6 

2 5 
1 S 

1 4 
0 5 

2 7 
1 4 

0 3 
1 4 

8-10 
8-10 

8-10 
4-7 

11-13 
11-13 

4-7 
8-10 

315 3 
219 1 

120 8 
38 7 

366 9 
149 9 

28 5 
114 0 

29 3 
28 5 

31 4 
33 8 

30 0 
29 1 

29 9 
35 1 

Washington, D C (1301 Maine 0 23 0 2 
Avenue to Inlet Bridge) 

Oct 51 Peak 
Off-peak 

'Avg " ' 
do 

8 9 
18 4 

9 3 
13 1 

Arlington, Va (Columbui Pike 
from 4 Mile Run Drive to 
Washington Blvd 

(;jl(ter,ia3si 

Apr i l 52 Peak 
Off-peak 

Aug 52 Peak 
Off-peak 

21 4 
26 1 
21 5 
24 9 

13 3 
16 3 
14 2 
14 o 

20 1 
20 4 

26 2 
28 8 

19 5 
22 5 

26 2 
29 8 

^A n'lnimum of three round trips was made over each test route 
spaced to cover the period indicated 

'Less than 0 O S percent 
' "Average" test method used 
'Urban t raff ic conditions 
'Rural t raff ic conditions 

'Through Wilkinsburg and Pittsburgh, Pa 
'Speed l imi t posted 40 mph for 1 9 miles, 50 mph for 2 4 miles, 

and 55 mph for 14 1 miles 
'Through Alexandria 
'Attemplmg to drive speed profile for passenger cars observed 

before opening of New US 40 
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ateda high percentage of the time at speeds 
less than 30 mph. 

Also included in Table lare data show­
ing the percentage of the time spent in 
braking, the maximum class interval in 
which time was recorded, and a time fac­
tor. The vehicle was considered to be 
braking when the deceleration rate was 
more than 3 f t . per sec. per sec. The 
time factor is a ratio of the number of 
seconds recorded in class intervals of 
over 0 to 3 f t . per sec. per sec. and the 
length of the test route in hundreds of 
miles. 

Average results like those shown in 
Table 1 were tabulated for each of the test 
sections of a given route. Also included 
were the various time distributions and the 
fuel distribution by speed. Such a mass 
of data were collected that for this report 
it was considered practical to analyze and 
discuss only the average performance 
summarized in Table 1 and summaries of 
•some typical examples of the data (see the 
appendix). However, the complete basic 
data have been placed on fi le in the offices 
of the Highway Research Board and are 
available for reference by the Committee 
on Vehicle Characteristics and others re­
questing this material. 

FftEEWAY STUDIES 

Speed and Fuel Consumption Compared 

The rates of fuel consumption and 
speed, shown in Table 1 for the freeways 
and the parallel highways, are compared 
in Figures 11 and 12. The term "average"' 
over a bar indicates that the rate of fuel 
consumption or speed was obtained by 
driving the average test method. In Figure 
11, the three major highways are classed 
as rural, although they pass through nu­
merous urban areas in New Jersey and 
Maine. The two parallel routes, identified 
in Figure 12, are composed of a substantial 
percentage of urban mileage. 

For the studies involving the New 
Jersey, Maine, and western section of 
Pennsylvania Turnpike, the freeway was 
run with attempted speeds of ^0, 50, and 
60 mph., and the parallel routes by the av­
erage test method. In the case of the mid­
dle Pennsylvania Turnpike study, both 
routes were run with the "attempted speed" 
test method; the freeway at speeds of 40, 

50 and 60 mph., and the major highway at 
speeds of 30, 40 and 50 mph. The av­
erage test method was used for both the 
Shirley Highway and its parallel routes. 

For purposes of this report it was as­
sumed that the speed and fuel consumption 
rates observed on US 11 and US 30 in Penn­
sylvania for the attempted speed of 50 mph. 
approximate the performance that would 
have been obtained by the average test 
method. This was necessary because the 
traffic on many parts of this route was too 
light to use the average method of test. It 
is also noted that the values plotted in Fig­
ure 11 for this route were based on the 
results which include the operations in the 
six major towns. The exclusion of these 
towns, as shown in Table 1, increased the 
average speeds, especially for the at­
tempted speed of 50 mph., but did not 
materially change the rates of fuel con­
sumption. The performance through each 
of the six towns, the largest of which is 
Chambersburg, with a 1950 population of 
17,212, is shown in Table E (see appendix). 

From the comparisons in Figures 11 
and 12, except for the Shirley Highway, it 
is possible to obtain an idea of the overall 
travel speeds that must be driven on the 
freeways to obtain a rate of fuel consump­
tion that approximately equals that obtained 
by the average test method on the parallel 
route. In the case of the New Jersey and 
Maine turnpikes the average speed is indi­
cated to be less than 50 mph., and in the 
case of the middle and western sections of 
the Pennsylvania Turnpike it lies between 
50 and 60 mph. By actual interpolation of 
curves drawn to show the relation between 
the rates of fuel consumption and the av­
erage speeds obtained for the attempted 
speeds, the speeds which gave equivalent 
consumption rates were 48, 46, 54 and 53 
mph., respectively, for the turnpikes in 
the order previously mentioned. 

It is interesting to rationalize the rea­
sons why the New Jersey and Maine turn­
pikes must be traveled at slower speeds 
than the two sections of the Pennsylvania 
Turnpike in order to match the rates of 
consumption observed on the respective 
parallel routes. The principal reasons 
undoubtedly are because the middle Penn­
sylvania Turnpike saves considerable 
more rise and fa l l than the New Jersey and 
Maine turnpikes (which save practically 
none), and because the western Pennsyl­
vania Turnpike saves considerable more 
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traffic congestion with the resultant stop-
and-go driving. The western section also 
has a small advantage over the parallel 
route in the degree of rise and fal l . 

tained with the average test method, which 
was designed to produce an overall travel 
speed that approximated that of al l pas­
senger cars using the facility. 

MAJOR RURAL 
HIGHWAY 

FREEWAY 

ATTEMPTED SPEED 
IN MPH 

[AVERAGE] 
90 (AVERAaEI 

NEW JERSEY TURNPIKE NE TURNPIKE MIDDLE PENNSYLVANIA TURNPIKE 

U S 130, I , AND 9 

Figure 11. Fuel consumption and 
that on paral le l raaj 

Referring again to Figures 11 and 12, it 
is seen that the average speed approxi­
mates the attempted speed in each instance. 
This fact indicates that little traffic inter­
ference was encountered on the turnpikes 
up to an attempted speed of 60 mph. Also, 
the rate of fuel consumption for a given 
attempted speed was nearly the same for 
each of the four turnpikes. For instance, 
for an attempted speed of 60 mph., the 
consumption rate was 15. 4, 14.9, 15, land 
15.6 mpg. for the New Jersey, Maine, and 
Pennsylvania turnpikes, respectively. 

Some Road-User Benefits Evaluated 

The road-user benefits in terms of 
travel time and fuel consumption that might 
result through the use of the freeway by the 
test car are indicated in Table 2. For this 
analysis the test car was assumed to trav­
el at the average overall travel speeds of 
passenger cars on the four turnpikes, 
which are reported to be in the neighbor­
hood of 55 mph. for the New Jersey and 
Maine turnpikes, and 57 mph. for the two 
sections of the Pennsylvania Turnpike. 
The rate of fuel consumption shown in 
Table 2 for each of the four routes was 
based on these average speeds. In all 
other instances, the results used were ob-

US II AND 30 

speed on freeways compared with 
or rural highways. 

The travel time ratios in Table 2, which 
are based on the average overall travel 
speeds and the indicated lengths of the test 
routes, show that the use of the freeway 
resulted in a considerable time saving in 
each case. The ratios range from 0.44 
for the western Pennsylvania Turnpike to 
0. 73 for both the New Jersey and Maine 
turnpikes. In other words the travel time 
on the freeway was 44 and 73 percent of 
that required on the respective parallel 
routes. 

In contrast, the fuel consumption ratios 
which are computed from the average rates 
of consumption and the distances shown in 
Table 2 show that the test car would burn 
slightly more fuel on three of the freeways 
than on the parallel highways. This is 
indicated by a ratio greater than 1. 00. The 
rates of consumption were higher on the 
|;-eeway in each instance, although the dif­
ference was less than 1 mpg. for the two 
sections of the Pennsylvania Turnpike. 
However, because of the saving in distance 
attributed to the use of the freeway, the 
consumption in gallons was about the same 
over each pair of routes with the possible 
exception of the Maine study, in which case 
the ratio was 1. 08, an 8-percent advantage 
to the parallel major route. 

In connection with the western Pennsyl-
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vania Turnpike study, it is seen in Table 1 
that the rate of consumption through the 
cities of Wilkinsburg and Pittsburgh, a 
distance of 12.9 miles, average 14.9 
mpg.; and that through the 40.9-mile sec­
tion, classed as urban, i t averaged 16. 5 
mpg. A comparison of these rates with 
the one shown in Table 2 for the parallel 
freeway definitely shows that it requires 
considerable traffic congestion to increase 
the rate of consumption above that found at 
the normal overall travel speeds on the 
Pennsylvania Turnpike. Of course, a con­
siderable saving in fuel would be re­
alized by operating at lower speeds on the 
turiq>ike. 

attempted speed of 60 mph. was spent in 
the 57-to-68 mph. group. In the case of 
the parallel major highway, the time was 
distributed over a much wider range, in-
dicatii^ a great number of speed changes. 

There was also a great difference be­
tween the time distribution for the route 
paralleling the New Jersey Turnpike (Fig­
ure 13) and that for the route paralleling 
the western Pennsylvania Turnpike (Fig­
ure 14). In the former instance, about 
9.6 percent of the time was spent at speeds 
below 24 mph. In the latter instance, the 
corresponding value was 38.9 percent. 
This wide variation in the time distribu­
tions helps to explain the differences be-

TABLE 2 
COMPARISON BETWEEN FUEL CONSUMPTION AND TRAVEL TIME OF TEST 

VEHICLE ON FREEWAY AND ON PARALLEL MAJOR HIGHWAY 

Average Average rate Freeway-major 
overall travel of fuel Length highway ratio 

Study speed consumption 
Major Free­ Major Free­ Major Free­ Travel Fuel 

highway 
a 

way 
b 

highway way 
c 

highway way time consumption 

mph. mph. mpg. mpg. miles miles 
New Jersey Turnpike 38 3 55 17 4 16 0 122.2 116 3 0 66 1 03 
Pennsylvania Turnpike ^42.7 57 15.6 15.1 '163. 0 < 159.7 0.73 1.01 

(Middle) 
Maine Turnpike 35 7 55 17.8 15.7 43.8 41 8 0 62 1 08 
Pennsylvania Turnpike 26.4 57 16 7 16 0 58 5 55 2 0 44 0. 99 

(Western) 
Shirley Highway 33.8 '50 18 9 ' l7 .9 20 3 18 4 0 61 0.96 

(Virginia) 

^ Except for Pennsylvania Turnpike (Middle), result of using the "average" test method, 
b Except for Shirley Highway, t>ased on available reports on average over-all travel 

speed of passenger cars. 
Except for Shirley Highway, mterpolated from results determined by "attempted 

speed" test method 
^ Result of drivmg "attempted speed" of 50 miles per hour. 
^ Distance between Middlesex and Irwin Interchanges. 
' Result of using "average" test method. 

In the case of the New Jersey and west­
ern Pennsylvania studies, the parallel 
major highway was traveled before and 
after the opening of the turnpike. The re­
sults of these before-and-after studies are 
shown in Table 1. They indicate that the 
opening of the turnpikes did not materially 
affect passenger-car operations on the 
older routes. 

Time and Fuel Distribution by Speed 

Two typical examples of the great con­
trast between vehicle operation on a free­
way and on a major highway are shown in 
Figure 13 for the New Jersey routes and 
in Figure 14 for the western Pennsylvania 
routes. In each of the two turnpike exam­
ples, about 98 percent of the time for the 

tween the time and fuel consumption ratios 
shown in Table 2 for the two sets of routes. 

The distributions of time shown in the 
upper portions of Figures 13 and 14 are 
compared with the distribution of fuel in 
Figure 15. An interesting point is the 
small percentage of fuel that was consumed 
below a speed of 24 mph. On the route 
through Pittsburgh where the average 
speed was 26.4 mph. only 23.9 percent of 
the fuel was burned below a speed of 24 
mph. About 10 percent of the time was 
spent in theO-to-5 mph. class interval and 
only 2. 5 percent of the fuel was used in the 
same class interval. 

Use of Built-in Vehicle Characteristics 

One of the purposes of the study was to 
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MAJOR STREET 
a HIGHWAY 

(AVERAGE) 

ATTEMPTED SPEED 
IN M P H (AVERAGE) 

7. 

(AVERAGE) 

WESTEDN PENNSYLVANIA TURNPIKE 
VS 

US 2 2 , PA ALT IS.BS.ANOSI 

SHIRLEY HIGHWAY 
VS 

U S t 

Figure 12. Fuel consumption and speed on 
freeways compared with that on p a r a l l e l 
major streets and highways with a sizeable 

percentage of mileage in urban areas. 

determine to what extent certain built-in 
vehicle characteristics were used in nor­
mal operation. The manner of conducting 
the tests precludes the use of speeds as a 
factor in this respect, except for the av­
erage runs made on the parallel major 
highways. The percentage of time spent 
in each rai^e of deceleration, engine 
torque and throttle opening for the at­
tempted speeds of 60 mph., however, do 
indicate to some degree the normal use of 
brakes and power at average speeds slight­
ly greater than the average overall travel 
speed of normal freeway traffic. 

On the test routes which were operated 
with the average test method, the 57-to-
68-mph. class interval was the highest in 
which any time was recorded. The per­
centage of time in this class interval was 
less than 0.1 percent except for US 130, 
USl and US 9 in New Jersey and the Shirley 
Highway in Virginia, where it was 8.0 and 
7.4 percent, respectively. 

The most surprising results are prob­
ably those shown for the use of the brakes. 
It is seen that the percentage of time spent 
in braking was practically nothing for the 
freeways and rather Insignificant for the 

parallel highways. The maximum decel­
eration recorded was in the range of 14 to 
16 f t . per sec. per sec. Since the test 
vehicle by actual stopping distance tests 

u s 130, I , AND 9 
AVERAGE TEST METHOD 

AVERAGE SPEED- 40 7 MPH 

NEW JERSEY TURNPIKE 
ATTEMPTED SPEED-60 MPH 
AVERAOE SPEED - S8 I MPH 

LESS 
THAN 

12 19 

SPEED-MILES PER HOUR 

Figure 13. Time d i s t r i b u t i o n by speed 
groups for New Jersey Turnpike and para l le l 

major highway. 
was capable of an average deceleration 
rate of 25.3 f t . per sec. per sec., only 
about 60 percent of the built-in braking 
force was used during any test. 

Even though there was little time spent 
in braking on any route, a comparison of 
the time factors does indicate a sizable ad­
vantage for the freeways in this respect. 
For example, the time factor on the New 
Jersey Turnpike for an attempted speed of 
60 mph. was 5. 3 as compared with one of 
181.2 for the parallel route before the 
opening of the turnpike. 

The average values of composite engine 
torque and throttle opening shown in Table 
1 indicate that only a small portion of the 
built-in torque and power were normally 
utilized on any of the tests. This is em­
phasized by the time distributions shown 
in Figures 16 and 17 for the three tests 
with the highest average engine torque and 
throttle opening. Time was seldom re­
corded in the highest two class intervals 
of engine torque (more than 77 percent) or 
in any class interval of throttle opening 
above 50 percent. 
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U S 2 2 , PA ALT 19, B8, AND 51 
(Through Pitt iburgh) 

AVERAGE TEST METHOD 
— AVERAGE SPEED-Z64MPH — 

LESS 
THAN 
0 1% 

WESTERN PENNSYLVANIA TURNPIKE 
ATTEMPTED SPEED-60MPH 
AVERAGE SPEED-SS BMPH 

LESS 
THAN 

_ ^ 0 ^ 0 2% 0 1% 0 4% 0 9% 

SPEEO-HILES PER HOUR 

Figure 14. Time d i s t r i b u t i o n by speed 
groups for Pennsylvania Turnpike and par­

a l l e l major highway. 

The results shown m Figures 16 and 17 
were observed on three test routes with 
decidedly different profile characteristics. 
Operations on the New Jersey Turnpike 
were most consistent as indicated by about 
75 percent of the time being spent in the 
engine torque range of 33 to 55 percent and 

MAJOR HIGHWAY (US 20 , PA ALT 19, 88 , AND 51) 
Parollel lo Westarn Pennsylvania Turnpike 

• TIME 

1 FUEL 

n.r^r>.rbfi 
9 LESS 
m ^ THAN 

1 r l "A* 
MAJOR HIGHWAY (US 130, I , AND 9) 

Poral l i l To New Jer t ty Turnpike 

n TIME 

FUEL 

0 1% 0 2 % O S % O I % 

SPEED-MILES PER HOUR 

Figure 15. Comp.->rison between time and 
fuel distribution by speed groups for major 
highways p a r a l l e l to New Jersey Turnpike 

and western Pennsylvania Turnpike. 

about 90 percent of the time in the throttle 
opening range of 20 to 39 percent. In con­
trast, the time was distributed over a much ' 
wider range of both percentage of engine 
torque and throttle opening in the case of 
US 40, on which there is a series of long 
steep grades. 

Based on the data contained in Table 1 
and on the average overall travel speeds 
shown in Table 2, the average engine 
torque and throttle opening observed on a 
major parallel highway was appreciably 
less than the average values observed on 
the corresponding freeway. For example, 
the average engine torque was 31.4 per­
cent on the US 130, US 1 and US 9 in New 
Jersey and 41. 2 percent by interpolation 
on the New Jersey Turnpike. 

RESUME OF SPECIAL STUDIES 

US 40 in Maryland 

From a study made in 1947 between 
Hagerstown and Frederick, Maryland, it 
was found that the average speed of pas­
senger cars was 33. 6 mph, on the old sec­
tion of US 40 before the opening of the new 
section, and 42.5 mph. on the new section. ' 
For this reason the fuel consumption was 
measured on the old section attempting to 
drive the average speed of 33.6 mph. in 
accordance with the operating practices 
recorded at the time of the earlier tests. 
It is seen in Table 1 that the average rate 
of fuel consumption was 16.6 mpg. on the 
old section at an average speed of 35.9 j 
mph. This rate compares with one of 17.1 
mpg. determined for the average speed of , 
42.5 mph. by interpolating the rates meas- ' 
ured on the new road for attempted speeds 
of 40 and 50 mph. The elimination of con­
gestion created mostly by slow moving ' 
trucks on steep grades appeared to result 
in a slight saving in fuel consumption. , 

Washington, D. C., to Annandale, Virginia [ 

The results are included in this report ' 
only for reference use, since the original | 
purpose of the study (1.) has already been ^ 
served. The route which led to Annandale , 
by way of the Shirley Highway was far ] 
superior in average speed especially dur­
ing the peak traffic period. Also, the rate 
of consumption by way of Shirley Highway 
was lower during the peak period, 16.4 
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mpg. as compared with 15.4 mpg., but 
approximately the same during the off-
peak period. 

ing results for Section 2B-3B were 30.9 
mph. and 17,5 mpg. during the off-peak 
period and 19. 7 mph, and 14,0 mpg, dur-

NEW JERSEY TURNPIKE 
(Av.rag. ptrcent torque 45 41 

• MIDDLE PENNSYLVANIA TURNPIKE 
(Avtragt ptrcent lorqua-40 6) 

US 40 , FREDERICK TO HAGERSTOWN.HD 
[Av.rag. ptrcent torque-41 0) 

0 2 X 
0 1 . J 0 4 . 0 2% 0 t% 

2 2 - 3 2 39 -43 4 4 - 5 5 9 6 - 6 6 
PERCENTAGE OF ENGINE TORQUE 

Figure 16. Time distribution by percent engine torque compared for 
attempted speed of 60 mph. on three tes t routes with dif ferent 

prof i l e characteris t ics . 
The average composite performance of ing the peak period, 

the test vehicle on the various sections of 
these routes is shown in the appendix. 
The results may be used to make some in­
teresting comparisons between urban op­
erations on freeways and roads with inter-

The performance was not greatly re­
duced by heavier traffic on the freeway 
section, whereas it was materially re­
duced in the case of the section with inter­
sections at grade. Also, the difference 

NEW JERSEY TURNPIKE 
(Average percent thrott le opening-34 I) 

• MIDDLE PENNSYLVANIA TURNPIKE 
(Averoge percent throttle opening - 31.9) 

US40,FREDERICK TO HAGERSTOWN,MD 
[Average percent throt t le opening- 33 9] 

LESS 
THAN 

^ 0 1 . ^ 0 2% 0 2% 0 4% O % 

3 0 - 3 9 4 0 - 4 9 5 0 - 5 9 6 0 - 6 9 
PERCENTAGE OF THROTTLE OPENING 

Figure 17. Time distribution by percent throttle opening compared 
for attempted speed of 60 mph. on three test routes with different 

prof i le character is t ics . 

sections at grade. For illustration, the 
results shown for Section A-2B on the 
Pentagon network, and for Section 2B-3B 
on Columbia Pike wi l l be used. On the 
former section, the off-peak results for 
speed and fuel consumption were 33.7 
mph, and 18.0 mpg.; the peak results were 
28. 7 mph, and 17,6 mpg. The correspond-

between the performance on the two sections 
during the off-peak period was not great. 
It appears that sizable savings in fuel con­
sumption may result in peak traffic periods 
through use of freeways under urban condi­
tions of operation. This I S , of course, con­
trary to the findings already reported for 
high-speed operations on freeways. 
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Intersection Study 
The results need no explanation, except 

that the true rate of fuel consumption was 
probably somewhat higher than the value 
in Table 1 because of the characteristics 
of the fuelmeter shown in Figure 10. It 
was previously pointed out that the ob­
served rates of consumption were shown in 
Table 1 because reliable correction factors 
could not be derived for this predominant­
ly low-speed operation. 

Traffic Light Study 

These tests were made before and after 
the installation of 11 traffic actuated sig­
nals on the most congested section of the 
Columbia Pike. The results are sum­
marized in Table 1. The comments just 
made about the rates of fuel consumption 
for the intersection study apply also to this 
study. 

-

-

-

-

-

-

-

-

-

1 

-

1 

SPEED-MILES PER HOUR 

Figure 18. Fuel consumption on ascending 
uniform grades at sustained speeds. 

The pertinent findings were that the av­
erage overall travel speed was reduced 
about 5 percent and the rate of consump­
tion was increased about 12 percent during 
the off-peak periods. Dur i i^ the peak 
period, the average overall travel speed 

was about the same but the rate of con­
sumption was lower by about 6 percent. 
The purpose of the signal installation was 
to facilitate the cross traffic with as little 
interference to the main traffic flow as 
possible. If the movement of the cross 

-

- GRADE 

0"-' 
- V 

/ 
-

-

I I 1 1 1 

SPEED-MILES PER HOUR 

Figure 19. Fuel consumption on descending 
uniform grades at sustained speeds. 

traffic were expedited, as it would be rea­
sonable to assume, it appeared that the 
purpose of the installation had been ac­
complished within reasonable limits. 

GRADE TEST 

Fuel Consumption Rates 

In order to add to the scant data that 
have been reported for the fuel character­
istics of modern passenger cars on a wide 
variety of gradients, the test car was tested 
on grades ranging from 0 to 8 percent. 
The vehicle was operated in direct gear at 
sustained speeds ranging from 15 to 70 
mph. and was accelerated in various gears 
from a standing start to the highest prac­
ticable speed. 

The rates of consumption in miles per 
gallon for the sustained speeds are shown 
in Figure 18 for ascending, and Figure 19 
for descending four uniform grades. The 
composite consumption, which combines 
the results shown in Figures 18 and 19, is 
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S P E E D - M I L E S P E R H O U R 

Figure 20, Composite fuel consumption on 
ascending and descending uniform grades at 

sustained speeds, 

given in Figure 20. For the uphill tests, 
the consumption decidedly increased at a 
slower rate with speed as the grade in­
creased. This IS due, in most part, to the 
fact that the air resistance which in­
creases approximately with the square of 
the speed is constant for each grade and 
becomes a smaller portion of the total re-

- DESCE NOING ASCE NOING 

\ ̂  
- \ ^ 

-

1 1 1 1 1 1 1 1 
+1 +2 +3 +4 + S +6 +7 +8 

GRADE-PERCEN7 

sistance to motion as the grade increases. 
It is seen that the consumption remains 
almost constant for ascending the 8-per­
cent grade and actually decreased slightly 
with speed for the composite relation. The 
test car could not sustain a speed of 65 
mph. on a 6-percent grade or 55 mph. on 
the 8-percent grade. 

.»oi 

»» 

ph 

— 2 j pk 
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GRADE-
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PEflCENT 

Figure 21. Direct ional fuel consumption 
for various sustained speeds as re lated 

to gradient. 

Figure 22. Composite fuel consumption in 
terms of miles per gallon for various sus­

tained speeds related to gradient. 

The directional fuel consumption shown 
in Figures 18 and 19 and the composite 
fuel consumption shown in Figure 20 are 
replotted in more usable form m Figures 
21 and 22, respectively. From these 
curves it is possible to determine easily 
the fuel consumption for any degree of 
gradient at a given sustained speed. Con­
sidering the composite consumption, the 
interesting point is that the rate of con­
sumption increases at a fairly uniform 
rate with an increase in grade up to a grade 
of 6 percent for all except the 20-mph. 
sustained speed. Above 6 percent the in­
crease is at a faster rate indicating that 
the reduction of grades above 6 percent 
should result in a saving in fuel consump­
tion for the test vehicle, even if the rise 
and fa l l is not reduced. The relations for 
composite consumption shown in Figure 
22 are plotted in terms of gallons per mile 
in Figure 23 for later use in this report. 

Accumulative fuel curves for acceler­
ating on the level and on various plus and 
minus grades with fu l l throttle from a 
standing start to 30 mph. are shown in 
Figure 24. Two gear shifts were made, 
one at 17 mph. and one at 29 mph. Actual-
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SUMMARY OF AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE ON VARIOUS SECTIONS O F NEW JERSEY 
TURNPIKE BETWEEN DELAWARE BRIDGE AND GEORGE WASHINGTON BRIDGE 

Date Of Tests, A p r i l 1952 

Rise Fuel B i a k i n e Average 
engme 

Average 
Section Length and Average con­ P e r u 'nt t ime Max T i m e 

Average 
engme throt t le 

f a l l speed sumption 0-3 over 3 decel­ fac tor torque opening 
f t / s e c ' f t / s e c ' erat ion 

mi les f t / 1 0 0 f t mph mpg percent percent f t / s e c ' s e c / l O O m i percent percent 

Attempted Speed, 40 mph 

A - B 24 7 0 9 39 4 19 2 100 0 0 0 0-3 0 0 28 0 15 6 
B - C S 3 0 8 39 0 18 7 100 0 0 0 0-3 0 0 28.7 15 1 
C - D 18 9 0 8 39 8 18 8 100 0 0 0 0-3 0 0 29.1 15 4 
D - E 30 2 0 7 39 0 18 5 89 9 0 1 8-10 7 3 29.1 20 7 
E - F 8 1 0 8 39 8 18 5 100 0 0 0 4-7 1 9 29 0 17 4 
F - G 8 6 0 8 39 3 18 5 99 9 0 1 8-10 7 6 29 2 17 7 
G - H 7 1 0 8 39 7 18 1 100 0 0 0 0-3 0 0 30 3 18 1 
H - I 5 7 1 8 39 9 18 2 100 0 0 0 0-3 0 0 30 0 18 2 

I - J 4 7 0 5 39 8 17 7 too 0 0 0 0-3 0 0 30 9 21 0 

Tota l (A-J 116 3 0 8 39 4 18 6 100 0 0 0 8-10 2 6 29 0 17 1 

Attempted Speed, 50 mph 

A - B 24 7 0 9 48 5 17 6 100 0 0 0 4-7 0 6 33 1 22 4 
B - C 8 3 0 8 48 2 17 2 100 0 0 0 0-3 0.0 33 3 23 1 
C - D 18 9 0 8 48 9 17 3 100 0 0 0 4-7 0 8 33 9 22 1 
D - E 30 2 0 7 48 6 17 1 100 0 0 0 8-10 2 2 33 9 19 8 
E - F 8 1 0 8 49 1 17 2 100 0 0 0 0-3 0 0 33 5 19 4 
F - G 8 6 0 8 48 4 17 2 99 9 0 1 8-10 5 8 34 3 20 2 
G - R 7 1 0 8 48 9 17 0 99 8 0 2 4-7 14 1 34 9 20 8 
H - I 5 7 1 8 48 7 17 4 99 9 0 1 8-10 6 1 32 5 20 7 
I - J 4 7 0 5 48 6 16 6 100 0 0 0 0-3 0 0 34 8 20 5 

Tota l (A-J) 116 3 0 8 48 6 17 2 100 0 0 0 8-10 2 4 33.8 21 1 

Attempted Speed, 60 mph 

A - B 24 7 0 9 58 2 15 3 99 9 0 1 8-10 4 7 46 3 43 8 
B - C 8 3 0 8 57 4 15 1 100 0 0 0 0-3 0 0 45 4 31 3 
C - D 18 9 0 8 58 0 15 5 100 0 0 0 11-13 3 4 45 2 31 1 
D - E 30 2 0 7 58 3 15 4 99 9 0 1 8-10 4 5 44 8 31 9 
E - F 8 1 0 8 58 9 15 6 99 9 0 1 8-10 6 2 44 4 31 3 
F - G 8 6 0 8 57 8 IS 6 99 9 0 1 11-13 5 8 44 7 31 5 
G - H 7 1 0 8 58 4 15 3 99 7 0 3 4-7 16 2 45 3 31.8 
H - I 5 7 1 8 57 7 15 2 99 8 0 2 8-10 14 9 47 0 31 8 

I - J 4 7 0 5 57 7 14 8 100 0 0 0 0-3 0 0 46 3 32 2 

Tota l ( A ^ ) lie 3 0 8 58 1 15 4 99 9 0 1 11-13 5 3 45 4 34 1 

SUMMARY O F AVERAGE COMPOSITE PERFORMANCE O F TEST VEHICLE ON VARIOUS SECTIONS O F US 130, 1, AND 9 
I N NEW JERSEY BETWEEN DELAWARE BRIDGE AND GEORGE WASHINGTON BRHXSE USING 

"AVERAGE" TEST METHOD 

Rise fuel Brak ing 
Section Length and Average con­ Percent t ime Max T ime Average Average 

f a l l speed sumption 0-3 over 3 decel­ fac tor engme throt t le 
f t / s e c ' f t / sec" eration torque openmg 

mi les f t /lOO f t mph mpg percent percent f t /sec" sec/lOO m l percent percent 

October 1951 Before openmg of New Jersey Turnpike 

1 - 2 22 25 0 3 37 3 18 2 98 9 1 1 14-16 101 1 29 9 23 6 
2 - 3 13 62 0 9 38 0 16 9 97 6 2 4 11-13 220 3 31 6 24 6 
3 - 4 20 24 1 2 46 1 17 6 98 6 1 4 11-13 111 2 S3 3 28 0 
4 - 5 30 35 0 9 45 3 17 7 98 7 1 3 11-13 107 1 34 3 28 1 
5 - 6 9 17 1 1 40 6 17 8 98 0 2 0 8-10 174 5 31 1 27 1 
6 - 7 8 88 0 7 30 0 16 2 96 2 3 8 11-13 450 4 29 8 24 2 
7 - 8 9 40 0 9 35 2 18 8 98 8 1.2 8-10 117 0 28.6 25 6 
8 - 9 2 74 0 9 25 5 16 2 96 7 3 3 14-16 474 5 30 1 23.4 
9 - 1 0 5 SS 1 2 24 3 16 3 95.9 4 1 11-13 611 5 29 2 23 1 

Total (1-10)122 2 0.9 38 3 17 4 98 1 1.9 14-16 181 2 31 4 25 7 

A p r i l 1952 A f t e r openmg of New Jersey Turnpike 

' 1 - 2 22 25 0 3 37.9 18 0 98.9 1 1 11-13 106 7 31 9 18 0 
2 - 3 13 62 0 9 37 8 16 8 96 6 3 4 14-16 317 5 34 0 20 1 
3 - 4 20 24 1 2 45 9 17 2 98 9 1 1 8-10 82 8 36 3 22 4 
4 - 5 30 35 0 9 49 7 16 9 99 1 0 9 11-13 65 9 39 0 25 4 
5 - 6 9 17 1 1 42.3 16 8 97 0 3 0 11-13 242 6 36 5 21 8 
6 - 7 8 88 0 7 34 5 17 3 97 4 2 6 8-10 270 3 32 2 16 9 
7 - 8 9 40 0 9 40 7 17 5 98 9 1 1 8-10 95 7 34 9 19 4 
8 - 9 2 74 0 9 29.0 16 9 97 2 2 8 8-10 346 7 32.9 IS 4 
9 - 1 0 5 56 1 2 27 0 17 1 96 5 3 5 11-13 483.1 31 2 14 2 

Total (1-10)122 2 0.9 40 7 17 2 98 2 1 8 14-18 159 0 34 8 20 3 
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Figure 23. Composite fuel consumption in 
terms of gallons per mile for various sus­

tained speeds as related to gradient. 

ly the vehicle operated in third (direct) 

gear only from 29 to 30 mph. Similar re­
lations for accelerating in third gear from 
20 mph. to the highest practical speed are 
shown in Figure 25. Since the fuel con­
sumption is accumulated with speed, it is 
possible to determine from these data the 
fuel consumed for accelerating between 
any two given speeds. 

These data should have application to 
the problem of estimating the cost savings 
that might accrue to the users of passenger 
cars by the elimination of traffic conges­
tion or other interruptions to the smooth 
flow of traffic, which cause the driver to 
accelerate from a reduced speed to the de­
sired running speed. An example would 
be the economic analysis of the congestion 
caused by slowly moving trucks on hills. 

Another useful value of fuel consump­
tion obtained for the test car was the fuel 
consumed while idling. The consumption 
at an idling engine speed of approximately 
460 rpm. was 0.4 gal. per hour. At an 
engine speed of 600 rpm. it was about 0. 5 
gaU per hour. 

Acceleration Rates 

The distance required to accelerate 
with fu l l throttle between any two speeds 
can be determined from the curves shown 
in Figure 26 for accelerating through f i rs t 
and second gears from a standing start to 

GRADE it/ i, ^ ».o/ 0*5 
/ '/ ' 

^ ^ ^ ^ 

NOTE SHIFT FROM I t t TO Znd 
SHIFT FROM 2nd TO 3rd 

SEAR AT IT MPH 
6EAR AT S9 MPH 

010 
FUEL CONSUMPTION-GALLONS 

Figure 24. Fuel required to accelerate with f u l l throttle through 
a l l transmission gears from a standing start to 30 mph. on various 

upgrades and downgrades. 
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30ny)h., and in Figure 27 for accelerating 
in third gear from 20 mph, to the highest 
practicable speed. For example, to obtain 

distance of 1,800 feet at 50 mph. The 
answer is 1,450 feet. 

Similar relations between speed and 

-

G^AOE J f / f / 

'A/I ^ / 
/ / * • 

-

// 

-111 

FUEL CONSUMPTION - GALLONS 

Figure 25. Fuel required to accelerate with f u l l throttle in third 
gear from 20 mph. to higher speeds on various upgrades and down­

grades. 

£ 2 0 

GRADE . 

+6 0 * 4.6 0% 

' 1 1 

• 

1 

NOTE SI 
SM 

, 

IFT FROM l i t TO 
IFT FROM 2nd T 

tnd OEAR AT 17 I 
) V d GEAR AT 2 

1 

IPH 
1 MPH 

ISO 
DISTANCE-

200 
FEET 

Figure 26. Distance required to acce lerate with f u l l throttle 
through a l l transmission gears from a standing s tar t to 30 mph. on 

various upgrades and downgrades. 
the distance required to accelerate up a accumulative time are shown in Figure 28 
6-percent grade from 30 to 50 mph., the for the same plus and minus grades. The 
accumulative distance of 350 feet at 30 time required to cover the distance of 
mph. is subtracted from the accumulative 1,450 feet obtained in the above example 
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TABLK C 
SUMMARY OF AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE ON VARIOUS SECTIONS OF PENNSYLVANIA 

TURNPIKE BETWEEN CARLISLE INTERCHANGE AND NEW STANTON INTERCHANGE 

Rise Fuel Brakmg Average Average 
Section Length and Average con­ Percent time Max Time engme throttle Section Length 

fall speed sumption 0-3 over 3 decel­ factor torque opening speed 
ft/sec' ft/sec" eration 

miles tt /100 ft mph. mpg. percent percent ft. /sec* sec/100 mi. percent percent 

December 1951 & June 1952', Attempted Speed, 40 mph. 

1 - 2 
2 -3 
3 - 4 
4 - 5 
5 - 6 
6 -7 
7 - 8 

10 
. 11 
12 
13 

-14 
. 15 
• 16 

4 31 
7 04 
3 63 

19.21 
6.80 

28.25 
6.31 
9.32 

18.19 
6 17 
2 11 

11 01 
12 79 

1 3 
2.0 
1 4 
2 2 
2 3 
1.3 
2.5 
1.2 
1 4 
1.4 
1.6 
0 9 
1 9 
1 3 
0.8 

39 8 
39.1 
41.1 
39.0 
41.0 
39.2 
40.5 
40 4 
41 3 
38.7 
40.3 
40 7 
39.4 
41.1 
41 1 

18.8 
17 6 
18.4 
18.1 
18 0 
18.6 
17.9 
19 3 
18 9 
18 8 
19 3 
18.8 
17 0 
18 7 
19.3 

100 0 
100.0 
100.0 

100 0 
100 0 
100 0 
100 0 
99 9 

100 0 
100.0 
100 0 
100 0 

0.2 
0 0 
0 0 
0 0 
0 1 
0.1 
0.0 
0 0 

8-10 
0-3 
0-3 
0-3 
4-7 
8-10 
4-7 
0-3 
0-3 
0-3 

11-13 
0-3 
0-3 
0-3 
4-7 

19.8 
0 0 
0 0 
0 0 
9 6 
7 0 
2 2 
0 0 
0 0 
0.0 
3 6 
0 0 
0 0 
0 0 
1 2 

June 1952, Attempted Speed, 60 mph. 

27 6 
28 5 
27.5 
26 6 
27.0 
26 4 
27.9 
26 9 
26.5 
26.1 
26 7 
28.0 
29.8 
27 0 
27.1 

14.3 
15.9 
15.6 
15.0 
16.2 
15.3 
IS 3 
14.7 
14.8 
0 0 

13.8 
14.3 
12 1 
14 3 
14 5 

Total(l-16)148.71 1.4 40.2 18 8 100 0 0 0 11-13 2.7 27 0 14 7 

December 1951 & June 1952', Attempted Speed, SO mph 

1- 2 6 88 1.3 49.1 16.0 99.8 0 2 4-7 14 5 36.3 19.3 
2 - 3 6.69 2 0 49.0 15.5 99.9 0.1 4-7 7 5 3S 5 19 5 
3 - 4 4 31 1.4 50.3 16 1 99.9 0 1 4-7 3 5 33 6 19.0 
4 - S 7.04 2 2 46 1 1S.9 99.9 0 1 4-7 9 2 32.6 16 7 
S - 6 3 63 2.3 49.1 15 6 99 6 0.4 4-7 27 5 34 3 19 3 
6 - 7 19.21 1 3 48 0 16 8 99 9 0.1 8-10 5 2 32.8 17 8 
7 - 8 6.80 2.5 49 3 16 4 99 8 0 2 4-7 12.5 35 7 20.9 
8 -9 28.25 1.2 50.0 17 1 99 8 0 2 8-10 15 4 33 4 17.8 
9-10 6.31 1.4 SO 7 16.8 99.8 0 2 8-10 5 S 34.2 18 6 

10 - 11 9.32 1.4 46.4 16 9 99.9 0 1 4-7 3 8 32 8 16.5 
11 - 12 18 19 1 6 48 7 17.5 99.9 0 1 4-7 3 6 32.1 16 8 
12 - 13 6.17 0.9 48 8 16 7 100.0 0.0 0-3 0 0 33 4 17 6 
13 - 14 2 11 1 9 45 0 IS 7 99.8 0.2 4-7 16 6 33 1 18.5 
14 - 15 11 01 1.3 51.1 17.0 100 0 0 0 0-3 0 0 32.8 17.7 
IS - 16 12 79 0 8 50.7 17 4 100.0 0.0 4-7 1 2 34.0 17.3 

Total(l-16)148 71 1 4 49 0 16.8 99 0 0 1 8-10 7.6 33.5 17 8 

1 - 2 6 88 1.3 58 3 14 9 99 5 0.5 4-7 32 7 45.4 33.3 
2 - 3 6.69 2.0 S8.0 14.5 99.4 0.6 8-10 33.6 45.8 34.0 
3 - 4 4 31 1.4 60.5 14.8 99 8 0 2 4-7 11.6 46.7 34 4 
4 - 5 7 04 2.2 51 0 15.1 99.7 0.3 8-10 24 9 40.1 28.8 
5 -6 3 63 2.3 60 8 14.9 99.4 0 6 4-7 34 4 43 7 34 6 
6 - 7 19.21 1 3 55 9 15 0 99.7 0 3 8-10 20 8 41 6 31 7 
7 - 8 6 80 2.5 57.2 14 6 99.7 a, 3 8-10 18 4 43 0 32 1 
8 -9 28 25 1 2 59 9 15 4 99.5 0.5 11-13 20 4 42 9 32.3 
9-10 6 31 1 4 60 0 15.1 99.5 0 5 4-7 31.7 43 6 33 5 

10 - 11 9.32 1.4 49 4 15.7 99.6 0.4 4-7 26 8 37 7 26.5 
11 - 12 18.19 1.6 56.2 15.5 99 9 0.1 4-7 6.9 41 4 29.8 
12 - 13 6.17 0.9 55.7 14 8 100.0 0.0 0-3 0 0 42 0 29 7 
13 - 14, 2.11 1.9 44.6 14 4 99 4 0 6 8-10 47 4 37 0 23 4 
14 - 15 11 01 1.3 60.1 14.9 99 8 0 2 4-7 11 4 44.8 32.4 
15 - 16 12.79 0.8 60.8 15 2 99.9 0 1 4-7 3 9 45 2 32.7 

Totold-16)148.71 1.4 57.1 15 1 99 7 0 3 11-13 18.5 42.6 31.3 

h test run in December 1951 and 2 test runs m June 1952 
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was determined to be approximately 24 
seconds. 

The relations in Figures 25 and 27 may 
be used to determine the average rate of 
fuel consumption for accelerating between 
two speeds. Considering fu l l throttle ac­
celeration on a plus-6-percent grade from 
30 to 50 miles, the rate was 6.9 mpg. 
This was determined by dividing the dis­
tance in miles (Figure 27) by the fuel in 
gallons (Figure 25). The rate of 6.9 mpg. 
compares with one of 9.0 mpg., read from 
Figure 18 for a sustained speed of 50 mph. 
on an upgrade of 6 percent. 

The instantaneous acceleration rates at 
various speeds are shown in Figure 29. 
The peak acceleration on the level occurs 
at a road speed of 35 mph., which approx­
imates the speed of peak torque. The shape 
of the acceleration curve is similar to the 
shape of the maximum torque curve, and 
this should be the case, since acceleration 
is proportional to torque. The accelera­
tion rates for the test vehicle are similar 
to those obtained by Normann (3) for the 
average of 53 vehicles. The following tab­
ulation compares the instantaneous rates 
for various speeds: 

Acceleration 
Speed Average Test 

vehicle vehicle 
(Normann) 

mph. mph. per sec. mph. per 
20 2.5 2.0 
25 2.5 2.1 
30 2.5 2.2 
35 2.5 2.3 
40 2.3 2.2 
50 2.0 1.8 
60 1.5 1.4 
70 1.0 0.8 

SPECIAL ANALYSES OF 
FUEL CONSUMPTION 

Rise and Fall Relations 

consumption for the test sections involved 
are given in the appropriate appendix. If 
the average speed for a test section was 
not within about 5 percent of the attempted 
speed, the rate of fuel consumption was 
not used in this analysis. 

The average curves shown in Figure 30 
for 30, 40, 50, and 60 mph. were based 
on 35, 79, 74, and 46 observations, re­
spectively. There was a rather wide dis­
persion of the observed points about each 
of the curves. The standard errors of es­
timate, in miles per gallon, were 0.76 for 
30 mph.; 0. 79 for 40 mph.; 0.63 for 50 
mph.; and 0. 35 for 60 mph. Part of the 
wide scatter of data about the curves was 
undoubtedly due to the variations In the 
performance of test car during the period 
of the tests, shown previously in Figure 9. 
Another factor contributing to the large 
deviation was the inability to develop re­
liable correction factors for the varying 
accuracy of the fuel meter, shown in Fig­
ure 10. 

The relations established between the 
rate of rise and fa l l and the rate of fuel 
consumption were similar in character to 
those shown in Figure 22, which were de­
termined for sustained speed operation on 
short uniform grades. They provide a 
rather easy method for estimating the fuel 
consumption used on any section of road. 
The particular advantage is that any com­
bination of grades can be considered at one 
time by determining the total rise and fa l l 
for the highway section. A disadvantage 
is the error that results, when the length 
of the steep grades is an appreciable por­
tion of the total length being considered. 
This error results, because the composite 
effect of one foot of rise and fa l l , as shown 
in Figure 30, is appreciably greater for 
the rates of rise and fa l l above 6 feet per 
hundred feet. The rate of fuel consump­
tion was also shown in Figure 22 to in­
crease at a faster rate for grades over 6 
percent. 

The relations between fuel consump­
tion and rise and fa l l , shown in Figure 30 
for attempted speeds of 30, 40, 50 and 60 
mph., were derived from the rates of 
composite fuel consumption observed on 
the individual test sections of the New 
Jersey Turiq)ike, Maine Turnpike, Penn­
sylvania Turnpike (both sections), Shirley 
Highway, US 30and US 11 in Pennsylvania, 
and US 40 in Maryland. The rates of fuel 

Grade-Reduction Methods Compared 

The savings in fuel consumption that 
result by reducing grades without a reduc­
tion in rise and fa l l and with a reduction in 
rise and fa l l are indicated in Table 3. They 
were computed using the example shown in 
Figure 31 and the rates of fuel consumption 
(gallons per mile) shown in Figure 23. In 
order to clarify the mechanics of the anal-
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ysis, the problem of reducing an 8-percent 
to a 4-percent grade, wi l l be described in 
detail for a speed of 30 mph. 

Referring to Figure 31, if the reduction 
of the 8-percent grade is accomplished 
without a reduction in rise and fa l l , the 
saving in fuel would be the sum of the con­
sumption on the 8-percent grade (AB) and 

from the 30-mph. curves in Figure 23. 
The saving in fuel is thus 0.00357 gal. 
The percentage of saving is 0. 00357 gal. 
divided by 0.002340 gal., or 15. 2 percent. 

H the reduction in the 8-percent grade 
is made by reducing rise and fa l l , the sav­
ing in gallons would be the consumption on 
the 8-percent grade (AB) minus the con-

OltTANCE-HUNDRCDS OF 

Figure 27. Distance required to accelerate with f u l l throttle in 
third gear from 20 mph. to higher speeds on various upgrades and 

downgrades. 

TIHE-SCeONBS 

Figure 28. Time required to acce 
gear from 20 mph, to higher spee 

gra 
the level section (BD), minus the consump­
tion on the 4-percent grade (AD). The fuel 
consumed was 0.001983 gallon on AO 
(200 feet), 0.001491 gallon on AB (100 
feet) and 0. 000849 gallon on BD (lOOfeet). 
These values of consumption were deter­
mined by multiplying the length of the re­
spective section in miles by the rate of 
consunq)tion read for the specified grade 

lerate with f u l l throttle in third 
ds on various upgrades and down-
des. 
sumption on the 4-percent grade (AH). 
The consumption on AB (100feet) was pre­
viously determined to be 0.001491 gallon. 
Using the rate of consumption shown In 
Figure 23 for the 4-percent grade, the 
fuel consumed on AH (100 feet) was de­
termined to be 0.000992 gal. A saving of 
0. 000499 gal. (33.4 percent) resulted. 

It is seen in Table 3, that Method 2 al-
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T A B L E D 

SUMMARY O F AVERAGE COMPOSITE PERFORMANCE O F T E S T V E f f l C L E ON VAHIOnS SECTIONS O F US 11 AND 30 
B E T W E E N C A R L I S L E AND GREENSBURG, PENNSYLVANIA 

Date of Tests - June 1952 

Rise Fuel Braking Average 
Section Length and Average con­ Percent time Max. Time engme 

fall speed sumption OS over 3 decel­ factor torque 
ft/sec' ft/sec' eration 

miles ft. AOO ft. mph. mpg. percent percent ft. / sec ' sec/100 ml. percent 

Attempted Speed, 30 mph. 

A - B 19.8 2.2 31.1 19.3 99.8 0.2 8-10 26.6 26.9 
B - C 4.0 6 3 30.8 14.0 97.9 2.1 4-7 223.9 37.2 
C - D 2.4 6.4 31 4 15.3 99.6 0.4 4-7 41.5 35 8 
D - E 9 6 5.1 31.2 16.4 98.8 1.2 11-13 127.5 32.3 
E - G 5.7 3.9 32.0 18.3 100 0 0 0 4-7 4 4 29 5 
G - H 4.2 3.1 31.0 18.1 100.0 0 0 0-3 0 0 26.9 
H - I 5.0 6 2 31.6 15.0 98.5 1 5 8-10 161.3 36 5 
I - J 27.0 2.5 30.2 18.1 99.6 0.4 11-13 47 3 28.8 
J - K 4.3 5.0 30.8 15.8 99 2 0 8 4-7 87.4 35.0 
K - L 1.0 4.8 32.8 17.8 100 0 0 0 0-3 0.0 33.6 
L - M 1.9 5.1 31.1 15.4 99 6 0 4 4-7 39.9 33.6 
M - N 3.0 7.3 31.7 13.6 98.9 1 1 4-7 41.4 40.4 
N - 0 4.1 4 1 31 9 17.2 98.9 1.1 4-7 123 2 31.0 
0 - P 1.4 7.9 30.0 13.6 97.6 2.4 4-7 262.2 42.2 
P - Q 3.4 4.9 31 7 16.5 99 2 0.8 4-7 88.2 34.1 
Q - R 3.6 6.6- 29 3 13 8 98.0 2.0 11-13 235 5 38.5 
R - S 3 9 7 0 31.9 13.7 97.8 2 2 8-10 232.0 39.9 
S - T 30.3 1.7 29.4 19 5 99 4 0 6 11-13 71.8 27.5 
T - U 14.8 1.4 31.0 19 7 100 0 0.0 0-3 0.0 27 6 

Total (A-U) 149.4 3.3 30 6 17 6 99.4 0 6 11-13 70.5 30.2 

Attempted Speed, 40 mph 

A - B 19.8 2 2 39.3 18.0 99.7 0 3 11-13 36.2 29.4 
B - C 4.0 6 3 38.9 14.2 97 9 2.1 4-7 182.8 39.9 
C - D 2.4 6 4 40.3 14.6 99.6 0.4 4-7 33 2 38.3 
D - E 9.6 5.1 39.0 16.3 99 2 0 8 8-10 69.2 34 3 
E - G 5.7 3.9 40.7 17.3 99.9 0 1 4-7 8 7 31.5 
G - H 4.2 3.1 39.8 16.9 100 0 0.0 0-3 0.0 29.1 
H - I 5.0 6.2 38 1 14.6 96.8 3.2 4-7 295.4 39 5 
I - J 27 0 2.5 37.4 17.5 99.5 0.5 11-13 46.3 30 6 
J - K 4.3 5.0 38 6 15.1 99.2 0 8 8-10 73.4 38.2 
K - L 1 0 4 8 41 3 15.3 100.0 0.0 0-3 0 0 37.6 
L - M 1.9 5.1 39 4 14.4 99.8 0.2 4-7 18 6 36.7 
M - N 3.0 7.3 37.0 13.6 96.3 3.7 4-7 342.7 42.3 
N - 0 4 1 4 1 39.5 16 3 96.6 3.4 11-13 304.2 34.9 
0 - P 1.4 7 9 36 9 13.4 95.1 4 9 8-10 454 5 44.4 
P - Q 3.4 4 9 39.7 15 7 97.9 2.1 8-10 186.8 38.7 
Q - R 3.6 6.6 32 7 14 6 96.0 4 0 8-10 429.4 38.5 
R - S 3.9 7.0 39 0 13 4 97.0 3 0 4-7 261 6 43.3 
S - T 30.3 1 7 35 6 17.6 99 2 0.8 11-13 82 1 29.5 
T - U 14.8 1.4 40.3 17 6 99.9 0.1 4-7 3.4 29 9 

Total (A-U) 149.4 3 3 38.0 16.6 99.0 1 0 11-13 93.5 32.6 

Attempted Speedy 50 mph. 

A - B 19.8 2.2 43 0 17.2 99.2 0.8 11-13 67.3 33.6 
B - C 4 0 6 3 43.7 13.8 93.8 6.2 8-10 481.3 45 7 
C - D 2.4 6.4 49.1 15.4 99 3 0 7 4-7 47.7 43 4 
D - E 9 6 5 1 44.5 15.3 98.3 1.7 8-10 126.4 38.8 
E - G 5.7 3.9 49.3 16.0 99.4 0.6 4-7 43.7 36.2 
G - H 4.2 3 1 48.7 15.3 99.6 0 4 8-10 32.1 35 3 
H - I 5.0 6.2 41.5 14.6 94.6 5.4 8-10 450 6 43.4 
I - J 27.0 2.5 42.2 16.3 98.5 1 5 14-16 124.7 34.9 
J - K 4.3 5.0 41.3 14.0 96.1 3.9 8-10 322.8 41.3 
K - L 1.0 4.8 49 8 13 6 99.1 0.9 4-7 62.5 41.7 
L - M 1.9 5.1 43.4 12.7 98.3 1 7 8-10 133.0 44 6 
M - N 3.0 7.3 42.7 13.8 90.7 9.3 8-10 756.6 48.0 
N - O 4.1 4.1 45 5 14.9 92.5 7.5 11-13 533.3 39.3 
0 - P 1.4 7.9 38.5 13.1 89.6 10.4 11-13 919.6 49.3 
P - Q 3.4 4.9 45.9 14.3 97.0 3.0 8-10 230.9 41.0 
Q - R 3.6 6.6 33.9 13 2 91.8 8.2 14-16 826.9 44.1 
R - S 3.9 7.0 43.2 13.8 92.7 7.3 8-10 576.0 48 7 
S - T 30.3 1 7 39.0 16.2 98 2 1.8 11-13 156.9 33 3 
T - U 14.8 1.4 48.2 16.1 99.4 0.6 8-10 40.5 34.2 

Total (A-U) 149.4 3.3 42.7 15.6 97.6 2 4 14-16 196.8 36.3 



ways results in the largest saving. A re­
duction in grade by Method 1 appears to 
result in appreciable savings for grades in 
excess of 6 percent. However, grades of 
6 percent or under must be reduced by 
Method 2, if any substantial saving is to 
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gained by reducing grades of 6-, 4-, or 
3-percent by Method 1, or by reducing 
grades of 4- and 3-percent by either meth­
od. It can be readily seen that reducing 
grades, per se, may not result in appreci­
able savings in fuel consumption. 

GRADE 

fa ox 

S P E E D - M I L E S PER HOUR 

Figure 29. Average instantaneous accelerat ion rates at various 
speeds operating in third gear on various upgrades and downgrades. 

T A B L E 3 

SAVINGS IN F U E L CONSUMPTION R E S U L T I N G B Y TWO METHODS O F 
GRADE R E D U C T I O N 

Grade 
Percentage of saving for sustained speeds of -

Grade 30 m ph. 40 mph. 50 mph. 60 mph. 
reduction 

l a n " I n I U I n 

Percent Percent Percent Percent Percent Percent Percent Percent Percent 

8 to 6 16.7 25.7 12.7 20.2 7.5 11.3 - -
8 to 4 15.2 33.4 10.9 26.0 6.0 17.6 - -
8 to 3 13.1 36.5 8 7 28.0 4.9 19.6 - -
8 to 2 9.8 39.0 6.6 30 4 3 7 21.6 - -
6 to 4 3.0 10 5 1.7 7.4 2 0 7.0 3.1 8.7 
6 t o 3 3.3 14.5 1 4 9.9 1.8 9.2 3.7 11.9 
6 to 2 2.7 17.9 1.5 12 8 1.5 10 4 2.6 13.7 

4 to 3 0.9 4 5 0.1 2.7 0.3 2.4 1 3 3.5 
4 to 2 1 1 8 3 0 6 5.9 0.5 4.8 0.9 5. 5 

3 to 2 0 4 3.9 0.5 3.3 0.3 2 4 0.0 2.0 

> Method I - No reducUon in r i se and fal l 
b Method n - Reduction in r i se and fal l 

be realized. It is emphasized -that the 
savings shown in Table 3 are based on the 
fuel characteristics of one passenger car, 
and that they could be materially different 
for other vehicles. 

The differences between the two methods 
of grade reduction are clearly shown in 
Figure 32. The savings are those shown 
in Table 3 for a sustained speed of 50 mph. 
Except for the reduction of an 8-percent to 
a 6-percent grade. Method 1 is shown to 
be much inferior to Method 2. Little is 

Fuel Computation by Various Methods 

The 21.0-mile section of US 40 between 
Frederick and Hagerstown, Maryland, was 
selected for checkingvarious methods that 
can be used to measure and compute fuel 
consumption, because the lengths of steep 
grades constituted a sizable portion of the 
total length. This section of highway had 
a rate of rise and fa l l of 3.7, the highest 
of any test route studied. About 29 percent 
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TABLE E 
AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE IN TOWNS ON 

US 11 AND US 30 IN PENNSYLVANIA 

Tovwi 
Pop. 
1950 

census 

Dates 
of 

test 
Length 

Rise 
and 
fal l 

Average 
speed 

Fuel 
con­

sumption 

miles f t . /lOO f t . mph. mpg. 
Ligonier 2,160 July 52 1.19 2.1 24.2 21.4 
Bedford 3, 521 June 52 1.41 2.2 20.7 17.7 

Everett 2,297 June 52 1.29 1.0 22.0 18.6 

McConnellsburg 1,126 June 52 0.96 2.8 30.4 18.0 

Chambersburg 17,212 June 52 2.36 1.3 17.0 17.9 
Shippensburg 5,722 June 52 1.87 1.2 19.4 18.0 

Total - - 9.08 1.6 20.6 18.4 

T A B L E F 
AVERAGE COMPOSITE PERFORAIANCE OF TEETT V E H I C L E 
ON SECTIONS OF PENNSYLVAMU US 11 AND US 30 WITH 
L A R G E TOWNS, EXCLUDING T H E TIME AND F U E L USED 

IN T H E TOWNS 

Section 1 Length 
Rise 
and 
fall 

Average 
speed 

Fuel 
consumption 

miles ft. /lOO ft mph. mpg 
Attempted Speed, 30 mph. 

A - B 
I - J 
Q - R 
S - T 

18 6 
24.3 

2 6 
26.1 

2.2 
2 6 
8.0 
1.8 

31 6 
31 6 
29.6 
32.8 

19.2 
18 2 
12 8 
19 8 

Total (A-U) 140 3 3.4 31.6 17 5 

Attempted Speed, 40 mph 

A - B 
I - J 
Q - R 
S - T 

18 6 
24.3 

2 6 
26 1 

2 2 
2.6 
8 0 
1 8 

40 9 
40.8 
33.8 
42.3 

17.8 
17 5 
13 8 
17. 5 

Total (A-U) 140 3 3 4 40.3 16 5 

Attempted S 'peed, 50 mph. 

A - B 
I - J 
Q - R 
S - T 

18 6 
24 3 
2.6 

26 1 

2.2 
2.6 
8 0 
1 8 

45.3 
47 4 
35.6 
48 0 

17.0 
16.1 
12.2 
16.0 

Total (A-U) 140 3 3 4 46.0 15 5 

' Towns excluded A-B 
I - J 
Q-R 
S - T 

Ligonier 
Bedford and Everett 
McConnellsburg 
Chambersburg and 

Shippensburg 

T A B L E G 

AVERAGE COMPOSITE PERFORMANCE OF T E S T V E H I C L E 
ON VARIOUS SECTIONS OF MAINE TURNPIKE B E T W E E N 

K I T T E R Y AND PORTLAND 

Date of Tests, August 19S2 

Section Rise Average Fuel 
Length and speed consumption 

fall 

miles ft. /lOO ft mph. mpg. 

Attempted Speed, 40 mph. 

1 - 2 17.2 1 3 39.7 19 7 
2 - 3 6.2 1 5 40.1 19.2 
3 - 4 5 9 0 9 40.0 19.1 
4 - 5 3.4 0 8 39.8 19.0 
5 - 6 9 1 1 1 39.6 18.9 

Total (1-6) 41 8 1 2 39.8 19.3 

Attempted Speed, 50 mph. 

1 - 2 17 2 1 3 49.1 17 0 
2 - 3 6.2 1 5 49.4 16 0 
3 - 4 5.9 0 9 49 3 16 4 
4 - 5 3 4 0.8 49.2 16 3 
5 - 6 9.1 1 1 48.4 16.4 

Total (1-6) 41 8 1 2 49.0 16. 5 

Attempted Speed, 60 mph 

1 - 2 17.2 1.3 58 8 14 9 
2 - 3 6.2 1. 5 59 3 14 8 
3 - 4 5 9 0.9 59.3 15.0 
4 - 5 3 4 0 8 59.0 14 2 
5 - 6 9.1 1.1 58 2 14 9 

Total (1-6) 41.8 1 2 58.8 14 8 
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T A B L E H 
AVERAGE COMPOSITE PERFORMANCE O F TEST V E H I C L E 
ON VARIOUS SECTIONS O F US 1 B E T W E E N K I T T E R Y A N D 
PORTLAND, MAINE, USING "AVERAGE" T E S T METHOD 

Date of Tests, August 1952 

Weekend 

A - B 
B - C 
C - D 
D - E 
E - F 

Total (A-F) 43.8 

17.9 
5.2 
7.4 
1.9 

U . 4 

1.5 
1.2 
1.1 
1 6 
1 3 

1 3 

35.6 
31.2 
40.4 
19.1 
38 5 

35.1 

Section 
Length 

Rise 
and 
fall 

Average 
speed 

Gasoline 
consumption 

miles ft /lOO ft. 

Weekday 

mph. mpg 

A - B 
B - C 
C - D 
D - E 
E - F 

17.9 
S.2 
7.4 
1.9 

11.4 

1.5 
1.2 
1 1 
1 6 
1.3 

37.0 
34.7 
40 2 
21.3 
38.5 

17.6 
17.0 
17.9 
19.8 
18.4 

Total (A- r) 43 8 1.3 36.4 17 9 

18 0 
17 2 
17.3 
18.2 
17.9 

17.7 

of its length was on grades of 5 percent or 
more and about 15 percent on grades of 7 
percent or greater. 

The fuel consumption in gallons, de­
termined by the various methods for an 

TTEMPTE D SPEE ) 

^ ] 

60 a 

RATE OF RISE AND F A L L - F E E T PER 100 F E E T 

Figure 30. Relation between fuel consump­
tion and the rate of r i s e and f a l l . 

T A B L E 4 
SUMMARY O F F U E L CONSUMPTION B E T W E E N F R E D E R I C K AND HAGERSTOWN, 

MARYLAND, MEASURED AND COMPUTED B Y VARIOUS METHODS F O R 
A T T E M P T E D SUSTAINED S P E E D O F 50 MPH. 

Section 
Section length 

miles 

A - B 3.5 
B - c 1.8 
C - D 4 1 
D - E 2.4 
E - F 2.6 
F - G 6.6 
Total 

(A-G) 21.0 

Rise 
and 

fal l 
rate 

|ft./lOOft. 
3.8 
4 S 
3.8 
5.7 
5.2 
2.2 

3 7 
Percent variation 
from burette 
measurement - Aug. 19521 

Burettel 
Aug. 

1952 

1 280 
0.0 

Fuel meter 
measuremen 

July 
1951 

Aug. 
k952 

gal. 

200 
106 
231 
149 
156 
368 

£952 

gal. 

210n.3iai.306 
5.5M-0k2.0 

220 
117 
2S2 
160 
167 
390 

Avg 

Indi­
vidual 
grade 

Imethod 

gal. 
210 

.112 

.242 

.154 

.161 

.379 

1.278 
ho. 2 

gal. 

.224 

.119 
264 

.167 

.173 

.399 

iRise 
, fal l 

+5.2 

Rise and fal l 
method 

and |[ndividual 
Grade 

relation 

223 
.118 
.262 
.164 
174 

.400 

1 346 ?1.333 f l 310 
+4.9 

Grade 
classi-

Ification 
mpthnri 

.219 

.115 

.256 
160 

.170 

.398 

+2.3 

.223 

.118 

.266 

.165 

.172 

.399 

1.343 
+5.0 

* Based on rate of r i se and fall for total section, 
intermediate sections.) 

(Not a summation of values for 

attempted speed of 50 mph., is shown in 
Table 4. Fuel was measured with a burette 
on one test, and with the fuelmeter on three 
tests. The fuel consumption was computed 
by two methods that use individual grades 
and by two methods that use the rate of 
rise and fa l l , which has been called the 

con^joslte or average grade by other 
investigators. 

The values in the column headed " in­
dividual grade method" are the summa­
tion of the fuel consumptions computed for 
each individual grade in the section. This 
method required 198 computations using 
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TABLE I 
AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE ON VARIOUS SECTIONS OF US 40 (NEW) BETWEEN 

FREDERICK AND HAGERSTOWN, MARYLAND 
Date of Tests, July 1951 

Rise Fuel Brakine Average Average 
Section Length and Average con­ Percent Time Max Time engine throttle Length 

[all speed sumption 0-3 over 3 decel­ factor torque openmg speed sumption 
ft/sec' ft/sec' eration 

miles f l /lOO ft mph mpB percent percent ft/sec' sec/100 mi percent percent 

Attempted Speed, 30 mph 

A - B 3 5 3 8 32 4 18 6 100 0 0 0 0-3 0 0 28 0 23 2 
B - C 1 8 4 5 32 8 18 0 100 0 0 0 0-3 0 0 28 1 23 6 
C - D 4 1 3 8 32 1 19 1 100 0 0 0 0-3 0 0 23 6 22 5 
D - E 2 4 5 7 33 0 15 8 100 0 0 0 0-3 0 0 32 3 24 8 
E - F 2 S 5 2 31 5 17 7 100 0 0 0 0-3 0 0 30 1 24 6 
F - G 6 6 2 2 32 2 19 9 100 0 0 0 4-7 3 8 22 8 22 1 

Total (A-G) 21 0 3 7 32 3 18 S 100 0 0 0 4-7 1 2 26 8 23 1 

Attempted Speed, 40 mph 

A - B 3 5 3 8 41 7 17 3 100 0 0 0 0-3 0 0 30 7 23 4 
B - C 1 8 4 5 41 1 17 7 100 0 0 0 0-3 0 0 30 8 23 1 
C - D 4 1 3 8 41 1 17 5 100 0 0 0 0-3 0 0 29 S 23 4 
D - E 2 4 5 7 40 5 15 1 100 0 0 0 0-3 0 0 33 6 27 5 
E - F 2 8 S 2 40 8 17 7 100 0 0 0 0-3 0 0 31 0 28 5 
F - G 8 6 2 2 40 7 18 6 100 0 0 0 0-3 0 0 28 1 24 7 

Total (A-G) 21 0 3 7 40 9 17 5 100 0 0 0 0-3 0 0 30 3 26 2 

Attempted Speed, 50 mph 

3 5 
1 8 
4 1 
2 4 
2 6 
3 3 

3 8 
4 S 
3 8 
5 7 
3 2 
2 2 

49 9 
49 3 
49 5 
49 3 
48 7 
49 4 

13 5 
15 9 
16 5 
15 0 
15 7 
16 9 

100 0 
100 0 
99 8 
98 3 

100 0 
99 3 

0 0 
0 0 
0 2 
1 4 
0 0 
0 4 

0-3 
0-3 

14-16 
27-29 
0-3 
4-7 

0 0 
0 0 

12 4 
105 9 

0 0 
26 6 

36 1 
34 5 
33 0 
38 8 
35 3 
31 7 

28 9 
30 5 
29 9 
31 3 
29 7 
28 2 

Total (A-G) 21 0 3 7 49 4 13 2 99 7 0 3 27-29 22 8 34 2 29 4 

Attempted Speed, 3 0 mph 

A - B 3 3 3 8 51 9 16 2 99 8 0 2 4-7 14 3 39 2 32 7 
B - C 1 8 4 5 52 8 14 7 99 6 0 4 4-7 27 8 44 1 34 1 
C - D 4 1 3 8 54 2 15 2 99 3 0 7 8-10 43 4 39 7 33 5 
D - E 2 4 5 7 SI 3 12 7 99 1 0 9 4-7 63 3 41 5 34 2 
E - F 2 6 5 2 52 5 14 0 99 7 0 3 4-7 19 2 45 3 32 4 
F - G 3 6 2 2 55 1 15 2 99 7 0 3 4-7 19 0 39 8 35 2 

Total (A-C) 21 0 3 7 S3 4 14 8 99 6 0 4 8-10 28 7 41 0 33 9 

| -J5 l l i . | — 

BI D 

- — e a ^— - j - I3S !̂  

EI 
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T A B L E J 

AVERAGE COMPOSITE PERFORMANCE OF T E S T V E H I C L E ON VARIOUS SECTIONS 
OF US 40 (NEW) B E T W E E N F R E D E R I C K AND HAGERSTOWN, 

MARYLAND 

Rise Average Fuel 
Section Length ftnd speed con-

fall sumiition 

RiiIeB It /lOO ft mph ft sec * ft /sec * ft sec * sec /100 mi 

Total 
(A-G» b l 0 

Attempted Etpeed, 40 mph 

40 1 
30 3 
30 4 
30 B 
39 1 
30 7 18 3 

100 0 
00 T 

100 0 
99 7 

100 0 
00 0 

Attempted Speed, 50 mph 

A - B 3 S 3 B 43 0 15 9 09 9 0 5 4-7 42 9 
B - C I 8 4 5 48 5 15 4 98 5 1 9 8-10 111 1 
C - D 4 1 3 8 48 9 16 0 BO 8 0 2 4-7 13 4 
D - E 2 4 5 7 48 7 14 7 99 7 0 3 4-7 31 2 
E - F 2 8 5 2 48 6 15 6 100 0 0 0 0-3 0 0 
F - 0 6 6 2 2 4B 0 16 8 100 0 0 0 0-3 0 0 

Total 21 6 (A-G) i l 0 3 7 47 7 16 0 90 7 0 3 B-10 21 6 

Attempted Speed, 60 mph 

A - B 3 9 3 8 53 8 15 1 99 8 0 2 4-7 14 3 
B - C 1 8 4 » 56 1 14 4 97 4 2 6 4-7 188 7 
C - D 4 0 3 B 54 B 14 B 98 1 1 9 B-tO 124 1 
D - E 2 4 S 7 S« 8 13 4 96 7 3 3 8-10 211 0 
E - F 2 8 5 2 52 5 14 1 99 7 0 3 4-T 19 2 
F - G B 8 2 2 54 6 15 2 99 9 0 1 4-7 38 I 

Total 
8-10 (A-G) 11 0 3 7 54 8 14 8 98 8 1 2 8-10 79 1 

Figure 31. Example for determining sav­
ings in fuel consumption by two typ ica l 

methods of grade reduction. 
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T A B L E K 
AVERAGE COMPOSITE PERFORMANCE OF TEST V E H I C L E ON VARIOUS SECTIONS OF ALTERNATE US 40 (OLD) 

BETWEEN FREDERICK AND HAGERSTOWN, MARYLAND 
Date of Tests, July 1951 

Braking 
Rise Average Gasolme Percenta ;e of tune Max Time Average Average 

Section Length and speed consump- 0-3 over 0-3 decel. factor engme throttle Length 
fall 

speed 
ft /sec " ft./sec ' torque opening 

miles ft /lOO ft mph mpg ft./sec." sec. / lOOmi. percent percent 

1 - 2 2.4 4.3 34.5 16 1 98 8 1.2 8-10 128.8 34.7 20 8 

2 - 3 0 7 6.3 25.9 11.6 94 1 S 9 8-10 820 9 37.0 22.0 

3 - 4 5.1 4.3 38 2 17 0 99.6 0.4 8-10 44.1 29.3 20.5 

4 - 5 2.1 4.8 32.6 15 4 99.6 0.4 4-7 48.1 28.2 18.9 

5 - 6 1.3 6 4 32.1 14 5 98.5 1.5 4-7 173.1 39.7 20.8 

6 - 7 3 2 3.1 38.6 17.9 99.2 0 8 4-7 7.9 27 0 20.2 

7 - 8 5.4 3 4 40 5 18.0 100.0 - 0-3 - 27.1 22.2 

8 - 9 1.3 3 3 26 3 15.8 98 0 2 0 4-7 270.8 28.1 19.2 

Total (1-9) 21 5 4.1 35.9 16 6 99.2 0.8 8-10 82.4 29.9 20.7 

T A B L E L 
AVERAGE COMPOSITE PERFORMANCE OF TEST VEHICLE ON VARIOUS ROUTES BETWEEN WASHINGTON, D. C . 

AND ANNANDALE, VIRGINIA 
Date of Tests, July 1951 

Period Rise Fuel Brakmg Average Average 
of Section Length and Average con­ Percent time Max. Time engme throttle 

day 
Length 

fall speed sumption 0-3 over 3 decel­ factor torque openmg day 
ft/sec" ft/sec' eration 

miles ft /lOO ft. mph mpg percent percent ft /sec' sec/100 mi percent percent 

Highway Bridge to Annandale via Columbia Pike 

Off- A-2B 2 3 1.8 33 7 18.0 99 6 0.4 4-7 44.5 27.2 21.5 
peak 2B-3B 3.0 2 8 30.9 17 S 96 9 3.1 8-10 444 1 28.8 18.0 peak 

3B-4 4.1 2.4 34 5 17 9 98.5 1 5 8-10 147.4 29.0 22.1 
Total (A-4) 9 4 2.4 33.1 17 8 98 2 1.8 8-10 219.1 28.5 20.4 

Peak A-2B 2.3 1.8 28 7 17 6 97.7 2 3 4-7 289.5 27 5 18.6 
2B-3B 3 0 2.8 19 7 14 0 96.8 3 2 8-10 592 1 27.3 15.6 
3B-4 4 1 2 4 34 5 15.6 98.5 1 5 8-10 122.8 34.1 28 4 

ToUl (A-4) 9 4 2.4 26 6 15.4 97.5 2.5 8-10 315 3 29.3 20.1 

Highway Bridge to Annandale via Shirley Highway 

Off- A-2A 4 3 1 8 43 7 18 1 99 8 0.2 4-7 11.7 30 2 27.2 
peak 2A-3A 2 5 2 2 50.0 18.0 99.4 0 6 4-7 39.2 42.0 34.9 peak 

3A-4 3.5 1 6 40 6 17 2 99 1 0.9 4-7 71 3 33.0 27 0 
Total (A-4) 10 3 1.8 43.9 17 7 99.5 0 5 4-7 38.7 33.8 28.8 

Peak A-2A 4 3 1.8 36 0 16 7 99 2 0.8 4-7 81 6 27.5 22 9 
2A-3A 2.5 2.2 48.7 15.0 98 9 1.1 8-10 78.4 40.2 32.5 
3A-4 3 5 1.6 40 1 17.0 97.7 ».3 8-10 199.7 31.2 26.6 

Total (A-4) 10.3 1 8 40 0 16.4 98.6 1.4 8-10 120 8 31.4 26.2 

Memorial Bridge to Annandale via Columbia Pike 

Off- B-2B 2 6 1.8 33 3 17 5 99.1 0.9 8-10 97 5 28.1 21.5 
peak 2B-3B 3.0 2 8 31.4 17.5 98 7 1 3 11-13 148.0 29 3 21.6 peak 

3B-4 4.1 2 4 37.5 17 2 98 1 1.9 11-13 184 3 29.5 23.9 
Total (B-4) 9 7 2.4 34 3 17 4 98.6 1 4 11-13 149.9 29.1 22.5 

Peak B-2B 2.6 1 8 24.5 16 1 99 2 0.8 8-10 117.0 28.2 18.2 
2B-3B 3 0 2 8 21 4 14 2 96 3 3.7 8-10 625.0 28.5 16.8 
3B-4 4 1 2 4 34 5 15.9 96.8 3 2 11-13 331.7 33.1 23.9 

Total (B-4) 9 7 2.4 26 5 15.4 97 3 2.7 11-13 366.9 30.0 19.5 

Memorial Bridge to Annandale via Shirley Highway 

Off- B-2A 4 5 1.7 46 2 18 0 99.2 0 8 8-10 67.0 33.1 29 2 
peak 2A-3A 2.5 2 2 50 9 18.0 100.0 0.0 0-3 0 0 40.1 34.6 peak 

3A-4 3.5 1.6 41 0 17.2 97.1 2 9 8-10 256 8 34.2 27.1 
Total (B-4) 10 5 1.8 45 3 17.7 98 6 1.4 8-10 114.0 35.1 29.6 

Peak B-2A 4 5 1.7 37.5 16 9 99 3 0 7 4-7 67.0 28.8 24.0 
2A-3A 2 5 2.2 48.3 15 0 100.0 0 0 0-3 0.0 34.7 31.5 
3A-4 3.5 1.6 41 4 17.0 100.0 0 0 0-3 0.0 28.5 26.2 

Total (B-4) 10.5 1 8 41 0 16.4 99.7 0.3 4-7 2&S 29.9 26.2 
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T A B L E M 

AVERAGE S P E E D AND F U E L CONSUMPTION O F T E S T V E H I C L E B E T W E E N WASHINGTON, D C 
AND WOODBRIDGE, VIRGINIA VIA S H I R L E Y HIGHWAY 

Date of Tests, March 1954 

(HIGHWAY BRIDGE) 

Deeds 

Section Length 
Rise 
and 

Posted E 

limits 

peed 
a 50 mph.'' 40 mph. 30 mph 

fall Speed 1 fuel Speed 1 Fuel Speed 1 Fuel speed 1 Fuel 
miles it. /too f l mph. mpg. mph. mpg mph. mpg mph. mpg 

A - B 1 95 1.6 39.1 18.4 41.1 18 7 39.4 18.9 — — 
B - C 2.43 1.8 50.1 18 5 49 1 18.7 41 4 20.4 — — 
C - D 0 87 1.6 54.0 18 6 48 2 17 6 40 2 20 0 30 0 20 3 
D - E 1 69 2.6 55.8 16 2 52.2 18 4 41.8 19 8 31.1 21 2 
E - F 1 62 1.5 53.8 16.7 47.4 18.0 40 1 19.6 30 4 20 8 

F - G 1 91 0 8 51.9 16.4 50 0 18.3 40.4 19 7 30.4 21.0 

G - H 2 73 0.7 54.8 17.6 50 5 17. S 40.8 19.8 31 7 22 0 

H - I 3.15 1.0 55.7 17.5 51 0 18.5 41.9 20.3 32 0 22 1 

I - J 2.09 0.5 49 7 16 2 46.7 16.9 38.6 18.5 28 9 20 0 

Total (A-J) 18.44 1.3 SO 9 17.2 48.5 18 1 40.6 19.7 — — 
(C-J) 14.06 1.1 53.2 16.8 49 5 17 9 40 6 19 6 30 8 21 1 

^ 0 mph. for section A - B , 50 mph. for section B - C and 55 mph. for remaining sections. 

*texcept A - B where posted limit of 40 mph. was obeyed. 

d 
1 

• NO REDUCTION IN R I S E AND F A L L ' 

^ REDUCTION IN R I S E AND F A L L 

mm 
S % TO 

GRADE REDUCTION 

Figure 32. Savings in fuel consumption result ing by two methods 
of grade production for a sii&tained speed of 50 mph. 

the rates of fuel consumption shown in 
Figure 23, 

The grade-classification method is a 
simplified version of the method just dis­
cussed. The individual grades were 
grouped in four classes of grade; 0 to 3 
percent, 3 to 5 percent, 5 to 7 percent, 
and 7 to 9 percent. The total length in 
each class was then multiplied by the rate 
of fuel consumption in gallons per mile 

obtained from Figure 23 for the midpoint 
of the particular grade class. This method 
is not quite so laborious as the previous 
one and gave almost identical results. 

The rise-and-fall method required only 
one computation for a given section. The 
first column under this method contains 
(values that were computed with the fuel 
consumption rates shown in Figure 30 for 
various rates of rise and fal l . The values 
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T A B L E N 

F U E L CONSUMPTION AND S P E E D OF OPERATION ON 
SECTION O F COLUMBIA P I K E B E F O R E AND A F T E R 
INSTALLATION OF T R A F F I C ACTUATED CONTROL 

EQUIPMENT 

Speed Fuel consumption 
Period In- Out­ Avg. In­ Out­ Avg. 

bound bound bound bound 

mph. mph. mph. mpe; mpg. mpg. 
Before , April 1952 

A M. off-peak 2S.4 26 8 26.1 16.7 15.8 16.3 
A M peak 20 0 23 8 21.8 13 8 13 7 13 8 
P M peak 22.2 19.8 20.9 13.0 12.5 12 8 

Ave. De ŝ 21 1 21.8 21 4 13 4 13.1 13 3 
After, August 1952 

A M. off-peak 26 1 25.0 25.5 15 7 15 7 15.7 
F M. off-peak 23.9 24.7 24 3 13 4 13 5 13.4 
Ave. oft-Deak 25.0 24.8 24 9 14.6 14 6 14 6 
A. M peak 20.9 22.9 21 9 14.2 12 7 13.4 
P. M peak 22 3 20.0 21 1 15.0 15.4 15.2 
AvK. peak 21 6 21.4 21.5 14 6 14.0 14 2 

in the second column headed "individual-
grade relation" were based on the rates 
for individual grades shown in Figure 23. 

The fuel measured with the burette was 
used as a common base for comparative 
purposes. The percentage of variations 
from the burette measurement shown in 
Table 4, indicates that all methods gave 
results which were within reasonable 
limits of error. The much simpler rise-
and-fall method appears to be as good as, 
or better than, the two methods which re­
quire a solution for each individual grade. 

The results obtained with the fuel meter 
also did not vary appreciably from those 
measured with the burette. 

Analysis of Flow on an Urban Thorofare 
ROY H. FIELDING and THOMAS E. YOUNG, Assistant Engineers 
Division of Traffic Engineering, City of Cincinnati 

Reading Road has been one of the most-heavily travelled thoroughfares in Ohio, 
carrying US 25 and US 42, and heavy local traffic. In 1950, a series of major 
changes in the traffic control was inaugurated, which culminated in the installa­
tion of a completely' remodeled traffic signal system in the \Vinter of 1952-53. 

This paper presents a description of the changes which were made in the traf­
fic control and a study of the effects of these changes in terms of traffic volumes, 
capacity, accident records, delays and operating speeds, and on certain opera­
ting characteristics of motor vehicles using Reading Road. 

The traffic signal system of this 3. 85-mile section was remodeled to include 
two signal faces in each direction on Reading Road, plus pedestrian signals 
across nearly every crosswalk at signals. Signals were added to one intersec­
tion in the group to bring the total number signalized to 24. Signal spacing varies 
from 250 feet to 1,950 feet, and there is a wide range of spacing between these 
figures. Many innovations were used to get a reasonable degree of progressive 
movement, notwithstanding such uneven spacing. The most-outstanding of these 
was the use of semi-traffic-actuated control units, with a background cycle, at 
intersections interfering most with progression. 

In addition to studies of traffic volumes, capacities, accident records, and 
speeds and delays, a new method was used in studying the effects of traffic on 
vehicle-operating characteristics before and after the changes in the traffic sig­
nals. These studies were made simultaneously with the conventional speed and 
delay studies, using a test car equipped with statistical instruments developed 
by the Highway Research Board Committee on Motor Vehicle Characteristics. 
These instruments measured vehicle speed, fuel consumption, braking, engine 
torque, and throttle opening on the car during the 54 test runs made after the 
traffic signal modernization was completed. 

The studies showed that the revisions in traffic control had raised the prac­
tical capacity at three critical intersections by an average of 13 percent and that 
traffic volumes on the road had increased, by 1954, between 10 and 15 percent 
since 1952. 
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The studies also showed that, despite the increase in traffic volumes, the av­
erage trip during the 1954 studies consumed about 7. 5 percent less time than 
during the 1952 studies and that the accident records showed a 21 percent de­
crease m accident occurrence at signalized intersections in 1953 as compared 
with 1952. 

Savings have therefore accrued to motorists using the road in time saved, in 
lower vehicle operating costs, and in reduced accident costs, amounting to at 
least $140,000 per year, as compared with an installation cost for the system 
of approximately $85,000. 

The studies also indicated that statistical testing equipment of this type should 
be extremely valuable m the analysis of the effects of traffic flow conditions on 
vehicle-operating characteristics. 

• THE YEAR 1950 was the turning point 
for traffic s^nals in Cincinnati. Citizens 
approved a bond issue of $900,000 for new 
signals and modernization of existing sig­
nals. This, of course, was not adequate 
money to complete the project, but it was 
enough to give Cincinnati a taste of stand­
ard traffic signalization designed for max­
imum intersectional capacity and safety. 
The result of improvements so far has 
been to show people what can be done to 
assist traffic and thus bring them into a 
more cooperative mood toward further 
signal projects. Of course, the program 
has been criticized, but this criticism has 
decreased as greater public understandii^ 
was realized. 

Traffic signals, themselves, are cer­
tainly no cureall for traffic accidents. It 
has been shown time and again that a traf­
fic signal may increase the number of ac­
cidents but usually reduces their severity. 
Most of you wil l agree, however, that when 
traffic signals are properly used they can 
be one of the most-valuable and most-
effective devices for expediting and safe­
guarding traffic on our antiquated city 
streets. 

From the safety standpoint, traffic sig­
nals are only as effective as their ability 
to be seen. Their effectiveness in carry­
ing volumes of traffic depends upon their 
timing. Other factors are involved but 
wi l l not be evaluated in this discussion. 

THE PROBLEM 

Reading Road was singled out as a prime 
project early in the program of traffic signal 
modernization in Cincinnati. The section 
of Readii^ Road studied in this paper is 
3.85 miles m length (Figure 1) and in­
volved the modernizing of 23 existing sig­
nalized intersections and the addition of 
one newly signalized cross street. 

Reading Road is essentially 50 feet wide 
throughout the section studied and orig­
inally had street-car rails in both direc­
tions, but street cars have not operated on 
them for several years. The street passes 
through apartment developments and strip 
businesses for its entire length. It carries 
US 25 and US 42 and State Route 4 joins 
Reading Road at Paddock Road, thus adding 
to the amount of through traffic. 

The original installation of signals took 
place over a period of years and was in­
fluenced by such factors as neighborhood 
pressure, as well as traffic considera­
tions; hence, the spacings between signals 
are irregular. Even without some of the 
less-essential signals, the spacii^ would 
be far from ideal between some of the im­
portant cross streets that actually warrant 
signal installations. 

A street with a curb-to-curb width of 
50 feet and parking on both sides cannot 
effectively carry four lanes of moving 
traffic. Reading Road had peak-hour park­
ing restrictions for inbound traffic in the 
morning and outbound traffic in the eve­
ning, but it wi l l be shown later how this 
did not fu l f i l l the traffic demand of the 
street. Use of an offset centerline and 
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Figure 1. Vic ini ty map, showing signalized 
intersections and area studied. 
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Figure 2. Reading Road and Melish before improvements. 

five lanes will also be shown as the new 
street laning. 

The original Reading Road signal sys­
tem consisted of one three-light signal head 
mounted horizontally at the far right of 
each traffic approach (Figures 2 and 3). 
These were installed during the late 1920's 

and 1930's; in general, their physical con­
dition was poor, and in many cases their 
visibility left much to be desired. 

The old system operated on a 46-second 
cycle and did a fair job of moving light 
traffic, but it would become very congested 
under heavy peak hour loads, or even at 

Figure 3. Reading Road and (3iolson before improvements. 
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off-peak hours when several trucks or 
buses reached close headways. Most of 
the signalized intersections contmually 
appeared near the top in the list of h^h 
accident locations. 

It was mandatory that this situation be 
corrected, since increased vehicle reg­
istration demanded greater street capacity. 
Widening was prohibitively expensive due 
to heavy business developments on most of 
this length of Reading Road. Parallel 
routes are almost nonexistent or too far 
away. The only way for improvements for 
the present was to make the best possible 
use of our existing 50-foot roadway. Ul­
timately a new expressway wi l l relieve 
this thorofare, but completion date is not 
earlier than 1957. 

SIGNAL PROJECT DEVELOPMENT 
The f irs t step in a traffic-signal-mod-

ernization project is to gather data on the 
street under consideration. The geograph­
ical proportions of Reading Road are seen 
in Figure 1. Distance between signalized 
intersections vary from 250 feet to 1,920 
feet. The overall length of the project is 
18,906 feet. A time-space chart for the 
entire project was laid out at a 200-foot 
scale on a cross section tracing paper. 
Many prints from this tracing were used 
to lay out combinations of signal progres­
sion. These prints were 30 inches wide 
and 10feet long. The large drawings were 
used to insure as accurate timing as pos­
sible. The method employed in obtaining 
the proper offsets was the conventional 
method of using pins and thread to arrive 
at the proper speed and traffic band widths. 

Due to the profusion of signalized inter­
sections, many of them minor cross 
streets, it became necessary to use all 
major cross streets on Reading Road in 
laying out the basic "progression chart, " 
Best results were obtained with a 60-sec-
ond cycle. When this was completed, the 
minor cross streets were worked into the 
basic chart as semi-traffic-actuated sig­
nals with a background cycle controlled 
from the resynchronizing line just as fixed-
time controllers. This is accomplished 
by the use of synchrolizers at each of the 
eight semiactuated units. 

Figure 4 shows a small section of the 
original progression chart. Union and 
Lincoln avenues were on the basic chart 
and Melish Avenue, already a signalized 

intersection but of a minor nature, had to 
have its green adjusted to a position that 
would cause the least interference to 
Reading Road traffic. As long as no ac­
tuation occurs, this section operates as a 

feSMPH 

READING I I ROAD I 

— 4 6 0 ^ r 640' 

UNION MELISH UNCOLN 

SPACE 
Figure 4. Portion of Reading Road pro­

gression chart, Lincoln to Union. 

simple % cycle offset system. When an 
actuation does occur, it can be seen that 
traffic flow in one direction is not inter­
fered with, but the other direction has its 
band width reduced considerably. If the 
actuations were to continue indefinitely 
during peak traffic, considerable conges­
tion would accumulate. A thorough study 
of traffic counts and characteristics at 
this and comparable locations disclosed 
that there would be enough cycles with no 
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Figure 5. Portion of Reading Road pro­
gression chart, Glenwood to South Crescent, 



actuation that the congestion could be kept 
to a minimum. 

Figure 5 shows another small section 
of the progression chart. The conditions 
here were essentially the same as shown 
in the previous figure, except that Gholson 
Avenue intersects Reading Road as a T 
intersection, 

Reading Road at this point is 50 feet 
wide, curb to curb. An offset center line 
allows two southbound lanes, two north­
bound lanes, and a parking lane which be­
comes a northbound lane from 4 p. m. to 
6 p. m. No parking is allowed in the south­
bound curb lane at any time. 
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accommodate Gholson Avenue traffic, an 
unusual combination of signal control was 
devised. 

The signal at Gholson Avenue is semi-
actuated with the background cycle and 
timed so it will progress southbound traf­
fic on Reading Road. The northbound traf­
fic which normally would be interrupted is 
accommodated in a through lane (Figure 6) 
which is separated physically from traffic 
emerging from Gholson Avenue by a half 
round concrete divider curb. In this way 
northbound traffic can move at all times, 
except when it is interrupted by a pedes­
trian actuation (which stops all Reading 

Figure 6. Reading and Gholson after improvements. 

Gholson Avenue is 430 feet north of 
Glenwood Avenue and 840 feet south of 
South Crescent Avenue. This again is not 
conducive to proper progression in both 
directions witha cycle length thatwill car­
ry the vehicle volumes. A speed of 30 
mph. can be maintained in both directions 
between Glenwood Avenue and South C r e s ­
cent Avenue if the signal at Gholson Avenue 
was removed. The signal could not be re­
moved; so to cause a minimum of inter­
ference to Reading Road traffic and still 

Road traffic). Pedestrian movement is 
light at this intersection so northbound 
interruptions are few. 

Traffic counts were taken on all the 
cross streets involved and along Reading 
Road at key locations. From these counts 
it was determined what the cross-street 
timing should be and also used to discover 
what streets could be considered minor 
enough to receive the semiactuated treat­
ment as previously described. 

Analysis of traffic volumes on Reading 
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Road disclosed that traffic peaks in both 
directions at about the same time, both 
morning and afternoon, thus making direc­
tional preferential offsets of no value (Fig­
ure 7). Offsets that would carry heavy 
traffic in both directions were mandatory. 

r I OUTBOUND I 

HOC >- I 

L i l 

TIME OF DAY 

Figure 7. Reading Etead t r a f f i c volumes, 
typical hourly distribution. 

Signal splits at the fixed-time intersec­
tions were calculated by the conventional 
method but special consideration had to be 
given the timing of the semiactuated con­
trollers. The conventional isolated signal-
timing method no longer applied. Opera­
tion with a background cycle meant that the 
controller, after the expiration of the main 
street green, was no longer waiting to im­
mediately turn to the side street green up­
on actuation. This means that the detector 
placement is no longer a function of the dial 
setting and speed. To insure a short min­
imum side street green, it became neces­
sary to place the detectors within 40 to 60 
feet of the stop line, thus making it pos­
sible to have a green as short as nine sec­
onds. The detector is placed in a position 
that wi l l allow to pass only the cars ahead 
of it that can theoretically and normally 
pass through the minimum green setting. 
Any additional vehicles wi l l be behind the 
detector and wi l l receive additional green 
extensions as they pass over the detector. 
This wi l l clear any unusually large group 
of vehicles on the side street with a mini­
mum of delay. 

If the detectors were placed the conven­
tional way, the minimum side-street green 
would, of necessity, be quite long, due to 
a possible prolonged waiting period until 

the background cycle would release the 
signal to permit side street movement. 
In other words, it would be possible to f i l l 
up the long space between detector and the 
stop line; thus making a long minimum 
green necessary. The maximum side 
street green is determined by traffic 
counts. 

Early in the program the decision was 
made to use double signal indications (Fig­
ure 8) on all state and federal routes. One 
indication is about 5 feet from the right 
curb and the other is just left of the cen­
terline. From the visibility standpoint this 
is ideal; a driver can always have one 
signal head or the other in view at all 
times. Also, there is little possibility that 
both signal heads wi l l be lost in a maze of 
neon signs. A paper (1) on signal visibility 
has shown that overhead signals in contrast 
to curb mounted signals can be placed both 
closer to a motorist's normal line of sight 
and at an almost constant angle, regard­
less of street width. 

Double signal indications are a tremen­
dous safety factor m case of burnouts. It 
is seldom that there is a double burnout, 
leaving an approach to a signalized inter­
section dark. 

In addition to the signal indications for 
traffic, each of the signalized intersections 
has at least one crosswalk with "Walk" and 
"Wait" indications. In areas of heavier 
pedestrian activity all crosswalks are con­
trolled by pedestrian signals. The pedes­
trian signals are timed to give a clearance 
period to the pedestrian so Reading Road 
wi l l be clear as the platoons of vehicles 
arrive at the intersection. 

The entire project involving the 24 sig­
nalized intersections plus the intercon­
necting control cable was written in con­
tract forms and bids asked. Low bid was 
$72,100. This amounted to just over 
$3,000 per intersection for al l new signal 
equipment and the labor for installing it. 
This price also included the labor of re­
moving the old equipment. Parking signs, 
paint lines, etc., accounted for approx­
imately $13,000 additional to complete the 
project for a total of $85,000. 

Construction was begun at Thirteenth 
Street on the south end of the project and 
proceeded to the north, intersection by 
intersection. The project was completed, 
with a minimum of delay to traffic, about 
three months after it was started. 

Capacity studies showed that the re-



vision in traffic control had raised the 
practical capacity (2) of Reading Road at 
three critical intersections on Reading 
Road by an average of 13 percent. At 
many intersections the practical capacity 
was raised as much as 30 percent. A 
typical intersection is Reading Road and 
Elsinore Place, where the practical capac­
ity increase was 17, 7 percent, Reading 
Road, here, had a practical capacity of 
1, 580 vehicles per hour, and after the im­
provement the practical capacity was in­
creased to 1, 860 vehicles per hour, 

RESULTS AND COMPARISONS 

General Considerations 

In attempting to evaluate a traffic engi­
neering improvement, a basis for compar­
ison must first be established. Using, as 
a guide, the definition of traffic engineer­
ing, criteria were set up, and studies of 
conditions before and after the improve­
ments on Reading Road were made as fol­
lows: (1) roadway capacity and traffic vol­
umes actually carried; (2) safety, as 
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reflected in accident records; (3) conven­
ience, as reflected in freedom from de­
lays, running speeds, and travel time; and 
(4) economy, reflected in three major eco­
nomic factors of traffic operations: fa) 
costs due to accidents, (b) vehicle-operat­
ing costs, (c) monetary costs of delays and 
lost time in traffic. 

In this study of traffic conditions, a 
relatively new and still largely experi­
mental method was used in measuring cer­
tain aspects of both convenience and e-
conomy. This method involved the use of 
statistical testing equipment developed by 
the Highway Research Board's Committee 
on Vehicle Characteristics. 

These studies had as objectives, first, 
to determine the effects of the modernized 
traffic signal system installed on Reading 
Road, and second, to investigate the use of 
the statistical testing equipment in study­
ing the effects of traffic flow on vehicle-
operating characteristics. 

Capacity and Traffic Volumes 

As stated earlier, the revised lane lin-

Figure 8. Reading and Melish after improvement. 
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ing and modernized signal system in-> 
creased the capacity at the signalized in­
tersections on Reading Road by amounts up 
to 30 percent. 

Meanwhile, traffic volumes on Reading 
Road, as throughout Cincinnati and all over 
the country, have increased tremendously 
in the years since World War H. The traf­
fic survey reports of 1948 and 1952, pub­
lished by the Ohio Highway Planning Sur­
vey, showed that the average daily vehicle 
mileage travelled on Reading Road, be­
tween Broadway and Paddock Road, in­
creased from 77,450 in 1948 to 85,700 in 
1952. Traffic-volume studies by the Divi­
sion of Traffic Engineering of the City of 
Cincinnati in 1954 showed the average daily 
vehicle mileage to exceed 105,000 vehicle-
miles per day. Table 1 shows the actual 

T A B L E 1 

T R A F F I C VOLUMES ON READING ROAD 
Traffic Volumes 

1952 

28,580 
21,380 
19,420 
23,340 

1954 

31,585 
25,652 
25,439 
30,061 

Section 1948 

Broadway to Elsinore 27,190 
Elsmore to Taft 19,590 
Taft to Rockdale 17,300 
Rockdale to Paddock 20, ''0 

traffic volumes reported in various sec­
tions of Reading Road by the three studies. 
Table 2 shows the mileage figures for the 
same sections. 

T A B L E 2 

V E H I C L E - M I L E A G E ON READING ROAD 
Vehicle-Mileage 

Length Section 19̂ 8 1952 1954 

a 46 mi. Broadway to Elsinore 12,500 13,150 1̂ ,550 
1.18 mi. Elsmore to Taft 23,100 25,200 30,250 
1.20 mi. Taft to Rockdale 20,800 23,300 30,600 
1.03 mi. Rockdale to Paddock 21,050 24,050 31,000 

These studies indicate that traffic vol­
umes on Reading Road increased between 
10 and 15 percent between 1952 and 1954, 
and that the average daily traffic volume 
on most of the section covered in this paper 
in 1954 was approximately 27,000 vehicles. 
There are some short portions which carry 
greater volumes than this due to east-west 
cross traffic having to jog over Reading 
Road. 

Accident Records 

The total number of accidents reported 
in this section decreased 3. 5 percent (from 
749 in 1952 to 723 in 1953). However, ac­
cidents at locations other than at signal­
ized intersections increased from 301 in 
1952 to 369 in 1953, while the accidents at 
signalized intersections decreased from 

448 in 1952 to 354 in 1953, a decrease of 
21.0 percent. 

The record of personal injuries and 
fatal accidents showed a similar change. 
In 1952, there were 96 injury accidents 
and four fatal accidents (including two at 
signalized intersections), while in 1953, 
there were 94 injury accidents and only 
one fatal accident, that one being midblock. 
Here again, injury and fatal accidents at 
other than signalized intersections in­
creased from 36 to 44, while injury and 
fatal accidents at signalized intersections 
decreased from 64 to 51, or 20. 3 percent. 

There is no readily apparent reason 
why the accidents at locations other than 
signalized intersections on Reading Road 
should have increased at a rate consider­
ably greater than the city-wide increase 
for such accidents. However, it is of in­
terest to note that the percentage of ac­
cidents occurring at the signalized inter­
sections on Reading Road decreased from 
59. 8 percent of the total number of acci­
dents in 1952, to 49, 0 percent in 1953. 

TOTAL ACCIDENTS 4 0 
PEDESTRIAN FATAL 0 
VEHICULAR RATAL 0 
PEDESTRIAN INJURY 0 
VEHICULAR INJURY 8 
PROPERTY DAMAGE 3 2 

Figure 9. Reading and Taft c o l l i s i o n dia­
gram before signal iDiprovements. 

One surprisii^ development was the 
fact that although the total number of re­
ported accidents at signalized intersections 
decreased, the number of pedestrian ac­
cidents increased from 17 to 23. This 
increase occurred in spite of the fact that 
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the revised signal system included pedes­
trian signals for at least one crosswalk 
across Reading Road at every signalized 
intersection and at al l crosswalks in areas 
of greater pedestrian activity. Analysis 
of the individual accidents showed a con­
siderable increase in pedestrian signal 
violations in 1953 as compared with 1952. 
However, records for the f i rs t 10 months 
of 1954 showed only one accident caused 
by a pedestrian violation and the pedestrian 
accident record appears to show a down­
ward trend, so the difficulty may have been 
largely due to unfamiliarity of the pedes­
trians with the new system. 

TOTAL ACCIDENTS 2 3 
PEDESTRIAN FATAL 0 
VEHICULAR FATAL 0 
PEDESTRIAN INJURY I 
V E H I C U L A R INJURY 3 
PROPERTY DAMAGE 19 

Figure 10. Reading and T a f t c o l l i s i o n 
diagram after signal improvenrients. 

Many of the signalized intersections on 
Reading Road showed slight changes in 
their accident records. A few of the loca­
tions, however, showed major improve­
ments. Two examples of intersections 
which showed notable decreases in re­
ported accidents from 1952 to 1953 were: 
Reading and Wm. H. Taft, from 40 to 23 
accidents; and Reading and Melish, from 
19 to 6 accidents. Figures 9, 10, 11, and 
12 show collision diagrams of these two 
intersections for 1952 and 1953, or before 
and after the signal improvements. 

Only two intersections showed major 
increases in accident occurrence. These 
were Reading, Dorchester, and Florence, 

M E L I S H 

A V E . 

TOTAL ACCIDENTS 
PEDESTRIAN FATAL 
VEHICULAR FATAL 
PEDESTRIAN INJURY 
VEHICULAR INJURY 
PROPERTY DAMAGE 

19 
0 
0 
I 
I 

17 

Figure 11. Reading and Melish c o l l i s i o n 
diagram before signal improvements. 

where accidents increased from 20 to 36, 
and Reading and Gholson, where accidents 
increased from 9 to 30. Detailed accident 
analyses have been made of these two lo­
cations to determine the causes for the in­
creases, and corrective measures have 
been taken. Records for the f i rs t 10 
months of 1954 indicate that these meas­
ures have been beneficial, as the inter-

MELISH J 

A V E . 

TOTAL ACCIDENTS 
PEDESTRIAN FATAL 
VEHICULAR FATAL 
PEDESTRIAN INJURY 
VEHICULAR INJURY 
PROPERTY DAMAGE 

6 
0 
0 
I 
0 
5 

Figure 12. Reading and Melish c o l l i s i o n 
diagram after signal improvements. 
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sections showed 16 and 17 accidents re­
ported, respectively, for the 10-month 
period. The accident records also indi­
cate that the improvement shown at most 
of the other signalized intersections from 
1952 to 1953 has continued during 1954. 

Characteristics of Traffic Flow and Ve­
hicle Operation 

Moving-car speed-and-delay studies 
were made on Reading Road in October, 
1952, immediately prior to the installation 
of the revised signal system, and again in 
Apri l , 1954, approximately a year after 
the completion of the revised system. The 
latter studies also included studies of 
vehicle operating characteristics which 
were made with the statistical testing 
equipment developed by the HRB Commit­
tee on Vehicle Characteristics. 

The statistical testing equipment was 
described in detail by Carmichael and 
Haley (3). These instruments measure 
speed, fuel consumption, deceleration, 
engine torque, and throttle opening, and 
record their data in the form of numbers 
on banks of electrical counters, which are 
mounted inside the car. A l l the instru­
ments except the fuel meter, which reg­
isters each 0. 001 gallon of gasoline con­
sumed, register once each second. On 
each unit the total number of counts re­
corded on all the dials in that unit repre­
sents the number of seconds the equipment 
IS in operation. As a check, the equip­
ment also includes a separate counter dial 
which records the total number of seconds 
of operation. 

Speed-and-delay data on Reading Road 
obtained by means of the so-called av­
erage-car method, in which the driver 
attempts to maintain a speed typical, in 
his opinion, of the traffic flow, were used 
in these studies. We have found a rigid 
application of the so-called floating-car 
method, in which the driver attempts to 
follow the general rule of passing as many 
vehicles as pass the test car, impractical 
on congested urban thoroughfares. The 
computed results of the average-car 
speed-and-delay studies include average 
travel time, average operating (or overall) 
speed, average runnii^ speed, and causes, 
locations, and average durations of delays 
incurred by the test car. 

In combining the speed-and-delay stud­
ies and the vehicle-operating-character­

istics studies on Reading Road, the two 
types of tests were made simultaneously. 
The statistical testing equipment was 
started at the starting point of the speed-
and-delay test, and turned off at the end 
point of the test. The timer on the testing 
equipment then gave an excellent check on 
the elapsed time recorded on the speed-
and-delay test, and the data from the two 
types of tests represented exactly the 
same traffic and operating conditions. 

In both the before and the after studies, 
the tests were divided into three time 
groups for atypical day; the morning peak 
hours, from 7 a. m. tb 9 a. m. ; the off-
peak hours, from 9 a. m. to 4 p. m . ; and 
the evening peak hours from 4 p. m. to 
6 p. m. At least eight test runs were made 
in each group and m each direction. These 
hourly groupings were based on the peak-
hour parking restrictions on Reading Road, 
and approximately 65 percent of the av­
erage daily traffic on Reading Road occurs 
during this 11-hour period. On Figure 7, 
showing a typical hourly distribution of 
traffic volumes at one point on Reading 
Road, the shaded area indicates the por­
tion of the average daily traffic represent­
ed by the 11-hour period. 

The studies showed that the average 
operating time or travel time on Reading 
Road had decreased and the average oper­
ating speed (or overall speed) had in­
creased in both directions and in each time 
grouping in the 1954 studies as compared 
with the 1952 studies. The increases in 
average operating speeds ranged from 0.4 
mph. to 2.1 mph. and the decreases in av­
erage operating times ranged from 7 sec­
onds to 68 seconds. 

The average time saving in 1954 during 
the 11-hour period covered by the tests 
was 53.1 seconds per trip between Broad­
way and Paddock, or about 7. 5 percent 
from the 1952 studies. This represented 
an average increase in operating speed 
from 19. 5 mph. in the 1952 studies, to 21.1 
mph. in the 1954 studies. These average 
figures are obtained by weighing the av­
erage operating times of the tests from each 
time group, according to the traffic vol­
umes which they represent. 

Aside from the definite, but unmeas-
urable, cost of congestion or lost time in 
traffic in driver fatigue, nerve strain, and 
inconvenience, there has been considerable 
discussion in recent years as to the mone­
tary value of the lost time. It is not the 
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purpose of this paper to enter this discus­
sion, but rather to use a single conserva­
tive value of purposes of comparative 
study on Reading Road. W. R. Bellis (4) 
stated that assigned values for time lost 
have ranged from 1 to 4 cents per vehicle-
minute, with 2 cents per vehicle-minute, 
or $1. 20 per vehicle-hour, bemg a prob­
able reasonable figure. A. J. Bone (5) 
used a value of $1 per hour in his travel-
time studies inBoston in 1951. It appears, 
therefore, that a figure of $1. 20 per hour, 
or 2 cents per minute, would be a con­
servative figure, and a simple one to use in 
this study. 

Considering an average daily traffic 
volume of 27,000 vehicles, the traffic vol­
umes represented by the Reading Road 
studies amounted to approximately 17,500 
vehicles daily in 1954. On the basis of a 
time saving of 53.1 seconds per trip, the 
studies showed a saving of 257. 64 vehicle-
hours per day, or 94,035 vehicle-hours 
per year. At $1. 20perhour, this amounts 
to a monetary saving of $309. 17 per day, 
or approximately $113,000 per year. 
These savir^s represent only those real­
ized by traffic during the 11-hour period 
represented by these studies. Although no 
attempt was made to evaluate them, it is 
highly probable that savings have also been 
realized by the motorists usii^ Reading 
Road during other hours of the day. 

A l l of the data obtained from the statis­
tical testing equipment is in the form of 
numbers, and therefore, can be plotted on 
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Figure 13. Time versus speed for Reading 
Road, Lincoln to Paddock. 
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Figure 14. Fuel consumption versus speed 
for Reading Road, Lincoln to Paddock. 

charts or graphs. Figure 13 shows typical 
curves obtained from the speed meter, and 
Figure 14 shows typical curves obtained 
from the fuel meter. The speed meter 
registers not only the amount of fuel con­
sumed, but the amount used in each speed 
range. It would seem apparent that on 
both these charts, the most-satisfactory 
and most-economical driving conditions 
are represented by curves showing high 
peaks in the speed ranges in which vehicles 
normally cruise under urban conditions, 
and which show low values in the lower 
speed ranges which represent reduced 
speeds and actual delays. This is shown 
clearly in these two charts; the curves for 
the evening peak hour tests, in which 
much-lower operating speeds and fuel 
economy were recorded, show much less 
time and fuel consumed at cruising speeds, 
and much-more time and fuel consumed at 
very low speeds, than do the other test 
periods. 

Figure 15 shows typical curves of de­
celeration characteristics, showing the 
percentage of time spent in various ranges 
of deceleration rates. In general, it is 
probably true that the most-satisfactory 
and most-economical operating conditions 
would be represented by the curve in the 
lowest position on the chart, although high­
er operating speeds may result in the oc­
casional occurrence of higher rates of de­
celeration. 

Figures 16 and 17 show typical charts 
of the devices measuring engine torque and 
throttle opening. Although these curves 
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Figure 15. Txme versus deceleration for 
Reading Road, Lincoln to Paddock. 

do vary with operating conditions, as 
yet no definite relationships have been 
established. 

One of the major purposes of this study 
was to determine whether there are any 
relationships between the traffic-flow 
characteristics of a given roadway, as 
shown by the speed-and-delay studies, and 
the operating characteristics of a vehicle 
using the roadway. The results of the 
studies show that several general relation­
ships do exist. 

One of the most-significant of these re­
lationships is that of fuel consumption to 

RBAD 
PAI q o o c k 

ENSI 

N6 

NE 

3AD 
ICOl 
QUE 

N 
3AD 
ICOl 
QUE 

PERCENT OF MAXIMUM TORQUE 

total delay time (time in which the vehicle 
is at a fu l l stop in traffic) on each test run. 
For a given test vehicle, operating on a 
given roadway, and within a normal range 
of urban operating speeds, the fuel con­
sumption increases directly as the total 
delay time. Figure 18 illustrates this re­
lationship on one section of Reading Road. 
On the Reading Road studies, in both 1952 
and 1954, a 1952 Ford 6 two-door sedan 
was used. Duri i^ the 1954 studies it was 
found that on Reading Road this vehicle 
was using between 0.0165 gal. and 0. 020 
gal. additional fuel for each 60 seconds of 
delay in traffic. By using this information 
it was possible to arrive at approximate 
fuel-consumption figures for the 1952 stud­
ies when the statistical testing equipment 
was not available. 

READ LINCOLri 
OPENING THROTTLE 

Figure 16. Time versus engine torque for 
Reading Road, Paddock to Lincoln. 

PERCENT OF MAXIMUM THROTTLE OPENING 

Figure 17. Time versus throt t le opening 
for Reading Road, Paddock to Lincoln. 
Figures are frequently given for a spe­

cif ic decrease in fuel economy with a given 
number of stops per mile. These studies 
did not show any such definite relationship, 
except that, in general, when there are a 
greater number of stops on a test run there 
is more total delay time which, in turn, 
affects fuel economy. 

The studies showed a general relation­
ship between the average operating speed, 
and the fuel economy. However, individual 
tests showed large variations in this rela­
tionship, as shown in Figure 19, and it ap­
pears likely that in the range of speeds 
encountered in urban driving, the relation­
ship is due more to the effects of the delay 
time which affects the average operating 
speed rather than the speed itself. 
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Other general relationships which the 
studies showed are inverse ones between 
the average operating speed and fuel econ­
omy, and the amount of braking. Sufficient 
data were not obtained to establish numer­
ical values for these relationships, but it 
appears definite that an increase in oper­
ating speed and fuel economy is usually 
accompanied by a decrease in the time 
spent in braking. Figure 20 illustrates this 
for one section of Reading Road, showing 
the average time per mile spent in braking 
the vehicle (braking is assumed to be decel­
eration at a rate greater than 4 f t . per sec. 
per sec), during the different time groups. 
In this example, during the evening peak 
hours, when the operating speed was 5.1 
to 5.6 mph. slower, and the fuel economy 
2. 3 to 2.4 mpg. less than during the morn­
ing peak and off-peak hours, the time spent 
in braking was 45 percent greater. This 
is an important relationship because brak-
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Figure 18. Fuel consumption versus delay 
for Reading Road, Paddock to Lincoln. 

ing is an important factor in vehicle-
maintenance costs of all types, affecting 
tire wear, brake life, andwear and tear on 
nearly al l mechanical parts of the vehicle. 

The relationships which these studies 
showed to exist indicate that statistical 
equipment of this type can be of great value 
in studying the effects of traffic flow on 
vehicle-operating characteristics. This 
type of study can be used m analyzing the 
efficiency of and effects of changes in 
traffic-control systems, in route evalua­
tion, in comparisons of traffic flow on dif­
ferent thoroughfares at different times, 
under different traffic volume conditions, 
or other variables. A particular advantage 
IS the fact that in the measurement of fuel 
consumption, a direct measurement is made 
of one of the largest single components m 
vehicle-operating expense. This permits 

a simpler analysis of the economic bene­
fits or detriments of changes in traffic 
conditions than heretofore possible. 
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Figure 19. Fuel economy versus operating 
speed for Reading Road, Paddock to Lincoln. 

Since most studies of this type are 
comparisons of two (or more) different 
operating conditions, it is obviously de­
sirable to use the equipment for all por­
tions of the studies, since the comparisons 
of operating characteristics can then be 
made directly. However, by means of the 
relationships between the traffic flow, or 
speed-and-delay data, 'and the operating 
characteristics, it is possible when the 
equipment is available for only a portion 
of the studies to obtain estimated data for 
the remainder of the studies, as was done 
for the 1952 Reading Road studies. It is 
possible that further research with equip­
ment of this type may develop these stud­
ies to sufficient accuracy to permit esti­
mates to be made of fuel consumption and 
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Figure 20. Braking time for Reading Road, 
Lincoln to Paddock. 
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changes in fuel consumption due to changes 
in traffic flow conditions, without the ac­
tual use of the equipment. 

The relationship between delay time and 
extra fuel consumption, as shown in the 
1954 studies using the statistical testing 
equipment, was used to estimate the 
change in fuel consumption per vehicle on 
Reading Road as compared to 1952. The 
studies showed that despite the increase 
in traffic volumes since 1952, substantial 
savings infuelwere realized by the motor­
ists using the thoroughfare in 1954. The 
savings per individual vehicle were quite 
small (generally less than 0.025 gallon 
per trip between Broadway and Paddock), 
but the 17,500 vehicles using Reading Road 
during the 7-a. m. -to-6-p. m. test period 
on an average day used at least 180. 8 gal­
lons per day less fuel than would have been 
used by the same number of vehicles op­
erating under 1952 traffic conditions. 

This is believed to be a conservative 
figure because (l)the 1952 Ford 6 test car 
IS believed to have at least average or bet­
ter economy; (2) no consideration was 
given to extra fuel used by the 15 percent 
commercial traffic (trucks and buses) on 
Reading Road; (3) it is probable that sav­
ings in fuel were also realized by traffic 
using the thoroughfare dur i i^ hours out­
side the 11-hour test period. 

Using an estimated average gasoline 
price for Greater Cincinnati of 28 cents 
per gallon, the 180. 8 gallons of gasoline 
per day would be a saving of $50. 62 per 
day or on a yearly basis, a saving of ap­
proximately $18,500 per year, 

SUMMARY 
The f i rs t portion of this paper described 

the traffic control conditions on Reading 
Road prior to 1952 and the complete re­
modeling and modernization of the traffic 
signal system which took place in the win­
ter of 1952-1953. The second portion of 
the paper described studies of statistics, 
speed-and-delay (or traffic-flow) charac­
teristics, and vehicle-operating charac­
teristics which were conducted in October 
1952 and in Apri l 1954. 

These studies had as their objectives, 
f i rs t , to determine the effects on traffic 
operation of a modernized traffic-signal 
system which was installed between the 
time of the two studies; and second, to in­
vestigate the use of the statistical testing 
equipment in measuring the effects of 
traffic-flow characteristics on vehicle-
operating characteristics. From the stud­
ies the following conclusions were reached. 

1, Although traffic volumes on Reading 
Road between Broadway and Paddock has 
increased from 10 to 15 percent in 1954 as 
compared with 1952, traffic-flow charac­
teristics have improved due to revisions 
in the traffic control system, so as to pro­
vide substantial savings to motorists using 
Reading Road m the form of a reduction in 
losses due to accidents, reduced fuel con­
sumption, and time saved due to higher 
average operating speeds and less delay 
time in traffic. The total savii^s, on a 
monetary basis, amounted to at least 
$140,000 per year. The original cost of 
the modernized traffic-control system was 
approximately $85,000, so the savings in 
one year alone are greater than the f i rs t 
cost of the modernized system. 

2. Statistical testing equipment, of the 
type developed by the Committee on Vehicle 
Characteristics of the Highway Research 
Board, should be extremely valuable in the 
analysis of the effects of traffic-flow char­
acteristics on vehicle operating charac­
teristics. The value of the equipment lies ^ 
both in its use m making direct compar­
isons of vehicle operating characteristics 
under different tx-affic flow conditions and 
in its use in discovering general relation­
ships between traffic flow conditions and i 
vehicle operating characteristics. I 

I 

City street capacity is increasing slow­
ly, if at all , but traffic volumes have been 
growing tremendously. It has become 
mandatory that emphasis must be placed I 
on positive traffic control that wi l l , in | 
every possible way, assist the movement ' 
of traffic. Adequate traffic flow informa­
tion andproper signalization are only steps 
in this direction, but they should be ex­
ploited to the limit on existing facilities. 

R e f e r e n c e s 

1. W. E. Schwanhausser, Jr., Visibility for Signalized Streets and Highways, Pub-
of Traffic Signals, Municipal Signal Engi- lie Roads, Feb., 1951. 
neer, Nov.-Dec., 1950. 3. Thomas J. Carmichael and Charles 

2. I . E . Leisch, Design Capacity Charts E.Haley, "A Study of Vehicle, Roadway, 



49 

and Traffic Relationships by Means of 
Statistical Instruments," HRB Proceed­
ings, U. 30, 1950, pp. 282-296. 

4. Wesley R. Bellis, "Costs of Traffic 
Inefficiencies," Proceedings, Twenty-third 

Annual Meeting, Institute of Traffic Engi­
neers, 1952. 

5. A. J. Bone, "Travel-Time and Gas­
oline-Consumption Studies in Boston,-' HRB 
Proceedings, U. 31, 1951, pp. 440-456. 

Economics of Operation on 
Limited-Access Highways 
A. D. MAY, JR., Assistant Professor 
Department of Civil Engineering, Clarkson College of Technology 
• M A N Y miles of the highway system of 
the United States are inadequate for pres­
ent and future traffic needs, not necessarily 
because these highways are structurally 
deficient but primarily because they are 
geometrically and functionally inadequate. 
This geometric or functional inadequacy 
is caused by intersectional, medial, in­
ternal, and marginal interferences which 
contribute to an increase m highway acci­
dents, and increase in the operating cost 
of motor vehicles, an increase in travel 
time, a reduction in highway capacity, and 
a decrease in the value of the highway in­
vestment. 

In general, highways serve through 
traffic, provide access to abutting property, 
facilitate the needs of the general public, 
and contribute to the needs of national de­
fense. These functions often create geo­
metric inadequacies through conflict of use. 
For example, traffic on a highway that 
serves abutting property has the char­
acteristics of low to moderate speed and 
of frequent turning movements. These do 
not blend with the characteristics of through 
traffic of high speeds and few turning move­
ments. Therefore, in this era of spec­
ialization, it may be economical to con­
struct separate highways for specific types 
of traffic. 

Forty states have attempted to minimize 
highway interference by constructing sec­
tions of highways for which the prime pur­
pose is to serve through traffic. These 
sections are often designated as freeways, 
expressways, parkways, limited-access 
highways, or controlled-access highways. 
A limited-access highway or a controlled-
access highway is a "highway or street 
especially designed for through traffic, 
and over, from, or to which owners or 
occupants of abutting land or other persons 

have no right or easement or only a re­
stricted right or easement of access, 
light, air, or view by reason of the fact 
that their property abuts upon such limited 
access facility or for anyother reason"(l^). 

The design of limited-access highways 
varies from state to state. Some general 
features include: (1) restriction of access, 
(2) median strips, (3) multi-lanes, (4) 
wide right-of-way, (5) strict control of 
vertical and horizontal alignment, (6) land 
service roads, (7) elimination of highway 
intersections at grade, (8) elimination of 
railroad crossings at grade, and (9) pro­
hibition of billboards and commercial 
signs (1). 

Early English law provided for right of 
access to public roads to be enjoyed by all , 
and the term "highway" referred to a route 
to which the public at large had the right 
of access (2). The transition to limited-
access hig-hways has been deterred be­
cause of the historical background of public 
access to all highways. In recent years, 
however, there has been a tendency to 
shift from fu l l public access to restric­
ted access on certain portions of the pres­
ent highway system. 

Studies have been made of certain l i m i ­
ted-access highways, of the legal aspects 
of limited-access highways, and of certain 
design characteristics and are reported in 
the literature. Little study, however, has 
been made of the economics of operation 
on limited-access highways. 

PURPOSE 
The purpose of this study is to evaluate 

certain benefits of several limited-access 
highways by making a comparison of some 
of the effects of limited and non-limited-
access highways. 
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The case-study approach was used in the assumption was made that had the ac-
the comparison study, and each study in- cess to the limited-access highway not 
eluded two abutting or nearby sections of been controlled, the characteristics (sav-
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ings of time, operating costs, and safety) 
of this route would be similar to the un­
controlled access section. Twelve case 
studies were included in the study. 

The studies were selected to include ex­
amples of two-lane and four-lane highways 
in urban and rural areas, in flat and r o l l ­
ing topography, with a great variance in 
volume of traffic, with fu l l and partial con­
trol , and from various geographical areas 
of the United States. The routes were 

selected with the aid of several state high­
way departments, the Bureau of Public 
Roads, and by field inspection. A form 
developed by the Bureau of Public Roads 
was used in selecting test sections and is 
shown in Figure 1. A typical set of data 
is shown in this figure. 

The test vehicle was a 1952 two-door 
Pontiac with a standard gearshift, and the 
recording apparatus was installed on the 
test vehicle at General Motors Proving 
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Grounds in June 1954. The recording 
apparatus was used during June and July 
and returned to the proving grounds in 
August 1954. This apparatus was devel­
oped in 1950 under the auspices of the High­
way Research Board Committee on Vehicle 
Characteristics in cooperation with the 
automotive industry. A report describing 
this equipment was presented at the thirti­
eth annual meeting of the Highway Research 
Board (3). The recording apparatus has 
51 counters which automatically record the 

recording the field data of this study. At 
the start of each run the 51 counters were 
read and the values recorded in their 
appropriate spaces in the form, and at the 
end of each run the counters were again 
read and the values recorded in their 
appropriate spaces. The differences be­
tween the start and finish readings were 
the results of that particular test run. A 
typical set of values is shown in this figure. 
The unit of measurement for speed, brak­
ing, engine torque, and throttle opening was 
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Figure 3. 
important operating characteristics of the 
vehicle that might be affected by highway 
design. These operating characteristics 
were speed (used to evaluate savings in 
time), gasoline consumption, deceleration, 
and acceleration (used to evaluate opera­
ting costs). 

A special form developed by the Bureau 
of Public Roads (Figure 2) was used for 

Accident Reporting Form. 

seconds, while for gasoline consumption the 
unit of measurement was one thousandths 
of a gallon of gasoline. 

There were between six and ten test runs 
on each section of the controlled and un­
controlled highways, depending upon the 
length of the section and consistency of 
results. Certain statistical tests were 
made of the field data to determine the 
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significant differences between the con-
troUed-access sections of each study. Ad­
ditional statistical tests were made to de­
termine whether or not degree of urban­
ization and type of access control sig­
nificantly affected operating character­
istics on the highways. 

uncontrolled-access sections for the 12 case 
studies is shown in Table 2. The difference 
in speed between the controlled and uncon­
trolled access sections for each case study 
is also given. The speed on the controlled 
access sections varied from 41.7 mph. to 
55.9 mph., with an average for the 12 

T A B L E 1 

C O M P A B A U V E R O U T E S I N U M I T E D A C C E S S F I E L D S T U D Y 

STUDY ACCESS GEOMETRIC 
NUMBER STATE ROUTE LOCATION CONTROL DESIGN 

1 Connecticut Connecticut 15 NE of Hertford Full 4-Laiie Divided 
Connecticut Connecticut 15 SW of I&rtford None 4-Lane " 

2 Georgia Atlanta Expressway In Atlanta Full 6-Lane " 
Georgia Atlanta Bypass In Atlanta None 6-Lane " 

3 Georgia US 41 North of Marietta Partial 4-Lane " 
Georgia US 41 Around Marietta None 4-Laiie " 

4 Indiana Tri-State Expressway In Hammond Full 4-Lane " 
Indiana US 20 In Gar; None 4-Lane " 

S Louisiana US 71 Alexandria Bypass Partial 4-Lane " 
Louisiana US 190 Baton Rouge Bypass None 4-Lane " 

6 Maine US 1 Freeport Cutoff Partial 2-Lane 
Maine US 201 North of Augusta None 2-Lane 

7 Massacliusetts Massachusetts 128 Around Boston Full 4-Iane Divided 
Massachusetts US 9 West of Boston None 4-Lane " 

8 Massachusetts Massachusetts 128 Around Boston Partial 4-lAne " 
Massachusetts US 1 North of Boston None 6-Lane " 

9 Michigan Michigan 112 West of Detroit Full 4-Lane " 
Michigan US 112 West of Detroit None 4-Lane " 

10 Ohio US 40 East of Springfield Partial 4-lAne " 
Ohio US 40 West of Columbus None 4-Lane " 

11 Ohio US 22 Around ClarksTille Partial 2-Lane 
Ohio US 22 North of Clarksville None 2-Lane 

12 Rhode Island Rhode Island 147 So. of Uncontrolled Section Full 4-Lane Divided 
Rhode Island Rhode IsUnd 147 South of Woonsocket None 4-Lane " 

In addition to the operating character­
istics, accident reports were obtained from 
the state highway departments for each test 
section in order to evaluate the differences 
in safety. The Bureau of Public Roads had 
previously requested similar information; 
therefore, the information received by the 
Bureau is used in this report. The acci­
dent reporting form is presented in Figure 
3, and a typical set of data is shown m this 
figure. The results of similar studies were 
obtained as well as accident experience on 
toll roads in order to provide a comparison 
with results of the twelve case studies. The 
twelve case studies are listed in Table 1. 

RESULTS OF THE CASE STUDIES 
The data collected in the individual case 

studies are compared with the data of simi­
lar case studies in the following sections, 
and the data from all the case studies are 
then combined in order to determine the 
overall effect of control of access to the 
road user. The data are evaluated on the 
basis of travel time, operating costs, and 
highway safety. 

Travel Time 

The average speed on the controlled- and 

studies of 48.2 mph. The speed on the un­
controlled access sections varied from 18.5 
mph. to48.9 mph. withanaverageforthe 12 
case studies of 38.3 mph. The difference in 
speed in a particular case study varied from 
2.1 mph. in Study 8, to 23. 3mph. in Study 
2, and the average difference of the studies 
was 9.9 mph. The average time required 
to travel a mile on each test section and 
the savings in time for each case study are 
also given in Table 2. 

The average speeds for the 12 case 
studies are summarized in Table 3 by type 
of access control and degree of urbaniza­
tion. The data in this figure may not be 
adapted to all highways, because of the 
relatively small number of test sections. 
However, the table does give an indication 
of the approximate average speeds under 
various highway conditions. The number 
in parenthesis indicates the number of test 
sections included m the average speed. 

Average speeds on the fully controUed-
access highways appear to be only slightly 
affected by degree of urbanization, whereas 
average speeds on partially controlled and 
uncontrolled sections appear to decrease 
with increased urbanization. In rural 
areas there appears to be little difference 
between the average speeds on fully and 
partially controlled - access highways. 
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whereas in suburban, and probably more so 
in urban areas, the average speed on fully 
controUed-access sections is greater than 
on partially controlled sections. The dif­
ference in average speeds between f u l l -
controlled and uncontrolled sections in 
rural, suburban, and urban areas is 2. 5, 
10. 3, and 20.9 mph., respectively. As­
suming these speed differences at the 
average speeds, there would be a time 
savings of 0.07, 0.32, and 1.00 minutes 
per vehicle-mile of travel. In other words, 
it takes 8, 26, and 79 percent more time, 
respectively, to travel a mile on the uncon­
trolled-access highway than on the con-
troUed-access highway. 

degree of access control. Assuming these 
speed differences at the average speeds, 
there would be a time savings of 0.13 and 
0.12 minutes per vehicle-mile of travel. 
Again using the value of time indicated in 
the previous paragraph, the monetary time 
savings on partially controlled access high­
ways in rural and suburban areas would be 
0. 4 and 0. 3 cents per vehicle-mile. If the 
access to a highway carrying 10,000 ve­
hicles per day was partially controlled, the 
monetary savings per mile would amount to 
$13, 200 and $12, 300 per year. 

The case studies not only point out that 
the average speed on the controUed-accass 
highways is higher, but also that the speed 

TABLE 2 
AVERAGE SPEED IN MILES PER HOUR ON THE CON7 ROLLED AND UN­

CONTROLLED ACCESS SECTIONS FOR THE TWELVE CASE STUDIES 

Case Study 
No. 

Controlled 
Section 

Uncontrolled 
Section 

Difference 
in Speed 

Savings 
Tune (mi 

1 49.2 (1. 22)* 41.3 (1.45) 7.9 0.23 
2 41. 7 (1.44) 18. 5 (3. 24) 23.2 1. 80 
3 45. 2 (1. 33) 36.6 (1. 64) 8.6 0.31 
4 53.0 (1.13) 34. 2 (1. 75) 18.8 0.62 
S 42. 3 (1. 42) 37. 4 (1. 60) 4.9 0.18 
6 50.4 (1.19) 42. 7 (1. 40) 7.7 0.21 
7 48.4 (1. 24) 36. 7 (1, 63) 11.7 0.39 
8 41.8 (1.44) 39. 7 (1. 51) 2.1 0.07 
9 49. 2 (1. 22) 38. 8 (1. 54) 10.4 0.32 

10 54.3 (1.10) 41. 7 (1. 44) 12.6 0.34 
11 55.9 (1. 07) 48. 9 (1. 22) 7.0 0.15 
12 46.4 (1. 29) 43. 2 (1. 39) 3.2 0.10 

Average 48. 2 (1. 25) 38.3 (1. 57) 9.9 0.32 

"Numbers m parantheses are the average time in mmutes required to travel 
one mile on that particular section of highway. 

If the value of time for passenger cars 
and commercial vehicles is taken as $1.35 
per hour (2^4 cents per minute) and $3 per 
hour (5 cents per minute) for a highway 
carrying 80 percent passenger cars and 20 
percent commercial vehicles^ the composite 
value of time would be $1.68 per hour (2.8 
cents per minute). The monetary time 
savings onfuUy controlled-access highways 
in rural, suburban, and urban areas would 
be 0. 2 cents, 0. 9 cents, and 2.8 cents per 
vehicle-mile. As a further example, if the 
access to a highway carrying 10,000 ve­
hicles per day were fully controlled, the 
monetary time savings per mile would 
amount to $7, 200; $32, 800; and $102, 000 
per year. 

The difference in average speeds be­
tween partially controlled and uncontrolled 
sections in rural and suburban areas is 4.6 
and 3. 4 mph., respectively. The average 
speed in urban areas on partially con­
trolled-access highways would probably 
have a great variation, depending upon the 

is more uniform over the length of the 
route. Figure 4 presents the average 
speed characteristics of the combined 12 
studies, and indicates that 90 percent of 
the travel on the 12 controlled-access sec­
tions was at speeds between 36 and 56 mph., 
while only 74 percent of the travel on the 12 
uncontrolled-access sections was between 
the same speeds. Ten percent of the travel 
on the uncontrolled access sections was at 
speeds less than 24 mph. 

The uniform speed on the controlled-
access highways as compared with the un­
controlled-access highways is important, 
for unifojm speeds generally result in in­
creased safety, increased capacity, and 
reduced operating costs. 

Operating Costs 
Gasoline consumption and utilization of 

brakes were two of the components of op­
erating costs which were obtained for the 
case studies. Since these are not the only 
components of operating costs, the overall 
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operating costs could not be evaluated on a 
monetary basis. 

The average gasoline consumption on 
the controlled- and uncontrolled-access 
sections is shown in Table 4. The dif­
ference in gasoline consumption between 
the sections Is also given. Although the 
gasoline consumption on some of the con-
troUed-access highways was better (more 
miles per gallon) than on comparative un­
controlled sections, nevertheless the com­
bined studies indicated that there was not 
an appreciable difference in gasoline con­
sumption. In fact, 19.1 mpg. was the av­
erage gasoline consumption on the uncon­
trolled sections as compared with 18.9 
mpg. on the controlled sections. This in­
dicates that loss in gasoline mileage due to 
marginal and intersectional friction may 
often be less than gasoline mileage lost 
due to travel at higher speeds. This points 
out again that time must be of value to 
motorists, for they will attempt to save 
time on the controlled sections, even at 
the expense of increased gasoline con­
sumption. 

AVERAGE SPEED IN MILES PER HOUR BY TYPE OF AC­
CESS CONTROL AND DEGREE OF URBANIZATION FOR 

THE TWELVE CASE STUDIES 
Urban Rural 

Full Control 
Partial Control 
No Control 

47.3 (2)» 

26 .4 (2 ) 

49.2 (2) 
42.3 (1) 
38 .9 (7 ) 

47.4 (2) 
49.5 (5) 
4 4 . 9 ( 3 ) 

* Numbers In parentheses indicate the numl>er of test sec­
tions included in the average speeds. 

The average gasoline consumption is 
summarized in Table 5 by type of access 
control and by degree of urbanization. As 
pointed out in the discussion of average 
speeds, the size of the sample is rather 
small, and there appears to be certain re­
lationships that do not seem plausible at 
first glance. Further investigation re­
vealed that average speed appeared to have 
as great an influence on gasoline consump­
tion as either access control or degree of 
urbanization. 

The relationship between gasoline con­
sumption and average speed is plotted on 
Figure 5. The points on the curve were 
established by averaging the average 
speeds and their gasoline consumption on 
the test sections in groups of 30-35, 35-40, 
40-45, 45-50, and 50-56 mph. The curve 
established with the same equipment on a 
1951 Pontiac by A. J . Bone (4) is super­
imposed on the graph. Some of the points 
on Bone's curve, particularly the points at 

the higher speeds, were determined by test 
runs on the test sections given in Study 7 of 
this report. The other points on Bone's 
curve were obtained from routes different 
from those selected by this study and the 
test vehicles were not the same. This would 
have some bearing on the differences in the 
two studies in relationship to gasoline con­
sumption and speed. 

The graph indicates that gasoline con­
sumption is dependent upon the speed the 
vehicle operator desires to drive. If the 
vehicle operator would drive at the speed 
of optimum gasoline consumption (30 to 40 
mph.) on the average controlled-access 
sections, the gasoline consumption of the 
test vehicle would be approximately 20.1 
mpg. This choice of speed on the con­
trolled-access highway is the drivers' and 
generally not dependent upon road and 
traffic conditions, which do determine the 
speed on the uncontrolled sections. 

• 
t^onfcroliaii 

12-23 2U-35 36-i6 
Speed In li iUa pep Hour 

IT-SS over-S6 

Figure 4. Average Speed Distr ibut ion of 
the Twelve Case Studi es. 

The conclusion from the gasoline-con­
sumption data is that gasoline consumption 
could be lower on the controlled-access 
sections if the vehicle operator would drive 
30 to 40 mph. Time savings on the con­
trolled-access sections, of course, would 
then be reduced. However, under existing 
driver behavior, gasoline consumption on 
the rural and suburban sections of highway 
is not appreciably different. On urban sec­
tions of highway, the decrease in miles per 
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gallon of gasoline consumption is due to 
greater congestion and traffic friction, 
rather than the decrease due to above op­
timum speeds. This results in bette r gaso -
line consumption on the controlled-access 
sections. 

on rural, suburban, and urban areas, re­
spectively. Applying the above values to 
a highway carrying 10,000 vehicles per day, 
the reduction in length of time of brake 
application would amount to 172, 1,720 and 
5,820 hours per mile per year. 

TABLE 4 

AVERAGE GASOLINE CONSUMPTION ON THE CONTROLLED AND UN-

Case Study 
No. 

Gasoline Consumption (miles per gaUon) 
ControUed UncontroUed 
Sections Sections Difference 

1 19.2 19.0 0,2 
2 20.7 16.5 4.2 
3 20.3 20.2 0.1 
4 17.0 18.9 -1.9 
5 19.8 21.4 -1.6 
6 17.4 19.0 -1.6 
7 19.3 19.3 0.0 
8 19.2 19.8 -0.6 
9 19.7 20.8 -1.1 

10 18.3 18.7 -0.4 
11 17.3 17.0 0.3 
12 18.3 19.1 -0.8 

Average 18.9 19.1 -0.2 

The length of time (seconds) of brake 
application per mile of travel is presented 
in Table 6 by type of access control and 
degree or urbanization. Application of 
brake on fuU-controUed-access highways 
is rarely needed, whereas brakes are 
applied on the average of 0.21, 1.70, and 
5.74 seconds for each mile of travel on un­
controlled sections in rural, suburban, and 
urban areas respectively. In rural areas, 
the brakes were applied for a-greater length 
of time on partially controlled-access sec­
tions than for the fully controlled or uncon­
trolled sections. This is probably due to 
higher speeds with an occasional imex-
pected sudden slowing down or stoppmg. 

TABLE 5 
AVERAGE GASOLINE CONSUMPTION BY TYPE OF ACCESS 

CONTROL AND DEGREE OF URBANIZATION 

Highway Safety (Twelve Case Studies) 

The accident and fatality rates are 
shown in Table 7. Most of these rates 
cover only a one-year period. The av­
erage accident rates for the controUed-and 
uncontrolled-access sections were 136 and 
327 accidents per 100 million vehicle-
miles, respectively. The average fatality 

19 

Urban Suburban Rural 

Full Control 
Partial Control 
No Control 

18. 8 (2)« 

17.7 (2) 

19.4 (2) 
19. 8 (1) 
19.9 (7) 

18.8(2) 
18. S (5) 
18.4 (3) 

* Numbers m parentheses indicate the number of test sec­
tions included in the average gasoline consumption. 

The utilization of the brakes is reduced 
when access is fully controlled by 0.17, 
1. 70 and 5.74 seconds per mile of trave' 

TABLE 6 
AVERAGE LENGTH OF TIME OF BRAKE APPLICATION 

PER MILE BY TYPE OF ACCESS CONTROL AND 
DEGREE OF URBANIZATION FOR THE 

TWELVE CASE STUDIES 

i s 

17 

16 

Urban Suburban Rural 
Full Control 
Partial Control 
No Control 

0.00(2)» 

5. 74 (2) 

0. OO (2) 
0. 00 (1) 
1. 70 (7) 

0. 04 (2) 
0.42 (5) 
0. 21 (3) 

IS. 

O Limited Access 
• Uncontrolled 

Professor Bone's Data 

1$ 20 2S TO 35 llO ll? SO SS 
Speed in lUles per Hour 

60 

* The unit of duration of brake application is seconds per 
mile and the numbers in parentheses indicate the number 
of test sections Included in the average brake application. 

Figure 5. Gasoline Consumption Related 
to Speed. 
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rate for the controlled and uncontrolled 
sections was 3. 2 and 7.4 fatalities per 
100 million vehicle-miles, respectively. 
There were 2.4 times as many accidents 
per 100 million vehicle-miles on the un­
controlled sections as the controlled sec­
tions and 2.3 times as many fatalities per 
100 million vehicle-miles. If the above 
accident and fatality rates were long-run 
averages for all roads of the two types, 
controlling the access on a 6.5 mile 
stretch of highway carrying 10,000 vehicles 
per day would be expected to save one life 
and reduce the number of accidents by 45 
each year. However, each of the rates 
given in Table 7 is subject to year-to-year 
variation. The table gives an estimate of 
the standard error for each observed ac­
cident and fatality rate. It is practically 
certain that corresponding rates over a 
longer period of time would fa i l within two 
standard errors of the rates reported in 
Table 7. 

pears to be low when compared with data 
collected by the Bureau of Public Roads, 
which wi l l be presented later in this 
report. 

The small number of test sections in ­
cluded in the case studies to measure re l ­
atively small occurrences, suchas highway 
fatalities, is insufficient to draw any def­
inite conclusions as to the effect of access 
control and degree of urbanization. Later 
in this section additional data wi l l be pre­
sented to determine the relationship of 
fatalities to type of access control and 
degree of urbanization. 

Even on the best-designed, fuU-con-
troUed-access highways-where marginal, 
intersectional, medial, and internal f r i c ­
tions are almost eliminated-accidents and 
loss of lives continue to occur. The ques­
tion is obviously what kind of accidents 
and fatalities s t i l l occur and what causes 
them. In order to make this analysis, ac­
cidents on the test sections were combined 

TABLE 7 
ACCIDENT AND FATALITY RATES ON THE CONTROLLED AND UNCONTROLLED 

ACCESS SECTIONS FOR THE TWELVE CASE STUDIES 
Accider It Rate Fatality Rate 

Case Study Data for Controlled Uncontrolled Controlled Uncontrolled 
No. Year Rate*|ESE** Ratel ESE Rate ESE Rate ESE 
1 1946-52 150 15 300 16 0.9 1.1 8.1 2.7 
2 1953 151 26 435 38 4.4 2.5 0.0 -
3 1953 165 24 333 25 3.4 3.4 0.0 -
4 1953 465 68 457 57 20.0 14.2 7.1 7.1 
5 1953 320 39 648 55 0.0 - 6.2 5.4 
6 1953 176 44 133 42 0.0 - 0.0 -
7 1952 46 5 364 18 1.1 .8 2.1 1.5 
8 1952 278 31 428 28 3.4 3.4 3.6 2.5 
9 1952 115 11 383 29 6.7 2.7 15.0 5.7 

10 1951-52 232 33 273 30 2.5 3.5 9.8 5.7 
11 1951-52 156 46 450 125 3.2 6.6 0.0 -
12 1953 103 33 167 37 10.3 10.2 0.0 -

Average*** 136 327 3.2 7.4 
* The units of the values under rate represent accidents or fatalities per 100 

million vehicle-miles. 
* * E S E = Estimated Standard Error. 
*** Weighted on lasis of vehicle-miles. 

These rates serve as the basis for all 
comparisons and factual statements which 
are made in the remainder of this paper, 
and so any conclusions are relative to only 
the roads which were in the case studies 
and the years for which the accident data 
was obtained. 

Table 8 summarizes the accident and 
fatality rates by type of access control and 
degree of urbanization. The accident rate 
decreases with an increase in control of 
access with the exception of partially con­
trolled highways in rural areas. The ac­
cident rate for the uncontrolled access 
sections in rural areas for this study ap-

as related to access control. Then the 
accidents and fatalities were summarized 
on the basis of 100 million vehicle-miles, 
as shown in Table 9. Sixty percent of the 
accidents on the fully controlled sections 
were of the rear-end or side-swipe type, 
20 percent of the noncoUision type, and 12 
percent of the total were other collision. 
Sixty percent of the fatalities on the fuU-
controlled-access sections occurred in 
rear-end or side-swipe accidents. 

Another approach to the accident prob­
lem is to determine the percent difference 
of accidents as access is controlled and a 
summary of this analysis is shown in 
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Table 10. The greatest difference in ac­
cidents and fatalities on partially and fully 
controlled sections is for angle collisions 
and collisions with pedestrians. The 
smallest difference as access control in­
creased is in rear-end or side-swipe and 
noncollision accidents. 

In order to understand better the causes 
of accidents and fatalities on fully con­
trolled highways, motor-vehicle reports 
were obtained from the Rhode Island De­
partment of Public Works for the fully 
controlled access highway of Study 12. 
The following is the description of several 
of the accidents on the fuU-controUed-
access highway: 

1. "Vehicle 1, the truck, was parked 
on the highway. The driver had stopped to 
rearrange his load. Vehicle 2, car, ran 
into rear of truck. " Result - one fatality. 

2. "Driver lost control of car at curve 
north of Old Louisquisset Pike - Driver 
says car kept going to left - doesn't know 
what happened." Result - one person 
injured. 

3. "Car 1 was passing a truck which 
had stopped in its lane to allow some birds 
to cross road. Car 2 following car 1 hit 
car 1 when car 1 saw birds and slowed 
down." Result - one in]ured person. 

4. "Vehicle 1, the bus, was passing 
car 2. The right rear of the bus hit left 
front fender and side of car 2." Result -
two injured persons. 

5. "Car 1 following car 2 going south on 
Louisquisset. Car 2 slowed down suddenly 
and was hit in rear by 1 - weather very 
rainy." Result - four injured persons. 

After reading the description of these 
accidents, improving the highways by con­
trolling the access wi l l not eliminate all 
the accidents and fatalities. Controlling 
the access wi l l greatly reduce them, 
but the driver can sti l l involve himself 
and others in accidents even on the best 
highways. 

Highway Safety (Connecticut Study) 

A study of accidents and fatalities on 
fully controlled, partially controlled and 
uncontrolled access highways was made 
(5) in Connecticut in 1953, and a summary 
6F the study is presented in Table 11. The 
accident and fatality rates have been ar­
ranged in order to compare these rates 
with the accident and fatality rates of the 
12 case studies shown in Table 8. The ac­

cident rates, as presented in the Connect­
icut study, in all cases are substantially 
greater than those obtained in the 12 stud­
ies, particularly on the uncontrolled-
access highways. This is also true for 
the fatality rates, except in the case of 
fully controUed-access highways in urban 
areas. 

Highway Safety (Bureau of Public 
Roads S t u ^ 

In October 1953 the Bureau of Public 
Roads distributed a memorandum (6) which 
was a summary of a preliminary study 
pertaining to accidents and fatalities as 
related to access control, and the tenta­
tive results of this study are presented in 
Table 12. The data represent over 1,000 
miles of highways and over 12 billion 
vehicle-miles. The accident rates and 

ACCIDENT AND FATALITY RATES BY TYPE OF ACCESS 
CONTROL AND DEGREE OF URBANIZATION FOR THE 

TWELVE CASE STUDIES 
Accidents** 

Urban 1 Suburban 1 Rural 
Full Control 247 (2)» 141 (2) 49 (2) 
Partial Control - 320 (1) 200(5) 
No Control 443 (2) 330 (7) 236 (3) 

Fatalities** 
Urban 1 Suburban 1 Rural 

Full Control 9. 2 (2)* 2.5 (2) 1.6(2) 
Partial Control - 0. 0 (1) 9.0 (5) 
No Control 2. 3 (2) S. 9 (7) 0.0 (3) 

* The values in the Ubles are the number of accidents and 
fatalities per 100 million vehicle-miles and the numbers 
m parentheses indicate the number of test sections in­
cluded in the average speeds. 

** See Table 7 for an indication of limitations of Atta and 
the resulting standard errors. 

fatalities in the Bureau of Public Roads 
study are also greater than those obtained 
in the case studies, and once again partic­
ularly on the uncontrolled-access sections. 

An overall comparison of the accident 
rates and fatality rates included in each 
study by type of access control and degree 
of urbanization for the 12 case studies, the 
Connecticut study, and the Bureau of Pub­
lic Roads study is presented in Tables 13 
and 14. 

Table 13 indicates that the combined 
accident rates of the case studies are 
lower than the accident rates obtained in 
the Connecticut and Bureau of Public Roads 
studies, except on fully controUed-access 
highways in urban areas. This suggests 
that the controUedand uncontrolled-access 
sections of highway in the 12 case studies 
may be better designed than sections in­
cluded in the other two studies. 
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The Connecticut and Bureau of Public A l l three studies indicate that accident 
Roads studies indicate there is a greater rates are iVs to 6 times greater on uncon-
reduction in accidents by access control troUed-access highways than on con-
in urban areas than in rural areas. The troUed-access highways. 

TABLE 9 
TYPES OF HIGHWAY ACCIDENTS AS BELATED TO ACCESS CONTROL 

Manner of Accident 
Accident Rear-end Head-on Angle Collision Other Non- Total 
Record or or Collision with Ped. Collision CoUision Accidents 

sideswipe sideswipe 
Accidents 

AU F 82 4 6 1 16 27 136 
Accidents P 92 9 55 6 66 81 309 

N 197 12 108 12 73 34 436 
Fatal F 2 1 1 4 
Accidents P 2 3 5 

N 1 1 4 1 7 
Injury F 33 1 5 16 55 
Accidents P 27 2 12 6 19 34 100 

N 66 3 32 5 25 16 147 
Property F 46 
Damage P 64 

N 131 
Persons F 3 
Killed P 1 

N 2 
Persons F 70 
Injured P 48 

N 112 

5 
38 
75 

8 
1 
1 

23 
67 

16 
7 

11 
47 
48 

6 
36 
38 

11 
47 
18 

20 

23 

77 
204 
281 

5 
9 
9 

97 
187 
256 

F indicates Full Control 
P indicates Partial Control 
N indicates No Control 

All values in teble are the number of accidents per 100 million vehicle-miles, 
and accidents of case studies 3, 6, 7, and 8 are not included. 

accident rates reported in the Connecticut 
study are higher on fuU-controUed-access 
sections and lower on uncontrolled-access 

The results of Table 14 indicate that 
the combined fatality rates of the 12 case 
studies are lower than the fatality rates 

TABLE 10 
REDUCTION OF ACCIDENTS AND FATALITIES BY ACCESS CONTROL 

Manner of Acciden 
Accident Rear-end Head-on Angle Collision Other Non- Total 
Record or or Collision with Ped. Collision Collision Accidents 

sideswipe sideswipe 

% % % * % % % 
All F 58 67 94 92 78 21 69 
Accidents P 53 25 49 50 10 * 29 
Fatal F 100 75 0 43 
Accidents P * * 100 100 29 
Injury F SO 100 97 100 80 0 63 
Accidents P 59 33 62 * 24 32 
Property F 65 56 93 77 39 73 
Damage P 51 11 49 2 27 
Accidents 
Persons F * 100 75 50 44 
Killed P 50 * 100 100 6 
Persons F 37 100 99 100 84 7 72 
Injured P 57 78 65 * 53 * 27 

F indicates Full Control 
P mdicates Partial Control 
* Actually an increase 

sections than the accident rates as re­
ported by the Bureau of Public Roads. 
Therefore the BPR study shows a greater 
reduction in accident rates by accesc? con­
trol than the Connecticut study. 

obtained in the Connecticut and Bureau of 
Public Roads studies, except on fuU-
controUed-access highways in urban 
areas. This again suggests that the con­
trolled- and uncontrolled-access sections 
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of highway in the 12 case studies may be 
better designed than sections included in 
the other two studies. 

The Connecticut data suggests that 
fatality rates decrease with an increase in 
access control, while the Bureau of Public 
Roads data suggest that partial-controUed-
access highways may have a higher fatality 
rate than uncontrolled-access highways. 

TABLE 11 
ACCIDENT EXPEBIENCE RELATED TO CONTROL OF 

ACCESS IN CONNECTICUT 
Accidents 

Urban Rural 
Full Control 
Partial Control 
No Control 

261 
180 
72S 

221 
250 
313 

FATALITY EXPERIENCE RELATED TO CONTROL OF 
ACCESS IN CONNECTICUT 

Urban Rural 
Full Control 
Partial Control 
No Control 

1.9 
0.0 
6.7 

3.0 
5.9 
6.7 

The values In the tables are the number of accidents and 
fatalities per 100 million vehicle-miles. 

The Connecticut and Bureau of Public 
Roads studies show that fatality rates are 
generally higher on rural sections of high­
way than on urban sections and that fatality 
rates are lowest on fully controUed-access 
highways. 

Highway Safety (Toll Roads) 

As of September 1954, there were 1,153 
TABLE 12 

TENTATIVE RESULTS OF BUREAU OF PUBUC ROADS 
STUDY RELATING ACCIDENT EXPERIENCE TO 

CONTROL OF ACCESS 

Urban 
Accidents 

Rural 

Full Control 
Partial Control 
No Control 

146 
790 
966 

210 
227 
407 

Urban 
Fatalities Rural 

Full Control 
Partial Control 
No Control 

2.3 
5.3 
3.0 

3.0 
10.4 
8.9 

The values in the tables are the number of accidents and 
fatalities per 100 million vehlcle-mlles. 

miles of toll roads in operation, 1,' 
miles under construction, 2,708 miles 
authorized or ready to begin construction, 
and 2,640 miles in invest^tional or pre­
liminary planning stage (7). With the 
growth of the number of miles of toll roads, 
it is of special interest to compare the 
accident and fatality rates of some of the 
existing toll roads with similar rates of 
fully controUed-access highways which 
are under public control. The accident 
and fatality rates (8, 9) on the New Jersey, 

Oklahoma, and Pennsylvania Turnpikes 
are shown in Table 15. Assuming that 
the toll roads have similar characteristics 
to the rural fully controlled-access-high­
ways under public control, the accident 
rates on the toll roads are quite favorable. 
In fact, in general they appear to be slight­
ly less than the accident rates on the com­
parable publicly owned highways. How-

TABLE 13 
COMPARISON OF ACCIDENT RATES AS RELATED TO 

ACCESS CONTHOL 
Type of Access Control 
Full Access Control 

Twelve Case Studies 
Connecticut Study 
Bureau of Public Roads Study 

Partial Access Control 
Twelve Case Studies 
Connecticut Study 
Bureau of Public Roads Study 

No Access Control 
Twelve Case Studies 
Connecticut Study 
Bureau of Public Roads Study 

Urban Rural 

247 49 
261 221 
146 210 

200 
180 250 
790 227 

443 236 
725 313 
966 407 

The values in the table represent the number of accidents 
per 100 million vehicle-miles of traveL 

ever, the fatality rates, as reported by 
all three studies, are less than the fatality 
rates of the three toll roads. There may 
be other factors, such as speed, which 
may have caused the discrepancy between 
the accident and fatality rates on the toll 
roads and the publicly owned roads. 

TABLE 14 
COMPARISON OF FATALITY RATES AS RELATED TO 

ACCESS CONTHOL 
Type of Access Control Urban Rural 
Full Acess Control 

Twelve Case Studies 9.2 1.6 
Connecticut Study 1.9 3.0 
Bureau of Public Roads Study 2.3 3.0 

Partial Access Control 
Twelve Case Studies 9.0 
Connecticut Study 0.0 5.9 
Bureau of Public Roads Study 5.3 10.4 

No Access Control 
Twelve Case Studies 2.3 0.0 
Connecticut Study 5.7 6.7 
Bureau of Public Roads Study 3.0 8.9 
The values in the table represent the number of fatalities 
per 100 million vehicle-miles of traveL 

SUMMARY OF RESULTS 
Results obtained from the 12 case stud­

ies of comparing controlled-access faci l ­
ities with uncontrolled-access facilities: 

1. The average speed on the fully con­
trolled and partially controlled sections 
was higher in all 12 case studies than the 
average speed on comparable uncontrolled 
sections. The average speed on the com­
bined twelve controlled sections was 48.2 
mph.j while the average speed on the com-
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bined 12 uncontrolled sections was 38.3 
mph.̂  resulting in a difference between-the 
two average speeds of 9.9 mph. 

CONCLUSIONS 
The data of this study indicate that fully 

TABLE 15 
ACCIDENT AND FATALITY RATES ON CERTAIN TOLL ROADS 

Accident Rate Fatality Rate 
Year New Jersey Oklahoma Pennsylvania New Jersey Oklahoma Pennsylvania 
1940 260 9.4 
1941 218 10.7 
1942 231 10.9 
1943 244 8.0 
1944 239 14.5 
1945 166 11.2 
1946 135 9.8 
1947 137 5.8 
1948 157 7.3 
1949 157 10.0 
1950 200 12.4 
1951 126 8.5 
19S2 93 103 6.1 7.3 
1953 67 94 136 4.1 3.8 7.3 
Average 80 94 179 5.1 3.8 9.5 

The values in the table represent the number of accidents and fatalities 
per 100 million vehicle-miles. 

2. The average time savings on fully 
controUed-access highways as compared 
with uncontrolled-access highways in rural, 
suburban, and urban areas are 0.07, 0.32, 
and 1.00 minutes per vehicle-mile of 
travel, or on a monetary basis are 0.2, 
0.9, and 2.8 cents per vehicle-mile of 
travel. 

3. The average time savings on par­
tially controUed-access highways as com­
pared with uncontrolled-access highways 
in rural and suburban areas are 0.13 and 
0.12 minutes per vehicle-mile of travel, 
or on a monetary basis are 0.4 and 0.3 
cents per vehicle-mile of travel. 

4. The average gasoline consumption 
on the combined sections was 18.9 mpg. as 
compared with 19.1 mpg. on the combined 
sections. Gasoline consumption did not 
appear to be as affected by access control 
or by degree of urbanization as it was by 
average speed. 

5. The brakes were used 0.17, 1.70, 
and 5.74 seconds more per vehicle-mile of 
travel on the uncontrolled-access sections 
than on the full-controUed-access sections 
in rural, suburban, and urban areas, re­
spectively. 

6. For the period of time covered by 
the accident data there were 2.4 times as 
many accidents and 2.3 times as many 
fatalities per vehicle-mile of travel on the 
uncontrolled-access sections than on the 
comparable controUed-access sections. 

and partially controUed-access highways 
carrying substantial volumes of through 
traffic result in: (1) a significant savings 
in time and a significant reduction in gas-
line consumption in urban areas; (2) a 
significant Savings in time but no signif­
icant reduction m gasoline consumption in 
suburban areas; (3) no significant savings 
in time nor significant reduction in gaso­
line consumption m rural areas; and (4) a 
significant decrease in the accident rate in 
urban, suburban, and rural areas. 

In view of the limitations of the fatality 
data and the resulting standard errors, no 
conclusion concerning a comparison of 
fatality rates can be made. 
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