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SYNOPSIS 

Measurement of the utility of a highway is its ability to facihtate traffic The 
comparative utihty of various road types may therefore be determined from an 
accurate measurement of tlie usual speeds of motor vehicles and the density of 
traffic on the roadways considered 

The average speeds recorded in the investigation were 47S miles an hour for 
passenger cars on pavement, 433 miles an hour on treated-type A, 37 1 miles an 
hour on treated-type B , and 326 miles an hour on untreated loose gravel 

For each of these values the corresponding average speeds for trucks or heavy 
commercial vehicles were 37 9 miles per hour on pavement, 325 on type A, 30 9 
on type B , and 2&2 for loose gravel 

From these average speeds the relative capacities were deduced to be for 
cars, gravel 1, Treated Surface A 133, Treated Surface B 115, pavement 147, 
for trucks, gravel 1, Surface A 1 30, Surface B 123, pavement 1 51 

The relative values of time on the various surfaces are also discussed 

This report grew out of a study of the 
speeds and spacmgs of vehicles on sev
eral types of road surfaces and the re
sultant traflSc capacity of the roadways 
The surfaces included one high type 
pavement, two treated gravel roads and 
one of loose gravel 

The investigation was conducted in 
1933 as a project of the Engineering Re
search Department of Michigan Univer
sity R S Swmton, Associate Profes
sor of Engineering Mechanics at the 
University, was co-worker on the inves
tigation 

It is not the purpose of this paper to 
point to a definite conclusion, but rather 
to present a question worthy of review 
and discussion 

The measure of the utility of a high
way is its ability to facilitate traffic The 
comparative utility of various roadways 
may be determined from measurements 
of the usual speeds of motor vehicles and 
the density of traffic on the roadways 
considered 

The results obtained from sufficient 
data to insure reliability gave an aver
age speed on the pavement of 47 85 miles 
per hour as compared with 43 27 miles 
per hour for the same cars on one 

treated road, 37 10 for another gi oup of 
cars on the other treated surface road, 
and 32 56 miles per hour on the loose 
untreated gravel 

For each of these values there was a 
similar analysis for trucks or heavy com
mercial cars which gave corresponding 
speeds of 37 94, 32 50, 30 90, and 28 2 
miles per hour respectively 

The photographic method ^ was used 
in securing these data A summary of 
the results obtained on each of the sev
eral types of highways, together with a 
brief statement of the cost of construc
tion and annual maintenance, is taken 
up in order This is followed by a cor
relation with principles derived in earlier 
studies and a more critical study of the 
reasonableness and limitations of the 
study 

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

The pavement studied is located about 
19 miles west of Midland It carried the 
same traffic as the treated gravel section 
with which it I S compared There are no 
intermediate cross roads carrying ap-

' Proceedings Highway Research Board, Vol 
13, p 382 
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preciable traflBc The average daily traflSc 
in 1932 was 1384 cars and trucks 

A roughometer constructed according 
to the specifications of the U S- Bureau 
of Pubhc Roads ^ and operated on a 
1933 Plymouth car at a speed of 35 miles 
per hour gave an average roughness in
dex of 1 25 to the mile on three round 
trips over the section 

On August 30, from 11 A M to 5 30 
P M , 341 cars passed over this road at 
an average speed of 47 85 miles per 
hour, while 64 trucks maintained an 
average speed of 37 94 miles per hour 
This should be compared with the rate 
of travel on the treated gravel section 
carrying the same traffic These are be
lieved to be reliable averages because on 
a duplicate run made on the 26th of Au
gust, 146 cais passed the same observa
tion station averaging 47 67 miles per 
hour 

Traffic Study of the Treated Gravel 
Section of the Above Road (A) This 
section carried the same traffic as the 
pavement On August 30, 1933, from 
10 30 A M until 5 30 P M , 361 cars 
travelled over the section observed at an 
average speed of 43 27 miles per hour. 
During the same time 49 trucks passed 
at an average of 32 50 miles per hour 
The reliability of these figures may be 
checked with the average speed of 41 5 
miles per hour maintained by 94 cars 
at the station on August 22 The aver
age speed of 20 trucks was 30 8 miles per 
hour on that date 

The section chosen for each road
way surface was the best unhampered 
straight-away available The weather 
had been dry for several weeks A read
ing of 3 06 was obtained from 6 trials 
of the roughometer 

Study of Traffic on Another Treated 
Surface (B) • The average daily traffic 
on this road was 411 vehicles per day 
The comparative roughness of this sur
face was 10 1 per mile One hundred and 

2 Public Roads, Vol 7, No 7, Sept 1926 

twenty-five cars were observed on Au
gust 24 to pass at an average speed of 
37 10 miles per hour The vehicles com
posing the traffic were on the average 
older models than on the first two sta
tions observed While the surface was 
smooth, its texture lacked firmness The 
slow speed indicates that the texture of 
the surface may be a more important 
factor in determining speed than rough
ness 

T R A F F I C B E H A V I O R O N L O O S E - G R A V E L ROAD 

Two sections on loose-gravel were 
studied The roughometer recording on 
the first section was 12 3 The average 
daily traffic was about 402 vehicles On 
September 1,-1933, between 9 A M and 
5 P M , 105 cars passed at an average 
speed of 28 95 miles per hour Twenty 
trucks averaged 29 7 miles per hour 

On the other section on August 26, 
1933,186 cars passed at an average speed 
of 33 65 miles per hour, while 16 trucks 
had an average speed of 27 01 miles per 
hour On August 27, 125 cars passed at 
an average speed of 33 99 miles per hour 
and 3 trucks at 21 3 miles per hour The 
average for 416 cars on the two locations 
was 32 56 miles per hour and for the 39 
trucks 28 2 miles per hour 

T R A F F I C C A P A C I T I E S O F T H E V A R I O U S R O A D 

S U R F A C E S 

The maximum number of vehicles that 
may pass over a section of road m a given 
time 18 a function of both the speed and 
the average spacing maintained between 
vehicles Previous studies show that the 
average spacing is 21 feet plus 1.1 times 
the velocity m miles per hour. At such 
a spacing, the number of vehicles per 
hour that will pass a given point equals 

5280 V 
l l V + 2 1 

This formula, however, shows only the 
capacity when the road is completely 



108 HIGHWAY TRANSPORTATION ECONOMICS 

congested Under such a condition, the 
speed for all vehicles is the same and 
there is no minimum or maximum speed, 
but only the average speed which is 
maintained by all and determined by 
the slowest vehicle There is na particu
lar speed which gives a maximum ca
pacity, as was once believed, but speed 
and capacity increase together Hence 
the logical tendency to permit higher 
velocities 

Highway capacity has been defined 
(page 218 Vol 10 Proceedings Highway 
Research Board) as the ability of a road 
to permit traflSc to move at its normal 
rate of speed Congestion occurs when 
vehicles are retarded by those ahead 
Until such congestion occurs, the ca
pacity of the roadway is a function of 
the speed of the vehicles The average 
speed of the traffic is then a measure of 
the relative capacity The relative ca
pacities of the road surfaces studied are 
as m Table 1 

T A B L E 1 
R E L A T I V E CAPACITIES OP ROAD S U R F A C E S 

Type of surface 

Relative capacity 

Type of surface 
Care Trucks 

Gravel 
Treated surface (B) 
Treated surface (A) 
Pavement 

1 
1 15 
1 33 
1 47 

1 
1 23 
1 30 
1 51 

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

The slow speeds caused by a poor road 
surface result in a time loss to the vehicle 
and passengers By making a reasonable 
assumption of the value of time, the cost 
to traffic may be estimated In one case 
the value of a vehicle minute was esti
mated to be five cents (Report of a 
"Study of Highway Traffic and the High
way System of Cook County, Illinois, 
page 16, Bureau of Public Roads, 1925 ) 
Mr Fred Lavis estimates the value of 
time loss as 2 3 cents per minute, and 
for non-commercial vehicles as one cent 

per minute (Proceedings of the Ameri
can Society of Civil Engineers, 1930, 
page 1369 ) S Johannesson, m Civil 
Engineering, March, 1933, page 149, esti
mates that the average value of a pri
vate passenger car minute is 78 cents, 
and of a truck, 1 49 cents 

Mr Johannesson, m arriving at a value 
of vehicle time, makes use of the eco
nomic theoiy that the value of a thing 
I S what people are able and willing to 
pay for it 

Given the choice of two routes of 
travel, one shorter but more expensive, 
a certain peicentage of drivers will take 
the shorter route and pay a toll Studies 
of toll bridges have verified this fact 
There is an annoyance factor that should 
be taken into account Of two alterna
tive routes, the one offering unobstructed 
travel will attract the most traffic The 
annoyance factor can probably be mea
sured by the variation in speed over the 
route In the one case, high average 
speed would be achieved by excessive 
speeds over part of the route 

Nathan Cherniack, Special Traffic Con
sultant, Port of New York Authority, in 
a "Report of Traffic and Revenue Po
tentialities and Probable Traffic Char
acteristics of the Proposed Battery-Ham
ilton Avenue Vehicular Tunnel", March 
15, 1937, gives the following monetary 
values as appearing to be those placed 
by motorists upon running time and 
avoidance of waiting 

Passenger cars Trucks 
a Savings m 

running time ll(fpermin 
b Avoidance of 

waiting time 
at ferries 5 3^ per mm 8 0# per nun 

If the most conservative of these val
ues for time be applied to the various 
average speeds observed on the surfaces 
studied, the relative costs of time lost 
pel 100 vehicles are as shown in Table 2 
No time loss is assumed for the pave
ment as it shows the highest average 
speed 
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E C O N O M I C S 

Example 1 
Let it be required to estimate the value 

of the time that might be saved by 

T A B L E 2 

V A L U E OP T I M E L O S T 

Type of Burface 
Value of time 

lost per mile per 
100 passenger 

cars 

Value of time 
lost per mile per 

100 trucks 

Cents Cents 

Pavement 0 00 0 00 
Treated surface (A) 9 4 29 5 
Treated surface (B) 27 6 54 2 
Loose gravel 45 0 82 0 

per cent or 342 are passenger cars and 
60 are trucks 

For the existing traflBc therefore the 
estimated daily saving in time value by 
changing from Loose Gravel to Treated 
Surface (A) would=3 42 x 35 6(i-f0 6x 
52 5$! = 153(!i = $l 53 per mile The esti
mated annual saving would be $558 per 
mile 

Example 2 
Let it be required to set up a traffic 

load, based upon maintenance, capital, 
and time loss costs, at which a change 
fiom a treated gravel surface to pave
ment becomes desiiable (see Tabic 4) 

T A B L E 3 

A STUDY OP T R A F P I C S P E E D ON D I F F E R E N T ROAD SURFACES 

Treatment B Ordinary Gravel Treatment A Pavement 

Roughness*, units per mile 
Number of cars 

10 1 12 3 3 06 1 25 Roughness*, units per mile 
Number of cars 125 416 361 341 
Average speed of cars, miles per hour 37 1 29 43 48 
Number of trucks 48 39 49 64 
Average speed of trucks, nules per hour 30 9 28 33 38 
Comparative car capacity 1 15 1 1 33 1 47 
Comparative truck capacity 1 23 1 1 30 1 51 
Estimated value of time savings f per mile 

over ordinary gravel for 500 cars per day 
for 4 good-weather months $106 14 0 $217 16 $274 50 

For 70 trucks per day for 4 months 23 74 0 44 84 70 03 

•Measured by a roughometer constructed according to specifications of the U S Bureau of Public 
Roads (Public Roads, Volume 7, September, 1926) 

tBased on the estimates of S Johannesson, Ciinl Engineering, March, 1933, Page 149 

changing the loose gravel to Surface 
Treatment (A) 

Taking average traflSc of 402 vehicles 
per day of which 15 per cent are trucks 
the daily difference in time cost between 
the two roads may be computed as fol
lows 

45 cents—9 4 cents=35 6 cents=the 
excess cost for 100 passenger car miles 
on Loose Gravel over Treated Surface 
(A) 

82 cents—29 5 cents=52 5 cents=the 
excess cost for 100 truck miles on Loose 
Gravel or Treated Surface (A) 

Of the daily traffic of 402 vehicles 85 

T A B L E 4 

Pavement Treated 
Surface A 

Item 
Annual cost 

per mile 
Daily cost 
per vehicle 

mile per day 

Amortization of 
cost in 25 years 
at 5 per cent 

Mam tarn 
Operation loss 

$1,420 
150 $1 00 

0 46 

$1,570 $1 46 

T—daily traffic at which a change becomes 

desirable = = 1,075 vehicles per day 
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These costs are not offered as authentic 
and each solution should be made from 
data furnished by parties concerned 
Only the method is of interest The cost 
of the change is estimated at $20,000 per 
mile 

SUMMABY 

The ability of a road to facilitate traffic 
IS increased by improving the surface or 

removing other physical hazards, such 
as sharp curves, to permit increased 
speeds The monetary value of the time 
saved becomes a factor in the justifica
tion of the improvement The number 
of vehicles that can pass over a roadway 
at a rate of speed determined by the ex
cellence of the vehicle and the skill or 
desire of the driver unhindered by the 
road hazards is the true measure of high
way utility 




