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PRELIMINARY RESULTS OF ROAD-USE 
SIAUID tes 

BY DIVISION OF CONTROL, BUREAU OF PUBLIC ROADS 

Reported by ROBERT H. PADDOCK and ROE P. RODGERS, Associate Highway Engineer Economists 

OTOR VEHICLES annually travel approximately 
250 billion vehicle-miles over the streets and high- 

ways of the United States. The benefits derived from 
such travel may be considered one measure of the re- 
turns received on the large capital investment in high- 
way facilities. To finance the facilities necessary for 
the effective handling of such a great volume of travel, 
a large portion of the needed revenues is collected from 
vehicles owners largely on the basis of motor-vehicle 
use. However, highways also furnish other benefits 
than those received directly by motorists, and highway- 
user revenues are supplemented to a limited extent by 
revenues from other sources. 

In planning highway programs an important problem 
is determination of where highway-user revenues should 
be spent to benefit the greatest number of motorists and 
to provide for the most essential needs on all classes of 
roads and streets. It is evident that a properly con- 
sidered highway program should be intended, insofar as 
possible, to provide facilities for various classes of 
motorists so that the maximum benefits to the public 
will be realized. 

Determinations of the type and extent of highway use 
as obtained from road-use studies will assist in formu- 
lating such a program. These studies, which are 
integral parts of the current State-wide highway plan- 
ning surveys under way in 46 States, will provide factual 
bases for answering important questions concerning the 
nature of highway traffic. They will make possible an 
understanding of the relationships between highway 
expenditures and the travel of those who pay a large 
share of the transportation bill. The studies will also 
show the variations between the: motoring habits of 
rural and urban residents and between the traffic of 
different types of motor vehicles. 

The data presented in this summary are presented 
without the complementary material which will be 
available from other phases of the planning surveys, and 
which are essential in formulating integrated highway- 
development programs. However, a study of road-use 
data will assist in an understanding of highway-trans- 
portation problems. 

ANALYSIS MADE OF INTERVIEWS FROM 1i 
STATES 

REPRESENTATIVE 

Road-use information was obtained by means of a 
large number of personal interviews with motor-vehicle 
owners and drivers. These interviews were carefully 
selected to insure a proper representation of each geo- 
graphical division of a State, of each group of govern- 
mental jurisdictions within similar population ranges, 
of various occupations, and of vehicles according to 
types and ages in operation. Information obtained 
from vehicle owners by survey interviewers made it 
possible to determine the extent of the owners’ travel 
during the preceding year, and the routes of such travel 
for each trip. Experience has demonstrated that the 
year’s driving of an individual can be accounted for 

142758—39——1 

reliably because of the numerous habitual trips, fre- 
quent local recreational trips, and unusual long trips 
that can be easily recalled. 
By summarizing the data and expanding to the total 

State registration for each vehicle type—taking into 
account all known factors affecting the amount and 
kind of driving—information is obtained from which 
it is possible to estimate— 

1. The total amount of travel on the various high- 
way systems in a given area or in the State, and 

2. The amount of travel performed on the various 
highway systems in the State by vehicle owners residing 
in the several governmental jurisdictions. 

The two special analyses presented in this report are 
largely based upon preliminary road-use data obtained 
in the 17 States of Colorado, Florida, Iowa, Louisiana, 
Michigan, Minnesota, Missouri, Montana, New York, 
Ohio, Oklahoma, Oregon, Pennsylvania, South Dakota, 
Utah, Washington, and Wisconsin. Interviews cover- 
ing a total of 198,809 passenger cars and 71,941 trucks 
were taken in these States during different periods, 
most of them during 1936, but some at an earlier date. 
All figures were adjusted to the year 1936 in proportion 
to the motor-vehicle registrations for the particular 
years under consideration. The 17-State sample was 
then expanded to obtain figures representing the entire 
United States by applying road-use data for a particular 
State to those surrounding or similar States for which 
data were not yet available. 

Factors taken into consideration in these calcula- 
tions included motor-vehicle registrations, the distribu- 
tion of population by population groups (see table 1), 
motor-vehicle ownership per capita for various popula- 
tion groups, and existing mileages of the several high- 
way systems in each State. A number of additional 
corrective factors were omitted in this preliminary 
analysis, but it is believed that the results are reliable. 

The 17 States which formed the basis for this analysis 
represent: 

45.4 percent of the estimated population of the United 
States in 1936. 

47.8 percent of motor-vehicle registrations in the United 
States in 1936. 

41.0 percent of the State primary road mileage in the 
United States in 1936. 

Results of road-use studies indicate that these States 
were responsible for: 

46.3 percent of estimated travel on all roads and streets 
in . 

44.9 percent of estimated travel on State-administered 
highways in 1936. 

The close agreement of these figures indicates that 
for the purpose of this study, the 17 States were repre- 
sentative of the country as a whole. ; 

That the estimate of total annual travel amounting 
to almost 250 billion vehicle-miles for all passenger 
cars, trucks, and busses in the United States 1s reason- 
able, can be demonstrated by comparison with the total 
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TABLE 1.—Approximate distribution of population and of motor- 
vehicle registration in the United States in 1936 by population 
groups of residence 

aes ie : Motor-vehicle regis- 
Population group Population ! aaatlont 

Number Percent Number Percent 
Unincorporated areas. -------.-.- 44, 636, 770 36. 4 8, 617, 876 30. 6 
Incorvorated places having a | 
population of— 

L000 Orlesss 4, 362, 746 3.6 1, 491, 044 5.3 
TOOIEG 2:00) Saeeeeenee 4, 820, 707 3.9 1, 544, 370 5.5 
2,501 to 10,000 SES See ee 10, 614, 746 8.6 3, 061, 979 10.9 
10;001 to'26;0002222 = asso eee 9, 097, 200 7.4 2, 444, 929 8.7 
26:00:60 100000222. eee as 12, 917, 141 10.5 3, 419, 713 12.1 
100; 00WWorm Ore wei =n eee es ee 36, 325, 736 29.6 7, 585, 639 26.9 

otal aes Cee ea ee 122, 775, 046 100. 0 28, 165, 550 | 100.0 

1 Population data from 1930 census. Total midyear population for 1936 estimated 
by United States Census Bureau at 128,429,000. 

2 Includes passenger cars, trucks, and busses. 

quantity of gasoline consumed in street and highway 
travel. The total estimated travel of 249,778, 990,000 
vehicle-miles in 1936, divided by the ie 5855454 000 
gallons of gasoline used on highways in 1936, gives an 
average of 14 miles per gallon for all types of motor 
vehicles. This result is in close agreement with other 
estimates of average gasoline consumption per vehicle 
made in recent years. Both this figure and the esti- 
mated average annual travel of 8,870 miles for all types 
of motor vehicles also compare favorably with similar 
values determined from other highway planning survey 
data in a number of States. 

OVER HALF OF ALL TRAVEL PERFORMED ON PRIMARY STATE 

HIGHWAYS 

The highway systems over which total travel was 
distributed are classified as (1) primary rural highways 
and transcity connections, (2) secondary highways and 
local rural roads, and (3) city streets. Primary rural 
highways under State control consisted of 339,000 
miles which, with the urban extensions and connecting 
links through municipalities of 20,000 miles, totaled 
359,000 miles in the United States in 1936. 

The secondary and local rural road classification m- 
cludes 178,000 miles of rural highways under State con- 
trol other than primary State highways, as well as an 
estimated 2,440,000 miles of county and township roads 
or a total for this classification of 2,618,000 miles for the 
United States. 

City street mileage comprised 215,000 miles, of which 
20,000 miles was urban extensions and connecting links 
of the primary systems and 195,000 miles was the esti- 
mated total of other streets in ‘all incorporated places 
in 1936. 

In determining the distribution of travel to these 
various systems all travel on streets of incorporated 
places incurred in going to or coming from rural por- 
tions of the primary highway system was summarized 
separately and for this particular presentation has been 
credited to the primary system. Similarly, travel on 
city streets incurred in going to or coming from rural 
portions of the secondary system was credited to the 
secondary system. Purely local city travel originating 
inside a municipality and not extending beyond the city 
limits was credited to the local street classification, even 
though some of that travel occurred on the urban ex- 
tensions or connecting links of the primary system with- 
in the city. 

Table 2 shows the distribution of estimated annual 
motor-vehicle travel in the United States in 1936 on the 
various highway systems, as performed by motor- 
vehicle owners resident in different population groups. 

Table 3 shows for each population group of residence or 
vehicle ownership the percentage of total annual 
travel performed on each of the highway systems. The 
composition of the total annual motor-vehicle travel 
occurring on each highway system according to the 
various population groups in which the travel originated 
appears in table 4. 

Average annual travel figures for each highway sys- 
tem by motor- vehicle owners resident in each popula- 
tion group appear in table 5. 

TaBLE 2.—Estimated motor-vehicle travel on various highway 
systems in the United States in 1936 ! 

Total travel on— 

Travel by motor-vehicle owners | Primary | g ¢ 
resident in— rural high- Peete eh 

ways and aes ane City streets|All systems 

transelty rural roads 
connections 

Million ve- | Million ve- | Millionve- | Million ve- 
hicle-miles | hicle-miles | hicle-miles | hicle-miles 

Unincorporated areas___________- 40, 846. 6 19, 453. 7 3, 333.0 63, 633. 3 
Incorporated places having a 

population of— 
OOOO lessees ae ae ee eee 9, 869. 0 2, 942.7 760. 4 13,572, 1 
L. OOD) 250022 See eee ee 10, 368.9 2, 063. 6 J, 826.8 14, 259.3 
PAM oy MOON = os 19, 800. 8 2, 909. 3 6, 284. 5 28, 994. 6 
O00 0925:000 eae eee 15, 127.6 1, 906.8 6, 869. 8 23, 904. 2 
25,001 600100, 000f2aae a eee 18, 632. 8 2, 044. 5 12, 710. 2 33, 387. 5 
LU OM Oia enaavoygers es 26, 328. 0 2, 113.4 43, 586.5 72, 027.9 

TROfalt aes cen et ee 140, 973. 7 33, 434. 0 75, 371, 2 249, 778.9 

1 Based on preliminary data from road-use surveys in 17 representative States. 

TaBLE 3.—Percentage of estimated motor-vehicle travel on the 
various highway systems in the United States in 19386 

Total travel on— 

Travel by motor-vehicle owners Primary | aq P ieee A ‘py. | secondary | 
Ree rural high- | ‘highways | City | All sys 

2 aERAOR RT and local streets tems 
pees ee rural roads 

i Percent Percent Percent | Percent 
Unincorporatedaress. — == ==. ee 64.2 30. 6 5.2 100.0 
Incorporated places having a popula- 

tion of— } 
l O00 OLMeSS.. 5 =e eens 72.7 PA | 5.6 100.0 
001 OV. OO pee ee a (20 14.5 12.8 100.0 
2,501 to 10,000_____ a 68. 3 10.0 PANS I 100.0 
10,001 to 25,000____ | 63.3 8.0 28.7 100.0 
25,001 to 100,000 “ 55.8 6. 2 38.0 160.0 
LOOLO0 Oram OF G2 se ee 36.6 2.9 €0.5 100. 0 

Total: <2 2s sees eee 56. 4 13.4 | 30. 2 100.0 

TaBLE 4.—Percentage of estimated motor-vehicle travel on each 
highway system by population groups of residence in which 
travel originated in the United States in 1936 

Total travel on— 

Travel by motor-vehicle owners Primary | Secondary 
resident in— rural high- | highways City All 

ties ee anda streets | systems 

connections roads 

Percent Percent Percent | Percent 
Unincorporated areas___.__...-_-____ 29.0 58. 2 4.4 25.5 
Incorporated places having a popu- 

lation of— 
O00 OTeSS asses eee BN 7.0 8.8 0 5. 4 
O01 to2; 500 a aes See ver ae 7.4 6.2 2.4 6.7 
BOUL GO! 10 OOO! 2 os fe ee 14.0 87 8.3 11.6 
LOLOO1C OLD, O00 ee enue ene 10.7 5.7 Ord 9.6 
25, 002)/t0) 100) 000 sarees ee eee ANB a7 6.1 16.9 13.4 
100,001 or more__ Se ee 18.7 6.3 57.9 28.8 

Tot aleaee ce hee ee ee eee 100.0 100.0 100.0 100. 0 
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The data presented in tables 2 and 3 indicate that of 
the nearly 250 billion vehicle-miles traveled in 1936 by 
passenger cars, trucks, and busses in the United States,” 
56.4 percent was travel on the primary rural highways 
and transcity connections, 13.4 percent on the second- 
ary highways and local rural roads, and 30.2 percent on 
city streets. These figures may be more easily visual- 
ized by reference to table 5, which shows that the aver- 
age motor vehicle traveled 8,870 miles during 1936, and 
that the division of this travel among the three classes of 
highways was 5,000, 1,190, and 2,680 miles, respectively. 

TasBLE 5.—Estimated average travel per motor vehicle on the 
various highway systems of the United States in 1936 

Average travel on— 

Travel by motor-vehicle owners Primary | Secondary 
resident in— rural high- | highways City All 

ways and | and local streets | systems 
transcity rural 

connections roads 

Vehicle- Vehicle- Vehicle- | Vehicle- 
miles miles miles miles 

Unincorporated areas. . .-.-.2.----.<. 4, 740 2, 250 390 7, 380 
Incorporated places haying a popu- 

lation of— 
TA OOQOLA CSS pera oe see oe ee Ss Se 6, 620 1,970 510 9, 100 
1,001 to 2 DOOR Seek abe ee he 6, 710 1, 340 1, 180 9, 230 
PDO GONLO O00 se ae eee oe eae | 6, 470 950 2, 050 9, 470 
LO P00 TOs20. 0005 sees wee ewe ee 6, 190 780 2, 810 9, 780 
PO OO LOu00, QUO Sse see as come se 5, 460 600 3, 710 9, 760 
FOO OOlion more: esses ee 3, 470 280 5, 740 9, 490 

A OUd] eee ae See cece eee 5, 000 1, 190 2, 680 8, 870 

Because the total average annual travel for motor 
vehicles registered in each ‘population group was rela- 
tively uniform with the exception of those owned in 
unincorporated areas (table 5), the percentage of total 
annual travel on all highways and streets corresponded 
very closely to the percentage distribution of vehicle 
registrations within each population group. This fact 
is apparent from comparison of the figures in the last 
columns of tables 1 and 4. 

MAJOR USE OF PRIMARY HIGHWAYS WAS BY CITY CAR OWNERS 

There was considerable difference, however, in the 
relative use of the various highway systems by ‘vehicles 
registered in the several population groups. These 
differences are indicated in tables 3 and 5. Vehicles 
owned in unincorporated areas heen 64.2 percent 
and 30.6 percent of their travel in 1936 on the primary 
highways and the secondary and local rural roads, re- 
spectively, and used city streets for only 5.2 percent of 
their total travel. 

The use of the various highway systems by vehicles 
owned in the smaller incorporated places was somewhat 
similar to that for rural-owned vehicles. However, it 
is interesting to note the extent of the change in use of 
other highway systems with increase in the size of the 
place of vehicle ownership. Vehicles owned in the 
group of smallest incorporated places used the primary 
highways and the secondary and local rural roads for 
72.7 percent and 21.7 percent, respectively, of their 
fal annual driving, while vehicles owned in cities 
having populations over 100,000 used these same sys- 
tems to the extent of 36.6 ‘percent and 2.9 percent, 
respectively. Vehicles owned in the smallest incorpo- 
rated places were used on city streets for only 5.6 per- 
cent of their total-annual travel, but those owned in the 
largest cities performed 60.5 percent of their annual 
travel on streets of incorporated places. (See table 3.) 

140 

TRAVEL BY RESIDENTS OF 
120 UNINCORPORATED AREAS 

TRAVEL BY RESIDENTS OF 

INCORPORATED PLACES 

100 

80 | 
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20 

O Z LG 

PRIMARY RURAL SECONDARY CITY 
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Figure 1.—DIsTRIBUTION OF ESTIMATED ANNUAL MorTorR- 
VEHICLE TRAVEL IN THE UNITED STATES IN 1936 BY RESIDENTS 
OF UNINCORPORATED AREAS AND INCORPORATED PLACES. 

This increase in the use of city streets by vehicles 
owned in the larger incorporated places was, of course, 
accompanied by a corresponding decrease in the use of 
other highway systems. It should be noted, however 
(table 3), that even for vehicles owned in the largest 
cities the primary rural highways and transcity con- 
nections were used for over one-third of the total annual 
travel. This use was sufficiently high to account for 
18.7 percent (table 4) of the annual travel by all motor 
vehicles on the primary highway system. 

As shown in table 4 and figure 1, the largest propor- 
tion of travel on the primary highway system was that 
of town and city residents. Motorists living in incor- 
porated places accounted for 71 percent of the total 
travel on this system. 

The importance of the primary highways to the city 
motorist 1s apparent. Though his use of the rural 
highway system decreased (see table 3) as the size of 
the place in which the motorist lived increased, the per- 
centage of his travel on such highways was consider- 
able. Only for vehicle owners resident in cities over 
100,000 population did their travel on primary rural 
highways fall below 50 percent of their total travel. 

Considering only residents of cities having popula- 
tions of more than 10,000, table 2 shows that they 
accounted for more than 60 billion vehicle-miles of the 
140,973,700,000 vehicle-miles traveled on primary 
highways in 1936. Residents of unincorporated areas 
accounted for only slightly more than 40 billion vehicle- 
miles of the primary highway travel, or less than that 
provided by vehicle owners from cities having more 
than 25,000 population. 

In considering travel by residents of incorporated 
places having 10,000 population or less, it is significant 
that the percentage of their travel on primary highways 
as shown in table 3 was greater than that of any other 
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group, even the residents of unincorporated areas. 
Practically all such incorporated places are located on 
or within a very short distance from primary roads. 
Highway development in this country has been such 
that generally it has been expected that all but the very 
smallest places would be given consideration in the 
location of primary routes. Vehicle owners living 
within these cities are located close to primary high- 
ways; they are much closer than many rural residents 
who live on township or county roads; and they are 
generally closer than residents of the larger cities who 
frequently must travel a considerable distance to reach 
primar y routes. 

It is apparent from this discussion and from the data 
shown in the accompanying tables that the major use 
of the primary highways is by city motor-vehicle own- 
ers, and that in ‘spite of their large use of local city 
streets, the use of primary highways by all city-owned 
vehicles is greater than their use of all other highway 
facilities. It therefore follows that the provision of 
adequate rural highway facilities today is of major 
importance to the city motorist and that the required 
improvements in those facilities are largely occasioned 
by the city motorists’ demands on the primary system. 

TRIP-LENGTH DATA OBTAINED IN 11 STATES 

Table 4 shows that only 4.4 percent of the total travel 
on city streets was contributed by motorists living in 
unincorporated areas, and that most of the remaining 
95.6 percent of travel performed by residents of incor- 
porated places represented the operations of residents 
in the larger cities. Of all travel on city streets, 57.9 
percent was performed by residents of cities having 
populations of over 100,000, and drivers living in 
cities with over 10,000 inhabitants accounted for 
83.9 percent of the total travel on local city streets. 

Concerning motor-vehicle use on all streets and 
highways, approximately one-fourth was by residents 
of unincorporated areas, while twice that amount, or 
51.8 percent of all travel, represents the driving of 
those living in cities having over 10,000 inhabitants. 
The largest percentage of vehicle travel accounted for 
by residents of any one group of governmental units as 
shown in table 4 was that originating in cities having 
populations over 100,000. Residents of these cities 
contributed 28.8 percent of all travel on all roads and 
streets. 

These data on vehicle travel have also been expressed 
in terms of average 24-hour traffic volumes for each 
class of road and street. Table 6 shows that for the 

TABLE ae Approximate mileage of each highway system and 
average 24-hour traffic volume on each highway system in the 
United States in 1936 

Estimated 
Approxi- | total an- rake 

Highway system mate nual motor- t fhe. 
mileage vehicle ‘i e 

travel VOOR 

Million 
Primary rural highways and transcity con- Miles vehicle-miles| Vehicles 

NESCONSET ee eee es neve eek re ieae Meee ene sae 359, 000 140, 973. 7 1, 076 
Secondary highways and local rura! roads__-__| ! 2, 618, 000 33, 434. 0 35 
City. streeusiny 2.35 eS es eee 2 215, 000. 75, 371. 2 960 

ATI Syatoris-= 5 See ee. se eaeeee een 33,172,000 | 249, 778.9 216 

1 Based on latest available estimates. 
2 Estimate includes 20,000 miles of transcity connections which are also included 

with primary system mileage, because exclusively local city travel includes travel 
over such connections. 

3 Excludes duplication of 20,000 miles of trans-city connections. 

country as a whole, primary rural highways and their 
transcity connections carried an average daily volume 

‘of 1,076 vehicles, which was slightly higher than the 
960 vehicles computed as the average for city streets. 
These volumes were about 30 times greater than the 
average daily volume on secondary and local rural roads 
combined. Average 24-hour traffic volume for the 
more than 3 million miles of roads and streets in the 
United States was estimated at 216 vehicles. 

Another special study of considerable value was also 
made from road-use data concerning the radu of opera- 
tion of motor vehicles. It was sought by this investiga- 
tion to determine the length of vehicle trips that extend 
beyond the limits of cities; that is, of trips that are 
either partly or wholly on rural roads. Thus all trips 
by residents of unincorporated areas were included; but 
for motorists living in incorporated places, only those 
trips were counted that extended beyond the limits of 
the town or city in which the driver resided. 

This special study was made in the 11 States of 
Florida, Kansas, Louisiana, Minnesota, New Hamp- 
shire, Pennsylvania, South Dakota, Utah, Vermont, 
Washington, and Wisconsin. In 1936 there were 
4,862,541 passenger cars and 880,432 trucks registered 
in these 11 States, or a combined registration of 5,742,- 
973. These firures are presented in table 7, together 
with information concerning the number of interviews 
taken in each State. The number of interviews totaled 
129,407, and consisted of 94,167 for passenger cars and 
35,240 for trucks. Trip-length information was not 
expanded to represent data for the entire country, but 
only to represent total registrations in each of these 
States. 

For purposes of this analysis, all trips have been 
classified as one-way trips. If a motor-vehicle owner 
left his home and drove to some other point 10 miles 
distant, requiring a total travel of 20 miles from point 
of starting until return to that point, such a trip could 
be classified as two one- -way trips of 10 miles each. 
The one-way trip classification has been used for all 
tabulations in this discussion. 

TABLE 7.—1986 motor-vehicle registrations and number of road 
use interviews used for basis of analysis of total number of one- 
way trips outside city limits in 11 States 

1936 registration Number of interviews 

State “ 
assenger Passenger 2 
Bae Trucks Total pais Trucks| Total 

Hlorid so ee 321, 467 63,885 | 385, 352 7,015 | 3,010 | 10,025 
Kansasoseet eee 490, 793 187, 113 577, 906 8, 663 2, 813 11, 476 
WOUiSiaiia 7-2 OOL 73,628 | 301, 989 3, 891 1, 623 5, 514 
MINN eSOtaL-. ee eee GOs; O15 114, 448 783, 363 13, 059 5, 649 18, 708 
New Hampshire all 5 Spat 97, 361 124, 875 122,236 |, 1,936 914 2, 850 
Pennsylyaniness= sae 1, 615, 955 235, 834 |1, 851, 789 23, 783 | 10, 567 34, 350 
South Dakotas. 158, 192 28, 216 186, 408 3, 608 1, 5383 5, 141 
Utah: = eene eae eee 96, 768 19, 397 116, 165 2, 148 1, 097 3, 245 
Vermont—ssees- bee oeaen 75, 195 8, 845 84, 040 1, 472 850 2, 322 
Washino tongs. e045 419, 493 79, 538 499, 031 14, 027 1, 333 15, 340 
Wisconsin? este eee 690, 041 144, 653 834, 694 14, 565 5, 871 20, 436 

Oise eee 4. 862.7541 880, 432 |5, 742, 973 94, 167 | 35, 240 | 129, 407 

1 Includes busses. 

PASSENGER-CAR AND TRUCK TRIPS PREDOMINATELY OF SHORT 

LENGTH 

Tables 8 and 9 contain analyses of the length of one- 
way trips partially or wholly traveled on roads in unin- 
corporated areas. The numbers of these trips within 
designated length classifications are shown graphically 
in ficure 2 2 for passenger cars and trucks combined. 

The short length of travel of a large part of motor- 
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PERCENTAGE OF ALL TRIPS EXCEEDING LENGTHS SHOWN 
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FIGguRE 2.—PERCENTAGE OF ALL PASSENGER-CAR AND TRUCK 
Trips EXCEEDING VARIOUS LENGTHS. 

250 

vehicle operation is readily apparent. For passenger 
cars, trips of less than 5 miles constituted 38.4 percent 
of the number of all one-way trips traveled partly or 
wholly on highways in unincorporated areas. Trips 
of over 5 but less than 10 miles comprised 26.5 percent 
of the total. Of all the one-way trips tabulated, there- 
fore, 64.9 percent of the total number were less than 10 
miles long. Trips Jess than 20 miles long accounted 
for 85 percent of all passenger-car trips. Accordingly, 
only 15 percent of all trips extending beyond city 

limits or traveled entirely on rural roads were greater 
than 20 miles long. Passenger cars went over 100 
miles from their starting point on only 1.5 percent of 
all their trips. 

Analysis of truck movements gave fairly similar 
results, 34 percent of all trips being less than 5 miles 
long, 59.5 percent less than 10 miles, and 80.3 percent 
less than 20 miles. Trips over 100 miles were 2.0 
percent of the total number of all trips, and truck trips 
above 50 miles and less than 250 miles long constituted 
6.2 percent of the total number as compared with 4 
percent for passenger cars. 

Considering passenger cars and trucks combined, 
37.5 percent of the number of all one-way trips involv- 
ing travel on roads in unincorporated areas extended 
less than 5 miles from the point of origin. The fact 
that the many short trips made wholly within incorpo- 
rated areas have been omitted from these trip-length 
data emphasizes still further the preponderant use of 
motor vebicles for short trips. 

Tables 10 and 11 show the States of destination of 
one-way trips over 100 miles long made by passenger 
cars and by trucks registered in the 11 States. These 
data are summarized in table 12 to show the percentage 
of such trips having destinations in the State of origin, 

TABLE 8.—Frequency distribution of the length of all one-way trips made by passenger cars that extended outside city limits in 11 States } 

TOTAL NUMBER OF TRIPS 

Length of one-way trips from point of origin in miles 

en L th 100 t 250 t 00 1,000 and vrDS ess than to) 2 (0) 500 to sl an 
5 5 to 9.9 | 10 to 19.9 | 20 to 29.9 | 30 to 39.9 | 40 to 49.9 | 50 to 99.9 949.9 499.9 999.9 over 

1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
trips trips trips trips trips trips trips trips trips trips | trips trips 

IBY y Gl ae a ee ee eee ee 45, 189 40, 584 31, 808 11, 069 4, 055 oie 3, 776 1, 497 400 85 76 13.9, 907 
RCA NSAGa eee ore Ne ee ee 124, 109 69, O11 54, 600 17, 267 6, 526 2, 282 6, 634 2, 591 458 | 154 89 283, 721 
IL coyevicyte yal: tet Sage Siege SMe hee ee ee 43, 984 25, 005 18, 019 6, 970 2, 986 1, 335 3, 842 946 182 | 35 10 1038, 314 
AVIS Olas meee = ree ener See Bah 97,533 | 62,426 | 51,591 | 16,477 6, 477 3, 680 8, 224 5,045 556 89 45 | 252,143 
ING Wablal pSUinelees eee es ones wea scans 10, 782 12, 941 10, 975 3, 046 1, 393 900 1, 536 326 27 8 4 41, 9388 
Ronnsyl vanish mee ER ee 296,153 | 214,362 | 154,277} 47,626 21, 246 9, 180 19, 254 8, 016 763 | 221 91 771, 189 
Souths Dakotas sess ain week al pe aea 16,704 | 11,760] 11,880 4, 894 1, 631 1, 233 1, 950 734 180 41 24 51, 031 
(tee ae ee) Se eee Pie ee 17, 019 9, 198 6, 838 2, 626 1, 653 908 1, 053 477 134 60 | 41 40, 007 
AGT S @OYEY 0 ey oe es ee ee ee pe Ree ee 14, 763 10, 650 6, 178 2, 079 718 562 757 223 28 1 pf 35, 960 
WWashiniet Ones se ee, oe en ae ee 73, 201 42, 913 33, 562 11, 020 5, 700 2, 208 4, 882 2, 062 359 49 59 176, 015 
SCOT SLT meee ee neees eS eee a Se ee 95, 622 77, 445 58, 499 20, 691 9, 538 4, 123 9, 324 3, 826 541 82 49 279, 740 

AIG, es le 2 me a eR 835,059 | 576,295 | 438, 222 143, 765 61, 923 27, 784 61, 232 25, 748 3, 628 825 489 | 2, 174, 965 

PERCENTAGE OF TOTAL NUMBER OF TRIPS 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
TOT awe eee ee een ee ee ee 32.3 29.0 22.7 7.9 2.9 1.0 2.7 ia 0.3 0.1 (2) 100 
GATS AS ame mere ee eee ee he a ae 43.8 24.3 19.2 6.1 2.3 -8 2.3 no By | fl (2) 100 
HOM TISIQ Awe see en ee een eee Fe 42.6 24, 2 17.4 6.8 29 133 oer 9 “4 (?) (2) 100 
RVITTNOSO ES ase ae eee oe ee ae ge 38. 7 24.8 20. 4 6.5 2.6 1.5 3.2 2.0 .2 wa (?) 100 
INOW ALO DSHITOseeee see eee eS Paths 1 30.9 26.1 are, Sno Boo 3.6 8 All (?) (2) 100 
HCOUTS VI Veal eens heen ae ge ee 38. 4 27.8 20. 0 6.2 Dae 2 200 1.0 Se sil (?) 100 
BOUU Ne AR OLAseeta ee tee coe ne eee em Le 32. 7 23.0 23.3 9.6 3.2 2.4 3.8 1.4 4 | Si! “3 100 
(Ue et ee ne So ee ee 42.6 23.0 iifgelt 6.5 4.1 2.3 2.6 1.2 3 .2 tv 1 100 
WApeRT OF a ha rn ee ee ee he 41.0 29.6 17.2 5.8 2.0 1.6 2.1 .6 pl (?) (?) 100 
WASHING LOT es ne ee a 41.6 24.4 19.0 6.3 3.2 1.3 2.8 Led. 2 a (?) 100 
SV ESCOLISIT aes pest eee ee nn as aa 34, 2 leit 20.9 7.4 3.4 1.5 gh8) 1.4 BZ () (?) 100 

MNGi eae a See ee A ee 38. 4 26.5 20. 1 6.6 2.8 1.3 2.8 1.2 .2 sa! () 100 

CUMULATIVE PERCENTAGE OF TOTAL NUMBER OF TRIPS 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
Hioridaes:.2s.5.— hte a a ee eee ee BPA 61.3 84.0 91.9 94.8 95.8 98.5 99.6 99.9 100.0 1007} 22e 
USE RCN See ent eis MOR oe A oe ae 43.8 68.1 87.3 93. 4 95.7 96. 5 98.8 99. 7 99.9 100. 0 ODS | co eemtnte 
HROCHSia Tame ees ae ee eee Sl eee oe 42.6 66.8 84.2 91.0 93.9 95. 2 98.9 99.8 100.0 100. 0 NO) | [Bere Se 
WV OSO LAS = es eee ho a es 38. 7 63. 5 83.9 90. 4 93.0 94.5 97.7 99. 7 99.9 100.0 100)3| ees 
New vElampsbires 2. - == fan2522 5 feo coe 25.7 56. 6 82.7 90. 0 93.3 95. 5 99.1 99.9 100. 0 100. 0 LOO eames 
PPEDMSVIV AINE cen. = ates eee ee ee eee 38. 4 66. 2 86. 2 92. 4 95.1 96.3 98.8 99.8 99.9 100. 0 LOO eo ate =a 
BOnch DakOLgse ss soc = Saas eee 5 as ee 32.7 aie f 79.0 88. 6 91.8 94, 2 98. 0 99. 4 99.8 99. 9 LOO) | Seer 
‘LOGIN Sa at ee ne eo Se 42.6 65. 6 82.7 89. 2 93.3 95. 6 98. 2 99. 4 99.7 99.9 LOO) eae ee 
SPOLETO) Ga eee te ae oles Moeene ee 41.0 70. 6 87.8 93. 6 95. 6 97.2 99. 3 99. 9 100. 0 100. 0 LOOM Ee eae 
UU GIO alg nals Loe inde ae ee Ee ee eS ee 8 41.6 66.0 85.0 91.3 94.5 95. 8 98. 6 99. 7 99.9 100. 0 100 y/o 
AVIS Og) bi ae BOS ES eae eee eee ee 34. 2 61.9 82. 8 90. 2 93. 6 95. 1 98. 4 99.8 100. 0 100.0 3.00) oes sarees 

AR CENE. 25 a Pee ak a ies, Oe a er BEM 38. 4 64.9 85.0 91.6 94.4 95. 7 98. 5 99. 7 99.9 100. 0 HOG) "|= eee 

1 Based on analysis of 42,407,204 one-way trips performed by 94,167 passenger cars in these States. 
2 Less than 0.1 percent. 
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TaBLE 9.—Frequency distribution of the length of all one-way trips made by trucks that extended outside city limits in 11 States } 

TOTAL NUMBER OF TRIPS 

Length of one-way trips from point of origin in miles 

Total all 

ae L 100 t 250to | s00to |1,000ana| ‘trips ess 0 Co) Co) ,000 an 
iia 5 5 to 9.9 | 10 to 19.9 | 20 to 29.9 | 30 to 39.9 | 40 to 49.9 | 50 to 99.9 249.9 499.9 999.9 Over 

1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,090 1,000 1,000 1,000 1,000 
trips trips trips trips trips trips trips trips trips trips trips trips 

Worlds: see ee ee a ee 11, 145 11, 433 8, 504 3, 616 1, 456 514 1, 358 842 179 19 14 39, 080 
JEAN SASSY cect Eee ee ee eee 17, 622 12, 722 10, 389 3,777 1, 540 741 1, 946 792 lll 23 16 49, 679 
HOuIsianie = aes = ee ee ee ees 14, 769 11, 787 12, 645 4, 803 2, 539 962 3, 909 1325) 97 8 (?) 52, 844 
Minnesotis (2s eae: ea eee 20, 591 20, 750 14, 942 5, 634 2,169 1, 302 3, 767 2, 61 206 11 3 71, 786 
INGw. Ham pshines seo. = eee re eee 2, 708 38, 504 2, 584 863 414 195 602 75 3 (2) (2) 10, 948 
Ponnsylvanid 22S ee ee 53, 717 33, 446 24, 704 7,291 3, 789 1, 897 4,077 1, 130 59 20 (?) 180, 130 
South! Dakota2o 2 eee > eae eee 2, 824 2, 528 3, 104 1, 239 516 542 1,181 505 77 6 2 12, 524 
OG ea Ta a ee ee ey ee 4, 579 1, 960 1,616 659 395 247 462 314 45 5 2 10, 284 
Vermont= soe at ome eee eee 38, 159 2,817 1, 969 564 247 197 258 61 33 2 (2) 9, 297 
Aa Clave nteg (1) ieee 2 Fee oe De ae ea ade ee L7ot5) 9, 488 9, 724 4,734 2, 768 905 1, 966 755 72 6 8 47, 892 
Wisconsilt- 4-2 2 ae tea hy pene ee ee ee 36, 323 28, 531 23, 340 8,775 4, 197 2, 759 4, 382 1, 611 152 10 (?) 110, 080 

TO GREE See oe = tae Sane ok Sere eee ae 184,952 | 138,916 | 113,521 41, 855 20, 030 10, 262 23, 908 9, 911 1, 034 110 45 544, 544 

PERCENTAGE OF TOTAL NUMBER OF TRIPS 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
PL OPIGS.. Seco Se oe pe ie Re 28.5 2952 21.8 9, 3.7 ie 3.5 2.1 0.5 0.1 (3) 100 
Keg risact) ee eee er eae en er es eee 35.5 25.6 20.9 7.6 eal 1-5 3.9 1.6 a2 Gal (3) 100 
TOUsSian a= ee See ae ie ea ae See ee 27.9 22.3 23. 9 9.1 4.8 1.9 Wise 2.5 2 (3) (3) 100 
INET OSO ta Ss ee eee ern eee 28.7 28. 9 20.8 Wtf 3.0 1.8 6.2 3.5 A) qi (3) 100 
New Hampshire! saat Soe fe. seers eee 24.7 32.0 23.6 7.9 3.8 1.8 6.5 ak (3) (3) (3) 100 
Pennsylvatlige ee See eee eee ee 41.3 25.7 19.0 5.6 2.9 1.4 Sul 79 al! (3) (°) 100 
SouthiDakotea..- = ae See 225 20. 2 24.8 9.9 4,1 4.3 9.4 4.0 6 sal aul 100 
Utah een 44.5 19.1 15.7 6.4 3.8 2.4 4.5 Bol .4 Ail (3) 100 
Vermontss-* 2 ee ee 34.0- 30. 3 Ploy? 6.0 Pel Za 2.8 a5) .4 (3) (3) 100 
Washington’. 25.2 oe ae samme gs a meen a 36. 6 19.7 2058 9.9 Det 1.9 4.1 1.6 BD (3) (3) 100 
Wisconsin o: Sees se ee See 33.0 25.9 2152 8.0 3.8 N65 4.0 15 all (8) (?) 100 

Rota): 5552 oe eee ee ee 34.0 2056 20.8 Up tf 3a 1.9 4.4 1.8 72 (3) (*) 100 

CUMULATIVE PERCENTAGE OF TOTAL NUMBER OF TRIPS 

P Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
Hlorids = aes ee ee 28. 5 57.7 79.5 88. 8 92.5 93.8 97.3 99.4 99. 9 100. 0 100 eee 
Kansas Sete ee pee BonD 61.1 82.0 89.6 92.7 94. 2 98. 1 99, 7 99.9 100.0 100) | oe eee 
Louisiana waiebossesos ne 27.9 50. 2 74.1 83. 2 88.0 89.9 97.3 99.8 100. 0 100.0 100) |= 
Minnesota_ Se mee saaees deeee emacs ace eee 28. 7 57.6 78.4 86.1 89.1 90. 9 96.1 99. 6 99. 9 100.0 100) | 22 eee 
New Hampshire 24.7 56. 7 80.3 88. 2 92.0 93. 8 99. 3 100.0 100. 0 100. 0 100! =e 
PENNSYLVANIA See eee een 41.3 67.0 86.0 91.6 94.5 95.9 99.0 99. 0 100. 0 100. 0 100) |. 
SoutheD gkotaeceea =n ee eee eae 22.5 42.9 67.5 77.4 81.5 85.8 95. 2 99. 2 99.8 99.9 100) | aae 
Utah soe Sen ee oe. See ee ee ee 44.5 63. 6 79.3 85. 7 89.5 91.9 96. 4 99.5 99. 9 100.0 100. | === 
V ermont a a ee ee ee oye 34.0 64.3 85. 5 91.5 94.2 96.3 99.1 99.6 100. 0 100. 0 100 
Washington aps oe Late apt ee fe ee en A 36.6 56. 3 76.6 86.5 92.2 94.1 98. 2 99.8 100.0 100.0 100):||=s22 eee 
WiSCOnSI Ip ee er eee 33. 0 58.9 80.1 88.1 91.9 94.4 98. 4 99. 9 100. 0 100. 0 LOO! |. ees 

Sova] esa. sore se eee ae oe 34.0 59. 5 80.3 88.0 91.7 93.6 98.0 99.8 100.0 100. 0 100) 

1 Based on analysis of 22,268,882 one-way trips performed by 35,240 trucks in these States. 
2 Less than 500 trips. 
3 Less than 0.1 percent. 

TABLE 10.—Estimated total number of annual one-way trips over 100 miles long traveled by passenger cars registered in 11 States of origin, 
and classified by State of destination of individual trips 

State of destination 

Florida 

Alapamas 2: tease eee 38, 172 
PMU AG Wee, Se ee ae es SS eee 
NT RATIGRS 522s seen a ee er 1, 368 
Californias a ee eee 870 
GMolorad 0. eae eee ee 1, 032 
Connecticit ass eee eo ee 1, 060 
DGlAWSlos = yee wee See eS 168 
ONIG a: eee ne ee een ee 1, 746, 624 
Georgia Se ene nenee ee 137, 300 
hdahor. ees eee ee ee sett ae oot 
Liin ois ee eee ee ee 4, 496 
Ln diane eens 2. Soeur 4, 590 
JO Wace seca ee ee ee 610 
Ka Sa5 20 eee epee on ene oe 296 
enttickiy rene. eee ee Oe 6, 094 
TOUISIAN geese ee ee ee 7, 826 
MUS TiG ae: 8 eee ees oe eee an eete 1, 140 
Marylandvcwsee se fo Ses 1, 500 
Midssachusetigusesessa ease o> a 2, 570 
IWUiChIip at eeeee Seen ee See 38, 814 
WViinn eso ia eee, ae ee eee ee ae 424 
IM Ississip ieee ole = ee 6, 482 
Missouri Seeeeer sere eee et 1, 156 
Mon tant? Seer ae Sets Seo yee aes 
Nebraskneseaene a ane Pee & east 134 
Nevada. 2 eae ee ee 136 
New ELAM Dsiite. ssn eee 538 
New Jorsoyae = o9 oe 2, 044 
New Mexico tee es see ca. 

State of origin 

New 
ampshire 

Pennsyl- 
vania 

Kansas Louisiana | Minnesota H 

418 33, 422 
e 764 72 546 

38, 180 43, 030 726 
16, 122 1, 556 8, 994 

144, 456 130 1, 434 
PP sop Pa 1S Os | eee cee 

2, 048 8, 518 2, 156 
688 6, 096 110 

L204 eereeee ee Sy 216 
23, 858 2, 060 59, 168 
3, 582 292 2, 398 

20, 996 344 119, 550 
1, 827, 206 330 842 

2, 462 726 436 
4,026 873, 324 612 

2185 | eee ee 110 
ES A PP ee 324 152 

C9ON |S eae tees 536 
9, 594 584 56, 724 

14),026))|| Seer = 5, 106, 158 
1, 504 88, 934 196 

505, 022 990 5, 554 
be 1570) peo sae 5, 232 

08:45) | aeaeeeaeient 6, 592 
424 

98 ea eweo ea co | eee 
8, 696 924 76 

100, 766 
856 

South < > Washing- 
Dakete Utah Vermont oui 

1, 498 90, | eee eee 80 
430 SrA74 sea ae ay ee 1, 272 
C1 | ed ee oe Ae | a airs en! Se 46 

5, 710 Bo NOS4a| ween e 39, 830 
5, 902 PALATE | ee oh ae Sh 1, 090 

SO p| uence oe ee ffir 2: Ni eo rs AOL. | 
456s eee ee ae ae ee 160 

pears -Weteee es || Sa is FS. 86 220 
1, 620 115, 152 86 123, 418 
7, 314 434 Sea 2, 040 
1, 442 OO) ee =e see 494 

73, 950 90" sae 466 
3, 090 260) |e eee 312 

198 120) ||*225 Sees 126 
See ooh eee 150) see eeeeee eee | eee 
io SE ape ee eR Se 9/368" |ae= aces sae 

G02 ie! Bee oo) ee ere 
eed eee 150 79, 258 96 

1, 444 708 tla eon eee 38, 376 
101, 304 (6 ee eee 1, 528 

62 
2, 502 400 116 684 
3, 292 21406 vi ee 32, 826 

24, 628 644 | fy eee 392 
O18 24 ceo eae ee 844 |_ 

Soe AE eS | aera ee Oy (3 eae eee el 
i dvowckun 6 ee 1660 see nhs 

100 Of atayh| leo 8 164 

Wisconsin 

102 
172 
496 

5, 716 

596 
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TABLE 10.—Estimated total number of annual one-way trips over 100 miles long traveled by passengercars registered in 11 States of origin, 
and classified by State of destination of individual trips—Continued 

State of destination 

ORG o ee eS Ee ey | 
(GUS RG That pam ae So Sains 2 
Oregon 
PPOMIDVShY AIA twee ae 2) Sa a 
Rhode Island_____- AP aOR AS 
South Garonne ease = Bes 
South Dakota 

MingInIs ween ee ee = = Aa aeosd es 
Washington 
WVeStnVaTginid== oe a 
DSCOnSimecssee teen Oe tly 
Vic Ov Ct) bat g ae ee De poe 

Florida Kansas Louisiana 

12, 708 4, 458 1, 606 
23, 894 274 2, 396 

68 562 126 
6, 056 4,124 396 

584 284, 5388 1, 812 
100 2,042 256 

4,482 1, 076 162 
202 70 72 

8, 336 98 200 
5 <= Sees SOS eee ee 

13, 486 1, 872 6, 868 
2, 894 41, 380 93, 052 

ironer ato ne UO 24 Pa eee 
LO Ee eae (ae eee ae 

2, 980 380 304 
220 ZA Gol | 2 = ae eee ae 
618 352 162 
976 1, 906 388 
168 | 9, 136 130 

5, 042 1, 718 528 
2, 594 2,944 848 

220 2,610 1, 756 

2,056,412 | 3,092,706 | 1,172,848 

State of origin 

: New Pennsyl- South = Washing- ri . Minnesota Hampshire Serie Dakota Utah Vermont fo Wisconsin 

2, 296 14, 820 1, 368, 620 2, 526 902 28, 172 1, 620 9, 522 
Ee cere AS 84 a9) gl |e ee ee | ee 116 160 2, 662 

soy Eo em oe ee 244 OV AGOL | = aa komme ee ee eee M 1, 066 4, 032 
1, 786 534 837, 310 186 492 232 204 8, 896 
LS 214 ae eee oe 1, 578 258 28 Wee ee ie 382 424 

C4OM i eee 114 952 fe Ro ol ee ee ae ee 343, 286 586 
720 560 BAO ROE es eee = Al eee Ree 1, 284 160 2, 256 

Sst See tn 12, 698 FAD Oil Nee ere ell Beak ae eee PM Ds ts oe ea ee . Aa 
GOs | Sameer 222 28 Paty Uo Ie eli ee ete ye Ce eae bo 3 NE ey 68 

625 312i eee = 228 (OSS YCL A a aes te See (a eee ae 904 11, 084 
1, 048 224 4, 620 184 1A ee ee ee ee 1, 650 
2, 308 84 1, 682 796 Ly (0)m) (aie ek Bees 774 2, 268 

LOGS) |e ole eee Bee 272 Oe, 246) Ses sees 2, 356 462 
SaNe See ees 34, 402 Ob; 200i eee es oe eter abe ee 13: 884) |e eee eae ok 
a ee 252 94, 218 Oh tee, Settee tr. 8 | eee ae 2 46 472 

21S S a eee 142 2, 450 DO oa ete eee ene 1, 882, 136 558 
2808 || see eee 59020 ieee es eet ee ee le Bs 124 

LOT S660 | eee eee 38, 694 5, 870 SO eesoe eon ee 416 3, 277, 310 
1, 748 84 490 10, 748 TV Noy HAR Pl ah oe eae 4,876 1, 5384 
1, 096 880 COs nL GSs | eeeanase == 210 402 296 1, 510 

31, 142 15, 5382 55, 096 2, 336 8, 960 26, 328 76, 274 13, 678 
foe ae = ee 366 794 ADR a eee ee 3, 618 748 

5, 737, 020 366, 038 9, 090, 492 981, 988 712, 052 254, 038 2, 528, 100 4, 497, 614 

TaBLE 11.—Estimated total number of annual one-way trips over 100 miles long traveled by trucks registered in 11 States of origin, and 
classified by State of destination of individual trips 

State of destination 

Florida Louisiana 

JAE IKE Cp ee SS eee es 
aliforni a tee eee ee oe 
WOlOT ad OME ae ae eee oe oe 
Connecticut 

Wha VlAniG ae = eee ee 
Niassachtisetises-s2eeree- 2a 28 
Nichiganee-- el s5. 4 eee 
Einme@sO Uae ta en eee 
Mississippi 
BiSSOURI Seem en et 
MOnTAn eS foe ee ee Sen 

Newetlampshire= 22 6 5 
IVGWau CLSGWoe aa a9 ok ok 
New eVLexicQner css 2-0 ee 

REP ON see owes ee eS 
Pennevivanlaes=2asn. 222 e ele 
ist cYo pa Kul 8S} (2s aX eee ee ce ae 

\aikdeghe baie 5 es eae Se ree 
Washington 
MeSTRVELelaias <2 ee. ere en 
vaISGONGINemene eS) oo ens ae 
iWiyoming=--2.-2--_.2 
District of Columbia__. 

38, 538 

49, 568 

1, 053, 790 942, 434 

Minnesota 

State of origin 

New 
Hampshire 

Pennsyl- 
vania 

394 

South 
Dakota 

Vermont 

1, 427, 6£0 2, 730, 606 1, 210, 192 

Wisconsin 

75. 605 
201, 889 

1, 092, 571 
ERSTE (aS acne Pith te Se eae 

noe 7 aa A 365¢ |) Cy ieee eee 
Ce ee eae 008: hare sntace 

367, 720 85,460 | 839,466 | 1, 773, 096 590, 040 
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Fiaure 3.—PERCENTAGE OF ToTaL VEHICLE-MILES By PAs- 
SENGER CARS AND TrucKsS TRAVELED ON Tries EXcEEDING 
Various LENGTHS. 

0 
PERCENTAGE OF TOTAL VEHICLE- MILES 

TRAVELED ON TRIPS LONGER THAN 

adjoining States, and other States, providing another 
indication of the dispersion of motor-vehicle travel. 
It should be noted that even on these longer trips a 
very high percentage of the destinations was in the 
State of origin or in an adjoining State. 

TABLE 12.—Destination of motor-vehicle travel in 11 States on 
one-way trips over 100 miles long 

PASSENGER CARS 

Destination of trips in— 

State of origin 
State of | Adjoining Other 
origin States States Total 

Percent Percent Percent Percent 
Ml Onidas: sae ee ae ee ee eee 84.9 8. 6.6 100 
TC ANSAS oe SI ee Soe ae ee ee ee 55. 5 37.4 13 100 
Touisinnas ses. a eee eee nee 74.5 19. 2 (yc) 100 
Minnesotasee es sae. 2s sees 89. 0 8.0 3.0 100 
Newstampshiness sees se 27.5 60. 6 11.9 100 
Pennsylvania__----- SSeS Soe 48.6 43.7 Une 100 
DOUG a0 (hee 7Ale al 23.9 5.0 100 
italia st es eee eee 44.1 45.0 10.9 100 
Merion a2 ee ee eee 29. 1 61.5 9.4 100 
Washinton Sees ae eee 74.4 21.5 4.1 100 
Wisconsin: =.9_ seekers cae 72.9 24,1 ah!) 100 

TRUCKS 

Mlorldaet 282 28. scecon Se ee 88. 3 8.4 ae 100 
Kansas esata sacs eee eee (A 7/ 35.0 aS} 100 
Omisian aes es ee eee 88.7 ipl wl 100 
Min DSO Laas ae se ee ee eee 91.2 6.6 Zoe 100 
INGwELaBIDSshinesas== 2 so= se se es Wig 63.5 18.8 100 
Pennsylyaniage asses oe 41.1 56. 1 2.8 100 
SOuUtheDakopgsesse ee pee ae 78. 6 19, 2 2.2 100 
Uta hig 22% eee oe eee 64.1 34. 2 Eye 100 
Vermont. 2 eee 6 13.9 ipsa 13.0 100 
Nua tnubaveq anya ew ye Teese a es 80.6 16. 2 332) 100 
Wisconsin ® 3-5. ae er eee 61.6 38. 1 ais 100 

PASSENGER CARS AND TRUCKS 

Hloridas 222 == poe Fe 86.0 8.5 5. 5. 100 
FManisaS seen oe Se ee 56.9 37.1 6.0 106 
TOU Sift = Soe eee ee eee 81.7 1521. 3.2 100 
Minnesota_...._--- ESS ee 89.7 vias) 2.7 100 
New Hampshire._..._-.._____-_- 25.8 61.6 12.6 100 
IRENNSVLV aria eee eee ee 47.7 45.1 ae 100 
Boutht a kota eee eee nee 73.9 PT 4.0 100 
With eet ee ee 50.1 41.8 8.1 100 
Wermonte 2 -# 2p ot ee me eee 25.3 64.5 10. 2 100 
Witishin pioneers oes sees One 20. 4 3.9 100 
WiHSCOnS ne =e ewe oe eves eS 71.9 25, 4 2.7 100 

In addition to the distribution of the number of trips 
in various mileage ranges, the total vehicle-miles in- 
volved in these trips have also been computed and are 
presented in table 13 and figure 3. Here another 
aspect of motor-vehicle use is shown. For passenger 
cars, while trips of less than 5 miles constituted 38.4 
percent of the total number of trips, they accounted for 
but 6.6 percent of the total vehicle-miles of travel 
partly or wholly on rural roads. ‘Trips of less than 20 
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miles, accounting for 85.0 percent of all trips, involved 
but 40.9 percent of the total vehicle-miles of travel. 
Trips classified in mileage groups from 20 miles upward 
were responsible for a much larger percentage of travel 
than of total trips. In the higher mileage brackets, 
trips in the range from 50 to 249.9 miles were only 4.0 
percent of the total number of trips, but they accounted 
for 28.6 percent of vehicle-miles traveled outside city 
limits. 

These characteristics were similar but less pronounced 
for trucks. Thirty-four percent of the total number of 
one-way truck trips was classified as extending less 
than 5 miles, accounting for but 4.9 percent of the total 
vehicle-miles of travel; and trips of less than 20 miles, 
or 80.3 percent of all trips, constituted 33.9 percent of 
the mileage traveled wholly or partially on rural roads. 

TaBLE 13.—Number of trips and vehicle-miles traveled by vehicles 

which went outside city limits in 11 States 

PASSENGER CARS 

Length as Piet ents a om point Number of trips Travel 

Million 
1,000 trips | Percent |vehicle-miles| Percent 

0:00. AiO Se ee ee ee ee eee 835, 059 38. 4 2, 087. 6 6.6 
DEO COVDEO. Sects = ae es er ee ee 576, 295 26. 5 4,322.2 13.6 
10:0:¢0719:0 33222 eee eee 438, 222 20, 1 6, 573.3 20.7 
20:0 0:29.92 255 ee eee Cie) 143, 765 6.6 3, 594. 1 11.3 
30:0:60 30:95 Se Ce te ees eee 61, 923 2.8 2, 167.3 6.8 
40:0:60;49: 00s ee ee ee 27, 784 1.3 1, 250.3 3.9 
BO: O0G0199:9 5 as a Se ee Se a ee 61, 232 2.8 4, 592. 4 14,4 
100:0:00:249;0) ee ee eee es 25, 743 ae 4, 505. 0 14, 2 
25000: 499 Ole see a eso eee 3, 628 2 1, 360. 5 4.3 
500:0'¢0'999. 0. es eee ee 825 a 618.8 1.9 
TOO andsovers eee ee eee 489 (1) 733. 5 WB} 

TT Ofalle 328 e ee ee ee eee 2, 174, 965 100. 0 31, 805. 0 100. 0 

TRUCKS 

0:10:49 ee ee ee ee 184, 952 34.0 462.4 4.9 
5.060199 Se as oe eee eee 138, 916 25. 5 1, 041.9 11.0 
10:0: to.19.92 = Fs ees eS 113, 521 20.8 1, 702.8 18,0 
20:0: 60r29: Oe See eee ee 41, 855 ded! 1, 046. 4 11.0 
300:t0'39:02 Bees ee eee eee 20, 030 3.7 701.0 7.4 
ADO Oy40: 0 eee ee ee ne 10, 262 1.9 461.8 4.9 
50080100 9eee eee Re ee ee | 23, 908 4.4 1, 793.1 18.8 
100:0:t0' 2490 2a eee 9, 911 1.8 1, 734. 4 18.3 
250, 0:60:490.0 88 ee ee ee ae 1, 034 .2 387.8 4.1 
500. 0't0::990!9 se ee eee 110 (1) 82.5 .9 
15000: 0;and over. fee ee 45 (1) 67.5 au 

TO tal] eae ee 2 es ee eae 544, 544 100.0 9, 481.6 100.0 

PASSENGER CARS AND TRUCKS 

(Oe faye oe ee See ee 1, 020, 011 87.5 2, 550. 0 6.2 
500109 ee ee See ee ee 715, 211 26.3 5, 364. 1 1321 
10.0! Co! 19:0. 22 eee eee eee ee ee 551, 743 20.3 8, 276.1 20.1 
20:0:60120:0 S5— = eee eee it aes 185, 620 6.8 4, 640.5 2 
30:0:t0'39: 03 ae ee Ba eerte 81, 953 3.0 2, 868. 3 6.9 
AOQ!0 0:49 9.22 tee eee os ee ee ee es 38, 046 1.4 Al ak 4,1 
60:0;to! 90°0S 2. = ee ee ee 85, 140 3.1 6, 385. 5 15.5 
1000602249) Oe ee eee eee = 35, 654 1.3 6, 239, 4 Toa 
2500405499! Oe eee es eee ee a) 4, 662 22 1, 748. 3 4,2 
'500:0:60; 9009; Ob seein eres a 935 gil 701.3 ey) 
10000 Adio Vor aeee ee eee ee 534 (‘) 801.0 1.9 

‘hotel -aeee ee oe ee eee oe ee 2, 719, 509 100.0 41, 286. 6 100.0 

1 Less than 0.1 percent. 

AVERAGE TRIP LENGTH ONLY 15.2 MILES 

One-way truck trips less than 50 miles long constituted 
93.6 percent of all truck trips outside city limits and ac- 
counted for 57.2 percent of all truck travel performed 
wholly or partially on rural roads. Trips less than 100 
miles long accounted for 98.0 percent of such truck trips 
and 76.0 percent of all truck travel on rural roads. 
Corresponding figures for trips less than 250 miles were 
99.8 percent of the number of trips and 94.3 percent of 
travel. It may be noted, however, that for distances 



May 1939 PES LT CSSD Ss 53 

over 259 miles, the passenger car was used relatively 
more than the truck. Thus, passenger-car and truck 
trips of 250 miles or more were 0.3 and 0.2 percent, re- 
spectively, of a number of trips, while the travel 
generated was 8.5 percent of total passenger-car ve- 
hicle-miles, and ee 5.7 percent of all vehicle-miles of 
travel by trucks performed wholly or partially on rural 
roads. 

Computations have also been made in this study of 
the mean and median lengths of trips involving the use 
of roads in unincorporated areas by residents of various 
governmental jurisdictions. Results are given in 
table 14. For the purpose of this particular presenta- 
tion, unincorporated areas and incorporated places with 
a population of 2,500 or less have been grouped to- 
gether, because motor-vehicle owners resident in these 
two classifications were considered to have travel 
characteristics sufficiently similar to warrant their 
combination. For motorists of these smaller cities, 
rural roads, either primary or purely local, are approxi- 
mately as easily accessible as such roads are to strictly 
rural motorists. 

Figure 4 shows that for both passenger cars and 
trucks the mean and median lengths of one-way trips 
that extended outside city limits were greatest for the 
largest place of residence of the owners. Thus the 
mean length of trips made by passenger cars owned by 
residents of unincorporated areas and places of 2,500 or 
less inhabitants was 10.6 miles, while for residents of 
cities having in excess of 100,000 persons the mean 

TABLE 

length was 37.1 miles. Corresponding values for 
median trip lengths were 5.9 and 16.3 miles. Figures 
for trip lengths for trucks were somewhat higher for all 
places of origin except the largest cities. 

The mean one-way trip length for combined pas- 
senger-car and truck travel for ‘all governmental juris- 
dictions was 15.2 miles, and the median trip, 7.4 miles. 

The relative effect of the size of cities on highway use 
is also strikingly illustrated in tables 15 and 16 and 
figure 5, which show the average number of trips made 
outside cities by motor- vehicle owners of cities of 
various sizes. As in previous tables, a single round 
trip starting insidé the city and going to some place 
outside the city limits was considered as two one-w: hy 
trips for purposes of mileage classification. Thus, the 
average passenger-car owner resident in cities having 
from 2,501 to 10,000 population went outside the city 
of residence for 75 round trips less than 10 miles long, 
or as it has been expressed in table 15, for 150 one-way 
trips less than 5 miles long. 

Trips which extended for one- way distances of 50 
miles or more were made approximately the same num- 
ber of times during the year by the average passenger- 
car operators resident in all sizes of cities. However, 
the average number of trips extending beyond city 
limits in the shorter trip-length ranges decreased rapidly 
with increased size of the city of residence. For ex- 
ample; table 15 shows that residents of cities having 
populations of over 100,000 made about one-half as 
many trips in the 20.0- to 29.9-mile trip-length range, 

14.—Length of trips traveled outside city limits by vehicles registered in the various population growps in 11 States 

PASSENGER CARS 

Length of trips traveled by vehicles registered in !— 

Unincorporated Incorporated places having a population of— Al) incorporated 
areas and incor- eat - ae fe places Having A 

State porated places population of All places 

ee 2,501 to 10,000 10,001 to 25,000 25,001 to 100,000 | More than 190,000 more than 2,500 

Mean? | Median?} Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median 

Miles Miles Miles Miles Miles Miles Miles Miles Miles Miles Miles Miles Miles Miles 
MNlOnida Sesser = 11.4 6.3 20. 2 9.9 29.7 14.6 30.5 14.9 22.8 10.0 23,0 ies 16.1 8.1 

HOCTISAG Seer ees 9.6 5,0 23.2 11.6 2907 15. 6 34.6 16.0 41.0 18.5 29.6 14.6 13.3 6.3 
WouUisiana! 2s = 2S 9.9 6.5 17.9 Cots 22.1 11,2 26.6 13.6 74.2 67.5 28.3 12.6 14, 2 6.5 
MNNeSO tae ~ ce-ch ae. 11.4 6.1 24.9 11.6 27.4 Ae Sa ees 2 Eee et eee 54.3 19.7 34.7 Tos 16, 4 die 
New Hampshire_-_-____- 13.0 8.3 13.7 8.6 20. 1 ati Tal 27.2 Why iloo aea es ease Se! 18. 5 9.9 15.5 8.9 
Pennsylvania_........- 9.8 5.9 uae ss eel Lo) 8.4 19.7 9.4 30. 8 13.6 a) 8.5 13.5 eo 
SOUba Dakotact~-..—- 15.9 8.6 Doz 8.3 34, 2 10.0 60.9 26.9 see 3 30.9 9.9 18.7 8.7 
pate ee 10.8 4.8 18.0 3.2 38. 3 15.4 38.8 18.9 52.9 24,0 34. 2 14.3 17.4 6.6 

Vermont_-____-- i: es} Dae 20 2 et) 24.5 11.4 MS. Puls a x ne = aN, f : 21.6 9.8 al yy 6.5 
Washington___ LS: 58 20. 2 8.1 30. 6 13.5 26, 2 14.7 40.8 20.0 30.6 14.1 14. 6 6.7 
Wisconsin __ 10.9 6.4 24.5 12.6 27.9 13.9 an. 2 8.4 48. 2 25.8 | 31.2 15.9 15.9 7.9 

Average 10.6 ; 5.9 17 2 &.3 20. 5 9.9 24.4 ay eatiem! 16.3 22.9 10. 0 14, 7.2 

TRUCKS 

MIO O3 Setecd ceo es -o. 15.3 iw s 18.1 9.5 b2.8 15.7 21.5 13. 2 20.6 9.5 25.8 10. 1 19.4 87 
Rarisas! #5 72 hoes Z 10.9 6. 2 19.9 10. 1 29. 5 13.3 47.0 30, 0 54. 4 29. 1 31.7 14. 8 17.0 7.8 
Mouistane oe go. ee 12.0 7.4 28. 7 21.3 42.6 30. 6 57.6 36.8 52.0 2h: 1 44.8 26.8 21.6 9. 9 
Minneésota-.._...----- 15. 1 (A) 26.6 1 TN? 38. 1 2 ay Vil (ee aes gee | he Se ie 36. 1 41.8 33.8 13.2 21.1 8.7 
New Hampshire____-_-_- 12a 8.2 11.4 7.4 24.6 WB 32.9 LOY Sin eet seen ee eae 20.6 10. 0 16. 1 8. 9 
Pennsylvania. +... - 11.9 6.5 10.6 5.0 12.6 6.8 18. 1 8.4 19.9 9.4 14.2 6.9 13.0 6.7 
South Dakota_______- 21,7 10.5 BY) 17.6 64.8 44.7 66.9 ESTES (alae ae a I aa 52.5 28. 0 28. 7 12.9 
tance = 16.0 5:2 14.4 5.4 2000: 12.0 41.8 22.5 58. 4 20. 0 28.8 9.7 19.9 6.4 
ARTI OMG ee oe ae 11.9 Lit 14.9 6.3 45.0 TBS ee De oe Pe eet) WS ae ORC | OFF = ee 21.2 7.4 14,2 7.0 
Washineton 2-2)... : 12.6 6.5 18.3 9.7 32.5 21.3 24.8 15. 4 45.4 ol.3 1.6 19.2 17.6 8.4 
WHSCODSINUe 222-22. 11.6 6.9 PA ee 411.6 BLO 16.1 33. 0 16.5 35.9 19.0 29. 2 15.0 16. 5 8.3 

Average_-__.-- 12.8 70 . M6 8.6 “24.8 1.9 29. 7 13.7 35. 6 15.3 26. 0 i a! 17.4 | 8.1 
| 

PASSENGER CARS AND TRUCKS 

‘ - | a a / = ” = ers = : 2 

Average __ | ile esi | 6.1 | Ny ae | 8.4 ‘| A Ae | 10, 0 | 25. 4 12.0 36. 7 16.0 | 23. 6 | 10.2 15. 2 | 7.4 

1 This is the one-way distance of all trips. A trip from Washington, D. C., 
2 The mean shows the arithmetical average length of all trips. ; } 
3 The median indicates the length of that trip below and above which equal numbers of trips occur. 

42758—39——2 

to Baltimore, Md., and return would be considered as 2 trips of 40 miles each. 
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Figure 4.—Mg8AN AND Mepran LENGTHS oF ONE-WAY TRIPS 
Tuat WENT OvtTsIDE oF City Limits By VEHICLES REGIS- 
TERED IN VARIOUS POPULATION GROUPS. 

TABLE 15.—Average number of one-way trips of various lengths 
traveled outside city limits by passenger cars registered in various 

Average number of one-way trips traveled by 
passenger cars registered in cities having popu- 
lations of— 

Length of one-way trip in miles |_ 3 ees 
from point of origin 

2,501 10,001 25,001 More 
to to to than 

10,000 25,000 100,000 100,000 

ONpoO;A 02s eee : wean 150 84 40) 14 
5.0 to 9.9. gl Sooze ee 126 84 56 28 

10.0 to 19.9 = 96 92 60 34 
20.0 to 29.9. _- rae ees ae 38 32 30 16 
30.0 to 39.9 Liars 2 18 18 14 10 
40.0 to 49.9 oe eee Sons 8 10 mG 4 
5OO'and. over. 20-2] 5245 at 26 28 28 22 

Motalseee== Se 4H2 348 234 128 

TABLE 16.—Percentage of trips of various lengths traveled outside 
city limits by passenger cars registered in various population 
groups 

Percentage of trips traveled by passenger cars 
as ; registered in cities having populations of— 

Length of one-way trip in miles : wy 
from point of origin oa 

2,501 to 10,001 to 25,001 to | More than 
10,000 25,000 100,000 100,000 

32.5 24.1 yal 10.9 
27.3 24.1 23.9 21.9 
20.8 26.4 25.6 26.6 
8.2 9.2 12.8 12.5 
3.9 5.2 6.0 7.8 
ed 2.9 2.6 bal 
5.6 8.1 12.0 17.2 

100. 0 100.0 100. 0 100.0 

one-third the number in the 10.0- to 19.9-mile range, 
and one-tenth as many trips in the 0 to 4.9-mile range, 
as did residents of cities having populations of 2,501 to 
10,000. 

This smaller number of short trips by vehicles owned 
in the larger cities is to be expected because of the greater 
area covered by the larger cities. Since the analysis 
involved only those trips that extended beyond city 
limits, a large number of the shorter trips made by 
residents of large cities did not extend beyond the city 
limits and are not included in those trips shown here. 
It is probable that vehicle owners resident in the larger 
cities make as many, or possibly more, individual trips 
per year as do residents of the smaller cities. Many of 
these trips, however, are confined within the rather 
extensive city limits. 

DATA EXPLAIN TRAFFIC CONGESTION NEAR LARGE CITIES 

These data should not be considered as evidence that 
the vehicle owner in smaller cities makes more trips per 
year than does the owner resident in the larger cities. 
Rather, the data are an indication that the rural high- 
way is of greater interest to the vehicle owner of large 
cities for long trips than for short ones, and that the 
rural highways serve vehicle owners resident in the 
smaller cities for local travel purposes to a much greater 
extent proportionally than they do residents of large 
cities. That is, for those trips extending to rural por- 
tions of the highway system there is proportionally a 
creater interest in longer trips by the residents of a large 
city than by the residents of small places. Table 16 
illustrates this point. Passenger-car owners resident 
in cities of 2,501 to 10,000 population made 32.5 percent 
of their trips involving rural highways within the 0 to 
4.9-mile trip-length range, while the residents of cities 
of over 100,000 population made only 10.9 percent of 
their out-of-city trips within that travel range. The 
percentages for trips of 50 miles or more one way were 
5.6 and 17.2 percent, respectively. 

These trip-length data indicate that much of the 
dense traffic often resulting in congestion on rural por- 
tions of highways near city limits is composed of a 
multitude of cars making short trips originating within 
the city. Heavily traveled sections of highway extend 
greater distances from the limits of large cities than 
from smaller cities because of the greater con. entration 
of vehicles in the city and also because of the higher 
percentage of longer trips. 

Facts derived from road-use data provide important 
cuidance in outlining future highway policies, in regard 
to both physical and financial plans. The extent and 
location of the improvements made on the primary 
highway system are of considerable importance to all 
residents of the State. Except for those who live in the 
largest cities, all motorists in the State use the primary 
highway system more than any other class of roads. 
The condition of this sytem, therefore, is of comparable 
interest to all motorists except those residing in the larg- 
est cities. The latter do the greatest part of their 
traveling on city streets. On the other hand, it is 
significant that these motorists, resident in large cities, 
because of their large numbers, are responsible for a 
considerable amount of the total travel on primary 
highways. Therefore, their interest in such roads, 
although comparatively less per motorist than for other 
residents of the State, is still very large in the aggregate. 

(Continued on page 62) 



A NEW VIBRATORY MACHINE FOR 
DETERMINING THE COMPACTIBILITY 

OF AGGREGATES 
BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 

HE IMPORTANCE of compaction in highway 
construction has long been recognized. Recent 

laboratory and field investigations have repeatedly 
emphasized the value of thorough consolidation in both 
the base and surfacing courses. Thorough compaction 
is known to produce the following desirable results: 

1. It increases interlocking of the ageregate particles, 
which is the primary factor in developing a high degree 
of piability. 

2. It retards the entrance of moisture, thus prevent- 
ing excessive loss of stability under adverse service con- 
ditions. 

3. It reduces the flow of air and water through bi- 
tuminous mixtures and is therefore an effective means 
of lessening damage from weathering and film stripping. 

In order to obtain consistently a high degree of con- 
solidation during construction, 1t is essential to know 
in advance the limits of compactibility of the materials 
used. Such tests as have been employed to determine 
the attainable density of materials, among which are 
dry rodding, shaking, and various molding tests in- 
volving tamping and direct compression, do not alw: ays 
give consistent vesults. Furthermore, as will be shown 
in this report, they fail to show the maximum compacti- 
bility limits of many aggregates. 

The Bureau has been using for some time a small 
vibrator! called the voids determinator for the deter- 
mination of voids in sheet asphalt aggregates. This 
vibrator, however, does not give consistent results for 
mixtures containing high percentages of dust; and, since 
the testing cylinder has a capacity of only 25 cubic 
centimeters, it is not suitable for testing aggregates 
containing large fragments. Accordingly, a new ma- 
chine has been developed that produces more consistent 
results and higher densities, and which appears to be 
equally satisfactory for all gradations of aggregates 
commonly used in both base and surface construction. 

APPARATUS CONSISTS ESSENTIALLY OF A VIBRATING TABLE 

The general appearance of the newly developed. test 
apparatus is shown in the cover illustration. The 
principle of its operation 1s more clearly brought out in 
figure 1. 

The machine consists essentially of a floating table 
that is made to move vertically in periodic motion by 
rotating eccentric masses rigidly connected to its lower 
surface. The table is a steel plate 13 by 24 inches in 
size and % inch thick. It is supported at each corner 
by a helical spring through which there is a vertical 
guidepost on which the table slides. 

On the lower surface of the table, mounted parallel 
to the long axis of the plate, are two shafts running in 
ball bearings and geared to rotate at the same speed 
but in opposite directions. Four steel blocks of equal 

1 Research on Bituminous Paving Mixtures, by W. J. Emmons. PUBLIC 
ROADS, vol. 7, No. 10, December 1926. 

Reported by J. T. PAULS, Senior Highway Engineer, and J. F. GOODE, Junior Highway Engineer 

size and weight are symmetrically mounted at the ends 
of the two shafts, one at each end of each shaft. The 
size of these blocks and the speed at which they are 
rotated determine the magnitude of the unbalanced 
force. Since the two shafts rotate in opposite directions 
only vertical accelerations are imparted to the system. 

The weight shafts are rotated at speeds of 4,300, 
2,500, or 1,500 revolutions per minute by a 3-horse- 
power electric motor with a 3-speed, V-belt drive. 

By trial it was found that the best compaction was 
obtained with a total eccentric weight of 1,100 grams 
located 15 inches off center and rotating at 4,300 
revolutions per minute. For these particular conditions 
the maximum centrifugal force developed by each of 
the four eccentric masses is theoretically about 338 
pounds. In the extreme upper and lower positions 
these forces add to give a theoretical total vertical 
resultant of about 1,350 pounds while at the midpoint 
between these positions the forees developed by the 
weights on one shaft exactly balance those of the other 
shaft and the total horizontal resultant is 0 pound. 

At a frequency of 4,300 cycles per minute a powerful 
vibration is developed i in the entire mass. 

The assembly for holding the aggregate to be tested 
is bolted to the top of the vibrating plate or table. It 
is shown in section in figure 2. Its essential parts are 
a base plate and bottom plunger bolted to the table, a 
cylinder fitting over the bottom plunger and resting on 
a rubber support, and a top plunger which rests on the 
test material in the cylinder. 

A micrometer dial mounted on a suitable base is 
used in conjunction with a series of calibrated gage 
blocks to measure the thickness of the compacted 
specimen without removing it from the cy linder. 

The top plunger imposes a dead load of 1.75 pounds 
per square inch on the sample to be compact oa This 
dead load generally provides sufficient confinement to 
flatten the top of the specimen and to prevent segrega- 
tion of the particle sizes. Both the top and bottom 
plungers have just sufficient clearance within the eyl- 
inder to allow free vertical movement during vibration, 
and each is fitted with three bronze guide strips {0 
maintain if in a position parallel to the axis of the 
cylinder. The loss of fine aggregate is held to a mini- 
mum by the insertion of close- fitting pasteboard gaskets 
or pads above and below the test specimen. A suits able 
correction is made in the measured height of the speei- 
men to allow for the final thickness of the pads. 

EQUIPMENT ADAPTABLE FOR TESTING DIFFERENT AGGREGATES 

In making a test, the first step is to obtain an initial 
or zero reading with the micrometer dial on the com- 
bined height of the two plungers with the two paste- 
board pads compressed between the plungers by vibra- 
tion for a short period. For this zero reading a steel 
spacer gage of the approximate thickness of a compacted 
specimen is inserted under the dial so that its %- or 

55 



OO PUBLIC ROADS 

Figure 1.—EsspenriaL ELEMENTS OF THE VIBRATORY 
COMPACTOR. 

l-inch range of travel will not be exceeded when the 
specimen is in place. 

For tests in the 4-inch cylinder, which is the one 
used for aggregates up to about 1-inch maximum size, 
sufficient aggregate is used to produce a compacted 
specimen approximately 1% to 1% inches high. This 
requires about 750 grams of aggregate. 

If desired, a much smaller cylinder may be used when 
testing fine aggregates such as soil, sand, rock dust, or 
sheet asphalt aggregate, and the depth of the compacted 
specimen may be reduced to 1 inch or less and its weight 
to as little as 75 grams. For very large aggregates, a 
larger cylinder should be used and the thickness of the 
compacted specimen. should be increased so that it is at 
least. one-half to three-fourths inch more than the 
nominal diameter of the largest mdividual aggregate 
particle. The weight of the top plunger should be such 
that the dead load is approximately 1 pound per square 
inch per inch of depth of the compacted specimen. 

It is essential that the loose aggregate be placed in the 
cylinder without segregation. When the aggregate to 
be tested has a large percentage retained on the No. 10 
sieve it has been found that the addition of about 50 to 
70 cubic centimeters of kerosene to 750 grams of aggre- 
gate aids greatly in preventing segregation and does not 
interfere with compaction. The most satisfactory 
amount of kerosene seems to be that which will just 
fill the voids in the compacted aggregate. 

Materials such as fine soil, sand, clay, etc., are not 
particularly subject. to segregation and, because of the 
ereater difficulty with which air is forced out of them 
when wet, do not always compact as well with kerosene 
as without. ‘They are therefore tested dry. 

MICROMETER 

DIAL GAGE 
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——PLUNGER 
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CYLINDER AND PLUNGER ASSEMBLY WITH 
MEASURING DEVICE. 

FiguRE 2.— 

For determining whether or not to use kerosene it has 
been found that in general the following conditions will 
govern: 

1. For aggregates having less than 35 percent passing 
the No. 10 sieve, use kerosene. 

2. Kor aggregates having more than 50 percent pass- 
ing’ the No. 10 sieve, test dry. 

3. For aggregates having more than 35 percent and 
less than 50 percent passing the No. 10 sieve, test both 
with and without kerosene and report the higher density 
value obtained. 

VIBRATION FOR 20 MINUTES ADOPTED AS STANDARD PROCEDURE 

All aggregates should be oven-dried before testing, 
since very small amounts of water or other liquid, as 
distinguished from the relatively large amount of 
kerosene added in testing coarse m: terials, have a 
marked bulking effeet which interferes with the obtain- 
ing of accurate test results. Drying is also necessary 
in order to obtain the true sample weights for use in 
calculating the density after vibration. Lumps or 
nods of clay i in the aggregate impair the accuracy of the 
test and should be ‘thoroughly broken down. before 
placing the sample in the cylinder for compaction. 

After the material is placed in the cylinder, with a 
pasteboard pad underneath and another on top, the 
upper plunger is inserted and the assembly is vibrated 
for a period of 20 minutes. The final reading is taken 
with the dial, and from this reading and the initial 
reading the over-all volume of the material in the 
cylinder is calculated. This volume, the dry weight, 
and the apparent specific gravity of the agerega te: are 
used in calculating the density. In this report density 
is expressed as the percentage of aggregate volume per 
unit of total volume. 

The method of determining this percentage is ilus- 
trated with a typical example: 
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Apparent specific gravity ? of aggregate______________-_ 2. 67 
Weight of aggregate sample, grams_____._-.---------- 736 
Volume of vibrator-compacted sample, cubic centimeters. 313. 9 
Unit weight of compacted sample (grams per cubic centi- 

PABUGL Cy COpa los. a= cote wet tae ak en te tk 2. 35 

88. 0 Density of compacted sample, (percent) ox LOG geese 

The densities of a number of aggregates were deter- 
mined for various periods of vibration up to a maximum 
of 60 minutes. The results of these tests are shown in 
figure 3. The asphaltic concrete aggregate, the sheet 
asphalt aggregate, and the fine sand showed practically 
no increase in density after 20 minutes of vibration. 
The sand-clay and the sand-clay-gravel each showed an 
apparent increase of 1.1 percent in density for the time 
increment from 20 to 60 minutes, and the micaceous 
soil showed an increase of 1.4 percent. It was found, 
however, that loss of dust, which became quite notice- 
able late in the test because of wear on the gaskets, 
accounted for most of the reduction m volume and 
consequent apparent increase in density after the initial 
20 minutes of vibration. Vibration for a period of 20 
minutes has, therefore, been adopted as regular pro- 
cedure for the test. 

The results of compaction tests on three different 
types of aggregate are shown in table 1 and demonstrate 
the ability of the apparatus to produce results that 
check. The maximum variation in results for these 
tests was slightly under 0.5 percent. However, for 
routine testing by various operators, this degree of 
accuracy probably could not be expected. 

TABLE 1.—Consistency of check tests using the vibratory compacting 
machine 

Density (aggregate volume per unit of 
total volume) 

Type of aggregate 

Test Test Test Test | Aver- 
No.1 | No.2} No.3 | No.4 | .age 

Percent| Percent| Percent| Percent| Percent 
Sand-Clayon -ssceen- see cera ces eee = 79.4 79. 6 79.6 79.6 79. 6 
Band-Clay-fravolsaeso--= 26 -- eee e 86.7 86.9 86.7 87.1 86.9 
Sheet asphalt (sand and dust) _---------- 76.8 VOLO soeee ree ase see On 

In the following tables and discussion, the results of 
a number of compaction tests using the vibratory 
machine and several other methods of compaction are 
shown. Table 2 shows the comparative effects of vi- 

2 Standard Definitions of Terms Relating to Specific Gravity, A. S. T. M. Desig- 
nation E12-27. 
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FIGURE 3.— DENSITIES OF VaRIOUS TypPES OF AGGREGATES 
AND THEIR RATES OF CONSOLIDATION. 

bration and direct compression on the grading of the 
aggregate and demonstrates that little or no change in 
grading was produced by the vibratory method of com- 
paction, whereas direct compression resulted in sufficient 
crushing to alter materially the grading of the aggregate 
samples. 

HIGHER DENSITIES OBTAINED BY VIBRATORY METHOD THAN BY 

OTHER METHODS 

A comparison of densities obtained by several meth- 
ods of compaction on various types of aggregates is 
shown in table 3. In the upper section of the table 
dealing with the aggregates for base courses, the densi- 
ties obtained from circular-track test sections built and 
compacted under the most favorable laboratory condi- 
tions agree closely with those obtained by the vibratory 

TaBLE 2.—Effect of compaction by compression and vibration on breakage of various aggregates 

Type of aggregate | Method of compaction 

Grading, total aggregate passing— 

ie fine—high dust content__-__.________- ’ NON. te oe nee 2 aa Be Soe 
Be et ee ee ee pee RV DLAttO Newien at ee eae ee ss oS 

Graded, fine—low dust content___-_._________- IN On aes ee ees eS eo 
OMe ee tae og ae es SE ee Wao ater ee ee ee eee 

1D) Oe ee a ae SOE oe eee see. IN ONG Soke tate ed ee et oe eer 
d BYiyewe Rl SS oe Renee ee eat oe Fi Ee ei, Compression, 3,000 lb./sq. in________- 

Graded, coarse—medium dust content_-__-_-__- INO! sapere ees, Se ae teers se 
LOSS ee A lel i Oe See | ViDTablomess sete ret 2 

Graded, coarse—low dust content_.__--------- INON Gos seen a eee re ee eee Se 

1-inch 34-inch 36-inch No. 4 No. 10 No. 40 | No. 100 | No. 200 
sieve sieve sieve sieve sieve sieve sieve sieve 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
Se ee si eg Dae ee ee 100. 0 99, 7 Bi see 15.5 
i ES IS ES elo ae 100. 0 99.7 CoA | a= Sie 14.7 

pa pe Arcee PES Sl | Dp a ee 100. 0 99. 4 S203 lese see 2.4 
ee ape | OS A oe a | a 100. 0 99.8 DANS) (ae get Ee 2.8 

Reape Set Sek Adee Baek HE vk ae” SORE | a 100. 0 75. 2 18.9 259 
rs eR A ats BA [my FE Met a pres a [En ae Ee 100. 0 76.9 25. 6 7.5 

100 92.5 75.8 66. 8 63.7 CT 9.4 
100 92.5 75. 8 66. 6 63.3 CARR i Ieee eae 9.4 

100 98.3 76.7 55.9 50.0 38. 5 11.4 1.8 
100 98. 2 82.0 61.6 52.0 39.8 14.4 4.1 

100 90.8 rea) 66.3 47.2 3) gi) | ae ee ae 17.3 
100 92. 5 80. 2 69.8 53,2 BOs Mees one 21.0 
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test. The other methods of compaction shown, with 
few exceptions, gave considerably lower densities. 
Direct compression appears to be quite effective for the 
fine-grained materials, but, as previously shown, the 
crushing of the aggregate in this test renders the results 
somewhat unsatisfactory. 

TABLE 3.—Comparison of aggregate densities obtained by various 
methods of compaction 

BASE COURSE MATERIALS! 

| ; 

Character of material tested | Density (aggregate volume per unit of total volume) 

| Aggregates compacted 
| Sam- in laboratory 

ples cut 
| Plas- wie ae Gone 

Type ticity- roa [eesti Tat 
index No. 200 or | Vibra- ches \ wigs 

test tory 3,000 | termi- 
| track ‘method Ib./sq. | nator 

| | in. 

Percent| Percent| Percent| Percent | Percent 
MICS COOUSISOL == seeeee Seer 0 62 53. 4 YESS ee eee | pean 
Micaceous soil with 3 percent 
CONG C222. ee ere 0 63 57.8 by si le eee etesecre 

Micaceous soil with 11 percent | | | 
coment’ eee eee ee ee ee | 0 | 65 57.0 OU eae ee eee = 

anid Clays see eee aed 0 | 251 7458 )) 18086)|) 7583 80. 2 
Dozee== Pe Sas ee eee sa a | 5 | 26 80.8 80.8 81.4 76. 5 
DOL hee ee tire 9 | 6 | 20 81.2 81.4 78.8 75. 6 
ED) Oa 5. eS ee tee ae 9 27 79.5 79. 6 81.4 75. 1 
DOL Bas) eee a eee 13 | 29 78.1 78. 5 82.4 73. 1 
DOs ee 5 Se ee ee ue 18 | 29. 76. 2 76.3 82. 2 el 

Sand-clay-gravel_______ Beene 0 17 82.8 fol a = ee tea SS 
f D Co rape A ns AO ee Page Bcd ee 0 1 77.8 86.9 WORT als se ee 
WOss4 BLU. a See ya ee | 5 15 87.0 S330 | s-- 55-4 eee 
DOS See SSS = ae ee ae 6 16 89.3 89.9 8250s eee 
1D Years ee oy pee Se ee es Se a fa 22 87.3 87.5 8342) | een 
1) Oe Nee eee ee oa 8 | TO) ha || eval = Gy ee 
0% Les a ae ee ee 9 | 25 | 83.9 86. 7 S40 eee 
1) G2 atte see Pt ee Be et il 17 | 86.2 STi | oe ee eee 
dD io ULES Soe wen Renae oe 16 | 16] 84.0 SV AOM aeons ee eee = 

{ } { 

HOT, PLANT-MIX SURFACING MATERIALS? 

SUOSASDHAlhs sg see en ee 14.9 COT COr "| fees 71.4 
Sheetasphall (Onion 5 -)  - eeee 1207 69.3 Chen Oe eee wee OS ee 
Fine bituminous concrete, Ohio_________| 4.7 82.0 SOx9) |b Sees ee eee 

ES ae, MERE MIN NE Shed Gu0') 7701 980.6 1 eee ee 
Medium bituminous concrete, Ohio_-__-- oo 76. 4 80. 6 Ee a eae ee 

eee Sea een ein’ as Ci7allenOle omer ss ei) eee [Meeee 
Coarse bituminous conerete, Ohio______- Spee || Shey S620" Bere | eke ee 

Obese se ee Seed 4.2 81.6 SON ie es. See eos 

* Samples taken from circular track test sections. 
2 Field samples from pavements. Laboratory compaction tests made on extracted 

aggregates. 

The densities obtained by means of the new vibratory 
machine are in general much higher than those obtained 
by the voids determinator® The new apparatus has 
the further advantage of permitting the testing of large- 
size aggregates. The voids determinator used in pre- 
vious work of the Bureau is not suitable for testing 
materials larger than those passing the No. 10 sieve. 

The lower section of table 3 shows a comparison be- 
tween the aggregate densities of asphaltic pavements of 
the hot-mix type and the densities obtained by vibrat- 
ing the extracted aggregates from these pavements. 
The data shown indicate that construction operations 
and traffic may not generally produce as high densities 
in hot-mix pavements as are produced by vibrating the 
dry aggregates. The highly viscous binders appar ently 
resist the free adjustment of the aggregate particles to 
form their densest possible arrangement. This resist- 
ance is known to be considerably less for the liquid 
binders than for the highly viscous ones. Mixtures 
containing the liquid materials often attain densities 
closely agreeing with the vibratory test results, which 
accounts for the fact that such mixtures cannot safely 

3 Research on Bituminous Paving Mixtures, by W. J. Emmons. Public Roads, 
vol. 7, No. 10, December 1926. 

be made as rich in bituminous material as hot paving 
mixtures of comparable aggregate grading. 

To attain consistently during construction a satis- 
factory degree of compaction for : any particular material 
it is necessary to know in advance its compactibility 
limit, to have an idea of how closely this limit may be 
approached by practical construction methods, and how 
closely it needs to be approached to insure satisfactory 
behavior provided the materials are otherwise satis- 
factory. Tests have been made on a large number of 
materials. The few typical results given in table 4 
illustrate the relations between field densities and com- 
pactibility limits, as determined by the vibratory 
machine. 

For the plastic sand-clay and sand-clay-gravel mate- 
rials that have been found by various tests to be suit- 
able for base-course construction, the compaction 
obtained during construction appears to be the baegt 
factor influencing service behavior. The importance 
of consolidation is particularly well illustrated in the 
behavior of the plastic sand-clay-gravel referred to in 
the footnote of table 4. This material, which is repre- 
sentative of a group of materials that showed similar 
behavior, was placed in the test section as a base 
course with insufficient moisture to permit compaction 
to the density obtained in the vibratory test. It failed 
in service as soon as unfavorable sub-base moisture 
conditions were imposed. It was later scarified and 
recompacted with a higher moisture content. It was 
then easily compacted_to essentially the same density 
as was obtained in the vibratory test and gave excellent 
service under very adverse moisture conditions. 

TaBLE 4.—Relation of density of soil-type bases to service behavior 
for base course materials 

Character of material tested Density 
a (aggrezate 

volume per 
i Grading, total unit of total 
J |aggregatepassing—| volume) | Behavior in test 
ao tA sections 

Type i) S o Po ' 

3) sae |*o}]Ro s 3 q Kk 3 q 

oe | 6| @| 8 fasieqe 
Ss n ou n 2 5S I Nort oS = 

Ay Z vA qi a le 

Per- | Per- | Per- | Per- | Per- 
cent | cent | cent | cent | cent 

Micaceous soil __...___- 0 98 76 62 | 57.3 | 53.4 | Unsatisfactory. 
Micaceous soil with 3 per- 0 98 77 63 | 57.5 | 57.8 | Satisfactory. 

cent cement. 
Micacesus soil with 11 0 98 78 65 | 57.0 | 57.0 Do. 

percent cement. 
Sand-clay. = === n saa 0} 100 71 25 | 80.6 | 74.8 Do. 

0250 ae eee 6 100 51 20 | 81 4 | 81.2 Do. 
TL) Ot ee eae ae 9 | 100 68 ZU Oe Gale. ono td at satisfac- 

ory. 
Sand-clay-gravel ___._._- , 0 54 34 17 | 89.7 ee Sa 

Do.\ . 5 48 31 15 | 88.0 : nsatisfaetory. 
Do. j-Same material)", 5] 43 | 31] 15 | 88.0 | 87.0 | Satisfactory. 

1 When this material was placcd in the roadway it had so low a moisture content 
that it did not compact to a satisfactory density. It failed early in service but when 
remixed and relaid with the correct moisture content, it compacted to within 1 per- 
cant of the density obtained by vibration and gave satisfactory service. 

VIBRATORY METHOD USEFUL IN BLENDING AGGREGATES TO 
OBTAIN DENSE MIXTURE 

In highway base- and surface-course construction it 
is frequently necessary to blend two or more aggregates 
to provide a material suitable for the intended use. 
The vibratory compactor provides a means by which 
the best combination of two or more available aggre- 
gates may be determined. The application of this test 
to the design of aggregate blends and bituminous 
mixtures will be discussed in connection with figures 
4, 5, 6, and 7. 

Figures 4 and 5 illustrate two methods of using the 
vibratory compactor to obtain the densest combination 
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Figure 4.—BLENDING CURVES FOR CRUSHED GRAVEL, SAND, 
AND PULVERIZED Sort. AGGREGATE NUMBERS CORRESPOND 
To THOSE IN TABLE 5. 

of three different aggregates for use as a base-course 
material. For this type of construction the combina- 
tion of the available materials that gives the densest 
mixture is generally the most desirable. The three 
ageregates used in producing the blending curves of 
figures 4 and 5 were crushed gravel (1-inch maximum 
size), fine sand, and a pulverized soil. The densities 
and the gradings of the individual constituents and the 
various blends are shown in table 5. 

In the first method illustrated in figure 4, an initial 
series of blends was made of the gravel and sand and 
the densest blend of these two materials was determined. 
This blend, designated as aggregate 3 in table 5, was 
then blended in various proportions with the pulverized 
soil, the densest blend in this series being presumably 
the densest possible blend of the three materials. This 
blend, designated aggregate 9 in table 5, had a density 
of 87.9 percent aggregate solids and the following 
composition: Gravel 72 percent, sand 18 percent, and 
pulverized soil 10 percent. 

GRAVEL (I) AND AGGREGATE (19) 

DENSITY (AGGREGATE VOLUME PER UNIT 

OF TOTAL VOLUME) - PERCENT 

65 | = n 1 hee 1 = i 
0 10 20 30 40 50 60 70 a0 90 

FINE AGGREGATE - PERCENT 

FIGURE 5.—BLENDING CURVES FOR CRUSHED GRAVEL, SAND, 
AND PULVERIZED Sort. AGGREGATE NUMBERS CORRESPOND 
To THosE IN TABLE 5. 

A less dense blend of the gravel and sand, selected at 
random and designated aggregate 4 in table 5, was also 
blended with the pulverized soil as shown in figure 4. 
The highest density obtained by blending with aggre- 
gate 4 was lower than that obtained with aggregate 3, 
indicating that the procedure of selecting the densest 
combination of the coarse materials for blending with 
the fines was the correct method. 

In the second method, illustrated in figure 5, the order 
of the tests was reversed. The initial series of blends 
was made with the sand and pulverized soil. The 
densest blend of these, designated aggregate 19 in table 
5, was then blended with the gravel. The two methods 
gave identical final results both as to maximum density 
and proportions of the three constituents, the density 
at the high point of the second curve being again 87.9 
percent and the proportions of material being: Gravel 
72 percent, sand 18 percent, and soil 10 percent. 

It is of interest to note that the grading of the densest 
blend of these three materials, which were selected more 

TaBLE 5.—Densities and gradings of blended aggregates, sand-clay-gravel base-course type 

Composition of aggregate Density Grading, total aggregate passing— 
eet a bat See _| (aggre- = se =. 

gate 
Identification Coarse Fine volume 

= Lee _____| per unit | 34-inch | 38-inch No. 4 No. 10 No. 40 | No. 200 
of total sieve sieve sieve sieve sieve sieve 

Type Amount Type Amount | volume) 

Percent Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
100 0 77.9 82.0 48.5 24.9 0.8 0.3 0 
85 15 82.6 84.7 56. 2 36. 2 iNT 12.0 .6 
80 20 82.8 85.6 58.8 39.9 20. 6 15.9 9 
70 30 82.1 87.4 64.0 47.4 30. 6 23.8 1.3 
50 50 79.6 91.0 74.3 62.5 50. 4 39.4 2.2 
25 75 75.6 95, 5 87.1 81.2 18. 2 59.0 3.2 
0 100 CONG Alas sate Sale eee ee eee 100. 0 78.5 4.3 

0 82.8 85.6 58.8 39.9 20.6 15.9 .9 
5 87.0 86.3 60.9 42.9 24.6 20.1 5.1 

10 87.9 87.0 62.9 45.9 28.5 24.3 9,2 
25 86. 6 89.2 69.1 54.9 40.5 36.9 22.1 
60 78.3 94.2 83.5 76.0 68. 2 66. 4 51.7 

100 (OX Ps | een | ae a ee ee Se eee 100. 0 85. 6 

OOM zeae GOL ees. oe eee eae 0 82.1 87.4 64.0 47.4 30. 6 23.8 1,3 
Dom teece COU. = ee nee ee Soe 5 86. 2 88. 0 65.8 50. 0 34.1 27.6 5.5 
CON Eat COE ees a ee eee 10 87.6 88.7 67.6 52.7 37.5 31.4 9.7 
ig ee (oo) eae ee ee eee 25 86.1 90. 6 73.0 60. 6 48.0 42.9 22. 4 
40 Neweos OL See eee 60 78.1 95.0 85. 6 79.0 (22 69.5 51.9 
OFlEs22 CLOG Sie er ae eee 100 66. 2a teoeee one Se es es See oe 100. 0 85. 6 

LOO aes Gls eek See 0 69. 6 100. 0 78.5 4.3 
Shulseeee (5 (Gi ae oe a 15 75.8 100. 0 S17 16.5 
PAUL (Bes anes CO re ee ee eet ce 30 79. 5 100. 0 85.0 28.7 
Gores. Oe Ee ae a ake 35 IOS haaetee tees nica edneeeecate ss 100. 0 &6. 0 32. 7 
U0) es (Voy) ee Sa ae eee 50 FCS MIN ene el el GES a, Ee ee 100. 0 89.3 45.0 
PL ete 1) ee ee oe Se 75 7 {SSR il PSA eee eee ee ete (Ee, eS 100. 0 94.6 65.3 
Ona OSES & Reade alee. 3 1u0 BORD pee ee ee a es ae be ee ek 100. 0 85. 6 

oS Aggregate No. 19__..-----.--- 0 77.9 82.0 48.5 24.9 .8 .3 0 
eee Wikys = 3oe a oe See 15 86.3 84.7 56. 2 36. 2 15.7 13. 2 4.9 

72 Se ae (e\0}: 2, See ee ea eae 28 87.9 87.0 62.9 45.9 28. 5 24.3 9, 2 
AQia ee es ea! GS RL. eee Sas 60 84.7 92.8 79.4 70.0 60. 3 51.7 19. 6 
OF feotee OS a ee oe 100 vi we (bn hee wee, Se ee Oe 100, 0 86.0 32.7 
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FicurE 6.—BLENDING CuRVES FOR BiruMINOUS CONCRETE. 
AGGREGATE NUMBERS CORRESPOND TO THOSE IN TABLE 7. 

or less at random, conformed to the grading require- 
ments now recommended for base-course construction. 
This relationship is shown in table 6. 

In figure 6 is shown the application of method 1 in 
blending crushed stone, sand, and limestone dust for a 
typical bituminous concrete aggregate. The densities 
and gradings of the various blends are shown in the 
lower section of table 7. As shown in figure 6 a maxi- 
mum density of 89.8 percent solids was obtained, using 

TABLE 6.—Comparison of grading obtained by blending sand, clay, 
and gravel for maximum density, with recommended grading 
requirements for base-course construction 

Grading, total aggregate passing— 

1-inch | 34-inch | 38-inch | No. 4 | No. 10 | No. 40 | No. 200 
sieve | sieve | sieve | sieve | sieve | sieve | sieve 

Percent | Percent | Percent| Percent | Percent | Percent | Percent 
Maximum-density 

Blend teste Neto eee 100 87.0 62.9 45.9 28. 5 24.3 9.2 
A. A. S. H. O. speci- 

fication for type B, 
sand-clay-gravel base_ 100 | 70-100 | 50-80 | 35-65} 25-50 15-30 5-15 
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FicurE 7.—BLENDING CURVE FOR CRUSHED LIMESTONE AND 
ARTIFICIAL LIMESTONE SAND. AGGREGATE NUMBERS CoR- 
RESPOND TO THOSE IN TABLE 7. 
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oO 

15 percent of limestone dust with the densest blend of 
the stone and sand (aggregate 35, table 7). 

VIBRATOR ENABLES DESIGN OF MIXTURES WITHOUT OVERFILLING 

VOIDS 

Here is an example where too dense an aggregate for 
practical use in bituminous concrete was obtained since 
the voids remaining would only permit the use of about 
10 percent by volume or approximately 5 percent by 
weight of asphalt. To produce a practical aggregate 
it would be necessary to reduce its density. This would 
best be accomplished by reducing the dust content 
since the densest possible combination of the coarse 
fractions is always desirable. Reduction of the dust 
content to range between 3) and 6 percent would reduce 
the density to between 85 and 86.5 percent solids, thus 
permitting the use of approximately 6 to 7 percent 
asphalt by weight and bringing the design into line with 
established practice. 

Figure 7 shows a blending curve for bituminous con- 
crete aggregate composed of crushed stone and artificial 
limestone sand without dust. This type of aggregate is 
used extensively in Ohio. The densities and gradings 
of the constituents and blends are shown in the upper 
section of table 7. This type differs from the previous 

TABLE 7.—Densities and gradings of blended aggregates of the type used in bituminous concrete 

WITHOUT MINERAL FILLER 

Composition of aggregate 

Identification Coarse Fine 

; Type Amount Type 

Percent 
lie Beets Cae ae @ruched'stoneisessaeae eee TOO MAT OLCLa Sai Clases ene 
Pi meee oe DE ey UN | SRS OSes ce ee ee 75a ee OLE’ A Te ee 
elise, Se al nee COS er ee oboe 2 ee 60: feces dO ok Se eee ee 
7) OR Se ae See DNO Re oe Be Bae alle See iy ON ee (6 Fook kn oe, Ws ee BEd 
DW ede ie eee ee GO> Sa ewok kin ao 22 ee BO. | ae oo cei 1 Bee 
S08 eee eee GOL ee ee ee ee 80 eee 02S ee ee 
pees se eae alk eee 02 ee et eee Sees Oa Gots tee See eee 

SOS sce ees Crushed stone_.-___.___- 1002 | "Sandi see eee eee 
CS eee | GO2 ee heer er ae Sones COs ee eee 
She = ee a CO Sre soa eee (ADAIR 22) (GOR See apt g 2 RS A Oo 
Sse See eee oki bers See 5 = oe hea 7 a OO Nie. 05223522 See eee 
B67 es Se ve CLO Ss Sea, eee Sees Se i tet Nees (6 Copies atest. € Ena Cae ny 

by Sener ers) eS (0 {0 ae OE ea ae = EES. 9 Ohare Ose a Ee ee eae 

B5 tu ee ee Seah cees ING35 soso, eae 1007) cimestone: dusts 22 ease ee 
38 Soe ee elle Oneness Cie eae COS Sees aoe eee ae ee 
5) pees a A TRE Eee a eee a em Kener ae ae ae Shi sases Qs222 52 2 oe eee 
40 . Rie See ae 1) Open eee ee eee ee re al eae GGL Se 2 ey eet Tae 
41 eee (Ce ee a ee eee ae 7 vasa le ae OLA ate. pe ee ae ee 
1 ee eS ee ee eee Oul| Fase: (Oke eee Oa aoe aoe ae 

Density Grading, total aggregate passing— 

(agere- 0 eS ee ee ee ee 
gate 

volume - 
per unit | 34-inch | 38-inch No. 4 No. 10 No. 40 | No. 200 
of total sieve sieve sieve sieve sieve sieve 

Amount | volume) 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
69.8 100 90. 0 5.0 0 0 

25 85.9 100 92.5 28.8 23.0 9.3 .9 
40 87.3 100 94. 0 43.0 37.3 14.8 1.4 
46 87.5 100 94.6 48.7 42.9 17.0 1.6 
50 87.4 100 95.0 52.5 46.6 18.5 1.8 
70 85. 4 100 97. 0 71.5 65. 2 25.9 2.5 

100 pol pg Lh Pe ace ee | Le 100. 0 93. 2 37.0 3.5 

0 64.5 100 0 0 0 0 0 
15 74.7 100 15.0 15.0 uae! 4.5 -3 
30 81.7 100 30. 0 30. 0 23. 4 9.0 .6 
40 83.0 100 40.0 40.0 31.2 12.0 .8 
50 82.4 100 50. 0 50. 0 39.0 15.1 1,0 
100 ROCS A Sone soo e oe a eee 160, 0 78.0 30. 1 2.0 

0 83.0 100 40.0 40.0 31.2 12.0 8 
10 88. 3 100 46.0 46.0 38. 1 20.8 10.4 
15 89.8 100 49.0 49.0 41.5 25. 2 15. 2 
20 89. 2 100 52:0 52.0 45.0 29.6 19.9 
25 88.1 100 55. 0 55. 0 48.4 34.0 24.7 

100 Aa a eee ae eel |S eee eee (Eh SS ee oe 100. 0 96.4 
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FicurE 8.—BLENDING CURVE FOR SHEET ASPHALT SAND AND 
COMMERCIAL LIMESTONE Dust. AGGREGATE NuMBERS CorR- 
RESPOND TO THOSE IN TABLE 8. 

example in that the densest combination of the two 
aggregate constituents provides sufficient void space for 
the bituminous material. It is therefore desirable to 
use the densest blend, this being easily found by means 
of the vibratory compactor. 

The aggregate void space in the densest blend shown 
in figure 7 would permit the use of about 6 percent 
asphalt, which conforms approximately to the design 
used successfully in Ohio with the same type of 
ageregate. 

The results of vibratory compaction tests on blends 
of fine sand and limestone dust to give a dense aggregate 
for sheet asphalt are shown in figure 8. The densities 
and gradings of the two constituents and the blends are 
given in table 8. A maximum density of 79.9 percent 
solids was obtained with the blends consisting of 70 
percent fine sand and 30 percent dust and 75 percent 
sand and 25 percent dust. Again the 20 percent voids 
in this blend provide insufficient space for the proper 
amount of asphalt and the high dust content would 
produce an ageregate that would be difficult to mix and 
handle. 

TABLE 8.—Densities and gradings of blended aggregates of the type 
used in sheet asphalt 

Composition of | Density Grading, total aggregate 
aggregate (aggre: passing— 

; a. gate vol- = 

samation Lime Minton 
Sant Sins. (seville et No. 40 | No. 80 |No. 200 

dust ume) ieve sieve | sieve sieve 

Percent| Percent | Percent | Percent| Percent| Percent| Percent 
AS REE Se bee 100 0 WA, 2 100 81.3 33.8 3. 5 
AC ee, ee 95 5 73.4 100 82.2 Bie: 8.1 
il: Noss See es 90 10 75. 6 100 83. 2 40. 4 1257 
AG ees eee Se 85 15 77.4 100 84. 2 43.7 17.3 
CN FASS 8 cule eh See 80 20 78.9 100 85.1 47.0 21.9 
Th ee ee oe 75 25 79.9 100 86. 0 50. 4 26.4 
(Ne 2 De lone ie ed a od 70 30 79.9 100 86.9 Bae 31.0 
(sas So SS eee 50 50 78. 5 100 90. 7 66.9 49.4 
[hile SY eae eee 25 75 TES 100 95.3 83.5 72.4 
GV tt SE ae ae 0 100 68. 1 100 | 100.0] 100.0 95.3 

In this type of construction the problem of design 
utilizing the vibratory compactor might be attacked 
from either of two angles: 

1. The amount of dust could be set on the basis of 
well-established practice, which would call for con- 
siderably less than 25 percent dust, and the asphalt 
content required to fill the void space could then be 
determined by vibratory tests on the fixed aggregate 
blend. 

\l ] 
& Ww ~--- 
ws | pray Er i DE | RANGE OF ASPHALT CAPACITIES z ! 
z=iw | hye BASED ON VOIDS BY VIBRATION 
Oe 2 { 
> ae 
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oy & | 
era 
ay 
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ly = hs 10 | 4 
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See iy I | 
<q | 1} 
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| ! SHEET ASPHALT FROM CONNECTICUT 
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85 | 
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en Ss os | Xo 
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FIauRE 9.—VARIATION IN DENSITY OBTAINED BY VIBRATION 
AND CORRESPONDING ASPHALT CAPACITY OF SHEET ASPHALT 
AGGREGATES CONTAINING VARIOUS PERCENTAGES OF LIME- 
STONE Dust FILLER. 

2. The amount of asphalt could be set also on the 
basis of well-established practice, and the amount of 
dust to be used could then be adjusted by vibratory 
compaction tests on a series of blends covering a narrow 
range of dust contents to produce an aggregate that 
would hold the fixed amount of asphalt. 

Figure 9 illustrates the relation between asphalt 
capacity as determined by vibratory compaction tests 
and the dust content of the aggregate. 

The use of the compaction test to coordinate con- 
tent of bituminous materials and capacity for them 
appears to offer special possibilities in the design of 
dense surfacing mixtures where overfilling of the voids 
might seriously i impair stability. 

SUMMARY 

As shown in the preceding discussion the vibratory 
test appears to offer valuable aid in connection with the 
following problems of design and construction: 

1. Establishment of a definite optimum degree of 
compaction toward which field compaction may be 
aimed. 

2. Determination of the best combination of two or 
more available aggregates for base-course or surface 
construction. 

3. Investigation of the capacity for bituminous 
materials of certain aggregates to insure against over- 
bituminization. 

4. Modification of aggregate blends to permit the use 
of sufficient bituminous material for workability and 
surface sealing without overfilling the void spaces and 
destroying stability. 
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The expenditure of motor-vehicle tax revenue on 
secondary highways and local roads does not create 
highway user benefits as widespread as those created 
by primary road expenditures, because these roads are 
used to a much smaller extent than the primary system 
or city streets. The use of secondary highways and 
local roads by residents of unincorporated areas and 
small towns is comparable with the use of local city 
streets by city residents. 

The preceding data show the extensive use of motor 
vehicles for local travel and the self-imposed limita- 
tions on their use which results in a large percentage of 
their travel being performed within a surprisingly small 
area around their place of ownership. Accordingly, 
those roads radiating from centers of population are 
very important links in the highway system. It is 
apparent, then, that appreciable portions of the expend- 
itures of motor-vehicle tax revenue on the primary sys- 
tem, in order to benefit the large cities properly, must 
be so applied as to alleviate the conditions of congestion 

and accompanying danger that exist within short dis- 
tances of population centers. 

Data on the use of rural roads and city streets and the 
extent of such use cannot be used alone to determine 
adequate plans for a highway program. Road-use 
data must be supplemented by data regarding the 
condition of existing roads, by other types of traffic 
data, and by financial data. For example, road-use 
information might point to the desirability of improving 
primary highway conditions in the vicinity of large 
cities but special traffic studies would be necessary to 
determine whether improvement at a particular loca- 
tion should consist of a by-pass route to accommodate 
an existing high percentage of through traffic or whether 
it should consist of extensions to main city thorough- 
fares of adequate width and design to accommodate a 
high percentage of local traffic together with a rela- 
tively small amount of through traffic. Studied alone, 
however, road-use information presents an essential 
picture of highway operations and a background of 
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travel characteristics which are extremely valuable in 
projecting comprehensive plans for a highway system 
to serve the best interests of all motorists. 

SUMMARY 

These preliminary analyses of road-use data indicate: 
1. Use of the rural road facilities by urban motorists 

decreases with increase in size of the city in which they 
reside. 

2. Motorists residing in incorporated places perform 
ral pee of all travel occurring on primary highways. 

In the case of all motorists except those resident 
in Fics of more than 100,000 population, more than 

half their annual travel occurs on primary highways. 
4. Motor-vehicle use is largely comprised of short 

ee for passenger cars as W ell as for trucks. 
. A large amount of rural highway travel is occa- 

Soren by the travel of city motor-vehicle owners 
within short distances of their residences. 

6. The proportional amount of such travel by urban 
residents decreases with increase in the size of the 
ee in which the vehicle owners reside. 

Expenditures for rural highway facilities in the 
sane of cities, especially the larger ones, will provide 
proportionally oreater benefits for urban than for rural 
motor-vehicle owners. 
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