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HIGHWAY TRAFFIC ANALYSIS METHODS AND RESULTS 
Reported by L. E. PEABODY, Associate Highway Economist, United States Bureau of Public Roads 

N ALL but 2 of the 48 States at least one highway 
traffic census of some sort has been taken. More 
than half the counts have been fairly complete; 

the others, for various reasons, have been more or less 
ineffectual. 

Where the census has been taken only on the Fourth 
of July, Labor Day, and perhaps one or two additional 
days, the data, even if carefully gathered and studied, 
can be of little value except as representing maximum 
traffic or, when compared with similar counts taken in 
other years, as the basis of an estimate of traffic growth. 

In at least 7 States the counts taken have been nearly 
valueless by reason of improper station location, failure 
to classify the traffic, or other faults and omissions in 
the methods employed. 

Priority of improvement can be decided very satis- 
factorily upon the basis of the present observed traffic; 
but the development of a plan of improvement which 
will recognize and provide for future traffic needs must 
have as its basis an estimate of future traffic density as 
well as a knowledge of the present flow. It is in their 
employment of such projected data obtained by 
methods of forecasting developed by the bureau that 
the recent cooperative surveys differ from those made 
previously. 

In addition to these uses of the census data for pur- 
poses of broad planning, there are a number of specific 
problems, in dealing with which an exact knowledge of 
traffic density and characteristics is of primary value. 
Some of these other uses of the data are suggested 

A Truck-REcoRDING STATION WITH FrixED SCALES 

In most cases the objects of the counts have been 
simply the determination of the geographical distribu- 
tion of traffic; the measurement of relative use of 
primary, secondary, and third class highway systems; 
or the establishment of the fact and rate of traffic 
growth. ‘These are the simpler and more obvious uses 
of a traffic census. The recent surveys conducted by 
the Bureau of Public Roads in cooperation with the 
highway departments of several States have gone 
much farther in the direction of the practical applica- 
tion of the census data to the planning of highway 
systems and the development of programs of 1 improve- 
ment. 

All States in varying degree are faced with the same 
situation—an insufficiency of revenue to meet the needs 
of increasing traffic as rapidly as they should be met. 
All, therefore, have in common two problems to solve: 
a "The setting up of a plan of improvement, adjusted 
to the State’s financial resources, which ultimately will 
meet traffic requirements; and (2) the establishment of 
an order of priority among the numerous improve- 
ments that must be made. 

38164—29—1 

merely by stating a few of the more common highway 
problems: (1) The establishment of a maintenance 
program and expenditures thereunder; (2) whether to 
pave or oil a road on which the existing surface is 
of low type; (8) the decision as to whether a gravel 
surface has reached the limit of economic use; (4) the 
determination of the economy of snow removal: (5) 
the necessity for special design of highways near large 
cities to accommodate truck traffic of high density and 
ereat weight; (6) the determination of the amounts of 
foreign and tourist traffic, a factor in determining road 
service and fixing of gasoline tax rates; (7) the determi- 
nation of pavement widths; (8) problems of traffic regu- 
lation and highway safety. 

The list is not exhaustive, but it is clear that the 
proper solution of each of the problems mentioned is 
dependent upon a precise knowledge of the traffic to 
be served. And it is also apparent that a variety of 
facts concerning the traffic are required for the solution 
of the various problems. 

For some the data required are those which will 
furnish an accurate idea of the flow of traffic throughout 

1 
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the year; others require a knowledge of winter traffic; 
others of peak density; others of some fraction of the 
total traffic, such as motor trucks, or foreign vehicles, 
etc. 

In planning a traffic survey it is essential, therefore, 
that there shall be a clear understanding of the methods 
to be employed in converting the basic data to the 
solution of the various problems. Otherwise essential 
data may not be obtained, and much gathered that is 
later found to be useless. The methods employed must 
be carefully designed to supply a maximum of infor- 
mation, of precisely the kind required, at a minimum 
of expense. 
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Map SHOWING 

The discussion and recommendations that follow, 
based upon the bureau’s experience with traffic surveys 
conducted in six States! and in Cook County, IIl., and 
the regional area of Cleveland, Ohio, in cooperation 
with the State and local authorities, are presented 
in the hope that they may prove suggestive to others | 
who may be called upon to collect and analyze traffic 
ata. 
ie THE SELECTION OF STATION LOCATIONS 

It is advisable to divide the territory into homogene- 
ous areas to provide a stable basis for the computation 

1 Connecticut, Pennsylvania, Maine, Ohio, New Hampshire, and Vermont. 
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of various transportation averages—averages of trip 
mileage, weights of vehicles, weights of loads, numbers 
of vehicles passing a given point, etc. For example, 
average weights of loads in the neighborhood of the 
cement plants at Buffington, Ind., vary widely from 
average weights of loads near Washington Court House, 
Ohio. Passenger cars traveling over routes adjacent to 
Chicago during evening hours are much greater in num- 
ber and in proportion to the day’s travel than near 
Houlton, Me. At stations within the city of Chicago 
from 8 p. m. to midnight there pass about 22 per cent 
of the day’s passenger cars; in Maine the corresponding 
percentage is a little more than 12. The average length 
of trip of cars passing a station between Canton and 
Massillon, Ohio, is much shorter than the average length 
_of trip during the summer months at stations located 
in northern New Hampshire. Massillon and Canton 
are a short distance ffom each other, and much of the 
travel on the route connecting them originates and 
terminates in either city. Comparison of averages 
between two areas have meaning only when there is 
reasonable homogeneity in each. If, for example, aver- 
age weights of loads are being compared for two areas, 
neither area should contain much admixture of indus- 
trial and agricultural sections. It is best to put all the 
agricultural sections into one area and all the industrial 
sections into another. Comparison of net loads may then 
be made as between agricultural and industrial regions. 

The selection of station locations is affected con- 
siderably by the character of the data to be secured 
and the objectives of the survey. If the primary ob- 
jective is that of measuring annual use of various road 
systems—1i. e., Federal-aid routes, United States high- 
way routes, State routes, county routes, ete.—stations 
must be so located as to provide a representative sample 
of traffic upon each. If the comparison is between 
sections of the State, each section must be assigned a 
number of stations sufficiently large to give a fair 
sample If it is desired to measure the average lengths 
of trip, stations should be located so as to get lengths 
of trip near large cities, in agricultural areas, and in 
summer-resort areas. 
vary as between interconnecting routes—viz, United 
States highways and county routes. 

Measurement of the use of highway systems by 
“foreign” (out of State) cars is often an objective of 
the survey. In this case stations should be located so 
that traffic is measured both at State borders and in 
the interior. ‘‘Foreign”’ traffic near State borders is 
frequently more than 50 per cent of the total traffic. 
In States that are largely summer-resort territory, like 
New Hampshire and Vermont, ‘“‘foreign”’ traffic is close 
to 50 per cent for the whole State. 

If relocations or reconstruction are to be based upon 
traffic data, stations should be very carefully located 
and with as much preliminary knowledge of traffic con- 
ditions as possible. For example, if two alternate 
routes of different length between two cities exist, one 
in good condition and one in poor condition, stations 
should be placed upon each route and the origin and 
destination of vehicles ascertained. This will usually 
disclose that improvement or relocation of one of the 
routes will result in its exclusive use except for purely 
local travel, The arguments relating to the selection 
of homogeneous areas apply in part to the problem 
of station location. The variability in traffic is con- 
siderably different in urban and rural areas, and sta- 

The average trip length may . 

tions should be so located as to measure accurately 
these differences. Usually this may be done by desig- 
nating as “‘urban”’ those areas within 10 miles of the 
larger cities, and considering all other territory as 
‘“‘rural.’”? A check up as the traffic analysis proceeds 
will determine whether the division between urban 
and rural has been made correctly. 
Key stations are those at which traffic information is 

most important. They are usually located at the inter- 
sections of all main routes, and the information ob- 
tained at them should be the most complete from the 
standpoint of the amount and detail of the data secured, 
and from the standpoint of duration of observation. 
Blanket-count stations are those at which only the 
most important data are taken (viz, number of vehicles) 
and which may be operated by inexperienced personnel. 
These stations are usually operated a smaller number of 
times and are located upon the relatively unimportant 
routes, or at intermediate points between key stations 
on the main routes where a closer measure of variability 
in traffic density is desired. 

MBasurRING TRucK TIRES AT A TRUCK-RECORDING STATION 

The key stations are divided into two classes— 
weight stations and recording stations. Examination 
of the forms accompanying this text will disclose the 
differences in the types of information secured at each. 
The main difference is that at weight stations trucks 
are actually weighed on loadometer or pit scales. 

The number and location of weight stations are 
governed by many considerations, such as variations 
in loading practices, care to secure representative 
samples, the desire to measure the extent of overload- 
ing, the greater expense of operation of a weight party, 
the availability of scales, if pit scales are used, the 
interruption and delay of traffic by reason of stoppage 
for weighing, and the physical surroundings. Taking 
these in order: If a comparison of loads between 
industrial and agricultural areas is desired, a sufficient 
number of stations must be maintained in each area. 
If overloading is prevalent, stations should be located 
so as to produce the facts. The greater expense in 
weight-station operation results from the necessity of 
operating such stations with a greater number of per- 
sonnel per party. At weight stations the amount of 
information to be gotten is great, trucks must be 
halted and weighed, and more experienced men are 
required. If pit scales are to be used in weighing 
trucks, the stations must be located at points where 
such scales have been installed. Experience indicates 
that the portable loadometer scales produce as good 
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results, are less expensive to operate, and give the 
advantage of flexibility in the selection of weight sta- 
tion locations. Interruptions and delays to traffic are 
also a prime factor in locating weight stations. If the 
number of trucks is large, there will be a long line of 
waiting trucks. Truck operators become impatient 
and leave the station before information can be secured. 
Finally, it is necessary that the location will provide 
sufficient space at the side of the right-of-way to permit 
the installing of scale approaches, the maneuvering of 
trucks, and space for waiting vehicles. 
Data secured at recording stations cover the same 

subjects as at weight stations, except that no trucks are 
weighed. Passenger-car data forms, similar to the one 
shown, are filled out at both weight and recording 
stations. 

The key stations—both weight and recording—should 
be allocated upon primary, secondary, and third-class 
highway systems in accordance with the importance of 
these systems; and the same rule should govern the 
allocation of blanket-count stations. Complete and 
accurate descriptions of station locations should be 
placed in the hands of the survey parties, and copies 
should be filed at headquarters. 

The distance between stations is governed largely 
by the shape of the highway network. Junctions 
should be covered as completely as possible, and dis- 
tance between key stations should rarely exceed 20 
or 25 miles, otherwise some cars will not be picked up. 

SCHEDULING THE STATION COUNTS 

Schedules of station operation should provide for 
more frequent operation at key stations and, as ex- 
plained more fully later in this paper, should furnish 
information as to variability of traffic throughout the 
year. Best results will be obtained when the schedule 
of key-station operation is elastic enough to cover peak- 
traffic and minimum-traffic periods. Representative 
samples of traffic in urban and rural areas are required. 
The number of counts at a station must be great enough 
to provide accuracy, and night operations should be 
in the ratio of at least one to five day operations. Day 
and night counts should be of 12 hours duration, begin- 
ning and ending usually at 6 a.m. and 6 p.m. Satis- 
factory results are not likely to be obtained from counts 
on three or four days distributed throughout the year. 
A count taken 1 week day, 1 Saturday, and 1 Sunday 
at intervals of 3 months will give results accurate 
enough for many purposes, although a schedule provid- 
ing for operation of key stations every 13 days is much 
to be preferred. Information at a large number of 
“blanket-count”’ stations operated but two or three 
days per year may be readily tied in with the more 
complete results of key-station operation. 
Two mistakes in scheduling party operations at key 

stations should be guarded against: (1) Selecting for 
operation on successive days stations that are located 
too far apart (30 to 50 miles is suggested as a limit); and 
(2), simultaneous operation of two stations so close to- 
gether that there is danger of taking data from the same 
vehicle twice on a single trip. The first error results in 
parties reaching the station later than scheduled, or 
reaching the station without sufficient rest. ‘The second 
error is more serious on main routes and, if it occurs, 
tends to distort the results, particularly for average trip 
mileage per vehicle. Since density information only is 
normally recorded at blanket-count stations, the warn- 
ings just given do not apply. 

THE FIELD PERSONNEL 

Personnel required varies with the number of vehicles 
passing the stations and the amount of information 
taken. Weight parties may require 6 to 8 men at 
heaviest stations; 2 men at light stations. Blanket- 
count stations may usually be operated by one man, 
unless traffic is heavy and the station is located at an 
intersection, in which case one man must be assigned to 
each route. It is best to assign at least two men for 
night operations. In winter one man will occupy con- 
siderable of his time maintaining a fire, seeing that red 
lanterns are placed properly and are burning, etc. 

Where the number of vehicles to be counted is great, 
a large corps of observers is required. The key stations 
should be operated by trained observers; volunteers 
may be used at the blanket-count stations. The work 
of volunteer observers is much less sustained, less accu- 
rate, and generally less satisfactory than that of the 
trained observer, although much benefit has been 
secured from the assistance of Boy Scout and similar 
organizations. 

CHARACTER OF THE TRAFFIC DATA 

The amount of detail in collection of the traffic data 
depends upon the results sought. Vehicles should cer- 
tainly be separated into passenger cars, trucks, busses, 
and horse-drawn. Foreign vehicles should be tabulated 
separately, and the separation of trucks by capacity 
classes is very desirable. Weather conditions, date, 
and hours of operation should be noted. 

Other less important information that may be col- 
lected includes, for passenger cars: Number of Pe 
gers, city or farm ownership, purpose of trip (whether 
for business or pleasure), origin and destination; for 
trucks: Make, capacity, body type, origin and destina- 
tion, commodity, weight (loaded and empty). 

Sheets containing the data secured in the field should 
be signed by the party chief, who is held strictly 
accountable for their accuracy, and forwarded daily to 
headquarters for analysis. At headquarters they are 
received by the official in charge of traffic information. 
This official is responsible for the operation of stations 
according to schedule, for the completeness of the 
data, and for its analysis. 

The analysis is greatly facilitated by the use of punch- 
ing and tabulating machines. Codes are assigned for 
each type of data, which is punched on tabulating cards 
similar to that shown. The tabulating machines pro- 
vide for the rapid and economical analysis of each type 
of information at each station, for any area, any season 
of the year, any type of vehicle, etc. Analysis of data 
for individual stations should be so planned that the 
results may be properly combined with those of other 
stations to give homogeneous samples for any route, 
any section ‘of the State, or the whole State. Failure 
to observe this provision frequently produces results 
that are incorrect, difficult to interprét, or misleading, 
and usually results in loss of time. 

FACTORS AFFECTING TRAFFIC DENSITY 

The major factors affecting the number of vehicles 
counted during the operation of a station are: (1) The 
hours, (2) the day, and (3) the month in which the 
count is taken; (4) weather conditions; (5) detoured 
traffic from a natural route due to construction or other 
reasons; (6) holidays, foot-ball games, fairs, or other 
social events attracting unusual traffic. Of the six 
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factors enumerated, the first three are normally of 
greatest importance in determining average daily traffic 
density throughout the year. 

One of the primary factors in determining the average 
annual density of motor vehicles at a given location is 
that of the variation in the number of vehicles passing 
during the 24 hours of the day. Accuracy of the density 
figures is considerably improved if most of the observa- 
tions are made during the hours of heaviest traffic. 
The counts already made by the Bureau of Public 
Roads indicate roughly the general laws of traffic flow 
in various sections of the United States; and these will 
be helpful to others in planning their surveys. 

Four to 5 p. m. is the peak hour for trucks in Cali- 
fornia, both in summer and winter. Ten and three- 
tenths per cent of the total daily number of trucks pass 
at that hour in summer, as compared with 8.3 per 
cent at the same hour in winter. At the peak hour in 
southeastern Pennsylvania—10 a. m. to 11 a. m. in 
winter—8.9 percent of the trucks were observed; in sum- 
mer the peak came from 8 a.m. to 9 a.m., when 8.8 per 
cent of the trucks were observed. Between 8 p.m. and 6 
a.m. about as many trucks are observed as in the peak 
hour. In winter during these hours 7 per cent pass in 
Pennsylvania and 9 per cent in California. In summer 
13 per cent are observed in Pennsylvania and 10 per 
cent in California. The greater divergence between 
winter and summer in Pennsylvania indicates the effect 
of the unfavorable winter climate upon night trucking. 

In both Connecticut and Pennsylvania the peak hour 
for passenger cars in summer is 4 to 5 p. m., and at 5 
to 6 p.m.in winter. The percentage of night travel (8 
p. m. to 6 a. m.) is considerably heavier for passenger 
cars than for trucks. In Connecticut, night travel is 
about 25 per cent of the total for the day, while in 
Pennsylvania it is 19 per cent in winter and 21 per 
cent in summer. These percentages are averages for a 
region and will not apply for all locations. 

Sunday is, probably universally, the day of heaviest 
passenger-car traffic. In Connecticut Sunday is 65 per 
cent higher in passenger-car traffic than the average 
day of the week; in Pennsylvania Sunday traffic is 88 per 
cent higher than that of the averageday. Truck trafficis 
lightest on Sunday. It averages 17 per cent of the aver- 
age day in Pennsylvania and 60 per cent in California. 
Trucks are approximately 10 per cent of total vehicles 
in California and 16 per cent in Connecticut. 

ANALYSIS OF DATA ILLUSTRATED BY EXAMPLE 

These examples of differences in the rate of traffic 
flow are not exceptional; indeed, more extreme cases 
might be cited. But they give a picture of the high 
variability in traffic fluctuation between different sec- 
tions of the country. In the problem of traffic analysis 
it is necessary to limit the area studied to units at least 
as small as a State. Normally it is well to break down 
into much smaller units. As stated previously, homo- 
geneous areas are to be desired; and as an example for 
detailed analysis, passenger car density at 112 urban 
stations in the State of Ohio will be taken. 

Urban stations were those located within 10 miles of 
the limits of a city with a population of 25,000 or more. 
Winter operations (December to May) andsummer oper- 
ations (June to November) for periods of the 24-hour 
day are stated separately in Table 1. Figure 1 shows 
the data graphically for the December—May period. 

The hours stated in Table 1,1. e., “6 a.m. to 10 a. m.,” 
mean traffic observed from 6 a. m. up to, but not in- 
cluding, 10 a. m. The winter period includes both 
December and May; the summer period includes both 
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June and November. Summer passenger-car traffic, as 
the table shows, is much greater than winter traffic. The 
traffic in winter is but 56 per cent of that in the summer 
on week days, 53 per cent on Saturdays, and 46 per cent 
on Sundays. The light traffic on Sunday mornings is 
shown by a comparison of the percentage of the total 
daily traffic by days of the week for the 6 a. m. to 10 
a.m. period. On week days in winter 18.8 per cent of 
the total day’s traffic moves within these hours; on Sat- 
urday, 13.6 per cent; on Sunday, but 5.5 per cent. 
Sunday afternoon in summer between 4 p. m. and 8 
p. m. traffic is heaviest, averaging 580 cars per hour at 
these 112 stations, or more than 10 per cent per hour 
of the total Sunday traffic. Traffic in Ohio was not 
taken by individual hours but. by the periods shown in 
Table l. Asaresult, hourly variation can not be shown 
directly, but hourly variation will be taken up in detail 
in the discussion of results in other States. 

Traffic variation at urban stations by days of the 
week is presented in Table 2 and Figure 2. The data 
are given as the number of passenger cars per day and 
as a ratio to the average day of the week. 

TasLE 1.—Hourly variation in passenger-car traffic, 112 urban 
stations, Ohio 

NUMBER OF CARS 

December-May June-November 

2 =5 

se Cae iyo alae £ se NS s S 2 a 7 aa ie Eu eet > le. - 

Soe and are tea ge ga | 8 
Se aloes CG ene SIR eaesie || RECOECTS hs ar Se 7a Bie nda SS 
SS | Su | Ac | Ao | SA | dS Sw | Ao | Ao | o4 
Ray — al o & | © = a co | & 

| ex | zs & 

Week day-.-_-_-_-_-_- | 251 | 447 433 204 | 1,335 | 406° 681 | 744 561 | 2,392 
Bararday=s-o2- 3 241 670 530 337 | 1,778 | 491 | 1,137 914 804 | 3,346 
PUNnGay. tse ee 144 |1, 027 |1, 089 348 | 2,608 | 449 | 1,898 |2,318 |1,005 | 5,670 

} } 

PER CENT OF 24-HOUR DAY 

Week day.-_____- | 18.8 | 33.5 | 32.4 | 15.3 | 100.0 | 17.0 28.5 | 31.1 | 23.4 | 100.0 
BATU a yee 13.6 | 37.7 | 29.8 | 18.9 | 100.0 | 14.7 34.0 | 27.3 | 24.0 | 100.0 
Shbustor nae. a Se 5.5 | 39.4 | 41.8 | 13.3 | 100.0 7.9 33.5 | 40.9 | 17.7 | 100.0 

TaBLE 2,—Daily variation in passenger-car traffic, 112 urban 
stations, Ohio 

[Average day=100 per cent] 

Number 
Day of cars | Index 

Per cent 
EUG 111 ee ee See eee eee ee oe Me Pt at 8 43, 554 84. 6 
GENES i6 Pay ae GR es gE ee ee eae 41, 673 81.0 
VUES: <2 oo le sc enee ET pe ea ee ae ee ee re 41, 764 81.2 

ee ee iy) at MU ER me ee ae es oe ek A ee ee a i , 
SREESEYO RAY AN ae oe BE Se ee ee ee 56, 459 109.7 
[SESE AVG Neos Ss, Coa, Ee ee Se ep Se ee 92, 328 179. 4 

The days from Monday to Friday show little varia- 
tion, traffic for all being a little above 80 per cent of 
that of the average day. Saturday traffic is about 10 
per cent higher than that of the average day, while 
Sunday traffic is nearly 80 per cent greater than that 
of the average day. The reason for relating the day’s 
traffic to that of the average day will be apparent as 
the analysis proceeds. One obvious advantage in so 
stating traffic is that it permits easy comparison of 
rates of traffic flow in areas with widely differing num- 
bers of vehicles. 
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TaBLE 3.—Seasonal variation in passenger-car traffic, 112 urban 
stations, Ohio 

{Average month=100 per cent] 

Number J 
Month BRcare Index 

J .. = | ; 

| Per cent 
January --_ 17, 100 | 55.5 

21,176 | 68. 7 

25, 338 | 82.4 
29, 355 | 95. 3 

I EN RS oes es Se ke, ae CO, a BE Rk Ta 5m a ny 32, 866 | 106. 7 
nb bate’ S “ube le tea ee ae a oe ee eee ee | 36, 325 | 117.9 
Bo UN eo: ER ee OS 2 2 AE oe oe SC Ee eee As | 38, 829 | 126. 1 
PATS US iit, eee Ate ee ee eee, sn Ma ies Bik he ae Ee 8. 44, 551 | 144, 6 

DOpLen Der ase. oe Se ee a | See ee 37, 458 121.6 
OCT ODOR ea ees eee Se ee ee eee ees ie 34, 547 | 112.1 
INOVeIn Derze abet Sra ee ee ee ee Pe Se eee 29, 138 94,6 
LD Yere's) Ol] 02) gat ras Sa ew Ae dy eee eee ee pee 22, 940 | 74.5 

| 

Seasonal variation in passenger-car traffic at urban 
stations in terms of passenger cars per month and as 
a ratio to the average month is shown in Table 3 and 
Figure 3. 

As shown by this table, traffic increases from a low 
of 56 per cent of the average month in January to a 
maximum of 145 per cent of the average month in 
August. These figures differ from measurements in 
rural areas, and this phase of the analysis will be dis- 
cussed later. 
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HOW STATION AVERAGES ARE OBTAINED 

Having obtained measures of the principal factors 

affecting passenger car traffic flow in urban areas, we 

are in position to apply these factors to traffic observed 

at individual stations. Passenger-car traffic observed 

at station 313 and the corrections for hourly, daily, and 

seasonal variation are tabulated in Table 4. This sta- 

tion is between Mansfield and Lexington, Ohio, on 
United States Route 42. The date, day, and hours of 

observation are stated in the first three columns; the 
number of passenger cars observed in the fourth column. 

TaBLE 4.—Passenger-car density, station 313, Ohio 

Corrected to— 

Date Day | Hours Observed, eee Average | Average 

| week day| month 

Dec. 15-.-...| Monday_--_---__- 6-4 455 870 | 1,028 1, 380 
Jang Ouse. Briday.- 22 2e2 10-8 533 809 985 1,775 
Hebscl4-0- 5 Saturdays.- == 6-4 544 1, 062 | 969 1, 411 

Marz lie -—. Tuesday ss) sos 10-8 542 822 | 1,015 1, 232 
A DY eae a Wednesday ----__-- 6-4 514 983 | 1, 212 1, 271 
May Liz-=2-- BUNGAY = oe see ee 10-8 1,619 2, 178 1, 213 1, 137 

June tole Satan yas 6-35) 1,119 2, 300 | 2, 098 1,779 
Jalya4 Muesday == seas 10-8 863 1, 448 | I, 788 1, 418 
hh shges Bee (nursdaye= 6-4 783 | 1, 723 2, 104 1, 456 

Sept. 14.___- Monday... ._...--- 10-8 971|  1,629| 1,925 1, 582 
Och, te. = iLpursdaysst eee 6-4 630 1, 387 1, 694 1, 511 
Nov. ll..-_..| Wednesday-.-_____ | 10-8 994 | 1, 508 | 1, 859 1, 965 

Gofal. 2/7 s: -3 be ey, oe ee ee ee a ee 17, 917 
Average for year. .2 = 12 soe ee eee 1, 493 

In the fifth column the observed passenger cars are 
raised to a 24-hour basis. From Table 1 the percentage 
of the 24-hour day from 6 a. m. to 4 p. m. on week days 
is 18.8+33.5, or 52.3. The observed passenger cars on 
December 15 are 455, and dividing by 0.523, the 24- 
hour figure of 870 is obtained. On February 14 the 
observed passenger cars totaled 544. The percentage of 
24-hour traffic from Table 1 for Saturdays, 6 a. m. to 
4p.m., is 13.6+37.7, or 51.3. Dividing by 0.513 the 
24-hour figure of 1,062 is obtained. The number of 
decimal points actually carried in the analysis was 
beyond‘that shown in Table 1, with resulting differ- 
ences of one or two vehicles. 
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Figure 4.—GRAPHICAL REPRESENTATION OF Data SHOWN 
IN TABLE 5 

In column six the 24-hour figures are corrected for 
daily variation. (Table 2.) The 24-hour figure of 870 
for Monday, December 15, obtained as explained in the 
preceding paragraph, is divided by 0.846, the ratio of 
Monday to an average day, with a resultant figure of 
1,028 passenger cars. The 24-hour figure of 1,062 for 
Saturday, February 14, is divided by 1.097, the ratio of 
Saturday to an average day, with a resultant figure of 
969 passenger cars. 

Finally, the figures obtained as explained in the pre- — 
ceding paragraph are divided by their seasonal factors 
(Table 3); 1,028+0.745=1,380; 969=0.687 =1,411. 
Thus, 1,380 and 1,411 are each a measure of the proba- 
ble number of passenger cars passing station 313 during 
24 hours of an average day of the year. Each observa- 
tion establishes such a figure. There remains a certain 
amount of variation due to factors unmeasured or not 
completely measured in the analysis. The mean of 
these ‘“‘probable densities” is 1,493, the best measure of 
the number of passenger cars passing station 313 during 
24 hours of an average day of the year. 

ACCURACY IMPROVED BY ANALYSIS 

The improvement in accuracy resulting from the 
analysis can be measured in several ways. As an 
example, take the two Monday operations at station 
313. On the first Monday, December 15, the station 
was operated from 6 a. m. to 4 p. m., with 455 passenger 
cars observed. On the second Monday, September 14, 
971 cars were observed from 10 a. m. to 8 p.m. The 
number of cars observed on the second Monday was 113 
per cent greater than the number observed on the first 
Monday. The final densities for these two Mondays 
are 1,380 and 1,582, a variation of less than 15 per cent. 
The results are much the same when the two Saturday 
observations, February 14 and June 13, are compared. 
A complete comparison of results is given in Table 5. 
Figure 4 shows the same data graphically. In this 
table are computed the range in observed and corrected 
traffic and the range in percentage of the mean. 

TaBLe 5.—Analysis of passenger-car data, station 313, Ohio 

Number Range 
of in per- 

Type of data Range vehicles Mean centage 

in range of mean 

Per cent 
Observed e542) = Se ee eee 455-1, 619 1, 164 797 14 
Computed 24 hour Sie ee ee 809-2, 300 1, 491 1, 393 107 
Average week day.7-.- = 5. | 969-2, 104 1, 135. 1, 491 76 
Average MOntH lesa use= = eee eee | 1, 137-1, 965 828 1, 493 55 

1 If the Nov. 11 observation be omitted, the range in percentage of the mean for the 
final correction is but 44. i 

TaBLE 6.—Comparison of the results of operation by density 
party and by traffic survey party in Vermont 

Average motor- Average motor- 
vehicle density vehicle density 

Station No. Station No. eas eee 
Density- | Staggered- Density- | Staggered- 
party count party count 

operation) operation operation) operation 

| Fi Te Be ee A 2, 319 1; S087] 55 nee tee eee ee 369 299 
LO cise Se ee 861 2) | taste. eee Se ee 84 84 
Wie eee 3, 039 | 2) 576, oO SW soe eae ae 444 389 
5b DA son eee 1, 347 | Bee7 Oe wes a ee ee 1,151 1, 089 
ACT ping BR BPN ey 1, 832 17557} 00: Gace = eee 725 613 
one... = eee 538 S24 5160'S. oe 1, 064 991 
1ii's_c8 eS 2, 826 2, LOAN TOS ae eee serge 376 335 
15 Rie eee 1, 541 i eS 0 Ny pt: Re ene AA 179 144 
Ib Wa ee 1, 462 1 284 210. 382 228 seme ee 201 207 
by ae keg Ae es 1,121 15:208 G72 wie sasee ee ee 150 155 
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Broadly stated, the results of the analysis are to raise 
the mean from 797 to 1,493 and to decrease the dis- 
persion from 146 per cent to 55 per cent, with a final 
density that is much more stable and less affected by 
chance variation. Such chance variations are caused by 
poor weather conditions during an observation period, 
the occurrence of fairs and foot ball games, abnor- 
mal traffic because of detours, high truck density duc 
to near-by construction projects, even a big funeral 
at stations where traffic is normally light. Detoc- 
tion of chance variation in the observed data is virtually 
impossible because such variation is smothered by the 
normal hourly, daily, and seasonal variations. Detec- 
tion of chance variation in the corrected data is not 
difficult when local conditions are known. In comput- 
ing final densities, clearly abnormal traffic observations 
should be rejected. 

Another check upon the accuracy of the results is 
obtained by computing from the data of Tables 2 and 
3 the maximum daily traffic at the 105 stations that 
were operated on Sunday in either July, August, or 
September. The computed density for an August 
Sunday at these stations totaled 242,028 vehicles. 
Reference to the observed traffic showed that 281,594 
vehicles were actually recorded on the maximum days. 
Thus, the computed figures are conservative, being 
exceeded by the observed maximum vehicles by about 
16 per cent. The measurement of traffic variation 
permits the computation of maximum traffic at stations 
where no observation was scheduled during the period 
of maximum traffic. Obviously not all stations could 
be operated at their periods of maximum traffic except 
at great expense. 

OTHER METHODS OF CHECKING ANALYSIS 

Still another check resulted from the manner of 
scheduling party operationsin Vermont In that State 
the survey was for a period of but three months. Two 
observations per month were made at each station. In 
addition to these observations a ‘‘density party”’ 
counted vehicles for an entire week at certain stations. 
The final densities computed in once case from the 
‘ density-party”’ counts and in the second case from 
the usual staggered operation extending throughout 
the three months are tabulated by stations in Table 6. 
Taking into account the relatively light traffic at most 
of these stations, with consequent high variation during 
short periods of observation, the agreement in final 
density is good. 

A check may be made upon the method of securing 
hourly variation by the use of complete 24-hour 
counts—i. e., by combining night and day observations 
in all cases where a day operation is followed or preceded 
by a night operation. Table 7 compares the results of 
the two methods used in Pennsylvania, where traffic 
was recorded by hours instead of by totals for parts of 
the day. In column two, Table 7, the variation in 
hourly flow of traffic is taken from the staggered 
operation, while in column three the results of over 100 
complete 24-hour cycles are tabulated. The results 
are shown graphically in Figure 5, in which the close 
correspondence in results may readily be seen. 

There were 12 observation periods of 10 hours each 
at Ohio station 313, but the foregoing checks upon the 
method indicate that 1t may be used in cases where the 
time of the period of observation is much shorter. For 
instance, at station 388, located on United States route 
20 in North Kingsville, Ohio, at the intersection with 

38164—29——2 

TABLE 7.—Hourly variation in truck traffic, division 1, Pennsyl- 
vania 

[Average hour in each case=100 per cent} 

| 

Staggered-| 24-hour | Staggered- 24-hour 
Hour count | cycle op- Hour count cycle op- 

operation | eration | operation | eration 

Es : = eee ae a De be hs es 

Per cent | Per cent Per cent | Per cent 
IEA ea Se ee 1 UTE ctkors ee ta PEM pee 186 197 
OU Sha ese eee 14 | (2a ie2—3' 1s Tee aoe 185 182 
S=4'a7Is oe ee 22 2bea=4 Po Diss Se Se 189 186 
A= biG Til Seas 2 31 O21 4—<5 DP, Mise seen e 157 168 
edift: em sibs ee ee 60 | 6G, 5=6: DNs See 111 121 
C-7anill > ee ees 119 | as eG etek rele = oe 70 65 
(EC rg 2 eee 174 | LON 78 Deir meee 45 45 
8-0 ge iiuseeetsg 2 180 | LSOURS=9' Pot aoe ey 20 | 20 
9-l0' asm see se 196 | 186 || 9-10 p. m______- 24 | 23 
10-11 a. m 204 195 1) 10-12 po mes. =! : 15 16 
11-12 a.m 188 173 || 11-12 p..m___-__-_- 13 15 
HON unve  e 175 179 || 12-1a.m__-_____ 11 | 12 

BASED ON STAGGERED COUNT ACTUAL COUNT 24-HOUR CYCLES —- —-- 
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Figure 5.—Houruy VARIATION IN TRucK TRAFFIC, Division 
1, PENNSYLVANIA 

a county road, the observation period was for but six 
hours, 10 a. m. to 4 p. m. on Monday, April 13. This 
station was operated by Boy Scouts as a blanket-count 
station and was supposed to have been operated on 
April 13, July 18, and October 17. For some reason 
the latter two operations were not made. During the 
six hours on April 13 there passed 620 passenger cars 
and 94 trucks traveling west on United States route 20. 
If the factors explained in the foregoing analysis are 
applied, the average annual density at station 388 
(west) becomes 2,213 passenger cars and 180 trucks, 
a total of 2,393 motor vehicles. Station 4 was operated 
for twelve 10-hour periods throughout the year and is 
located about 3 miles west of station 388 on United 
States route 20. There are no important intersections 
between the two stations. The final density at station 
4 (east) was 1,969 passenger cars and 148 trucks, a total 
of 2,117 motor vehicles. 

Thus, the final density at station 388, operated for 
but six hours, is but 13 per cent greater than the density 
at station 4, which was operated twelve 10-hour periods 
throughout the year. Such agreement in density be- 
tween blanket-count and key stations occurs fre- 
quently; in fact it is the usual thing, although there is 
always the danger of picking up abnormal traffic dur- 
ing so short an observation period as six hours. ‘Traffic 
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at blanket-count stations should be observed at least 

four times, preferably at intervals of three months. 

COMPARISON OF TRAFFIC AT URBAN AND RURAL STATIONS 

Passenger-car traffic at 112 urban stations, as tabu- 
lated in Table 1, and at 242 rural stations in Ohio are 
compared graphically in Figure 6. Since the hourly 
periods into which the day is divided are of different 
length, the results in Figure 6 are presented in terms of 
the percent age per hour of the total daily traffic by 
days of the w veek. The differences between urban and 
rural traffic flow are septs For instance, on Sun- 
day morning the rate of traffic flow during the 6 a. m. 
to 10 a. m. period is about 30 per cent higher in the 
rural areas. On Sunday afternoon the situation is re- 
versed, urban traffic flow being about 11 per cent 
higher than that in rural areas between 4 p.m. and 8 
p.m. In fact, on all days of the week traffic flow in 
urban areas is at a higher rate than in rural areas 
between 4 p. m. and 8 p. m. 

The comparison between urban and rural areas in 
traffic flow by days of the week shows the great simi- 
larity in truck movement, but there is relativ ely a much 
greater movement of passenger cars on Saturdays and 
a smaller movement on Sundays in rural areas. The 
figures are tabulated in Table 8. Sunday, as will be 
seen, is the day of heaviest passenger-car traffic and 
lightest truck traffic in both urban and rural areas. 

Seasonal variation does not differ sharply between 
urban and rural areas. The maximum month for 
passenger-car traffic flow is August; for truck traffic, 
September. The relation of maximum to average 
month is higher in the rural areas, about 10 per cent for 
passenger cars and 7 per cent for trucks. There is a 
tendency in urban areas for both passenger-car and 
truck traffic to hold up better during the winter months. 
The results are given in detail in Table 9. Passenger- 
car traffic in both urban and rural areas, as will be noted, 
varies within a much wider range from January to 
December than truck traffic. 

SOME USES OF TRAFFIC DATA NOTED 

Since maintenance costs are so large a factor in total 
highway costs over a period of years, the economic selec- 

1!s+e-—_— a =o 

ERC 

AVERAGE 
e URBAN RURAL Pe 

a WEEK DAY $m OOS) 

= SATURDAY @ZZZ77Z) iE Hn | in 

x » | SUNDAY == Eeweress q 
J a a 

2° + : vt 

& s « 

can Wai 
Zz 
a © - SHH 1 

z RA ate ek ee RA 
: NH 
< KM : 

Sak ae RS 
ro) % 1 
WwW f] al K | ‘ 
2 = b ay : i 

! 
t 
\ 
' LOOT PERCENT. 

n 

a 

. } 

fo} L 

6 AM. TO 10 AM 

| 
| 

4 Z 

4P.M.TO 8 P.M. 8 P.M.TO6A.M. 10 A.M.T (o) 4PM. 

I'igurE 6.—Hourty VARIATION IN PaAssencER-CAr TRAFFIC 
AT URBAN AND RuRAL STatTIons IN OHIO 

PUBLIC ROADS Vol. 10, No. 1 

TasLe 8.—Daily motor traffic variation, Ohio 

{Average day =100 per cent] 

Traffic in percentage of average 
day 

Day Trucks | Passenger cars 

Urban | Rural | Urban} Rural 

Per cent Per cent) Per cent| Per cent 
MOL GHY= s2o28 oe sane eee ee ea oe eee 113 113 85 83 
Vuesd ayes ete + Bese ea ee en somas ee 117 118 81 79 
Wednesda yates oo eet a eee 115 120 81 80 
Thiivsd dy seser as eee Mee eee eee Vil 110 82 81 
Friday S52 ee ee a ee Pe eee 115 113 82 88 
Saturday. eo ee en Ee eee 102 101 110 128 
Sunday ate eek ee eee ee eee 26 25 179 162 

TasLE 9.—Seasonal motor traffic variation, Ohio 

[Average month=100 per cent] 

Traffic in percentage of average 
month 

Month Trucks Passenger cars 
| 

Urban |} Rural Urban; Rural 

Per cent| Per cent| Per cent| Per cent 
JANUSTY cose ot foe ee 84 77 56 59 
February ie Se ee eee 80 79 |. 69 67 
Marchiccs st code. - ose eee 88 | 85 82 81 
April ees eS ee ee ee ee eee eee eee 93 | 91 | 95 92 
Mia Vir 2228 So ee a en ee 101 92 107 96 
VUNG ole Sa ee Fee a ee 100 101 | 118 116 
JULY a ee ee ee ee ee ee ee 102 108 126 | 128 
Aveust2t 22 2. i ee eee 114 116 | 145 | 158 
September. 2222S. ee ee ee ee 118 126 | 122 122 
Octoberss 22 ee ee en ee 113 118 | 112 109 
NOV GND Of s 2 <= oo oe =e sre eee re re ees 107 113 95 94 
December_2aee= 25 srh eee ee eee 100 93 74 78 

tion of a suitable type of highway yatend te to a large 
extent upon variation in maintenance costs under vary- 
ing traffic densities. Climatic conditions, soil types, 
drainage conditions, and many other factors so com- 
plicate maintenance-cost analysis that unless accurate 
traffic data are available, misleading conclusions may 
easily be reached. 

The usefulness of accurate traffic data in problems 
of design is obvious. The variation in traffic during 
different periods of the year and the density of large- 
capacity truck traffic should not be overlooked in this 
connection, especially in the selection of proper highway 
widths and design near large cities. 

The validity of many conclusions resulting from the 
study of highway problems depends vitally upon the 
accuracy of the traffic data underlying such conclusions. 
Haphazard methods and fragmentary traffic data lead 
to economic and engineering errors. Reliable data re- 
sult from careful planning and complete understanding 
of the objectives of the traffic survey. Many of the 
highway problems are extremely complicated; one 
factor, traffic, may be accurately obtained without tre- 
mendous expenditure. In the sea of evidence affecting 
the solution of a difficult problem the traffic factor may 
be used with some assurance of reliability. An error of 
a few vehicles in the traffic evidence has no engineering 
significance, and the accuracy resulting from continuous 
observation at a great number of stations is not worth 
the cost. On the ‘other hand, traffic evidence obtained 
by going out on the highway for a few hours at any time 
of the year is worth very little to the serious investigator. 



THE EFFECT OF INCREASED SPEED OF VEHICLES ON 
THE DESIGN OF HIGHWAYS 

Reported by A. G. BRUCE, Senior Highway Engineer, Division of Design, United States Bureau of Public Roads 

STUDY of the speed limits now imposed by the 
A various States shows a decided increase over 

those imposed 10 years ago. In 1918, three 
States had speed limits of 35 to 45 miles an hour, and 
eight States had no limitation. In 1928, 36 States 
permitted speeds up to 35 to 45 miles per "hour and 3 
had no limitation. The speed limitation predominat- 
ing in 1918 was 25 miles per hour, and in 1928 it was 
35 miles per hour. 

A great many users of the highway travel at speeds 
much higher than the legal limit, especially in those 
States with the lower limitations. The models of 
motor cars produced in recent years are all capable of 
relatively high speeds, and the general trend toward 
increased braking capacity and greater riding comfort 
has given drivers a sense of greater security at high 
speeds. Taking into account the more liberal legal 
speeds, the difficulty i in rigidly enforcing a speed limi- 
tation, and the greater possible speed due to improved 
roads and improved cars, it appears safe to estimate 
that the average speed on the open road to-day is fully 
20 miles per hour greater*than it was 10 years ago. 

Studies made in connection with the Cleveland sur- 
vey ' show that passenger vehicles on the open road 
where traffic is far below full capacity generally travel 
at a speed varying from 30 to 40 miles per hour. 
(Figures 1 and 2.) 

This increased volume and speed of motor-vehicle 
traffic require smoother and wider road surfaces, easier 
curves, wider shoulders, shallower ditches, greater 
superelevation of curves, more extensive use of vertical 
curves, longer vertical curves at the top of hills, greater 
sight distance on both horizontal and vertical curves, 
the avoidance of compound curves, more adequate 
guard rails, more adequate protection at railroad grade 
crossings, ‘and special treatment of intersections of 
heavy-traflic highways. 

WIDTH OF SURFACE 

The safe passing of rapidly moving automobiles and 
busses requires a surfaced width of at least 20 feet for 
a 2-lane rural highway, but because of limited funds 
the 18-foot width still predominates on State and 
Federal-aid improvements. The mileage of 20-foot 
pavement, however, is increasing each year, and during 
the past year 20 per cent of the mileage of hard pave- 
ments on Federal-aid projects was of this width and 
70 per cent was 18 feet wide. The free flow of traffic 
on highways through villages and built-up sections re- 
quires a pavement width of at least 36 feet where 
parallel parking is permitted and 50 feet where diagonal 
and right-angle parking is permitted. 

Figure 1 gives some indication as to the effect of 
width on speed on a highway carrying considerable 
traffic. The 18-foot width appears to have a retarding 
effect under the conditions illustrated, but so many 
factors are involved that this can be taken only as an 
indication. 

1 Report of a Plan of Highway ae ement in the Bacioaal’2 Area of Cleveland, 
Ohio. 

The most recent studies of transverse distribution of 
traffic on highways of various widths are those made 

The distri- 
and bus traffic 

in connection with the Cleveland survey. 
bution of passenger-car, truck, was 

A WIDENED AND SUPERELEVATED CURVE 

TaBLE 1.—Mazximum legal speed limits in open country for 
1918 and 1928 

| | 
| Speed Speed || | Speed Speed 

State | limit, limit, State limit, limit, 
| 1918 1928 1918 1928 

| 

| Miles per | Miles per || Miles per | Miles per 
| hour hour hour hour 

Alabatiae. sees 30 45 || Nebraska_____---_- 25 35 
VATIZ OR Gee eee re 30 DUI NOVaAd arse eee (1) 45 
ATKaNSaS eo eeses| 20 35 || New Hampshire ___) 25 | 35 
@aliforniaye 9s | 30 35 || New Jersey--_------ 30 | 30 
Coloradom 3. ==-aee | (1) | 35 |! New Mexico_-._--- (') 35 
Connecticut __- --..- 30 (1) New York 2522 --2"" 30 30 
Delaware: sae oses= 25 35 || North Carolina--_- 25 45 
Hlondas=s el 25 45 || North Dakota_-_-_-_- 30 3A 
Georvias= "ea 30 AORN Nigwse ae ae se 25 | 35 
ldahotieee see 30 Sot Oklahomaes =o-se.- (1) | 35 
Lino as aee 25 SO mOLrer Ole ane. eee 25 | 40) 
Indiana 25 40 || Pennsylvania_- 25 | 35 
Iowa___ 25 40 || Rhode Island 25 | 35 
Kansas __ 40 40 || South Carolina_ __- La 40 
Kentucky -_ 20 40 || South Dakota--_-- 25 || 25 
Louisiana-_- (}) 35 || ‘Tennessee--_-_---_-- : 20 | 30 
Nigine aes 2 seen ee ee 25 SO) ||" L OX8S==- 32 oho ao oe 25) | 35 
Maryland__---_--__- 35 400) (Utahics y=2. sess 2 Nailin LY lay = 1 30 
Massachusetts - ____ 20 20 il) Vermont= 2222-2 =. 25 | 30 
Wichisan esses 25 (1) iy Wiptweabeatee Seen 20 | 35 
Minnesota---------| 25 | 35 || West Virginia-____- 35 | 35 
IMAIssiSSIppioweaeee 2 30 30 || Washington------- 30 | 40) 
IMISSOUPIoSe =o nese 25 250i) WaASCOnSIN 2 = aaron. 25 40) 
Montanae. 2-23.23 (‘) (1) | Wey omingo eo see—- (1) 35 

SUMMARY OF SPEED LIMITATIONS 

| Number | Number | Number | Number 
, Pagal eveed (per | of States, | of States, | rs Se ae (per of States, | of States, 

our) | 1918 1928 ae 1918 1928 

Rive aad eS eae eee 1 | Om 40untles sat = sos. 1 10 
A. milessa. 4 eee 5 | wo wiles es 0 4 
2p NMOS 22-25-5528 20 | ot OO OSS he cee 0 0 
20 miles. = Se = 11 | 6 1) No limitz-2.------ 8 3 
35 T1165 ane ee, | 2 pie 

1 No limit. 

11 
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recorded for pavements, the width of which ranged from 
18 to 40 feet. The total pavement width, where 
observations were recorded, was divided into 1-foot 
lanes, with painted identification markings. With the 
passage of each vehicle the 1-foot lane within which 
its right rear wheel passed was recorded. These data 
form the basis of the studies of transverse distribution 
of motor-vehicle traffic on straight and level highway 
pavements in the various width classes made during 
the month of November, 1927. 

Figures 3, 4, and 5, and Table 2, are typical of the 
results obtained outside of the urban area. There was 
found to be a marked difference between the transverse 
distribution of the right rear wheel passages of passenger 
cars on pavements 18 and 20 feet in width and similar 
data on pavements in excess of 20 feet in width but 
not wide enough for four lanes of traffic. On the 18 
and 20 foot surfaces over 80 per cent of the passenger- 
car traffic traveled 6 feet or less from the edge of the 
pavement. For surfaces in excess of 20 feet the highest 
percentage of utilization of the section within 6 feet of 
the edge of the pavement was 46.3. 

On pavements over 20 feet in width, truck and bus 
traffic fail to utilize to any extent the 3 feet nearest the 
edge on each side of the pavement. With an increase 
in width there is an increasing tendency for motor- 
vehicle traffic to operate more toward the center of 
the pavement. 

Passenger cars on an 18-foot highway when passing 
vehicles moving in the opposite direction travel ap- 
proximately 1 foot nearer the edge of the pavement 
than when they are not passing other vehicles. 

The average clearance between passing cars on an 
18-foot pavement is approximately 1 foot, while on a 
20-foot pavement the average clearance ranges from 1.9 to 
2.4 feet. On both 18 and 20 foot pavements, drivers of 
passenger cars apparently prefer to sacrifice clearance 
rather than drive close to the edge of the pavement. 

The average distance of rear-wheel passages of pas- 
senger cars from the edge of the pavement on 382, 38, 
and 40 foot highways is over 8 feet. The average 

clearance of passenger cars passing in opposite directions 
ranges from 6.7 feet on the 32-foot pavement to 11.7 
feet on the 40-foot road. 

The following conclusions as to width of highway 
were presented in the report on the plan of improve- 
ment for the Cleveland regional area: 

1. The roadway surface for all 2-lane roadways 
should be 20 feet, exclusive of space for parked vehicles. 
Roadways of 18-foot width in good condition are 
classed as satisfactory, but these should be widened to 
a minimum of 20 feet when reconstruction is necessary. 
Surfaces less than 18 feet in width should be widened 
to a minimum of 20 feet as rapidly as conditions permit 
except in the case of extremely light traffic routes where 
the widening is less urgent. 

2. Normal distribution of traffic requires an even 
number of traffic lanes. When the volume of traffic 
exceeds the capacity of a 2-lane roadway a 4-lane 
roadway (approximately 40 feet), exclusive of space for 
parked vehicles, is recommended. The 3-lane roadway 
is found satisfactory in a few cases where there are 
very pronounced peak periods of traffic in alternate 
directions at different periods of the day and par- 
ticularly when the acquisition of right of way for a 
4-lane roadway is extremely difficult or prohibitive in 
cost. The 3-lane roadway, when used, requires lane 
marking and careful traffic control. 

3. All roadways designed for more than two lanes of 
traffic should have complete lane marking, and pro- 
vision should be made for regulation of traffic in 
conformity with the lane marking. 

4, Assuming that the roadway is designed for the 
accommodation of moving traffic, the choice of any 
width between 20 and approximately 40 feet, except 
in the relatively few cases where the 3-lane roadway is 
satisfactory, is normally uneconomical, as the excess of 
width above 20 feet adds but little to the traffic capacity 
of the roadway. If the additional width is intended 
to provide space for parking, such widths as 22, 24, 
and 27 do not permit parking without obstruction of 
the normal traffic lanes. 

TABLE 2.—Transverse distribution of passenger-car traffic on highway pavements in the Cleveland regional area 

Distance from edge of surface (feet) 

SEF =. Total | | 
. h Surface irection | passenger 1 2 | 3 2 Silas EC 6 

Highway width of traffic cars | Total 
observed 

Right rear wheel passages, percentage of total 
number 

Cedar Road, east of Warrensville Center Road__-___-___-_---____-__________ 18 12.0 D3 ae OKe 13.6 | 8.9 82.6 
r J 15,7 31.9 26. 1 14.1 4.0 93. 3 

West) bake: Road): westof Wagar Roads - sec. a ae eee ee eae 20 13.8 17.2} 33.5 23. 4 8.6 87.0 
t 19.5} 41.9] 23.6)" 34.8 | 5 108 |) peege 

Northfield Road; south of Forbes Roadsass esses see ee ee 20 13.9 O2e4 27.7 13.9 3.4 93.5 
, PAG 13.9 27.2 21.6 16.1 80.9 

Huclid Avyenue;* east of Chardon Roads sss sss eee ee eee 18.7 Si 2a: Sak 6.5 8.3 |- 21.4 
a ; a6 3.5 6.7 9.7 13.5 34.0 
Hachid Avenue; iwestion Chardon Roda. se see ane ae eee 18.7 6 | Tp | ees 11.0} 9.0 25.6 

: 7h 4.8 10.7 10.7 9.1 36. 0 
Detroit: A-venue, east. of Clarice Roads. -.c sess ee ee ee Oo. le aStee ee eames OO. 1] ieee oe | eee no 1.4 6.0 16. 6 24.4 

; te | ee eae Me 81) F110 21.6 
Franklin Avenue, east of West Sixty-fifth Street_____________________._____ 32 Bey SOT aE 6.0 IZ) 16-3 36.9 

es aes Le 4.6 1056s eGo 33.7 
Lake Shore Boulevard, east of Harland Avenue.___________________________ 38 .0 fai 2.4 8.0 9.6} 11.0 31.7 
a ih iil SOC Sal 3 : : 

United :Statesiroute 20; east of Wicklifiess. sso ee aes en ee 40 .0 .0 .0 Hs 2 7 a ee 
.0 .0% .8 a0 4.1 7.4 12, 

Bulkley Boulevard,5 east of Center Parkway Section________________________ 40 8, 183 ay 114} PRT at RRO 13.0 6.5 re 
4, 702 .0 Bel 1.4 fags) 12.7 15.7 35.4 

iA letter box located close to the edge of pavement accounts for the low percentage in the second foot lane, east direction of traffic. 
A 6-inch raised curb accounts for the low percentage in the second foot lane, south direction of traffic. 

* Each direction is used for 2-way traffic and is separated by a gravel strip 18.5 feet in width. 
‘ Used as a 3-lane road during peak-hour traffic; the inbound, or outbound peak traffic, uses 2 lanes during peak hours. 
‘Roadway width separated into 4 marked lanes, 

Lanes are not separated by markings. 
each 10 feet in width. Inbound or outbound peak traffic uses 3 lanes during peak hours. 
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5. Under open-road conditions—i. e., through areas 
outside of suburban development—with little local 
traffic and relatively infrequent cross routes, the 
normal traffic capacity of a 2-lane roadway, at a traffic 
speed of 25 miles per hour, is approximately 10,000 
vehicles per day. In suburban sections, with parking 
adjacent to the roadway surface and a larger volume 
of cross traffic and local traffic, the capacity of a 2-lane 
roadway is reduced to approximately 8,000 vehicles 
per day. An abnormally high proportion of large- 
capacity trucks, busses, or other slow- -moving vehicles 
will decrease these limits. 

SHOULDERS 

With the improvement in motor cars and equipment, 
emergency roadside repairs are less frequent than for- 
merly, but one such obstruction in a mile of heavily 
traveled road creates a serious danger, and shoulders of 
6 or 8 feet should be provided for parking and repairs. 
In mountainous country the cost of wide shoulders is 
extremely heavy, and in many cases shoulders 3 or 4 
feet wide are being built, while in other sections of the 
country shoulders 10 feet wide are the rule, but the 
predominating practice appears to be 6 feet. 

RIGHT OF WAY 

During the past few years there has been a noticeable 
trend toward the acquisition of wider right of way, 
especially at intersections of important highways. 
Rights of way 100 and 200 feet wide are not uncommon, 
although the majority of States are still acquiring less 
than 100 feet. The acquisition of right of way at inter- 
sections prevents the obstruction of view by private 
construction, such as filling stations, lunch stands, and 
roadside markets. 

SIGHT DISTANCE 

The increase in volume and speed of traffic has made 
necessary greater sight distances on both horizontal and 
vertical curves. It is desirable to maintain a sight dis- 
tance of at least 500 feet, but this is not always feasible 
on mountain roads. A traffic line should be marked 
along the center of the road at all convex vertical curves. 
A few years ago it was the rule to use a vertical curve 

only where the algebraic difference in grade was 2 per 
cent or more. Vertical curves are now used at almost 
every change in grade, although some engineers use 

them only at changes of five-tenths or 
a 450 more. (25 a LEGEND | is 
400 tesa —— OUTSIDE REAR WHEEL - EASTBOUND 400 CURVES 
375 Dau Sees INSIDE REAR WHEEL - EASTBOUND 375 

aan —-— OUTSIDE REAR WHEEL- WESTBOUND i = 350 4p on. INSIDE. REAR WHEEL - WESTBOUND 350 No general rule can be given for deter 
328 [ a 325 mining the minimum radius of horizontal 

Hse 300 3 curvature. In mountain location curves of 
=e re ~~, = 100-foot radius are sometimes necessary, 
= 295 | ti tte 225 « Whereas in the flatter sections of the country 
> 200 ae 20 « curves of 1,000-foot radius are the prevailing 
o05 r Vie dig Ie Bia 15 = practice. During the past year the pre- 
2 oe ae fs 4 = dominating minimum radius of curvature 

100 ie Eee rae j i00 on Federal-aid projects has been about 500 
75 3 i 75 feet. Figures 6 and 7 are diagrams for 
Md Te =? Oey a a ‘oe determining sight distances on vertical and 
3 oh ett ee shoe ae ; ° horizontal curves which should be useful in 
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Figure 5.—TRANSVERSE DISTRIBUTION OF PASSENGER-CAR TRAFFIC ON A 
32-rooT PAVEMENT (Derroit Roap, CLEVELAND), BASED ON ToTAL PAssEN- 
GER-CaAR TRAFFIC NOVEMBER 25, 1927, FROM 7. 55 A.M. TO 12 M. AND 1 P.M. 
To 5 P. M. 

GRADES 

On main-line highways it is customary 
to adopt a maximum grade of 5 per cent 
in gently rolling country and 7 per cent 
in rough country, but it is no longer 
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ALGEBRAIC DIFFERENCE IN GRADES - PER CENT 

1000 700 800 900 100 200 300 400 S500 600 
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considered good practice to resort to sharp curvature in 
order to avoid grades somewhat steeper than 7 per cent. 
If local conditions permit either a 7 per cent grade with 
a sharp curve or a short 9 per cent grade with a wider 
curve, the latter design is thought to be the better 
practice because it is safer for modern motor traffic. 

There is a difference of opinion among engineers as to 
whether, in gently rolling country, the grades should 
follow the general topography with very little cutting 
and filling or whether railroad practice should be fol- 
lowed with long easy grades involving cutting at every 
hill and filling every valley. A few years ago, when the 
cost of grading was a large part of the total cost of the 
improvement, the use of railroad grades made a con- 
siderable difference in the cost, but at the present time 
it is a smaller percentage of the total cost, and there is, 
therefore, not as much tendency to cheapen the design 
in this direction. There is a lack of agreement among 
authorities as to the relative economy of operating 
motor vehicles on the two kinds of grades, and the sub- 
ject is one which warrants further investigation. 
Studies made at Iowa State College? are somewhat 
favorable to rolling grades. 

The top or weathered zone in many soil types is more 
stable than certain of the unweathered zones. Under 
these conditions, and when the weathered zone has 
appreciable thickness, subgrades located close to the 
original ground surface are apt to be more stable than 
those located in deep cuts and fills. Usually, however, 
it is not advisable to lay a grade line so as to consistently 
take advantage of this fact. 

2 Agg, T. R. Economics of Highway Grades, Bul. 65, Engineering Experiment 
Station, Ames, Iowa. 
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COMPENSATION OF GRADES FOR CURVATURE 

It is customary to compensate grades over 5 per cent 
on curves of less than 500-foot radius to permit unre- 
tarded ascending speed on curves. The amount of 
compensation depends on local conditions, but a general 
rule followed by many engineers is to reduce the grade 
one-half of 1 per cent for each 50 feet of reduction in 
radius below 500 feet. 

SUPERELEVATION AND WIDENING 

When highway curves were first superelevated there 
was considerable opposition from the users of horse- 
drawn vehicles, because they felt that superelevation 
was primarily for the purpose of converting the high- 
ways into automobile speedways. Now, that super- 
elevation has become general there is little opposition to 
a conservative practice, but in some cases a degree of 
superelevation is used which is excessive for slow-moving 
vehicles. A maximum superelevation of 2 inches per 
foot of width as called for on some plans is questionable, 
and the standard recommended by the American Associ- 
ation of State Highway Officials with a maximum of 1 
inch per foot of width appears to agree with the con- 
sensus of opinion among highway engineers. 

So Ss 

P45 8 PENN 

BripvcE Burtt oN A CURVE WITH SUPERELEVATED ROADWAY 

Various experiments have been tried in superele- 
vating for mixed traffic, using a compound cross sec- 
tion instead of the usual straight section, and it is 
possible that a solution of the problem will be worked 
out along this line. The formula recommended by the 
American Associations of State Highway Officials is: 

_V E=0.067 R 

where #=maximum elevation in feet per foot of width, 
V=the velocity in miles per hour (85 recom- 

mended), and 
R=radius of curve in feet. 

Figure 8 presents a graphic solution of this formula 
with the limits indicated. 

In eight States curves of 1° or more are superelevated, 
but in the majority of States superelevation is used only 
on curves of 3° or more. There is no standard practice 
for developing the superelevation, but the majority 
of States start the banking from 100 to 200 feet ahead 
of the point of curvature and reach full superelevation 
at the same distance inside the curve. There are 
several States, however, that reach full superelevation 
at the point of curvature. 
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Curves are usually widened where the curvature is 8° 
or more. The Voshell formula for widening, recom- 
mended by the American Association of State Highway 
Officials is as follows: 

W=4(h— RD) + oe ae ae lace VR 
where W=the widening in feet, 

R=the radius of curve in feet, and 
L=the wheel base of the vehicle in feet (20 

recommended). 
The majority of States start the widening 50 to 100 

feet ahead of the point of curvature and reach the full 
widening at the same distance inside the curve. A 
few States reach full widening at the point of curvature. 
Most States use the parabolic spiral transition, although 
a few States use a straight-line transition. Widening 
of the pavement has become less important where 
sharp curves are not used, and one State has abandoned 
widening of the pavement as standard practice. 

COMPOUND AND REVERSE CURVES 

Compound curves were frequently used up to the 
past few years, but it is now recognized that they are 
dangerous for fast-moving traffic if there is considerable 
difference in the radii. When a vehicle passes from a 
slow to a rapid rate of curvature, a change in steering 
and often a change in speed are required immediately. 
Failure to sense the changed condition, which is most 
likely to happen at night, may result in an accident. 
Usually a tangent section can be used between the 
curves of different radii; or better still, a simple curve 
can be used throughout. 

Reverse curves were considered objectionable with 
the speed limits in force in 1918 and are now considered 
very dangerous. The danger is due not only to the 
sudden change in direction of curvature, but also to 
the fact that superelevation can not be provided at the 
transition point. <A tangent section 200 feet long be- 
tween the curves will permit proper transition’ with 
superelevation and widening. 

YY 
>> CROWN AN) 3W)9F1N233 97 SURFACE 

Smoothness of road surface is now emphasized much 
more than formerly, and most specifications require a 
surface finish with a maximum tolerance of one-fourth 
inch under a 10-foot straight edge. With such surface 
trueness it has been possible to reduce the crown to a 
very small amount, and at the present time one-eighth 
to one-tenth inch per foot is the prevailing practice. 

It is noticeable that some States are more successful 
than others in building smooth riding pavements, even 
where the specifications as to finish are the same, and 
it is obvious that only the greatest care in finishing will 
produce the results desired. During the past year the 
machine finisher has been tried on bituminous pave- 
ment construction, and apparently greater trueness of 
surface is produced than by the usualy hand-raking 
methods. 

GUARD RAIL 

The light wooden guard rail commonly used 10 years 
ago was intended as a fence to keep the horse-drawn 
vehicle from going over the edge of the embankment 
at night. It has been superseded in most States by 
some type that offers more resistance to the impact of 
a rapidly moving motor vehicle. 
Where lumber is plentiful, several types of low, heavy, 

wooden guard rail are used, but woven-wire and steel- 
cable guard rail on wooden or concrete posts are the pre- 
dominating types. As at present developed, the cable 
guard rail with wooden posts affords the greatest safety 
to heavy vehicles. In mountainous country where 
large stones are available a bowlder guard rail is attrac- 
tive and effective. A few States are experimenting 
with earth banks in place of guard rail. These banks 
are usually about 8 feet wide at the bottom, 4 feet 
wide at the top, and are built to a height of about 4 
feet. It appears that this type is satisfactory on tan- 
gents, but is not so effective on sharp curves, because a 
rapidly moving car striking the bank at an angle will 
sometimes climb pver it. Many plans specify guard 
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rail on low embankments which could easily be graded 
to a 1 to 4 slope and sodded. 

CURBS 

The use of curbs with a vertical face is necessary in 
built-up areas for drainage and the proper protection 
of life and property, but on rural roads they are a 
source of danger to motor traffic and their use has 
resulted in numerous serious accidents. On the other 
hand, it is very desirable to carry storm water along 
the edge of concrete surfaces where the shoulder and 
ditch material erodes easily or it is difficult to keep the 
ditches clean. Several States are now using concrete 
edging or some form of lip curb for this purpose, which 
is so designed as to permit the use of shoulders for emer- 
gency repairs and parking. Typical designs are shown 
in Figure 9. 

RAILROAD CROSSINGS 

Railroad crossings at grade not only constitute an 
accident hazard, but also reduce the traffic capacity of 
aroute. This reduction in traffic capacity is due (1) to 
the actual stopping of vehicles to permit passing of 
trains, and (2) to the general decrease in speed of all 
traffic in order to determine the safety of the crossing. 
Considerable progress is being made in eliminating rail- 
road crossings, but there are so many of them and the 
cost of eliminations is so heavy that the program each 
year must be relatively small. Better progress would 
be made if a uniform survey of the grade-crossing situa- 
tion could be made in each State and a program of 
elimination prepared. It is difficult to evaluate the 
relative danger of factors such as volume and speed of 
motor traffic, volume and speed of train traffic, sight 
distance, and approach conditions, but if these are to 
be used at least an approximate weight could be as- 
signed to each in order to determine the proper place 

RAILROAD GRADE CROSSING ELIMINATION 

of a crossing in the order of elimination. Protection at 
crossings other than by means of grade separation is 
being given serious consideration, ‘and various signal 
and warning devices are being tried out with varying 
degrees of success but with a “general improvement in 
conditions. 

It has been suggested that the order of grade-crossing 
eliminations be according to a definite classification of 
crossings based on the relative value to the traveling 
public of their elimination. To determine the relative 
value of specific eliminations, a purely economic study 
would be made on the basis of time lost at crossings 
under assumed conditions of entirely safe operation. 
From the railroad point of view this must be acceptable, 
because the expense of stopping is the reason why 
trains may not be stopped at all such crossings. The 
expense of stopping a motor vehicle is only a small 
fraction of that incident to stopping a train, but the 
number of units involved in highway traffic is so great 
that in the aggregate the loss is considerable. 

If the railroads protest the stopping of their own 
traffic as expensive and destructive of efficiency, they 
must recognize it as having a similar disadvantage to 
highway traffic. Some studies of such losses have been 
made and several cases which indicate what these may 
amount to are shown in Table 3. 

It is clear that there are crossings where there is 
considerable loss of time to the public. On such cross- 
ings the time which is lost may be stated in terms of 
the efficiency of the highway, as follows: 

In the first case shown in Table 3 the highway is 86 
per cent efficient (crossing closed 14 per cent of the 
time), and in the following cases the efficiencies are 79, 
95, 90, 90, and 92 per cent. 

This measure of efficiency does not, however, indi- 
cate the total loss to traffic due to the grade crossings. 
In some States, notably North Carolina, Louisiana, 
Mississippi, Florida, and Nebraska, there are crossing 
stop laws requiring all approaching automobiles - to 
come to a full stop before entering the intersection. 
In some cases the law requires a reduction of speed to 
a rate at which the automobile will be completely con- 
trollable within a few feet. ‘The speed fixed in Nebraska 
on secondary crossings is 12 miles per hour. ‘These 
laws apply to all traffic and represent, if observed, 
another source of lost time. If such methods are 
adopted in all States the total losses in highway service 
will be enormous. 

The ratio of night traffic (7 p. m. to 7 a. m.) to day 
traffic indicates that the vehicle-hours loss shown in 
Table 3 may be increased by 50 per cent to arrive at the 
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TABLE 3.—Vehicle time lost at selected grade crossings in Cleveland regional traffic survey 

Rail traffic 7 a. m. to | Ratio 
é | “Total 

Highway eens Time | of clear- vehicle 
traffic blocked, Vehi- | Per Per ance m6 

Road Railroad Location 7 a.m. Ce cles. | Come Oh eoue Ok ee esas ap Pas to stopped time |vehicles) time (vehi- 
ena leaenzoe Freight | Switch | 7 p.m. | Ppee locked stopped] cross- cle- 
es aa Be trains | trains | (hours) ing is hours) 

blocked 
| 

East Seventy -second | New York Central-_---_---- West end, Gordon Park --- 7, 752 27 ily 31 1.69 | 1,078 14.1 14.0 1, 24 23.6 
Street. | | 

Lorain. A venties. soe os|e2-- = OnE pahn APR eee ae Near West One Hundred 5, 955 44 4 36 2.48 | 1,867; 20.6 31.4 1, 22 46.0 
and Forty-third Street. | 

Broad way= = eee Wheeling & Lake Erie____- At Union Avenue--------- 14, 220 Ci cee: ag | 27 . 62 | 600 | 5.2 4.2 1. 38 1250 
East Ninety-third Street_.| Erie-_--.--.--.----------- Near Meech Avenue !_____ 4, 372 13 7 22 1. 20 709 10.0 16. 2 1.31 30. 6 

02h. eee eee Wheeling & Lake Erie-_--|.__-- GE Saeee es Saneoaene a 4, 372 6 11 18 1.18 650 9.8 14.9 1. 24 2308 
United States Route 20.-.| Nickel plate__-....-------- West of Painesville___.__-- 4, 799 2 12 4 . 89 319 | 7.4 6.6 1.18 16.4 

1 Crossings approximately 300 feet apart; blocking of 1 crossing impedes traffic at other. 
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Figure 10.—Typres or INTERSECTIONS 

24-hour loss. In the cases cited these full-day losses in 
vehicle-hours would be, respectively, 35.4, 69, 18.1, 45.9, 
35.5, and 24.6. If we assume that the use of an auto- 
mobile is as valuable asits operating costs, we are con- 
servative in assigning $1 an hour as the cost of the lost 
time. The above losses, so charged and capitalized at 
6 per cent, would justify expenditures of $215,350, 
$419,750, $110,412, $279,225, $216,262, and $149,650. 

These facts are cortvincing that priority based on 
the value of time lost is a rational procedure. This 
apples whether the crossing is protected by gates, 
watchmen, or is wholly unprotected. In general, the 
method may be applied by taking a traffic census and 
computing the losses which would result from motor- 
vehicle operation in such a manner as to produce com- 
plete absence of accidents at the crossing. At the pres- 
ent time only meager data are available. 

It should be noted that this plan assumes that the 
value of eliminating a crossing varies directly with the 
amount of rail and highway traffic, and no attempt is 
made to evaluate the hazard of the crossing. The 
value of elimination is referred directly to a measurable 
economic loss. 

HIGHWAY INTERSECTIONS AND GRADE SEPARATION 

The separation of highway grades at important inter- 
sections 1s a new problem in highway engineering but 
one that will undoubtedly receive considerable atten- 
tion in the future. Already grades have been separated 
in cities and in parks, but the expense is so great that 
it has not been done on rural roads, and it is probably 
not justified at the present time except on heavy-traffic 
roads near large cities. In the congested areas where 
unhampered flow of traffic on multi-lane arteries is es- 
sential the separation of grades may be justified be- 
cause the increased capacity of the highway in cars per 
hour will afford the same relief as an additional traffic 
lane which would otherwise be required. 

Most highway intersections, even within congested 
areas, will remain at grade for many years, and their 
proper treatment has become an important problem in 
many instances. The two methods most generally 
used are widened pavements with nearly right-angle 
intersections and the more common combination of 
right-angle intersection with wide curves connecting the 
intersecting routes. In the widened-pavement design, 
two additional traffic lanes are added for 500 feet on 
each side of the intersection, and the curves at the 
intersection are of about 30-foot radius. Traffic about 
to make either a right or left turn enters the extra lane 
and makes the turn at slow speed. Figure 10 shows 
four types of intersections. 

The wide-curved intersection with radii of 300 to 500 
feet requires considerably more right of way and costs 
more to construct than the widened roadway intersec- 
tion. Whether the additional expense is justified \ap- 
pears to be questionable. 

SIGNS 

The improvement in character and number of direc- 
tional and warning signs has been a great aid to more 
rapid automobile transportation. This is especially 
noticeable where standard United States route markers 
have been erected. Thirty-eight States have now com- 
pleted the marking of the United States routes within 
their borders, and many other States have the marking 
of these routes well along toward completion. 

U.S. GOVERNMENT PRINTING OFFICE : 1929 
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