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THE INFLUENCE OF ALINEMENT ON OPERATING CHARACTERISTICS

By O. K. NorMANN, Senior Highway Engineer
Public Roads Administration

SYNOPSIS

One of the most important features governing the selection of the alinement, for
a 2-lane road is the influence on operating speeds of horizontal and vertical curves
that restrict sight distances to values below those required to pass overtaken
vehicles. By applying the results that have been obtained to date from a series
of comprehensive studies of driver behavior and vehicle performance sponsored
by the Public Roads Administration and conducted 1o cooperation with several
State highway departments prior to the war, 1t has been posstble to determine
the effect on operating speeds of sight distances that restrict passing maneuvers.

The design speed of a highway is used 1n this report to denote the speed at
which individual vehicles can travel with safety when the traffic volume 1s not
great enough to cause a reduction in speed. The operating speed of a highway is
used to denote the average speed at which drivers can travel under existing traffic
densities without exceeding the design speed.

The figures presented show the operating speeds for existing 2-lane highways
and the future possible operating speeds on 2-lane highways designed with hmited
access, separated intersections, and other features favorable to safe travel at
high speeds. The possible operating speeds at various traffic volumes and the
effect on operating speeds of sight distances that restrict passing maneuvers are
shown for existing and probable future conditions.

No direct relation was found between the speed at which vehicles ean be oper-
ated on a 2-lane highway during periods of appreciable traffic and the speed at
which individual vehicles can negotiate the curves. Safe sight distances are
mmportant in the selection of the alinement for a modern 2-lane highway. Design
speeds that are more than 20 miles per hour higher than the estimated possible
operating speed during the fiftieth highest traffic volume in the year after con-
struction 18 completed, cannot be justified when they increase the construction
cost. Two-lane highways, designed for speeds of 70 miles per hour will not pro-
vide for operating speeds above 60 miles per hour except at extremely low traffic
denmities.

The science of highway engineering has ad-
vanced rapidly during the past few years. It
was not so long ago that the design of a road
was limited almost entirely to the static as-
pect, the only dynamic consideration being
the impact of a live load on a given structure.
Today, when selecting the alinement for a
highway, the engineer can and should take
into consideration the volume and type of
traffic, the driving characteristics of the ve-
hicle operators and the dynamic effect that
curvature, superelevation and other design
details will have on the operating features of
the completed structure. The alinement
that 1s selected, whether the highway be two,
three or four lanes wide, determines to a large
extent how effectively the completed facihity
will meet the demands of traffic.

One of the most important features govern-
ing the selection of the alnement for a 2-lane
road, about which there has been httle or no

reliable information available, is the effect on
operating speeds of horizontal and vertical
curves which restrict sight distances to values
below those required to pass overtaken ve-
hicles. By applying the results of a seres of
comprehensive studies of driver behavior and
vehicle performance sponsored by the Public
Roads Admimstration and conducted in co-
operation with several State highway depart-
ments prior to the war, it has been possible
to determine the effect on operating speeds of
sight distances which restrict passing maneu-
vers, without resorting to any theoretical
assumptions that cannot be substantiated by
available data.

The studies referred to include those deal-
ing particularly with highway capacity and
passing practices which show the distribution
of vehicle speeds and longitudinal spacings;
physical measurements of time and distance
involved 1n passing; the frequency of passing
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maneuvers; and the variation in these items
with changes in road and traffic conditions.
The methods used in conducting these studies
and some of the results of the various phases
have been presented at previous meetings of
the Highway Research Board.t

One of the primary considerations when
trymg to provide a satisfactory alinement
for a hghway 1s the speed at which drivers
would travel if an adequate facility were avail-
able Figure 1 shows three cumulative fre-
quency distnbution curves of speeds for free
moving vehicles travelng on long tangent
sections of 2-lane rural highways at locations
where speeds are not influenced by crossroads
or mtersections. The curve to the left repre-
sents a speed distrmbution which is typical
for such sections located on the majonity of
existing main highways. Speeds of individual
vehicles range from 21 to 62 m p.h. with 12
per cent exceeding 50 m.ph and 32 per cent
traveling less than 40 m p.h.

The curve for high speed existing highways
shows a typical distribution of speeds for tan-
gent sections on highways with few curves
or grades and relatively few minor side roads
and property entrances. Smmilar speed dis-
tnibutions are generally found on main high-
ways where speeds are not lmited by the
characteristics of the lughways, but only by
the speed limitations of the vehicles and the
desires of the mdividual dnvers Speeds
for individual dnivers range from 25 to nearly
80 m p h. with about 40 per cent exceeding
50 m p.h and 17 per cent traveling less than
40 m ph Dastributions with somewhat higher
average speeds have been reported for certamn
locations but 1t 18 beheved that this curve

t Preliminary Results of Highway Capacity
Studies by O K Normann, 1938 Highway Re-
gearch Board Proceedings, p. 359;

Procedure Employed 1n Analysis of Passing
Distances by E H Holmes, 1938 Highway Re-
gsearch Board Proceedings, p. 368,

Progress 1n Study of Motor Vehicle Passing
Practices by O. K Normann, 1939 Highway
Research Board Proceedings, p 206,

A Symposium on Driving Practice and 1its
Relation to Highway Capacity by the Divi-
sion of Highway Transport, Public Roads Ad-
ministration, 1941 Highway Research Board
Proceedings, p. 360, and also

New Techmques 1n Traffic Behavior Studies
by E. H. Holmes, and 8 E. Reymer, April 1940
PUBLIC ROADS, p. 29.
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represents an average condition when all
drivers can travel at their desired speeds un-
influenced by other traffic and limitations of
the highway -

It is impossible to predict at what speeds
drivers will desire to travel a few years hence.
Superhighway speeds of 80 to 100 m p.h. are
frequently mentioned, although the basis for
setting such limits 1s not made clear. There
is no doubt that after the war it will be possible
for automotive engineers to design vehicles
capable of higher speeds than those produced
before the war. However, other factors,
including personal traits or imitations of the
dnivers, the increased use of the airplane for
long distance travel, and economic considera-
tion of highway design, indicate that the tend-
ency m the future on our main highways will
be toward increasing average speeds through
a reduction in the number of vehicles that
travel at the lower speeds by providing high-
ways with imited access and few intersections
at grade, rather than by increasing the top
speeds. One of the most important factors
that will tend to prevent a further increase in
top speeds 18 brought out by this report.

The dashed curve of Figure 1 shows an
estimated distribution of speeds for free mov-
mg vehicles that 15 most hikely to be typical
of future conditions on level sections of 2-lane
rural highways constructed to the most mod-
ern design standards and with hmited access.
In this speed distribution, 85 per cent of the
vehicles exceed 50 m.p h. and all travel at
least 40 m.p h

It may seem that the speeds shown by the
curve representing the distribution for the
future condition are too low, but that curve
represents a considerable mcrease in speed
above the speed on the most modern hughways.
The lack of adequate highways 1s often given
as the only reason that everyone does not
travel faster than 50, 60, or 70 m ph on our
rural highways There are, however, long
level tangent stretches of highway m the West
and Middle-west where sight distance 1s prac-
tically unlimited and other features of the
highway are most favorable for high speed
Even under these conditions and with hght
traffic volumes, a considerable percentage of
the dnvers prefer to travel at speeds below
50 or even 40 m.p.h,

The speed distributions shown by the three
curves of Figure 1 are used as a hasis for de-
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termining the influence of alinement on the
_operating characteristics of rural highways
for the three following conditions:

1. Highways where access is not limuted
and speeds are eventually influenced by nu-
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When the free speed distribution is known
for a 2-lane level tangent highway, the results
of the capacity studies conducted by the Pub-
lic Roads Administration make 1t possible to
estimate the average speed and frequency dis-
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Figure 1. Frequency distribution of travel speed for free moving vehicles on level tangent sections
of 2-lane rural highways

merous uncontrolled entrances and exits along
the highway.

2. Highways with limited access or located
through areas where there are likely to be
relatively few entrances or exits along the
highway.

3. A possible future condition that may be
brought about by an improvement in operat-
ing conditions and a gradual reduction m the
number of low speed drivers on roads with
hmited access, separated intersections, and
other design features favorable to safe travel
at high speeds.

At the present time, highway engmeers
should be primanly concerned with highways
that are adequate for safe travel at the speeds
shown by the heavy line representing existing
high speed highways. If this i1s done, the
highways constructed will also be adequate
for lugher future speeds because these higher
speeds are likely to be the result of improved
vehicle design and a reduction in the propor-
tion of the lower travel speeds.
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Figure 2. Average speeds of all vehicles
on level tangent sections of 2-lane rural high-
ways.

tribution of speeds at any traffic volume with
a high degree of accuracy

Figure 2 shows the average speeds at differ-
ent volumes for the three speed distributions
shown by Figure 1. At 2,000 vehicles per
hour, the possible capacity of a 2-lane level
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tangent highway, the average speed corre-
sponds to the speed of the slowest group of
drivers and a straight line relationship has
been found to exist for intermediate volumes
This however, will not hold true when the
free speeds are influenced by a speed limit.
In such a case, the free speeds will be lower
and there will be a very slight decrease in the
average speed with an increase in the traffic
volume until the average speed becomes the
same a8 if there were no speed limit.

Figure 3 shows the distribution of speeds
for various traffic volumes on 2-lane tangent
highways where the free speed distributions
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curves for speeds found on tangent sections of
the majority of existing 2-lane rural aghways
and another series of curves estimated from
the free speeds representing the possible future
condition were used in the following analysis
to determine the number and speed of the
vehicles that a driver would be required to
pass when traveling at a cerfain average speed.
For example, it can be shown that for a driver
to travel at a uniform speed of 50 m.p.h. on a
2-lane high speed existing highway carrying a
total of 300 vehicles per hour equally divided
in each direction, he would be required to pass
an average of 24 vehicles per hour. At a
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Figure 3. Typical speed distributions at various traffic volumes on level tangent sections of 2-lane
high speed existing highways

are the same as for the high speed existing
highways represented by the heavy solid
line of Figure 1. The uniform change in the
speed distributions with a change in traffic
volume as shown by these curves has never
been recorded for any one location, but the
combined results from a large number of loca-
tions definitely show that the curves as drawn
represent actual condition with the variations
in speed due to factors other than the traffic
volume ehminated. The series of curves illus-
trates the reduction in the percentage of ve-
hicles traveling at the high speeds as the
traffic density increases. A similar series of

volume of 900 vehicles per hour he would be
required to pass 130 vehicles per hour. In the
first case, 43 per cent of the vehicles he passed
would be traveling at speeds exceeding 40
m.p h. while in the second case only 23 per
cent of the vehicles he passed would be exceed-
ing 40 m.p.h.

Under actual operating conditions on a
2-lane highway, the left lane would not always
be free of oncoming traffic at the time the
driver overtook a vehicle traveling at a slower
speed, so even on highways with no sight
distance restrictions, he would sometimes be
forced to reduce his speed until an opportunity
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to pass occurs. This delay would cause a
decrease in his average speed which in turn
would decrease the number of vehicles over-
taken within & given time period. The aver-
age travel speed for a driver trying to maintain
a certain speed on & 2-lane tangent highway
during various traffic densities can, therefore,
be determined only from accurate information
regarding the speed of the other vehicles on
the highway, the number and speed of ve-
hicles that will be overtaken, the time and dis-
tance required to pass the overtaken vehicles
traveling at various speeds, and the frequency
of spaces between vehicles in the opposing
traffic lane that will permit passing maneuvers
to be performed safely. Such information is
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fic on the highway, he soon overtakes another
vehicle traveling at a slower speed and unless
there is a space between vehicles in the oppos-
ing traffic lane of sufficient length to permit
him to pass, he must reduce his speed until
such an opportunity does occur, after which
he can again increase his speed to 70 m.p.h.
At a total traffic volume of 200 vehicles per
hour, it will be possible for the driver to travel
at 70 m.p.h. 50 per cent of the time if he takes
full advantage of his opportunities to pass the
slower drivers. At a traffic volume of about
550 vehicles per hour he will not be able to
travel at 70 m.p.h. because before he reaches
this speed after passing one vehicle he will
have to start slowing down to avoid a rear
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Figure 4. Percentage of time that desired speed can be maintained on 2-lane level highways with
no sight distance restrictions

provided by the driving practice and vehicle
performance studies.

Figure 4 shows the portions of the total
time that a driver desiring to travel at a certain
speed can travel at that speed on a 2-lane high-
way with no sight distance restrictions
Curves are shown for three different conditions
corresponding to the three conditions for
which free speeds and average speeds were
previously shown by Figures 1 and 2, respec-
tively.

First, let us consider the condition on long
tangent sections of our high speed existing
highways represented by the heavy solid
lines. A driver desiring to travel at 70 m.p.h.
can travel at this speed 100 per cent of the
time as long as there is no other traffic on the
highway. However, when there is other traf-

end collision with the preceding vehicle travel-
ing in the same direction or a head-on collision
with oncoming traffic in the opposing traffic
lane. Likewise, a driver trying to travel 60
m.p.h. can maintain this speed 100 per cent
of the time when there is no other traffic, and
50 per cent of the time when the traffic volume
i8 400 vehicles per hour but he cannot at any
time attain this speed when the traffic volume
is in excess of 850 vehicles per hour. Also, a
driver trying to maintain a speed of 50 m.p.h.
can accomplish this 50 per cent of the time
with a traffic volume of 750 vehicles per hour
and at no time can he travel at this speed
when the traffic volume exceeds 1,400 vehicles
per hour.

These same curves representing high speed
existing highways also show the percentage of
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time that drivers must travel at various speeds
below their desired speeds. For example,
with s traffic volume of 400 vehicles per hour,
a driver whose desired speed is 70 m.p.h. can
travel at this speed 15 per cent of the time,
between 70 and 60 m.p h. 35 per cent of the
time, between 60 and 50 m p h. 30 per cent of
the time and is required to reduce his speed
below 50 m p.h. about 20 per cent of the time.

A driver trying to go 70 m.p.h. can travel
no faster than a driver trying to go 60 m p h.
when the traffic volume exceeds 850 vehicles
per hour. The 60- and 70-m p h. drivers can
go no faster than the 50-m.p.h. driver when

TRAFFIC AND OPERATIONS

majority of existing 2-lane highways, the
heavy solid lines represent conditions on high
speed highways, and the dashed lines repre-
sent possible future conditions

On tangent sections of existing high speed
2-lane highways, a driver trying fo mamntam
a speed of 70 mph without exceeding this
speed finds that his average speed decreases
rapidly with mncrease in the traffic density.
At a traffic volume of 200 vehicles per hour
his average speed 18 reduced from 70 to 61
m.ph. due to delays while waiting to pass
slower moving vehicles, and at 850 vehicles
per hour his average speed will be 46 m.p.h.
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Figure 5. Average speed that can be maintained on 2-lane level highways with no sight distance
restrictions

the traffic volume exceeds 1,400 vehicles per
hour.

The Light solid lmes of Figure 4 show similar
information for drivers trying to maintan
60, 50, and 40 m p h. on tangent sections of
the majority of existing 2-lane lnghways, and
the dashed lines show the same information
for desired speeds of 70, 60, and 50 mph
with a distribution of desired speeds in the
future as shown by Figure 1.

Tigure 5 shows the effect of other traffic on
the average speed of drivers trying to maintam
a certain desired speed The light solid lines
represent conditions on tangent sections of the

or the same as for a dnver trying to maintain
a speed of 60 mph. For all practical pur-
poses the speeds for the 60- and 70-m p.h.
drivers are the same when the traffic volume
is m excess of 300 vehucles per hour This of
course is for conditions when there are no In-
tersections at grade

The curves presented are for traffic volumes
equally distmbuted in the fwo directions
With an unbalanced flow, the difference be-
tween the speeds in the two directions was
never more than 2 m ph. A driver traveling
mn the direction of the lower traffic volume is
required to make fewer passings to maintain
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his desired speed than a driver traveling in
the other direction, but he also has fewer
opportunities to use the left-hand lane for
passing

A 70-mph desired-speed curve 1s not
shown (Fig. 5) for the condition representing
the majonty of existing 2-lane highways be-
cause there would be little difference between
a driver’s average speeds whether he tried to
mamtam 70 or 60 mph

A comparison between the curves for the
possible future condition and those for existing
conditions illustrate the marked effect that
slow moving vehicles have on the average
speeds of drivers trying to travel at the higher
speeds. It is possible that in the future a
driver will be able to average the same speed
without exceeding 50 m p h on a 2-lane high-
way carrying about 600 vehicles per hour, as
he can average on high speed highways at the
present time with a top speed of 60 m p.h.
It will also be just as safe, if 70 m p h. can be
considered a safe speed under any condition,
for a driver to average 60 m p h. during a
traffic volume of 700 vehicles per hour as for
him to average this same speed during a traffic
volume of 200 vehicles per hour at the present
time It should be noted that the curves
representing the different desired speeds for
the same condition go through a common
point located at a traffic volume in the neigh-
borhood of 2,000 vehicles per hour and at a
speed corresponding to the speed of the slowest
group of dnvers in the free speed distribution.

Before the influence of the almement on
operating characteristics of 2-lane highways
can be determined from the figures that have
been presented and other available data, it is
necessary to define certan terms and to set
up basic standards of alinement The terms
“operating speed” and “design speed” have
two entirely different definitions as used n
the following analysis The design speed of
a highway 15 used to denote the speed at which
individual vehicles can travel with safety
when the traffic volume 1s not great enough
to cause a reduction 1n speed. For example,
on a highway with a design speed of 60 m p.h.,
1t would be possible for a driver to travel in
comfort at 60 m.p.h. around curves, and sight
distances along all points of the highway would
be sufficient to enable a driver travelng at 60
m p h to bring the vehicle to a full stop before
reaching unexpected obstacles in his path
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The operating speed of a highway is used to
denote the average speed at which drivers can
travel under the existing traffic densities with-
out exceeding the design speed. The operat-
g speed will vary with numerous factors,
mcluding the existing traffic volume, the per-
centage of the highway on which passings can
be made safely, and the character of the traf-
fic. From Figure 5, 1t may be seen that the
maximum operating speed on a 2-lane high
speed existing highway without grades or
curves is 61 m ph when the traffic volume is
200 vehicles per hour, 54 mph when the
traffic volume 18 400 vehicles per hour; and
35 m ph. when the traffic volume is 1,600
vehicles per hour Tangent sections on the
majority of existing 2-lane roads have maxi-
mum operating speeds of 54, 50 and 30 m p.h.
at traffic volumes of 200, 400, and 1,600 ve-
hicles per hour, respectively.

It 18 not essential that the design speed of a
highway have a defimte relationship with the
operating speed at any particular traffic vol-
ume, but if a balanced, economical, and safe
design 18 to be obtained, the design speed can-
not be selected without regard to the possible
operating speed. It would, for example, be
difficult to justify the additional expenditure
of funds necessary to provide a design that
would permit individual vehicles to travel
faster on curves than the speed at which they
would be likely to travel on tangent sections
of the highway during the life of the improve-
ment.

Any restriction m the sight distance 1s as-
sumed for the following analysis to have the
same effect on operating speeds when caused
by a horizontal curve as when caused by a ver-
tical curve. Grades have a somewhat differ-
ent effect on operating speeds than curves
but the primary reason that they reduce
operating speeds 18 because they generally
cause certain restrictions mn the sight distance
The fact that trucks travel at slower speeds on
grades than on a level has a tendency to in-
crease the number of passings required by a
vehicle trying to maintain a certamn speed but
if the sight distance was not also reduced by
the existence of the grade, the reduced speed
of the truck would have only a shight effect
on the operating speeds of the other vehicles

Table 1 shows the standards used in ths
analysis for the various design speeds. The
safe stopping distances shown in the second
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column are somewhat greater than correspond-
ing figures proposed by the A.AS.H.O. in
“A Policy on Sight Distance for Highways.”
The results of recent tests on brake per-
formance indicate that these greater distances
are necessary The figures in the third col-
umn correspond to the passing sight distances
proposed by the A.A.S.H.O. and agree closely
with the results that have been obtained thus
far from the passing practice studies. In this
analysis, it was also assumed that the sight
distance from a driver’s eye 4.5 ft. above the
road surface to a point 4 in. above the road
surface would not be less for a particular
design speed than the safe stopping distance;
and that there would be points on the highway
where the sight distance would at leasf equal

TABLE 1
SIGHT DISTANCES USED IN THIS ANALYSIS AS
TANDAR DS FOR VARIOUS DESIGN SPEED
2-LANE HIGHWAYS

Assumed nverlse
Sight distance standards length of a
restricted section
Design | Minimum At
speed | atany lg;"““:r“: locations | Portion
pointon | oo ceed whereno-{ with
the sections | Passing no- Total
highway of the lme passing
for safe highway | ' used hne
stopping
mbh ft b t 1t ;
70 700 2,600 | 700-1,500| 2,000 | 3,000
60 525 2,200 | 525-1,2000 1,600 | 2,400
50 400 1,600 | 400- 900| 1,200 1,800
40 300 1,000 | 300~ 600| 800 1,200

the minimum passing sight distance for the
particular design speed.

Since 1t 18 the practice to mark no-passing
lines on 2-lane roads at locations where it is
unsafe to pass, it was assumed that there
would be no-passing lines wherever the sight
distance was less than a certain value. To
obtain the most satisfactory operating con-
ditions, the length of the line should be based
on the operating speeds determined after the
highway is constructed. The lines should be

'extended far enough beyond the point of the
minimum sight distance and in the direction
of approaching traffic to prevent the most
dangerous passing maneuvers and not far
enough to restrict passing maneuvers that can
be made in comparative safety when the ve-
hicle to be passed is traveling at a speed con-
siderably below the normal speed of most of
the vehicles.
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The sight distances used in this analysis to
determine the no-passing zones are shown by
the fourth column of Table 1. They are based
on the design speeds rather than on the prob-
able operating speeds, using the design speed
for the speed of the vehicle approaching from
the opposite direction, and 25, 30, 35, and 40
m.p.h. as the speeds of the fastest vehicles that
can be passed if the passing is atarted just
before reaching the beginning of the no-passing
line on the 40-, 50-, 60-, and 70-m.p.h. designs,
respectively.

The values for the average length of the
restricted sections which are shown in the two
right-hand columns of Table 1 are believed
to be reasonable for the conditions that will
exist on future highways that are built to the
sight distance standards given in the other
columns of the table. There will be locations
where the restricted sections are considerably
longer than these values such as where short
sight distances continue for several hundred
feet, but these will probably be counter-
balanced by short sections where the sight
distances are only slightly less than those
necessary for passing

It 18 assumed that passings will not be
started during the time a driver 18 adjacent
to a no-passing marking and that only the
passing maneuvers which can be performed
safely will be started within the portions of
the restricted sections that do not have no-
passing hines A restricted section is defined
as a portion of the highway where the sight
distance 1s less than the passing sight distance
(column 4 of Table 1) for the design speed.

On a highway of 70-m p.h. design with no
restrictions, a driver would have a clear view
ahead from any place on the highway to a
point 4} ft. above the surface at least 2,600
ft ahead. On a 70-m p.h design that was 20
per cent restrnicted, the minimum sight dis-
tance would never be below 700 ft.; a drniver
would have a clear view ahead for at least
2,600 ft on 80 per cent of the highway, and
the clear view ahead would be fairly evenly
distnibuted between 700 and 2,600 ft. on the
remaining 20 per cent of the highway. The
clear view ahead on a 70-m.p.h. design that
was 100 per cent restricted would be fairly
evenly distributed between 700 and 2,600 ft

One important feature of the followng
analysis 18 the fact that the accuracy of the
curves which are presented (Fig. 6 and 7) does
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not depend directly upon the accuracy of the The construction of new curves would not be
values in Table 1. For example, 1f the de- necessary.

sirable stopping sight distance for a 70-m.p h. Figure 6 shows the possible operating speeds
design 18 600 ft. rather than 700 ft. or if the on 2-lane lighways when the sight distances
safe passing sight distance 1s 2,000 ft rather on varous portions of a highway are less than
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Figure 6. Possible average speed at different traffic volumes for drivers trying to travel at the

design speed when the sight distances on various portions of the highway are less than the passing
sight distance.

than 2,600 ft., these values would be used in the safe passing sight distance for the par-
determining the percentage of the highway ticular design speed. A series of curves repre-
where passing was restricted The possible senting different traffic volumes is shown for
operating speed under the percentage restric- three design speeds for each of the three con-
tion thus determined can be found by reference  ditions represented by the distributions of
to these same curves without appreciable error, desired speeds.
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A driver who tries to travel 70 m p.h. when-
ever he has the opportunity to travel at this
speed on a highway with a 70-m p h. design
and where free speeds are the same as on tan-
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56 m p h when the sight distance 18 restricted
on 60 per cent of the highway; and 48 m.p.h.
when the sight distance 1s restricted on 100
per cent of the highway. With a traffic vol-
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Figure 7. Portion of highway that may have sight distances shorter than the passing sight
distances and still permit drivers trying to travel at the design speeds to average 5 m.p.h. and 10
m.p.h. less than those speeds for varlous traffic volumes.

gent sections of the existing high speed high-
ways, will be able to average 61 m p.h during
a traffic volume of 200 vehicles per hour when
the highway has no sight distance restrictions;

ume of 600 vehicles per hour his average speeds
for corresponding conditions become 51, 47,
and 43 m.p h., respectively.

Likewise, a driver trying to maintain a speed
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of 60 mph hour on a 60-m ph design will
be able to average 57 m p h. during a traffic
volume of 200 vehicles per hour if there are no
places on the highway where the sight distance
18 below 2,200 ft. and 49 m p h when the sight
distance is below 2,200 ft. 100 per cent of the
time. It should be noted that 1t is only at the
very low traffic volumes and when the sight
distance restrictions are a low percentage of
the total length that the operating speeds for
& 70-m p h. design are appreciably higher than
those for a 60-mph. design. The slight
effect that the better alinement for the high
speed design has on the operating speeds at
the higher traffic volumes 18 offset by the in-
creased length of the no-passing zones. This
illustrates the importance of governing the
length of the no-passing zones by operating
speeds rather than by design speeds.

The operating speeds for the condition repre-
senting high speed existing highways are con-
sistently higher than the operating speeds
for the condition representing the majonty of
existing main rural highways and lower than
the operating speeds representing the possible
future condition.

The results shown by Figure 6 illustrate the
difference between design speeds and operat-
ing speeds on 2-lane highways The design
speed of a highway or the speed that a driver
can mantain during very light traffic volumes
varies with the maximum curvature, the super-
elevation, the width and smoothness of the
surface and the minmmum sight distance.
The operating speed of the hghway varies
with all these characteristics and mm addition
the operating speed also varies with the traffic
density, the distribution of the desired speeds
of all dnvers using the facility, and the per-
centage of the total length on which the sight
distances are sufficient to peimut the faster
drivers to pass vehicles traveling at the slower
speeds.

The selection of the design speed that should
be used to obtain a certain operating speed
when a highway goes through any but the
flattest terram, and the selection of the operat-
g speed that can be justified by the type and
volume of traffic are two of the most difficult
problems facing hghway engmneers drawing
plans for post-war projects It 1s believed
that Figure 7 which 1s based on the data
shown by Figure 6 will be of some assistance
1n the solution of these problems.
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Figure 7 shows the portion of a highway that
may have sight distances.shorter than the
passing sight distances and still pernut drivers
trying to travel at the design speeds to average
S5mph and 10 m p h. less than those speeds
during various traffic volumes. The dashed
lines show the passing restrictions that will
result in operating speeds that are 5§ m.ph.
lower than the design speeds, and the sohd
lines show the passing restrictions that will
result in operating speeds that are 10 mph.
lower than the design speeds On high speed
existing hughways, for example, the sohd line
for the 60-m p h design shows that an operat-
g speed 10 mph lower than the design
speed, or 50 m.p h , is possible at a traffic vol-
ume of 600 vehicles per hour when there are
no sight distances that restrict passing maneu-
vers. This same operating speed 18 also pos-
sible at traffic volumes of 400 and 150 vehicles
per hour when there are passing restrictions
on 62 per cent and 100 per cent of the ghway,
respectively.

The dashed lme for the 60-m p.h design
shows that a driver cannot average 55 m.p.h.
usmg a top speed of 60 m ph when the traf-
fic volume exceeds 330 wvehicles per hour.
When the sight distance restncts passings on
50 per cent of the hughway, he cannot average
55 mph during traffic volumes m excess of
200 vehicles per hour.

The curves for high speed highways show
that there 1s a great reduction 1n the capacity
of a 2-lane highway with an increase in the
desired operating speed. The maximum
traffic volumes that a 2-lane highway can carry
and stall permuit a driver to average 40, 50, or
60 m p h. are 1,240, 610, and 230 vehicles per
hour, respectively In addition to the alne-
ment providing sight distances along the en-
tire highway that will permut a driver to pass
vehicles traveling at these speeds, there must
be no immportant mntersections at grade and
few minor intersections. In most localities,
unless access to the highway 1s controlled,
there will soon be numerous entrances or exits
to the adjoining property which will create
hazards to traffic, and safe speeds will be re-
duced. This will result in reducing the pos-
sible operating speeds to values at least as low
as those shown by the curves representing the
roajority of existing main highways,

One of the most mmportant findings from
previous studies regarding seasonal daily and
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hourly variations in traffic flow has been that
the design of a highway should provide for the
fiftieth highest hourly traffic volume that
oceurs during one year.2 The lower horizontal
scale, near the bottom of Figure 7, shows the
annual average 24-hr. traffic volumes that
occur on the average highway in the United
States when the fiftieth highest hourly volume
corresponds to the values of the other scale.
By applying the lower scale, it may be seen
that on an average a 2-lane highway is in-
adequate for operating speeds of 40, 50, and
60 m.p.h. during the fiftieth highest traffic
volumes in one year, regardless of the ahne-
ment, when the annual average volume ex-
ceeds 9,000, 4,300, and 1,500 vehicles per day,
respectively. Since these values are maxi-
mums, lower values must be used for design
pur, when a perfect alinement cannot be
obtained, but the magnitude of the seasonal,
daily and hourly variations in traffic flow
should be considered in each instance when
annual average daily traffic volumes are used
for design purposes.

In a particular locality, 1t is obviously more
difficult to satsfy the standards for a high
design speed than to satisfy the standards for
a low design speed. It is also more important
that the passing restrictions be limited to a
low percentage of the total length of the high-
way when designing for a high operating speed
than when designing for a low operating speed.
The traffic capacity of a 2-lane highway for an
operating speed of 60 m.p.h. (using a 70-m p h.
design) 18 reduced about 50 per cent when
there are passing restrictions on 50 per cent of
the length, while on a highway designed for an
operating speed of 50 m.p.h. (using a 60-m.p h.
design), the capacity is reduced only 25 per
cent when there are passing restrictions on 50
per cent of the length. When designing for
operating speeds above 55 m.p h., it is impor-
tant that an alinement be selected which will
not restrict passing maneuvers, but when
designing for operating speeds below 55 m.p.h.
there is little justification for the added ex-
pense to obtain an alinement which permits
passing maneuvers at the design speed on
more than 50 or 60 per cent of the total

length.

3 Application of Automatic Traffic Recorder
Data on Highway Planning; by L. E Peabody
and O. K. Normann, 1940 Highway Research
Board Proceedings, p 200

TRAFFIC AND OPERATIONS

The curves at the top of Figure 7, which are
for possible future conditions, show that_the
alinement of a highway will have the same
general effect in the future on operating speeds
as at the present time. However, for operat-
ing speeds at or above 50 m.p.h., the same
alinement will accommodate hourly traffic
volumes 2 to 4 times as high as can be accom-
modated at the present time; or, with the same
traffic volume, a 2-lane lighway will be ade-
quate for operating speeds about 10 m.p.h.
higher than at the present time.

It should be remembered that the difference
between the set of curves shown for high speed
existing highways and those shown for possible
future conditions is based on the assumption
that there will be little or no increase in top
speeds but that there will be a reduction in the
number of vehicles traveling at the slower
speeds and a demand for highways that will
permit higher operating speeds. The operat-
ing speeds shown for possible future conditions
could be approached at the present time by
discouraging travel at extremely low speeds.
However, with such a small percentage of our
present highways designed for safe operation
at high speeds and with the motor vehicle
accident rate continuing to mount, at least
until travel was restricted by wartime con-
ditions, officials have not deemed 1t advisable
to encourage mmmum speed regulations ex-
cept 1n a few isolated cases. The general
tendency has been to encourage rather than
to discourage travel at the lower speeds.

With a greater mileage of high speed high-
ways having limited access, and grade separa-
tions at important intersections (two features
of highway design that are essential for safe
travel at speeds desired at the present time on
mam highways), there will probably be a
natural tendency toward a reduction in the
number of slow moving vehicles on high
speed highways and there will be a greater
justification for minimum speed hmits

With these points in mind, the results shown
by Figure 7 mdicate that highways designed
for safe travel at present speeds and traffic
densities will also be adequate in the future
for safe travel at higher operating speeds and
at somewhat higher traffic volumes, If this
is true, the difficulty m providing for future
traffic volumes and for higher operating speeds
on a basis of present performance is greatly
reduced. In any case, the results of these
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stucies show that the present tendency is to
place too much emphasis on designs that will
permut vehicles to travel at high speeds during
low traffic volumes and not enough emphasis
on designs that will provide reasonable operat-
ing speeds at the traffic volumes hikely to oc-
cur during the hfe of the improvement.
Operating speeds 15 and 20 m p h. lower
than the design speeds are not included in Fig-
ure 7 but can be plotted from Figure 6. When
the traffic volume used i the design is high
enough to reduce the operating speed 20 m.p.h.
below the design speed, it would be far more
economical to reduce the design speed about
10 m.p.h. There would be httle difference
in the resulting operating speeds during either
TABLE 2
OPERATING SPEEDS ON 70- AND 6-MPH
DESIGNS.

Operating speeds
Frequency

H°‘:,'° u'll;r:ﬂic rg:x‘rmg 70-mph 60-mph

one year design 40 design 40

percent percent

restricted restricted

vehscles hours males per hour | miles per hour

Above 800 1 Below 45 Below 45
700-800 3 45-47 45-47
600-700 11 47-48 47-48
500-800 35 48-49* 48-49
400-500 200 40-52 49-52
300-400 450 52-54 52-54
1,400 54-58 54-56
100-200 3,240 58-63 56-58
Below 100 3,420 63-70 58-60

‘Total 8,760

m p%pf;t;l% l:m%eag m .hplghgst. hourly volume 1s 22
the high or low traffic densifies and the cost
of construction might be considerably lower.

To illustrate this point, it 15 necessary to
select a specific example. The hourly traffic
volumes during a year on the average road
in the United States carrying a traffic volume
of 3,300 vehicles per day 1s shown by the
first two columns of Table 2. The third
column shows the possible operating speeds
at the different traffic volumes for a 70-m.p.h.
design and the fourth column shows the oper-
ating speeds for a 60-m p h. design, the re-
strictions in both cases being 40 per cent.

It may be noted that only during the lowest
traffic volume hours 1s there any appreciable
difference in the operating speeds. Most of
these volumes would occur at mght or during
the winter season. Basing the length of the
no-passing markings on the operating speeds,
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rather than on the design speeds, would result
in a greater improvement 1n operating condi-
tions at the higher traffic volumes on the 70-
m.p.h design than on the 60-m p h. design,
but the change would be slight 1n either case.
There probably would be less difference for
the two design speeds at low traffic volumes
than the table indicates since more drivers
would exceed the design speed on tangent
sections of the 60-m.ph design than on tan-
gent sections of the 70-mph design The
values shown on Table 2 are for operating
speeds when the drivers do not exceed the
design speed at any fime.

In flat terramm 1t 18 obviously desirable to
use design speeds considerably higher than
the operating speeds when there is httle or
no additional cost involved as compared to
the cost of using a lower design speed. In
rolling or rough terrain, the design speed
should not be more than 15 miles per hour
above the operating speed and in some cases
it might be advisable to employ design speeds
that will result 1n operating speeds only 5
m.p.h. lower than the design speeds.

CONCLUSIONS

This analysis of the influence of highway
alinement on operating speeds has been based
on the results that have been obtammed to
date from a number of related studies. Its
purpose has been primanly to show the appli-
cation of the results to the solution of some
of the problems encountered i1n the selection
of a satisfactory alinement for a 2-lane high-
way. Further analysis of the original data
18 necessary before other important factors
influencing operating speeds can be deter-
mined.

The following are the most significant
conclusions of this analysis.

1. There 15 not a direct relation between
the speed at which vehicles can be operated
on & 2-lane highway during periods of appre-
ciable traffic and the speed at which individual
vehicles can negotiate the curves. An aline-
ment that provides for ugh speed operation
of individual vehicles will not necessarly
provide more satisfactory operating speeds
at the higher traffic volumes than an aline-
ment, on which individual vehicles must travel
at somewhat lower speeds.

2. Sight distances that will permit passing
maneuvers to be performed safely are just as
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important a consideration in the selection of
the alinement for a modern 2-lane highway
as the standards for curvature, gradient,
superelevation, or non-passing sight distance.

(As far as 18 known, there 1s only one State
highway department that has been recording
sight distances on highway plans and those
shown are limited to values below 1,000 ft
There are however a few other state highway
departments that determine sight distances as
thelayout plans are prepared. Sight distances
in both directions that are less than the pass-
ing sight distance for the particular design
speed selected should be recorded on the plans
oron accompanying chartsfor 2-lane rural hhgh-
ways to be constructed on a new alinement or
when major improvements are planned It will
then be possible to study the operating charac-
teristic of the facihty and determme the
changes that should be made in the alinement,
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if any, to produce a balanced and egonomical
design )

3 Design speeds that are more than 20
mph higher than the estimated possible
operating speed during the fiftieth highest
traffic volume n the year after construction
is completed, cannot be justified when they
mcrease the construction cost.

4 Two-lane highways, designed for speeds
of 70 m p.h will not provide for operating
speeds above 60 m.ph except at extremely
low traffic densities.

5. Access to highways on which high oper-
ating speeds are desired must be both limited
and controlled, and the grades at important
intersections must be separated. Frequent
intersections at grade or frequent access
points will mewitably result in an unduly
high proportion of slow speed vehicles.

TRANSVERSE PLACEMENT OF VEHICLES AS RELATED TO
_ CROSS SECTION DESIGN

By A. TARAGIN, Assistant Highway Engineer,
Public Roads Admanisiration

SYNOPSIS

Highway engineers have long recognized the need for information relative to
the transverse positions and speeds of vehicles as they are customanly driven in
the normal traffic in order to determine appropriate lane widths of pavements and
the influence of various highway and roadside conditions The Public Roads
Adminstration 1n cooperation with a number of State Highway departments
collected speed-placement data for a large number of vehicles on pavements of
various surface and roadside conditions. This report 1s based on day and mght
observations of 17,000 vehicles on five sections of 18-, 20-, and 24-foot concrete
pavements with grass shoulders

The results show the transverse positions and speeds of passenger cars and
commercial vehicles when moving freely, when meeting other vehicles, and when
engaged 1n passing maneuvers. The distance from the center of the pavement
that free-moving passenger cars travel did not increase with a change 1n the sur-
face width until a 24-ft pavement became available Drivers of commercial
vehicles steadily increased their distance from the center of the road as wider
pavements were made available. The free-moving passenger cars swerved to the
rght the greatest amount when meeting trucks and busses. The lateral move-
ment was about 10 ft. for the passenger cars and 0.5 ft for the commercial
vehicles.

Under the highway conditions studied the average passenger car would not
travel closer than 19 ft. to the edge of the pavement and trucks 14 ft even
at the expense of greatly restricted clearance between meeting vehicles An
edge clearance of approximately 3 ft. was required before added pavement





