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 Highway Capacity:

Practical Applications of Research
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Part V.—Signalized Intersections

INTRODUCTION

In part 1v it was shown that the basic
capacity of any highway [acility s seldom
-achieved because of the effect of a large
number of variable factors that tend to act as
retardants to free vehicular movements.
These variable factors were enumerated and
measures of their effect have, in some cases,
aiready been determined. One of the more
important elements limiting the capacity of
any facility, especially that of city streets, is
the intersection at grade. Because of the
many variations in the lay-out of intersections
and the multiplicity of impediments which are
usually inherent in city traffie, the capacity
of intersections is here treated as a separate
- subject.

The Highway Capacity Commitiee found
that very little material had been published
on this subject, so it was necessary that some
research be performed before satisfactory data
could be assembled. In addition to the data
collected by committee members, a large
amount of material was furnished by most
of the State highway departments, and by
officials of many cities, as 8 result of solicita-
tion by the Bureau of Public Roads. Some
cities, including Chicago, Philadelphia, Mil-
waukee, and Washington, assigned several
men to the task of obtaining information on
a geale never hefore attempted. The analysis
represents the conditions reported for hundreds
of intergsections and many months of tedious
work by the Bureau of Public Roads.s There
will, of course, be additions and refinements to
this report which may be issued as supple-
ments as further analyses are made or as more
data for specific conditions become available.
There is little possibility, however, that
additional data obtaiped within any resson-
able Jength of time will materially change the
present results, _

There are certain factors that influence
intersection capacities for which there are
‘no available data. Particularly perplexing

R50232—40—1

. evaluated from the material at hand.

A city street loaded to its possible capacity during rush hour.

among these is the extent to which environ-
mental and operating characteristics, which
might vary widely between different localities,
influence the number of vehicles that can pass
through an intersection in a period of time.
Local traffic regulations, the degree of enforee-
ment, and the edueation and training of drivers
are among the elements that comprise these
environmental conditions which cannot be
Their
average effect, however, is included.,

The number of usable ohservations for some
of the conditions covered is less than would he
desirable, but the results have in all cases heen
based on far more information than has here-
tofore been available,

UNITS FOR EXPRESSING SIGNALIZED
INTERSECTION CAPACITY

Current practice in expressing intersection
capacity varies widely among individuals and
this accounts in part for some of the con-
troversies that have been known to develop in
the past over the numbers of vehicles that
ean clear an intersection in an hour.: It is
important that the reader have an under-
standing of the units of measure used in this

report, for ntherwise the results are subject
to misinterpretation,

Basically, an intersection consists of “an
interzection area and a number of legs or road-
ways on which vehicles approach and leave
the intersection area. The traffic signals limit
the number of approaches on which vehicles
may move at one time, whereas the ure of
exit lanes is generally not restricted by the
traffic signal. )

. At some locations, where all legs are not
of the same width or where trafic backs up
from an adjacent intersection, the capacity
of the intersection may be dependent upon
the capacity of the exit roadways. Gen-
erally, however, the capacity of the ap-

‘proaches controls the capacity of the inter-

section. It is also seldom that all approaches
are burdened to their full capacities simultane-
ously. The maximum total volume from all
approaches might conceivab)y occur when no
one of the approaches was congested. It is
appropriate, therefore, that intersection ca-
pacity be thought of in terms of the capacity
of each of the approaches.

The number of vehicles that can enter an
intersection is dependent upon a large number
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A dountown street in a lorge city during an off-peak period, The traffic load is near the
practical capacity of the intersection,

of factors, some of which are variable while
others are fixed or semifixed. Mere nuumbers
of vehicles are of little value unless they are
accompanied by sufficient information to per-
mit their evaluation in consideration of these
factors. As a minimum requirement, a unit
of thue and a unit of roadway width are
essential.  These two units, together with the
number of vchicles, can be incorporated in an
expression of the rate of tlow relative to time
and strect width.

That portion of time occupied by the red or
sTOP signal indication has no utility value
insofar as the trathic which it holds at n stand-
still is econcernad. This fixed portion of the
time is lost to that traflic, there being a zero
rate of flow. Hence, only the time during
which the signal is green (the <o signal) is
used in caleulating rates of flow, and the hour
of green is the unit in whieh it is expressed.

By applying the fraction of the total time
that the signal isx green for a particular
movement to a known rate of Jow in terms
of vehicles per hour of green, the number of
vehicles that can enter the intersection from
that approach during 1 hour of total elapsed
time can be readily calenlated. In applving
the capacity values given later in (he report,
the reader is cautioned against adding the
smber time or any poriion thereof to the green
tinie in caleulating the percentage of the total
signal cyele during which traffic on one
approach leg of the intersection is free to move.
This would produece erroneous results hecause
vehicles that entered during the amber period
have been combined with those that entered
during the green period to obtain the hourly
rates shown in this report.

The basie unit of width used in expressing
the capacity of roadways is the traffic lane.
When the analysiz of the intersection data
was begun, it was also belicved that the
number of lanes would be & most important
controlling factor and that streets of certain
widths which would )jrovide for an even
number of 9- to 11-foot lanes would be more
efficient than streets that were somewhat
parrower or wider. It was believed, for
example, that a street with a clear width
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hetween curbs of 20 feet. for one lane in each
direction or a clear width of 40 feet for two
lanes in each direction would be much more
efficient per foot of width than, for example,
a street 27 feet wide for two-directional flow.
Trial analysis of the data revealed, however,
that intersection capacity varies in almost
direct ratio with the width of the approach,
measured from the enrb line, and that the
results for comparable traffic conditions were
more consistent when based on the capacity
per foot of width than when bhased on the
capaeity per traffie lane.

For example, a 64-foot street had the same
capacity per foot of width if it was striped for
either eight or six lanes, whereas the capacity
per lane was greater for the six wider lanes
than for the eight narrower lanes. With the
wider lanes, the vehicles in the same lane
travel closer together and fewer vehicles
straddle the lane lines than they do when the
lanes are narrow.

The bagic unit “vehicles per 1 foot of width”
is. however, somewhat unrealistic and involves

very low traffic igures. The 10-foot width,
which approximates the width of a lane as
usually defined, has therefore heen adopted
as the most convenient unit of measure. It
Should be borne in mind, however, that the
approach width used by traffic entering an
intersection from one direction on a two-way
street is normally one-half of the total strect
width unless there are safety zones or islands.

To summarize briefly the foregoing, the

‘capacity of signalized iniersections is ex-

pressed as vehicles per 10 feet of width per
hour of green.

CAPACITY CLASSIFICATION

The problems encountered in moving trathic
through intersections at grade vary in com-
plexity from those usnally found in rural areas,
where the only interference to traffic is
createl by the eross movement of vehicles, to
those found in urban areas, where there are
pedestrians, cars entering snd leaving the
trafic stream on the approaches, and busses
topping to discharge or Lick up rassengers.

Basic Capacity

With a little imagination, it is possible to
visualize a rural intersection with no interfer-
ence to traffic except that created by the cross
movement. of vehicles, If this eross traflic is
properiy controlled -by a traffic signal, the
burden of the interference is transferred to
that signal. The condition then existing is
comparable to that at a signal installation in
an isolated area with no cross movement. the
only interference being that resulting from
the periodic interruption to traffic when the

signal turns red for traffic on the highway, -

This is the type of intersection where basic
capacity can he realized and, as such, is
worthy of brief consideration to discover how
traffic performs at this ultimate rate of flow.
In part 1v of this report it was staied that
the basic capacity of a 12-foot traffic lane on
a multilane highway is 2,000 passenger cars
per hour. The inference might be that the
basic capacity of a shinilar traffic lane at a

A streetcar loading island. Pedestrians crossing to the island are doing so in violation of
the red signal indication.
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signalized intersection is 2,000 vehicles per
hour of green because under ‘ideal conditions
1he signal would seem to he the only impedi-
ment, and that the detrimental effect of the
red indicstion could be eliminated by con-

" verting the rate of flow to vehicles per hour
of green time. This deduction is not entirely
correct, however, heeause one of the conditions
that must prevail for this high volume 1o he
realized is the movement of all vchicles at a
uniform speed of about 30 miles per hour.
This uniform speed cannot be achieved if any
single unit of the traffic stream is stopped for
any reason,

With a low traffic volume, many vehicles
will approach the intersection while the signa)
is green and proceed through at a reasonably
high rate of speed. With heavier volumes of
traffic, an increasingly large number of vehicles
will be stopped by the red indication. Irre-

spective of the traffic volune, some vehicles
will gslow down when turning, or for pedes-
triang, thus affecting the whole traffic stream,

Parked vehicles deprive a street of a much greater portion of usable width than the space
they actually occupy. This street is in an “‘intermediate area.”

When the volume approaches the possible
capacity of the intersection so that every green
interval is fully utilized, there will always be

_— LR L e

High traffic density on a one-way street in a dowontown area. Where busses continuously
*  load and unload, a negligible number of passenger cars utilize the first lane.
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some vehicles waiting to enter the intersection
as the light turng green. Under this condi-
tion, a relatively high percentage of the cars
approaching the ‘intersection will be required
to stop even on a street with a synchronized
or progressive signal system.

With most vehicles coming to a stop, the
average speed at which they can cross an inter-
section is 10 ¢to 15 miles per hour. With
traffic moving at a speed of 12 miles per hour,
the highest rate at which a single line of
vehicles can enter an intersection is 1,500
passenger cars per hour.  As a confirmation of
this figure, experience has shown that the
minimum spacing between passenger cars as
they start from a standing position one
behind the other in a 12-foot lane averages
about 2.4 seconds, The time intervals for
the first towo vehicles in line are usually con-
siderably greater than 2.4 seconds, but
between succeeding vehicles the interval
decreases progressively until it reaches an
average minimum of 2.1 seconds between the
fifth and sixth cars in line,

Within the raunge of vehicles nomnnally ac-
commodated by one signal eycle, 2.4 seconds
is & representative average headway. This
headway corresponds to an hourly rate of
1,600 vehicles. Tt follows, then, that the
basic capacity of an isolated signalized inter-
section is about 1,600 passenger cars per
hour of green per 12-foot lane, or 1,260
vehicles per 10 feet of width per hour of
green. This figure corresponds to the highest.
rates at which vehicles have been observed
to pass & point on a roadway removed from
the influence of intersections after being;
stopped. It also corresponds to the rates
attained for each movement through a signal-
ized intersection where there are separate
signal indications and traffic lanes for each
traffic movement, and few pedestrians, so
that the permitted movements do not interfere
with one another.

Possible Capacity

Basic capacity ean be attained only under
the ideal conditions previously described.
Inherent in any traffic stream, however, are
several causes for minor delays, such as
stalled motors and inept drivers, which ¢an-
not be eliminated by any practical means.
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Figure 21.—0Operation of traffic at a rural intersection loaded
to its possible cupacity.

These conditions are inclnded with the ideal
in determining basic intersection capacity.
Basie capacity, however, does not include
any reduction in capacity caused by the
following, which are the principal factors
that tend to reduce traffic flow at intersec-
tions:
1. Parked vchicles and vehicles heing
parked or leaving parking areas.
2. Turning movements.
3. Commercial  vehicles,
streetcars.
4. Pedestrian interferences.
5. Inclement weather conditions.

ineluding

When the basic capacity of an intersection
is reduced by the effect which each of these
factors that are present has on the traffic
flow, the possible capacity of the intersection
is obtained. The possible capacity of an
intersection approach, therefore, is the maxi-
mum number of vehicles that actually can be
accommodated under the prevailing condi-
tions with a continual backlog of waiting
vehicles.

Practical Capacity

When the traffic volume on any intersection
approach is sufficient to tax the approach to
its possible capacity during every signal inter-
val for an hour—that is, when there is always
a backlog of waiting vehicles—there will be
times when the queue of waiting traffic will
become extremely long, resulting in lengthy
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and intolerable delays for a large number of
drivers.

This is illustrated graphically by figure 21,
which shows the length of back-up, in terms
of numbers of vehicles, that oceurred at an
intersection approach loaded to its possible
capacity. Traffic approaching the inter-
section from one direction was of sufficient
volume to utilize the full green period during
each signal cycle for a full hour. Some drivers
in this particular example were required to
wait through six signal ¢ycles before reaching
and proceeding through the intersection.
Such lengthy delays are intolerable and the
traffic volume at which they occur can cer-
tainly not be considered practicsl.  Yet,
because of the normal short-time variation in
traffic flow on approach highways or streets,
this is the typical condition which must and
does occur at an intersection when each green
period of a fixed-time signal is fully utilized
for an entire hour.

The practical capacity of an intersection
approach is the maximum volume that can
enter the intersection from that approach
during 1 hour with most of the drivers being
able to clear the interseclion without walting
for more than one complete signal cyele.
With the normal short-time variation in flow,
practical intersection capacities have been
found to be approximately 80 percent of the
possible capacities. In other words, at most
intersections few vehicles will be required to

Figure 22.—Operation of traffic at a rural intersection loaded
to its practical capacity.

wait for more than one signal cycle if the
hourly approach volume js 80 percent of the
possible capacity. The comparatively little
delay when the approach volume is 80 percent
of the possible capacity is illustrated by figure
22 in which the approach volume ig 80 percent
of the approach volume shown in figure 21,
1t should be noted that all of the green periods
were not fully utilized under the conditions
represanted by figure 22. '

Many attempts to determine intersection
capacities have heen based on rates attained
during green periods that were fully utilized.
Other attempts have been made by expsnding
the average rate ettained during the five or
ten green periods in 1 hour when the largest
number of vehicles passed through the inter-
section. The first method completely ignores
the normal short-time fluctuation in traffic
flow, whereas the second method fails to
recognize the effect of inept drivers and a
variety of other factors that are ever present
in any traffic stream and cannot be eliminated,
As a result, theoretical intersection capacities
are calculated which arec much higher than
those possible of attainment even under the
best of prevailing conditions.

The results obtained by either of these two
methods are highly factitious and apyroach °
the bhasic capacity of intersections. Before
these extremely high volumes could be attained
in practice it would be necessary to eliminate
those factors that cause any reduction in flow
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A below the rates attained during short pesk
periods. Among these factors are the stalling
of motors, stopping to pick up passengers, and
traveling at spacings greater than those used
i by the small group of reckless drivers.

CLASSIFICATION OF INTERSECTION
TYPES

When the engineers throughout the country
were asked to furnish data on observed iuter-
section volumes that could be used to deter-
mine intersection capacities, they were
requested to submit the highest traffic count
made at each intersection during a period of
1 hour while most of the green intervals for at
least one approach were fully utilized and a
high percentage of the drivers had to wait for
at least one full signal cycle before entering the -
intersection. It is evident, therefore, that A street intersection in a downtown area during a peak period.

It is extremely difficult to isolate each of
the variable factors that reduce traffic flow
at signalized intersections and to determine
the extent to which each influences the
capacity of intersection approaches of different
widths. Efforts fo segregate their effect one
from the other are often frustrated by the fact
that they are in tnany cases very closely inter-
related ag, for example, the number of right
turns and the number of pedestrians crossing
the intersecting street. Even where the
factors affecting capacity can be segregated
and evaluated, the different conditions under
which they may later be applied are so varied
in character that the resulting estimates of
capacity should be considered as approxima-
tions only,

For example, in the discussion of turning
movements which appears later, each 1 per-
cent of left-turning vehicles is said to reduce
the capacity of an intersection approach by
1 percent. Although this factor is correct for
the average intersection under average condi-

This intersection, in an intermediate area, is loaded beyond its practical capacity. Park-
ing is not permitted on the approach in this block,

the data upon which the following results are
based represent volumes exceeding the practi-
cal capacities. It is not likely, however, that
all the data represent possible capacities with
all green intervals for an hour fully utilized.
This condition rarcly oceurs even at the most
congested interscetions. The average con-
dition represented is, therefore, somewhere
between the possible and practical capacities.
Were this not true for data obtained at the
most congested intersections throughout the
country, there would be no traffic problem at
rural or urban intersections.

One hour is generally the shortest period of
time that conforms to current traffic-counting
practice. The hourly rates shown as a result
of these investigations, therefore, include the
short-time variations that normally oceur in
the flow of traffic. When applying the results
10 intersections where there are exceptionally
heavy surges of short duration or where the
fAow actually exists for lesa than an hour, such

as at an entrance or exit at a factory, the . a i eIV LR
capacity rates ’}‘"St’ be caleulated for a like 4y, intersection in an outlying area, with added turning lanes for left-turn movements
fractional part of an hour. . and separated turning lanes for right-turn movements.
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An intergection in a dountown area of a small city during an off-peak period wchen parking
was permitted.

tions, its application will only produce reason-
ably accurate results for all conditions.

Precise results cannot he expected in a
broad application to intersections of varied
width and having different types of traffie, for
many reasons. Among these are:

1. If two or more successive vehicles
desire to turn left, the effect. per vehicle
on ihe eapacity of the street is not as
great as if the vehicles turned at maore
widely spaced intervals, The larger the
number of Jeft-turning vebicles, the lesser
the effect per vehicle.

2. The effect on eapacity of left-turning
vehicles is related to the ntnber of on-

coming vehicles going straight through
and turning lefv,

3. Each left-turning vehicle crosses the
path of pedestrians moving with the green
light, and therefore the effect of a left
turn is to some extent dependent on the
number of pedestrians.

4. A vehicle waiting to make a left
turn causes a greater relative reduction in
capacity on a narrow street than on a
wider street or on one having a wide cen-
ter-dividing island.

It ix obvious that the correction factors
needed to meet the possible combinations of
the five elements enumerated under the dis-

An intersection on a high-type facility. The traffic volume is neer the practical capocity
of the intersection, although between intersections the highway is adequate for a

much greater rolume.
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cussion of possible capaeity would total a very
sizable rumber, Rather than attempting to
apply each of these varied correction factors,
it is much more feasible that intersections be
grouped inte certain classes or categories for
which the combined effect of several elements
which usually oceur in about the same com-
bination can be ecasily determined or applied.
The capsacity of any intersection that does not.
fall directly within a particular class can be
determined with a reasonable degree of accu-
racy by interpolation.
The variables by which intersections have
been classified are as follows:
1. Street width: Various ranges of street
width withiu which the eapacity per 10
feet of width shows little variation when
other conditions are comparable,

2. Type of area: Downtown, inter-
mediate, or outlyving.
3. Parking

requlations: Parking pro-
hibited or permitted. ‘ -

4. Streetrars: With or without street-
cars.

These variables are sufficiently deseriptive
to classify most intersections. It would have
been desirable to have had further break-
downs for items such as the percentage of
cominercial vehicles, the presence of bus-
loading zones, the percentage of vehicles
involved in turning movements, the extent
to which the parking spaces were utilized,
and the number of pedestrians, The four

variables listed above, however, are suffici- -

ently descriptive to classifly most intersections
30 that the actual capacity for any condition
can be estimated with a reasonable degree cf
aceuracy. Within the downtown area, for
example, most available parking spaces will
be utilized and there wil)l generally be a large
number of pedestriang during the peak hour.
If this is not true at the particular inter-
section under consideration, a capsacity either
in the upper or lawer part of the range for the
downtown intersections would be more appli-
cable than the average velue,

Table 17.—Average of maximum observed
capacities at urban signalised intersec-
tions free from streetcars and curb park-
ing on the approach streets: For up-
proaches loaded beyond their practical
capacities

Inter- | Out-

Inwns !

town [ medine Iving

arei arex | area
|

|

VEHICLER PER HOUR OF (QREEN PER |0 FEET OF
= Arrroact Winru !

Total streee widik, ¢arh ‘
10 curb:

BT T [ (Y, 717 R84 04
Jih4leet. ... - 7 H9% 038
65 feet and over. .. 704 £18 b
Aletdths. . .ccocense| T [k 673

AVERAGE PREVAILING CONDITIONS

Pudestrian crossings-_. .| 2,200 880 200
Percentage of vehicles:
Turning right....___. 12 n 11
Torning left ... IK] 10 3
Percentage of commer-
cfa) vebieles. ... . % n i 16 9

1 Approach width agsumed to he one-half of totu) strést
width because these results include two-way streets only.
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HIGHEST OBSERVED VOLUMES FOR
AVERAGE CONDITIONS

Capacities where parking is prohibited

Table 17 shows the average traffic volumes
recorded at a large number of interseetions in
cities distributed throughout the country,
during periods in which the yolumes ap-
proached the capacity of the intersections.
These results are for four-way intersections
controlled by fixed-time signals and free from
streetcars and parked vehicles on the approach
streets. The range of volumes averaged in
table 17 is shown in figure 23.

The difference between the figures shown in
table 17 and the basic intersection capacity of
1,250 vehicles per hour of green per 10 feet of
width can be attributed to the combined effect
of pedestrians, turning movements, comier-
cial vehicles, short-time fluctuations in flow,
and other causes as they were present at the
average intersection of cach type. In down-
town areas the reduction below basic capacity
from these ecauses averages about 40 percent,
while in intermediate and outlying areas it is
slightly larger, being about 43 percent.

In the downtown areas, there ir little differ-
ence in the volume of traffic handled per unit
of width by the narrow and the wider streets,
whereas in the intermediate and outlying areas
the narrower streets handled somewhat more
traffic per unit of width than the wider streets.
A numbher of explanations can be offered for
tbis characteristic difference between street
widths in the various areas, but. such explana-
tions are of little practical value unless the
effect, of each cause can be established and
applied when estimating capacity volumes for
specific intersections. The averages of the
more important conditions affecting intersec-
tion ecapacities that prevailed at locations in
each area where parking is prohibited are
shown at the bottom of table 17.

Capacitics where parking is permittled

Table 18 shows the average traffic volumes
recorded at intersections where parking was

Table 18.—4cerage of maximum observed
capacities at urban signalized intersec-
tiong free froni streetcurs but icith curb
parking permitted on the approach
streets: For approaches loaded beyond
their practical capacities

Down- | Inter- | Out-
town | mediate | Jving
area nrea area

VEHICLES PRH EOUR OF (QREEN PER 10 FEET OF
APrROACH WIDTH |

Total street. widih, eurb

to curh:
3l-40feet...__.____} 358 435 742
4764 feet ______ = 410 475 618
65 feet and over 40 470 o

All widths...___.. 1o i 4% &2

AVERAGE PREVAILING CONDITIONS

2,700 506 200

Pedestrian erossings. ...
Percentage of vehicles:
Turning right . ..___. 17 & 14
Tarning left......... 9 8 11
Percentage of commer-
clial vehicles. . .. ...._.. 11 10 12

I Approach width assumed to be onc-half of total
street width becavse these resulis include two-way
saeels only.

PUBLIC ROADS ® Vol, 25, No, 11

INTERMEODIATE AREAS

DOWNTOWN AREAS

50 50
PARKING PERMITTED PARKING PERMITTED
40— _— Ty I L,
STREET WIOTH-FEET
% SYMBOC RANGL AVE IV CRPAGTTY (o STREET WIDTi=FEEY
30 __...__/_, S S 58 i TV, Som— = E!d\ n:ut:. A:.G AVG.O;:MIT'
B e W =, 7% Z/ T o
20 |-— S 7 6 S 20 ” 7 —————— —— ——
A ! %
Y —— - woo—— -
£ o & 3
o g} ” K
2o 7 Z 45 S
s [~ | 4 € 7 8 8.0 11 12 13 M 1516 : 01 2 3 4 5 6 7T 8 9 0N 12 3 @IS I6
[ -
% 50 g %0
= PARKING PROHIBITED & PARKING PROHIBITED
g 40— —— - - § 10 oo
& STREET WIDTH- FEET - STREET WIDTH-FEET
SYUBOL RANAE AVE. aVE CAMGITY SYMBOAL RARGE AVG AVG LasaCITY
=7 %ok 9% »es 0 z s a1 "
e ss ¥4 e 34 o
- 20 Z
i " v
77 7
° S, =
O ) 12 13 18 13 16 o 1 2 3 4 6 T8 10 ) 12 13 14 (5 |6

HUNDREDS OF VEHICLES PER 10 FEET OF STREET WIDTH PER KOUR OF GREEN

Figure 23.—Frequency distribution of intersection capuacities.

permitted at the curb on the approach streets.
Except for thig feature, these intersections are
comparable in all other respects to the inter-
sections for which data are shown in table 17.
It is emphasized that the rates are for the
entire approach width, ineluding the portion
of the street accupied by the parked vehicles.
This basis for showing the results was used so
that the total effect of the parked vehicles
could be obtaihed without introducing errors
by deducting an assumed street width for the
space they occupy. The range of observed

volumes averaged in table 18 is shown in
figure 23.

Comparison of the data shown in tables 17
ang 18 reveals that capacity volumes on down-
town streets where parking is permitted are
about 55 percent, on the average, of those
observed where parking is prohibited. In
intermediate areas the effect of curb parking
is somewhat less, causing an average reduction
of about 35 percent. In outlying areas, where
but few vehicles parlk, street capacity is gener-
ally not impaired by vehicles parking or un-
parking. The occasional driver who does de-
gire to park is usually able to pull directly into
a parking space instead of backing in as
is required in areas where most parking
spaces are occupied.

Heary bus traffic in a downtown area. At this intersection busses load and unload at
both the curb and the outer separator.
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Figure 24.—Averuge reported intersection capacities for two-way streets by type of orea
and parking regulation.

Cuarb parking has less effect on street. capac-
ities in intermediate areas away from business
centers than in downtown areas because fewer
cars are found at the eurb even though it may
be perfectly legal to park. Also the turnover
is not as great, resulting in Jess interference to
the moving traffic.

It is especially significant that whatever the
width of a downtown street, intersection
capacities where curh parking is perinitted are
from 43 10 47 percent below the capacities for
similar streets where curb parking is pro-
hibited, The difference for the two conditions.
is not due entirely to the street space oceupied
by the parked vehicles. Also included is the
combined effect of the many other factors that
tend to restrict traffic flow which are present
where parking is permitted, such as the inter-
ference to through {raffic caused by drivers
maneuvering to enter or Jeave parking spaces
and the tendency of drivers to shy away {rom

Table 19.—Average reported capacities of
dountown streets al intersections where
there ure two car tracks and a loading
island with no parking adjacent 1o the
island

Vebicles per hour of
Strect width .green per 10 feet of
width

Based on B:?f‘l‘}r?“
Curbto | Curbto | total bo Lt

corb island | width of | DetWern
approach | curb a

plavform

Feet Feet

58 14 408 857
& 17 403 760
70 20 385 [0
% 30 383 575
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parked vehicles to avoid the possibility of
hitting a car starting to pull out, or a pedestrian
coming from between the parked vehicles,

That a line of vehicles parked adjacent to
the curb reduces the effective street width
more than 7 or 8 feet becomes evident when
street widths necessary to accommodate the
same traffic volumes at locations where park-
ing is permitted and where parking is pro-
hibited are compared. Figure 24 shows, for
example, that the average 40-foot street with
no parking in a downtown area can sccoms-
modate the same volume of traffic as the
average 68-foot street on which parking is
permitted. This is a reduction of 14 feet in
the effective width of the 68-foot street for
each line of parked vehicles,

Figure 24 shows graphically the relation
between the sverage reported intersection
approach capacities and the total street width
for the three types of areas. The conditions
for which the curves apply are listed on the
chart. It will be noted that these conditions
are representative of those occurring at the
average intersection, a separate curve being
shown for streets on which strectcars operate.

The conditions listed on figure 24 are not
all of those prevailing that affected the maxi-
mum observed volumes during periods that
traffic How exceeded the practical capacities,
In the average downtown sarea, for example,
traffic regulations are more rigidly enforced,
available parking spaces are more fully uti-
lized, and there is more stopping to unload and
pick up passengers, than in the intermediate
areas. The differences between these condi-
tions in the two types of areas account in part
at least for the higher average capacities on
sireets of the same widths in the intermediate

areas than in the downtown areas when park-
ing is permitted, whereas the reverse is true
for the streets when parking is prohibited. In
other words, street capacities are increased
less by prohibiting parking in areas where a
low demand for parking exists and parking
restrictions are not enforced, than in areas
where the demand is great and parking restrie-
tions are enforeed.

Capacity of streets having streetcars

The presence of streetcars can affect the
capacity of a street in a number of ways, de-
pending on local practices and regulations as
well as on structural features such as loading
islands. Headway Dbetween streetears and
the question of whether or not free-wheeled
vehicles are permitted use of the car-track
lanes are matters that must be considered in
addition to all the elements that pertain to
the capacity of streets where there are no
streetears.

The following characteristiecs are peculiar
to most downtown intersections where con-
gestion is a problem and where there are street~
car tracks:

1. Loading islands or safety zones are
provided on the intersection approach.

2. Free-wheeled vehicles are not per-
mitted to use the car-track lane adjacent
to the loading island.

3. Curb parking is not permitted for a
distance equal to and usually in excess of
the length of the loading island,

Table 19 shows average reported capacities
for downtown intersection approaches where
the foregoing conditions prevail, These fig-
ures are for straight-through tracks only. If
the intersection is blocked by streetcars ¢urn-
ing, the time during which free-wheeled ve-
hicles are prevented from moving for this
reason should be deducted from the available
green signal time. The range of volumes
averaged in table 19 is shown in figure 25.

It will be noted that the capacity per 10
feet of width decreases rapidly with an in-
crease in the distance between the curb and
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OF STRELY, INCLUDING GAR TRACKS
AND LOADING PLATFORMS
Figure 25.—~Frequency distribution of ob-
served intersection capacities on down-
town streets with streetcars.
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the laading platform. This suggests that
pedestrians going to and from the platform
may interrupt the flow of traffic to a greater
extent when the street width between the curb
and platforin is wide than when it is narrow,

EFFECT OF VARIABLE CONDITIONS ON
CAPACITY

Among the variable conditions that affect
capacity of intersections are the proportion of
commereial vehieles in the total tratfic voluine,
the existence of bus stops, the extent of turning
niovements, the type of signal system, and the
nuse of onc-way operation, These conditions,
and their effects on tlie capacity of intersee-
tions of the common type, are considered in
the following paragraphs. Thereafter, the
eapacity of intersections on high-type facilities
is diseussed.

Common-Type Intersections

Commercial vehicles

The presence of commercial vehicles tends
to reduce intersection capacities in terms of
the total number of vehicles because their
acceleration rates are lower and thev oceupy
more road space than passenger cars.  On the
average, one commereial vehicle, not inchiding
those that stop to pick up or discharge pas-
sengers or goods, is cquivalent in an jnter-
section capacity sense to two passenger cars.
This is true only when they are not involved in
furning movements or where the turning
movements ¢an be made without more than
normal interference with other vehicles.

Bus stops

The cffeet of busses stopping to load and
unload passengers on the capacity of a specific
intersection depends 1o a large extent on the
many different conditions present at the inter~
section, Anpalvses of the available data show
the following results for the average conditions
prevailing at signalized intersections where the
total strect width is under 60 feet:

1. Streets in the downtown and intermediate
areas where parking is permitted, except at
a near-side bus stop, have a 12-percent higher
capacity than the streets where busses do not
load and unload and parking is not restricted
near the intersections.

2. In the downtown and intermediate areas
where parking is prohibited, the streets with
bus stops on the near side of the intersection
have a 13-percent lower capacity than the
straets where there are no bus stops. The
corresponding figures for far-side bus stops are
8 percent in the downtown areas and 20 per-
cent in the intermediate areas.

There is evidence, therefore, that elimina-
tion of parking near the intersection to provide
a bus stop helps more to increase the capacity
than the stopping of the busses decreases the
capacity. Also, on strects where parking is
prohibited, the results indicate that to achicve
high ecapacities bus stops in the downtown
area should be on the far side of the inter-
sections wherever possible while stops outside
of the central business district should be on the
near side of the intersections. It is recognized
that cousiderations other than street capacity
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A Y intersection on an expressicey.

often govern in the seleetion of bus stop loca-
tion. Insufficient data are available to draw
any concludions for streets over 60 feet wide
or for the relative merits of near- and far-side
stops on streets where parking is permitted.

The above figures apply only to conditions
found at the average intersection on streets
in the two types of areas. Tliere are many
specific conditions that are far from average.
Probably the one condition which is apt to be
farthest from average at a specific location is
the number of busses. A few studies con-
ducted on the sane streets during periods of
norma) operation and again during periods
when the bus operators were on strike show
that one bus has the same effect on intersec-
tion capacity as three to five passenger cars.
These results apply only to locationg where
parking was prohibited for the entire distance
between interscctions and relatively short
stops were made by the busses to pick up and
discharge passengers.

Observations also indicate that on wide
muttilane streets where there are o large pum-
ber of busses, or the busses stop for long periods

to take on and discharge passengers, the busses
in each direction reduce the effcctive street
width for passenger earz by at least 12 feel,

Turning movements

The extent to which turning movements
reduce the capacity of intersections is depend-
ent upon such conditions as the intersection
lay-out or treatmeni, pedestrian movement,
the volume of oncoming traflic, and, of course,
upon the number of vehicles turning right or
left. In most instances, the detrimental effect
of turning movements in rural arcas can he
greatly redunced through proper channelization
and widening of the pavetacnt, Under ad-
verse conditions, the effeet of turning move-
ments may be sufficiently great to reduce the
practical capacity of an intersection on & two-
lane road or street by as much as 50 percent.
On a multilane facility under similar condi-
tions, the left lane may have its capacity
reduced by 350 percent or more as a result of
heavy turning movements.

The only general critcrion obtained by
analyzing the available intersection data was

An intersection with a separated right-turning lane.
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Figure 26.—Intersection capacities of one-way streets by type of area and parking regulation

that each 1 percent of the total traffic turning
right reduced the capacity flow % percent, and
that each 1 percent of the total traffic turning
left redoced the capacity flow 1 percent.
These percentages apply only where there is
no separate signal indication for the turning
movements and where all turns comprise less
than 30 pereent of the total traffic. Above
30 percent, no additional decrease in volume
was apparent.

Where there are separate signal indications
for turning movements, careful investigations
are usually required and it is difficult to formu-
late specific rules for these situations. As a
general rule, the total street width is pro-
portioned between the various movements in
the ratio of the number of lanes atilized by
traffic in the performance of these movementa.
‘The capacity for each separate movement is
then computed, using as a basis the length of
the interval and width of street allotted to the
particular movement, The capacity of the
intersection approach is a summation of the
computed capacities for all movements em-
anating from that approach. Because the
object of separate signal indications is the
elimination of couflicts hetween various
movements, the rate of fAow for turns will
generaily be the same as that for straight-
through movements,

Signal system

The type of signal system on a street makes
‘little difference in the possible capacity of the
facility. Although a perfcctly planned pro-
gressive signal system may function well with
low or even moderately heavy traffic volumes,
some traffiec will be stopped by the red light
at each signal when the traffic volume becomes
sufficient to tax the ecapacities of the inter-
geetions.  Vehicles following on the next band
will be slowed by these waiting vebicles and
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the system is immediately thrown off balance.
The higher speed for which the system was
planned cannot be regained until the traffic
dengity becomes less than that which ocenrs
when the street is carrying near capacity
foads. The benefits aceruing to  vehicle
operators as a result of a progressive signal
system are reflected in a saving in time to the
traffic using the facility, but this time saving
declines rapidly when the practical eapacity
is exceeded.

The saving in travel time with a progressive
system is not directly related to the ability
of the street to handle traffic in terms of the
number of vehicles. Normally, the actual
number of vehicles that can pass a point during
1 honr is not increased appreeiably by a pro-
gressive system.  The exception is where the

distance between traffic signals is so short
that the road space hetween them will not
accommodate the number of vehicles passing
through one intersection and headed for a
second intersection during one complete signal
cycle. This being true, there is a possibility
that sounder principles may he developed for
adjusting a progressive system for peak loads
as a rosult of these investigations,

One-way operation

Figure 26 shows interscction capacities for
one-way streets by type of area and parking
regulation when 10 percent of the traffic is
commercial vehieles and 20 percent of ilke
total traffic is involved in turning movements.
The sdvantage of one-way streets over two-
way strects from the capacity viewpoint is
illustrated for certsin conditions by figures
27 and 28, The advantage of one-way streets
over two-way streets will vary with the dis-
tribution of traffic by direction on the two-
way streets, the relative number of turning
movements involved, and the width of the
streets.

Figure 27 shows the advantage of one-way
streets over two-way streets in the downtown
area where two-way streets normally carry
between 50 and 60 pereent 'of the traffic in
one direction during the peak periods, Ex-
cept for the streets over 60 feet wide with
parking on both sides and a 50-50 distribu-
tion of traffic by direction on the two-way
streets, the capacity of a one-way street is
higher than the capacity of a two-way street,
For example, a one-way street 20 feet wide
with parking prohibited has approsimately
double the capacity of a two-way street with
parking prohibited when between 50 and 60
peccent of the traflic on the two-way street
is traveling in the one direction. Likewise, &
strect 50 feet wide will accommodate befween
45 and 60 percent more traffic with one-way
operation than with two-way operation,
depending on the distribution of traffic by
direction on the two-way street.

Also, 8 one-way street with parking on one
gide will accommaodate approximately the
same total traffic as the same width of two-

The effect of left-tirning vehicles on intersection capacities is dependent upon a large
number of variuble conditions.
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way street with no parking. The two-way
strects are considered to be at their capacity
volumes when the traffic in the direction of
‘the heavier flow equals the capacity of the
approaches used by traffic traveling in that
direction.

Figure 28 shows the comparative capacities
of one-way and two-way streets in inter-
mediate areas where the veolume in one direc-
tion includes up to 67 percent of the total
flow on two-way streets, Tor this condition
there is also a greater advantage in making
the narrow streets one-way than in making
the wider streets one-way. It may be noted
that the total capacity of a two-way street
with a 67-33 distribution of traffic by diree-
tions is the same when parking is prohibited
as when parking is permitted on the side
carrying the lower traffic Aow. Also, a one-
way street 50 feet wide with parking on both
sides has the same capacity as a 50-foot two-
way street either with no parking or with
parking on one side,

Intersections on High-Type Facilities

At highway intersections where pedestrian
interference for the most part is eliminated,
where separate lanes for each traffic movement
are provided so that the permitted movements
do not interfere with one another, where
-commercial vehicles are not present, and
where the geometric features of the highway
are of a high standard, a basic capacity of
about 1,500 vehicles per hour of green per
12-foot lane may he approached. The type
of facility to whieh this is applicable would
be a divided highway, in a rural or an urban
area, with added turning lanes of adequate
design provided for both right and left turns,
. with shoulder space for disabled or tempo-
rarily stopped vehicles, and with no other
roadside interference on the approaches of the
intersection—that is, a facility normally
referred to as an expressway.

Where sueh conditions exist, the method
for capacity analysis given for street inter-
gections is not directly applicable. Instead,
& procedure of starting with the basic capacity
and reducing this value to fit prevailing road-
way and traffic conditions is suggested.
Because express-type facilities are intended
for rapid vehicular movement with a mini-
mum of operational delay, practical capacity
rather than possible capacity should be used
for design. Under the conditions outlined
in the preceding paragraph there is little
difference between basie and possible capacity.
Since practical capacity at intersections has
been found to be about 80 percent of possible
eapacity, it follows that the practical capacity
of a 12-foot traffic lane is 1,500%0.80=1,200
passenger vehicles per hour of green., TThis
iz equivalent to 1,000 passenger vehicles per
hour of green per 10 feet of width.

ADJUSTMENTS FOR SPECIFIC
CONDITIONS

The ability of intersections to accommodate
high hourly traffic volumes has been grossly
overrated in the past. The application of
attainable capacities, which in some cases are
50 low as to be astonishing, will be an impor-
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Figure 27 (above) and figure 28 (below).—Comparison of average street intersection capaci-
ties with one-way and two-way operation, in downtown and in intermediate areas.

tant step in alleviating congestion on existing
facilities and in estimating the needed improve-
ment, for future requirements.

As previously stated, the intersection
capacities that have heen presented are
averages for maximum recorded traffic vol-
umes under the conditions that prevailed at
the average intersection of each general class.
They are peak volumes during periods that
the approaching traffie exceeded the practical
intersection capacities. Since there is a wide
range in the maximum volumes for each
group into which the intersections have been
classified, it is essential, when estimating the
cdpacit.y of any specifi¢ intersection, that the
average figures as presented be adjusted to
provide for the difference between average
conditions and the existing or future condi-
tions at the specific location. TFigures 23 and
25, which show the distribution of ohserved

rates at congested intersections, illustrate the
need for making such adjustments.

Rates exceeding those for the average

intersection are applicable only when condi-
tions which restrict the flow of traffic are not
present in the same degrce as at the average
interscetion of the same class. Likewise, when
the restricting conditions are more pronounced
than at the average intersection, and this
will be the case about 50 percent of the time,
rates below average should be applied.

The highest rates recorded are nbout 700 ve-
hicles per 10 feet of street width per hour of

green or Go time in areas where parking is

permitted between intersections, and about
1,250 vehicles per 10 feet of street width per
hour of green in areas where parking is pro-
hibited. These rates cannot oceur where the
various movements interfere with one an-

other, where pedestrians are present, or where
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Flexible lane usage: Normally this is a two-icay street, but during the morning rush there
are four lanes provided for south-bound traffic and one lane, restricted to local and

bus traffic, for north-bound vehicles.

The operation is reversed for the afternoon

peak load. Widely spaced vehicles suggest moderately high speeds, which is indica-

tive of heavy volume with little congestion.

deprived traffic of the wuse of a full lane and, further, that traffic passing the standing

vehicle allows a wide margin of clearance.

trucks or busses are present. Even under the
most ideal conditions for high capacities where
these rates did occur, operating conditions
could not be considered satisfactory.

Intersectious on existing or contemplated
facilities should not be expected to accommo-
date the peak capacities that have been
recorded at the few locations where conditions
were most favorable for high rates of flow.
Such an expectation would probably result in
operating conditions that would be less favor-
able than those now present in our most
congested areas.

1f it were possible to list alf the factors that
tend to reduce intersection capacities, and the
quantitative effect of each, the most appro-
priate procedure to follow in estimating the
capacity of a specific intersection would be to
start with the capacity for ideal conditions
and deduet a certain amount for each of the
prevailing conditions that are not ideal. This
procedure is not possible of application, how-
ever, because a quantitative measure has been
ohtained for only the more important factors
that affect intersection capaeity.

A number of adjustments arc necessary
when applying the information for average
intersection conditions, as shown by figure 24,
to a specific location where conditions are not.
average. The most important of these ad-
, Justments are described here.
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I.—Two-way streets with no added turning
tanes and no separate signal period for
turning movements
1. POSSIBLE AND PRACTICAL CAPACITIES:
A. Possible capacity.—On an average, pos-

sible capacities are about 10 percent higher

than the average rates represented in figure 24.

Volumes 10 percent higher will pass through

the interseetion, but only with a continuous

back-log of vehicles and extremely long delays
to a high percentage of the drivers.

B. Praciical capacily—Ou an average, prac-
tical capacities are about 10 percent lower than
the average rates represented in' figure 24.
Volumes 10 percent. lower will pass through
the intersection with few drivers having to
wait longer than for the first green period.

2. COMMERCIAL VERICLES:

Subtract 1 percent for cach 1 percent by
which commercial vehicles exeeed 10 percent
of the total number of vehieles, or add 1
percent for each 1 percent that commercial
vehicles are less than 10 percent of the total.

3. TURNING MOVEMENTS:

A. Right turns.—Subtraet. 14 percent for
each 1 percent by which traffic turning right
exceeds 10 percent of the total traffie, or
add % percent for each 1 percent that traffie
turning right is less than 10 percent of the
tota! (maximum reduction for right turns not
to exceed 10 percent).

Note that the single parked vehicle has

B. Left turns.—~Subtract 1 pereent for
each 1 percent by which traffic turning left
exceeds 10 percent, of the total traffic, or add 1
percent for each 1 percent that ¢raffic turning
left is less than 10 pereent of the total (maxi-
mum deduction for left turns not to exceed 20
pereent).

Note.~~Maximum deduction for right and
le(t turns combined should not exceed 20
pereent.,

4. Bus STOPS AND ELIMINATION OF PARR-
NG NEAR INTERSECTION:

A. On streels where parking is prohibited.—

(a) No bus stop: Add 5 percent.

(b} Bus stop on near side: Subtract 10
percent.

(¢) Bus stop on far side: Subtract 3
pereent in  downtown areas and 15
percent in intermediate areas.

(d) Where the number of busses is so
great that at Jeast one is always loading
or unloading, subtract 12 feet {rom each
approach width for either near- or far-
side stops when applying the curves in
figure 24; then add the number of busses
and make the adjustments for items
1, 2, and 3, above, but do not. include the
busses as eoinmerceial vehicles in jtem 2.

B. On streels with bus slops and where park-
ing is permitied excepl at the bus stop.—

(a) With bus stop on near side: Add
1{ percent for each 1 percent of right and
Jeft turns, but maximum inerease not to
exceed 6 percent.

(b) With bus stop on far side: Make no
correction,

(¢) Where the number of busses is so
great that at least one is always loading
or unloading: Subtract 6 feet from the
approach width for either near- or far-side
stops when applying the curves in figure
24; then add the number of busses and
make the adjustments for items 1, 2, and
3, above, but do not include the busses as
commercial vehicles.

C. On sirecis where purking is permilicd and
there are no bus stops.'—~Deduct !4 percent for
cach 1 percent that right and left turns com-
bined are of the total traffic, hut maximum
deduction not to exceed 6 perecent. Then, if
parking is prohibited more than 20 feet in
advance of the cross walk, add

D_
P (—?02—0) ‘perccnt., where

P=total percentage of right and left
turns, but not to exceed 30.

D=distance in feet that parking is pro-
hibited in advance of cross walk, but not
to exceed 5G plug 20.

G=seconds of green indication per signal
cycle. )

" The diseassions conerrning the needed length of no-park-
ing zones in advance of cross walks, the capacity of ndded
tarning lanes (item 1), the eflect of separnte signal indica-
(lons (item [ID), and the procedure for determining capael-
ties of intersections om onu-way streets (item 1V) and on high-
type (ailivies (item V), represent o rationalization based on
such facts and data as are available coneerning these impor-
tant snbjeets, for which the reported material is iusufficient
for statistical analysis.
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D. On streels where parking is eliminated Sor
a.limited distance on both sides of the inlersec-
tion,—Where parking is eliminated in advance
of the intersection for a distance in feet equal
to or greater than 5G and (1) parking is also
eliminated beyond the intersection for a dis-
tance equal to or greater than 5G, or (2) the
street beyond the intersection widens at least
one lane: Use the upper curve (parking pro-
hibited) in figure 24.

11.—Two-way streets with added turning
lanhes but no separate signal indication

for the turning movements 12

1. Use the width of the through lanes as
one-half of the street width wheu applying
the curvep in figure 24.

2. Then add 5 percent for an added right-
turn lane, 10 percent for an added left~turn
lane, or 15 percent when both right- and left~
turn lanes are added to the normal width,

3. Then:

(a) For a righi-turn lane—Add the
number of vehieles turning right but not

G
to exceed either 600 XZ’ vehicles per hour

D—20
or —gp— X N vehicles per hour, where

G=green interval in seconds.

C=total signal cycle in seconds.

D=length of added turning lane in
feet,

N=number of signal e¢ycles per hour.

(b) For a lefl-turn lane.—Add the
number of vehicles turning left but not
. to exceed the capacity of the left-turn
Jane. The capacity of the left-turn lane
per hour of green in terms of passenger
cars may be estimated as the difference
between 1,200 vehicles and the total
opposing traffic volume per hour of green
in terms of passenger cars, but not less
than two vehicles per signal cycle.

4. Then adjust as'in I-1 and I-2.

III.—Two-way streets with turning lanes
and separate signal indication 12
Streets with turning lanes and separate
signal indication (also applies -where left~turn
lanes for opposite directions of travel are
within the normal street width and both
straddle the centerline) ; pedestrians controlled:
A. With right-turn lane.—

(1) Use the width of the through lanes
as one-half of the street width when
applying figure 24 and increase the rate
of flow by 5 percent.

(2) Then add the number of vehicles
turning right, but not more than 800
vehicles per 10 feet of width of turning
lane per hour of separate green indica-
tion; adjust for possible or practical
capacity as in item I-1 and for commereial
vehicles as in item I-2,

B. With lefl-turn lane.—
(1) Use the width of the through Janes
a3 one-half of the street width when
s applying figure 24 and increase the rate
of floly by 10 percent.

128¢e footnote 11.
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(2) Then add the number of vehicles
turning left, but not more than 800
vehicles per 10 feet of width of turning
lane per hour of separate green indica-
tion; adjust for possible or practical
capacity as in item I-1 and for comrmercial
vehicles as in item 1-2.

Note: Where conditions are such that
through vehicles also use turning lanes,
it is more appropriate to apply figure 24
to (1) entire approach width for period of
left-turn ingieation and (2) width of
through laves for bhalance of through
period. Add results and make normal
adjustments except that for left turns 10
percent is always added.

IV.—One-way streets 13

Figure 26 shows hourly intersection capaci-
ties for urban one-way streets by type of area
and parking regulation under average condi-
tions. The most important adjustments for
conditions that are not average are:

1.: POSSIBLE AND PRACTICAL CAPACITIES:

Same as for item 1-1.

2. COMMERCIAL VEHICLES:

Same as for item 1-2,

3. TURNING MOVEMENTS:

Subtract % percent for each 1 percent by
which the combined traffic turning right and
leit exceeds 20 percent of the total traffic, or
add ¥ percent for each 1 percent that it is
below 20 percent (maximum deduction for
turns not to exceed 20 percent).

4. BUs STOPS AND ELIMINATION OF PARKING
NEAR THE INTERSECTION:

Same as for item 1-4.

5. ADDED TURNING LANES!

Use the normal street width when applying
the curves in figure 26. “Before applying items
1 and 2 above:

(8) Add 5 percent for an added right-
or left-turn lane or 10 percent if both a
right- and left-turn lane have been added.

(b) For a right- (or left-) turn lane
add the number of vehicles turning right

(or left) but not to exceed either 600)(%

vehicles per hour or 2;52—0><N vehicles
per hour.

V.—High-type facilities *

Where conditions exist similar to those pre-
viously described for intersections on high-type
facilities, the following procedure for estimat-
ing practical or design ecapacities should be
used: .

1. THROUGH MOVEMENT:

Use 1,000 vehicles per hour of green per
10 feet of lane width. Deduet 1 percent for
each 1 percent that commercial vehicles are of

the total through movement during the peak .

hour.
2. TORNING MOVEMENTS ON ADDED LANES:
To deterniine the total capacity of an inter-
section approach, add the number of vehicles
turning right and left during the hour to the
eapacity of the through flow; however, each
turning volume should not exceed the capacity
of a turning lane as determined below. Also,
the added turning lane should be of sufficient

% See footnots 11.

length to accommodate at least twice the aver
age number of turning vehicles that would
accumulate during the red interval.

A. Right turns on same signal indicalion with
through morvement. —

(1) Where there is no adjacent frontage
road and no pedestrian interference, use
capacitv of turning lane a3 1,000 vebicles
per hour of green per 10 feet of width.
Deduct 1 percent for each 1 percent that
commercial vehicles are of the right-
turning traffe during the peak hour.

(2) Where right turns are in conflict
with frontage-road traffic, use capacity
of right-turning }ane as the difference
between 1,200 vehicles and the total con-
flicting traffic volume (expressed in terms
of passenger vehicles) on the adjacenl,
frontage road per hour of green; adjust
this difference by deduecting 1 percent for
each 1 percent that commercial vehicles
are of the right-turning traffic during the
peak hour. The volume thus deter-
mined must not be greater than that
estimated under item (1) above, but not
Jess than two vehicles per signal cycle.

(3) Where right turns are in confliet
with pedestrian movements on the cross
street, reduce flow estimated under item
(1) above as follows:

Downtown area... 20 percent.
Intermediate

Breéf. ... 10 percent.
Outlying area_... no reduction,

(4) Where right turns are in conflict
with both frontage-road traffic and pedes-
triang, use the lower of the two values
estimated under items (2) and (3) above.

B. Left turns on same signal indication with
through movement.—Use. capacity of left-tura-
ing lane as the difference" between 1,200
vehicles and the volume of the opposing
through traffic movement (expressed in terms
of passenger vehicles) per hour of green;
adjust this difference by deducting 1 percent
for each L percent that commercial vehicles
are of the left-turning tratfic during the peak
hour; minimum capacity not less than two
vehicles per gignal cyele.

C. Added lurning lanes on separale signal
tndicalion (pedesirians controlled).—For either
right or left turns, use capacity of 1,000
vehicles per hour of separate green indication
per 10 feet of lane width; deduet 1 percent for
each I percent that commereial vehicles are
of the particular turning traffic during the
peak hour.

3. BUS STOPY ON ADDED TURNING LANE:

‘A. Far-side bus slop.—No. apparent effect
on capacity of the intersection approach.

B. Ncar-side bus stop (no sepurale signal
indication for right furns).—Bus stops on the
right-turning lane tend to reduce the capacity
of the through movement by requiring some
right-turning movements to be made around
the bus directly from through traffic lanes.
Capsacity in such case may be adjusted as
followa:

(1) Where the number of busses stop-
ping during the peak hour is so great as
to nullify the use of the added lane for
right turns, deduct 1} percent from the
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through flow for each 1 percent that
right-turning traffic is of the total traffic;
then add the number of busses and the
number of vehicles turning right and left.
to obtain the total practical capacity of
the intersection approach,

(2) Where approximately one hus
stops in the added lane per cycle, deduet
3 percent from the through flow for each
1 percent that the right-turning traffic is
of the total traffic; then add the number
of busses and right- and left-turning
vehicles to obtain total practical capacity.

(3) Where busses stop less frequently
than one about évery fourth or fifth
cyele, the effect of busses may be neg-
lected.

APPLICATION OF INTERSECTION
CAPACITY INFORMATION

When adjusting the volumes shown in
figure 24 for conditions that are not average,
each adjustment must be made as a separate
step, using the result of the previous step
for each consecutive adjustment. To accom-
plish this simply, when a number of adjust-
ments are necessary, each adjustment can be

caleulated and added to or subracted from

1.00, and a total factor then obtained from
these individual factors by multiplying them
together, The examples that follow illustrate
correct, applications of the data.

Example 1

Problem

What are the possible and practical ecapac-
ities of one approach to an intersection on a
two-way street, 45 feet wide from curb to
curb, in a dewntown area where parking is
prohibited, 20 percent of the traffic turns
right, (5 percent turns left, 5 percent of the
total traffic is commercial during peak howrs,
there are bus stops on the near side of the
intersection, and the traffic light has a Go or
green period of 35 seconds out of the 60-second
eyele?

Solution

From figure 24, the reported capacity of one
approach on the average street 43 fect wide
from curb to curb in a downtown area with
parking prohihited is 1,660 vehicles per hour
of green.

The following adjustments are required
because conditions are not average:

Cange Effect Factor

Righ( turns. - .voweceecneo.oo. (10—20) e — 3%, 0,95
LR BOPDS brinin - cinsimmin s mmstiiammmis (10—15) =— 5% 0.95
Commereial vehicles. oowo oo o (10— 5) =-+4 5%, 108
Nuar-side hbug S1oP. - oot coemiimccaeeeeao. =105 0.0
Tows) factor=0.95>0G.95X1.05X0.50= (OB
Possible capacity=1.10X0.85 X ﬁ—g X 1,660=

9035 vehicles per hour in the dircetion of the
heavier flow.

"Practical capacity=0.90:<0.85X g%x 1,660
=741 vehicles per hour in the direction of the

heavier flow,
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Example 2

Prohlem

What is the practical capacity of two inter-
secting streets, if the north-south street is 40
feet. wide and the east-west street is 54 feet
wide? Parking is permitted on the east-west
street and banned on the north-south streef.
The intersection is in a downtown area where
average conditions prevail and the signal cyele
is 27 seconds green and 3 seconds amber on
each leg, with a total of 60 seconds,

Solution

From figure 24, the praectical capacity of the
north-south street is 0.90X1,410=<1,269
vehicles per hour of green. The traffic signal
reduces this volume to l,269><§—g=- 571 veni-
cles per hour in one direction.

From figure 24, the practical ecapacity of
the east-west street is 0.90 X 1,110=999 vehi-
cles per hour of green, This is reduced by
the traffie signal to 999)\’%=450 vehicles per

hour in one direction.

Example 3

Problem

What should be the digtribution of signal
time at the intersection described in example
2 if the peak hourly volume in one direction on
the north-south street is 600 vehicles per hour
and that on the east-west street is 400 vehicles
per hour?

Solution

The minimun time in minutes per hour for
each operation, assuming a 60-second cycle, is

-

as follows:
Miny o
Green, north-south street Lt X028 4
ety : - 1,266 r
Green, cast-west street. ... . 3—8—3 X60=24.0
Amber: 6 seconds per eycle. - ________ =60
Total - _ . __ ) 58. 4

The green period for the north-south street
should be:

68_42%—423_6) X (60—06.0) = 29.3 seconds.

The green period for the east-west street
should be:

24.0 " 2
728»“'—“"2'?0) X (()0 S 60) ------ 24.7 scconds.
Example 1
Problem

An intersection as described in example 3 is
geverely congested by volumes exceeding those
used in that example.  To relieve this situation
it is proposed that parking be bauned on both
streets, and that the north-south street be
widened. After these improvements, traffic
voluines of 750 vehicles per hour in one direc-
tion on the east-west street and 900 vehicles
per hour in one direction on the north-south
street are anticipated. What should be the
width of the north-south street and the signal
timing for the intersection, using an 80-second
cvele with 3 seconds of amber?

Solution

Total ainber time per hour will be 6 X 9%?0=

270 seconds=4.5 minutes,
A 54-foot. street with no parking has a ca-
pacity of 2,000 vehicles per hour of green,

INTERMEDIATE AREA
FIXED TIME SIGNAL
2 PHASE CONTROL
CYCLE-70 SEC,

E-W STREET
BREEN INTERVAL - 40 SEGONDS
COMMERCIAL VEHICLES =12%
TURNING MOVEMENTS

W TO N ~11% OF APPR. VOL.

E TON-24% OF APPR. VOL.
NO BUS STOPS

N APPROACH
GREEN INTERVAL - 26 SEGCONDS
COMMERCIAL VEHIGLES -I15%
TURNING MOVEMENTS

N TOE —65 % OF APPR, VOL.

N TOW —-35% OF APPR. YOL. &
NO BUS STOPS

Figure 29.—Illustrative example 5.
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from figure 24. Thus the east-west traffic will

G%X 60:=25.0 minutes. There

remain 30.5 minutes or %é hours of green on

the north-sout.h street, permitting a practical

require

capacity of = 30 g X 900=1,770 vehicles per hour

of green. This practical capacity corresponds
to a reported capacity for average conditions

of 1075’0“ 1,967 vehicles per hour of green. A

street 52 feet wide will' accommodate this
volume, as shown in figure 24.
The signal timing should be:
Seconds
Green, north-south street

30.5 K,
mx (80—6.0)==40.7
Grreen, east-west street
_ IO o by a6 -iie
(30.5+ 25.0)
Amber... ... _____________. 2X3.0= 6.0
LatRbe. S R e 80.0
Example 5
Problem

What are the possible and practiea) capaci-
ties of each approach of the T intersection
shown in figure 29? If the peak-hour traffic
(on the basis of two-way flow) is 9 percent of
the average daily traffic, and 60 percent. of the
peak-hour traffic is in one direction, what will
be the average daily traffic on the east-west
street in the block west of this intersection if
it operates at possible capacity?

Solution

West APPROACH )

From figure 24, the reported capacity of one
approach on the average 58-foot street in an
intermediate area with parking is 1,380 ve-
hicles per hour of green,

Adjustments:
Coure Effect Factor
Commerefal vehleles, ..o ... (10=12) =—=29% 058
Righc turns._ et (W=0)4¢=+45% 1.05
Left turns. i erimasmanamimn (1011} =105 0.08
Parking not restnu“d at intersec-
tion._ cemmmmee = (0IDY =—3% 0907
(Sce ad;uilmmt l~l—C)
Total factor=0,98X1.05X0.69X0.97 = 0.7
. g 40
Possihle capacity=1.10X0.99 X %X 1,380:=

860 vehicles per hour.
Practical capacity=0,90>%0.99 X
1.380 =700 vekicles per hour,

70><

EasT APPROACH
For average conditions, reported capacity is
1,380 vehicles per hour of green, as shown
above.

Adjustments:

Cause Effect Faclor
Comme.rial vehicdes...._..________ (10—12) =—2% (.98
Right turns .. ........ oo (0~20) Vo= =79, 0.03
Leflyoraes _so .. L o oo .3 (10-0) =+10% 1.10

Parking nol restricted at intersee-
NOTE L s o oy b b -65% 0.94
Total factor =0.98 X0.93 X 1.10X0.94 = 0.94

Possible capacity = 1.10X 0. 94>< Xl 380=
810 vehicles per hour.
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'"W---——-LEFT TURN ONLY
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INTERMEDIATE AREA
FIXED TIME SIGNAL

3 PHASE CONTROL
CYCLE —90 SEC.

l«——PARKING ELIMINATED
' IN THIS BLOCK ON
' NORTH SIDE ———

~———PARKING ELIMINATED |

IN THIS BLOGK ON
SOUTH SIDF ——’J

A\ \/PEDESTRIANS GROSS HERE
\\ DURING PHASE 1

— —_— — —

I

PHASE 1
GREEN -40 SEC.

E-W STREET
COMMERCIAL VEHICLES-12%
TURNING MOVEMENTS

W YON-11% OF APPR. VOL

E TON-24% OF APPR, VOL.
NO BUS STOPS

NO PEDESTRIAN MOVEMENT
j \ \ DURING PHASE 2
b}

_/
>

PHASE 2
GREEN = 15 SEC.

\PEDESTRIANS CROSS HERE

DURING PHASE 3
PHASE 3
GREEN -26 SEC,

N-APPROACH

COMMERGIAL VEHICLES ~15%
TURNING MOVEMENTS
. ; N TOE =65 % OF APPR. VOL.
N TO W-35% OF APPR. VOL.
NO BUS STOPS

Figure 30.—Ilustrative example 6.

40

70°

capaecity=0.90x0.94 X
1,380= 665, vehicles per hour,

Practical

NORTH APPROACH

On the intercepted street of a T intersec-
tion, the larger of the two turning movements
s considered as the through movement;
therefore, as indicated on figure 28, the
through movement is 65 percent and the
turning movement is 35 percent of the total
fow during the peak hour.

From figure 24, the reported capacity for a
40-foot sireet under average conditions is
1,350 vehicles per hour of green.

Adjustments:
Cause Effec! Factor
Commercial vehicles..............._ (10—15)== 55, 0.95
Right turns (maximum deduction). ..___.____ -10% 0.%
Left rurns (noney_____._......._____ 10— 0)=+10% 1.10
No parking and no bus stops. . . ..._.__.____. + 5% 1.08
Total factor=0.95X0.90 % 1.10X1.05= 0.9

25

Posxsible capacity =1.10<0.99 X ; OX 1,350 =

525 vehicles per honr,
Practical capacity=0.90X0. 99><

1.350=430 vehicles per hour.

The average daily traffic on the cast-west
strest in the block west of the intersection,
when operating at possible capacity, is:

7

70

[860+ ( XSGO)] X'IQQ— 15,920 vehicles
per day.

Example 6
Problem
Wliat are the possible and practical capaci-
ties of each approach of the intersection showu
in figure 30?7 This is the same intersection
as in figure 20 except for partial elimination
of parking and substitution of multiphase
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signal control in order to inc¢rease the capacity
of the east-west street and to eliminate vehicle-
pedestrian conflicts.

Solution

WEST Arproacil

Through movement, phases I and 2.—Width
available for through movement (parking

eliminated as shown)=5—8—10=19 feet (see

2
adjustment 11I-B-1). Capacity for average
conditions, from figure 24, for a street twice
this width and with no parking is 1,300
vehicles per hour of green.  The green interval
for phases 1 and 2=40+ 3 (amber for opposing
through movement)- 15=58 seconds.

Adjustments:

Canre Effeet Faclor

Commereial vehicles. . vn vonn (10=12)=— 2 0.98

RIghLAUrDS. . o cosvivesssmmsansos 10=0)§=+ 5% 1.08

Lelt Wirmsis cocs vmaswassess su cees (10— 0) =m0 110

NO DUS 310D - . venarsansar-veroccaaccaacnns + 5% L.06

Total factor =0.98X1.05X1.10X1.05= 1.19
.58

Possible capacity=1.10 < 1.19X 90 X 1,300+
1,100 vehicles per hour.

Practical capacity =0.90X% 1.10><g%x 1,300
=900 vehicles per hour.

Lejt turning movement, phase 2.- -Left turning
is 11 percent of the total volume on the west

approach, or 1,100X ;—(l)= 135 vehicles per hour

when the approach ix operating at possible
capacity, and 900% ;—é=110 vehicles per hour
when operating at practical capacity.
Capacity of this 10-foot left-turn lane for
15-second separate green indication and with
12 percent commercial vehiclgs (factor 0.98):

: 15 .
Possible  capacity=1.10.<0.98 X &00 X 30—

145 vehicles per hour (see adjnstment
111-B-2). _
Practical capacity =0.90 0.08 < soox;—gz

120 vehicles per hour.

Volunmes of 135 and 110, above. therefore
do not exceed the capacity of the left-turning
lane.

Total capacily of west approach—

Possible capacity-=1,100+135:+1,285 ve-

hicles per hour.

Practical capacity =900+ 110=1,010

hicles per hour.

ve-

EasT ArrRoAcH

Through movement, phase I.—Same as for west
approach, except for length of green interval,
which is 40 seconds:

Poxsible capacity:rrl,looxg—g ‘760 vebicles
per hour.

Practical capacit‘v‘—'900><~5ﬁ83-=6‘20 vehieles
per hour.

Right-turning movemend, phase 8. - Right turn-
ing is 24 percent of the total volume on the

24 ?
east appmach=760><%= 240 vehicles per
hour when the approach is operating at pos-
sible capacity, and 620x%=200 vehicles per

hour when operating at practical capacity.
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DOWNTOWN AREA

FIXED TIME SIGNAL
3 PHASE CONTROL

CYCLE 90 SEGC.
—~— BUS STOP
—

-

= 8

PHASE 1
APPROACH-A, A.M, PEAK

VEHICLES TURNING:
LEFTTOC —0%
RIGHT TO D— 4 % » %
RIGHT TO E—32 %
COM. VEH'S INCL.BUSSES 1%
BUSSES 75 PER HOUR
GREEN INTERVAL -34 SEC.
% Total movemants during phases 1 ond 2

APPROAGCH-B, PM. PEAK

VEHICLES TURNING:
RIGHT ~8%

PHASE 2
APPROACRH-E, P.M. PEAK

GREEN @ b —18 SEC.
AMBER 8 GREEN LAG 't TO ‘d’= 8 SEC.
VEHICLES TURNING:

RIGHT Y0 8 — 2%

RIGHT TOC —18%

LEFT T0 A —80%
APPROACH-A, A .M. PEAK
GREEN=18+6226 SEC.

LEFT—0% {(No left turn)
COM. VEH'S, (3%

P -

BUSSES 90 PER HOUR
GREEN (NTERVAL-34 SEC,

APPROACH-C, A.M.PEAK

BN

PHASE 3
APPROACH-D, P.M. PEAK

VEHICLES TURNING:
RIGHT 4%
LEFT TO B ~%%
LEFT TOE~N%

GOM. VER'S, - 6%

STREET GARS, BUT NO BUSSES
GREEN INTERVAL -24 SEG,

VEHICLES TURNING:
RIGRT TOE _NEGLIGIBLE
RIGRT TO 8~ 6%
LEFY TOA —0% (No'laft turn)
COM, VEH'S.— 8%
STREET CARS, BUT NO BUSSES
GREEN INTERVAL -24 SEC.

Figure 31.—Ilustrative example 7.

Capacity of the 10-foot right-turn lane for
26-second separate green indication and with
12 percent commercial vehicles:

.26

Pogsible capacity =1.10X0.98 X 800x 70

250 vehicles per hour.
Practical capacity =0.9 3 0.98X 800 X §g=
210 vebicles per hour.

Volumes of 240 and 200, above, therefore do
not exceed the capacity of the right-turn lane.
Total capacity of eust approach.—

Possible capacity=760--240—1,000 vehi-

cles per hour.

Practical capacity =620-' 200 =820 vehicles

per hour.

NORTH APPROACH

Lefi-turning movement, phase 3.—Capacity of
the 10-foot lane with 15 percent trucks
and 26-second green interval:

Possible capacity=l.]OXO.QSXBOOXg—?):
240 vehicles per hour.

Practical cupacity=0.90%0A95><800‘/:%=
200 vehicles per hour.

Right-turning movement, phase 2.—Right turn-
ing is 35 percent of the total volume on

the north approach, or 240 < 2—2-—- 130 vehi-

cles per hour when the approach is operat-
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ing at possible eapacity, or 200 X%= 110
vehicles per hour when operating at prac-
tical capacity.
Capacity of this 10-foot right-turn lane for
15-second separate green indication and with
15 percent commercial vehicles:

Possible capacity=1.10<0.925 X 800 < == ==
140 vehicles per hour.

Practical capacity=0.90<0.95 X 800X Zl)'g=

115 vehicles per hour.

Volumes of 130 and 110, above, therefore
do not exceed the capacity of the right-turn
lane.

Total capacily of north approach.-—
Possible capacity =240+130=370 vehicles

per hour,
Practical eapacity =200+ 110=2310 vehicles
per hour.
Example 7
Problem

What is the possible capacity of each ap-
proach of the multiple intersection shown in
figure 317

Solution
ArprOacH A

Phase 1.—The eflective width of approach=
33—12=21 feet (12-foot deduction for at
least one bus always loading or unloading
during peak hour; see adjustment I-4—A-(d).

Capacity of approach for average condi-
tions, from figure 24, for a street 2X<21=42
feet wide is 1,510 vehicles per hour of green.

Total green interval per cycle for move-
ments A to D and A to E is 34+ 26=60
seconds (phase 1 plus phase 2).

During phase 1:

4 & D=-§§><4%=0.57><4%=2.3% of

total approach volume.
34

A to E=25X 329 0.57X32%=18.29, of

60
total approach volume.
Adjustmentzg:

Cause Effect Factor
Commercial vehicles #_________ 10—4) = + &% 106
Rightturos W8, ... .o oo oo oo (10—-23)}4= + 4% 1.04
Left tums_ . ....o....... cewee (10-0) = +10% 1.30

Total factor =1.06)X1.04X1,10= 121

Possible capacity, phase lr-:(1,10X1.21><

53% X l,510) t 75 busses =835 vehicles per hour.

Phase 2—During phase 2:
Ao D=30X4%=043X4%=1.7% of to-
tal approach volume,
4 to E=§—gx32%-— 0.43X32%=13.8% of

total approach volume.
Total capacity, C, of approach A during

4 Within the Jimits of accuracy of the solution It may be
assumed that busses (75 fn number) comprise about 7 percent
of the wtal spproach volume. Since commercial vehleles,
jucluding bosses, comprise 1) percent of the approsch volume
it follows that 4 percent of this traffi¢ is made up of trucks, for
which adjustment must be made. No adjustment is made
for busses as commereial vehicles where the 12-foot deduction
in street width §s made: see adjustment I-4-A-(3).

1 Movement A to E is considered as part of the through
movement.
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phase 1 and phase 2 is composed of the follow-
ing:
835 vehicles per hour=total, al! movement,
phase 1.
1.7% C= A to D movement, phage 2.
13.89, C=4 to E movement, phase 2.
Then: C=835+0.017C+0.138C. Solving,
C=990 vehicles per hour.
During phase 2:
A to D=0.017X990= 17 vehicles per hour.
A to E=0.138X990=136 vehicles per hour.
Total. __________. 153 vehicles per hour.

The total, and the movement from A to E,
are Jess than the capacity of a turning lane
(see adjustment I11-A—(2).

APPROACH E
Because the street is actually two-way, with
a channelizing island, a8 capacity value from
figure 24 s applicable, rather than a value
{rom figure 26, which is for one-way streets.
At point b consider left-turn movement to
A as a through movement. Capacity of ap-
proach for average conditions from figure 24
for a street of 2} 26=252 feet i3 1,930 vehicles
per hour of green,

Adjustments:
Cause Effect Factor
Commercial vehicles...._......_. (10—10) = 0% 100

(Since commercial vehicles were not reported, nse average
conditions)

Rightterns. ... coveeeeeea . (10— Y=+ 455  1.04
TR turns, oo bl il s (10— 0) =+10% 1.10
O BUS S0P e bt it oo e Siain Smiem + 5% 1.08

Total factor=1.00X1.04X1.10 X 1.05= 1.2

Possible capacity =1,10X 1.20 % I_SX 1,930=

90
510 vehicles per hour,

\

APPROACH A A.M.PEAK

COMMERCIAL VEHIGLES:
THROUGH AND RIGHT-6%
LEFT-12%
TURNING MOVEMENTS:
RIGHT TURN -4% OF APPR. VOL.
LEFT TURN ~14% OF APPR. VOL.
THROUGH MOVEMENT 82%
DISTRIBUTION OF TRAFFIC BY
DIRECTION, A.M, = PEAK:
THROUGH TRAFFIC ONLY, A TO B= 65%
THROUGH YRAFFIC ONLY, B TOA«35%

BUS STOP NEAR SIDE

At point @ computations reveal a higher
capacity. Point b therefore governs.

AprPrOACH B
Phase 1. —The effective width and capacity for
average conditions are the same as for ap-
proach A.

Adjustments:
Couse Effect Factor
Commercial vehicles ..., .. (10-2) =+ 8% 1,08
Right Barng., . ovvvvmimsss s (10-B)}i=+4 19, 101
o TR NT e S (10~0) =+410% 1. 10
Total factor =1.08%1.01 X1,10= 1. 20

Possible capacity, phase 1= (1.101.20X
g—gx 1,510) + 90 busses=_845 vehicles per hour.
Phase 2.—From approach E (above), possible

capacity —=510— (0.02 X 510) == 500 vehicles

per hour.V
Phase 1 plus phase 2—The possible capacity
of approach B=R845+4500=1,345 vehicles
per hour.
ArerroacH C

The capacity of the approach under aver-
age conditions for a street width of 56 feet
with streetcars, from figure 24, is 1,100 vehicles
per hour of green.

Adjustments:
Cauge Effect Faclor
Commerelsl vehieles._____._______ (10—6) =44% 104
RIEHEROEDE . o i damais (10-4)13 =+3% 1.03
V(80 |4 e e 10— (104-6) = ~6% 0.94
Total {actor =1.04X1,03X0,84= 101

" Busses are assumed to be 1L percent of the total traflic
approaching from B. Other commercial traffic §s therefore
2 percent of the total: see footnote 14,

17 The deduction made is for right turn E to B,

INTERMEDIATE AREA
FIXED TIME SIGNAL
2 PHASE CONTROL
CYCLE-64 SEC.

GREEN ON A-B STREET » 30 SEC.

ERRKIEET,

APPROACH B P.M.PEAK

COMMERGIAL VEHIGLES - 9%
TURNING MOVEMENTS:
RIGHT TURN-12%

LEFT TURN 6%
NO BUS STOP

180'

PARKING

Figure 32.—Illustrative example 8.
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Possible capacity =1.10 1.01><g—g)< 1,100=
325 vehicles per hour.
ApproacEH D

As for approach C, the capacity for average
conditions is 1,100 vehieles per hour of green.

Adjustments:
Cause Effect Factor
Commercial vebicles......._..__... (10=8) =427, 1.02
Right turns.________... eeeeeen (10—6)24=142% 102
Left turms. oo iaeieiaa o ceeae (10=0) -=-+I10% 1.10
Total factor=1.02X%1.02x1.10= 1.16
Possible capacity=1.10% 1.15X%X 1,100=

370 vehicles per hour.

Example 8

Problem
What are the practical capacities of ap-

proaches A and B of the intersection shown in
figure 327

Solution

ApprOsCH A
Through and right-turn movemenis.—The re-
ported capsacity, from figure 24, for one
approach on a street 30 X 2=60 feet wide with
parking is 1,430 vehicles per hour of green
(the left-turn lane is considered separately
below).

Adjustments:
Cause Effed Faclor
Comumereial vehicles....oo.. ... 10—6) =4 4% LM
RIEDL bAMMS. o o mscsesnss (0=4 b= 3%, 103
Left toms oo i (10—0) =+4+10% 110

(Left turns on sdded Lurning fsne: Sece adjnstiment 11-2)
GH0) M=+ 1% 101
(See adjustment I4-B~(a): Left turns are considered as
zero in this computation because they are made from an
added turning lane.)
Tota) factor =1.04<1.03<X1.10X1.01= 119
30

Practical capacity:. 0.90 < 1.1 gxax 1,430=

720 vehicles per hour.
Left-turn movement only. —Left turns are 14
percent of the total approach volume, or

14 " 64
720 X§—6= 117 vehicles per hour; or 117 X 3=

250 vehicles per hour of green, With 12
percent commercial vehicles, this i equal to
280 equivalent passenger cars per hour
of green.

Check for capacily of lefl-turn lane.—~The
opposing through movement, B to 4, during
the morning peak is 35 percent of the combined
through movement in both directions:

Through movement A to B=720X
82 .
00— m=685 vehicles per hour.

Through movement B to A - 685X g—g=370

vehicles per hour, or 370><~36%=790 vehicles

per hour of green.

With 9 percent commercial vehicles, this is
equal to 860 equivalent passenger cars per
hour of green.

The capacity of the left-turn lane (sce ad-
justiment 11-3—(b) is 1,200 — 860 =340 vehicles
per hour of green. The left-turn movement
of 280 passenger cars per hour of green, or
117 vehicles per hour, can therefore be ac-
commodated.
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DOWNTOWN AREA

FIXED TIME SIGNAL
2 PHASE GCONTROL
CYCLE-60 SEC.

GREEN ON A-B STREET -36 SEC.

APPROACH A
COMMERGIAL VEHICLES-10%
TURNING MOVEMENTS:
RIGHT TURRS-8% OF TOTAL APPR.VOL.
LEFT TURNS=6% OF TOTAL APPR.VOL.
NO BUS STOP

Figure 33.—Jllustrative example 9.

Total practical capacily of approach A.—
720+ 117=837 vehicles per hour.

AFProacn B

The capacity of approach B, from figure 24,
is the same as that for approach A, or 1,430
vehicles per hour of green.

Adjustments:

Cause Effect Factor
Commercinl vehicles.... (10—9)= +1%, 1.0t
Right turns_ .. ______.__ (10—=12)}4= —1% .99
 PL ({71 ¢ (L T — 10—0)= +4% 1.04
Parking restriction. .. . (12+4-6) —14(02+6)= +14% 114

(See adjustment 14-C)
Total factor=1,01x0.89X1.04 X1.14" .19
Practical capacity =0.90 X 1.19X 2—2 x1,430
=715 vehicles per hour.
B .
-i‘i-I/PARKING

P11

40" -

RAF:

N ~PARKING

Figure 34.—Illustrative example 10: infor-
mation as in figure 33, except for park-
ing on right side only with 120-foot
restriction.

Example 9

Problem

What is the practical capacity of the one-
way street in figure 337
Solution

From figure 26, the capacity when condi-
tions are average is 1,620 vehicles per hour of
green,

Adjustments:
Caise Effect Faclor
Comunereial vehicles. ... ..... (10—10) =0% 1.00
Right and left turns. _____________ (20-14)%=4+3% 1.03
Parking not restrictad at inter-
P11 7)) | I S —UX14 =—4% 0.%6
(See adjustment T+4-C)
Total factor=1.00%1.03X0.96=.. 0.99

Practical eapucity=0.90x<0.99 X %X 1,620
=870 vehicles per hour,

Example 10

Problem

What is the practical capacity of the street
described in example 9, if parking is eliminated
on the left and restricted 120 feet in advance
of the cross walk ou the right, as shown in
figure 34?7
Solution

From figure 26, the capacity when condi-
tions are average is 2,250 vehicles per hour of
green.

Adjustments:

Cause Effect Facetor
Right and Jeft turns....._. (20-14)% =+3% 1.03

190-foot, parking restriction. (14 x14)+u(%°
(See ad)ustment [4-C) =+4% Lo04
Total factor=1.03X1.04= L07

. . 36

Practieal capacity = 0.90X1.07 XEX 2,250

-=1,300 vehicles per hour.

Example 11
Problem
What is the practical capacity of each inter-
section approach on the expressway shown in
figure 35?2
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FRONTAGE ROAD
GREEN INTERVAL-36 SEC.

THROUGH MOVEMENT —300 VEH. PER HOUR

COMMERCIAL VEBICLES~15 %

EXPRESSWAY

|
|
e
|
|

APPROACH A

GREEN INTERVAL - 40 SEC.
COMMERGIAL VEHICLES
-THROUGH 12%

RIGHT TURN 20%

LEFT TURN 8%

TURNING MOVEMENTS

RIGHT =14 % OF TOTAL APPR. VOL.
LEFT —&°% OF TOTAL APPR. VOL.

THROUGH MOVEMENT - B8O % OF TOTAL APPR. VOL,

BUS STOP-FAR SIDE

Solution
APPROACH A
Through movement.— 1,000 X i—g X2=2,400

passenger cars per hour of green (see adjust-
ment V). With 12 percent commercial
vehicles, 2,400 0.88=2,110 vehicles per

hour of green; or 2,110><%%=1,125 vehicles
per bhour.

21, e

2,110 gi62=370 ve-

hicles per hour of green, or 370—(0.20X

370) +2X0.20X370=445 equivalent passen-
ger cars per hour of green.

The capacity of the right-turn lane:

Volume on frontage road=300 vehicles per

Right-turn movement.—

hour, or 300X§2=625 vehicles per hour of

green, or 625+ (0.15X625) =720 equivalent
passenger cars per hour of green.

Right-turn capacity =1,200 —720-=480 pas-
senger cars per hour of green, which is greater
than the volume above.

4
Right-turn movement=370X ;/%= 200 ve-
hicles per hour,

6% _ 3
2,110><8—0%4— 160 ve
hicles per hour of green, or 160X7—g=85 ve-
hicles per hour.

Capacity of left-turn lane (not less than
600
two vehicles per cycle)=2 Xé’:‘.—g— =06 ve-

hicles per hour.

Lefi-turn movement.—

PUBLIC ROADS ¢ Vol. 25, No. 11

FIXED TIME SIGNAL
2 PHASE GONTROL—CYCLE-T75 SEC.

_~BUS STOP

\—

N A

P
-

_:_&_._—-—

5

:
—— b

EXPRESSWAY

————

\Ngus sToP

— FRONTAGE ROAD

5

APPROACH B
GREEN INTERVAL -40 SEC.

COMMERCIAL VEHICLES-9%
TURNING MOVEMENTS

RIGHT—12% OF TOTAL APPR, VAL.
LEFT — 4% OF TOTAL APPR. VAL.

THROUGH MOVEMENT-84% CF TOTAL APPR. VOL.

BUS STOP-NEAR SIDE, 55 BUSSES PER HR.

Figure 35.—Hlustrative example 11.

{No1e,—~The added turning lane should have suilicient
storage capacity to accommedate four standjng vehicles clear
of the through Janes.)

Tolal capacity of approach A.— 1,125+ 200+

85=1,410 vehicles per hour.

APPROACH B

Thyough movemeni.—

Adjustments:
Cause Effect Factor
BUS SEAYE. oo mpet o et S e S —(12X¥)=—69; 0.04
(Sce adjustment V-3-B-2)
Commercial vebicles___________._ —-@exX)= —90% 0.9t
Total factor=0,94X0.81= 0.855
Practical capacity, less busses=2,400X

0.855 X%)=1,095 vehicles per hour.

Total practical capacity =1,095+55 busses
= 1,150 vehicles per hour.

Right-turn movement.— 1,150 12% =165 ve-
849, p

hicles per hour.

4% 55 vehi-

1,15
5 0X84%

Left-turn movement.—
cles per hour,

Total capacity of approach B.—
55=1,270 vehicles per hour.

1,1504 1654

Example 12
Problem
An urban expressway in rolling terrain has
two 12-foot lanes in each direction, and all
cross streets are separated in grade except at
one isolated intersection. At this intersection,

calculations indicate that the volume of traffic
on the cross street can be acconmumodated by a
two-phase traffic signal if 30 percent of the
elapsed time is allowed for movement on the
cross street.

The problem is to determine the minimum
number of lanes in each direction on the
expressway, at the intersection, that will
enable the intersection approaches to accom-
modate & volume of traffic equal to the capac-
ity of the two 12-foot lanes where flow is
uninterrupted. Turning movements from the
expressway in either direction are: Right
turns, 14 percent of approach volume; left
turns, 5 percent of approach volume (see fig,
36).

Solution

A 65-second signal cycle is assumed. (Any
other length of cyele, within reasonable limits,
would be equally satisfactory provided that
the shortest green interval is at least 20
seconds.) For the cross street, the green time
will be 30 percent of 65, or 19.5 seconds, which
may be rounded to 20 seconds. Allowing 5
seconds for amber periods, there remain 40
seconds' of each cyele for ¢o time on the
exXpressway.

The practical capacity of the expressway
under free-flowing conditions, with the pre-
vailing number of commercial vehicles and in
consideration of the nature of the terrain, is
eslculated as 1,100 mixed vehicles per lane per
hour, or a total of 2,200 vehicles in each
direction.
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The capacity per 12-foot lane at the inter-
section is 1,200 vehicles per hour of green less
necessary adjustments. It should be noted
that adjustments for turning movements are

ISOLATED INTERSECTION AT necessary (% percent for right turns and 1
percent for left turns) because the lanes used
GRADE ON .EXPRESSWAY‘ by turning vehicles are also used by through
FIXED TIME SIGNAL traffic.
2 PHASE CONTROL Adjustmoents:
_ Cause Effect Facior
CYCLE-65 SEC. Commercia) vehicles. . _....c. «ooee 12XL =129, 0.88
GREEN INTERVAL APPROACHES E‘lgm QUMD - emmeme e e e 14X} =— 1% 0.93
- OIL VHERSE o smmmsosssins sanansisysss X1 =—5% 0.95
A AND B =40 SEC. Tota) factor=0.88X0.93 X0.95= 7 o

Intersection capacity per lane (average)=
1,200 0.78 X 2—(5)= 575 vehicles per hour.

Number of lanes required in each direction=

2’527%0= 3.8 lanes, w
Four lanes, therefore, will be required in
APPROACH A each direction at the intersection to accom- »
-— COMMERGIAL VEHICLES-12% modate a volume equsl to the uninterrupted o
caciiﬂom TURNING MOVEMENTS capacity flow of the expressway, It will be
RIGHT-(4% OF APPR. VOL. necessary that all lanes be continued through s
LEFY — 5% OF APPR. VOL, and beyond the intersection in the manner

shown in figure 36 because the added lanes
would be used by through traffic as well as
by turning traffic.

The length of each added lane in advance
of the intersection, in feet, (D in fig. 38)
should be not less than five times the green
interval, in seconds, plus a gradual taper
(T in fig. 36). The combined length D,+ T}

should be sufficient to permit vehicles to

EXPRESSWAY APPROACHING decelerate to a complete stop from a normal
INTERSECTION operating speed on the expressway within

LOCATEO THROUGH ROLLING TERRAIN; this length.
I2% COMMERGIAL VERICLES; GRADE The length of each added lane beyond the

SEPARATIONS AT OTHER INTERSECTIONS intersection (D, in fig. 36) should bhe one and

one-half times the distance D,, and the com-
bined length D;+ 7% should be sufficiently
great to permit vehicles to accelerate from a
standstill to the operating speed of traffic on
Figure 36.—IMlustrative example 12. the expressway.

— .
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Part V[.-—Weaving Sections;

Introduction

Weaving sections are¢ provided for one pur-
pose—to permit the crossing at grade of
vehicle pathways with the least possible inter-
ference between vehicles. Weaving sections
are usually selected as a compromise between
the conventional intersection at grade, where
delays are often excessive, and the grade sepa-
ration, with its costly strueture and appur-
tenances. Weaving sections are often pro-
vided as adjuncts to grade separations. The
trafic circle is, in actuality, a series of weaving
sections, and there are many other applica-
tions of the principle in the lay-out of con-
trolled-access highways. Unless considerp-
tion ig given to that volume of trafic which
must cross the path of other vehicles in
reaching its destination, the capaclty of these
higher type facilities may very easily be
overestimated.

Two Classes of Traffic

The vebicles using a weaving section fall
logically into two classes: (1)«Those entering,
passing through, and leaving the section with-
out crossing the normal path of other vehicles,
and (2) those that must cross the paths of
other vehicles after entering the section. The
latter group are the weaving vehicles that
make the facility necessary. Consideration of
both types of traffic is essential in a study of
capsecity, but an understanding of the ca-
pacity of a weaving section is simplified if the
behavior of each class of traffic is dealt with
separately. On s well-designed facility op-
erating below capacity, the two classes will
actually separate themselves one from the
other almost as positively as they do in theory.

cross movement at this poeint.
Behavior of Weaving Vehicles

If all the vehicles entering a weaving scetion
from either approach are destined 1o cross the

CROWN LINE wg

LENGTH

THE BASIC WEAVING SECTION

.
\ THROUGH TRAFFIG LANEw

LEFT WEAVING LANE \ CANE LINE

e |
RIGHT WEAVING LANE/ \

/HROUGH TRAFFIC I.Mll/
) DUAL PURPOSE WEAVING SECT(ON

A

—

Figure 37 (above).—The basic weaving section: all traffic 1ceaves.
Figure 38 (below).—Dual purpose weaving section: serves weaving and nunwcav‘ing traffic.

PUBLIC ROADS ¢ Val. 25, No. 11

Unsignalized Cross Movements

A portion of a traffic circle, showing weaving sections. Rerouting of traffic on some of
the approaches to this circle has been resorted to as a means of reducing the conflicting

path of all vehicles entering from the other
approach—that is, if all traffic i3 weaving
traffic—it is obvious that every car must cross
the crown line somewhere between its extremi-
tieg (see fig. 37). At no instant can the num-
ber of vehicles in the act of crossing this crown
line exceed the number than can erowd into
a single lane; provided, of course, that the
facility is operating "as it should - without
vehicles being required to come to & stop
before merging with the stream of traffic from
the other approach. Thug, the total number
of vehicles entering the weaving section, if
all are weaving vehicles, cannot exceed the
capacity of a single lane. This, simply stated,
is one of the rules governing the capacity of a
weaving section. There are certain modifica-
tions of this rule, sz will be brought out later,
but for the sake of clarity discussion of these
modifications 15 momentarily deferred.

Speed Limited on Short Sections

One of the elements affecting the capacity
of a traffic lane is the speed at which vehicles
can or do travel, In the same nianner, speed
also influences the capacity of a weaving sec-
tion. It is in this respect that the length of
the section plays a part in its capacity. To
understand the relation between speed and
length of -section, let it be imagined for the
moment that we have a weaving section of
very short length, say 50 or 100 feet.
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Weaving sections on the Pentagon Network, Arlington, Va.

Further, let it be assumed that traffic is
composed eptirely of weaving vehicles. At
verv low traffic volumes there will be little
conflict between weaving vehieles even 01 this
short section because gaps in the stream of
traffic from one approach will, in mosat cases,
coincide with the entry of vehicles from the
other approach. As traffic becomes heavier,
however, the probability of vehieles entering
the section from the two approaches simul-
taneously increases until at moderately heavy
volumes many drivers will be required to stop
and wait for a gap in the other stream of
traffic. When the facility is taxed to its ca-
pacity, most vehicles will be required to come
to a halt and the weaving section fails to serve
its intended purpose. Operation is then com-
parable to that of an ordinary oblique inter-
section, having a capacity of about 1,200 ve-
hicles per hour. This value corresponds to
the possible capacity of a single traffic lane at
low speeds.

Under more favorable conditions a weaving
gection of ample length may have a possible
capacily that includes about 1,500 passenger
carg per hour performing weaving maneuvers
at an average operating speed of about 40
miles per hour. The needed length for this
speed is about 900 feet. The same volume of
weaving traffic ¢can be accommodated at a
speed of 30 miles per hour by a section 450
(eet long.

Nonweaving Traffic

Only in rare instances will all traffic be
weaving traffic although, as stated earlier, it
is for service to the weaving traffic that the
weaving section owes its existence. As a
secondary purpose, weaving sections must
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accommodate the nonweaving traffic by means
of added lanes adjoining either side of the
weaving lanes (fig. 38). Determining the
capacity of these nonweaving lanes involves
no new principle, as the procedire is not
different  from that for any traffic lane on a
multilane facility, If any weaving section is
to function properly and efliciently, it is
important that these added lanes have ade-
guate capacily to serve the nonweaving
vehicles. 1f nonweaving vehicles utilize the
weaving lanes either through choice or throvgh
necessity, they interfere with the vehicles
that must weave to reach their destination,
thus reducing the total number of weaving
vehicles that can he accommodated. Appro-
priate use of signs to direct drivers to the
proper side of the approach road is essential,
therefore, if the section ix to operate efficiently
during peak volume periods. Also, the

cffective length of a weaving section is .

Table 20.—Observed
voliumes on
weaving sections

influenced to some extent by the distance
ahead of the weaving section that drivers on
one approach road can sec trathic on the other
approach road. This distance may he used
by drivers that must cross the paths of other
vehicles to adjust their speeds before reaching
the weaving section, so that the merging
operation will be performed with a minimum
of conflict between vehicles.

Typical Examples

Information regarding the relations between
traffic volume, operating speed, and geometrie
features of weaving sections has been obtained
from detailed studiez conducted by the Bureau
of Public Roads and from traffic volume data
submitted by State highway departments and
Cominittee members. Table 20 shows data
pertinent only to the sections of considerable
length which were operating at or near capac-
ity and for which detailed data such as speeds
are available.

Location No. 1—Pentagon Network
Weaving section No. 1 lies between two
ramps and serves a part of the traffic to and
from Arlington Memorial Bridge a1 Washing-
ton, D. C., as well as some traffic from Lee
Boulevard destined for the Pentagon Building
in Arlington, Va. Trucks are not allowed on
this facility and, except for a negligible num-
ber of busses, traffic is composed entirely of
passenger cars. There are no lane lines or
longitudinal joints on the bituminous surface,
bhut both approaches and the exit to the left,
which serves as a ramp approaching the bridge,
are used as two lanes. The weaving section
is of sufficient width to accommodate four
lanes of traffic. Figure 39 shows the number
of vehicles in each lane on the approach road-
ways that entered each lane on the exit road-
ways but does not show the exact points at
which the weaving maneuvers took place.
Vehicles from Lee Boulevard, or those ap-
proaching the weaving section from the right,
traveled at an average speed of about 25 miles
per hour. Speeds on the ramp from Memorial
Bridge averaged 20 miles per hour with about
5 percent of the vehicles coming to a complete

Dimensions TrafMec volume in vehicles per hour
&
] Approxi-
Jﬁ’g&?ﬂ, Number ¢f Ianes at—~ mate
Length L Wi | W | Wiws| B[ B | Tota) | SPeeds
A B N o D
Feed M.p. M,
1. 140 2 3 4 2 3 1, 498 1,794 3,200 0| 246 | 3,536 24
1,146 2 3 ty 2 2 772 1,712 2, 434 0| 240 | 2,724 18
921 3 3 4 3 2 1. 000 309 2309 [ 915 ) 790 | 3,014 40
488 3 2 3 2 3 1,668 276 1,974 450 348 2,772 22
550 3 3 5 2 3 419 | 1,676 2,005 | 342 | 764 | 3,201 2R
550 3 3 5 2 3 1.351 384 1.735 | 450 | 582 | 2,667 30
550 3 3 b 2 3 945 756 (600 | T14 | 437 [ 2,841 27
550 3 3 1 2 3 509 1,672 2,181 a8 | 425 | 3,244 25

tribution scructure.

Locations 1-4 are on the Pentagon Network, Arlington, Va.; locations 5 snd 6 are on the San Francisco Bay Bridge dis-

* Nurrows from 44 feet 10 27 feet approximately midway of length.
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Figure 39.—Weaving section on roaduﬁy under Memorial Avenue near west end of Memorial Bridge, Washington, D. C. (morning rusl@

stop hefore entering the weaving section.
Near the exit from the weaving section, ve-
hicles in the left lane were spaced as closely
together as possible and all were moving at
practically the same speed—15 to 20 miles per
hour. The average speed in the right-hand
lane near the exit was about 25 miles per hour
with 20 percent of the vehicles traveling 30 to
35 miles per hour. -

It was apparent during the period of peak
volume that the desired number of weaving
maneuvers could not be performed in a safe
and efficient manner, ag evidenced by the 175
vehjcles destined to the right-hand exit
that were foreced to stay in the left lane for
the full length of the weaving section before
crossing the path of vehicles taking the left-
hand exit. Also, it was ebviously impossible
for all vehicles turbing left to Memorial Bridge
to enter the left lane, which accommodated
1,583 vehieles in the 1 hour and frequently
accommodated vehicles at a rate approaching
the basic capacity of 2,700 vehicles per hour
for periods of several m! rtes duration.

LENGTH 570°
GRADE LEVEL

period, 7:45-8:45 a. m., November 13, 1947).
Location No. 2—Pentagon Network

Figure 40 shows the details of location No.
2, the same facility as location No. 1, but as
it appeared in 1946 prior to improvement to
the present lay-out. It will be noted that the
improved facility (fig. 39) accommodates about
700 vehicles per hour more than the number
ohserved on its predecessor. This over-all
increase consists almost entirely of weaving
vehicles, The service rendered to 3,429
vehicles is comparahle to that previously
rendered to the 2,724 vehicles per hour using
the former facility., Since the improvement,
there has been a slight increase in speed, and
weaving maneuvers can be performed with
somewhat greater ease. The present facility
provides slightly hetter service because only
175 vehicles, as compared with 270 on the
earlier facility, are forced to travei the full

“length of the section in the left lane before

being able to cross to the exit leading to
road A. On the old facility, represented by
figure 40, nearly all weaving maneuvers were

44+

performed on that portion of the section north
of Memorial Avenue, whereas on the newer
facility, weaving is accomplished throughout
the length of the weaving section.

Location No. 3—Pentagon Network

Pertinent physical features and the maxi-
mum observed traffic volume at location
No. 3 on the Pentagon Network, commonly
referrcd to as the southbound mixing lanes,
are shown in figure 4]. At this location the
two approach routes and the two exit routes
are of equal importance so no one of the four
traffic movements has been shown any prefer-
ence. The arrows show only the total volume
entering and leaving on each roadway.

Studies have shown that the average speed
is 37 miles per hour on the two approach roads,
with the following distribution of speeds:

Percent
Below 30 m.phoo ... ... 14
0to39mph_ . .. 53
40 to 49 mpheee oL 30
50m. p. h.orover....________ 3

Figure 40.—Maximum observed hourly traffic volume on mizing lone section on roadway under Memorial dvenue near west end of

PUBLIC ROADS ® Vol. 25, No. 11

Memeorial Bridge, Washington, D. C.

259



T e T ey

P

i e

v

S T T C A

B T e

i

R——j——

-

B et ST

SR ——

T AT

LENGTH 921°

<~ GRADE + 3.0%

Figure 41.—Maximum observed hourly traffic volume on mixing lanes for south-bound traffic at junction of road A from Memorial Bridge

and road C from U S 1, Arlington, Va.

LENGTH 488"
; T0 -4.5% GRADE
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Figure 42.—Maximum observed hourly traffic roliume on mixing lanes for north-bound traffic at junction of road K from Ridge Road and

Very few drivers reduce their speeds while on
or approaching the weaving section during
off-pcak periods. During the peak period
represented in figure 41, however, there was a
very noticeable difference between the average
speeds on the approach roads and the speeds
on the weaving section. Few vehicles involved
in the weaving maneuvers traveled at speeds

the Shirley Highway, Arlington, Ve.

in excess of 30 miles per hour, and on several
oceasions during the hour the two weaving
lanes beecame filled for the entire length of the
section with vehicles at a standstill. These
periods generally lasted for less than a
minute and the condition usually developed
when a guete of vehicles from each of the two
approach roads traveled nearly the entire

Entrance tum from ramp to freeway. Although traffic from the ramp is rather light, it
is sufficient to fill the available spaces in the first lane of the freeway. The lane adjo-
cent to the median is almost devoid of traffic. This characteristic tendency for traffic
to distribute itself between lanes results in many of the spaces being shielded against

occupancy by vehicles from the ramp.
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length of the section at approach road speeds
withont performing the necessary weaving
maneuvers before coming to a complete stop
immediately ahead of the apex separating the
exit roadways.

During the hour of study, the total flow
was 3,014 vehicles, including 309 passenger
cars from one approach road that crossed the
paths of 1,000 vehicles (4 percent dusl-tired
trucks and busses) from the other approach
road. Although the roadway appeared to
have reached its practical capacity, the volume
of traffic approaching on the right and leaving
on the right, or approaching on the left and
leaving on the left, could have been consider-
ably greater without increasing the conges-
tion had these vehicles not become involved
with the ones that were weaving. Also,
lower approach-road speeds would have per-
mitted a larger number of vehicles to perform
the necessary weaving maneuvers within the
same length of weaving section without in-
creasing the apparent congestion. This sec-
tion exceeds the minimum length required for
the prevailing volume of traffic, but the added
length overcomes in part the deficiency of
inadequate signs and the absence of lane lines.

Lecation No. 4—Pentagon Network

The traflic movements at location No. 4 on
the Pentagon Network are shown by figure
42. In this case, traffic approaching on the
Shirley Highway (road D) headed toward
Washington (also road D) bas been shown s
definite preference by the arrangement of the
longitudinal joints, which act as lane lines,
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and by the general alinement. Traffic slowed
to about 20 miles per hour for short periods ;
! during the hour of peak volume. A slight
increase in the total volome of weaving
traffic would have resulted in very congested
conditions.

Weaving Sections Limited in
Practical Application

The results of analysis of available data on
traffic volumes and speeds on weaving
sections are shown by figure 43. Basically,
traffic on a weaving section is affected by
density in much the same manner as oh &
roadway with uninterrupted fow. Maximum
volumes oceur at speeds between 20 and 30
miles per hour. Higher speeds are possible
only at volumes and trafic- densities lower
than those found when the facility is operating
at its possible capacity. Whenever traffic Boulevard, Arlington, Va. '
density exceeds the critical density, speeds
fall below 20 miles per hour, the capacity

is lowered, and complete congestion or The curves in figure 43 show that there is &  required for a given speed with an increase in
stagnation may occur within a few seconds. rapid increase in the length of the section the number of weaving vehicles, Doubling
the traffic volume approximately triples the
3500 | P 3500 length of section required and doubles the
o ’ 0 / —~ number of lanes required for the weaving
~ A V g & .
3 v L~ z  vehicles.
% 3000 } - 3000 ;. Figure 44 shows schematically the weaving
~ / r / -~ mapeuvers that must take place when the
« <> o T  number of weaving vehioles is double the
3 > 3« 3 ' traffic 1 All vehi
2 2300 R | N 2500 £ normal capacity of a traffic lane. vehicles
= R TN o 0 s «  are shown crossing the crown line either in
G\ w . - .
y v‘(\/ F £ &  the first one-third or,last one-third of the
s - @V W, Wo | ©» section. Each vehicle is involved in two
2000 H QA 2000 9 ) e XL
i y ? — -  weaving maneuvers with_the result that four
g / Fi ,!.‘: g times as many weaving maneuvers must be
v W erformed as with half the volume. Theo-
> 2 -__,_._’l -~ - > p
© oo ] f & 4 i ©  retically, at least, this illustrates the need for
= I _ ; Z  tripling the length for twice the volume.
Z W+ 3W,+F +F, = Z : : 4
i / N= — ‘ o In practice, however, most drivers, knowing
3 1000 V4 NENomber of iahss | REEE O O | 1000 3  in advance that they must cross the crown
s : W) s V.P.H. in the larger weaving movement s line, attempt to gain a position on the ap-
x Wy =V.P.H. in the smaller weaving movement | &  proach road which is most favorable for the i
& 800 Fy06d Fe2 V.P.H, in ouler flows . 300 @ early performance of the weaving maneuver. ’
= C* Normal uninterrupied -tlow capacity for approach = - e
E and exit roadways in vehicles per lane per hour 2 As a result, the two streams of we'hlcles that
" S TR RS S T A e S must weave approach each other with no gaps
o —_— e (] to permit an interchange of positions. Any
0O 2 4 6 6 10 2 (4 16 I8 20 22 24 26 28 30 32 34 36 38 weaving section, regardless of its length or
LENGTH OF WEAVING SECTION (L) - HUNDREDS OF FEET number of lanes, will become badly congested
Figure 43.—Operating characteristics of weaving sectionas. when the number of weaving vehicles ap-

proaches the possible capacity of two traffic
lanes. Operating conditiong will seldom be
entirely satisfactory unless the traffic on the
approach roadways Is well below the practical
capacities of these approaches and the weaving
section has one more lane than would nor-
mally be required for the combined traffic
from both approaches. For this reason,
wegaving sections are considered practical only |
where the two intersecting one-way roadways i
each carries less than the normal capacity of y ‘

|

|

\

two lanes of a one-way roadway and the total
number of vehicles required to weave does
not exceed 1,500 per hour. In computing
capacities, allowance must be made for !
trucks, lanes of substandard width, ete., on .

the same basis as in the case of multilane g
Figure 44.—A compound weaving section. roadways. i
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Part VIL—Ramps and Their Terminals

INTRODUCTION

The efficiency of traffic movement on free-
ways or expressways and the extent to which
their potentia) capacities can be realized
depends directly on the adequacy of the
facilities that are provided for entering and
leaving these highways, Improperly planned
entrances can seriously limit the traffic vol-
umes that can use an expressway, and exit
facilities incapable of accommodating vehicles

leaving the highway at one point, even though -

the number be relatively few, can cause com-
plete congestion of all traffic.

While the subject of ramp capacities has
been considered by the Committee and much
factual data have been collected, only a few
generalizations can be drawn at the present
time that might De helpful in dealing with
problems concerning ramp capacities. No
exact rules are applicable to all ramps becgause
their capacities are so closely related to the
particular lay-out, especially at the terminals.
The primary purpose of this section, there-
fore, is to furnish some knowledge of trafic
operations on ramps that can be utilized by
engineers in rationalizing the various elements
that should be considered.

The capacity of a ramp s affected by the
character of traffic, gradient, width, curva-
ture, and the speed at which vehicles operate.
The sharp curvature on most ramps usually
limlis the possible capacity to that attasined
on a tangent section at speeds below 20 miles
per hour. At the higher speeds, drivers find
it dificult {o stay within their Jane and have
a tendency to maintain a somewhat greater
headway than is normal on tangent sections.
This happens despite the fact that )anes
wider than 12 feet are often provided on
ramps.

Except on ramps having extremely long
radii, and on direct connections having a low
degree of curvature, the lane capacity of the
ramp itself, when the enirance or exit does
not govern, is ususlly of the order of 1,200
passenger cars per hour. Thus, a ramp
having & nominal width of {wo lanes (usually
28 or 30 feet) should accommodate about
2,400 pagsenger cars at an average speed of
12 to 15 miles per hour. Actual examples of
ramp movements of this magnitude are rare,
indeed, because few of the terminals are so
planned that traffic entering and leaving the
ramp can do so with the necessary freedom
of interference from traffic on the major high-
ways or streets.

Even on some of the most modern facilities,
there is a tendency for traffic to move in a
single line at one or two points on the ramp.
The point of consfriction is usually at either
the entrance or the exit to the ramp. Under
such conditions the possible capacity of the
ramp will be about 1,200 vehicles per hour.
This probably accounts for the common helief
that the capacity of any ramp will not exceed
1,200 to 1,500 vehicles per hour and therefore
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Ramps may be of different for

el 1 L

ms, but the two general classes are inner loops and direct

connectionas.

the ramp should be tapered to confine vehicles
oh the ramp to one lane as they enter an
expressway. However, there is little reason
to think that ramp terminals cannot be so
planned that much larger volumes of iraffic
can be handled with ease. Further, there
are a few existing facilities where much higher
volumes have been observed. One such
example is the ramp shown as the left exit of
the weaving section illustrated in figure 39.
Nearly every day about 2,100 vebicles per
hour during the morning rush hour use this
ramp, which is approximately gemicircular in
shape and has a radius slightly over 200 feet.
The vehicles from the ramp merge with about
1,200 vehicles per hour in three lanes at the
ramp terminal. _

Another example of an unusually heavily
traveled ramp is the Dearborn Street inter-
change on North Lakeshore Drive in Chicago.
At the on-bound ramp 2,092 vehicles in 1 hour
have been observed merging with 5,923 ve-
hicles on the expressway. The ramp is a
direct connection and traffie merges in six
lanes. The off-bound ramp at this inter-
change has been observed to discharge 2,482

vehicles in 1 hour. This is also a direct
connection.

Where direct connections having sufficiently
large radii of curvature and superelevalions
to permit speeds of 30 miles per hour or more
during heavy traffic volames are employed,
the practical capacitics of the [anes on the
ramp and the expressway may be calculated
as for any traffic lane in the manner outlined
in part IV, providing trafic using the ramp is
not hampered in entering and leaving the
ramp by through traffic on the highways which
the ramp connects. Generally, however, the
capacity of a ramp is controlled by conditions
at or near the terminals.

CONDITIONS AFFECTING RAMP
CAPACITY

There are almost an unlimited number of
different conditions and combinations of con-
ditions that limit the number of vehicles that
can use a given ramp, or that determine the
necessary ramp design for 8 certain number
of vehicles. Only a few of the more important
conditions that must be considered are covered
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in the following discussion. Any one of these
might be the controlling factor for a particular
location.

Volumes During Peak Periods

For no portion of a highweay is it more im-
portant to know the volume of traffic in the
various movements during peak periods than
when trying to design an adequsate ramp or
when estimating the capacity of an existing
ramp. Annual volumes or 24-hour volumes
for the various movements are of little value,
because the peak volumes on some ramps do
not coincide with the peak volumes on the
highways, Oftentimes the peak volume on
one ramp will oceur during periods when the
traffic volumes on other nearby ramps or ob
the highway are relatively low. For this
reasop, the traffic volume that can be accom-
modated by a particular ramp will vary from
time to time depending on the traffic volumes
using the facilities that it connects.

Weaving Distance Between Ramps

The number of vehicles that can leave or
enter a ramp is sometimes controlled by the
number of vehicles leaving or entering the
same highway on adjacent ramps. In the
case of the two inner loops of a cloverleaf
design which are used by traffic traveling in
the same direction on a main highway, traffic
entering the main highway from the on-ramp
must weave with traffic entering the off-ramp.
For this condition, the capacity of the section
of roadway between the two ramps can be
caleulated in the same manner as for any
weaving section. If the distance beiween the
two Inner loops I8 very shori, the combined

capacity of the two ramps would be restricted
to a total of about 1,200 passenger cars per
kour at a speed of less than 20 miles per hour.
This is one reason that designs in which vehi-
cles leave an expressway facility ahead of the
point where vehicles enter the facility are
preferred to the cloverleaf design, especislly
when the movements on two adjacent inner
loops are at or near their peaks at the same
time,
Terminal Conditions

The entrance to a ramp might be made from
a facility on which the flow of traffic is un-
interrupted, or it might be from a highway or
city street with cross traffic at grade and be
in the immediate vicinity of an intersection
controlled by traffic lights. Likewise, the
exit from a ramp might be made either to a
facility with uninterrupted flow or to a high-
way or street with ecross traffic at grade.
Furthermore, either or both of the roadways
which the ramp connects might have acecelera-
tion and deceleration areas or added [anes for
the vehicles using the ramp. Also, if there
are no acceleration areas or added lanes, the
general lay-out may be such as to require
traffic to stop before entering the highway or
street. There are many different conditions
that can exist at the entrance and exil of a
ramp, any one of which might control the num-
ber of vehicles that can use the particular
ramp.

At-grade intersections in vicinity of ramp

Traffic approaching a ramp leading to an
expressway and traffic ou a ramp leading from
an expressway must oftentimes pass through
an intersection at grade in the immediate

A ramp terminal where the traffic demand esceeds the capacity of the expressway. During
peak periods traffic must be directed by a police officer.
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vicinity of the ramp. The volume of traffic
that can be accommodated by the ramp is then
dependent on the capacity of the nearby inter-
section. When this is the case, the informa-
tion on intersection capacities should be ap-
plied when estimating the maximum volume
of traffic that can enter or leave the ramp.

Entrance to expresaway from ramp

It is & common practice to assume that as
many vehicles can enter an expressway from
a ramp as the difference between the capacity
of the expressway beyond the ramp and the
traffic volume on the expressway ahead of
the ramp. For example, il a four-lane
divided expressway had & practical capacity
of 3,000 vehicles per hour in the one direction
and there were 1,800 vehicles per hour on the
expressway just ahead of the on-ramp, it
would normally be assumed that 1,200 vehicles
per hour could enter the expressway from the
ramp. With no acceleration area, this would
be true only if the 1,800 vehicles already on
the expressway could and would erowd into
the one traffic lane before reaching the on-
ramp. It would also be true if there were an
acceleration area of the same length as the
distance necessary for 3,000 vehicles traveling
in three lanes to crowd into two lanes without
a marked reduction in speed.

Obviously, vehicles from a ramp can enter
an expressway only in the available spaces
between vehicles operating in the first lane
of the expressway. The higher the traffic
volume on the expressway, the less opportunity
there will be for vehicles to enter the express-
way when other conditions are comparable.

The length of the space between vehicles
on the expressway that will be utilized by a
driver entering from a ramp will vary for
different drivers and with the frequency of
such spaces and the speed of traffic. If a
driver has to wait a long time for the occur-
rence of a space which he normally considers
entirely adequate, he is apt to take advantage
of & somewhat shorter space that occurs more
frequently.

The results of a study made to determine
the spacing between vehicles in the first lane
of an expressway that drivers utilize in enter-
ing from a ramp on the right are shown by
figure 45. These results represent only one
particular set of conditions, i. ., & continuous
back-log of vehicles on & ramp 20 feet wide
with a stop sign strietly enforced and no
acceleration area for traffic before entering
the through lanes of the expressway. To
eliminate or at least reduce the effect of one
of the variables—the speed of traffic on the
expressway—the spacing between vehicles on
the expressway has been expressed as the time
interval between vehicles as they approached
the location of the ramp.

The upper part of figure 45 shows that
some drivers, although very few, entered the
expressway from the ramp when the time
spacing (center to center) between passenger
cars in the first lane of the expressway was
as low as I second. Other drivers would not
enter unless the time spacing was as high as
17 seconds. In other words, with a double
line of vehicles on the ramp waiting to.enter
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Figure 45.—Utilization of available spaces betiween vehicles in the first lane of an express
highway by vehicles entering from a ramp 20 feet wide with stop control (during peri-
ods when two lines of vehicles were waiting to enter the expressway from the ramp).

the expressway, nowne of the spaces shorter
than 1 second between vehicles in the first
lane of the expressway were utilized by ve-
hicles from the ramp. Likewise, 20 percent
of the 3-second spaces, h4 percent of the 5-
second spaces, and all of the spaces 17 seconds
or longer were utilized by vehicles in entering
the expressway from the ramp. When the
space occurred shead of a truck on the express-
way, an entrance from the ramp was never
made ubless the time space was at least 2
seconds, and at least one vehicle always en-
tered when the time space was 15 seconds.
The lower part of figure 45 shows the aver-
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age number of vehicles that entered the
various spaces in the first lane of the express-
way. Although only 54 percent of the 5-
second spaces were utilized, an average of 2.8
vehicles entered each of the utilized spaces
making an average of 1.5 vehicles that entered
the expressway for each available 5-second
space. The detailed data show that vehicles
which utilized spaces less than 4 seconds long
came almost entirely from the right-hand
lane of the ramp, whereas approximately half
of the vehicles that entered any space longer
than’4 seconds eame from the left lane of the
ramp.

Lane usage

Information of the type shown by figure 45
in combination with lane usage on an express-
way and the frequency of oceurrence of
various time spaces between vehicles at
different hourly volumes may be used to
determine the maximum number of vehicles
that can enter an expressway f(rom a ramp
when there is no acceleration area., With un-
interrupted flow, the frequency of occurrence
of various time spaces between vehicles in a
lane is very consistent for a given traffic
volume regardless of the other prevailing
conditions, and can bhe predicted with a high
degree of accuracy from the results of com-
prehensive studies (see¢ figs. 9 and 10 in part
1v). Lane usage, or the percentage of vehicles
in each lane, will vary, however, for different
total traffic volumes and for a large number
of physical and geometric conditions that
might prevail in the vicinity of 8 ramp.

Oa 8 modern four-lane express highway at
tangent locations that are not in the vicinity
of an intersection, traffic will generally be
distributed between the two lanes for the one
direction of travel approximately as shown by
figure 46. As the traffic approaches an inter-
change or a ramp, the distribution between
lanes will change and the extent of the change
will depend on the particular lay-out at the
interchange, the amount of traffic that enters
and leaves the expregsway dt the interchange
or ramp, and the effectiveness of the direc-
tional signs and pavement markings.

Figure 47 shows the distribution of traffic
between the lanes on an expressway at the
approach to a ramp on the right with a
continuous back-log of vehicles trying to enter
the expressway. In the one case, as shown
by the solid line, traffic from the ramp was
required to stop before entering the express-
way whereas, in the other case, as shown by
the broken line, an acceleration lane was
available and entering traffic did not neces-
garily stop. 2

For both conditions shown in figure 47,
most of the trafic on the expressway used
the second or left-hand lane during low traffic
volumes to avoid interference with traffic
entering from the ramps. As the tiraffic
volume on the expressway increased, however,
the distribution between lanes became more
nearly equal, there being a somewhat greater
tendency for the drivers fo avoid the right-
hand lane when entering trafic was not
required to stop than when it was required to
stop. With an acceleration area available,
therefore, it is not only easier to perform the
merging operation than when there is a stop
sign on the ramp and no acceleration area, but
there are more spaces between vehicles in the
first lane of the expressway thal can be
utilized by iraffic entering from the ramp.

The most important point illustfated by
figure 47, however, is that the effect which
the ramp has on the distribution of traffic
between lanes during low trafBc volumes on
the expressway is not apparent when the
volume exceeds 1,000 vehicles per lane.
Drivers will not crowd one lane to leave
another lane comparatively free of trafic so
that other drivers from a ramp can enter more
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Figure 46.—Distribution of vehicles between traffic lanes on a four-lane highway during
various hourly traffic volumes.

easily. This is one reason that it is not and stop-sign control occurred when the fow of vehicles from 2,130 per hour to 2,300
proper to assume that as many vehicles can  volume approaching on the expressway was per hour, or 36 percent. Even with this
enter an expressway from a ramp ag the dif- about 1,500 vehicles per hour. Under this increase, however, the traffic that could enter
{erence between the capacity of the express- condition, officer control increased the total from the ramp was limited to 1,400 vehicles
way beyond the ramp and the traffic volume

on the expressway ahead of the ramp. i I il
The possible capacity of a particular raxmp :
in relation to the volume of traffic on an ex- J - -
pressway is shown by figure 48, The design T~
at this loeation provided a stop sign to control \\Sgc
traffic from the ramp. Recently, however, ® ] \o% =
police-officer control hag been necessary during 4'4'\
- peak periods to handle the increased traffic — NG == @
volumes without long delays to traffic on the % 2 \\ e § !
ramp.  Stopping through traffic on a facility i " -1 [
designed for freeway or expressway operation ] -~
is extremely undesirable but, as in this case, 8 ] ! | w
sach a procedure will eventually have to be i T :
resorted to on many of the freeway facilities & | ¢
now being designed unless careful considera- % . o wrail ‘ o
tion is given to capacity aspects of the designs Pt T liset
employed in the vicinity of ramps. In at § / . 5
least one case, it has been necessary to pro- & ' 2
hibit the use of a ramp during peak periods g‘/““‘ e LD O St Bt
to prevent iraffic on the entirec expressway o /f‘“/ 20
from coming to a standstill, |1 e s N0 ATOR S0l O NP |
The conditions illustrated by figure 48 e i [_A T .
represent an expressway with a maximum T
possible ecapacity of 3,050 vehicles per hour in

the ope direction and a ramp with a maximum 0 0
ossiblé capacity of 2,480 vehicles per hour. I e e T TN s L ot ot L Ut s TR

?\I it) ' t these ’.“ 3 ‘u]d Ib Wi HOURLY TRAFFIC VOLUME ON EXPRESSWAY —~ RUNDREDS OF VEHICLES
e e G HEAZHED : { DOES NOT INGLUDE TRAFFIGC FROM RAMP )

however, except when the traffic volume on

one of the two was zero. The greatest differ-  Figure 47.—Distribution of vehicles between traffic lanes on a four-lane expressway at

ence in total capacity between police-officer " approach to ramp where heary volume enters the expressway on the right.
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Figure 48—Variation in ramp capacity with volume of traffic on an expressway:
ramp 20 feet wide, with no ucceleration area.

per hour, or only 90 pereent of the volume
needed to fill the expressway to its ecapacity.

Exit from expressway 10 ramp

In addition Lo the actual geometric features
near the point where trafic leaves an express-
way to enter a ramp, the maximum volume
of traffic that can entver & ramp without
causing unsatisfactory operating conditions on
the expressway is influenced (1) by the total
volume of traffic on the expressway, (2) by
the percentage of this total volume that
desires to use the ramp, and (3) by the per-
centage of commercial vehicles. Regardless
of the general lay-ouf, within reasonable
limits, 1,200 to 1,500 vehicles per hour can
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enter a ramp in one line if all of these vchicles
and no other vehieles are in the Jane adjacent
to the ramp. Likewise, two lines of trathe
or 2,400 per hour can enter a ramp if all .of
these vehicles are in the two lanes of the
cxpressway adjacent to the ramp and the
drivers in the second line can be sure that,
all vehicles in the first line are headed for the
ramp.

A perfect segregation of the traffic bound
for a ramp seldom occurs whead of the ramp,
especially when an expressway is loaded to
capacity or near capaeity volumes. Some
through vehicles, especially those driven by
the slow, cautious drivers or the drivers look-
ing for destination signs, and the commercial

vehicles, will be in the right-hand lane of the
expressway. If a ramp is on the right, these
vehicles occupy spaces in the lane that could
otherwise be used by vehicles entering the
ramp. They also cross the paths of vehicles
entering the ramp from the second lane, there-
by creating a hazardous condition whenever
the traffic volume entering the ramp exceeds
1,200 to 1,500 vehicles per hour, which
require the use of two lanes.

The tendency of some drivers of through
vehicles to stay in the right-hand lane where
other traffic leaves the expressway by a ramp
on the right is illustrated by figure 49. The
distribution by lanes at the low tratfic vol-
umes differs greatly from the distribution
found on sections where there are no ramps
(fig. 46). It also differs from the distribution
at the approach to a ramp used by traffie
entering an expressway (fig. 47). At the near-
capacity volumes, however, the difference for
the various conditions is much less marked,
there being a tendency in all cases for traffic
to be fairly evenly divided between the lanes.

CONCLUSIONS

Although the data presented in the fore-
going diseussion show ramp capacities for
only a few specific conditions, application of
the information relative to lane usage on
expressways is of assistance in rationalizing
the problems concerning ramp capacities
under a wide varjety of conditions.

The following eonchisions briefly summarize
the more important facts concerning ramp
capacities:

f. The ecapacily of a ramp may he limited
by either the width and alinement of the ramp,
or by traffic and physical conditions at either
terminal.

2. With the curvatures and traffic condi-
tiong that are generally present at ramp loca-
tions, it ix usually diffieult to obtain better
than the equivalent of single-lane operation on
the ramp. With such operation, the ramp
capacity normally will not exceed 1,200 pas-
senger cars per hour with a possible maximum
of 1,500 passenger cars per hour when vehicles
can keep moving at a speed of 15 to 20 miles
per hour (minimum radiug abont 100 feet).
Serious congideration should he given to the
provision of additional ramps when the traffic
demand exceeds 1,200 vehicles per hour on
any onc ramp, unless eonditions required for
safe two-lane operation can Dbe satisfied.
Conditions that must be present to enable a
ramp to accommodate 1,200 vehicles per
hour are:

(a) Adequate ramp width for off-track-
img and turning requirements of com-
mercial vehicles (note: The 1,200 figure
is for passenger cars and must be lowered
to compensate the effect of cormmercial
vehicles that are present.  As aminbnum,
cach commercial vehicle with dual tires
has the effect of 1wo passenger cars).

(b) Adequate surface or shoulder width
for disabled vchicles, especiallv on up
TRIDPS. ;

(¢) Adecuate speed change areas, or
excess capacity of the roadways connected
by the ramp.
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3. It is possible for a ramp and its terminals
to handie traffic volumes exceeding 1,200
vehicles per hour under certain conditions,
The follawing are some of the conditions that
must be satisfied:

(a) Adequate surface width and radius
of curvature (at least a 28-foot surface
and a minimum radius of about 200 feet).

(b) At least one through laine on each
highwayv entirely free of traffic other than
that using the ramp, and a second lane on
each highway sufficiently free of through
traffic to accommodate the ramp volume
which is in excess of 1,200 vehicles per
hour (generally the exit and entrance to
the ramp must have design characteristios
similar to those at a Y intersection of two
highways).

4. In considering the availability of spaces
in the through traffic lanes into which vehicles
from the ramp may enter, the following factors
are important;

(a) At traffic volumes helow 1,000
vehicles per lane per hour on a multilane
highway, there is a marked tendeney for
traffic approaching an entering ramp to
shift away from the lane adjoining the
terminal of the ramp, thereby avoiding
interference with vehicles from the ramp
and providing a hetter opportunity for
vehicles to enter the highway. When the
volime in one girection on the highway
exceeds 1,000 vehicles per honr per lane,
however, this tendency to shift away from
the Jane adjoining the ramp does not
occur, and traffic maintaing approxi-
mately the same distribution between the
lanes at the ram) terminal ns on sections
where there are no ramps. This is partic-
ularly true at locations where there are
stop signs for vehicles entering from the
ramp. Where there are acceleration
areas without stop-sign control for vehi-
cles from the ramp, a somewhat higher
percentage of the through traffie will use
the lane farthest fron the ramp than
normally uses this lane at Jocations re-
moved from the influence of ramps.

(b) Because of the tendency of traffic
to distribute itself in all lanes of a wulti-
lane highway during heavy traffic vol-
utes, thus avoiding a more crowded
condition in one lane than in another
lane, wany of the openings between ve-
hicles in the lane or lanes that are not
adjacent to the ramp terminal are shielded
against ocoupancy by vehicles entering
from the ramp.  As 2 practica) matter, it
is impossible to fll all the available
openiugs between ears on an expressway
unless there are suitable acceleration
areas where merging ean be performed.
Hence the volume of traffic that can enter
from a ramp will seldom cqual the
amount by which the capacity of the
expressway exceeds the vohune of traffie
on the expressway ahead of the ramp.

5. Where points of aecess and egress to and
from the expressway are closely spaced, the
resulting interchange of traffic between lancs
may cause certain lengths of the expressway
to fall within the category of weaving sections
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Figure 49.—Distribution of vehicles betiwceen traffic lanes on a four-lane expressway at
approach to ramp where heavy volume leaves the expresswuay to the right (hourly
traffic volume on expressway includes traffic leaving expressway at the ramp).

and in that way affect the capacity of the
expressway and the ramps.

6. In selecting the hour of peak traffic move-
ment, a knowledge of the distribution of
traffic between the ramp and the expressway
is of utmost importance. An hourly pattern
for traffic using a ramp is of little worth with-
out a similar pattern for the expressway or
other through street.

7. For exit ramps, the number ol vehicles
that can enter the ramp is affected by the
volume of through traflic using the right lane.
Many slow-moving passenger cars and most
commercial vehicles use this lane, thereby

Exit turn from an expressway at a grade separation.

oceupying spaces in the traffie stream that
otherwize might be utilized by vehicles desiring
to leave the expressway. For most installa-
tions, the volume of traflic using an exit ramp
cannot exceed 1,200 passenger cars less the
number of through vehicles occupying the lane
adjacent to the ramp. Proper use of signs
will aid greatly in minimizing the number of
vehicles that must be deducted from the ramp
capacity for this reason.

If an exit ramp is to accommodate more
than 1,200 passenger cars an hour, the con-
ditions enumerated under item 3 above must
he satisfied.

Two lines of traffic can enter a ramp

if they are in the two lanes of the expressway adjacent to the ramp, and if the drivers
in the second line can be sure that all vehicles in the firat line are destined for the ramp.
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Part VIIL.—Relating Hourly Capacities to Annual Average Volumes

Introduction

Throughout the foregoing discussion of high-
way capacities, traffic volumes have heen ex-
pressed in terms of vehicles per hour. This time
period was selected by the Commitice because
periods of congestion or heavy traffic move-
ment ususlly are of relatively short duration,
occupying only a small portion of the day.
An hour is the shortesi period of time that
conforms to current traffic counting practices
although it is realized that, under certain
conditions, counts for even shorter periods
might be desirable.

When trying to apply the hourly capacities
to the solution of praectical problems, the
engineer often finds that complete and de-
tailed hourly volume data are not availabla for
the facility under consideration. Sometimes
the only traffic inforination at hand is the
annual average 24-hour volume, based either
on & few counts scheduled throughout the
year or estimated from counts made at nearby
locations. TIn other instances, the only traffic
volume information availablo may be a count
for a single day, counts for a few seattersd days
during the year, or, as oftentiwes oceurs,
counts for periods shorter than 24 hours.
Although the cost of obtaining comprehensive
trafBc data is relatively inexpensive, in com-
parigon with the cost of any extensive im-
provement, it Is oftentimes mnecessary to
make use of very meager data in the solution
of problems involving highway capacity. In
such cases, a method for adjusting the avail-
able counts (o obiain (he needed hourly
capacities becomes a matler of paramount
importance, and a clear understanding of the
variations which may be expected in the
traffic load is necessary.

Without this knowledge, the application of
traffic-count data to the planning and design
of new facilities or to the proper operation of
existing facilities cannat be completely sue-
cessful. It is the purpose of this chapter to
supply information regarding these questions,
which are so directly related to highway
capacity angd necessary for the proper use of
the capacity data.

Relation of Annual Average Volume
to Capacity

The most common measure used in report-
ing the traffic on a highway is the annusal
average daily traffic volume. Although such
a figure is of value for many purposes, such as
determining the type of surface that should be
provided and in computing the total earnings
derived from gasoline taxes by travel on the
highway, it is not a direct measure of the
number of needed traffic lanes or of other
geometric features of the highway necessary
to serve adequately the drivers using the
highway.
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and Peak Flows

Proper use of signs plays an. important part in preventing or alleviating congestion.

Days during which the actual volume cor-
responds to the average day of the year oceur
much less frequently than is commoniy sup-
posed. A study of 48 selected rural highway
locations in 45 States shows that the traffic

“volume representing the annual average daily

volume i3 exceeded during 160 days of the
365 days in a year at the average location.
At some locations, the average daily volume
was exceeded on as few as 70 days a year and
at other locations it was exceeded on as many
as 228 days during a year.

It is therefore evident that facilities planned
to accommodate only the traffic of an average
day will be definitely overtaxed for a con-
giderable portion of the year. In fact, at the
average rural location the volume on certain
days will be more than double the annual
average. The practice of expressing capacities
of various facilities in terms of average daily
trafic without considering the variation in
trafic flow and the relation between the
average daily volumes and the peak hourly
volumes has coniributed in a large measure
to the misunderstanding and lack of agree-
ment regarding highway capacities.

Selection of Required Hourly Capaci-
ties From Continuous Counts

Closely related to the fluetuation in traffic
flow during the various hours of the day, days
of the week, and seasons of the year, is the
selection of the specific hourly volume that
should be used for design purposes or as the
reasonable volume which an existing street or
highway facility should be expected to accom-
madate. It is for these purposes that the
time period of 1 hour assumes primary
importance.

If a roadway facility is to be so designed that
trafic will be properly served, consideration
must be given (o the brief but frequently

repeated rush-hour periods. It is neither
wise nor economical, however, to provide for
the extreme hourly volumes of traffic that may
occur but a few times during a year. The
law of diminishing returns must be applied
to fix the highest hourly velume which will
justify the necessary expendilure of funds to
provide the added capacity.

When hourly traffic counts for a full year
are available for a highway under considera-
tion, it is possible to show the yearly traffic
pattern by arranging the hourly volumes in
descending order of their magnitude. Such a
table or graph greatly simplifies the problem of
selecting the minimum hourly capacity which
will adequately serve present traffic for the
particular highway, or a future traffic demand
as based on an assumed or estimated percent~
age jncrease.

An example of how yearly traffic patterns
can be used to select the minimum hour)y
capacity which will adequately serve the
traffic presently using the highway is presented
in table 2], This table shows the yearly
traffic patterns for two rural highwsay sections
in the same State, both having an annual
average volume of 3,000 vehicles per day.’
Data for Sunday and holiday traffic are
included in the table DBecause there is no
sound basis for any assumption that there is
less need to provide adequate capacity for
peak hours on Sundays and holidays than on
weekdays.

Although both roads have the same annual
traffic volume, the peak hourly traffic volumes
on road B are much higher than those on road
A because of the greater seasonal and weekly
Aluctuation in traffic low. On road A, 1 per-
cent of the vehicles use the road when the
bourly traffic volume is 500 vehicles or more.
On road B, however, more than 20 percent of
the vehicles, or abovt 200,000 per year, are
traveling when the hourly traffic volume is
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Table 21.—Yearly traffic patterns for two rural highway sections on each of which the aver- capacity of the lait-er road is 1,000 vehicles
age annual daily traffic is 3,000 vehicles ; Ly i
per hour. In hoth cases the practical capacity >

i
| | S oad B would he exceeded during about 30 hours of
ek ’ 2 the year and about 3 percent of the total
Pereentage i T ’
fourte | At BOWY | soumberaf | Perontage | scycipo of | Fercentage traf!ic using .each road during ifhe year: would
¥ | volumeis WIS | of toral ve- |\ TOU L of total ve- be inconvenienced by congestion during the
traffic of aversge 110UTS AUTINE pi Chcing (onrs dUring| piolSucing N
volume {5 honr vol- | }Ygﬁr]“'t\l%‘ road when i )Y e:\r]whcrlx ro&db\vken 30 hours.
rly vol i nrly vol- % A
[ ey hg\lﬂ)“) Yo T hoturly sok The yearly traffic patterns alzo show that
| | evoeeded | ovcecded  eXORdEd | oxpeeded relatively few drivers would he benefited hy
l‘ | = i - roadways of higher practical capacities than
3000 ¢ 1000 0 0 i 0 0 i i :
1o | g o H ‘ 0 9 th?se, and an mc{easmgly.lmge percentage of
1,200 40.0 0 0 { 5 0.69 drivers would be inconvenienced by roadways
i 36.7 { N . . . e
L& ! 34 1 0 }I i Eo with only slightly lower practical capacities.
wn 30.0 0 0 62 5.88 : inarily i
a0 i 26 t he 8 ] e 9 ] Or(llnarl}) the fore'gomg procedgre can be
700 | 2.3 1 006 163 12.43 lollowed in the selection of a practical hourly ‘
) 2 5 1 206 5. 6 . . . 2
% g ?2);7) l?i'; i% i §8ﬂ 12323 capacity for an estimated future increase in
400 | 3. 60! 430 25,67 ; 2 o i ; g
200 | i e 2% | s Fou traffic by 1nere1:\ changing the hourly traffie
'Imo | 5; ‘g) 39" stod 1w 50. 05 volumes shown in the first column of table 21
02 | 0 Y 7},3 1%',5(1) §. 1L iy % by the same percentage as the estimated in-
' : - crease in the annual volume. Hourly volumes
increase in about the same ratio as do average
. ! g - z aily volumes on any roadway.
500 vehicles or more; and over 8 percent, or Thus, if the practical capacity of road A is daily 4 ¥

about 80,000 per year, are traveling when the only 450 vehicles per hour it will be no more

hourly traffic volume is 800 or more vehicles, congested than will road B if the practical Determining Required Hourly Ca-

pacity from Annual Volume

Z 3 . - a N - » .
Table 22.—Variations in tMﬁwﬂou}:gni;n‘gLZ;)‘;Z::::rh(;ﬁ'r:;uys averaged for the various censns The preceding discussion and table 21 illus-
. ' trate the wide difference that might exist in
. the peak hourly traffic lows on two highways
FE-Hour soliirds Percentage of average 24-hour volume in o fic ve d
certain hourly volurnes during veur having the same annuval traffic volues, an
¥ S the resulting difference in hourly capacities of
Loea- | 1;32%‘;?*55 of two highways necessary to provide approxi-
Census region tions R 5 P rie q W
| (B Maxic | Tenth rc;:f}.: :lth:;l Fiftieth nmte‘l)t the same traffic service under the two
328 OF | s | Tenth "’:“”? highest | piohosi | highese | Dighest conditions.
peor mum | highes: | L hour | “hour | hour | Bour As an aid in relating the apnual traffic
bours | hours | volumes to the peak hourly flows, the results
= : = e ] of an analysis of traflic count data for
\ Vebicles | Percent | Percent | Percent | Pevcent | Percent | Percent | Percent 171 stations in 48 States are summarized in
New Englaod_....o.o.o.. 17 3,657 | 368 | 2149 4.5 25,6 2.1 2.7 19. 6 et A p ks
Middle Atlaniic 222" 10 | 13,984 | 2414 | 102 | ote 17.2 16.0 15.2 14.2 table 22 and detailed in table 23. Tt is antici-
South Atlantic: o g
3’”.5'3 S ttion.. ”2 T 2492 ?03'2 },3,24 22‘1 Ty 15.5 H.s 13,8 pated tthat, _t]u}:{seh tab}iesﬂ will be of dvulutt:hfn
outh portion._. g 2, 598 61§ 1 158 | M.3 13,3 12.7 1.9 estimating peak hour ows on roads within
East North Central o2 2.864 | 263.7 | 2000 29.0 19.6 17.8 10.6 15.5 g pea y :
gcaL_NurQ'.’hCCenln]m]” Jom 3'% 250.6 | 178.6 20.4 13.0 16.7 15.7 .4 the area of influence of these stations, or
ast South Centval. o 1 , 4 L1872 151. 9 237 17.6 16,3 | 15.6 14.3 imi iti i
West South Centre u |2 [ e | wos | omt (3.9 129 123 1.5 where similar conditions exist, when only the
Mountain. ... = 36 1. 940 216, 1 165. 9 2.7 16.0 14.6 13.9 12.8 annual traffic volumes are known.
PRCIAC . oaossaeeaaeecae| 113 2,975 | 22005 | 167.4 MY 16.7 15.0 14,2 [ENT 7
< G A2 i = Figure 50 shows the average yearly trafiic
Totalooooovioeneooo| 167 810 - TS A0 | [ 2418 %8 | ded 15.3 4.1 pattern for these 171 rural highway locations

and an indication of the range in peak flows

1 Does not inelude four stations in California where truaffie is highlye geasenal and not representative of most rouds in the . :
> i g that oceur at different locations. On a road

State,

Table 23, —Variations in traffic flow on main rural highways

[
" Percentage of average 24-hour volnme in certain hourly
i )
24:-hour volumes volumes during year
Region and State Reﬁg;\dgl{‘;t.r Rﬁgf& Year starting ‘ Pora.nmgcil UTEINZS
Average .| Maximum [10th highest|20th highesti30th highest|50th higliest
for year hour bour our hour hour
Maximum 0th highest -
24 hours 24 hourg
NEeW ENGLAND: Vehicles Percend Percent Percent Percend Percent Pereent Pereend
6—};’1? ......... ! } Mmél 31, 1939 6, 813 287.7 244.3 20.7 25. 2 23.4 22.0
e 7- Y [ L [ 6,811 2497.2 221.4 .7 21.7 19.6 18.5 7.5
Connectiont.. oo T do .| 13624 2925 227.9 257 212 19.2 18.6 .7
......... §|.....do_____.. 8,313 156.3 136.8 13.3 12.0 1.5 1.2 10.8
__________ 27 | Dee, 15, 1940 1,347 310.2 240. 9 39.8 2.6 25.8 24.3 22.0
AMAME o W2 1 | Feb. 3, 1938 1,287 274.1 283, 4 22.4 19.8 18.8 7.9 17.1
= B 1| Jan. 11,1940 1, 248 274.3 1.6 24.0 .6 19.5 18.7 17.6
17 Voo O s 436 354.8 183, 8 39.4 21.6 19,5 18.1 16.7
1| Apr. 30,1938 7,363 2R8. 2 246, 9 24.6 22,2 20.7 10.9 18.2
Massachusetts . ___________ 10 | Jaly 21,1938 8,476 218.7 189,0 18.8 16.8 16.3 15.8 15.0
. B | Jan. 1, 3.071 205, 4 160. 6 20.3 20.7 17. 4 16.3 14.6
g JM&S' l;l. llgig ‘i’» 233 263.3 lg&g 2.5 2.6 18.; :};g lzgg
s 0 an , , 41 517.2 277, 55.2 43.0 37, 3 2.
New Hampshire. ... 3 | Sepl. 18, 1387 1,360 ! 647.6 279.9 0. 4 4S. 4 38,7 341 28.9
7104 | Oct. 22,1939 B35 208.1 227.1 34,7 25.4 2.7 22.8 20.9
5 2 l«; Jan 1, 1940 4.809 197, 2 ]ﬂﬁ.g 26.-; 21.3 18.6 115{5 16.6
..... (2 YR 2,155 452. ¢ 203, 57. 41.6 37.1 .0 30.0
Rbode Island........cn.o. 1 [ June 410387 1o 46,8 280 &3 FER 379 342 314
7102 ) Jan. 1, 1940 330 240.9 215.2 82.7 27.6 [ 26.1 248 22,7

See footnoles at end of fable, p. 271.
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Table 23.—Vuriations in treffic flow on main rural highways—Continued
T
24-hour volinmes i Peroentage of average 24-hour volnme In certain honrly
| volumnes during year
: - Recorder sta- | Roude | v o - Pereen'age of average
Region and State tion No. Ne. | Year starting in— . 10th highest|20th highest!390h highest|50th highest
! Average |_ _ Maximum hour hour hour hour
for year I bour ’
: Maximum !10th highest, {
24 hours 24 hours }
NEW EXGLAND—Continuer Vehicles | Pereent | Perernt Dereent Percont Percent Persent | Pereent
25 Jan. 1194 1,888 85 196. 1 ROW | S 16.9 | 16.2
v, ( 2 | Nov. 28, 1936 1,614 219 3.3 2.3 8.0
RO omcasssmanazay 234 [ Jan, 1141 1146 104, & 421 19,0 17.6
7| Mar. 2,190 352 0. 1 09.9 37.2 20.3
MIDDLE ATIANTIC
1.\‘}1 __________ 25 [ Jan. 11941 32.100 130. 6 .2 .5 9.2 [
New Topsey (Bssex County' [1SB .. . ... 29 ¢ o ok < 1378 13.3 1.9 10, ! !
[N and &R 20 A Ll 131.6 1.2 B3 | 8.8 :
XD 351 dol e 162.3 2.7 19.7 18.0
New Jersey (Edison Bridge:. (18R .. i 45 adn . 2153 6.0 24,7 PAR
INB ana sn’ 21,6 2.0 1.2 5.4
\B o 181, 4 30.1 15.9 8.4
Nrw Jersey (Woodbridge) .- 255.3 41. 5 21.7 18.9
211.5 26,8 15.9 13.6
255.) 211 18.3 17.8
o g 1387 16,4 1.1 0.5 .
N oW NIOTR e wrcscmin mwirmimiicasiosia 211. 6 27.2 JEX) 17.4 H
165, & 80, 7 16.0 4.4
N2.7 23.9 Iﬁ.g 15.3 ?
Ao b AW, 6 28. 1 16, 14.9
Pennsylvania. . ... ..._...... 141, 6 18.7 12,7 - 12,1 Ll
203. 7 27.8 JR.3 ¢ 171
SovrTu AtLaxmic (North Hor i
tion): ' :
13 | June #1941 .3:14.9 5, 0 gi '12‘"5 § f:g
o B _.do ... 5.5 1 ; -9 &
Delaware. ... TS I 254.2 5 R 91 16,9
13 [ May  1.194] 2].3 .4 17.7 121 (1.3°
40 | Jan, 22,1938 070 a 2.3 15.5 14.4
AN oy ssaeman o5 1| Jan. 11940 215.5 ¢ .8 27.3 17.6 15.2
40 | Apr. 23,1937 3,000 225.5 i i3 3.5 15.4 .7
(| June 26,1987 | 6.pK N6.a 5 20 4 149 | 17.9
Virgiwia. . _________..__... 1| May 5 1940 A 204.2 .7 7.3 14.3 13.5
58| Jano 31,1038 151.2 LTt 13.% i Ji.6 1.0
) Dor.  R,1030 1305 0 12,5 ! W5 10.2 1
West, Virginia.. .. 216 f Jane 4, 1939 16y 9 17.6 ! 4.4 13.7
22 Yan. 1, 1940 0347 .3 2.5 | ¢ 17.1 15.7
SorTir ATLANTIC (Sout! por- . . H
tion): ; i i i
an o dan, 1.194) 3. 646 7.3 1301 12.3 | 1.9 A 10,4 0.3
Florida 90 1 Muy 15,1937 3,305 144.2 119.7 4.0 10.8 .30 Y. R .2
R R S R 41 [ Jam,  ).1038 1, 88K 147.3 | TRV 13,8 e 1.2 10,8 10. 4
90 | Ny, 27,1937 740 144.2 125. 6 24. 4 13.0 |2.3| 1.2 0.3
) 20 | Jan, 11940 4307 154, & 140, 4 7 15.6 W7 4.1 13.3
GOOTRIn ..o 41 [ Jan.  1,1989 4,238 4.0 126.7 14.2 2.7 1.2 . 1.5 103
84 f32 1506 135.9 20.9 15.0 ¢ 18:8: ] 12,2 1.4
3 20 4,260 174.4 1855 25,0 18.% | 4.5 13.9 12,6
North Carolina____.________| 19 3, 34) 163.2 il 2 16. 15.2 13.9 | 13.2 12.4
154 L Jan. 1,1941 1414 218, R 157. 6 20,6 1.1 15.0 1 15. 4 .6
29 [ Fob, 20,1037 3.936 N 133.4 15.9 15.0 A 13.9 13.0
South Carolo: . __ 13 Jun. 11840 3.968 1747 147.2 20.4 U 14.0 13.4 12.9
. 15 | Dec. 4,1937 1,543 151.3 169.6 ! 16.9 13.4 12.4 1.9 1.2
Exst Norta CENTRAL: :
. 45 | Sept. 27,1036 4.057 LT 697 31.8 L6 .1 27.1 209
Minoly e cceeeias 66 | Jan. 24,1937 3.937 233, 2 5.3 25,0 23| 16,4 15,1 13.8
50 | Tec. 18,1937 3,210 170.9 120, 4 15.9 M 3.1 12.5 1.3
20 | Ang. 23, 1937 3, 450 226, 8 1355 26,8 8.3 7.2 16, 18.7
1 Dee, 2101040 3,108 24,2 186. 2 17.6 Ad 14.2 13.4 12.3
Indiama. oo 40 | Jan, 15,1938 3,125 2339 161, 43.2 .9 13,9 12,8 2.4
52 | July  3.1937 3,07t LT 170.0 43.2 .3 15.5 144 13.8
31 | Jan, 14,1938 2,208 213. & 165, 9 20. 4 %] 18,4 .ot 12.1
o ) Ry 27 | Oct.  2,1937 3, (51 235,13 200.6 54.9 . 7 17.2 16, 3 15.3
Michican_ IS 23 | Jan, 1. t9d) 1. 53 436.0 246, 8 6.4 3.3 26.0 24.3 2.0
7 : 231 Jan. 1,193 1, 20 300. 4 207, 5 4.8 2 20,2 24.8 0.5
) . 25  Feb, 18,1939 3,928 213.7 1559 23.1 53 138 3.3 12.5
Obio__..co._. ... 9. 42§ Apr. 12,1039 3,645 244 158, 5 21,2 o7 13,4 131 12.4
. 75 1 June 25,1634 1,055 18). 6 .2 19.9 . & 15.4 14.3 3.4
c41 0 Jan. 81638 | 5874 05,9 2 291 | 1.9 18 | i3
141 2,817 U5 6 8 43.7 7 25.6 22,9 2
2 2.R87 L6 20, 3 Pty | =4 17.8 6,4 3
¢ 3,921 [CTRY 0 2.4 2.4 A5 18.9 b0
2 4,850 B2 6 .8 26.0 1 A 211 }Jg 1 !.
Ea— p Nl .0 .5 7.2 5, 6
\Wiseonsin 5 o gl 3 ! 8.0 ‘3
¥ i3. 8 4.4 7ol 4 15.1 13.2 .4
| 24,5 | 18.4 16.7 | 5.5
3 M5 0.9 19.4 15,0 0
‘) i 2.3 9.8 18,0 153 | 3
B P P&R T 40. 8 .4 26,2 23.4 .2
WEgT Nowny CEXTRAL: '
; 157. 4 26,7 16,6 ; .9 14.2 3.2
Towa ... E 154, 2 1801 40 3 13.4 3
1 184.3 ! 256 5.8 | L7 4.4 LR
) . 1438 ]55.0| 49 A 3 2.6 12.4 K0
Kavisis ... 508 1538 (46,2 | 1 3l .2 12.2 .5
‘ Bt 147.7 | W87 20 2.0 N7 2
. 2(2 ° Mar, 20,1987 9.1 22.9 9.7 Tz 17.8 )
Minneseta. 1N | Sept. 11,1937 262 337 ! 7.0 19.7 | A
52, July 3,037 183, 0 ! 4.9 | 2.2 2 17,4, 50
. 6 Tan, 23,198y 574 2.4 VL . 2.4 4
e (L) (R 69 1 Jan.  1.1930 1654 1 2.9 | L1 K 143 17
5 July 17,1937 255 ) ! L3 B 3.3 | 201 ¥
) e G Jan, K 1038 6.8 | 48.8 0| 0] 14.9 : 5.9
Nk o e 4 77 | June 15, 1041 IR % & ‘ e i 2
. 30 i Jan.  8.195% { ! 16.9 3.8 3.3 H 2.6
. ! 10 ¢ Jan, 11040 | 0.1 1 3 S | 8
North Dukota oz 210 Feh. 11939 244 9.1 4| 0
Hi0a P20 oot 18y 234 | 8 i’ 2
771 Jan. 1,1990 21.8 | 3. 5 8 2
South Duketa ... __.° 14 | May 15,1937 4.4 | .2 % 2
! 18 1 Dee, 31,1039 P 14.4 .4 1.9
See footnotex al end of ladble, p. 71,
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Table 23.—Variations in traffic flow on main rural highicays—Continued

T

P

v |
{ \ 24-hour volumes | Percentage of average 24-hour volume in cereain hourly
} volumes duriig vear
: | i i !
. o Reoorder sta- | Ronte | .. : ‘ereentnge of average i H
Region and State on N s No. | Year starting oyoen }( s i ' ! | |
CAverage | oo Maximnm [106h highest.20th highesz 20th highest 50th highest
- for yoar | i ; { Iour hour honyr | hour honr
i Maximurm [10¢h highest | ;
l 24 honrs | 24 hours i i :
—_— ——— —— —— s |t sy < - .—,._I
EasT Sovril CENTRAL: l [ Viekicles Perceut Percent Percent Percent Percent. ‘ Percent Percent
It Jan. 11840 | 5 TIB 159.0 147.8 18.9 16.7 16, 1 15.4 14.3
Alabama_ .. ... TR | Dec. 231937 1,073 204. 1 155. 6 27.0 19.6 18.6 ! 17.9 6.7
72 [ Jan. 1,1439 521 151, 4 134 & 9.7 17,5 15.4 14,4 13.7
321W | Jan. 1, 1941 7,087 1. 144, 7 16,6 15.9 (5 4.6 14,6
Neatueky .. o .oo.o..o.... 40 | Dee. 29,1840 2,084 | 1 143.3 2.8 (3.6 12.4 | 12.2 0.6
23 | AMay 4, 1041 1.3 i 1. 7 HLS 16.3 .G 13.5 12.6 n7
_ AL Janl L1940 1,871 114.6 124 9 1 17.0 (.3 125 § 12,0 | s
Mississipyie. oo oooocei. i 1,671 ; 177.4 1281 22.9 16,4 5.1, .0 12.7
1,617 | 1651 1500 2. 179 16.3 15,0 138
3,425 42,1 135.5 17.8 14.7 13.7 131 12,5
Tennesste . ... 410.4 274.3 4.1 38.5 3.9 30.6 2.8
o 170.8 1.3 19,1 15.4 14.0 14.4 13.0
WEST SOUTIL CENTRAL: 159.7 MLG 12,4 1.0 10.7 10.5 % 10.0
vl 148,38 133. 6 13.7 1.4 (1.1 0.7 10.3
APKBRSAS. . ooooeeinaen 143. 4 193 1 154 12.3 121 174 10.7
305, 5 1727 31.8 3.5 18,9 18.0 ] 15. 4
143. 1 125.6 5.4 n.5 1.1 10.6 10.0
Louisiana, ___._.__..._____._ 159,46 1245 16.0 13. 4 (2.0 (.6 1.0
130, 0 7.5 14,8 12,0 1.4 1n.o! .8
170.9 126, 9 16,0 2.3 1.9 1125 0.5
Oklahoma__._..._......._. 259.0 180. 3 19,0 16,7 15,9 15,3 ¢ IEN)
3 l 196, ¢ 156. 1 16,6 4.8 13,0 125 | 1.8
&0 | July 7.1939 1541 | 133, 3 172 13.4 12.4 12,0 | L5
77 | Janl 11040 181, 2 145.9 19.4 4.6 133 129 12.0
TR oo 77| Jan. 1,18 1506 ! 143.5 16,6 .2 13,3 12. % 12,0
80 | Dre. 19,1636 | 1i3. 6 140. 0 18,6 13.9 129 .3 1.5
g1 | Mar. 20, 14937 | 177.9 135. ¢ 24.3 14.3 12.9 12.3 1.3
MOUKTAIN: |
Jan. 1,141 0 8 757 157. 4 | 16.3 12.2 1.7 1.2 10.5
Kb July .98 ¢ 7,174 1721 i 2.9 13.0 31,9 1L 5 10,4
.................... ;;m» w :g;;g 743 177.1 | 15.8 12.4 11.2 10.7 10.0
an., 1,154 177.9 14, t 1LY 11.3 10.9 10.4
b June 25,1938 138,13 .1 12,4 1.7 1.1 10.5
3 Feb, 27,1037 | 4,434 2144 21,9 6.0 15.0 4.3 13. 4
g Colorade. .o Jan. L1940 1, 250 | 327.9 46.0 18.1 4.7 W5 12.4
: Jan. 11081 | 1,224 319.9 46,1 17.4 15.9 1.6 12,4
_____ (L[ e g 202, & 216 16.3 4.6 142 13,4
Apr.  3,1087 5 156.2 15.8 13,9 13.) 12.8 )21
TR0 S ratis Sod e .J:m.l 1,1938 ;4:3_3 36.6 ;%)g 132 ‘z}g {3:
_____ da..c.nse NRY 17.0 2. 11, = . 6
Dec. 31939 2134 18.4 13.7 12.9 12.4 1.6
b5 0 INE )7 JOm ﬁ w.'n‘; 232, & 19.0 17.4 ls.g 14.5 }?g
: uhe 30, 1939 495 24). 2 36, 20 18 1.0 6.2
z Jon. L1401 1752 2491 19,? 16,2 13.8 1.4 10.7
£ Nevada —.oov.ooonn ceaoo. Nov, 6.1987 | 1,469 165.2 .5 | 15.7 12.8 194 11,0
: Juns 5, 1937 | 755 27.9 183 | 14.4 13.6 141 12,2
5 50 San. L1000 | 3,375 17,7 15.2 1.7 13.2 12. % 12.4
Al i 2,185 187.0 15.1 1.4 1.2 10.6 10.3
), 804 165. 2 18.6 12,8 11,9 1.6 (1.3
1,674 104.5 18,9 15. | 1.8 13.7 12.7
1, 41 179.6 20.7 11,8 IL4 1. ( 0.3
. 1, 456 101.7 15.7 13.7 12.7 12,5 1.9
New Mexieo-..our vaweno. . 1, 301 201.7 2.4 )3.¢ 1.2 12.9 1.9
1,34 | 2.7 19.5 12.8 12.8 12,3 11.6
1216 28,3 8.0 17,2 16.0 140 13.7
1,059 192.8 2.0 1.8 3.9 1,2 12.7
L b 1,163 148.8 23,0 13.7 12.9 12. 4 1%
ENET T T i 246 29,6 28.9 19.2 18.0 16. A 15.8
Jan. 8, 1448 751 LS 30.5 2.4 17.0 10. 4 14.%
Jan. 11941 4,422 315 17,7 15. 4 4.5 14,2 13.4
July 10, 1637 2,443 240, § 20.9 16,8 15.1 14, 4 3.7
Gtah Jan. 11941 S I 355.0 29.2 20.4 23.1 21. 0 19.6
Nov, 14,1637 1,766 301, 1 1.3 29,0 26.2 25.4 .8
Jan. (194 833 2A8. 8 31.0 15,8 14.2 13.6 12.5
A Tl B L 357 234, 3 27,8 19.7 18.9 17.7 6.7
1,647 | 233.3 31.8 17.7 15,6 15.8 i
1,163 1,257 234, 4 26.6 18.8 17. 1 16. 4
3 + 1. 1040 1,651 160.3 ¢ 20.8 15.4 | 15.0 14.5 ¢
WYOMING. oo . T.1841 1. 475 A6, 7 f 2.1 13.3 § 1.8 1.0
May 191939 | 10200 232 54.7 15,0 ¢ e 3.1
Jan. 11941 1. 365 20.7 | 10.8 16,7 15,1 13.8
S [ 885 | 256.5 | 0.8 Gk n.1 20,2
PiaFic | ¥
S 1 0701 140.3 | 17.1 3.7 12.& 12,2
L July 10,1937 1972 154.9 13.9 15.% 13.5 12.4
jJan. 114U 254.0 | 2300 2.6 0.7 23,8 .4
TGS 21.4 | 164, R 17.8 14.3 12.9 12,)
Feb, 20, 1037 173.5 § 147.5 12.8 1.4 10.6 10,3
o | Jan. 11,1041 | 4350 ! 333.4 M2 30.2 4 3.5 423
(8 2 1I(1) ¢ 1) o RN, | do. .. i 171.5 152. 4 6.3 14.4 & 13.3 12.2
_do ' 3008 103.4 | 2.3 19.9 174 16.6
B [ 161, 136.9 | 157 11.9 1.2 0.8
Aqg, 6,1939 | 158, 7 1204 544 12,5 1.4 1.] !
| Jan. 1100 | 159.0 R 5 ] 30,3 148 | 13,1 125 i
: i A0 e d 201, 1 80 10, 4 33.4 | 2,0 2.5
: J e ' LD | .5 0.0 5.5 | 339 50.6
: sl .8 4ok 219 | 17.3 15,2 14,5
! O e M 11920 | (2 | X | 2.4 | 157 | i 1.9 f
: 27,1937 .4 Al 0,2 17.6 18.6 54
1. 1840 .81 7.0 | 244 | 1%.4 | 16.3 14.9
g ¢ 1 i1 ! T a 5 | 194 | 167 | 14.3 13-4
: 90 | Dee, 11,1937 ¢ ] 3! 2.7 ! 19.3 | 188 15.6 |
i Wishington. ... ... .. 1?)? PN' f? 1437 | 8 I N7 Y | ;;s.4 2009 § 19.3 125 [
Sept, 11,1947 i 5 W74 2.3 20 10.0 | 1.8
(0 Apr. 10,197 | TS i 153 | 13.6 | 131 126 ﬁ
i 1 H

L M errigt Parkway,

2 State routes.  Others are U S numbered routes,

3 Coumty trnnk highway,

¢« Tralhic highly seasonal and not representative of most roads in the State.  Not ineluded in regional avarages,

e e
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GREATER THAN THAT SHOWN

Figure 50.—Relation between peak hourly flows and annual average daily troffic on rural
highicays.

with the average fluctuation in traffic flow,
the peak hourly volume is about 25 percent
of the annual average daily volume. At 15
percent of the locations, however, the peak
hourly volume during 1 year exceeded 32 per-
cent of the average daily volume, whereas at
another 15 percent of the locations the peak
hourly volume was less thau 16 percent of
the average daijly volume. At all locations,
tbere are relatively few hours during the year
when the traffic volume greatly exceeds the
volume that oceurs frequently or for a large
number of hours each year. This would be
more evident were the curves in figure 50
extended to include the 8,760 hours of a full
vear, in which case they would reach or
approach the zero base line at a distance to
the right equivalent to about 51 times the
width of the chart.

Thirtieth Highest Hour a Practical
Criterion of Needed Capacity

The relation between the peak hourly Aows
and the annual average daily traffic on rural
highways, as shown by figure 50, serves as a
guide when selecting a reasonable hourly vol-
ume for the Qesign of a highway. Looking
first at the curve showing the traffic Auectua~-

272

tion on the average rural road, it will be seen
that the peak hour of the vear will require a
roadscay having over twice the capacity that
would be necessary if some degree of conges-

tion could be tolerated during 130 hours of the

vear. To illustrate, consider a proposed high-
way for which an annual average daily volume
of 4,200 vehicles is anticipated. To provide
for the highest hourly volume during the year
would require a capacity equal to 25 percent
of 4,200, or 1,050 vehicles per hour, A facility
capable of accomiodating the traffic during
all except the 130 highest hours of the year
would require a capacity of only about 500
vehicles per hour.

During the highest 130 hours of the year,
however, a very large number of drivers would
be inconvenienced by congestion if the prac-
tical capacity were only 500 vehicles per hour.
By planuing-for the volume during the 120th
highest hour instead of the 130th, the change
in the required derign would be inconsequen-
tial because the difference in the two hourly
volumes is negligible. Continuing with this
procedure, it will be found that at about (he
thirtieth highest hour, the slope of the curve
changes rapidly, and it is at this point that the
ratio of benefit to expenditure is near the maxi-
mum.

Providing for an hourly (raffic volume that is
not exceeded at least 30 times a year will
show an extremely small return in terms of
driver benefit, whereas little will ususlly be
saved in the conslruction cost and a gresat
deal lost in driver benefit if provision is not
made for the fiftieth highest hourly traffic
volume of the year. It is for this reason that
a design which will accommodate the fifiieth
highest hourly traffic volume of the year can
asually be justified, whereas a design to
accommodate a iraffic volume greater than
that occurring during the (birtieth highest
hour is generally not warranted.

Sinece this analysis is based on the average
fluctuation in traffic volume for many high-
ways, the results are not necessarily applica-
ble to every location. However, by following
a similar approach for the locations with high
and low fluctuations in traffic flow, as repre-
sented by lhe upper and lower curves of
figure 50, it can be shown that for these cases,
and hence for most cases, the thirtieth
highest hourly volume for the year is generally
a reliable criterion of the needed capacitly for
which it is most praclical to design. This
eriterion was recently adopted by the Ameri-
can Associstion of State Highway Officials as
a design policy for the National System of
Interstate Highways.

The strict adherence fo the application of
this criterion, however, will not always result
in the best engineering practice. There are
numerous specific locations where a design to
acconmnodate some hourly volume other than
the thirtieth highest of the year would be
proper. For this reason, and hecause ade-
quate traffic counts on which to base the
design of a project are relatively inexpensive
compared with the cost of construction, the
results of a continuous hourly traffic count
for a full year should be available for loca-
tions at or near each place where a major
consfruclion or reconstrucfion project is
contemplated.

By considering the shape of the wvearly
traffic pattern—the curve found by arranging
all the hourly volumes of one year in descend-
ing order of their magnitude—the mniost
feasible hourly volume that should be used
for design purposes can be determined.

In eonnection with the selection of the
design volume, future increases in the traffic
volume due to the normal increase in travel
and induced traffic due to the improvement
of a facility must be conzidered, together with
the cstiimated life of the contemplated con-
struction and the traffic capacities of the
various possible designs. If, for exanple, the
thirtieth highest hourly volume in 20 years
would require a four-lane highway, whereas
the fiftieth highest volume would only require
a two-lane highway, it would be maost practical
to provide the two-lane highway using the
fiftietfy highest hourly volume for design pur-
poses. If, however, a four-lane highway
would be needed within 10 vears, it may still
be most feasible to construet only a two-lane
road at the present time and make the neces-
sary provision o that the two additional lanes
can be constructed for a reasonable cost at
some futurc date. In this case, the alinement
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The consistency of the thirtieth highest hour
as a part of the yearly traffic pattern is shown
| by figure 52. Data for two different years at
| 24 rural highway locations were summarized,
| L-AVERAGE 15.3 with the thirtieth highest hour expressed as a
| percentage of the annual average 24-hour
| traffic volume. From this illustration it is
immediately evident that the many factors
which operate to influence traffic at a particu-
lar location do wnot materially change the
| thirtieth highest hour percentage. For exam-
ple, locations 1 and 2 maintain their unusually
high percentages despite the passage of 2 and
3 years, respectively. At location number 10
with a 39-percent increase in annual traffic over
a 4-year period, the traffic volume in the
thirticth highest hour, expressed as a percent-
age of average daily traffic, changed from 18.0
to 16.2 percent. The comparison is just as
favorable for lightly as for heavily traveled
roads, as will he seen by noting the relative
TR GO o S ' |'s e o8 o g Tog o 38 36 360 heights ofthe two bars for location 8 and tln?se

TRAFFIC VOLUME DURING 30TH HIGHEST HOUR - PERGENTAGE OF AVERAGE DAILY TRAFFIC for location 20. In & few cases, average daily

trathc volumes have dropped, as at locations

Figure 51.—Distribntion of locations by percentage of average daily traffic during thirtieth 6, 12, and 16, but tbis has not resulted in any
highest hour of the year. very marked change in the percentages

(table 24) show that the thirtieth highest representative of the thirtieth highest hours.

L

n
(=]

m

=)

w
1

4

I

PERCENTAGE OF RURAL HIGHWAY LOCATIONS

). 9, 9.9.9.9

0

used might be such that the two-lane road h ) ? )
would adequately serve traffic for a period of  hourly volume on a perceniage basis changes ¥or all 23 locations combined, there is an
J0 years if in relatively flat terrain, whereas, very little from year to year. average difference of 1.1 percent between the

if the Toad was located in rough terrain it . st . = :
i 2 - Table 24—Comparison of variations in traffic flow at the same location for different years
might be more economical to build the two- 4 ffic f

lane road to the same alinement. as a four-lane g | 1 { ! Pl B el b
road (spending no funds to provide passing ' i 24-hour volmes cortain hourly volumes during year
sight distances) even though the four-lane : - I 1
construction might then be required in less g Recorder | pouce : ‘Qtfii‘;',}!?ﬁf  of 5
E State station 4 “ear storting ik 5 olle il
than 10 years. Pt | No. “pade ‘ Masi- | Tenth | TWeD- Thirtl- |piiiein
. . . | for | Maxi-|Tenth| P Dighest | highest | highest h‘hg(::ffl
Relation of Thirtieth Highest Hour ' yea. | pirin g HoSt hour | hour
to Annual Average Daily Traffic ‘ | hours | hours
et I, S
The range in the relation between the } ht—'}.«- Per- | Per- | Per~ | Per- Pn{- Per- Pu[-
— * icles | cent cenl cent cent cen cent cen
thirtieth highest hourly volume and the : June 41008 | 1,951 | 46,8 | 2580 | G3.3 | ‘4.8 s e B i
annual avorage daily volume at rural locations e \ Aoceois Jan, 1,1040 | 2156 (4629 | 26.9 | 32.2 | 4LG | 37.1| 34.0( 30.0
is s New H hire.; L 3 {Sem. 18,1937 | 1,360 | 647.6 | 279.9 | 0.4 | 48.4 | 387, 341f 280
is shown by figure 51. At nearly half of the New Hampshire.f 1o 3----.- jan. 1, 1943 1,410 gl)zg %7‘§, gs.g 23.9 }lzg i :32.3 27.;2
i irti ighes ; cia s an,  1,1920 | 1,200 | 300. 7. 4. a2t %2 208 | 2.8
locations, the thirtieth highest hour was be- Michigan._.._.... 678 A..... {J,_m‘ Loedt | 1A (360 208 | 304 B3| 20| 203 B0
tween 12 and 16 percent of the annval 24-hour Ctah 301 " {."\ov. 13, 1947 L. Al ‘.27:»0.0 ;g}z Bo| 2] B 22.4
: : : et il B iy Jan, 1, 2, 3 7T 5. 23.1 § L ’
average. In view of the emphasis which has A Fores s {Nm..‘ 28, 1035 "2&2 2766 | 2196 | 3.3 75;?, 2.0 22_3 1.0
i r Bépn vliced on 10 percent 88 & f o L iresos 12200 2\ Tan. L1940 | L 236.3 | (96.1 | 38.1[ 16 1.5 16.9| 16.2
previously besn placed on 10 porcent as L |2 Pt [Peb. 51008 | 1287 | 2741 | 2634 | 224 | 108| 1£3| 172.9| 171
peak-hour percentage, it is interesting to note kg nen | Aemgest et SRR Van., 11940 | L, 248 | 274.3 | 2816 | 240 | 20.6| 19.5| 187 17.6
g : i i ; | ;y, Ifran. s19e8 | 22667 | 2816 [200.3 [ 223 | w7 | 178! 164 153
that the thirtieth highest hour was under 10 Wisconsin._.._.. (BBl ranl 11041 | 8921 | 398 [ 217.0 | 304 23.4 | 205} 189 160
& : : n Jon. S1938 | 751 | 2415 | 165.8 | 30.51 204 17.0% 14| 4.8
percent at less than 2 percent of the locations New Mexico..... PR . {,_,_,L L1641 | 046 | 9.6 | 187.9 | 28| 2| 80| 166]| 158
and over 10 percent at 98 percent of the loca- W yoming 204 20 {;an. 3 11239 h 23; %; ;g-!? ft]ng }8-3 1 }g é’ {-:) 2
: P : SRS (e 2k il it iy an, 11,1941 , 0 43. g 3. T2 6 ¢
tions. Although it is true that on any single Dbl s (Nov. 1007 (4305 | ML W06 W] 10E1 1721 160 1LY
day the maximun bourly volome s Beely 1o | [ e B e e | e Rel gl i
be close to 10 percent of the traffic on that day, Washiington .| 4o-.oooe 9% yan " i) | 5520 | 2057 (1005 ) 1.6 | W7 | 43| 1341 126
4 Utal [ o {Tualy 37 20.9 | 1724 | .90 169 11| 1410 137
ihe use of a 10-percent value for design pur- tah, _oo...| 302, - Jan. : :mé 164. 4 LT IRd] M) 4.2 m,g
i i 252 (1670 | 2.4 157 48| 136 12
poses is sound only where there is an excep- Oregon \ : et el orel| 17| 12| 1Usl] 17
tionally low seasonal and day-io-day variation Colorado " 160 Jan,  1,1540 | 1,286 [ 327.9 [ 14L2 | 46.0 | 184 | W7 (L&) 124
OIOMARY s sy P M 00y, e LA | 319.8 | 160.0 | 461 | 47| 180 | 136 124
in traffic flow. 2t lise | w1y M9 3] B 124
ivelv iong 3 - 2.3 (1574 | 26,7 | 16 . 14.2| 1%.2
'Ox}ly at relatively few locations is the : aysliecs| ol 172 6ol el 137 |
thirtieth highest hourly volume an excep- l y oo | H00 }glzg 1&3;.3_) f“’ | {13 %gg {ég :;g K
2 5 e, Jan. 11 4,04 i 143. ¢ 0.6 3 & 2 5
tionally high percentage of the annual average Texas —oooome| doveeees { 1o *{J:m. LIML | 5180 [ 1812 | M5.9 | d8.4 | 146 133 120 120 |
: - N -
daily volume, as shown in figure 51 by the California. . .| V... 89..... {-{g}'}y 2%, L SARwIa PR 1e B3| 1551 1241 los ;
areas on the right which are ahove 20 percent. Wyoming 206 .. [0A0y 16,1008 }gog 2.2 | 167 | st7 (- 280 811 B1] 23 f
: ol e IR Y i (| R LTS ; gt il Jan, 1,1 L3756 | 218.7 | 152.7 ) v . i . |
It m)ght appear that these percentages are e — ] | 'w '{}uly 27,1030 | 7, ]é( ]Zg'i ];;{])‘f_; f_l)-zg }%g }}g “'g ]2'0
: ” i bar - b [ <oilJan. 101841 | 8757 | 167.4 | 130, 6. 2, g 1.2 | 10.5
teo high for use as desiyn eriteria and that G 5 I(Feb. 20,1937 | 2,981 | 1787 | 147.5 | 128 | 14| 10.6 | 10:3{ 60
they are probably too exceptional to be R R S0 dyan. 11941 ;30532 | 2004 | 164, e | 48| 129y w1l ...
- N : California. 5 s l{Amz 61030 | 144 | 18507 1 139.0 | Mg | 1250 14| min| 1006 f
repeated year by year at tho same locations. | ComB-.-.f 30 oe A R R S BTN S I 3 e
oo i jIMay 15,1087 | 3,365 | 141.2 | 119.7 4, 10. 0.3 U8 | 80
This is not the case, however, because the Florida__._...__. , |, | l{hn_ Y01 | 3640 | 1473 | 12 e | el s 08 1.3
results of a study of the yearly patterns for |
different years at a number of locationg I State routes. Others are U 8 numbered routes,
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years at the same location, ;
5 g ® PART 5 L DPercentage of average 24-hour volume in
The. f?cl lhgt there is this m?'snablllty in 2¢-hour volume ceriain honrly volumes duslog year
the thirtieth highest hour at a given location ey
adds greatly to its worth as a design criterion, ) Ty b Pereentage of
since with a given annual average daily vol- R it ety | yoorage { "o | Maxic | Tenn [TWenti4 Thirti-| Fifti
. 1 3 T i et 21l
ume for some future year obtained through for year Maxi '} Tenth: | Lol h}ﬁf;f;“ high- | high- | bigh-
forecasts, il is at once possible to compute mum 24 | highest st bour(est hour|est hour|
with considerable confidence the (raffic load honrs 12” oL
on the facility during the thirti i hour S i 7
acility d g rtieth l_“gheStl .O Vehicles | Percent | Percend IPcn:enl Percent| Percent) Percent: Percenld
of that future year. TFor example, if conditions Birmingham, Ala: Roebuck | A~0. ... G, 742 a3 1m2| 18 4.7 28] 0.9
indicate that a 20-percent rise in thie annual cl?ii;;‘;;) . ! | i
averags may be expec i vears, a similar Lril Erikson Dr... .. SRR | L) S 44,500 | 1379 1m0% 126 1L2) 10.7| 10.4] 0.1
CRRLL LAY, DeeX) cled in 10 years, & : il Michigan Ave.. ... ______. A-D | eous | 1319 | 1MRZ | 10.0 R0 %3 g2| 7.8
20-percent increase shonld be expected in the M?lllroe St..._ 312 | MO0 1241 IL5 9.6 9.2 B4 86
s . X i i & sl Ashland Blvd. 18,910 | 1200 | 146 | 0.4 9.4 9.6 951 0.3
tlkllll'l-leth hlg('illcst-} ]10\"‘, “l\ﬁ'/ 18, if H\;; f&(‘.l]lt) 1% Jackson B‘V%‘"i' | i_l— _______ :lm. 39 134, 3 ]2‘%; 1.3 10.2 ng ?.6 9.4
able to handle that mu traffic. it is not. Sacramento Bivd.. ... A-I___._ .. 3, 243 142,56 122, 13.5 12,3 11 (1,8 L6
& 4 ,L 1‘\1:. S i f it is not, Warren  and  Washingten I[ E ) 39, 374 136.4 123.8 12.9 12.1 n.a 10.3 9.9
scvere congestion ix apt to result and traffic Blvds, i ] .
will either use other routes or the drivers will Dzﬁkﬁq{ﬂcﬁlhr b I 5w ol o B ; s . e
be subject. ng delavs. o S Lol 10784 9.6, 1299 152 1.§| 1L3{ 1L.1| 10.6
* hJ 3 tol long (; .d Sixl.\ylo m}i_.d R e e 29 765 | }2“ :'»E,{ .1 Ia.a lg.s 071 94
the facility is alrea arti n d 14eh €4, at Edison. __. .. " ] 12,894 0.4 2.8 | 153, 1% 0 s !oas
4 e y partially congeste Albuquergque, N, Alex.: North j A~0 ... _. 3,378 173.7 146.2 6.2 137 13.2 125 | 12.4
during 30 hours of & year, a 20-percent 4th 5t | 1
a ’ . SMTALS $ ix Do =] 26 5 3,7 2
increase in total (raffic will worsen the con- 'mshlu Fe, N. Mex.: Don Gaspar | A-D ... $,679 1 166.1 133, 7 | 18.8 12,6 12,1 1.8 [ 1.3
gestion far more than this proportionate \“\; L\‘gr%'.i\';é}‘.:nu:)rge Wash-| E-O. ... 2000 | 2458 | 2124 2.8, 188 JLE| 169 | 116
A rion Bridee. {
amounil. A 20-percent gain in annual aver- Philadelphia, Pa.: 1 i
: b hestnut St Bridge 2 .__.___.[ B-D.._._. 30, 20, g Q. 7 &
age daily trafBe will increase the number of L gy R i i]"%l, el 1| n,(f| ol ue
, bours of congestion from ;i yproximately 3pring Garden Bridze 19, 500 ME.21 .6 127 | 124 1L,7| 1LO
aoeat 30 to approximately Girard Ave. Bridge. . 3,300 M| L botha] o2l 100 o8
100 hours, a gain of 333 percent. TFurther- Wissahicken .*bnd Ridge Sts. . &0, 500 14,0 11.9i 10. 4 10, 1 | 0.6 94 ;
i 2 = ; City Line Bridge.___________.| E-O..._.. 24,760 198,70 W | LT el w07 10.2
:nore, l.he] z|n (.I‘age]LO)\gL.htIOIl dgrmg the 100 '&‘i“‘l’,’“&’{““"‘ H]uming bp“k_ ‘},{) ______ 29 500 :}“ 10 6 12_1 0.0 9.7 2: 1 i
hours will be much more than duri ! road, Glenwood, Cambria_ .| A-1. ... 51, 000 8.9 S8 1 W2 9.0 8.8 8
i s 5 ArIig, thes 50 5th and Roosevelt Bive ... 8-6.77 2 w0 | u54| el 1La] arel asel ma {
hours of the previous year.  Thus at an aver- Ogontz and Olney Ave______. A-0. . 14, 570 1209 12,9 0. 7 10.3 10.3 § 10.1 !
age location, if the average daijly volume is “'i}f.';‘;}gﬁ';hg‘b_cﬁ'ﬁdco ________ 8 ael. 1,300 st 65 0.2 gl wal as
19.600 vehicles the thirtie izhest hour is Memorial Bridge__ . __._ . B-1__ 70| 36,700 6.9 [ 147 | 10!l 124] 1271 Ly
4 O, e th highest ho = Key Bridge ot AL | D200 076! 113 0.7 9.7 9.4 &8
3,000 vebicles per hour. Should traffie in- Anneostia Bridge .- 21T A-O° 32,278 W d 9.4 8.3 8.1 79| 7.3
s i 3 i 57 =) A PR 3 T
crease 20 percent during the next 10 years, or Bladenging Rt NEL 720} | i | drel Wi oarl o Wil so| &s
to 23,520 vehicles per day, the thirtieth highest Connecticut Ave. .. 2, 842 | 100 ol 8.8 8.5 3.0 7.2
LA P 7 : s b Pennsylvu 24,389 12,4 %3 8.3 7.9 77| 66
hour during that vear will be higher in direet. Géorgia Ave. 21, 624 71| 104 0.1 8.7 8.7 &1
i i & N Sk " Wisconsin Ave._. 20, 786 1L W), 4 10.2 9.7 0.5 9.2
proportion-—specifically, 3,600 vchicles per Rhode Istand Ave, NV 19, 695 wig| o3| s« L£5] w3 7.0
hour—if, as previously stated, the facility is 1D BV NW . nebenen 16, 357 106.9 10.4 9.6 9.4 9.1 8.1
v 83 previously stated, the A orTes s 15, 618 001 07| 104 00| so| 89
capable of handling this larger volume. A
volume of 3,000 vehieles per hour will then be Total oo 25220 1468 1258 { 1354 10.9 10.3 10:2.]) 85
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Figure 52.—~Comparison of thirtieth highest hourly volumes for two different years at idential locations.

thirtieth highest hour percentages for different

12.5 percent of the average daily traffic which,
as may Dbe seen from figure 50, is exceeded

Table 25.—Variations in traffic flowe on major urban facilities during I year

L Type of facility code:

E=Expressway. O=0utlying,

2 0ne-way.

I=Intermediate.
D = Downtown.

A= Arwerial.

during about. 100 hours of the year. Ca City Street,
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Peak-Hour Traffic in Urban Areas

Though 1ost of the foregoing has deslt
with the eonditions on rurgl highways, more
and more Tacts similar to those presented in
table 25 are becowing available for urban
facilities. More comprehensive counts are
needed. however, hefore anything like a com-
plete presentation of the relationships between
peak and average-hour volumes can be made
for city conditions. The data in table 25 do
show, nevertheless, that peak hours on the
average city facility are s somewhat lower
percentage of the annual average 24-hour
traffic volume than is the case for rural high-
ways. It should be noted that there are
numerous exceptions in the table to this
generslization, principallv on those streets or
highways that serve suburban or outlyving
areas. While there are insufficient data
presently available to permit full explanation
of this difference between the thirtieth peak
hour relationship in downtown and rural
areas, a fact which may well be considered is
that many downiown facilities are severely
congested during hundreds of hours of the
year. It is on this type of facility that
traffic counters are genernlly installed. Peak-
hour volumes that otherwise might be re-
corded several times during the year are im-
possible of attainment because the facility is
incapable of accommodating traffic in excess
of the load imposed upon it almost every day
during the hours of heaviest demand. The
exceptionally heavy peak load, thercfore,
must be distributed over alternate routes
that are usually wmore circuitous and Jess
desirable in some nther respects than the
arterial, were it not congested.

If preposed urban improvementis are to
provide satisfaclory service, the percentage of
the average daily traffic used for the design
peak hour should be ascertained by a study
of facilities that are capable of absorbing some
overload during all hours of the year. Arterial
streets of this kind are very rare, indeed,
under present-day conditions. Uniil such time
as more comprehensive data become avail-
able, a percentage for traffic moving in the
thirtieth highest{ hour approximating or only
slightly lower than the percentage ohserved
in rural areas is recommended for (he design
of urban facilities.

Effect of Directional Distribution of

Traffic

From the discussions in parts o1 and 1v it
will be recslled that the capacities of two- and
three-lane roads must be in terms of total
traffic. The one-direction capacity of these
facilities is dependent upon the number of
vehicles approaching from the opposite
direction, and the hour of the day when the
two-directional movement is at a maximum
constitutes the period of greatest congestion.
Hence the foregoing discussion relating to the
percentage of the average daily traffic in the
thirtieth highest hour has taken account only
of the total traffic moving in both directions.
On all multilane facilities, however, and on
two- and three-lane roads where imnprovement.

PUBLIC ROADS ® Vol. 25, Mo. 11

Traffic circles take many forms: Shown here are tangent and circular
sections for weaving. When traffic circles are no longer able to accom-
modate their traffic loads the nccessary remedial measures, sich as an
added overpass (above) or tunnel (below), may cost several million

dollars.

to the multilane type is contemplated,
consideration of the directional traffic load may
be of superior importance. For example, each
lane of a four-lane divided facility may be
capable of handling 1,500 vehicles per hour,
a nominal total of 6,000 vehicles per hour.
However, peak-hour traffic flows are not eveunly
balanced by direction except in very rare
instances. A frequent condition on rural
highways, for example, is a peak flow of two-
thirds in one direction and one-third in the
other direction. Consequently, the facility
in question would carry only a total of 4,500
vehicles when the capacity of the heavy

direction is completely absorbed. Obviously,
more than four lanes would be needed to
accommodate a total flow of 6,000 vehicles
per hour under these circumstances.

As an aid when considering the variations in
tratic flow by direction on multilane road-
ways, tables 26 and 27 show the percentage
that the thirtieth highest hour volume is of
the annual average 24-hour traffic volume in
one and in both directions for a number of
rural and urban facilities. Of more signifi-
cance than the actual percentages for the
few rural and urban facilities included in these
tables is the relation between the one-direction
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Table 26.—Comparison of variations in total traffic flow with variations in one direction of travel

| | , ;
| } Percentage of average 24-hour volumae in certain
d i 24-hour volume hourly volumes during year
Recorder sies | Rotte Percentage of aver- I
State COMELT ¢ QWe 1y ear starting age in— y I

tion No. Ne. } Maxi- | Tenth | T¥™ |Thirtieh| Fifticth

’I\"”"““ - T| mum | highest h?wh"ﬁt highese | highest
ac year 4 Tenth hour hour Rk hour hour

Maximnm highest hour
Whowrs | ¢ hours

BOTH DIRECTIONS COMRINED: Vehicles | Percent Percen! | Percent | Percent | Percent | Percent | Percen!
New Jersey (Essex County). ... _.. \B and 8B_..| 25 Jan, 1, 1041 ¢ 62,250 143.6 13). 6 1.2 9.6 9.2 9.3 l 4.8
New Jersey (Edison Rrulgc) ____________ 3 25 I = o _______ 25, 181 234, 3 231.6 24. 0 19,1 17.3 16.2 % 15.4
New Jersey (Woodbridge)_ ... ________.. 351 e m00nca L) 22, 052 2292 2115 26.8 18.0 7.0 15.9 13.6
Connecticut 1 Mar. 3! 1939 13, 624 292, 5 227.9 28.7 2].2 19. 2 18.6 § 1.7
Delaware. oo enwememias sus s v oo C > 3 June 8,1941 6. 741 254, 2 208. 5 2.8 20. 5 20.0 19.1 | 18. 9
A\ C1THYTT) FO—— e b ) T S JSS— ) B I 531 S O €~ 5,674 305, ¢ 0.2 20. 1 22.2 18.9 18.1 16.3

OXE DIRECTION: i |

New Jersey (Essex County)______...... 25 Jan. L, 1941 | 30,150 159. 9 137.8 1.4 1.4 11.1 1.9 10.3
New Jersev (Edison Bridge)... . ... 35 |heens {7 T 11,656 $36.3 315.3 36.0 28.0 24.7 N7 2.6
New Jersey (Woodbridge) . .- —o-._.__.. 8 L el 75ty I 10, 766 480, 0 255.3 11. 5 30.1 26.2 2v8 18.@
Conmettiont ...« el i nd o L | Mar. 3], 1939 6,813 B1.7 24,3 2.7 25.8 4.0 3.4 22.0
Delaware 13 June 8, 1941 3.371 3.9 235.9 4001 34.5 4.4 29,2 ‘ 25.6
b 81Tl 11 ] D 2 141 Jan, 8_. 1934 2,817 405.6 241.8 4.7 30.7 25.8 2209 | 20.2

| U S numbered voutes. Others are State routes.

2 Merritt Parkway.

and two-direction percentages. It will be
seen that there are but few cases where the
percentage of the average daily traffic moving
in one direction during the thirtieth highest
hour of the year is not substantially higher
than the percentage for both directions. One
reason for this, of course, is that the peak
volumes in one direction do not always oeceur
at the same time as the peak total volumes.
The latter are more apt to occur on multilane
facilities when there is a fairly high traffic
movement in hoth directions.

As a practical matter, it is much more likely
that the engineer would have information
only on total trafic movement, especially for
two- or three-lane roads. To illustrate the
manner in which the information from table
27 might be employed, let it be assumed that
the present annual average daily traffic on a
two-lane rural road is 4,800 vehicles per day

Table 27.—Thirtieth highest hour traffic
volume during the yvear as a percentage
of the annual average 24-hour traffic
volume in one and in both directions on
multilane ricral and urban highways and
streets

Pereentago of
annual avernge
daily vraffic in
thirtieth high-

Lacakion + est hour of year

Both One
diree- | diree-

tions tion

TRURAL FACILITIRS:
Connecticut (Menite Parkway)._ | 18.6 23.4
New Jorsey :
U S 1 near Newark . | 93 | 10.9
Edjson Imdg», State Route 35,1 16.2 24,7
Woodbridge St., Route 35 _____ 15.9 21.7
BOIMWNE: o - s it e e o 19.1 29.2
b5 14 20071 1Y IO B SR 18,1 2.9
Rural averages..o oo 16.2 22.1
URBAN PACILITIES:
Chicago (Parkways)____.____...__. 9.9 14.1
New York (Cleorge Washington
Bndke)._..___.._._____._____... 16.9 24.9
Philadelphia 2. s e e % 1 13.1
Washington, D, N e 0.0 1.9
Urban averages ..o ... 116 16.0

18 Jocations,
2 9 Jocations,
313 locations.
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and, in that locality, the thirtieth highest
hourly volume of the year on roads that are
not badly congested is 16.2 percent of the
average daily traffic,

Assume also that it is desired to calculate
the capacity of the road that will be needed
10 years hence when the estimated traffic for
the design vear, including the immediate
inerease on the improved facility, will be 150
percent of 4,800 or 7,200 vehicles per day.
The thirtieth highest hourly volume will he
16.2 percent of 7,200 vehicles, or 1,166 ve-
hicles per hour. This exceeds the practical
capacity of a two-lane road even with the
best alinement. Furthermore, sight-distance
Testrictions and other limitations imposed by
the terrain might lower the practical capacity
of a two-lane road at this location to some
value congiderably below 900 passenger cars
per hour, the practical capacity of a good
two-lane road. The required capacity for
onc direction of a four-lane road would be
22.1 percent (table 27) of 3,600 vehicles, or
796 vehicles per hour. This sarme value may
be approximated by assuming that two-thirds
of the thirtieth highest hourly volume of
1,166 vebhicles will be travcling in the one
direction.

Although conditions differ rather widely
among facilities, it is usually sound, in the
absence of detailed information as to traffic
volume balances, to assume that two-thirds
of the traffic will be in one direction during
the design peak hour in rursl areas and in
outlying urbaa areas. As the central business
districts of large cities are approached, the
distribution of (raffic by directions usually
becomes more evenly balanced, sometimes
closely approaching a 50-50 ratio in the central
business area.

A tabulation of traffic by direction of move-
ment for the streets reported in the intersection
study shows that in downtown areas an aver-
age of 58 percent of the traffic on the con-
gested streets was moving in the heavier
direction, and that for 70 percent of these
streets hetween £0 and 55 percent was in this
direction of heavier movement. The average
directional distribution of traffic on streets in
intermediate areas was 61.6 percent in the

heavier direction during peak hours with 38.4
percent in the direction of lesser movement,
In outlying areas the distribution was 65.8
percent in the heavier direction and 34.4 per-
cent in the other direction.

Traffic During Various Periods o_}' the
Day

The information shown in table 28 will be
of some assistance to an engineer considering
a proposed improvement when the only avail-
able traffic data consist of a few short counts.
In some cases, by relating the available counts
to the information shown in tables 2227, it
will be possible to obtain a fairly accurate
estimate of the practical capacity that should
be provided or the excess capacity available
on an existing facility. Such a procedure is
not recommended, however, and should not
be condoned for any project involving ex-
tengive improvements when it is still possible
to obtain complete trafic information before
preparing final plang for the improvements.

On main rural highways, an average of 74
percent of the day’s traffic occurs between 7
a.m. and 7 p. m., with at least 70 percent of
the locations represented coming within §
percent of this value. Loecal routes in rural
areas have a slightly higher percentage of the
total day’s traffic during this period than the
main routes, whereas most urban facilities
carry less than 70 percent of their traffic
between 7 a. m. and 7 p.

Though the 2 p. . to 10 p. m. and 8§ a. m.
to 4 p. m. periods each account for approxi-
mately half-of the total day’s traffic op rural
routes, the 2 p. m. to 10 p. m. period is
definitely the heavier part of the day in urban
areas.

The traffic volume during the 8 hours (not
necessarily consecutive) that have the highest
total flow js of special interest in connection
with urban problems since this base is ¢com-
monly used in making counts for traffic signals
and similar improvements. As an illustration
of the need for this type of information, the
recently revised Manual on Uniform Traffie
Control Devices specifies that the total ve-
hicular volume entering an infersection from
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Table 28A—Percentqge of traffic during various periods of the day

Percentage of 24-hour volume in the period —
w Highest 8
6 a. m. to 2p. m. to 10 p. m, to fa. m. to 74.m. to
Type of bighway and s ~ hours (not
¥ loc'.\'iion $ 2p.m. 10 p. m. 6 3. m. 4p.m, 7p. M. Rt
Aver- Aver- Aver- Aver- Aver- Aver-
\ag? Range age Range age Range age Range age Range age Range
RURAL CONDITIONS: !
Mauain rura) highways_..| 41 3844 | 49 #6-52) 10 | 813 | 45 44-55 | T4 60-70 | 57 | 5360
Loca) rural routes. - 45 41-50 43 44-50 7 i 59 52 5058 8 75-82 59 53-65
URRAN CONDITIONS: ¥
Washingion, D, OC.
(weekdays):
13 locations 40 3842 47 650 13 10-15 41 3647 70 6574 82 40-50
In-bound. _ 45 40-56 2 3044 12 915 44 37-51 0 64-76 5 50-62
Out-bound - 34 38-37 52 1860 14 11-17 | 3% 32-43 | 6% 33-73 | 83 | 48-60
Chicago P ways
(weekdays).:
8 locations._ 38 H-46 48 4549 16 12-21 44 3849 81-72 55 5)-61
In-bound 49 35-54 39 3044 12 9-16 b5 40-60 74 67-79 58 5263
OQut-bound. 25 1535 | &6 48-62 19 1326 | 3 45 | 64 §5-72 | &8 | 5065
Detroit, Mic
IO s o i e manannl | G 3841 43 47-50 ]2 11-14 40 384z | 70 87-12 & A3-85
I. elaware River Bridge:
Maximum weekday..| 38 44 21 [ [0 [ - 49 =
To Philadelphia 38 37 25 o 41 e 59 — 49 N
To Camden.... 31 51 18 39 e 65 . 65
Maximum Sunday. 26 36 28 32 50 52
To Philadelphia. ... 55 36 14 s 32 sz 72
To Camden_..__.___ 33 o 18 5 o N e 54 i
New York Cit?r bridges
and tunnels: Y
Weekdays RE - - B e 71 I - -
Saturdays. - % e I - P 67 .
BOndAYS prrweniicias i 2 ) = -2 i 64 e - -
1

! Range includes the averages for at least 70 peroent of the locations

2 Range inelndes the averages for all locations.

all approaches must average at least 750
vehicles per hour for any 8 hours of an average
day before the vehicllar volume alone will

Table 29.—Annual average 24-hour volume
and corresponding peak hourly volumes
warranting a traffic signal, as based on
Nation-wide traffic pattern and traffic-
signal warrant from the Manual on Uni-
Jorm Traffic Control Devices

i Total Lraftic vol-
! nme from all 4p-

proaches at—
Urban | Rural
juter- Inter-

section | section

Annual average 24-hour volume. .| 11, 30 7. 000
FPeok boirly volumes;
Highest hour_. ... ____________ 1, 402 ! 1,74
Tenth bighest hour_____________ 1,282 § 1,246
Thirtieth bighest.hour....___...| 1,152 | 1,072
Fiftieth highest hour____________ 1,074 i 088
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warrant a fixed-time signal in an urban arca.
For rural areas, the corresponding criterion is
500 vehicles per hour.

Table 28 shows that 57 percent of the day's
traffic on main rural highways and about 53
percent. of the day’s traflic at urban locations
occur during the highest 8 hours of the average
day. A fixed-time traffic signal, therefore,
would not be warranted by the traffic volume
alone unless the average anuual volume from
all approaches to the intersection uxceeded
11,300 vehicles per day at an urban location,
or 7,000 vehicles per day at a rural location.

Based on the average yearly traffic patterns
for rural roads and urban facilities, as shown
by tables 22 and 24, these annual volumes
correspond to the peak hourly volumes
shown in table 29,

Based oan the results of the intersection
studies included in part v of this report, and
assuming the usual eondition that two-thirds

of the traffic on each highway will be moving
in one direction during the peak hours, the
total traffie through an intersection with one
approach on each road loaded to its possible
capacity will be as shown in table 30. With
proper signal timing, the total intersection
volume will be independent of the distribution
of traffic between the two roads.

It i3 therefore apparent that the traffic vol-
ume at the intersection of two two-lane rural
roads or at the intersection of two 40-foot city
streets with parking must approach and in
some cases exceed the possible ecapacities of
the average intersection of the same type
with traffic signals before the traffic volune
warrants alone would justify the installation
of traffic signals. - It is also apparent that
fized-time signals on two-lane rural highways
cannot be justified by the 'traffic volume
warrant until the volume of traffic on such
T0ads at times exceeds their practical capaci-
ties, especially when one of the intersecting
roads carries about 75 percent of the total
traffic at the intersection, These are im-
portant considerations in view of the part that
traffic signals play in increasing the capacity
of intersections at grade by helping to
eliminate confusion and serious accidents.

Table 30.~—~Total! hourly volume through
intersections of various types when one
approach on each of the intersecting
roads is operating at its possible capacity

T'otal hourly in-
Lersection volume
with one approsch
on each road oper-
ating at its pos-
sible capacity,
based on—

Type of intersection
Possible
capacity
of aver-
age in-
lersee-
tion of
the same
type

Highest

capaci-
ties ob-
served

Two two-lane rural roads ...
Two 40-foot city streels, with
AR o ot e o e iy
Two 4(0-foot city streets, without
PALRIN: o Lol e Ll g

1, 500
1,125

1,800
1, 800
3,750
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The Financing of Highways by Counties and Local Rural
Governments, 1931-1941

The results of an extensive long-term study by the Bureau of Public Roads are
reported in a new publication, The Finonc¢ing of Highways by Counties ond Local
Rural Governments, 1931-1941. The report presents a discussion, and detailed
statistical data, concerning the financing of highways by county and local rwal
govemments during the 11-year period. Included is information for each year,
by States, on county and local receipts, expendituses, and debt for rural high-
ways, which hos long been in demand but never available heretofore,

The publication was made possible by the collection of the basic data thiough
the intensive effort of the State highway departments, the county and local
govermnments, and the field effices of the Bureau of Public Roads; and the analysis
and presentation were the work of the Financial and Adminisirative Research
Branch, Bureau of Public Roads. ]

The publication is for scle, at 45 cenls o copy, by the Superintendent of 1
Documents, U. 5. Govemment Printing Office, Washington 25, D. C_, to whom ;
all orders should be sent,  Prepayment is required. The Burecu of Public Raads
cannot undertake free distribution of the publication,

Bibliography on Roadside Control

The Bureau of Public Roads has recently issued o processed publication,
Bibliography on Roadside Control, in which are included o general reference
section on the title subject and special sections on outdoor adventising, set-beek
regelations, and roodside zoning. The listings are orranged by States, and
chronologically beginning with 1930. A brief digest of the cited reference
accompanies each listing, o

The bibliography is intended to serve as an aid to highway planners and 1
administrators in their activities dealing with the problem of roadside control,
It was compiled by the Land Studies Section, Financial and Adminishiative
Research Branch of the Bureaw.

The publication Is available to highway engineers and administrators for
official use, and may be obtained by those so qualified by writing fo the Ewreau b
of Public Roads, Washington 25, D. C. :
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