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Because traffic congestion or vehicular delay is a logical factor
to consider when programing new construction in urban areas, it
becomes necessary to compare the degree of congestion at one
location with that at any other location. Inasmuch as information
is not available to make such comparisons, it was the purpose of
this study to investigate methods by which relative traffic conges-
tion (or vehicular delay) could be estimated at any given location
when only limited information of the local conditions was available.
This study was confined to urban state highways but does not in~
clude limited access expressways.

To develop estimating parameters it was necessary to measure
the effect that many variable factors have on travel time, such as
traffic volume, traffic controls and regulations, classification of
streets, percentage of heavy vehicles, street width, type of area.
Trip times were sampled through 15 test sections located in five
cities. These sections varied in length from 0.3 to 1.5 miles.
All data were recorded on Esterline Angus tapes as vehicles
entered and left the test sections. Information was then transfer-
red to IBM cards using a 650 computer for analysis.

It is believed that the relationship between travel time and
volume/capacity ratio was the most useful method for estimating
travel time. This study is limited to the problem of developing
estimating parameters and does not include their application to a
statewide evaluation of relative traffic congestion for programing
new construction,

@ IF TRAFFIC CONGESTION or vehicular delay is used as a warrant for programing
urban highway improvements, it is necessary that the degree of congestion at one loca-
tion be compared with the degree of congestion at any other location. Such a comparison
is useful either in terms of accumulated vehicular delay or of total costs resulting from
"excessive" delay.

Because such information is not available for use in statewide urban programing, it
was the purpose of this study to investigate methods by which relative traffic congestion
(or resultant vehicle delay) could be estimated at any given location when only limited
information about the location is known.

Because vehicle delay in a given section is proportional to the time required to
traverse the section, it follows that relative travel time could be a measure of relative
congestion. Therefore, this study 18 concerned with travel time and the interrelated
factors that affect it. Such factors include the classification of streets, types of area
through which streets pass, traffic controls and regulations, traffic volumes, street
width, etc.

Fifteen test sections were selected in five different cities ranging in population
from 28, 000 to 100, 000 persons. These test sections were located in both central
business districts (CBD) and adjoining intermediate areas. They included both local
and arterial streets and one-way and two-way streets. Lengths of test sections varied
from 0.3 to 1.5 miles. Trip times were determined by recording license numbers as
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vehicles entered and left the test section. Data were recorded on Esterline Angus
tapes during both peak and off-peak hours for 30-min periods. Each 30-min period
was broken down into five 6-min intervals and placed on IBM cards for analysis. A
650 computer program was written in which license numbers were matched and re-
sultant travel times analyzed 1n a continuous operation.

Over-all results showed that mean travel time equaled 3. 69 min per mi during
periods with less than critical density and 6. 12 min per mi during periods where
critical density had been exceeded. Equivalent speeds are 16.3 and 9. 8 mph, respec-
tively.

A significant difference existed between mean travel time through central business
districts and intermediate areas on both one-way and two-way arterial streets. How-
ever, the difference in travel time between one-way and two-way streets was not signif-
icant in either type of area.

The correlation between travel time and street width or travel time and percent
heavy commercial vehicles was less than ten percent, indicating neither variable,
separately, has much effect on travel time.

Traffic signals were timed for progressive movement in four of the fifteen locations
studied. Although the mean travel time in coordinated sections was less than non~-co-
ordinated sections (3. 50 and 3.75 min per mi, respectively), the difference was not
statistically significant.

It was found that a stratightline relationship existed between mean travel time and
signal density, below critical volume densities. Combining data from all locations,
regression equations were developed for various volume/capacity ratio levels, Thus,
by knowing only the average number of signals per mile, mean travel time could be
estimated with reasonable accuracy, so long as critical densities were not exceeded.

The most useful parameter found was the relationship of travel time to volume/ca-
pacity ratio. Volume used in the ratio refers to the equivalent hourly volume (10 times
actual 6-min counts) in a given test section, whereas capacity refers to the average of
the practical capacities of individual intersections within the test section. By using
this ratio, changes in traffic volume, signal timing and other variables affecting travel
time, are combined into a single variable. This relationship is described by parabolic
curves for one-way arterial streets, two-way arterial streets, and two~way local
streets.

Although volume/capacity correlation with travel time is not as high as the correla-
tion with signal density, the volume/capacity relationship can be used to estimate travel
time above and below critical densities. On one-way arterials a coefficient of cor-
relation of 0. 65 was obtained, and on two-way arterials the correlation equaled 0. 72,
Standard error of estimate for each was 0.15. Although the coefficients are relatively
low, in view of the many variables that affect travel time, it is believed that the parabolic
equations developed for arterial streets will be adequate for estimating mean travel
time for the statewide evaluation program. On two-way local streets, however, a
coefficient of correlation of only 0. 45 was obtained. Inasmuch as this was based on
only twelve samples, it is believed that additional data should be collected to determine
if a higher correlation exists or if other parameters than volume/capacity ratio should
be used to estimate travel time.

OBJECTIVE

In programing urban improvements, it is usually desirable to expend funds at loca-
tions where the most relief from traffic congestion can be obtained per dollar spent.
Thus, it is necessary to be able to evaluate relative traffic congestion and compare the
intensity of congestion at one location with any other location. Such a comparison can
be made in terms of average travel time, accumulated delay, "excessive' delay, or
costs of excessive delay.

It is the purpose of this study to develop a method of estimating travel time on urban
state highways, when only limited information of local conditions is available, such as
contained in the 210 Needs Study. (Highway Needs Study of all road systems as required
under Section 210 of the Federal-Aid Highway Act of 1956). To do this, it is necessary
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-to measure the effect many variable factors have on travel time. Some of these factors
include: traffic volumes, traffic controls, street width, percent of heavy commercial
vehicles, classification of streets, type of area, direction of flow, etc.

If a relationship of travel time to any of these factors or combination of factors can
be found by studying several different locations, then it would be possible to use this
relationship, together with the information in 210 Needs Study to estimate travel time
(and therefore the degree of existing congestion) on all urban state highways. This
report, however, is limited to the problem of developing estimating parameters and
does not include this application to statewide evaluation of relative traffic congestion
and future programing of urban improvements.

DEFINITIONS

Arterial street. — Amajor state highway within an urban area, with little or no control
of access, serving both "local" and "through" traffic; usually a continuous, U.S.
numbered route.

Local street. — A minor street within an urban area, used primarily for access to
abutting property and for "local'" traffic; usually an unnumbered secondary state
highway carrying very little "through" traffic.

Central business district. — The "downtown" area of the city where the abutting property
is used principally for retail business and commercial purposes.

Intermediate area. — The area adjacent to the central business district where the
abutting property is a combination of commercial, residential, or industrial
land uses.

Critical density. — The density where the volume of traffic appeared to have reached
the possible capacity of the test section.

METHOD

Many successful methods have been developed for measuring efficiency of traffic
movement or relative traffic congestion on urban streets. Congestion ratings, which
are often expressed in terms of travel time, occupancy time, or speed, usually relate
actual values with optimum values.

The method investigated in this study, in which travel time is considered, is based
on two previous studies: (a) the use of the volume/capacity ratio concept as a congestion
index by Rothrock (1), and (b) the change in travel time as related to the changes in
traffic volume by Rothrock and Keefer (2).

To measure the effect many variable factors have on travel time, 15 sections of
streets were sampled in five cities in eastern Pennsylvania. Population ranged from
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28,000 to 100, 000 persons. Six streets were located in CBD's and nine were in inter-
mediate areas adjacent to CBD's. Seven were one-way streets and eight were two-way.
Twelve streets were classed as "arterial", whereas three were classed as "local".
The lengths of the test sections through which vehicle trips were timed varied from
0.31 to 1,54 miles. There were at least three signalized intersections within each
test section.

Figure 1 shows a typical test section. The entrance (Station A) to the section is
located on the outbound throat of the adjoining intersection, whereas the exist (Station
B) is located midblock or at a non-signalized intersection. Traffic would normally be
free flowing past each station.

Vehicles were timed in one direction only as they entered and left the test section.
At a predetermined time, recorders were started simultaneously at both stations. The
last three digits of license numbers were recorded on tape as each vehicle entered or
left the test section. License plates containing letters in any of the last three places
were not recorded, to simplify the problem of later matching license numbers. It was
not necessary to record entrance and exit times of each vehicle because both tapes
were started together and were moving continuously at a constant speed. Therefore,
trip time for a given vehicle was the time difference recorded at Stations A and B.
Because tape speeds were set at 6 in. per minute, there was little problem of writing
three digits at the proper location on the tape at the instant a vehicle passed the station
point. The maximum recording error observed was 2 sec. In addition to recording
license numbers, all vehicles were counted and classified on tape as they passed each
station,

Two operators were required at each station. Also, an observer was needed to
observe traffic movements between Stations
A and B, noting any unusual conditions
that would affect trip time, particularly

those periods when the critical density TABLE 1
had apparently been reached or exceeded. MEAN TRAVEL TIME AT ALL

All measurements were made in clear, LOCATIONS COMBINED
dry weather during both peak and off-peak
hours and at times when there were no Below Above
unusual obstructions to normal traffic Critical Critical
flow. Data was collected continuously for Density Density
33- to 35-min periods. Each of these
periods was later subdivided into five 6-  Mean travel time
min intervals and all data were transfer- (min/mi) 3.69 6.12
red to IBM cards for analysis. A 650 Standard error 0.10 0.20
computer program was written which of estimate (5.2%) 6. 6%)
would match the license numbers, compute o
the mean travel time of each 6-min inter- Confidence level(7) 95 95
val and perform statistical analysis of the No. of 6-min
results. To later relate capacity to sample 118 17

travel time, the practical capacity was

calculated for each signalized intersection Equivalent mean

in all test sections, by the methods outlined _Speed (mph) 16.3 9.8
in the Highway Capacity Manual (3). The

average capacity computed for each test

section is the average of the practical capacities of the signalized intersections within
the section.

ANALYSIS OF DATA

Previous studies by Berry (4) indicated that during congested conditions, at least
36 license matches are needed on two-lane urban streets, whereas 102 matches were
needed on multi-lane streets to determine mean travel time within 5 percent error at
95 percent confidence level. A somewhat smaller number of matches are needed during
uncongested conditions.
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Because it was intended to expand the 6-min counts to equivalent hourly volumes,
it was believed that at least six license matches 1n each 6-min interval (or 60 per hr)
would be necessary to achieve 90 percent accuracy or better. Therefore, with few
exceptions, all 6-min periods with less than 6 samples were discarded. The exceptions
were those in which the individual travel times were nearly equal and were well-spaced
over the 6-min period.

A total of 10, 899 vehicles passed through the entering stations (Station A) during all
checks. License numbers were recorded for 6, 100 vehicles at Station A from which
1, 550 valid license matches were obtamed. Thus, the over-all sample amounted to
14 percent of the traffic stream. Of the 190 6-min intervals, 135 contained sufficient
samples to warrant further analysis. Although the usable number of license matches
averaged slightly higher than 11 for each 6-min interval, actual matches varied from
three to 26 per mterval. Of the 135 6-min intervals used in the analysis, 17 occurred
during highly congested periods when the critical density appeared to have been exceeded.
It was necessary to establish a maximum allowable traveltime for each test section to
eliminate the short-time parker from the data analysis. Maximum allowable times
were generally set at 27 times the estimated average travel time.

Combining data at all locations, the over-all mean travel time, below critical
density, equaled 3. 69 min per mi which is equivalent to 16.3 mph (Table 1), Above
critical density the mean travel time was 6. 12 min per mi or 9.8 mph. Standard errors
of estimate were less than 7 percent at 95 percent confidence levels in both instances.

It was desired, however, to determine the relative effects each variable had on
travel time and, if possible, derive a general parameter which would express these
effects. Such a parameter would be used to estimate travel time on urban highways
when a limited amount of information was known about the highways. The variable
factors studied were (a) the type of area through which the street passes (that is, CBD
and intermediate urban sections adjacent to the CBD), (b) street type (arterial or local),
(c) direction of flow (one-or two-way), (d) street width, (e) traffic volume, (f) percent
of heavy commercial vehicles, and (g) traffic signal coordination.

TABLE 2

EFFECT OF LOCATION AND STREET TYPE ON TRAVEL TIME
(BELOW CRITICAL DENSITY)

Mean Travel Time Equivalent Mean

Location Type Street (min/mi) Speed (mph)
Central business Arterial (one-way) 4.45 13.5
district Arterial (two-way) 3.94 15.2
Intermediate area Arterial (one-way) 3.12 19.2
Arterial (two-way) 3.07 19.5
Local (two-way) 4,22 14.2

Area, Direction of Flow, and Street Type

Table 2 gives a comparison of travel times in the CBD and intermediate areas
adjoining the CBD. Because an equal proportion of samples taken above the critical
density to the total number of samples was not obtained from each street type, travel
times included in this table are only those which occurred during periods below the
critical density, Within the CBD there was no significant difference in mean travel
time between one- and two-way arterial streets, although, surprisingly, traffic moved
shightly faster on two-way arterials. Also, there was no significant difference between
travel times on one- and two-way arterials in intermediate areas. However, in com-
paring travel times in CBD's with intermediate areas, a significant difference did exist
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on both one-way and two-way arterials. Of the three local streets checked, all were
two-way, located in intermediate areas. As would be expected, the travel time on
local streets was higher than on arterials and the difference in mean travel times was
significant.

Heavy Commercial Vehicles

To examine the effect of heavy commercial vehicles on travel time, the three
classes — one-way arterial, two-way arterial, and two-way local — were again used
except that no differentiation was made between CBD and intermediate areas.

Although the volume of commercial vehicles reached as high as 28 percent of total
traffic during individual 6-min periods, the mean for each of the three classes was less

TABLE 3

EFFECT OF HEAVY COMMERCIAL VEHICLES ON TRAVEL TIME
(BELOW CRITICAL DENSITY)

Volume/ No. Mean Travel Commercial Coefficient
Type Capacity of Time . Vehicles of
Street Ratio Samples (min/mji) (%) Correlation
Arterial Less than 0, 4 5 3.11 8.8 0.10
(one-way) 0,4-0,59 22 3.45 7.3 0.28
0.6-0.79 18 4.52 7.4 0.21
0.8-0.99 9 4,86 7.5 0.12
Arterial Less than 0.4 - - - -

(two-way) 0.4-0.59 - -
0.25

0.6-0.79 14 2.67 7.2
0.8-0.99 9 3.81 7.1 0.01
1.0 & over 7 4,32 7.1 0.06
Local
(two-way) 0.37-1.0 12 4.21 7.9 0.23

than 10 percent. On local streets the coefficient of correlation of travel time with
heavy commercial percentage equaled 0.23, indicating that only 6 percent of the vari-
ation in travel time could be attributed to heavy commercial vehicles. To reduce the
effect changes in volume might have on travel time for constant commercial vehicle
percentages, a correlation was made at various volume/capacity ratio levels. It can

TABLE 4
EFFECT OF STREET WIDTH ON TRAVEL TIME (BELOW CRITICAL DENSITY)

No. Street Mean Travel Coefficient Equivalent

Type of Widths Time of Speed
Street Samples (ft) (min/mi) Correlation (mph)
Arterial

(one-way) 49 35, 40, 47, 48 3.92 0.23 15,3
Arterial

(two-way) 31 37, 43, 45, 49 3.46 _ 0.02 17.3
Local

(two-way) 8 35, 36 4.21 0. 52 14.2
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be seen (Table 3) that the highest correlation coefficient is 0.28 which indicates only
an 8 percent effect on travel time. Thus it can be concluded that if a linear relation-
ship is assumed, commercial vehicles had little influence on travel time within the
volume percentages occurring during these studies. It should also be pointed out,
however, that with the exception of one short 4 percent grade, all test areas were
nearly flat,

Street Width

It was generally expected that as street width increased, speeds would increase, as
does capacity. Table 4 gives the relationship between street width and travel time.
On local streets the coefficient of correlation was 0.52. This, however, was based on
only two streets whose widths were nearly equal. On arterial streets the highest
coefficient was 0.23 which indicates that less than 5 percent of the variation in travel
time could be explained by the change in street width.,

Signal Coordination

Of the 15 locations studied, it was found that only four streets had signals timed for
progressive movement. The remaining locations were either partially coordinated or

TABLE 5

EFFECT OF SIGNAL COORDINATION ON TRAVEL TIME
(BELOW CRITICAL DENSITY)

Volume/ No. Mean Travel Equivalent

Signal Capacity of Time Speed
System Ratio Samples {min/mi) (mph)
Coordinated Less than 0.4 2 3.26 18.4
0.4-0.59 14 3.55 16.9

0.6-0.79 14 3.12 19.2

0.8-0.99 9 4,16 14.4

1.0 & over 2 3.08 19.5

Over-all 41 3.50 17.2

Non- Less than 0. 4 5 3.14 19.1
Coordinated 0.4-0.59 15 3.24 18.5
0.6-0.79 30 3.62 16.6

0.8-0.99 19 4.14 14.5

1.0 & over 8 4,68 12.8

Over-all 77 3.75 16.0

were not coordinated at all. Table 5 gives a comparison of travel times when critical
densities were not exceeded. The mean travel time in coordinated sections was slightly
lower than non-coordinated sections; nowever, the difference was not statistically signif-
icant. In examining the four coordinated streets further, it was noted that 3 were
arterials, one of which was in the CBD. Two were one-way and two were two-way.

The signal density on the coordinated streets averaged 7.1 signals per mile as compared
to 7.3 per mile on non-coordinated streets.

Signal density was found, as will be discussed later, to have high correlation with
travel time. The results of signal coordination were somewhat unexpected particularly
at the lower volume/capacity ratio levels. Walker (7), in his discussion of probable
effects of coordination on speed, concluded that a wide range of over-all speeds could
be expected near the level of possible capacity in either system and there would be
little, if any, difference between coordinated and non-coordinated systems.
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Volume/Capacity Relationship

Rothrock and Keefer (2) related changes in travel time to changes in traffic volume,
Inasmuch as their study was limited to one location, capacity remained constant and
could be neglected. Because of the variation of capacities in the 15 test sections in the
study, it became necessary to use a volume/capacity ratio rather than volume alone.
For each of the 15 sections, the volume refers to the equivalent hourly volume (ten
times the actual 6-min interval count), whereas the capacity refers to the average of
the practical capacities of each signalized intersection in the test section in direction
of flow being measured. Practical capacities were calculated by the method outlined
in the Highway Capacity Manual. Turning movements at each intersection were based
on 10-min traffic counts. Thus, by using the volume/capacity ratio, many of the
variables which might affect travel time were combined into one variable, which would
permit ready comparison of one section with another.

Although it was found that type of area significantly affected travel time on a given
class of street, it would not be possible to determine the limits of a CBD from the
adjacent intermediate areas without an extensive field survey. Therefore, for future
application to a statewide evaluation of urban highways, type of area, as a variable,
was neglected and travel times were related to volume/capacity ratio for each of the
3 classes of streets regardless of their location. Parabolic curves were fitted to this
data and estimating equations were developed (Fig. 2). For each type street the travel
time increases with increase in volume/capacity ratio until the apparent critical density
is reached. At that point the travel time continues to increase, although the volume/
capacity ratio decreases. This characteristic is discussed by Greenshields (5) and was
found in studies by Huber (6) as well as Rothrock and Keefer (2).

Considerable scatter occurs particularly at high volume/capacity ratios near the
point of critical density. This wide variation in travel times is believed to have been
caused when saturation occurred for short periods of time (for example, one to two
minutes) or within only a short portion of the test section. Either of these conditions
would cause relatively high mean travel times for some 6-min intervals as compared
to other intervals at the same volume/capacity ratio where these conditions did not
occur. In both instances the travel times were recorded as occurring below critical
density because the major portion of test sections was not saturated for the full 6~min
interval. A second cause for scatter was the variation of volume within the test sections.
The volume used in determining the ratio was based on the volume entering the section
at Station A. Thus, if the actual average volume of the test section varied greatly
from the Station A volume because of turning movements between Stations A and B,
resultant changes in volume which affected travel time would not be accounted for in
establishing the volume/capacity ratio. A third cause of scatter might be the wide
range of practical capacities that existed at individual intersections within a given test
section. For example, at one location the average capacity was 490 vehicles per hour
although the range varied from 204 to 798 vehicles per hour at the individual intersections.
As volume through the section increased, low capacity intersections would become
congested first, causing greater over-all delay than would occur at locations where
the individual intersection capacities were more nearly equal to the average.

Other conditions, such as double parking and left turns, directly cause a difference
in travel times under otherwise apparently similar conditions. It is believed, there-
fore, that the correlation obtained between travel time and volume/capacity ratio for
arterial streets is reasonably good.

The curves for both one-way and two-way arterial streets are similar in general
shape, although travel time on one-way streets was higher than on two-way streets
for a given volume/capacity ratio. The apparent critical density on two-way arterials
occurred slightly above a ratio of 1.0, whereas on one-way streets it occurred just
below a ratio of 1.0. Theoretically, the critical density would be expected to occur
near the point of possible capacity which would be equivalent to a volume/capacity ratio
of 1.2,

The curve for local streets is flatter than those for arterial streets. This would
indicate that after the critical density had been reached, the entering volume decreases
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rapidly although the rate of increase in travel time is slight. This curve, however, is
based on only twelve 6-min intervals. The coefficient of correlation was 0.45. Addi-
tional study of local streets is needed to determine if a higher correlation exists or if
parameters other than volume/capacity ratio would better describe the variation of
travel time.

Signal Density

Traffic signals are known to be the greatest single cause of delay to through move-
ment on urban streets. In examining the over-all effects of traffic signals on trip
times, it was found that a straightline relationship existed between mean travel time
and signal density expressed in number of signals per mile, so long as the critical
density was not exceeded. Figure 3 shows this relationship at various volume/capacity
levels., Data for all 3 classes of streets were combined and regression equation were
developed as shown. As would be expected, travel time increased as signal density
increased, although it should be noted the rate of increase below a volume/capacity
ratio of 0.4 is much less than rates above 0. 4.

Of the five volume/capacity ratio levels examined, the lowest coefficient of cor-
relation (0. 75) was obtained at the 0.80-0.99 level. The highest standard error of
estimate (0.77) also occurred at this level. However, it appears that travel time
could be estimated reasonably well over a given section of urban streets based on
the average signal density in that section, regardless of the other variables that exist.
This relationship is limited to volume levels below critical density, Further study
would be required to determine if a similar relationship existed above critical density.

CONCLUSIONS
Results of this study lead to the following conclusions:

1. The volume/capacity ratio is a suitable parameter for estimating travel time
on any given urban highway.

2. The parabolic curves developed in this study relating travel time to volume/
capacity ratio for arterial streets can be applied to the statewide evaluation of traffic
congestion on urban state highways.

3. Although a parabolic curve is developed for local streets, more study should be
made of local streets before using this curve because of the low correlation obtained.

4, Traffic volume and signal timing have major effects on travel time, whereas
other measurable quantities such as street width, percent of heavy commercial vehicles,
direction of flow, and type of area have minor effects, when considered as separate
variables.

5. Travel time along any section of urban highway is directly proportional to the
average number of traffic signals per mile in that section so long as the critical traffic
density has not been reached. Thus, signal density could be used to estimate mean
travel time within this limitation. More study is needed to determine the relationship
above critical density.
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STATION A (TYPE R CARD)

000I 0002 | 0003 0004 I |
1 2 3 45 678810][111213 14 18 16 171819 20021 22 23 24 2526272829303 32 38 34 35 363738, \
3 8 2 TINE g
= w | = w x W
5|5|8 Sg 3L 322
82|oslo 194 1218 16 0500
“‘M'\-M’VW
STATION B8 (TYPE Q CARD)
0001 0002 0003 [ 0004 | )
12 3456 789i10]H 1213 14 16 i6 17181920021 22 23 242526272 323334 35 36 37 3839 ]
.E_’ .8 g TIME
A 92 ¢34
52 |oe|oo 194 12 21 39 (
L‘K_X/—\N\ N W
OUTPUT CARD (ONE VEHICLE)
0027 0028 | \
1 2 3 45 678910[111213 141516 171819 20[21 22 2324 2526 27282930 ]
z TIME LAPSED
slelEl. . e
h|3|¥|E5
s2|oa|o1 1200 0323 !

CONTROL CARD (INPUT) (ONE 6 MINUTE PERIOD)

000! 0002 0003 0004 | 0005 | o006 |[]
12 3 45 6 78510 lEIJMHIG 1718 19 20
z o | TIME w
21y e 2’2
82|o8|81I ioj—v\iL 0865 |046 005|000 081 0089
—t 1 -
OUTPUT CARD (ONE 6MIN. PERIOD)
0027 0028 0029 0034
|2 3456 T89I0[I112131418 16 171619 20121 22 23 24 2526 27 28 29. NT2I3KBICTITT 80
W
3 g 2
s 1™ 15 |
clelg] . Zws £3% g9
HEHEEE 73 ge= ws
82|08l 8l |12 00 0393 [+1.11+] o098l 0000 2018

STATISTICAL OUTPUT CARD (ONE 6MIN PERIOD)

12 34867 8910[1t213 HSI16171819 20 Ll!f!)z‘”“nu”!o [31 3233342536 37 3839 40 414243444546 47 4849 80 I
-
w »
2 o gz w u &
z e J < = ©a a «
o 3 - 3 e % 3 a o
HEE Zws s S =2 2c
lajwlaZ w33 - oW ® -
w|loja|x 3 E 2R o o " W
g 2j08|et |t2 0O 0393 08490 40000 2122 ,
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SUMMARY OF DATA — CHART NO. 1

Type Class Direction Length
Street of of of of Width (Ft.)
City Code Name Area Street Flow Saction (Mi,) e
York 1 Philadelphia CHD Arterial One Way 0.45 35 32
12 Princess Inter. Local Two Way 0.67 35 32
13 George CED Arterial One Way 0 66 48 46
1 George Inter Arterial One Way 0 51 48 48
13 Queen Inter Arterial Two Way 0.57 37 36
Axdmore 21 Lagcaster, Pa CHD Arterial Two Way 0,74 43 40 )
Cheater k) Ninth St, Inter Logcal Two Way 0,82 34 36 \
Lebanon 51 Cumberland CED Arterial One Way 0.56 40 38
52 Walnut Inter Arterial One Way 0,70 490 40
53 Cheatout CBD/Inter, Local Two Way Q.42 37 R
Harrisburg &2 Second CED Arterial One Way 0.53 47 43
63 Market CBD Arterial Two Way 0 54 49 48
64 Paxton Inter. Arterial Two Way 0.91 45 44
65 Front/Paxton Inter. Arterial One Way 1 54 43 30
&b Forster |  Inter, Arterial TIno Way 0,52 74 84
® 42' Each Side of 10' Median
AY Traffic_Signals Practical Capacity (Veh./Hour) Below Critical Density
Number Progressive Cycle Average Maximum Minimum Mean Travel Equiv.
|_Nug] 2 T t
3 6.7 Partial 37 50 54 935 990 895 4.01 14.9
5 7.5 Partial 45 to 54 297 360 234 4,72 127
5 7.6 Partial 45 to 56 870 1030 634 4e52 13.3
3 5.9 YES 45 1150 1380 980 3.48 17 2
5 8.8 Partial 45 to 53 372 420 259 FAnIA 3.4
( [ 9.9 Partial 45 %o &0 517 R1 398 3.62 16,6 7
( g 9.8 1ES 50 490 798 204 3,29 18,2 (
1 10.8 Partial 50 to 70 703 846 614 492 12.2
3 4.3 Partial 45 to 70 1062 n7s 970 3.11 19.3
b 9.5 None 20 o 70 I 4ABS 481 3.95 1542
5 9.4 YES 80 1077 1250 890 4 82 12.4
3 5.5 Partial 70 41 447 346 4.26 1.1
3 3.3 YES 50 887 980 7. 2.69 22.3
5 3.2 Partial 0 1284 1460 160 2.67 25
A .1 Partial 20 903 1340 560 3.36 17.9

{_vove Critical Density

Mean Travel bquiv.,

) 5,50 10,9
1l.1

6,00 10,0
7.25 8.3

5.93 10.1






