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for the Main Street-Seventeenth Avenue runs. Observers in the test vehicles
were instructed to be alert for geometric or traffic conditions which could
potentially lead to traffic congestion. Included in this category were such things
as long upgrades, short weaving sections, sight distance limitations and heavy

ramp volumes. The location, time of day and duration of all observed traffic

stoppages were also recorded,

Volume Counts

Volume counts were conducted at several different locations within the
section identified from the general survey flights as being congested during
the evening peak period. The counting locations are given below,

1. Fifth Avenue overpass - 4 lanes of traffic
2. Eleventh Avenue overpass - 3 lanes of traffic
3. Fifth Avenue off-ramp

4, Tifth Avenue oﬁ—ramp

5. Eleventh Avenue off-ramp

6. Eleventh Avenue on-ramp

7. Seventeenth Avenue off-ramp

8. Seventeenth Avenue on-ramp

9. Hudson Street off-ramp
10, Hudson Street on-ramp
11. Weber Road off-ramp

Two sets of counts were made. Thefirstset was conducted during May, 1971,
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Flight Number of Time of

Identification "~ Date Circuits Coverage

Flight #17 Fri, Sept. 10, 1971 . 10 5:02-6:00 PM
Flight #25 Wed. May 24, 1972 9 5:056-5:45 PM.
Flight #26 Thu. June 8, 1972 11 4:47-5:38 PM
Flight #27 Fri. July 7, 1972 13 4:43-5:38 PM
Flight #29 Mon. July 24, 1972 8 4:43-5:24 PM

All flights were made from an altitude of approximately 2500 feet above ground
and photography was taken at 1 and 3 second intervals. Flights # 17, 26, 27
and 29 were made on days when the weather was good and no traffic incidents
occurred to disturb the flow of traffic. The data of these flights is thought to
represent normal operating conditions during the evening peak hour on north-
bound I-71. Flight #25 was made on a day when a major {raffic disturbance
was caused by a vehicle which stalled in the center traffic lane under the
Eleventh Avenue overpass. The data from this flight has been included to

demonstrate the effect of such an incident on peak period traffic flow.

2,1.2 DATA REDUCTION ;&ND ANALYSIS

The data provided by the general survey flights, the ground-based
studies and the intensive survey flights was reduced and summarized as it be~
came available, The reduced data was then analyzed to determine the nature
of the specific oiaerational problems occurring during the evening peak period
and to identify the probable causative factors from which these problems

arise. The results of this analysis are given below,
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southward until it reached the point where I-71 passes over the railroad yard
just south of First Avenue. It remained in this position until the survey flights
were terminated at 5:20 PM. Smaller traffic disturbances were noted in the .
immediate vicinity of the on-ramps at Eleventh Avenue, Seventeenth Avenue,
and Hudson Street, These disturbances did not begin until near the end of the
survey period at about 5:10 PM.,

Traffic stoppages were observed in all lanes throughout the Fort
Hayes-Hudson Street region, Stoppages were especially prevalent, however,
in the section between the Fifth Avenue off-ramp and the Eleventh Avenue on-
ramp. In this section a stoppage frequently involved as many as 25 to 30 cars
and could last for well over a minute. Queues numbering as many as 5 vehicles
were also frequent on the Eleventh Avenue on-ramp itself. Very high weaving
volumes were noted in the vi'cinity of the Eleventh Avenue off-ramp and between
the Eleventh Avenue and Seventeenth Avenue overpasses.

As a result of these observations it was decided to concentrate the
ground-based data collection efforts in the region between the Fort Hayes
Interchange and the Hudson Street on—rafnp. A data collection interval extending
from 4:30 to 6:00 PM was chosen as being sufficient to cover the entire peak

period.

Ground-Based Studies

Travel Time Runs

Figures [I-34 through II-38 present velocity~distance profiles
243
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constructed using the data from the five sets of travel time runs. Each figure
depicts the variation of average speed with both time of day and location along
the study section during the evening peak period. Figure II-39 summarizes
the results for all five days of data collection. This figure consists of five
velocity-distance profiles, one profile for each day of data collection. Each
profile represents the average speed prevailing at various locations along the
study section during the entire peak period.

Observation of Figures II-34 through 1I-38 reveals that speeds vary
widely throughout the study section during the peak period. On each day
surveyed, however, the minimum speeds are consistently found in the region
between the Fort Hayes Interchange and the Eleven‘lch Avenue overpass, Speeds
in this region average between 20 mph and 25 mph (see Figure II-39) during
the entire peak period and can drop as low as 10 mph during an individual run.
A second region of low speed is located in the vicinity of the on-ramp at Hudson
Street. Although speeds in this region are not as low as those found in the
Fort Hayes-Eleventh Avenue region, they are sufficiently low (20-30 mph) to
cause substantial delay to northbound motorists especially during the later
part of the peak period. This second region also poses a dangerous accident -
hazard since speeds upstream of the Hudson Street overpass are significantly
higher in many cases than speeds at the overpass itself, Thus motorists
approaching the overpass must decelerate rapidly to avoid rear end collisions.
This problém is complicated by the sweeping horizontal curve located just

south of Hudson Street which hides the low speed traffic from view until the
249



northbound motorist is nearly upon it. Small disturbances were also noted in
the vieinity of the on-ramps at Eleventh and Seventeenth Avenues. These
disturbances were generally quickly dissipated.

The primary cause of the low speeds in the Fort Hayes-Eleventh Avenue
region is thought to be the drop lane exit at Eleventh Avenue where northbound
1-71 narrows from four lanes to three. Observers in the test vehicles noted
extremely high weaving volumes in this area as well as a high incidence of
motorists illegally traveling along the right shoulder of the freeway to avoid
exiting at Eleventh Avenue. Other motorists trapped in the exit lane would
come to a complete stop at the ramp nose (thus blocking the exit lane) and
attempt to force theif way into the adjacent through traffic lane. Many stop-
pages in this through lane came as a direct result of such maneuvers by exit
lane drivers. Once a stoppage had occurred, it would offen precipitate related
disturbances in the other two through lanes as stopped traffic attempted to
change lanes to escape fromrthe forming queue. Due to the extremely high de-
mand upstream of Eleventh Avenue, these disturbances would then propagate
southward resulting in the region of low speed, high density traffic observed
during the general survey flights.

The low speeds in the Hudson Street area are caused by a combination
of traffic and geometric conditions. The Hudson Street on-ramp serves a high
volume of traffic during the evening peak period. This traffic must enter a
freeway stream which is both heavily loaded and is initially moving at a rela-

tively high speed (40 to 50 mph)., In addition, the next downstream exit ramp
251
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Figure II-41 Summary of Day to Day Volume Variation at Various
Counting Stations for May 1971 Data Collection

(Study Interval - 4:30 to 6:00 PM)
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peak hour volumes for each counting station are summarized in Tables II-11
(May, 1971) and 1I-12 (July-August, 1372). Although there was some variation
among counting statiqns, the peak hour was generally found to extend from
4:30 to 5:30 PM. |

Comparison of the data of Figures II-41 and JI-42 with that of Tables
II-11 and II-12 reveals an interesting result. At each counting station the 90
minute volumes from the 1972 counts exceed the corresponding 1971 volumes
by 2% to 5%. This volume increase is in line with the expected traffic growth
over a one year period. The same increase is seen in the 1972 peak hour
volumes for the nine ramp counting stations as compared to the 1971 volumes
for the same locations. The peak hour volumes for the two overpass counting
stations, however, exhibit a different trend. At these stations the 1972 volumes
are approximately 2% lower than the corresponding 1971 volumes. Since
overall demand has increased as shown by the 90 minute counts, this peak hour
decrease must be attributed to increasing congestion on the freeway mainline.
As demand continues to increase this congestion in the Fifth Avenue-Eleventh
Avenue region can also be expected to increase resulting in a further reduction
in volume and throughput.

Table II-13 shows the lane distribution of traffic at the two overpass
counting stations. The data in this table is from the 1972 counts. The average
lane distribution values from the 1971 counts are nearly identical and, there-

fore, no need was seen to present them,
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Table II-12 Peak Hour Volumes at Counting Stations

for Various Days of the Week

(Fuly~-August, 1972)

Coun“ung Peak Hour Volume
Station
Mon Tue Wed Thu Fri 5 Day Avg.

5th Ave,

overpass 5393 5484 5460 5406 5465 5442
11th Ave.

overpass 5300 5259 5202 5326 5144 5246
5th Ave.

off-ramp 381 403 394 376 397 390
5th Ave.

on~ramp 390 370 408 462 458 417
11th Ave.

off-ramp 538 516 570 572 565 552
11th Ave.

on-ramp 623 600 550 628 633 607
17th Ave.

off-ramp 369 389 312 342 370 356
17th Ave.

On-ramp 393 389 462 410 425 416
Hudson St. .

off-ramp 375 425 400 369 362 386
Hudson St,

on-ramp 728 700 787 696 740 730
Weber Rd.

off~-ramp 386 383 428 411 430 408
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lanes remains fairly constant at both counting stations. This total composition
value (2.5% - 3.5% trucks) represents & relatively low percentage of trucks
for an urban freeway such as the section of Interstate 71 being studied and
indicates that commercial vehicles do not represent a serious problem during
the evening peak period. This conclusion is supported by observations made
during the general survey flights and the travel time runs in which no opexa~-

tional problems directly attributable to commercial traffic were noted.

Table II-14 Traffic Composition by Lane

Loecation
5th Ave. - % trucks 11th Ave. - % trucks
Day
1 2 3 4 Avg. 1 2 3 Avg.
Mon, {0.28 3.04 3.62 7.41 3.13 0.40 3.50 4.65 2.76
Tue. |0.16 3.36 3.66 6.02 2.80 0.28 4,02 4,10 2.73
wed. |0.22 3,08 4.74 4.13 2.83 0.1 3.70 5,10 2.90
Thu., |0.48 3.89 4.20 5.86 3.30 0.32 3,92 4.48 2,81
Fri. {0.31 2,96 4.44 5,91 3.10 0.24 3.29 5.03 2.71
5 Day
Avg.|0.29 3.27 4,13 5.87 3.03 0.26 3.68 4.87 2.78

*Lane 1 is the median lane

Merge Area Capacity Counts

In addition to the volume studies described above, a supplementary set
of counts was made at the merge areas of the on-ramps at Fifth, Eleventh,
and Seventeenth Avenues and Hudson Street in order to determine the control-
ling freeway capacity value in the vicinity of these ramps. The counts at

Eleventh Avenue, Seventeenth Avenue, and Hudson Street were made at a point
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It is significant to note that the lowest capacity is found in the section between
Pifth and Eleventh Avenues, This fact agrees with the observation from the

general survey flights and the travel fime runs that the greatest congestion is

found in this section.

Intensive Survey Flights

Five intensive survey flights were made over the region between the
Fort Hayes Interchange and the Seventeenth Avenue overpass. For the purposes
of analyzing the traffic density pattern in this region using the aerial data, the

section was divided into five subsections, These subsections are described

below.
Subsection Number Description and Length
1 Fort Hayes Interchange - South End of
Railroad Yard (1124 ft.) Five lanes
2 South End of Railroad Yard - Fifth Avenue
Overpass (3004 ft.) Four lanes
3 Fifth Avenue Overpass - Railroad Tunnel
(1752 ft.) Four lanes
4 Railroad Tunnel - Eleventh Avenue
Overpass (692 ft.) Three lanes
5 Eleventh Avenue Overpass ~ Seventeenth

Avenue Overpass (2512 ff,) Three lanes

The variation of the density pattern in each subsection with time of day for
each of the five days surveyed is shown in Figures II-43 through II-47. 1t

should be remembered when studying these patterns that the data of Wednesday,
263
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May 24, 1972, reflects the effect of a stalled vehicle under the Eleventh Avenue
overpass. This vehicle blocked traffic in lane 2 for a period of about 8 minutes.
No major traffic incidents occurred on the other four days surveyed,

In order to facilitate comparison of the density patterns among the
various subsections, the total density curves were integrated fo obtain values |
of the Congestion Index. Since freeway width varies between subsections with
three, four and five lane sections represented, the Congestion Index values for
each subsection were then divided by the number of lanes to obtain a per lane

measure of congestion. These values are summarized in Table I-16.

Table II-16 Summary of Per Lane Congestion Indices

*Congestion Index (Vehicle-Hours/Mile/Lane)
Date
Section 1 Section 2 Section 3  Section 4  Section 5

¥ri. Sept. 10, 1971 28.1 36.2 46.0 61.0 39.9
Thu. June 8, 1972 41.9 54.8 58.1 54.5 48.4

1 Fri, July 7, 1972 50.9 54.2 58.4 51.7 44.3
Mon. July 24, 1972 47.4 47.8 48,1 52.1 43.9
4 Day Average 42,1 48.3 52.7 54.8 44,1
Wed, May 24, 1872 64,3 70.3 62.9 65.0 52.0

*Values are based on 48 minutes of data collected during the peak hour,

Table II-16 is organized in the following manner. The first four rows contain
the per lane Congestion Index values for the four days during which "normal

traffic conditions prevailed. The fifth row presents average Index values
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gested during the evening peak period. Within this section the worst congestion
is found between the Fifth and Eleventh Avenue overpasses. This region is
characterized by low speeds (20 - 25 mph) and high densities (60 - 120 vehicles
per mile per lane) during most-of the peak period. Traffic stoppages are
frequent in all traffic lanes with some stoppages involving as many as 30
vehicles. These stoppages then propagate upstream causing congestion as

far south as the Fort Hayes Interchange, Weaving volumes are also quite

high in the Fifth - Eleventh section with the majority of the weaves taking
place in the immediate vicinity of the Eleventh Avenue exit ramp. This drop
lane exit which results in a reduction in freeway width from four to three

lanes is thought to be the primary cause of evening peak period congestion on
northbound I-71.

A second region of low speed, high density traffic is located just
upstream of the Hudson Street on-ramp. The problem here occurs late in the
peak period and is caused by a heavy surge of on-ramp traffic on the Hudson
Street entrance ramp attempting to enter a freeway traffic stream which is
both heavily loaded and moving at a relatively high speed (40 - 50 mph). The
result is a series of disturbances which eventually cause stoppages in all three
freeway traffic lanes. The problem is further complicated by a high number
of weaves occurring in this same region as freeway drivers wishing to exit at
the Weber Road exit ramp attempt to get into the shoulder lane in coﬁflict with
the enfering I—Iudsc-)n Street ramp traffic, The Weber Road exit ramp is located

only 1500 feet downstream from the Hudson Street on-ramp.
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such as those described in Section 1.2.1 of the preceding chapter. A prelimi-

nary controi strategy based on these techniques is outlined below.

Definition of Control Area

Four northbound entrance ramps are located in the congested section
described above. Proceeding from south to north these ramps are located at
Fifth Avenue, Eleventh Avenue, Seventeenth Avenue and Hudson Sireet.
During the data collection phase of the study, traffic disturbances were fre-
quently noted in the merge areas of each of these ramps. These disturbances
contributed to the overall instability of the traffic stream and many times led
to serious- traffic stoppages. It seems logical, therefore, that some type of
ramp control applied at each of these ramps would result in substantial im~
provement in evening peak period-traffic flow. TFixed-time metering offers a

relatively simple means of exerting such control.

Determination of the Metering Policy

The metering rate and the duration of the metering period at each on~-
ramp location were determined using a procedure similar to that described in
Section 1.2.2 of Chapter 1, The basic premise of the procedure is that the
sum of the on-ramp volume plus the mainline volume during any interval of
time should not exceed the desirable capacity of the merge area of the corre~
sponding ramp. Since the merge area capacities have previously been deter=-
mined, the volumes which can be allowed to enter at each on-ramp each time

interval can be calculated using these capacity values and the historical volume
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this control strategy would significantly improve peak period traffic operations
on the freeway. Implementation of the plan, however, would result in 261
vehicles being diverted from I-71 to the surface street network. No suitable
alternative route is presently available to serve this traffic, The construction
of a new north-south arterial is proposed in this report and would provide the
required diversion route when completed. No action is expected on this pro-
posal, however, for several years, 1f the control plan is to be used before
this time, therefore, the diverted drivers will have to be depended upon to
find their own way home. The public outcry which will result from this circum-
stance is duly noted and must be weighed against any improvement in freeway
traffic movement by those deciding whether or not immediate implementation

of northbound freeway control is advisable.
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