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MEMORANDUM TO: G. F. Kemper
%tate Highway Engineer
Chairman, Research Committee

SUBJECT: ' "Evaluation of Reversible Lanes
(Hicholasville Reoad; Lexington,
Kentucky)," Research Report 549,
KYP-79-87; HPR-PL-1(15), Part III B

A reversible-lane system was implemented on a section

of Nicholasville Road (US 27) in LlLexington on March 5, 1979,

The installation is unigque in that left turns are allowed at

signalized intersections during operation of the reversihle

_ lanes. The objesctives of the study were to evaluats its

effectiveness in reducing detays and develop recommendations
for operational improvements.

The system has been a success. Some experts had doubts
and misgivings about the probability of its successful and

safe operation. Pelays have been reduced substantially in
the direction of peak +traffic flow during both AM and PM
operation. The benefit-cost ratio was 6.90. A one-vear

before-and-after analysis indicated no significant increase
in accidents. Operation of the control system has proven to
be extremely reliable; however, the data indicate an
additional improvement may be realized with hetter
coordination of signals. Delays in the off-peak direction,
particularly during PM operation, increased. An effort
should be made to encourage the use of alternate routes by
motorists travelling in the off-peak direction. Also,
consideration should be g¢given to having the PM peak cutoff
at 5:30 rather than 6:00. However, the higher +traffic
volume at 5:30 might make the transition period more
difficult.
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tonsideration was given to installing reversible lanes
on other arterials in Lexington. Specifically, Harradsburg
Road and Tates Creek Pike, which are parallel streets on
either side of HNicholasville Road, have been mentioned,
However, data gathered on those arterials indicated that
reversible lanes are not warranted there. Also, those
arterials provide alternate routes to Nicholasville Road.
Traffic in the direction of peak flow has been diverted from
these routes to Nicholasville Road, and traffic in the off-
peak direction may travel these routes instead of
Nicholasville Road. Therefore, installation of reversible
lanes on those streets could adversely affect traffic on
Nicholasville Road.

Jas. H. Hauens
Director of Research

KRA:ckd

cc: Research Committee
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INTRODUCTION
Increased traffic congestion is a
major problem in metropolitan’ areas.

During rush hours, many strests operate at
or near c¢apacity. This results in forced
fiow at low speeds and queues of vehicles
backing up from restrictions downstream.
In many instances, the restrictions are
signalized intersections.

Coordination of signals is a common
method - of improving operational
efficiency. Computerized sighal systems
provide the best coordination -~ the

traffic flow is continuously monitored to
determine optimum timing of signals and
progression. When the directional
“distribution of fraffic on a wmultilane

highway is dreatly out of bhalance during
peak hours, the capacity of a given
section can he appreciably increased by

assigning more than half of the lanes to
the predominant direction of flow.

This study involved an evaluation of

reversihble lanes as a method of improving
traffic flow. The ohjectives were to
evaluate the effectiveness of reversible
lanes in reducing delay and develop
recommendations for operational
improvements.

Nicholasville Road in Lexington,
Kentucky was selected as a Federal Highway
Administration demonstration project and
qualified for 100-percent federal funding
under Section 146 of the Federal Highway
ket of 1676. The goals of this program
are to demonstrate the potential fFor
increased capacity for existing highways,
conservation of fuel, decrease in travel
time and traffic congestion, improvement
in air qualtity, reduction of noise, and
improvement of highway safety. This is to
be accomplished through the installation
and improvemant of traffic signal control
systems and technology not now in general
use. One of the requirements for
selection as & demonstration project s
extensive collection of data, analysis,
and reperting. This requirement, coupled
with a lack of information on existing
reversible-lane installations, resulted in
this research.

BACKGROUND

A reversible-1lane system was
installed on a 2.6-mile (4.2-km) section
of Nicholasville Road in Lexington,
Kentucky (200,000 population). The system
was activated on March 5, 1979. The
reversible-lane section is five lanes wide
(57 feet €17.5 mdd and carries
approximately 35,800 vehicles per day.
Two lanes served each direction, and a
center lane served as a two-way, left-turn
lane (a 2-1-2 configuration). The center
lane served as a left-turn lane at eight
signalized intersections. The speed linit
is 40 mph (64.4 mss) at the north end and
45 mph (72.4 mss5) at the south end of the

project.

Reversible lanes had been considered
for scme time; however, a less  than
optimal directional split and the large
number of left turns c¢reated preoblems.

used warrant  for reversible
ratio of directional
that the ratio

Cne commonly
lanes involves the
traffic volumes and states
of major to minor movements should be at
least 2:1 and preferably 3:1 (1). Whereas
the morning peak conditions did provide a
2:1 split, the evening peak c¢onditions
provided only a 1.5:1 spiit. However, it
was theorized that traffic diverted from
parallel routes to the reversible-tane
route during peak hours would increase
this ratio. Also, it was anticipated that
some motorists would find alternate routes
rather than travel in the vrestricted
numher of lanes provided in the off-peak
direction. tverall, the expected result
was a more favorahle directional split.-
The large number of left turns during the
peak hours prevented prohibition of left

turns. This meant that Teft-turn lanes
and signal displays had to be shifted
during reversible-ltane times.

The periods of lane reversal were
from 7:00 a.m. to 9:00 a.m. and 4:00 p.m,
to 6:00 p.m., (Monday through Friday).
During these periods, the lane
configuration <changed from the 2-1-2
configuration to a 3-1-1 configuration,

direction received the
A two-way, left-turn
The PM period,
6:30 p.m., was

and the hgavy~flow
additional lane.
lane was maintained.
originally extending until



moved back to a cutoff time of 6:00 p.m.
after the delay data were analyzed.

INSTALLATION

Nicholasville Road is one of three
arterial streets serving the south portion
of Fayette County (Figure 1). There is
hot an adequate grid street system nor are
there connector streets so that teft turns
on any of +the three arterials could be
prohibited. Micholasville Road, being the
most heavily travelied of the three and
‘Tocated between the other two, was the
logical choice for the lane-reversal
project.

Because the need to turn left wuwas
great (as high as 500 vehicles per hour at
onhe intersecticon) and because a project
goal was to minimize inconvenience to the
motorist, the decision uwas made to

accomodate left-turning vehicles. Eight
signalized intersections were located
within the project limits. Four were

controlled hy five-phase, semi-actuated
traffic signal controllers which provided
detection and protection of the left-turn

movements from Nicholasville Road. Three
intersections had 1fwo-phase controllers
but no protected left-turn movement. One

intersection operated under the control of
a three-phase controller which provided
split-phase (dual! left turns) operation on
the side street but no protected feft
“turns on Nicholasville Road. The chvious
problem was how to <c¢lear the left-turn
lanes prior to changing the lane
configuration.

The decision was made to force .all
intersections to the left-turn phase
during the c¢hanging of lane assignmants.
This call to the left-turn phase lapsed
after a set time (0-30 seconds) had
elapsed. The left-turn phase terminated
at cach intersection after the left-turn
demand had been satisfied. The next phase
following was Nicholasville Road green at
all intersections. The lane - assignment
sighals wouid then change as the
Nicheolasville Road through traffic
advanced +to enable transition into the
proper lanes prior to arrival at the next
intersection.

2

External logic was also used to

switch the left-turn lane detectors and
signal displayvs to correspond with the-

location of the left-turn lane. To ¢lear
the left~turn phase throughout the
project, it was necessary to add left-turn
phases at three intersections. An example
of operation of an intersection during
reversible —lane operation is shown in
Figure 2. The remaining intersection
which did not have a teft turn phase was
at the end of the project, and Teft turns
were prohibited during the periods of
reverse flow.

All existing and the three new
controilers ware of a4 solid state

circuitry design, and all detector
amplifiers were a digital, self-tuning
type. The lane—~use-signal master

controller utilized a cam with an electro-
mechanical cliock input. Manual control is
also available. Lane-use signals (Figure
3) and the signal spans were installed so
a minimum of two spans were visible at any
locatian. The lane-assignment signals
contained 150-watt incandescent bulbs.
Blank-out signs were used to indicate lane
closures and mandatory turns in the lane
transition areas (Figure 6J). Blank-out
signs were also used at the split-phase,
side street location to reduce dual
turning lanes to single lanes during the
periods of reversed flow. Details are
given in APPENDIX A.

The cost of the project, including
lane~use sighals and detectors and signal-

head modifications, was approximately
$250,000. The time from award of the
contract to system turn-on was

approximately seven months. The original
electro-mechanical c¢locks wused Ffor the
master controllier were replaced by digital
clocks to eliminate & time-drift problem.
Failures have been few since that date.

PROCEDURE

The evaluation invoived - a comparison
of data taken before and after
installation of the revérsible lanes. A
test car was equipped with a tachograph, a
device that Ffurnished a continuous graph
of speed versus time as the test wvehicle
was driven in traffiec at the prevailing

[T T
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Figure 2. Example of Intersection Signal Operation during

Reversible Lanes Period.

Figure 3. Lane-Use Signals,
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collected
however,

speed. Tachograph data were
primarily on Nicholasviile Road;
data were taken on the two parallel
arterials and two cross streets. This was
done to determine what effect the
reversible-lane system had oh other
streets in the vicinity. A chart from a
test run is given in Figure 5. Data were
taken from this chart and input into the
"Runcost™ computer program developed by
the Federal Highway Administration for the
purpose of analyzing speed and delay data.
Inputs for this pregram include grade and

horizontal curve distribution on the
roadway, distributien of vehicle types,
roadway length, and fuel and operating
costs. The output from the program

includes average time, cost per vehicle to
travel the section, overall speed and
stopped time, fuel consumption, and

pellutants emitted per vehicle. A sample
printout is given in Figure 6. Stopwatch
times were recorded for each run.
Numerous runs were made, and a
representative sample was selected for
analysis. Travel times before and after

installation were compared. Costs were
calcutated using cutput from the "Runcost™
program and traffic volumes. A benefit-
cost ratio was calculated using the
installation cost, maintenance cost, and
increased accident <c¢ost and the benefits
from reduction in time and operating cost.

Volume counts were anhalvzed to
determine the effect of the reversible
lanes on traffic patterns. Accidents for
a one-year period before and after
installation were anaiyzed. The number
and types of accidents were analyzed.
Traffic conflicts were studied to estimate
the change in accident potential.
Conflicts were counted during the morning
and afternoon at six signalized
intersections.

Certain enviraonmental
studied. The "Runcost"™ proaram output
enabled analysis of air pollutants, and
traffic-stream noise recordings were made.
Computer simulation, using the UTCS-1
Network Simulation Model, was done before
installation of the vreversible lanes to
predict their effectiveness. However, the
extent of the volume which woutld be
diverted to and from the adjacent streets

6

factors were

was unknown at that time. Using the
traffic before, the simulation results did
not indicate any significant <c¢hange in
delays from addition of reversible lanes.

RESULTS
YOLUME
For reversible lanes to cperate
effectively, the ratio of major to minor

movements should be at least 2:1 and
preferahly 3:1. The change in the
directional split which occurred after

instaitation of reversible lanhes is shown
in Table 1. During the AM peak period of
operation (7:00-9:00 a.m.), the split
increased from 2:1 to 3:1. This resulted
from an increase in volume of 597 vehicles

in the direction of  peak traffic flow
(northbound) and a decrease of 222
vehicles in the off-peak direction

(southbound). The directional split also

increased during the PM peak period but
varied according to the peak period
considered, From &:00-6:00. p.m., which

had been the périod used after the initial
cutoff time was changed from 6:30 a.m.,
the directional split increased from 1.4:1
to 2:1. -This resulted from an inc¢rease in
volume of 420 vehicles in the peak
direction (southbhound) and a decrease of

480 wvehicles in the off-peak direction
{northbound), The directional split was
higher for a cutoff tihe at 5:30 p.m.

The average daily traffic C(AADT)
remained about the same (AADT of 35,320
hefore and 35,125 after). Plots of the
traffic counts are given in Figures 7 and
8. The wveolumes were fairly c¢onstant
before and after except for the change
which occurred during operation of the

reversible lanes. Volumes before and
after installation are given in Tabhle 2.
Considering the morning peak period of
operation (7:00-9:00 &.m.), the wvolume
increased 22 percent in the peak direction
and decreased 17 percent in the off-peak
direction. The largest volume increase in
the peak direction occurred from 7:00-8:0¢
a.m. Considering +the afternoon peak
period from 4:00-6:00 p.m., the volume in
the peak direction increased by 15

percent, and the off-peak direction
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NICH RD 041679 AM PEAK NB#9 BEG T:10 TOT 8:09 § STOPS

INPUT DATA
FRACTEON OF GRADES
AT -B% 0.0 AT -7X% 0.0 AT «&%X 0.0 AT -5% 0.0 AT -4% 0.0 AT -3X 0.0
AT -2% 0.0 AT -1% 0.0 AT 0% L+00000 AT +1% 0.0 AT +2% 0.0 AT +3% 0.0
AT +43 0.0 AT 5% 0.0 AT +6% 0.0 AT +7% 0.9 AT +BX G0

FRACTION DF ROAGWAY WITH A CURVATURE OF

1% = 0.0 2% = 0.0 3% = 0.0 4% = C.0 5% = 0.
&% = 0.0 8% 0.0 10% = Q.0 12% = 0.0 14X = Qa0
16k = Qa0 18% = 0.0 20% = Va0 25% = 0.0 30% = Q.0

- THE VEMICLE DISTRIQUTION <ES AS FOLLOWS = - » ;v o« o5« :
0.9000 ARE PASSENGER CARSy 040700 ARE Z+5-TON TRUCKSs 0,0300 ARE &-TON TRUCKS,
0.0 ARE 20-TON TRUCKSy AND C.0 ARE 25-TON DIESEL TRUCKS.
THE TOTAL NUMBER OF VEHICLES USING THE SEGTION IS 1000.s UVER A SECTION OISTANCE OF 248700 MILES.
AN INFLATION FACTOR OF 1a760 HAS BEEN APPLIED 7D ALL OPERATING LDSTS
142 MPH WAS ADDED TO ALL NJIN-ZERD SPEEDS ALL SPEEDS WERE MULTIPLIED BY l.0LT
4 FUEL CONSUMPTION FAcTna HAS DEEN APPLIED TO THE 1959 WINFREY TABLES AS FOLLOWS
CARS ZfﬁiTﬂﬁ . &-TON 20-ToN ,25-TON
1.0906 ~ .o900 1.0000 0.9000 0.9000
AN EMISSLON ‘ADJUSTHENT FACTOR OF 1.000 WAS APPLIED TO COMPUTED VEHICLE EMISSIONS.

OPERATING LOSTS FER -VEHICLE USING THIS HIGHNAY SECTIDN

(IN CENTS)
CARS . - Z«5-TON &-TON - 20-TON 25-TON AVERAGE
N . . .
36.893) 4292249 A1.8283 221.9374 26340354 38.6192

TDTAL USER COST BY VEHICLE TYPE FOR ALL VEHICLES USING,THIS SECTION

T (TN DOLLARS) ) ; i
CARS 245-TuN -TON- 20-TON _25-TON
13z.0 29.561 24455 0a0 0.0

-DPEéATlNG'CUSTS PER VMT FOR VERICLES USIKG YHIS HIGHWAY SECTION

{IN GENTS) )
ChRs } 2.5-TaN Lo-TON _ 20-TON 25-TON | AVERAGE

12+8% - 14a74 28451 S TTe 33 F1.65 13.46
AN UVEﬁ%LL TRAVEL SPEED INCLUGING STORS FOR THE SECTIGON IS 216261 MPH.

THE VEMICLE WAS STOPPED FUR . 0.0529350 HOURS.

EUMPUTED.%EdTION‘DISTANCE 5 2,7871 MILES.
THE TOTAL EUAPSED YIME TO TRAVEKSE THIS SECTIUN 15 0.13499 HOURSa

’ CARS  245-TON., 6-TON 20-TON 25-TON  AVERAGE
AT A VALUE OF TIME |IN $/VEHA/HR L oF 5.25000 6420060  7.85000 917000  9.99000  5.39450
THE TUTAL TIME COST PER VEH. IIN $) IS .  637.83 58459 31.7¢ . 0.0 0.0

TIME COST PER wMT T.J AVERAGE USER (IN CENTS: IS 25.37321

TIME COST PER YEH. JSING THIS SECTION CIN CENTS: IS 1072

FUEL CJIN:UMPTION PER VEMICLE FOR ALL VEHICLES USING THIS HIGHWAY SECTION

TIN GaLLONS)
CARS 2.5-T0OnW &-TON 20-TON 25-TON AVERAGE
VIR et R ] - e
02067 O.c419 D«4B35 1168 0.7720 02539

TOTAL FUEL CUNSUMPTIUN BY VEMICLE TYPE FOR ALL VEHICLES USING THIS SECTION

(1N GALLONS) .
CARS 2+5-TON 6-TON 20-Ton 25-TON
222.0 17435 14251 0.0 6.0

POLLUTANTS EMITTED PER VEHICLE FOR ALL VEHICLES USING THIS HIGHWAY SECTION

LIN FOUNDSH

CARS 2+5-TON &-TON 20-TON 25-TON AVERAGE
NITWOGEN UX1DES Qs2528£-01 C.2528E-01 De6321E-0) 0.6321E-01 0.0 0.26842E-01
HYDROCARBONS 0.2H33E-02 0.2833E-02 0.7083E-0¢ 0. TOB3E-D2 0.0 0.2961E-02
CARoON MO JOXTOE 0.2473 02473 O.6182 C.&182 0.0 02584

TUTAL PULLUTANTS EMITED BY VEHICLE TYPE FOR ALL VEHICLES USING THIS HIGHWAY SECTION
LIN POUNDS)

CARS 2e5-TON 6=TaN 20-TaN 25-TON
NITROGEMN OXIDES 22475 1aTT0 LaB9% 0.0 0.0
HYDROCARBONS 24550 0.1983 0.21259 Q.0 0.0
CARSON MONOKTDE 22240 iT.31 LB+55 0.0 0.0
Figure 6. Sample Printout of "Runcost™ Data.
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decreased
changes in
4:00-5:00 p.m.

The analysis of the
volumes showed the reversible lanes
generated trips in the peak direction and
deterred trips in the off-peak direction.
This resulted in a substantial increase in
the directional split.

largest
between

by 23 percent. The
volume occurred

before and after

DELAYS

A representative sample of tachograph
runs were selected for detailed analysis.
& summary of the tachograph data is given
in APPENDIX B. Plots of the time taken to
drive the reversibhle-lane section versus
the beginning time of the run are given in
Figures 9 - 12. During the AM peak, there

was a large reduction in travel time in
the peal direction (Figure 93; there was a
small increase in travel time in the off-
peak direction (Figure 10). The maximum
peak-direction travel times were reduced
from about 22 minutes to 14 minutes.
During the PM peak, travel times were
reduced sharply in the peak direction
(Figure 11); however, there was a large

increase in travel times in the off-peak
direction (Figure 123}. .

The changes in average travel times
per vehicle, in 30-minute intervals, for
the AM and PM peaks are given in Table 3.
During the AM, the largest decrease was
almost six minutes and occurred between
7:30 and 8:00 a.m. There were lesser
decreases during other time periods, and a
very small decrease (27 seconds) occurred
from 7:00 to 7:30 a.m. Travel times in
the off-peak direction ingreased in each
time period; however, the increase in
travel times in the off-peak direction was
smaller than the decrease for the peak
direction. During the PM peak, from 4:00
to 6:00 p.m., travel times were reduced
from two to over six minutes in the peak
direction. In the off-peak direction,
trave! times were increased from five to
six minutes per vehicle, During part of
the PM peak (4:00-4%4:30 p.m. and 5:30-6:30
p.m.), the increase in travel time in the
ocff-peak direction was greater than the
decrease in the peak direction,

The <¢hange in total travel time
({vehicle-hours) was also determined (Table

‘This indicated

calculated by
travel time per
Before—-and-

4). Vehicle-hours were
multiplying the average

vehicle hy traffic volume.
after comparisons (in 30-minute intervals)
were made. There was a decrease in travel
times during all time periods except 5:30
to 6:30 p.m. The original PM cutoff time
was 6:30 p.m. The largest decrease
occurred between 7:30 and 8:00 a.m. The
largest decrease in the PM peak occurred

hetween 4:30. and 5:00 p.m. The larger
volume in the peak direction meant that,
for a given change in travel time per

vehicle: the resulting c¢hange would be
farger in the peak direction.

Travel time per vehicle Wwas
calculated t(weighted by volume) for the
peak periods (Table 5). Considering both
directions for both peak periecds, there
was an overall reduction. of almost two
minutes in travel time. There was ~an
overall reduction in the peak directions
of four minutes. The same tyvpe of
analysis showed there was a decrease in

of slightly over one minute
There were very large changes
the PM peak. The

stopped time
{Table 6).
in stopped time during

overall reduction in stopped time was
almost three minutes in the peak
directions.

This type of analwysis was wused also

to analyze total stops per vehicle (Table
7). There was oniy a small reduction (0.5
stops) in stops. The decrease in the peak
directions was over two stops per vehicle.
an additional improvement
in the signal system c¢ould be obtained
with improved coordination.

To obtain a permanent record of

traffic conditions before and after the
reversible lanes were installed,
photographs were taken at various
Jocations. The photographs, shown in
APPENDIX C, were taken at the same time

and location in the before and after
periods, They show effectively the
changes which occurred. The reduction in
delay during the AM peak is illustrated in
Figures Cl1-C3. The reduction in peak-
direction delay during the PM peak s
itlustrated in Figures €4 and C€5; the
increase in the PM off-peak direction

deifay is illustrated in Figure C6.
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TABLE &. ANALYSIS OF DATA BY TOTAL TRAVEL TIME PER VEHICLEX
BEFORE AFTER
AVERAGE RVERAGE
TOTAL TRAVEL TRAVEL TIME TOTAL TRAVEL TRAVEL TIME
TIME PER DAY PER VEHICLE TIME PER DAY PER VEHICLE
TIME PERICD (VEHICLE-HOURS) (MIHUTES) (VEHICLE-HOURS) (MINUTES)
EM PEARK
MORTHEBOUKND 753 13:59 569 10:27
AM PEARK .
SOUTHBOUND 135 721 152 8:18
PM PERK*X*
HORTHBOUND 223 8:24 372 1h:01
PM PEAKRX*
SOUTHBOUND 722 13:25 472 8146
PEAK
DIRECTIONS
(AM & PM) 1475 13:37 1041 9:37
OFF-PEAK
DIRECTIONS .
(AM & PM) 358 7:59 524 11:42
BOTH
DIRECTIONS
(RM & PM) 1833 11:58 1563 10:13
* AVERAGES WERE WEIGHTED BY VOLUME.
#% 4:00-6:00 P.M.

TABLE 6. ANALYSIS OF DATA BY STOPPED TIME¥X
BEFOQRE RFTER
TOTAL AVERAGE TOTAL ) TOTAL
STOPPED TIME . STOPPED .TIME STOPPED TIME STOPPED TIME
TIME PER DAY FER VEHICLE PER DAY PER DAY
PERIOD (VEHICLE-HOURS) (MINUTES) (VEHICLE-HOURS) (VEHICLE-HOURS)
AM PEAK
HORTHBOUND 321 554 221 4:05
AM PEAK
SO0UTHBOUND 28 1:31 b4a 2124
PM PRAKR* .
HORTHBOUND 51 1:56 159 6:00
PM PEARX¥
SOUTHBOUND 3L 6:27 157 2:55
PEAK
DIRECTTONS
(A1 & PM) 6638 6:10 378 3:29
OFF-PEAK
DIRECTIONS
(AY & PM) 79 1:45 203 4:32
BOTH
DIRECTIONS
(AM & PM) Th7 t:53 581 3:48
¥ AVERAGES WERE WEIGHTED BY VOLUME.
¥¥ 4:00-6:00 P.M,

15
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TABLE 7. BANALYSIS OF DATA BY NUMBER OF

5TOPS PER VEHICLE*

BEFORE
TOTAL STOPS
STOPS PER

TIME PERIOD PER DAY VEHICLE

EM PEARK
NORTHBOUND 27,553 8.4

AM PEAK
SOUTHBOUND 4,146 3.8

PM PERK¥¥*
NORTHBOUND 6,710 4.2

PM PERK¥X¥
SOQUTHBOUND 28,370 8.8

PEAK
DIRECTIONS

(AP & PM) »923 8.6

(3
4]

OFF-PEAK
DIRECTIONS
(ARt & PM) 10,856 4.0

BOTH
DIRECTIONS
(AM & PM) 66,779 7.3

* AVERAGES WERE WEIGHTED BY
¥% 4:00-6:00 P.M.

AFTER
TOTAL STOPS
STOPS PER

FER DAY VEHICLE
22,323 6.8
4,623 4.2
15,470 9.7
19,539 6.0
41,562 6.4
20,093 7.5
61,955 6.8

VOLUME.




ACCIDENTS
Accidents were summarized for a one-
year period before and after conversion to
the reversible lanes. The number of

accidents during the AM and PM peak
periods as well as all accidents for the
one-year periods Were compared. Separate

analyses of the accidents were based on
severity, type, location, and direction.
The hefore~-and-after accident
summaries are given in Table &. The
number of accidents during the first year
of operation of the reversihle lanes
increased by 11 percent compared to the
yearr before. This resulted from an
increase during the PM peak. The number
of accidents during the AM peak decreased.
There were many more accidents during the
PM compared to the AM. However, there was
also an 11 percent increase in accidents
during off-peak times and an overall
increase in all accidents of 11 percent.
The fact the increase in accidents during
reversible-lane cperation was identical to
the increase during other times indicates
the reversible fianes did not generate a
significant number of accidents.

Accident severity was compared as
shawn in Table 9. There were no fatal
accidents during the "before™ or "atier"®
periods. There were identical numbers of

incapacitating (Type A) and non-
incapacitating (Type B} accidents in the
"hefore™ and "after™ periocds during peak
conditions. A severity index was used to

compare the data (2). As the severity
index increases, accident severity
increases. The severity indexes in the AM
and PM  peaks "hefore™ (1.73) was almost
identical to the Mafter"™ period (1.72).
There was a slight decrease in the
severity index during the AM peak (from

1.82 to 1.62) and a slight increase during
the PM peak (from 1.67 to 1.75).  There
was also a slight ing¢rease in the severity
index during off-peak conditions (from
1.71 to 1.90). Low speeds resulted in low
accident severities during both study
periods, and the reversible lanes did not
result in any increase in accident
severity.

An analysis of the before
accidents by type is given in
The number of rear-end and

and after
Table 10.
opposite-

or head-on accidents
operation of the
The opposite-direction
accidents were not

direction sideswipe
increased during
reversible lanes.

sideswipe or head-on

severe. 0f the five accidents of this
type, four involved no injury, and the
other involved one "possible" (Type €)
injury. There were no severe head-on

resuit of a driver not
reversible-lane system.
Most injury accidents (10 of 12 A- or B-
injury accidents) were angle accidents.
Most of these invelved a vehicle turning
left from Nicholasville Road into the path
of an oncoming vehicie.

A comparison of hefore-and-after
accidents by location is given in Table
11. Accidents were identified by either
the cross-street intersection at which it
oceurred or by the two cross-streets on
either side of the accident. Large
increases in accidents during the PM peak
were noted at two locations, and the major
contributing factors in these accidents
were determined. One high-accident
location was between Cooper Drive and
Arcadia Park. A large number of accidents
occurred at this location when drivers
attempted to turn left onto Nicholasville
Road from a sidestreet and collided with a

collisions as a
understanding the

vehicle in the left-turn lane. During the
PM peak, vehicles back wup from Cooper
Drive in the off-peak direction. A driver

in this line of cars would allow a vehicle

to turn left from a sideroad. The left-
turning vehicle would then collide with a
vehiclie - proceeding in the off-peak
direction in the left-turn lane. This

illustrates a problem caused when a driver
desiring to make a left-turn moved into
the left-turn tane a long distance ahead
of the left-turn location. The motive, of
course, is to avoid the delay in the off-
peak direction. Another high~accident
location was in the Malibu and Moore Drive
vicinity. This portion of Richolasville
Road has a large number of access points
to commercial bhusinesses. A large number
of angle-type accidents resulted when
drivers attempted to turn left into a
driveway across the three opposing lanes
of traffic.

A summary of
periods, by direction,

accidents during peak
is given in Table

17
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TABLE 8. BEFORE AND AFTER ACCIDENT SUMMARIES

HUMBER OF ACCIDENTS

) PEAK PERIODS
AM PERKX PM PEAKXX " TOTAL OFF-PEARK TOTAL
OME~-YEAR BEFORE 37 74 11 248 360
ONE-YERR RFTER 30 93 123 276 399
¥ HMOKNDAY THROUGH FRIDAY, 7:00 A.M.-9:00 R.M.
®% MONPAY THROGUGH FRIDAY, 4:00 P.M.-6:00 P.HM.
TABLE 9. ACCIDENT SEVERITY SUMMARY
HUMBER OF ACCIDENTS
AM PEARK PM PERK OFF-PEAK TOTAL
ACCIDENT TYPEX BEFORE ARFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER
PDO 27 25 59 70 202 210 288 305
A 1 1 2 2 10 T4 .13 17
B 6 1 3 8 15 23 2y 32
c 3 3 10 13 22 29 35 45
F 0 0 0 0 0 0 0 0
* ARCCIDENT IS CLASSIFIED ACCORDING TO MOST SEVERE INJURY WHICH
OCCURRED. PDO-NO INJURY, A-INCAPACITATING INJURY,
B-NON-INCAPACITATING INJURY, C-POSSIBLE INJURY, F~FKTALITY. g




TABLE 10. SUMMARY OF ACCIPENTS BY ACCIDENT TYPE

HUMBER OF ACCIDENTS

AM PEAK PM PEAK OFF-PEAK TOTAL

ACCIDENT TYPE BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER
ANGLE 9 7 33 37 109 117 151 161
REAR-END 18 i8 27 37 &n 100 129 155
SAME DIRECTION 7 i 1 13 42 42 60 59
SIDESWIPE
FIXED OBJECT OR 1 0 1 1 11 7 13 8
SINGLE VEHICLE .
PEDESTRIAN 2 0 1 0 1 3 L 3
OPPOSITE DIRECTION ] 1 0 5 1 5 1 11
SIDESWIFPE OR HEAD-OHN
BICICLE ¢ 0 1 0 1 2 2 2

TABLE 11. ACCIDENT SUMMARIES BY LOCATION

HUMBER OF ACCIDENTS

AM PEAK PM PEAK OFF-FPEAK TOTAL

LOCATION BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER
ROSEX 0
ROSE-COOPERXX
COOPER
COOPER-ARCADIA 1
ARCADIA
ARCADIA-ROSEMONT
ROSEMONT
ROSEMONT-SQUTHLAND
SOUTHLAKD
SQUTHLAND-ZANDALE
ZANDALE
ZANDALE-MALABU
MALABU
MALABU-MOORE
MOORE
MOORE-NEW CIRCLE
NEW CIRCLE
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* ACCIDENT OCCURRED AT INTERSECTION WITH GIVEN STREET.
*% KCCIDENT OCCURRED BETWEEN GIVEM STREETS.




12. The largest increase in accidents
veccurred in the peak direction.

It was possihle that the reversible-
tane system c¢ould be confusing to non-
local drivers, causing an increase in
accidents invoiving these drivers in the
"after" period. However, ihe percentage
of accidents involving a non-local driver
was almost identical in the "hefore" and
"after" periods. tcecidents involving a
driver from outside Fayette County
accounted for 45 percent of the accidents
in both the "hefore"™ and ™after" perijods.
Including adjacent c¢ounties with Fayette
County reduced the percentage of nan-local
drivers to 24 percent in the ™hefore™
period cempared to 25 percent in the after
period.

ECONOMIC ANALYSIS

Another output from the "Runcost™
program was the cost per vehicle to drive
the reversible-lane section. The cost
consisted of operating and time cost.

Tima costs made up the largest portion of
the total and was responsible for the
reduction in cost. The ‘summary of the
tachograph data given in APPENDIX B shouwed
there was only a wvery small change in
operating costs. The change'in total cost
per vehicle is given in Table 13. Data
were summarized in 30-minute time
intervals. There was a reduction in costs
in the peak direction C(except from
£:00-6:3C p.m.) and an increase in the
off-peak direction. During the AM peal,
the increases in c¢osts in the off-peak
direction were relatively small compared
to the decreases in +the peak direction.
Howaver, during the PM peak, the increases
in costs in the off-pesak direction uwere
sthstantial and even larger than the
decreases in the peak direction in some
instances.
Multiplying the
the volume yielded the %total
all vehicles within a given

cast per wvehicle by
user cest for
time period.

The change in cost by direction and the
net change in cost are given in Table 14.
There was a decrease in total cost during
each portion of the AM peak -- the

largest decrease ocdurred between 7:30 and
&:00 a&.m. This pericd had a larger
decrease than any PM peak period. There

20

was a decrease in total cost during the PM
peak from 4:00 to 5:30 p.m., but there was
an increase in total «cost between 5:30 to
6:30 p.m. The largest PM cost decrease
occurred between 4:30 to 5:30 p.m.

The cost savings for the entire AM
and PM peak periods were summarized and
c¢onverted to yearly savings {(Table 15).
It was assumed the system would operate
five days a wesk for 52 weeks (260 days).
The total savings during the AM peak
(7:00-9:00 a.m.) was about $175,000, and
the savings during the PM peak coperation
(4:00-6:00 p.m.) was about $154,000; this
gave a total savings of $329,000 per vear.

A benefit-cost ratic could be
calculated it costs were summar ized
annually. A summary of the cost analysis

is given in Table 16. The initial project
cost was $250,000. Assuming a projsact
life of 20 years and an interest rate of
10 percent gave a uniform annual c¢ost of
$40,750. An  annual maintenance c¢cost of
$2,500 was assumed. The additional annual

accident cost was estimated using the one-
vear hefore-and-after accident analysis
and 1978 estimates of the costs of motor-
vehicle accidents given by the National
Safety Council (3. The c¢costs of the
injuries by severity was used. Since most

accidents were property-damage-only and
most injuries were classified as Type C.
the additional cost was not large. A

comparison of the cost of the one yesar of
"hefore™ and Tafter™ accidents vielded an

additional c¢ost of $9,350 in the vyear
afterwards, Adding the uniform annual
installation c¢ost, annual maintenance

cost, and annual accident cost resulted in
a total annual cost of $47,600.

A summary of the benefit-cost
analysis is given in Table 17.
Considering current operating times when
determining henefits resulted in a
benefit-cost ratio of 6.90. Changing the
evening cutoff to 5:30 p.m, would increase
the benefit-cost ratio to 7.12. However,
the volume at 5:30 p.m. is higher; this
would make the transition period more
difficult.

SPEEDS
Another output from the tachograph
was the average speed over the reversible-
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CHANGE IN TOTAL COST PER VEHICLE AFTER INSTALLATION

OF REVERSIBLE LANES

13.
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CHANGE IN TOTAL COSTS AFTER INSTALLATION

OF REVERSIBLE LANES
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TABLE 16. COST ANALYSIS

INITIRL PROJECT COST
PROJECT LIFE

INTEREST RATE

CAPITAL RECOVERY FACTOR
UNIFORM ANNUARL COST
ANNUAL MAINTENANCE COST
AHNUAL ACCIDENT COST
TOTAL ANNUAL COST

250,000
20 YERARS
10 PERCENT
0.163

40

%
5
4

Oy L U1~]
owmom
jejalele]

r
14
»
»

~] Ete

%

TABLE 17. BENEFIT-COST ANRLYSIS
OPERATING ANNUAL ANNUAL
HOURS BENEFITS COSTS
7:00-9:00 A.M. 295,100  $47,600
4:00-6:30 P.M.
7:00-9:00 A.M.*  $328,640  $47,600
4:00-6:00 P.M.
7:00-9:00 A.M. 338,780  $47,609
4:30-5:30 P.M.

®

CURRENT

OPERATING TIME

BENEFIT-COST RATIO
6.

6.

7.

20

90

12

23



lane section. The average speeds over the
AM and PM peak periods are given in Tahle
18. During the AM peak, the average speed
in the peak direction increased from 15.1
mph (6.7 m/s)  to 18.7 mph (8.4 ms/s); the
average speed in the off-peak direction
decreased from 21.7 mph (9 .7 mss) to 19.5
mph (8.7 mrss). The c¢hange in speeds
during the PM peak was much greater. In
the peak direction (southbound), the
average speeds increased from 13.2 wmph
(5.9 m/s) to 19.2 mph (8.6 m/s); however,
there was a large decrszase in speeds from
22.1 mph (9.9 m/s) to 13.7 mph (6.1 m/s)
in the off-peak direction.

Speeds were compared to a warrant
that calls for a reversible-lTane system
when there is a reduction in average speed
of at least 25 percent in the congested
time compared to normal time (1). A
25-percent reduction in the southbound,
of f~pezak speed yielded a speed of 17.3 mph

(7.3 mss). The "before™ peak-period (PM)
southbound speed was 13.2 mph (5.9 ms/s),
which met the speed warrant. A 25-percent
reduction in the northbound, aoff-peak
speed vyielded a speed of 15.9 mph (7.1
Tmss). The T'Tbefore” peak-period (AM)
northbound speed was 15.1 mph (6.7 m/s),

which just met the speed warrant.

Using speed data taken before the
conversion to reversible lanes, peak and
off-peak speeds were compared (Table 19).
The average, northbound speed during the
heaviest volumes of the &M peak (7:30~8:00
a.m.) was compared to the northbound,.off-
peak speed. There was about a 50-percent
reduction in speed during the peak period.
Also, a reduction of slightly over 50
percent was observed when the average,
southhound speed during peak conditions
(4:30-5:30 p.m.) was compared to the
southbound, off-peak speed. tevel of
service has been related directly to speed
(4. In both cases (northbound and
southbound), the <corresponding level of
service was F (forced flow) during the
peak period and C (stable flow, acceptahble

delay) during the off-peak period.
Comparisons betusen speeds in the peak and
off-peak direction during. the same time
period are possible from Table 20. In
both &AM and PM periods, the ievel of

service was F in the peak direction and €
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in the off-peak direction. Also, in both
cases, the speed in the peak direction was

slightly under one-half the speed in the
off-peak direction.
TRAFFIC CONFLICTS

A traffic conflict wocccurs when a
driver commits a wviolation or makes an
evasive action such as braking to avoid
cobliding with another wvehicle or &
pedestrian. Types and frequencies of

traffic conflicts are measures of accident
petential and operatiocnal problems. A
previous research report described the
traffic conflicts procedure used here (5).
A summary of the confliect counts is given

in Table 21. Data were collected at six
of the signalized intersections.
At each intersection, counts were

made on both Nichoiasville Road approaches
during AM and PM peak periods. The total
number of conflicts and the conflict rate
decreased slightly in the "after"™ period
hecause of a reduction in congestion-type
conflicts. Congestion conflicts accounted
for the majority (69 percenty. A
congestion-type conflict occurs when

vehicle apprecaches an intersection on &
green |ight and must slow or stop due to a
queue of vehicles at the intersection. A
maximum of one congestion conflict is
counted per lane during the green phase.
Because the number of lanes was reduced in
the off-peak direction, the number of
possible congestion-type conflicts,
therefore, was reduced by one-half. The

addition of & lane increased the numbher of
possible congestion conflicts in the peak
direction, hbut the improvement in traffic

flow counterbalanced this increase., While
the total number of cengestion-type
conflicts decreased in the off-peak
direction, the number of conflicts per
lane increased by over 40 percent. In the
peak direction, the number of congestion
conflicts per lane decreased by over 30
percent. There was only a small change in
the number of other conflict types. The

total intersection conflict rate decreased
in the peak direction and increased
slightly in the off-peak direction. There

was only a small increase in the number of
accidents after conversion to reversible
lanes. Considering both peak periods, the




TABLE 18. AVERAGE SPEEDS BEFORE AND AFTER REVERSIBLE LANES

AVERAGE SPEED

AM PERK
DIRECTION BEFORE AFTER
SQUTHBOUND 21.7 19.5
(9.7) (8.7)
NORTHBOUND 15. 1%x% 18.7
(6.7) (8.4)

* ONE WARRANT FOR REVERSIBLE LANE SYSTEM IS R REDUCTION IN
"AVERAGE SPEED OF AT LEAST 25 PERCENT IN THE CONGESTED
TIME PERIOD COMPARED TO MNORMAL TIME PERIODS.

PM PEAK
BEFORE AFTER
13.2%x 19,2

(5.9 (8.6)

22.1 13.7

(9.9 (6.1)

(MPHI(M/5)

SPEED

OFF-PEAK WARRRANTX*
23.1 17.3
(10.3) 7.7)
21.2 15.9
(9.5) (7.1)

*x PEAK DIRECTION.
TABLE 19%9. COMPARISON IN PEAK AND OFF-PEAK SPEEDGS*
KORTHBOUND NORTHBOUND SOUTHBOUND SOUTHEDUND
7:30-8:00 A.M. OFF-PEAK 4:30-5:30 P.M. OFF-PEAK
PERCENT PERCENT
AVERAGE AVERAGE REDUCTIDN AVERAGE AVERAGE REDUCTION
SPEED LEVEL OF SPEED LEVEL OF IH SPEED LEVEL OF SPEED LEVEL OF IN
(MPHY(M/S)Y SERVICE  (MPH)(M/5) SERVICE SPEEDKX  (MPH){M/%) SERVICE  (MPH)(FM/S) SERVICE SPEEDXK
NICHOLASYILLE 10.90 F zl.2 c 53 10.6 F 23.1 c 54
ROAD 4.3) £9.5? €4.7) €10.3)
HARRODSBURG 260 o 30, S A 20 21.2 ¢ 1.1 A 3z
ROAD (.73 €13.43 (9.5) (13.9)
TATES CREEK 23.6 c 35,8 A 34 26.4 B 37.0 A 29
RGAD (10.53 €16.03 : (11.83 €16.52
% USING "AFTER™ DATA FOR HARRODSBURG AND TATES CREEK ROADS AND "BEFORE™
DATA FOR NICHOLASYILLE ROAD.
¥% PERCENT REDUCTION IN OFF-PEAK SPEED COMPARED TG PEAK BIRECTIONS.
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TABLE 20.

TIME
PERIOD

AM
(7:30-8:00)

TIME
PERIDD

PM
(4:30-5:38)

NICHOLASVILLE RD.
HARRODSBURG RD.
TATES CREEK RD.

NICHOLASVILLE RD.
HARRODSBURG -RD.
TATES CREEK RD.

NORTHBOUND
(PEAK DIRECTION)
AVERAGE

SPEED  LEVEL OF

(MPH) (M/S) SERVICE

16.0 _ F

4.5) '

24,10 ¢

(18.7) =
23.6 6
(10.5)

SOUTHBOUND
(PEAK DIRECTION)
AVERAGE R

SPEED ~ LEVEL OF

(MPH)(M/S) SERVICE

10.6 F

4.7)
21,2 e
(9.5)

26.6 ]
(11.8)

DIFFERENCE IN SPEEDS BY DIRECTION DURING PEAK CONDITIONX

SOUTHBOUND
(OFF-PEAK DIRECTION)
AVERAGE
SPEED LEVEL OF
(MPH) (M/S) SERVICE
22.0 ¢
£9.8)
53.0 A
(14.8)
30.3 A
(13.5)
NORTHBOUND
(UFF-PEAK DIRECTION)
AVERAGE
SPEED LEVEL OF
{MPH)(M/S) SERVICE
21.6 ¢
(9.6)
26.1- B
(11.7)
29.5 B
t13.2)

¥ USING "AFTER™ DATA FOR HARRODSBURG AND TATES CREEK ROADS AND "BEFORE™
DATA FOR NICHOLASVILLE ROAD.

PERCENT
REDUCTION
IN

SPEED
5
27
22

PERCENT
REDUCTION
IN
SPEED
51
19

11

TABLE 21.

TIME PERIOD DIRECTION
AM PEAK NORTHBOUKDX
SQUTHBOUND
BOTH
PM PEAK NORTHBOUND
SOUTHBOUNDX
BOTH
BOTH PEAK NORTHBOUND
PERIODS SOUTHBOUND
BOTH
BOTH PEAK PEAK
PERIODS OFF-PEAK

¥ PEAK DIRECTIONS

CONGESTION
BEFORE AFTER
351 378
107 115
453 493
329 197
462 431
791 628
680 509
569 546
1249 1121
813 309
%36 312

NUMBER ‘OF CONFLICTS

SUMMARY OF INTERSECTION TRAFFIC CONFLICT COUNTS

TOTAL CONFLICT RATE

(CONFLICTS PER INTERSECTION
PER 100 VEHICLES)
BEFORE AFTER

ALL OTHER . TOTAL
BEFORE AFTER BEFORE AFTER
97 65 448 443 5.01
80 110 187 225 §.28
177 175 635 663 4.70
139 124 468 329 7.20
220 230 682 661 7.60
359 354 1158 990 7.63
236 189 916 725 ' 5.85
300 340 869 886 .51
536 529 1785 1650 5.16
317 295 1130 1104 6.24
219 234 655 554 6.02

3.9%
6.02
4.15

6.57
6.43
6.47

%.4%6
6.32
5.45

5.13
6.33
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number of accidents at intersections
increased from 38 in the year before to 42
in the year after. Therefore, it can be
presumed that there should not be a large
increase in intersection-related
‘conflicts. .

Two problem areas where special types
of data were taken were at each end of the
reversible-lane seciion whare three lanes

had to be reduced to two in the peak
direction. The reversible-lane section
stops at an intersection at both ends. A
diagram of the northern end is shawn in
Figure 13. During AM peak operation,
traffic in Lane & is required to turn
right onto Rose Street. Lane B traffic

This requires a
Lane € traffic
problem &arose

‘must go then into Lane 1.
slight merge to the right.
must move into Lane 2. A

because some traffic in Lane A moved into
Lane 1 instead of turning right as
required. Also, a large percentage of
traffic in Lane B went intec Lane 2 rather

than Lane 1, creating a problem because
traffic in Lane € had to go into Lane 2.
This location was a source of numerous
motoristts complaints. Data taken less
than a month after installation of the
reversible lanes found 12 percent of the
traffic in Lane A going straight instead
of right and 41 parcent of the traffic in
Lane B going into Lane 2 instead of Lane

1. These percentages were reduced tTo 6
and 32 parcent, respectively, less than
two months later. Additicnal signing

(Figure 1i%a) was installed to clarify the
lane assignments. These signs were
controlled so that they are visible only
during AM operation. Figure 1ltb is a
photograph of the signs in a closed
position. After one year, the percentage
of traffic in Lane A not turning right had
dropped to 5 percent and the percentage of
traffic in Lane B going into Lane 2 had
dropped to 21 percent. £ven thouah there
were numerous conflicts at this location,
no accidents were reported in the cne-year
"after™ period. Apparently, drivers were
familar with the location and exercised
caution.

A diagram of the southern end of the
section is given in Figure 15. A blank-
out sign was placed above lane A, stating
that the lane ends. Data taken during one

" pne “year after

-and weave

a few weeks after installation
200 vehicles in Lane A after
and 20 percent of

PM pericd
showed over
going past Moore Drive,
those vehicles caused a traffic conflict
when they merged inte Lane B. Data taken
installation showed less
+han 50 vehicles trapped in Lane A.

There has been confusion among some
motorists congcerning proper lane use
during reversible-1ane conditions.
Specifically, some drivers in the pesk
direction would turn left from the middle

lane. This lane is a left-turn iane the
rest of the day hut a through lane for the
peak direction during operation of the
reversible lanes. This caused rear-end
conflicts and resulted in some
accidents. Another potential accident
problem involved a misunderstanding of the
flashing vyellow "x." Some motorists in
the off-peak direction during reversible-
lane operation would treat the left-turn
lane as & through lane, as it was the
remainder of the day. This c¢reates the
potential for & severe head-on collision.
To alleviate these problems, ground-
mounted signing was installed partially
explaining the lane-use signals. A
photograph of the signing is shown in
Figure 16, After observation of the
traffic, a decision on whether additional
signing is necessary will be made.

FUEL CONSUMPTION

Multiplying fuel consumption
(gallons) per vehicle from the "Runcost”
program by traffic volume gave -the total
gallons consumed, A summary of fuel
consumption before and after installation
of convertible lanes is given in Table 22.
There were minor changes in fuel
consumption. This agreed with the finding
that the reduction in c¢ost after the
reversible lanes were installed was a
result of a reduction in time cost.
Dperating costs changed very little.

ENVIRONMENTAL FACTORS

The environmental factors censidered
were changes in traffic noise and air
polluticn. Recordings were made to
avaluate changes in noise levels, Qutput
from the "Runcost"™ program was used to
evaluate changes in air poilution.
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NICHOLASVILLE
ROAD

A B C

|

Figure 13. Diagram of North End of Reversible-Lane
Section,



Figure 14a. Signing Added +to North End of Reversible-Lane

Section; Sign in AM Peak Position.




RT
MOORE DRIVE

Figure 15. Diagram of South End of Reversible-Lane
section.
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TABLE 22. FUEL CONSUMPTION BEFORE AND AFTER INSTALLATION
OF REVERSIBLE LAMESH*

FUEL CONSUMPTION (GALLCNS) (LITERS) PERCENT

TIME PERIOD BEFORE AFTER CHANGE CHANGE

AM PEARK 7:00-9:00 267,445 270,354 +2,909 +1.1
(1,012,279) (1,023,290) (+11,011)

PM PEAK 4:00-5:30 . 240,302 236,245 -4,057 -1.7
(909,543 (894,187) (-15,356)

4:00-6:00 292,268 291,450 -818 -0.3
(1,1906,234) (1,103,138) (-3,058)

4:00-6:39 336,192 343,953 +7,761 +2.3
€1,272,487) (1,301,862) (+29,375)

AM AND PM 7:00-9:00 AM 507,747 506,599 -1,148 -0.2
PEAK PERIODS. 4:00-5:30 PM (1,9219.,822) (1,917,477 (-4,345)

7:00-9:00 AWM 559,713 561,804 +2,091 +0.4
4:00-6:00 PM (2,118,514) (2,126,428) (+7,914)

7:00~9:00 AM 603,637 614,307 +10,670 +1.8
4:90-6:30 PM (2,284,766) (2,325,152) (+40,386)

¥ FUEL CONSUMPTION WAS CALCULATED FOR A ONE YEAR PERIOD BEFORE END
AFTER INSTALLATION COF THE REVERSIBLE LANES.
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"Befeore" and "after” noise recordings uwere

made at four locations during the AM and
PHM  peeck periods. ‘Data were analyzed
according to methods developed eariier

(6). The average L10 and'Leq noise levels
were determined. The L10 noise level is
the noise level exceeded 10 percent of the
time and is

the basis of federal noise
standards. The term Leq refers to the
hoise equivalent Tlevel and s used
frequently in describing traffic noise.

Noise measurements were made at the same
locations and times before and after the
installation. Results of the neise
analysis are summarized in Table 23. Each
value given represents the average of
eight I0-minute recordings. Both the L10
and leg levels showed no significant
change due to installation of reversible
lanes.

Pollutants emitted per vehicle is an
output from the "Runcost" program. A
summary is given in  APPENDIX B. Using
these data, along with volumes, enabled a
caleulation of air poliutants per vyear
hased on pollutant rates. A summary of
the results is given in Table 24. Total
poliutants per vyear decreased during tha
after period. This resulted from +the
decrease in congestion. During the AM
peak, total poilutants were found to have
decreased by about 40,000 pounds (18,100
Kg) per vyear. The decreass in c¢arbon
monoxide accounted for mast of the
decrease. There was a much smaller level
of pollution from hydrocarbons. Atthough
the percent decrease for hydrocarbons was
righer than for c¢arbon monoxide, the
reduction in pounds was much less. There
was no change in the nitrogen oxides.
During the PM peak, there was a reduction
in pollution of about 46,000 pounds
(20,%00 kg) for the period from 4:00 to
5:30 p.m. The reduction was less (34,000
pounds (15,400 Kg)) for the period from
6:00 to 6:00 p.m. There was a very slight
decrease in  pollutants when the analysis
period Wwas extended  to 6:30 p.m.
Considering the actual time c¢f overation
during the "after™ period (7:80-9:00 a.m.
and 4:00-6:00 p.m.), there was a vearly
decrease in pollutants of approximately
74,000 pounds (33,600 Kg).

EFFECT ON OTHER STREETS
For the reversible lanes to he
effective, it was necessary that traffic

be diverted to and from ad jacent
arterials. As shown in  Figure 1, ‘there
are major, parallel arterials on eithsr

side of Micholasviile Road. Tachograph
data taken on both of these arterials
(Harrodsburg Road and Tates Cresk Pike)
before and after installation of the
reversible lanes are plotted in APPENDIX
D. A summary of average travel times and
cost per wvehicle for Harrodsburg Recad is
shoewn in  Table 25. The T"after™ data
showed & large reduction in travel time in
the AM peak in the peak direction. The
largest decrease in delay occurred from
7:30 top 8:00 a.m. and corresponded to
decreases on Nicholasville Road. There
was a smaller decrease in delay during the
PM peak in the peak direction. The
reduction in delay and the resultant
reduction in time ¢ost on Harrodsburg Road
may be attributed to the diversion of some
pealk-direction traffic. to HNicholasvilie

Read. Data showad an insignificant change
in average travel time and cost on Tates
Creek Pike (Tahle 26).

Average speeds on these paratllel
arterials were alsao analyzed (Tabhles 27
and 28).  The only major chandge in speeds

was a 6 mph (2.7 m’/s)  increase in average
speed on Harrodsburg Road during the am
peak in the peak direction (northboundl.
Comparison of the "after" speeds with the
reversible-lanes spead warrant (a

25-percent reduction compared to the off-
peak speed) showed that, generally, . the
speeds were c¢lose to  or above the speed
warrant. Tables 19 and 20  compare
conditions on Nicholasville Road before
the reversible lanes were installed and
conditions existing on Harrodshury Road

and Tates Cresk Pike after installation of
the reversible lanes. Speeds during the
high-velume AM and PM periods indicated a
levael of service F  (forced flow) existed
in the peak direction on HNicholasville
Road. In comparisen, . speeds in the peak
direction on Harrodsburg Road indicated
level of service c (stahble flow,
acceptable delay). Speeds in the peak
direction on Tates Creek Pike indicated
levels of service C and B (stable flow,
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TABLE 25.

TIME PERIOD
AM PEAK

PM PEAK

* AM PEAK DIRECTION IS HORTHBOUND AND PM PEAK DIRECTION IS

‘.?

AVERRA
HARRO

GE
s

DIRECTION¥*

SOUTHBOUND
7:00-92:00
HORTHBOUND
7:00-9:Q0
NORTHBOUND
7:30-8:00
NORTHBOUND
8:00-8:30

NORTHBCUND
4:00-6:00
SOUTHBOUND
4:00-6:00
SOUTHBOUND
4:30-5:30
SOUTHROUND
4:00-U:30
& 5:30~6:00

AVERAGE TRAVEL TIME

(MINUTES)
BEFORE AFTER CHAHNGE
5:57  6:11 +0:14
9:34  6:51 -3:23:
13:10  7:45 -6:05
7:46 6106 —1:40
5:87 5:33 -0:24
8:04. 7:38 -1i06
8:51 $:73 -0:38
6:32  6:29 —0:03

TRAVEL TIMES AND COST PFR VEHICLE ON o
BURG ROAD BEFORE AMWD AFTER- REVERSIBLE LAKNES

TOTAL COST PER VEHICLE

(CENTS PER VEHICLE)
7BEF0RE AFTER CHANGE
' 83.46 "86.37 +2.91
115.46. 93.08 -22.38
152.94°101.70 -51.24
100.33, 84.38 -15.95
83.46 . 79.68 -3.78
103.81..94.71 =-9.10
111.79 98.97 -12.82
87.85  86.19 -1.66

SOUTHBOUND.

TABLE 26.

AVERAGE TRAVEL TIMES AND COST PER
TATES CREEK PIKE BEFORE AND AFTER

TIME PERIOD

EM PEAK
7:00-9:00

PM PEAK
4:00-6:00

DIRECTION¥

SOUTHBOUND
NORTHBOUND

SOUTHBOUND
HORTHBOUKD

(MINUTES)
EFQRE AiFTER CHANGE
4:39  4:27  =0:12
6:16  5:5G -0:20
5:01 5:12  +0:11
4:37  L:53 +0:16

* AM PEAK DIRECTICN IS NORTHROUND AND PM

AVERAGE TRAVEL TIME

VEHICLE ON

REVERSIBLE LANE

TOTAL COST PER VEHICLE
(CENTS PER VEHICLE)

"BEFORE AFTER
63.36 62.38
76.56  73.57
71.78 © 67.60
66 .75 66.97

PERY IS SQUTHBOUND.

CHANGE

-0.98
-2.9

-4

9
16
+0.22




TABLE 27. AVERAGE SPEEDS ON HARRODSBURG ROAD BEFORE AND AFTER
REVERSIBLE LANES

AVERAGE SPEED (MPH) (M/S) SPEED
EM PEAK PM PEAK WARRANT*
DIRECTION BEFORE AFTER BEFORE AFTER OFF-PEAK MPH(M/S)
SOUTHBOUND 29.1 31.1 22.3%% 23, 1KXX . 311 23.3
(13.0y (13.9) (10.0) (10.3) (13.9) (10.43
NORTHBOUND 19. 1*¥x 25, 1%%x 25.0 25.8 30.1 22.6
(8.5) (11.23 (11.2) (11.5) (13.4) (10.13
* ONE WARRANT FOR REVERSIBLE LANE SYSTEM IS A REDUCTION IN

AVERAGE SPEED QF AT LEAST 25 PERCENT IN THE CONGESTED
TIME PERIOD. COMPARED TO HNORMAL TIME PERIODS.

* % PEAK DIRECTION
XXX SPEED TO COMPARE TOQ SPEED WARRANT

TABLE 28. AVERAGE SPEEDS ON TATES CREEK ROAD BEFORE AND AFTER
REVERSIBLE LANES

AVERAGE SPEED (MPH) (M/S) ' SPEED
AM PERK PM PERK WARRANT*
DIRECTION BEFORE AFTER BEFORE AFTER OFF-PERK  MPH(M/S)
SOUTHBOUND 30.7 32.1 28.6%% 27, 5XXX 37.0 27.8
(13.7)  (14.3) (12.8) (12.3) (16.5) (12.4)
NORTHBOUND 23.5%% 24 4¥%kx 31.0 29.4 35.% 26.8
(10.5) (10.9) (13.8) (13.1) (16.0) €12.0)
* ONE WARRANT FOR REVERSIBLE LANE SYSTEM IS A REDUCTION IN

AVERAGE SPEED OF AT LEAST 25 PERCENT IN THE CONGESTED
TIME PERIOD COMPARED TO NCORMAL TIME PERIODS.

xx PEAK DIRECTION
¥%% SPEED TC COMPARE TO SPEED WARRANT
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slight delay}.

Cther studies were
it the reversible lanes changed <traffic
natterns on adjacent streets. Tachograph
data for two major c¢ross routes are shown
in Table 29. Mo major changes in travel
times were observed. Also, average
stopped delay was determined at several
sidestreet approaches at signalized
intersections aiong Hichelasville Road
(Tahle 30). There was & slight, but
insignificant, overall increase in
sidestreet delay.

made to determine

SUMMARY AND CONCLUSIONS

1. The reversible-lane
proven to be feasible and reliable during
the first vear of operation. The
reversible Jlanes generated trips in the
peak direction, deterred trips in the aff-
peak direction, and improved the
directional split. During the AM peak,
detays were reduced substantially in the
peak direction without a large increase in

system has

delavs in the off-peak direction. During
PMi peak operation, delays were reduced
sharply in the peak directicon; however,
there was a large increase in delays in
the off-peak direction. Total travel
times were decreased during all fime
periods except between 5:30 to 6:30 p.m.

The largest decrease occurred from 7:30 to

8:00 a.m. The largest net decrease in the
PM peak cccurred from 4:30 to 5:00 p.m.
When all vehicles were considered in both

peak periods, there was a reduction .of

about fwo minutes per wvehicle in  travel
time and one minute in stopped time.
There was only a small reduction in number
of =stops., which suygested additional
improvements in the system could be
ohtained with improved signal
coordination.

2. There was an overail decrease in

user costs during the AM peak period. The

largest decrease occurred from 7:30 to
B:00 a.m. During the PM peak, cost
decreased in the 4:00-5:30 p.m. period

but increased in the 5:30-6:30 period.

3. The total number of accidents
during the first year of operation
increased by 11 percent over the vyesar

hefore. The
PM cperation,

increase occurred during the
However, this increase was

identical 1Yo the inc¢reass during other
times. This would indicate that the
reversible lanes did not generate &
stgnificant number of asccidents. There
was no increase in accident severity. Tuwo
types of accidents rejated to reversible
lanes were noted, One involved drivers,
desiring to make a left-turn, getting into
the left-turn lane a leng distance from
the left-turn location. This wusually

occurred during PM  operation in ths off-
peak direction in an attempt by drivers to
avoid Tfong delays. The other tyra
involved a driver attempting to turn left
into a driveway across three opposing
lanes of tratfic. The percentage of
accidents involving non-local drivers did
net increase in the "after" period.

4. WUsing the operating times of 7:00
to 9:00 a.m. and 4:00 to 6:00 p.m.
resulted in a benefit-cest ratic of 6.90.
Changing the evening cutoff to 5:30 p.m.
Wwould increase the henefit-cost ratio
slightty, However, traffic volume is
higher at 5:30 p.m., which prebably would
make the transition period more difficult.

5. Speeds increased in the peak
direction during AM and PM pericds. There
was a large decrease in speeds in the off-

pealk direction during the PM period.

6. The total number of intersection
conflicts was slightly less atter
installation of the reversible lanes,

mainly due to a reduction in congestion
conflicts. The total intersection
conflict rate decreased in the peak
direction and increased slightiy in the
off-peak direction. Numerous traffic
conflicts were noted at each end of the

reversibie~Tane saction where one lane was
dropped.. However, the number of confiicts
decreased with time. No "accidents were
reported at either end point in the one-
vear period after installation.

7. There were minor changes in fuel
consumption due to installation of
reversible lanes.

8. There was no significant c¢change
in the noise level of the traffic stream
during operation of the reversible lanes.

9. Air peollutants were reduced
aimost 10 percent after installation of
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TABLE 29.AVERAGE TIMES AND

AVERAGE TRAVEL TIME

COSTS PER VEHICLE BEFORE AND AFTER
REVERSIBLE LANES FOR TWO CROSS ROUTES

TOTAL CODOST PER VEHICLE

(MINUTES) (CENTS PER VEHICLE)
CROSS ROUTE TIME PERIOD DIRECTION BEFORE AFTER CHANGE  BEFORE  AFTER  CHANGE
COOPER-WALLER AM PEAK EASTBOUND  7:264  6:44 —0:60 84.05 72,20  ~11.45
WESTBOUND  5:57  6:06 +0:09 70.16  467.44 -2.72
PM PEAK EASTBOUND  6:35  7:03 +0:28 76.32  76.94 +0.62
WESTBOUND  9:05  8:48 -0:17 98.56  91.10 -7.46
ALBANY-JESSELINE-  AM PEAK EASTBOUND  7:39  7:02 -0:37 96.41  90.03 -4.38
ROSEMONT WESTBOUNE  9:21 - 8:13 -1:08 102.69  95.96 ~6.73
PM PEAK EASTEOUNE  8:36  8:15 -0:19  103.86  95.25 -8.61
WESTBOUND  8:28  9:17 +0:49 $5.40  98.59 +3.19
TABLE 30. AVERAGE SIDESTREET STOPPED DELAY AT FOUR
SIGNALIZED INTERSECTIONS BEFORE AND AFTER
REVERSIBLE LANES
AVERARGE DELAY (SECONDS)
BEFORE AFTER
AM FEAK 23.1 23.6
PM PEAK 22.7 28.2
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the reversihle lanes. This amounted to a

vearly decrease of approximately 74,000
pounds (33,600 kgd.

10. An  analysis of a parallel
arterial (Harrodsburg Road) showsd &
significant reduction in travel time in
the peak direction during the AM peal.
Studies on another parallel arterial

{Tates Creek Pike)
change in  travel

showad no significant
time. Studies on two
cross routes also indicated no sigrificant
change in travel times.
11. Stopped-time
four sidestreets showed a
insignificant, increase in delavs
installation of the reversible lanes,

delay studies on
slight, but
after

12. Data on Harrodsburg Road and
Tates Creek Pike showed the level of
sarvice in  the peak direction during AM

and PM conditions is much higher than the
lavel of service which existed on
Nicholasville Road before instaliation of
the reversible lanes. The volumes, delay,
and speed data taken en - those roads
indicated reversible lanes were not
warranted.

RECCMMENDATIONS

The reversihle-lane system installed
en Nicholasville Road has proven to be
successful and merits continuation. The
existing traffie coentrol devices are
performing well and have been reliable,
However, data indizate an additional
improvement in the system could he
chtained with improved signal
coortdination. An effort should be made to
improve public understanding of this type

of signal systen. Additional signing
explaining the lane-use signals may he
necessary. Another means of improving

public awareness could be through a public
information television spot sponsored by
the 0ifice of Highway Safety Programs.
Consideration should ke given to changing

the PM peak cutoff time to 5:30 p.n.
Additional efforts should be made to
encourage mectorists traveling the off-peak
direction to use aiternate routes,
particularly during the PM peak.

Data from Harrodsburg Road and Tates
Creek Pike. taken after installation of the
reversible lanes showed & higher level of

service compared to Nichelasville Road
before the revarsible lanes were
installed. Operating conditions on these

warrant installation of
Also, these twe routes
to Nicholasville

routes do not
reversible lanes.
provide alternate routes

Road in the off-peak direction during
reversible lane operation.
REFERENCES

1. Jransportation and Traffic

Engineering Handbook, Institute of

Traffic Engineers, 1976.

2. Agent, K. R.; "Evaluation of the
High-Accident Location Spot-
Improvement Program in Kentucky,m
Division of Research, Kentucky
Department of Transportation, Report

357, February 1973.

3, "Estimating the Cost of Accidents,”
Natienal Safety Council, Bulietin
T-113-79, 1979,

4. Highway Capacity Manual, Special
Report 87, Highway Research Board,
1965,

5. Zegeer, C. V.; "Development of &
Traffic Conflicts Procedurs for
Kentucky," Division of Research,
Kentucky Cepartment of
Transportation, Report 490, January
1978.

6. Agent, K. R.;
"Evaluation of the
Prediction Procedure,"

and Zegeer, C. V.;
Traffic MNoise
Division of

Research, Kentucky Department of
Transportation, Report 379, HNovember
1973, '

39






APPENDIX A

INSTALLATION PLANS

41






§
2
i
g

Nicholasviile Reversible-Lane Master

Controller.

Figure Al. Road;

EXISTIMNG COLOR SEQUENCE T - B~ ol B~ .-
CIEAGE AL ng CORETRO, £ £ SCHEMATIC  EFQUIPMENT LOCATION /N EX/ST/ING  CAS/NET P SCHEAMATIC CORMECTION  DLAGRAM
BAASE | TERHRL B OLR D FREESHITBOURID FRED §§ Lot LD FAYETTE
2 mlolealais]slc,isl 9 @ @ MELTRAL
| EEEEZ] Jexlma 4§ [ rlkaies] — | Gomuar omcearion e O -
N EREL LEFF FeRAT T _IHEOUND B AVEED 0 &P BALAYCED A A j
2 lex[eaial § L VT Frolexiexo o] 5722, 2 rei D4} f& oor
i oy
§ § 3 el § 1) 1 Iolecjeroed 22502 2877 TIMERS s T . ) o) .
hg* ) e I I i i i R Py LA\ log PRa Fas - | rERcOME T e IHT-'EA/.’ ‘___._--‘-“u :
- gES s AL ATE COLTROLLER AL AN BLE 24, het-ioans 0
3 §§3 ¢ LI il 28 iR BT R MR RN it s s RE prpriv iriprsaliyio vl Ak dyrrroatl ; & _
§ B & wrlexi || b1y b Relerlererions| ca e oo ; —INSTALL pA il S B v B
pliames | v lexel i L plexlerient — Lvoeanas oesesmw MSES -/ MSES -2 £ s ‘ ke -F—-ﬂi'”/wﬂm"@"‘/ﬂl’” -
3 T LER R MTOSAGIED EOE MIOEAGIG6OROE s 552~
N Q & a2 R AR NR RS el S G G Worory l; g e IS5~/ “ @)L/ FYE
B 9 TJexleni 4114 bolexlealenoad fFisaes 2227 SN £55(-3 it
3 bl e L 2 . ’4 i T o0 SEE 2 OB 4 54 58 b 4 ™
S §§§ 0 x| b k| g )RR RHRR0-a0 Hoso Lawr Fees L55-1 ¢ Ty ? poap e, 1 - *y L5544 @r £ |~ —
3| 33 [T ey T Ty e elex relos | FEERET T REEER MT /34606 0205 Ly 0nad SEC o e yd T £ ox — -
é ke 2 lexgxlend 4Ty 14 eralexlerlo s coe aee mEo 4 I oF <5552 B ¢, AX -~
baprse ; g -
[Beazs | 1506 lwxtexloal 4[4 D1y bdesled S0e vommar ensearon . 55y ANOTE g BELy 0230 560 .n: fi‘?: {($r o Ax— ="
] 7 pex @i §| b ; J. irx|me|Ry| — \wosrde: accearion MTIO2G e OZ05 PUSHELTTON FUNETIONS EEEITMSE » X -@-(:‘ | QR
) 2 lextexlerd } 5 ér % el R al gurp| (AL LEFT TERE . P8I MANUAL START INBOUND S-S o L85/ & o &
-5 3 ERenen) § b eiRxgexo-2a A TEET E] Niisini a3 e 7197 00780 - 1552-6 /®— daicinln
. Y reeas P ASES FBI MANUAL STARY UTEOLND o 1t .
o E § < pexteriex| [ 411 | |eeledledlesgroie cam roewn [y p— T A o L8547 gy AN =]
8 2 N & ¥ loxlors| RELEASE CONTROLLER X 28V 5 pribee
3 g lexiexlex| {4 1} || jexleeiexlo-s|TREEASE COMTROLLE £ HOMHZ HOANE Lo 1%
3| _FF & pexmmmded L L exiexo-g)cae s men N v . L5548 & 5 | —~—
|G : - 1851-8 . -y
§ 7 dergren L e Rx] = | vosan aesRarion .o 3 B @) £ | — ——
WrTd 5 b
- a  wxlexlexlen] [T 1} [mlreo o] 200 285 TR g : f
w & R MES22 25
§ g wxlexrere § L] ] rdexje-ag BELEASE 2E0T g 9 ie oup 24 2 )
S 535 |2 Jeepasd LT leolorlo M voco serr ruen A REVERS Ll LAl COMGIRATION g ivacy O e o
§ g A stz s N R A e i ﬁﬂaﬁﬁfrmg;géjxgp \ [ R | L g, M3 g Tﬂﬂb’/f@%_"'—_. l:-f—'——'—'—-*ﬁl
: BATAUML
§ ke s pepexie | ] erlexdedos| car wee o A, MS5E3 lag ) 2 LSSf 15 -
SWEe  5-se. frxpxien| | 141 njexipa[li | voratas omcearion : . i eaalel - LI3f A7 ¥
ALREDY BDD — 285016
. i - LT - i b F -
6)] Lottt g £ S5d~/6
i S — N 3
@ D =45 - AR ¢ H{C’?_ﬂwdm
— —— — LAS2-77
REVERS/BLE LANE SIGAAL FACE LEGEND @ Coma 4o, B L5518 -
i J— — S ®\ £L552-/8
. \l/ CREEN ARROW @ PR Sy - ~g3  M5-3 -
A AN - s IR -2 0 )
i Vi s/ : MES+1 WG
\L >< >< A >< A \L >< RED X i s~ LHSTIG  MASTER CONTROLLER e s ~;‘ et e
/ FEEAN ¢ ‘L - - A A
- ‘ X vescow x vt ;g s 4 sty posstay 4 ame ameon e
A 8 G, & ALL OTHERS A - i Ly & o X 22 o
4122 ' -
MOTES : A28 o
L BRALANCED FIOW /5 PROWOED WiITH BOTY CRVISKHIETS 1 INTERELL /, FEEE  AAEE ; j
REVERS/IBLE LAAE ALASTER COATROLLER CAM BREAXODT CHART B INBOUND FLOW ANE TRANSITIONS 7O AND FROM INBOUNE FLOW ~—J1~b€¥4J *
(X AIEAAS CRAd IRTERIAL BROKEA OUT LOAD CIRCUT CLOSED) zﬁfdﬁgﬁgiaﬁﬁ CRMSHAET [ WYTH CAMSHAFT 2 AMAINTANED Y
CAMSHAL T [ (W EQUND) CAANSHALT 2 (OUTEOUMND) B OUTEOUND FLOW ANE TRANSITIONS TO AMD FROM OUTEOOND FOW o
CAAN  FLACTION CAM FUNCTICA ARE Fﬁg_g_’%fg ‘s;r CAVISHRALT 8 WeTRs CANISHALT 1 MM TRINED Loz
JAS IS 0r /. AOME 3
. I ) J— G EANIEMALY CHONGE ALY ONLY OOCUR WHEW BOTA CAMISHAETS
VLS IBLE  LANE GONTROLLEN g REVERSIBLE LANE conTRoLien N ARE I SNTERRL .
Siganas DA RTION Jne i V¥ |sionial mimenrion Lue g g
g g :
6 a4 MISIA 45 T
E 3 Bziz o
%E = éz § Fa | MEE S g @ ;
'
‘ 3 ﬁ 3 Q& ¥ g A MBS A e P
F PR kebnkd | sPames § IRIES %Eﬁ o] sPAREsS |3 §Ett¥ ‘ MES-2:5 x|
] I O P re IR S P P [N JU R  Pe Po e 8 ~LR 2 w25 52 &'
&l e S R N SN e S e e EISER R
NUENEEREES AR RE S OIS Sle g SN SURIS 5
SN [2181215 6 (718 9 [0/ i2lid 8 i 7778131 =X 1 1 |2314 |5 a | 7189 |io|irie 31456 i7ie 9| S " 8
7Ixd Ik Ixx Xifxl [xbxy Tx x| ¢ R »
2 X X XX X | X Z2ix XX X X X 2
ax |x] [x]x XX AT T Ix FHES 3 ot &
2lx X{RIXIX X 4l x X[ [x[xix X 4+ P - S
5§ X X XIX|X X 51X X x| xix 7 G _ﬁ%ﬁ/}l L5Ee-9
&x x| Ixix} Ix X Xl igGiX XX X[ x X x| |a £§3200
17Ixix IR X X Tixlx x| x x| X 7 LEfa-s/
SixXiX X X X|X]X|X 5K | X x| X XX XX 8 LEZ212
atx|x L IEIEIE sTX|k XX X XTHTX 9 S tiarg
DX X Txixl ix = X ol ¥ XX x| x x[x] X i
Wiitx FEEIE IEIRE T % A X XX X il
eix] |x] (xix x| & Xix| [#2hx X X{X|Xx XX X[x| e AMICHOLASVILLE ROAD
F x| Ja] ixix x A EBEE X i A RLEVIERSIELE £9ME AMRETER CONTROLLER
j

43




34 Turerrecrens

o+
> s v T
g 2 o
A0 g O 0
o0 e
N Q B C
Qoo
£1 0 O 0 '
£y a
s
: Swfa (Am Lerr Forw)
ns B gelile,
2 QR B
Q O o
1 0 g l
Ry a's
g e R . e S8 {(Notmae Leor Tory)
a r O O
[mIN W,
0o a
T R} o
o 0 Q.0
0o
o
g [ | ers
Ly
RY GG ) doap S
] SHfC ("‘JM Lo Taan
40 0 QO
& 0 oQoo
o Qo
__,..::::-“D Lo o l
Y &
(.
SHID CAommps STeasur Tre
S0 QO O
- 0 oo
0 oo
o= o I 2 w i
L
SHLE {(Brt Sremier Taeu)

AN Am Pr AC-
-

Pt
Losre Gop ——aw
LT
[
o B o
:
i
AT -

Legec. Gwd '—'/"‘—"<AM Frax Iﬂd"\d?) Ta Dsr. Lewic

Ar

&
:

AC~

£ya Ry e

[N

44 <
Loss Losn
S Tw

Pud Pur Pwl PuI
Mo

Farca

Yot pr e

Drrer Der

Ave Keo

g

Leaie |

D P Tndersacriends

2 .X T 3
k¥ Y o S
§ o % e S o= o2 &
|—r-Cl O n 49 O 0O 10 Oy
- o ] 5] e
I3 Nopaiac 2 & E g ~ £ "‘_’Jé 5 1 ¢ 2B Aoermac
Leer Toaw. ) ¥ d i ; ey Fuku
Am Srmsdo g =l O 0. 0 Qoo - . PM Prax
Tany, M Drediday Faku. §
Be i, CAam 5{.44«')
e . .
=0 o bm i) e e R R e I
sEr Rl R g oo d
g oo g oo
ot ][] o [} 0 O O O
4. 0 0 ij O 0O 0O O=f
- l ] 1]__? [ I . [ o Y 58 Pr P
[T = = P
I — o S L g
Ler Topnt, ) Yt FET] ?] L o O &0 g+ Asgsa
Alormae + A o %ﬁ — Brann.
Srmdiswr .
s,
G0 o0 oo DA = , -
, Qoo o, LTO L L% D 03 2o e tersad |
¢ G0 o u] Q a L Steaanr Thew
I8 AM Fea = 4 e R ) Are Prax derr
25 171 P TH0 0 Do 00 Qo e
TP v Aok
Besmn :
Tve & v AM Siowac FeSecar AL - Eva RAvya
St Nmedd S N
Sy 2, Sy Pz
Loan Cean Loap - Lods
S Sws

Fu

m{q»«w P 7
g oz
-t 3

T wp

[
o
r

“

AC -

Locee (ran —'/f— (PM Fean Turor}) 75 DE? Logic

Faq

o

f~an

A

Ve, Durr

—
e
- -—H—d}z‘s'r Fe KEo 7

Canrrascer Afusr Mave OS5 Sec,
Ao Res 75 Rese Fu eo

Sazre

Srardt

Cpouns —

Al -

L

v Ao vac " b ——{an’

Logre Gwn — % & An
4
o
2/ I
£
Ao- .
(2o wAC et e a7
Logre Gap T e (Pt
i

*
N

AC-

F’ﬁv\/ SEC
Fopce Leg

o Hoen
S Houn

o Vg Doer (B

F1EEEY

Fa Fr Fa D2 53 Sa

GeEcia THap

——ew Der (50

Somac) To Hean Dworcumg Kftavr

J—[:Pa% per

Dt

igurd T s 2 De

Gan.

< L«w
. s |

Feax Fwrer) Vi Der Lpace

5,
e ) 5 7 OIPECHC
24 vpe™ S Sksr
]%5;
Bionac) Th Hear Sworcwmc Estars b — s
ese Taupar) 7o Der Logic
Ao Kzp Cace Awav :
= (Emany § S comaer ) B
s M ’
.
A -

(Vaﬂf'lfﬂﬂth\fp

e rEcren Inrar f

Creen

Derecroe Lwur 2

Yeciow

Deraeroe Turer 3
Gesen [ Wire

A0t ean Znrur

Brve ) Warrg

———

P Rax Tnser
Reo [ Wurra

Aare f

GOUNTY
car

FIBCAL
YEAN

SHEET
NG,

TOTAL,
BHEEYF

. Deracren Tuper 7a
Nowrugoown A& Towm

Tatew / Wirre

T 3 f Zursacacrmes.

2 20VFNEBMO

/ a2’
Lerecres Furur 3 ]
A~ .
A Fax dneer | :
Dgrgcro Iuor 27
27
()
Prs Fra Twrer
S—
Dereorre Zuser / Ana

Oy NoRInBounia AdGre % KEovmEn

Derecran Turer 7
Seutasseny LErT Fodw

44

Figure A2.

traffjc Signal Controller and Detection Logiec.




PP

APPENDIX B

SUMMARIES OF TACHOGRAPH DATA
AND

CUTPUTS FROM THE "RUNCOST" COMPUTER PRUGRAM
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TABLE B-1.
TIME
PERIOD

BEFORE 7:00~7:30

AFTER

7+3i-2:00
B:01-8:30
B:31~9:00

7:00-7:30
7:31-8:00
2:01~8+30
£:31-9:00

TABLE B-2.

BEFDRE

AFTER

TIME
PERIOD

7:00-7:38
7:31-B+08
8:01-8:30
§:31-9:00

7:00-7:30
7:31-8700
3:01-8730
8:31-9:00

TABLE B-3.

BEFORE

AFTER

TIME
FERIOD

q:00-4:30
4:31-5:00
5:01-53+:30
5:31-6:00
6:01-6:30

4:00-4*30
4:31-5:00
5:01-5:30
5:31-6:00
$:01-6:30

SUMMARY OF TACHOGRAPH DATA,

TOTAL
HUMBER  HUMBER .
oF oF

RUNS STOFS

3

oo

- os & o

SUMMARY OF TACHOGRAPH DATA,

TOTAL
HUMBER NUMBER
aF

OF
RUNS S$TOPS

2

-

[SIEET I I )

"SUMMARY OF TACHOGRAPH DATA,

TOTAL
NUMBER  HUMBER
0

7
13
L}

w

wm o 8 o

3

- ot

E T I )

OF F
RUNS  STOPS
z 6
1 4
2 3
1 4
2 4
2 3
3 10
3 10
4 1
2 7

SPEED
{MPH
(Ms5)

17.3
(7.7)
.o

SPEED
(MPH)
(MrS)

SPEED
(MPH)
(Mss)

TOTAL
TIM

(MINUTES)

10:49
19:10
11:53
10:23

10:22
13:29
8:21
7:41

TOTAL

TIME TIME
(MINUTES) (MINUTES?

£:68
709
T7:05
8163

6:56
8124
9100
9: 04

TOTAL

TIME TIME
(MIKUTES) (MINUTES)

arze
§:38
8:25
809
&:21

14410
13:45
14:60
13922
11:22

5TOPFED
TIM

{MIKUTES)

3:32
10:04
4108
3:30

3145
6:20
2:19
2:37

STOPPED

1:39

44
1:12
3102

1:85
2:24
302
3:20

STOPPED

214
2:10
166
2:22
2:34

6126
5:53
6:33
4:59
G:26

NICHOLASVILLE ROAD,

AVERAGES

OPERATING

TIME
COST FER COST PER

VEHICLE VEHICLE
(CENTS} (CENTS}

47.56 34.13
143.51 35.39
91.49% 33.41
82.27 32.79
83.11 36,52
99.9¢8 38.11
6433 37.36
52.26 39.15

NICHOLASVILLE ROAD,

AVERAGES

TIME OPERATING

COST PER COST PER

VEHICLE VEHICLE
{CENTS) (CENTS)

58.28 28,53
58.92 26.90
56.24 25.09
63.85 34,83
58.75 30.08
67.96 30,15
59.75 31.22
¥r.20 31.49

NICHOLASVILLE ROAD,

AVERAGES

TIME OPERATIRG

COST PER  COST PER
VEHICLE VEHICLE

(CENTS) (CENTS)

69.494 35,36
76.74 3z.17
70.08 33.30
64.25 28.85
¢z.02 36.48
106.64% 38,351
160.39 37.03
111.34% 37.75
102,08 37,76
85.22 38.44%

TOTAL
COST PER
YERICLE
(CENTS)

121.6%

175.89

124.90

115,07

119.63
132.02
101.6%

91.61

TOTAL
COST PER
VEHICLE
{CENTS)

B4 .81
85.82
81.33

48.78

88.84
98,12
100.9%7
108.69

TOTAL
€057 FER
VEHICLE
{CENTS)

104,81

106.91

193.38

93.10

92.50

146,95
137 .42
149.10
139.84%
123.66

AM PEAK,

POLLUTANTS PER VEHICLE
(POUKD5) (GRAMS)

HITROGEN HYDROD-
OXIDES CARBDNS
02808 .003279
(12,73} (1.487)
. 02398 005142
(12.733 (2.332)
. 02808 -003585
(12.73) 1.630)
02808 003049
(12.73) £1.333)
280 . 003342
(12.73) 11.515)
-92808 . 003830
(12.73) (1.737)
<02808 002925
{12.73) €1.326)
02308 L002786
(12.73) (l.263)
AM PEAK,

PGLLUTANTS PER VEHICLE
(POUNDS) (GRAMS)

HITROGEN - HYDRD-
0XIDES CARBONS
.02412 002393

(10.94) (1.085

0241 to2447

€10.9%) 11.109)
. 02412 002348

18.94) (1.065)

02412 .002709

(10.94) 11.228)
92412 Lb02332

(10.94) (1.057)

026412 002658

(10.%4) 1.205
.0z412 00257

{10.5%) (L.L65)
202412 . 002580

110,54} (1.1702

PM PEAK,

POLLUTAKRTS FER VEHICLE
(POUNDS} (GRAMS)

HITROGEN
OXIDES

.02808
(12.73)
[2

tiz.73)

.02B808
(12.73)
.02808

.02808
12.732

HYDROD—
CARBONS

.002519
(1.278}
.002956
(1.34502}

HORTHBOUND

FUEL
CONSUMPTION
CARBON  PER VEHICL
MOMOXIDE (GAL.)(LIT.
.2909 2362
(131,95) (.894)
5835 \281%
(266.9%) (1.065)
. .233
(161.20) . 907)
L2683 228
(121.78) [.866)
,3198 .249
(145, 06) (.944)
L4347 266
(197.17) €3.008)
L2842 .2405
(128, 91) C.510)
L3309 .229
1156 09) (8693
SOUTHBOUND
FUEL
CONSUMPTION
CARBON  PER VEHICLE
MONDXIDE ({BAL.J(LIT.}
.1585 1931
(71.89) 719
1892 178
(35.82) €.675)
1781 1722
(30.78) (1651)
L3258 .223
(147.7) C.844)
,1592 1970
(81.73) (.745)
L2243 L2016
(161,7) €.763)
. 2088
1111.35) (.750)
.2216 .216
(186.5) (.519)
NORTHBOUND
FUEL
CONSUMPT10M
CARBON  PER VEHICL
MONOXIDE (GAL.JCLIT
L2153 2359
€97.66) (.832)
207 221
(93.94) (.838)
.2505 2226
(11326 (.342)
186 2026
(83.46) (. 766)
L2 2032
(103.78) (1769
.3963 L2114
(175.7) (1.027)
L4163 262
(187.9) 1.995)
L4654 [2707
(202.0) €1.024)
L4024 L2642
(182.5) €2999)
. 12537
1119.4) (o960
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TABLE B-4. SUMMARY OF TACHOGRAPH DATA, NICHOLASVILLE ROAD, FPM PEAK, SOUTHBOUND

AVERAGES
POLLUTANTS PER VEMICLE
TOTAL TIME OPERATING TOTAL (FOUNDS) (GRAMS)
RUMBER  NUMBER SPEED TOTAL STOPPED CO0ST PER  COST PER cosT FER CONSUMPTION
TIME 1} OF (MPH) TIME TIME VEHICLE VEHICLE VEHICLE NITROGEH HYDRO- CARBON PER VERICLE
PERIOE RUNS STOPS (M/5)  (MIHUTES) {(MINUTES) C(CENTS?} (CENTS) (CENTS) OXIDES CARBONS MONOXIDE (GAL.)(LIT.)
BEFORE 4:00-4:30 3 9 12. 12:32 5:38 59.54 33.91 133.46 .0z412 L003463 L3715 2407
(5.7) (10.84) (1.570) (168.5) (.911)
4:31-5:00 3 11 10.7 14:42 659 147.50 33.28 1646.33 .02612 .00415% L4837 2459
(4.3) (10.94) (L.8843 (21%.4) (.930)
5:01~5:30 2 7 106.5 15:21 8:33 134.439 31.27 165.7¢ L02al2 .a03826 .3678 , 2450
(4.7) (10.9&) (1.762) (166.8) €.927)
5:31-6:00 2 ? 15.4 10:15 4:10 35.1% 30.82 116.00 .02412 .Q03036 L2733 2181
(6.9) €10.9%) (1.377) {125.1) (.825)
6:01-6:30 1 3 23.3 6:65 0:52 53.86 25.55 79.41 .02612 -002087 L1648 .1703
€10.49) {10.94) t.946) (74.75} {.644)
AFTER 4:100-4:30 3 [} 18.4 B144 3:18 67.83 32.79 100.62 .02612 .002657 2599 L2167
| (8.2) {10.%4) (1.203) (117.8) {.820}
4:31-3:00 % 6 19. B:26 2:33 67.08 3z2.28 99.36 02412 LD02466 L2255 .2lal
. (8.5) {10.942 €1.118) (102.28) (.810)
5:01-5:30 3 7 14. 9:61 3:16 74.24 33.86 108.11 ,02412 .002734 L2890 L2284
€7.3) t10. %4) {1.241) (131.09} (.85481}
5:31-6:00 4 5 1%.5 8:04 2:30 6%.18 29.63 §3.81 pealz , 002498 L2216 .20lé
(8.7) €10.94) €1.133) (100.51) {.762}
6:01-6:3D 2 5 24. 6:29 1:59 50.71 30.91 81.62 L02612 . 002383 L2357 -1960
(10.%) 10.934) (1.0801} 196.91) .741)
TABLE B-5. SUMMARY OF TACHOGRAPH DATA, HARRODSBURG ROAD, AM PEAK
AVERAGES
POLLUTANTS PER ¥EHICLE
TOTAL TIME OPERATING TOTAL (POUKDS) (GRAMS)
HUMBER SPEED TOTAL STOPPED COST FER COST PER C0ST FER COMSUMPTION
aF (MPH) TIME TIME VEHICLE YEHICLE VEHICLE HNITROGEN HYDRO- CARBON PER VEHICLE
TIME PERIOD RUNS (Ms9) (MINUTES) (MINUTES) (MINUTES) <{MINUTES) (CENHTS) OXIDES CARBONS MOKDXIDE (GAL.J{LIT.)
SOUTHBOURD BEFDRE a 29.1 5:57 1:25 51.57 31.88 B3.46 02642 L002463 L1571} 2114
(13.0) {11.93) (1.117) (71.26) C.804}
(7:00-9-00)AFTER 7 29. £:11 4194 52.08 35.31 B8§.37 -02642 .0D2477 L1597 2213
{13.2) (11.98) {1.123) (72.44}) (.83
HORTHBOUND BEFORE 9 15.1 9:47 3:51 Bl.56 33.81 115.45 02642 003114 L2742 L2355
(3.5) (11.98) (1.416)  (124.37) t.887)
{7:00-9:00)AFTER g 25 6:51 1:15 58.76 35,32 43.08 LD2642 .002589 L1859 .2233
(11.62 (11.983 (1.174) (84.32) {.845)
(7:30-8:00)BEFDORE 2 13.1 13:11 Gilh 118.33 34.60 152.9% 02642 . 003945 L3342 2318
(5.9) (11.98) (1.791)  (172.45) C.877)
AFTER 3 2Z. 7:45 1:17 £8.47 33.23 101.7¢ .02642 .g0282g L2066 2204
ie. 12 [(11.98) (1.279) 93.71) (.83%)
(7:00-7:29 BEFORE 7 22.2 2:06 2:10 E4.97 35.36 100.3% 02642 0027586 L2311 22485
4:01-9:00) (9.9} {11.98) ©1.245) (104.82) C.857)
AFTER 5 29.1 6:09 1:07 51.00 33.38 86.38 L02662 .002431 L1647 2152
(13.0) (11.98) €1.102) 74.70) (.818)
TABLE B-6. SUMMARY OF TACHOGRAPH DATA, HARRODSBURG ROAD, PM PEAK
AVERAGES
POLLUTANTS PER ¥EWICLE
TOTAL TIME OPERATING TOTAL (POUNDS) (GRAMS)
NUMBER SPEED TOTAL STOPPED c0sT PER CO5T PER CO5T PER CONSUMPTION
oF {MFH) TIME TIME VEHICLE YEHICLE VEHICLE HNITROGEN HRYDRO- CARBON PER VEMICLE
TIME -PERIDD RUNS {MrS)Y  (MINUTES) (MINUTES) {MINUTES) (MIRUTES) (CERTS) OXIDES CARBONS MOKOXIDE (GAL.X(LIT.)
SOUTHBOUND BEFORE 9 22. 81064 2:07 67.95 15.88 103.81 -02642 . 002731 L2183 L2329
(10.0) {11.987 (1.238) (99.02} (.881)
{4:00-6:00)AFTER 9 3. 7:38 1:43 63.32 31.39 94.71 L 02642 .D02623 1956 2091
- (10.3) (11.98) (1.189) (BB.72} 791
{4130~-5*30)BEFORE [} 20.1 &:51 2325 74.06 37.72 111.79 . 026642 .B02851 .2478 .2431
(9.0) (11.98) (1.283) (112.4) (.920})
AFTER (3 21.2 8:13 2:02 66.59 32.38 98.97 .b2642 002703 L2215 -2139%
P (9.5) (11.983 (}.226) (108.43 {.8089)
(44 29 BEFORE 3 26.7 6:32 1:30 55.71 32.14% 87.85 02662 .002490 L1592 L2125
3: G0} (11.9) (11.98) {1.129) tvz2.23 (.804)
AFTER 3 26.8 6:29 1:06 56.79 29.40 86.19 02642 002453 L1483 L1594
(12.02 (11.93) (1.11%) {65.2) (.7548)
MDRTHBOUND BEFORE 7 25.0 6:56 1:25 58.22 33.80 92.02 .02842 .002481 -1847 .2197
(11.2} €11.88) (1,125} (83.77) (.831)
(4:00-6:00)AFTER & 25.8 644 1:18 53.85 32.54 86.39 .02642 .002413 1789 L2081
(11.5) (11.98} (1.096) (81.1) €.787)
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TABLE B-7.

TIME PERIOD

BM PEAK BEFORE
SCUTHBOUND
7:00-5:00 AFTER
AM PEAK BEFORE
NORTHBOUND
7:00-9:00 AFTER
PH PEAK BEFORE
SOUTHBOUND
6:00-6300 AFTER
PM PEAK BEFORE
NORTHBOUND
6:00-6:00 AFTER
TABLE B-8.

TIME FERIOD

AM PEAK
EASTBOUND
7:00-9:00

AM PEAK
WESTBOUND
7:00-9:00

PM PEAK
EASTBOUND
4:00-6:00

PM PEAK
WESTBOUND
§:00-6:00

TABLE

BEFORE
AFTER

BEFORE
AFTER

BEFORE
AFTER

BEFORE
AFTER

B-9.

TIME PERIOD

AM PEAK
EASTBQURD
7:00-5:400

AM PEAK
WESTBRUND
F:00-9:00

PM PEAK
EASTBOUHD
4:00-6:00

PM PEAX
WESTBOUND
4:00~6:00

BEFORE
AFTER

BEFORE
AFTER

BEFORE
AFTER

BEFORE
AFTER

TOTAL
RUMBER SPEED
F {MPH)
RUNS (MsS)
4 30.7
(13.7)
3 32.1
(l6.4)
5 23.%
(10.5)
[ 24.4
(1e.9
% 28
{12.8)
5 27
{12.3)
4 31,
(33.9)
L3 29
(13.13

TOTAL

NUHBER SPEED
(MPH)

RUNS (Mr3)

4 15.7
(7.¢)
5 17.5
(7.8)
% 19.4
(8.7)
5 18.
(8.4}
4 17.5
(7.8)
5 14.4
(7.3
4 12.7
(5.7)
5 13.3
(5.9)

TOTAL
TIME
(MIKUTES)

4:39
qi27

&: 14
5:56

5:0l
5:12

4137
6153

TOTAL

TIME
(MINUTES?

7:24
6144

5:57
606

6135
7:03

9:03
8:48

STDPPED
lH[NUTES)

8341
0:24

0:59
044

0:45
0736

STOPPED

TIM
(MIKUTES)

1:57
2:07

-

153
:52

—

3753
4:02

SUMMARY OF TACHOGRAPH DATA,

TIME
COST PER
VEHICLE
(MINUTES)

39.23

37.44

51.92
59.18

43.62
43.01

39.70
40.76

SUMMARY OF TACHOGRAPH DATA,

TIME

cOST PER

ICLE

VEH
{MINUTES)

66,61
52.31

50.20
47.97

53.54
53.21

72.81
67.06

SUMMARY OF TACHOGRAPH DATA,

TOTAL

NUMBER SPEED
arF (MPH)
RUNS {Ms5)
4 21,8
(3.7)
23.8
(10.6)
4 19.9
(8.9)
20.2
9.0)
3 20.5
(9.12
4 20.1
(7.0

4 19
(8.8)

4 18,
€5.1)

TOTAL

TIME
(MINUTES)

7:39

7:02

9:21
8:13

8134
8113

8:23
9:17

STOPPED
TIME
(MINUTES)
1:55
1:24

1:34
2:0%

1:55
1:15

2:02
312

TIME
COST PER

YEHICLE
(MINUTES)
§3.24¢
57.31

70.82
61.37

70.6%
64.23

63.47
66.62

ALBANY-JESSELIN-ROSEMONT

OPERATING
CO5T FER
VEHICLE
(MINUTES?

31.18

3z.7z

31.87
3%.59

33.21
31.02

31.92
31.97

VEHICLE HITRDGEN

AVERAGES
OPERATING TO1AL
COST PER  COST PER
VEHICLE VEHICLE
CMINUTES)  (CENTS)
24,13 63.36
26.92 62.38
26.84 76.56
26.40 73.57
28.1% 71.78
24.59 67.60
z7.06 66.75
26.23 66.97
COOPER-WALLER
AVERAGES
OPERATING TOTAL
CO5T PER  COST PER
VEHIGLE
(MINUTES)  {CENTS)
19.65 B%.05
19,89 72.20
19.9 70.16
19.47 67.64
zz.74 76.32
21.73 76.94
25.74 98.56
24.04 91,10

AVERAGES

TOTAL
COST PER
VEHICLE
(CENTS)
94.41

90.03

102.69%
95.96

103.86
95.25

95.40

TATES CREEK ROAD

POLLUTANTS PER VEHICLE
(POURDS) (GRAMS)

NITROGEN
OXIDES

.02182
§

02182
(9.89%7)
.021E2
(9.897)

02182

19.8973

HYDRO-
CARBONS

L001975
(.895)
.001875
(.B850)

002302
tL.064)

CARBON
MONOXIDE

:1385
(63.27)
L1122
(5¢.88)

(B] 921
(?6 55)

.1592
(72.21
.l4a22
(8%.50)

.1230
(55.79)
L1302
(5%.05}

POLLUTANTS PER VEHITLE
(POUNDS) (GRAMS)

OXIDES

L0176%
(7.93)
.0174%
(7.93)

.01769
(7.93)
01749
t7.93)

01749
(7.%3)

01749
(7.93)

HYDRG -
CARBONS

L002395

001861

.002075

CARBOH
MOHOXIDE

.2222
(100.78)
<1839
(83.41)

(68 ﬁﬁ)
(68 99)

86, ]EJ
.22
(99, 79}

(125 14)
11
{118, 43!

POLLUTANTS PER VEHICLE

(POUNES) (GRAMS)
HITROGEK HYDRO- CARBOR
OXIDES CARBONS MONOXIDE
02532 002365 1756
(11,48) {1.07) (81.4)
02532 .002329 L1792
(l1.48) (1.05) {81.282
02532 102519 -214
(11.48) (1.14) 97. ﬂ?)
.02532 002399
til.48) 1.082 97, 75)
02532 002455 .2005
(11.48) (1.11) €90.94)
.02532 002363 L1983
(11.48) (1.07) {89.94)
253 902561 .2372
(11.48) (1.163 (107.59)
.02532 20025249 L2366
(11.48) (1.14> (107.32)

CONSHYMPTION
PER VEHICLE
(GAL.JC(LIT.)

L1623
C. 614)
630

C. 616)
1712
(.5847)
-1663
€.629)

COHSUMPTION
PER YFHICLE
(GAL.ICLIT.)

CONSUMPTION
FER VEHICLE
(GAL.)(LIT.?
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APPENDIX C

PHOTOGRAPHS BEFORE AND AFTER

INSTALLATION OF REVERSIBLE LAHNES
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Figqure
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Figure. C2.

Before

After

Before-and-After Photographs of AN
Conditions (Nerthbound) at Rosemont Garden.

Peak




Figure C3,

Refore

After

Before-and-After Photographs of AM
Conditions (Northbound) at Southland Drive.

Peak
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Figure C4%.

After

Before-antd-After Photographs of PM
Conditions (Southhound) at Cocoper Drive.

Peak



Figure'CB.
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Figure Cb.
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Photographs of FM
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APPENDIX D

TIME-DELAY RUNS

(HARRODSBURG ROAD AND TATES CREEK PIKE?
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ELAPSED TIME (MINUTES)

ELAPSED TIME [(MINUTES)
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A BEFORE
i2 | A B AFTER
- Ja¥
s JaY
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s " ® &
a B8
4 -
O | | | |
7:00 AM. W2 7:30 8:00 8:30 9:00
BEGINNING TIME
Figure DI. Harrodshurg Road Time-Deliay Runs, Am Peak,
Horthbound.
12
A BEFORE
g |- B AFTER
A A B A B 8
B m & B A - A b A
4 -
0 bk ] I ]
7:00 A.M. 7:30 8:00 8:30 9:00
BEGINNING TIME
Figure D2. Harrodsburg Road Time-Delay Runs, AM  Peak,

Southbound.
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ELAPSED TIME (MINUTES)

ELAPSED TIME (MINUTES)
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Figure D3. Harrodsburg. Road Time-Delay Runs, PM Peak,
Horthbound.
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| ! 1 i

4:00 4:30 500 5:30 6:00 630
BEGINNING TIME
Figure D4. Harrodshurg Road Time-Delay Runs, PM Peak.

Southhound.



ELAPSED TIME (MINUTES)

ELAPSED TIME (MINUTES]

BEGINNING TIME

Figure D$§. Tates Creek Road Time-Delay Runs, AM Peak,

Southbound.
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Figure D5. Tates Creek Road Time-Delay Runs, AM Peak,
Nofthbound.
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ELAPSED TIME (MINUTES)

ELAPSED TIME (MINUTES)
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Figure D7. Tates CreeX Road Time-Delay Runs, PM Peak,
Horthhound,
12
s
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4:00 4:30 5100 530 6:0C 6.30
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Figure D§&. Tates Creek Road Time-Delay Runs, PM Peak,

Southbound.



