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Introduction

Traffic volumes on Indiana’s
roadways have increased significantly in the
past years. During the period between 1989
and 1993, traffic volumes increased 20.2%
on Indiana’s urban interstate freeways and
expressways, and 13.1% on rural intestates.
The increasing traffic volumes have caused
congestion and therefore additional costs to
highway users. Basically, there are two
options to alleviate traffic congestion. The
first option is to add new highway lanes and
the second one is to use the existing
roadways more efficiently. Construction of
new highways has been much limited by the
budget and other restrictions. Therefore,
efficient operation of the existing roadways
is often the only practical solution to traffic
delay and congestion problems.

Advanced traffic  management
systems (ATMS) are now being used or
developed in many states to reduce traffic
congestion or delay by using available
advanced technologies. For ATMS, it is
essential to have the ability to dynamically
predict traffic flow characteristics using the
real time data. The real time prediction of
traffic volume, speed and congestion serves
as the basis for a traffic control system to
adjust traffic control strategies to avoid or
reduce traffic delay.

Congestion occurs when traffic
volume exceeds the highway capacity. The

Highway Capacity Manual provides typical
highway capacity values. However, these
values may not be representative of Indiana
values. Thus, it is needed to find the
capacity values of Indiana freeways in order
to accurately predict congestion.

The objective of this study was to
analyze Indiana freeway characteristics, find
freeway capacities and to develop methods
or models for real-time prediction of
freeway traffic flow characteristics. In this
report, the traffic characteristics of Indiana
freeways are analyzed and discussed.
Traffic measures are summarized in terms
of average hourly traffic (AHT), average
daily traffic (ADT), and average vehicle
speed. Also presented are other traffic
characteristics such as proportions of heavy
vehicles, lane distributions, daily variations,
and capacity values. A dynamic traffic
prediction model was developed using the
Kalman Predictor method in combination
with the time series theory. With the
prediction model, the traffic flow on a given
freeway in the next time interval can be
predicted using real time traffic data of the
current and past one or several time
intervals.
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Findings and
Implementations

Traffic data on Indiana freeways
was recorded with WIM devices and traffic
counters. The traffic measurements from the
18 WIM stations were utilized to analyze
the traffic characteristics and those recorded
with traffic counters were utilized to
develop the model for dynamically
predicting traffic flows. Traffic volumes on
the 18 WIM stations were presented in
terms of average hourly traffic (AHT) and
average daily traffic (ADT) on each lane.
Average traffic speeds for each lane of the
18 WIM stations were also calculated and
presented. Proportions of heavy vehicles
were expressed as the average heavy vehicle
percentages (AHVP). Lane distributions of
traffic flows were summarized. The traffic
data showed that on four-lane freeways the
driving lane sustained a greater portion of
traffic than the passing lane. However, on
six-lane  freeways the traffic lane
distributions did not follow an apparent
pattern over the three lanes in each
direction. To examine the traffic lane
distribution patterns on four-lane freeways,
the AHT rations were used to assess the
effect of traffic volume on lane distribution.
An AHT ratio was defined at the ratio of the
average hourly traffic on driving lane to the
average hourly traffic on passing lane. It
showed that AHT ratio and traffic volume
had an inversely proportional relationship.
As traffic volume increases, vehicles tend to
spread more evenly over the available lanes.
Under light traffic condition on four-lane
freeways (two lanes in each direction), most
vehicles travel in the driving lane and use
the passing lane mainly for passing
maneuvers.

Traffic volumes vary during the
days of the week. Traffic volume variations
by day of the week are affected by the
locations and types of highways. To
determine the volume variations, the traffic
volume proportion of each day of the week
was calculated as the percentage of the
weekly traffic volume. Although the volume
variations differ from site to site, traffic
volume proportions on Fridays were greater

than average at all of the 18 WIM sites. The
information of traffic volume variations by
day of the week is important for highway
agencies. For example, the information can
be utilized to schedule highway
maintenance and construction activities on
the days with relatively light traffic, so that
traffic delay and wuser cost can be
minimized.

Traffic congestion occurs when
traffic flow exceeds the capacity of the
roadway. Consequently, during congestion
vehicles travel at reduced speeds and with
fluctuating traffic flow rates. Motorists
endure considerably greater traffic delays
under congested traffic conditions than
under uncongested conditions. Based on the
traffic data from the 18 WIM stations, the
observed capacity values range from 1489
to 2006 pcphpl with an average value of
1767 pcphpl on four-lane freeways and
range from 1463 to 2093 pcphpl with an
average value of 1778 pcphpl on six-lane
freeways.

Given the freeway capacity values,
it was desired to develop methods for
predicting traffic flow and congestion so
that appropriate traffic control strategies
could be applied to avoid traffic congestion
and to reduce traffic delay. Such a method
was developed in this study using the
Kalman predictor in combination with the
first-order autoregressive process of time
series. The method provides significantly
improved traffic flow predictions over using
only the time series method. It predicts
freeway traffic flow dynamically with each
newly available traffic data. Dynamic traffic
predictions with the developed model can
be performed for individual lanes as well as
for all the lanes of each travel direction.
Therefore, the prediction model can be used
as an efficient tool for real-time traffic
control. This study showed that a dynamic
prediction of traffic flow rate with this
prediction model would also constitute a
dynamic prediction of traffic congestion as
long as the traffic capacity was given.
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It is believed that the research
results will provide INDOT important
values of traffic measures for highway
design, planning, and construction and
enable INDOT to predict traffic flow
conditions in real time and adaptively
change traffic control strategies. The
following suggestions should be considered
for implementation of the research results.

1. The values of key traffic characteristics,
such as traffic volume, speed, heavy
vehicle percentage, lane distribution,
daily variation, and capacity, should be
considered in highway design and
planning, traffic control, and
construction activity scheduling. For
example, the information of traffic
volume variations by day of the week
can be utilized to schedule highway
maintenance and construction activities
on the days with relatively light traffic,
so that traffic delay and user cost can be
minimized. The traffic volume and
capacity values can be used for effective
traffic control, traffic delay reduction
and congestion management. Traffic
volume and heavy vehicle proportion
will be useful for pavement and bridge

management.
2. Adaptive traffic control is an essential
component of an Intelligent

Transportation System (ITS). The real
time prediction of traffic flow and
congestion ability can be utilized in ITS
program to enhance the capability and
efficiency of freeway traffic control in
Indiana.

3. INDOT should make effort to more
efficiently utilize the WIM devices
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installed on the Indiana highway
system. There are 35 WIM stations on
Indiana highways. Twenty of these
WIM stations are on interstate
highways. The WIM devices collect
traffic data continuously and provide
summarized traffic data, including
vehicle weight, speed, flow rate,
classification. The obvious advantage of
WIM data is the availability of large
amount of data. However, it was found
during this study that WIM devices
were not always reliable because of
their frequent malfunctions. When a
WIM device does not work properly, it
usually can not be detected unless
someone checks the collected data in
detail. This is because an out-of-order
WIM device often would not stop
collecting data and the abnormality of
the data can only be discovered by a
careful review in its tabulated form.
Although WIM devices can be set up to
accommodate a number of data
requirements, many data requirements
of this study could not be satistied
because of lack of personnel who
sufficiently know the WIM software to
activate the required WIM functions. To
solve these problems, it is needed for
INDOT to effectively maintain the
WIM devices and assure the quality
WIM data. It is therefore recommended
that INDOT develop systematic
procedures to train personnel for
effective use of WIM software and to
monitor and maintain the installed WIM
devices.
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CHAPTER 1. INTRODUCTION

Traffic volumes on Indiana’s roadways have increased significantly in the past years.
During the period between 1989 and 1993, traffic volumes increased 20.2% on Indiana’s urban
interstate freeways and expressways, and 13.1% on rural intestates. The increasing traffic
volumes have caused congestion and therefore additional costs to highway users. Basically,
there are two options to alleviate traffic congestion. The first option is to add new highway lanes
and the second one is to use the existing roadways more efficiently. Construction of new
highways has been much limited by the budget and other restrictions. Therefore, efficient
operation of the existing roadways is often the only practical solution to traffic delay and

congestion problems.

Advanced traffic management systems (ATMS) are now being used or developed in
many states to reduce traffic congestion or delay by using available advanced technologies. For
ATMS, it is essential to have the ability to dynamically predict traffic flow characteristics using
the real time data. The real time prediction of traffic volume, speed and congestion serves as the
basis for a traffic control system to adjust traffic control strategies to avoid or reduce traffic

delay.

Congestion occurs when traffic volume exceeds the highway capacity. The Highway
Capacity Manual (TRB 1994) provides capacity values for various types of highways. However,
these values may not be representative of Indiana values. Thus, it is needed to find the capacity

values of Indiana freeways in order to accurately predict congestion.
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The objective of this study was to analyze Indiana freeway characteristics, find freeway
capacities and to develop methods or models for real-time prediction of freeway traffic flow
characteristics. The research proposed to analyze traffic data from Indiana freeways, identify the
methodologies for dynamic prediction, develop required analytical tools, define capacity values

and formulate predication models appropriate for Indiana freeway conditions.

This report summarizes the research activities and presents the research results. The
traffic characteristics of Indiana freeways are analyzed and discussed. With a large amount of
traffic data from 18 interstate Weigh-In-Motion (WIM) stations, traffic measures are summarized
in terms of average hourly traffic (AHT), average daily traffic (ADT), and average vehicle speed.
Presented are also other traffic characteristics such as proportions of heavy vehicles, lane
distributions, daily variations, and capacity values. A dynamic traffic prediction model was
developed using the Kalman Predictor method in combination with the time series theory. With
the prediction model, the traffic flow on a given freeway in the next time interval (5 to 15
minutes) can be predicted using real time traffic data of the current and past one or several time

intervals.
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CHAPTER 2. DATA COLLECTION

It was originally planned to obtain traffic data from three sources: (1) collecting traffic
data by the INDOT LaPorte District with the installed Autoscope video camera devices on the
Borman Expressway (I-94/1-89); (2) using traffic counters to collect traffic data at select freeway
sections; and (3) using traffic data from the Indian Weigh-In-Motion (WIM) devices. It was
expected that the Autoscope devices would be operational in early 1997 and therefore would
provide this study with detailed and accurate traffic data. However, because the installed
Autoscope devices were never operational as promised, the LaPorte District personnel have not
been able to provide the desired traffic data by the end of this study. Thus, the traffic data used
in this study included only the data collected with traffic counters and the data from WIM

stations.

Ten freeway sections across Indiana were selected for data collection. Traffic flow rate,
vehicle speed and classification were refzorded at 5-minute time intervals during high volume
hours and at 1-hour intervals during low traffic volume hours. The vehicle countefs were set up
to classify the detected vehicles into three groups: (1) passenger cars, (2) heavy trucks and (3)
buses. It was intended to catch traffic congestion information with the traffic counters.
However, the collected traffic data indicated that no traffic congestion occurred at the selected
locations. The traffic data collected with traffic counters, therefore, could not be used to analyze
traffic congestion and freeway capacities. The traffic counter data was mainly used to develop

the model of dynamic prediction of freeway traffic flow rates.
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Theré are 35 WIM stations on Indiana highways. Twenty of these WIM stations are on
interstate highways. Table 1 shows the locations of the twenty interstate WIM stations. The
WIM devices collect traffic data continuously and provide summarized traffic data, including
vehicle weight, speed, flow rate, classification. The obvious advantage of WIM data is the
availability of large amount of data. However, it was found during this study that WIM devices
were not always reliable because of their frequent malfunctions. When a WIM device does not
work properly, it usually can not be detected unless someone checks the collected data in detail.
This is because an out-of-order WIM device often would not stop collecting data and the

abnormality of the data can only be discovered by careful review in its tabulated form.

WIM traffic data was collected from the 20 interstate WIM stations to study the traffic
characteristics on Indiana freeways for 12 months. The traffic data covered a 13-month period,
between January 1, 1998 to January 31, 1999, however, the data for March 1998 was not
available because of problems with the WIM software. It was found that the two of the twenty
stations, Site 444 on I-80/I-94 and Site 547 on I-65, did not properly function at all during the 13
montils and therefore could not provide useful data for this study. The other eighteen WIM
stations worked properly at least for one month during the 12 months. Thus, the traffic data from
the 18 WIM stations was tabulated and analyzed in this study. The summarized WIM traffic data
is shown in the tables listed in the Appendix. As can be seen in the Appendix, three of the 18
stations are on six-lane freeways and the rest are on four-lane freeways. In 17 of the 18 WIM
stations, the WIM devices were set up to record traffic data in both directions. At Site 615, the
WIM device was placed in only the east bound direction and, therefore, traffic data only on the

east bound two lanes was recorded at the WIM station.
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Table 1. Weigh-In-Motion Sites on Indiana Interstate Highways

Site Number Road Location

411 1-65 3.6 miles north of SR-114; Rensselaer
413 1-94 3.4 miles east of US-421; Michigan City
414 1-69 4.1 miles north of SR-18; Marion

415 1-69 3.5 miles north of US-6; Angola

444 1-80/1-94 0.9 mile east of SR-912; Gary

511 I-70 4.28 miles east of SR-9; Greenfield
512 1-65 1 mile south of SR-252; Edinburgh
513 1-74 0.6 mile east of SR-63; Covington
514 I-70 0.5 mile west of US-40; Richmond
544 I-70 0.7 mile east of US-41; Terre Haute
545 1-65 1.3 miles north of SR-ZS; Lafayette
546 1-465 0.7 mile north of I-70W; Indianapolis
547 1-65 0.6 mile south of Southport Road; Southport
548 1-465 1 mile south of US-36E; Indianapolis
613 I-164 2.25 mile east of US-41; Evansville
614 I-64 1.5 miles west of SR-57; Evansville
615 I-64 1.1 miles east of SR-161; Dale -

616 1-64 1 mile west of SR-62/64; New Albany
617 1-74 0.8 mile east of US-52; Harrison

642 I-65 0.9 mile south of I-265; Clarksville
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CHAPTER 3. TRAFFIC CHARACTERISTICS

The traffic data from the 18 WIM stations was used to analyze the traffic characteristics
on Indiana freeways. The freeway traffic characteristics include traffic volume, speed, and traffic

volume distributions over travel directions and roadway lanes.

3.1 Traffic Volumes and Speeds

Eagh table in the Appendix contains the average hourly and daily traffic volumes and
average vehicle speed for Mondays through Sundays in each month when the WIM devices
worked properly. The traffic data included in the' Appendix can be used to further analyze the
characteristics of the Indiana freeway traffic. For each of the 18 WIM stations, average hourly
traffic (AHT) and average daily traffic (ADT) were calculated to show the magnitude of the
trafﬁc_volumes at each site during the study period. These traffic measures can be used for
planning of highway activities, measurement of current demand, and evaluation of existing
traffic flow (Garber and Hoel 1999). ADT is defined as the average of 24-hour counts collected
over a number of days greater than 1 but less than a year. If the counts were collected over a
year, the average of 24-hour counts is called the Annual Average Daily Traffic (AADT).
Although 1n this study the WIM data was collected over a 13-month period, the useable data for
the 18 WIM stations was generally over a period of less than 12 months due to broken downs or
malfunctions of the WIM devices. Although not true AADT, the calculated ADT values for
most of the sites are believed to be close to AADT because of the long period of time covered by
the traffic counts. The values of average hourly traffic (AHT) were obtained by dividing ADT
value by 24. Presented in Table 2 are the ADT and AHT values for each lane and direction éf

the 18 WIM stations. Because each site has its own directional layout, Table 2 uses Lane 1
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through Lane 4 for four-lane freeways and Lane 1 trough Lane 6 for six-lane freeways to
represent Highway lanes. For four-lane freeways, Lane 1 and Lane 2 represent the traveling lane
and passing lane, respectively, in one direction. Similarly, Lane 3 and Lane 4 represent the two
lanes in the opposite direction. For six-lane freeways, Lane 1, Lane 2 and Lane 3 represent the
right, middle, and left lanes, respectively, in one direction. Thus, Lane 4, Lane 5 and Lane 6

represent the three lanes in the opposite direction.

To examine the traffic volumes more clearly, only the AHT values are used in Table 3.
The WIM sites in Table 3 are shown in groups according to the number of lanes of the roadways
and, within each group, they are listed in the order of total hourly traffic, from large to small
values. As can be seen, in the six-lane group, the total average hourly traffic volumes range from
1393 vehicles per hour (vph) to 5267 vph. Among the three sites with six-lane roadways, Site
546 on 1-465 near Indianapolis had the highest total average hourly traffic. However, in terms of
average hourly traffic volume on individual lanes, Site 548 on I-465 near Indianapolis has the

highest average hourly traffic (824 vph on Lane 5).

In the group of four-lane freeways, Site 642 on I-65 near Louisville had the highest total
AHT in terms of values of total, lane, and directional volumes. Other four-lane freeway WIM
sites had total AHT ranging from 616 vph to 1579 vph. While in majority of these sites the total
AHT values were around 1000 vph to 1500 vph, the total AHT values in Sites 614 and 513 were
only 643 vph and 616 vph, respectively. It is easy to notice and understand that the high traffic

volume sites are located in urban areas and the low traffic volume ones in rural areas.
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Average vehicle speeds were also calculated for all of the 18 WIM ;ites on inters.tate
highways as shown in Table 4. Among the four-lane freeway sites, the highest average vehicle
speed at the 18 WIM sites was 119 kilometers per hour (km/h) or 73 mph, which was recorded at
Site 545 (on 1-65, 1.3 miles north of SR-25). The lowest average speed on four-lane freeway
sites was 88 km/h (55 mph) at Site 642 (on I-65, 0.9 mile south of I-265). It should be noted that
the lowest average speed was recorded at the site with the highest average traffic volume in each
lane. In this particular site, the lowest average speed occurred at the lane with an average traffic
volume of 1259 vehicles per hour. This is a considerable high value in terms of average traffic
volume in a lane, considering high volumes during the day and low volumes during the night. In
fact, the original hourly traffic data showed that traffic volumes at this site during the day were
often close to the capacity value of 2200 passenger cars per hour per lane recommended by the
1994 Highway Capacity Manual (TRB 1994) for four-lane freeway sections. The data also
showed that during high volume hours the average vehicle speeds were relatively lower than
during low vehicle hours. This indicates that vehicle speeds are significantly affected by traffic

volumes, especially by near capacity volumes.

At one of the six-lane freeway sites, Site 548, the average vehicle speeds were generally
lower than at other sites. It was only 62 km/h (39 mph) on the northbound traveling lane. This is
because the site is located near an interchange and the northbound traveling lane was just before
an exit ramp. Considering the moderate level of traffic volume at this six-lane freeway location,
it is apparent that the low speed values at the site were caused mainly by the presence of the

highway interchange.



Table 4. Average Vehicle Speeds
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Site Speed Unit Lanel | Lane2 | Lane3 | Lane4 | LaneS5S | Lane6
411 Kilometers/Hour 111 110 108 112
Miles/Hour 69 69 67 70
413 Kilometers/Hour 108 105 97 94 98 92
Miles/Hour 67 65 61 58 61 57
414 Kilometers/Hour 102 113 107 114
Miles/Hour 64 70 67 71
415 Kilometers/Hour 101 104 104 106
Miles/Hour 63 65 65 66
511 Kilometers/Hour 98 107 98 109
Miles/Hour 64 70 64 72
512 Kilometers/Hour 96 111 110 116
Miles/Hour 59 69 68 72
513 Kilometers/Hour 101 109 105 110
Miles/Hour 63 68 65 68
514 Kilometers/Hour 102 110 107 117
Miles/Hour 63 68 67 73
544 Kilometers/Hour 98 111 85 103
Miles/Hour 61 69 59 64
545 Kilometers/Hour 109 113 102 119
Miles/Hour 68 70 63 74
546 Kilometers/Hour 96 102 110 96 91 109
Miles/Hour 59 63 68 60 56 68
548 Kilometers/Hour 81 85 94 62 92 101
Miles/Hour 51 53 59 39 57 63
613 Kilometers/Hour 93 95 84 96
Miles/Hour 58 59 58 60
614 Kilometers/Hour 105 104 104 105
Miles/Hour 65 65 64 65
615 Kilometers/Hour 104 100
Miles/Hour 64 62
616 Kilometers/Hour 101 104 101 104
Miles/Hour 63 64 63 65
617 Kilometers/Hour 97 97 103 89
Miles/Hour 60 60 64 55
642 Kilometers/Hour 88 100 92 100
Miles/Hour 55 62 57 62
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As expected, on four-lane freeways the passing lanes generally had higher average

vehicle speeds than the driving lanes. However, on six-lane freeways the lane with the highest
average vehicle speed could be any of the three lanes in each direction. As can be seen in Table
4, the lane with the highest average speed varied from site to site among the three six-lane

freeway locations.

3.2. The Characteristics of Freeway Traffic Flows

Proportions of Heavy Vehicles:

One of the factors that affect traffic conditions is the vehicle type. In this study, vehicles
are divided into two groups: passenger cérs and heavy vehicles. WIM devices classify vehicle
types according to the number of axles and the configuration of axles of each detected passing
vehicle. Heavy vehicles adversely impact traffic because they are larger and occupy more
roadway space than passenger cars and they have poorer operating capabilities than passenger
cars (TRB 1994). As defined in the 1994 Highway Capacity Manual (TRB 1994), heavy vehicles
are the vehicles having more than four tires touching the pavement. Based on this definition of
heavy vehicles, passenger cars in this study also include utility vehicles, pick-up trucks and vans.
The average heavy vehicle percentages (AHVP) were calculated for each roadway lane-of the
freeway WIM stations as shown in Table 5. This table presents the available AHVP values along
with the AHT values for each WIM site. Because the vehicle classification functions of the WIM
devices at Sites 411 and 513 did not work properly, the AHVP values could not be obtained for

these two sites.



Page 13

Table 5. Average Hourly Traffic (AHT) and Average Heavy Vehicle Percentage (AHVP)

Site Traffic Lanel | Lane2 | Lane3 | Lane4 | Lane5 | Lane6
411 AHT (vph) 254 159 444 215
AHVP (%) NA NA NA NA
413 AHT (vph) 179 203 50 274 255 43
AHVP (%) 58 37 8 72 32 26
414 AHT (vph) 327 131 385 140
AHVP (%) 47 30 43 23
415 AHT (vph) 396 223 424 201
AHVP (%) 34 19 35 20
511 AHT (vph) 470 239 480 231
AHVP (%) 46 23 47 22
512 AHT (vph) 512 272 434 305
AHVP (%) 36 15 37 17
513 AHT (vph) 261 34 256 65
AHVP (%) NA NA NA NA
514 AHT (vph) 511 179 446 225
AHVP (%) 55 24 53 21
544 AHT {(vph) 538 143 385 237
AHVP (%) - 51 30 45 29
545 AHT (vph) 527 271 539 243 .
AHVP (%) 40 25 41 39
546 AHT (vph) 733 794 398 604 813 409
AHVP (%) 23 19 4 39 17 8
548 AHT (vph) 636 173 539 130 824 462
AHVP (%) 31 56 2 32 34 6
613 AHT (vph) 432 174 420 182
AHVP (%) 11 4 13 o]
614 AHT (vph) 248 71 246 77
AHVP (%) 44 16 39 18
615 AHT (vph) 383 210
AHVP (%) 36 16
616 AHT (vph) 392 213 469 219
AHVP (%) 20 10 28 12
617 AHT (vph) 469 298 508 162
AHVP (%) 29 7 22 18
642 AHT (vph) 1259 968 1231 878
AHVP (%) 20 18 22 18
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The AHVP values in Table 5 indicate that, on each of the four-lane freeways, the driving
lane always contains higher percentage of heavy vehicles than the passing lane. This

phenomenon can be easily observed in reality that most heavy vehicles are slower than passenger
cars and thus tend to use the driving lane more than the passing lane. However, on six-lane
freeways, the distribution of heavy vehicles over the lanes may be different from that on four-
lane freeways because there are three lanes available in each direction. As shown in Table 5, at
one of the three six-lane sites (Site 548), the middle lane in both directions contains the highest
héavy vehicle percentage. At the other two six-lane sites, the right lane has higher proportion of
heavy vehicles than the middle lane and the left lane. In all cases, however, the left lane is

always the lane with the lowest AHVP value.

As expected, the proportions of heavy vehicles vary from site to site. Site 613 has the
lowest proportions of heavy vehicles (11%, 4%, 13% and 6% for lane 1 through lane 4,
respectively) compared to other sites. The highest AHVP values (58% on the eastbound right
lane and 72% on the westbound right lane) are found at Site 413, which is located on 1-94 near
the board between Indiana and Michigan. The high proportion of heavy vehicles at this
particular site is attributed to the intensive cargo movements among the three neighboring states,
Ilinois, Indiana and Michigan. Except for Site 613, all other sites have AHVP values more than
20% on some or all of the lanes. Table 5 shows that the proportions of heavy vehicles are rﬁostly
in the range of 30% to 50% on the driving lanes of four-lane freeways as well as on the right and
middle lanes of six-lane freeways. This indicates that the heavy vehicles on Indiana freeways are
a significant portion of the traffic volumes. Therefore, the impact of heavy vehicles on freeway
traffic conditions should be one of the major factors to consider in highway planning, design and

operations.
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Lane distributions of Traffic Flows:

When two or more lanes are available for traffic in a direction, traffic flows tend to spread
over the available lanes. However, the lane distribution varies widely, depending on the number
of available lanes, traffic regulations, traffic composition, speed, volume, and location. To
illustrate the lane distribution patterns on Indiana freeways, the lane distributions were calculated
for the 18 WIM stations as shown in Table 6 and Table 7. The lane distributions were obtained
for each direction based on the average hourly traffic on the lanes. For example, at Site 411 in
Direction 1, the AHT values are 254 vph and 159 vph for Lane 1 and Lane 2, respectively. Then

the lane distribution for Direction 1 can be computed as follows:

Lane 1: ———234———:62%
254 +159

Lane 2: ———1i9——=38%
254 +159

It should be noted that at each site the total percentage for each direction is 100%. Table
6 clearly shows that on four-lane freeways the driving lane (Lane 1 or Lane 3) sustains a greater
proportion of traffic than the corresponding passing lane (Lane 2 or Lane 4). However, as shown
in Table 7, on six-lane freeways the traffic lane distributions do not follow an apparent pattern

over the three lanes in each direction.
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Table 6. Average Traffic Distribution on Four-Lane Freeways

Direction 1 Direction 2
Site | Lanel | Lane2 | Lane3 | Lane 4
411 62% 38% 68% 32%
414 12% 28% 74% 26%
415 65% 35% 68% 32%
511 66% 34% 68% 32%
512 66% 34% 59% 41%
513 88% 12% 80% 20%
514 4% 26% 66% 34%
544 79% 21% 62% 38%
545 66% 34% 69% 31%
613 73% 27% 71% 29%
614 81% 19% 79% 21%
615 65% 35%
616 64% 36% 69% 31% -
617 61% 39% 76% 24%
642 57% 43% 58% 42%

Table 7. Average Traffic Distribution on Six-Lane Freeways

Direction 1

Direction 2

Site | L.anel | Lane2 | Lane3 | Lane4 | Lane5 | Lane 6
413 41% 47% 12% 48% 45% 7%
546 38% 41% 21% 33% 45% 22%
548 47% 13% 40% 10% 58% 32%
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It was observed that on four-lane freeways vehicles tend to distribute more evenly over
the roadway lanes when traffic volume is high. That is, the proportion of vehicles on the passing
lane would increase as the total traffic volume increases. Therefore, it 1s believed that traffic

volume affects traffic lane distribution.

To examine the traffic lane distribution patterns in relation to traffic volumes on four-lane
freeways, the AHT ratios were calculated using the average hourly traffic data. Table 8 presents
the AHT ratios of the 15 WIM stations on four-lane freeways. An AHT ratio is defined as the
ratio of the average hourly traffic on the driving lane (AHT1) to the average hourly traffic on the
passing lane (AHT2). Thus, an AHT ratio of 1.0 means that the driving lane and the passing lane
have equal traffic volumes. A larger value of the AHT ratio indicates a larger proportion of the
traffic volume on the driving lane. In order to show the effect of traffic volume on lane
distribution, the WIM sites are listed in the order of the total AHT values in Table 8, starting
from the top with thc;, site with the largést total AHT value. As can be seen in the table, Site 642
is listed as the first site because it has the largest total AHT (2227 vph). Similarly, Site 513 is in
the last row with the smallest total AHT (295 vph). It is interesting to see that the site with the
largest total AHT value (Site 642) has the smallest AHT ratio (1.3) and the site with the smallest
total AHT value (Site 513) has the largest AHT ratio (7.7). Although a pattern of “a larger total
AHT corresponding a smaller AHT ratio” is not strictly followed by the data in Table 8, a
general tendency of such a pattern can still be seen in the table. It should be pointed out that
Table 8 presents the values of total AHT and AHT ratios of different sites and, therefore, in
addition to traffic volume the lane distributions are also affected by other factors such as the

geometric characteristics of highway locations. It is thus believed that the effects of the
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additional factors have resulted in some exceptions in Table 8 that in some of the sites a larger

total AHT value has a larger corresponding AHT ratio.

Table 8. Average Hourly Traffic (AHT) and AHT Ratio

Site | Total AHT | AHTI | AHT2 | AHT Ratio
P 2227 1259 | 968 13
545 797 527 | 271 1.9
512 784 512 | 272 1.9
617 768 469 | 298 16
s11 709 470 | 239 2.0
s14 690 511 179 2.9
a4 681 538 | 143 3.8
415 620 396 | 223 18
616 606 302 | 213 1.8
613 605 432 | 174 25
615 503 383 | 210 1.8
al4 458 327 | 131 25
411 413 254 | 150 16
614 320 248 71 3.5
513 295 261 34 77

Note: AHT]1 = Average Hourly Traffic on Driving Lane
AHT2 = Average Hourly Traffic on Passing Lane
AHT1

AHT Ratio = ——
AHT2
To focus on the effect of traffic volume on lane distribution, the relationship between
traffic volume and lane distribution at a single location should be examined. Site 414 (on I-69,

4.1 miles north of SR-18) was selected and the 24-hour traffic data on April 1,1998 in the

southbound direction was used to examine the lane distribution patterns in relation to the traffic
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volume changes. Figure 1 plots the total AHT values and AHT ratios over the 24-hour petiod.
Each of thelvalues of the total AHT is divided by 10, so that the patterns of the traffic volumes
and AHT ratios can be shown more clearly with similar scales in the same graph. The figure
shows that during the 24-hour period, with a few exceptions, the AHT ratio increases as the total

AHT decreases and the ratio decreases as the AHT increases.

To 1llustrate the general pattern of the AHT ratio, a scatter plot of total AHT values
versus AHT ratios is drawn in Figure 2. This plot clearly depicts the inversely proportional
relationship between AHT ratio and traffic volume. It indicates that as traffic volume increases,
vehicles tend to spread more evenly over the available lanes. Under light traffic condition on
four-lane freeways (two lanes in each direction), most vehicles travel in the driving lane and use

the passing lane mainly for passing maneuvers.

Daily Variations of Traffic Volume:

Traffic volumes vary during the days of the week. Traffic volume variations by day of
the week are affected by the locations and types of highways. To determine the volume
variations, the traffic volume proportion of each day of the week was calculated as the percentage
of the weekly traffic volume. The daily percentages of traffic volume for the 18 WIM stations
are shown in Table 9. If traffic is evenly distributed to the seven days of the week, the average
traffic volume should be about 14.3% for each day. Therefore, a daily traffic volume greater
than 14.3% of the weekly volume is above average. In Table 9, all the percentage values above

average are shown with bold fonts to indicate the above average proportions.
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Table 9. Traffic Volume Variations by Day of Week
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Site Day Direction 1 Direction 2 Total % of Week
Sunday 12864 16746 29610 17%
Monday 8544 14424 22968 13%
Tuesday 6954 13962 20916 12%
411 Wednesday 7086 14346 21432 12%
Thursday 8118 15744 23862 13%
Friday 11976 19608 31584 18%
Saturday 11358 15930 27288 15%
Sunday 9768 12048 21816 13%
Monday 9408 13344 22752 13%
Tuesday 10056 14544 24600 14%
413 Wednesday 10752 14016 24768 15%
Thursday 12936 15504 28440 17%
Friday 12072 16296 28368 17%
Saturday 8040 10896 18936 11%
Sunday 10432 13112 23544 14%
Monday 10088 11584 21672 13%
Tuesday 9984 11684 21668 13%
414 Wednesday 10688 12252 22940 14%
Thursday 11564 12868 24432 15%
Friday 13356 14504 27860 17%
Saturday 10588 12056 22644 14%
Sunday 14839 13865 28704 14%
Monday 14688 14119 28807 14%
Tuesday 14465 14349 28814 14%
415 Wednesday 14637 14458 29095 14%
Thursday 14880 15274 30154 14%
Friday 16961 17962 34923 17%
Saturday 13735 15147 28882 14%
Sunday 17268 15876 33144 14%
Monday 16124 15608 31732 13%
Tuesday 16228 16648 32876 14%
511 Wednesday 16736 16848 33584 14%
Thursday 17980 17892 . 35872 15%
Friday 19020 20276 39296 17%
Saturday 15512 15956 31468 13%
Sunday 16680 17995 34675 14%
Monday 17765 18758 36523 14%
Tuesday 17635 16526 34162 13%
512 Wednesday 17621 16123 33744 13%
Thursday 19186 17712 36898 14%
Friday 21422 18648 40070 16%
Saturday 21384 18144 39528 15%

(to be continued)
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Table 9 (continued).
Site Day Direction 1 Direction 2 Total % of Week
Sunday 6600 7800 14400 14%
Monday 6912 7560 14472 14%
Tuesday 6888 7344 14232 14%
513 Wednesday 6864 7416 14280 14%
Thursday 7440 8088 15528 15%
Friday 8304 8952 17256 17%
Saturday 6528 6720 13248 13%
Sunday 16920 14928 31848 14%
Monday 16176 14832 31008 14%
Tuesday 15912 15840 31752 14%
514 Wednesday 16440 16344 32784 14%
Thursday 17400 17304 34704 15%
Friday 17616 18168 35784 16%
Saturday 15456 15264 30720 13%
Sunday 149801 15312 30213 14%
Monday 14777 14181 28958 13%
Tuesday 15813 14211 30024 14%
544 Wednesday 16529 14657 31186 14%
Thursday 16303 15027 31330 14%
Friday 19395 16769 36165 17%
Saturday 16642 14434 31077 14%
Sunday 20051 18667 38717 15%
Monday 17725 17333 35059 13%
Tuesday 17763 17469 35232 13%
545 Wednesday 18605 18256 36861 14%
Thursday 19155 18840 37995 14%
Friday 22392 22371 44763 17%
Saturday 18336 18328 36664 14%
Sunday 35691 35043 70735 11%
Monday 45689 44088 89777 14%
Tuesday 48418 45168 93586 15%
546 Wednesday 47962 45302 93264 15%
Thursday 50311 47040 97351 15%
Friday 53355 50458 103814 17%
Saturday 41561 38712 80273 13%
Sunday 20388 24456 44844 10%
Monday 33744 34932 68676 15%
Tuesday 39288 41196 80484 17%
548 Wednesday 38040 39276 77316 16%
Thursday 36960 37992 74952 16%
Friday 34860 34872 69732 15%
Saturday 25896 28392 54288 12%

(to be continued)
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Table 9 (continued).
Site Day Direction 1 Direction 2 Total % of Week
Sunday 11796 12285 24081 12%
Monday 14775 14538 29313 14%
Tuesday 14685 14538 29223 14%
613 Wednesday 14703 14568 29271 14%
Thursday 15045 14805 29850 15%
Friday 16545 16155 32700 16%
Saturday 14109 14067 28176 14%
Sunday 6994 7402 14395 13%
Monday 7675 7766 15442 14%
Tuesday 7488 7406 14894 14%
614 Wednesday 7608 7459 15067 14%
Thursday 7901 7790 15691 14%
Friday 8866 9005 17870 16%
Saturday 7507 7800 15307 14%
Sunday 14301 14301 14%
Monday 13917 13917 14%
Tuesday 13629 13629 14%
615 Wednesday 13827 13827 14%
Thursday 14436 14436 14%
Friday 15387 15387 15%
Saturday 14256 14256 14%
Sunday 12909 14153 27062 12%
Monday 14246 16395 30641 14%
Tuesday 14616 17009 31625 15%
616 Wednesday 15048 16906 31954 15%
Thursday 15494 17061 32554 15%
Friday 15936 18686 34622 16%
Saturday 13272 15528 28800 13%
Sunday 19325 16469 35794 15%
Monday 17174 14914 32088 13%
Tuesday 170186 15058 32074 13%
617 Wednesday 17602 15221 32822 14%
Thursday 18230 15835 34066 14%
Friday 20232 17429 37661 16%
Saturday 18416 17434 36850 15%
Sunday 44784 44520 89304 12%
Monday 56664 53472 110136 15%
Tuesday 58488 54984 113472 16%
642 Wednesday 55368 53064 108432 15%
Thursday 54840 51504 106344 15%
Friday 57096 52776 109872 15%
Saturday 46632 43920 90552 12%
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The information of traffic volume variations by day of the week is important for highway
agencies. For example, the information can be utilized to schedule highway maintenance and

construction activities on the days with relatively light traffic, so that traffic delay and user cost
can be minimized. Since the 18 WIM stations are spread over Indiana, the values in Table 9
should be a good representation of the traffic volume variations of Indian interstate highways.
Therefore, the traffic percentages at each site in Table 9 may be used to represent the volume
variations of the surrounding areas if needed. Although the volume variations differ from site to
site, it is interesting to see that traffic volume proportions on Fridays are greater than average at
all of the 18 WIM sites. Figure 3 plotted the number of sites with higher than average volume on
each day of the week. As illustrated in the figure, all of the 18 sites have higher than average

traffic volumes on Fridays, eight sites on Thursdays, and only two sites on Mondays or Sundays. _

Number of Sites

2 Il
e EEE N

MON TUES WED THUR FRI SAT SUN
Day of Week

Figure 3. Number of Sites with Higher than Average Daily Traffic



Page 25

Capacity Values:

Capacity is defined in terms of the maximum rate of flow that can be accommodated by a
given traffic facility under prevailing conditions (TRB 1994). Traffic congestion occurs when
traffic flow exceeds the capacity of the roadway. Consequently, during congestion vehicles
travel at reduced speeds and with fluctuating traffic flow rates. Motorists endure considerably
greater traffic delays under congested traffic conditions than under uncongested conditions. The
reported maximum one-way volumes in the 1994 Highway Capacity Manual range from 3304
vph to 4124 vph for four-lane freeways, and from 4776 vph to 5596 vph for six-lane freeways.
The Manual recommends a rate of flow of 2,200 passenger cars per hour per lane (pcphpl) for
freeways with two lanes in one direction and 2,300 pcphpl for freeways.with three or more lanes

in one direction as the basic capacity of such facilities under i1deal conditions. .

It was observed that traffic flows changed from uncongested to congested conditions
always with a sharp speed drop. Therefore, freeway capacity is identified in this study as the
maximum observed hourly volume before a substantial speed drop. To express freeway capacity
in passenger cars per hour, the traffic flow rate was converted to hourly volume and the
adjustment factors from the 1994 Highway Capacity Manual were used to convert heavy vehicles
to passenger car equivalents. The WIM data indicates that traffic congestion was recorded at
Sites 546, 548 and 642. The observed capacity values are presented in Tables 10 and 11. On
four-lane freeways, the observed capacity values range from 1489 to 2006 pcphpl with an
average value of 1767 pcphpl. The observed capacity values on individual lanes of six-lane
freeways range from 1463 to 2093 pcphpl with an average value of 1778 pcphpl. These capacity
values are lower than those recommended by the 1994 Highway Capacity Manual, which are

2200 pephpl and 2300 pephpl for four-lane and six-lane freeways, respectively. This can be
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attributed to the fact that the volumes from WIM data in this study were the actual observed
hourly traffic volumes and the volume values in the Highway Capacity Manual were obtained

from the 15-minute traffic flow rates. This is because when a peak 15-minute traffic flow rate is
converted to hourly volume, the converted value is always greater than the observed hourly

volume.

Table 10. Observed Capacity Values on Four-Lane Freeways

Driving Lane | Passing Lane Total | Average

(pephpl) (pephpl) (pephpl) | (pephpl)
2006 1570 3576 1788
1995 1611 3606 1803
1985 1489 3474 1737
1940 1539 3479 1740
Grand Average 1767

Table 11. Observed Capacity Values on Six-Lane Freeways

Right Lane | Middle Lane | Left Lane | Total | Averag
(pcphpl) (pephpl) (pephpl) | (pephpl e
) (pcl:;hpl
1767 1828 1463 5058 1686
1800 1631 1743 5174 1725
1986 1748 2039 5773 1924
Grand Average | 1778
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CHAPTER 4. DYNAMIC PREDICTION OF TRAFFIC FLOW AND TRAAFIC

CONGESTION

4.1. Traffic Flow Prediction Using Time Series

Given the capacity values, it was desired to develop methods for predicting traffic flow
and congestion so that appropriate traffic control strategies could be applied to avoid traffic
congestion and to reduce traffic delay. Traffic flow rate constantly changes with time on any
given highway sections. To predict traffic conditions, the relationship between traffic flow and
time must be studied. The time series theory (Cryer 1986, Bowerman and O’Connell 1979) is a
frequently used tool to study the traffic and time relationship. One of the time series models is
the autoregressive process {Z(t)}. A pth-order autoregressive process, AR(p), satisfies the

following equation (Bowerman.and O’Connell 1979):
ZO) =g Z(t-D+pZ(t-2)+--+ ¢, Z(1—p)+5, (1)
where:

Z(t) = value of the process Z at time t;
#.= unknown parameters; 1=1,2,3, ..., p

&, = arandom variable with zero mean and variance o .

This equation requires that the mean of the series has been subtracted out so that Z(z) has a zero

mean. This time series implies that the current value of the series Z(?) is a linear combination of

the p most recent past values of itself plus an error term ¢, .
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To develop a model of dynamically predicting traffic flow rates, traffic data was recorded
with traffic counters on [-65 at about 1 mile south of SR-47. The data was collected in the
northbound direction at 5-minute intervals from 15:00 to 20:00 on May 16, 1996. Figure 4

shows the observed traffic flow rates in order of time.

1800

—¥— Driving Lane
1600 41— -~ & - -Passing Lane R

J R TP LY T N

NI P Ve
mf“’\!/\x/ V"w U ‘\/ al

800

Traffic Flow Rate (vph)

600

400 1t

200

............................................................

AR R R TR T T i o G = - L L 2

Figure 4. Observed Traffic Flow on I-65

With the traffic flow data, an AR(1) model was fitted using the MINITAB (Minitab

1996) computer software. The AR(1) equation for the traffic flow rate is expressed as follows:
f@O) =4 ft-D+e, 2

In Equation 2, f{t) denotes the traffic flow rate at time t. As expressed by the equation, the traffic

flow rate at time t, f{2), can be predicted from the traffic flow rate observed at the most recent
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past time point t-1, f{z-1). It should be noted that the mean of the series of traffic flow rates must
be subtracted from f{z) as required by the autoregressive model of Equation 1. The actual

prediction is then the calculated f{?) plus the mean. If f{z-1) is given, then f{?) can be predicted as:
f@lt=D=4 -1 3)

In this equation, 5] 1s the estimate of ¢, and f (¢ |t —1) is the predicted value of f{f) based on the

most recent observed traffic flow rate, f{z-1). Through this equation, predictions of traffic flow
rates at the given location were calculated from 15:00 to 20:00 at 5-minute intervals. For
comparison, plotted in Figures 5, 6 and 7 are the predicted and observed values of the traffic flow

rates.

The curves in the three figures indicate that the predicted values followed the patterns of
the observed traffic flows. The accuracy of the time series predictions is reflected by the values

of résiduals. In this case, a residual is the difference between the observed traffic flow rate and
the traffic flow rate predicted by the time series model, that is, residual = f(¢) — j} (t|t—1). The

residuals of the time series predictions are listed in Table 12 for all data points during the eight-
hour period. To examine the magnitudes of the residuals, the absolute values of the residuals
were used to calculate the statistics. As shown in Table 12, for the driving lane the absolute
values of residuals have a mean of 66.04, a standard deviation of 51.74, and a minimum of 1.04,
and a maximum of 240.71. The corresponding values are 161.20, 126.50, 0.50 and 462.10 for
the passing lane, and are 173.40, 141.00, 2.20 and 529.70 for the total volumes of the two lanes.
Although these values are not extremely unacceptable, they certainly suggest the needs for

improvement in the accuracy of the time series predictions.
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Figure 7. Observed and Time Series Predicted Two Lane Total Traffic Flow
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Table 12. Comparison of Observed and Time Series Predicted Traffic Flow Rates

Driving Lane Passing Lane Total
Time Observed | Predicted | Residual | Observed | Predicted | Residual | Observed | Predicted Residual
15:00 635 633.1 19 469 434.3 347 1104 1100.1 3.9
15:05 840 634 206 396 451.3 -55.3 1236 1102.1 134
15:10 792 838.7 -46.7 408 381.1 26.9 1200 1233.8 -33.8
156:15 684 790.8 -106.8 492 392.6 99.4 1176 1197.9 -21.9
15:20 732 683 49 528 473.4 546 1260 1173.9 86.1
15:25 648 730.9 -82.9 300 508.1 -208.1 948 1257.8 -309.8
15:30 624 647 -23 612 288.7 323.3 1236 946.3 289.7
15:35 576 623.1 -47 1 348 588.9 -240.9 924 1233.8 -309.8
15:40 648 575.1 729 600 334.9 265.1 1248 922.4 3256
15:45 732 647 85 624 577.4 46.6 1356 1245.8 110.2
15:50 - 684 730.9 -46.9 372 600.5 -228.5 1056 1353.6 -297.6
15:55 684 683 1 456 358 98 1140 1054.1 85.9
16:00 696 683 13 588 438.8 149.2 1284 1138 146
16:05 636 694.9 -58.9 420 565.8 -145.8 1056 1281.7 -225.7
16:10 564 635 -71 384 404.2 -20.2 948 1054.1 -106.1
16:15 636 563.1 72.9 504 369.5 134.5 1140 946.3 193.7
16:20 612 635 -23 480 485 -5 1092 1138 -46
16:25 588 611.1 -23.1 384 461.9 -77.9 972 1090.1 -118.1
16:30 708 587 1 120.9 792 369.5 4225 1500 970.3 529.7
16:35 660 706.9 -46.9 336 762.1 -426.1 996 1497.4 -501.3
16:40 624 659 -35 648 323.3 324.7 1272 994.2 277.8
16:45 660 623.1 36.9 384 623.5 -239.5 1044 1269.8 -225.7
16:50 600 659 -59 600 369.5 230.5 1200 1042.2 157.8
16:55 648 599.1 48.9 456 577.4 -121.4 1104 1197.9 -93.9
17:00 720 647 73 396 438.8 -42.8 1116 1102.1 14
17:05 732 718.9 13.1 696 381.1 314.9 1428 1114 314
17:10 732 730.9 1.1 576 669.7 -93.7 1308 1425.5 -117.5
17:15 696 730.9 -34.9 744 554.3 189.7 1440 1305.7 134.3
17:20 744 694.9 491 612 7159 -103.9 1356 14375 -81.5
17:25 876 742.9 133.1 504 588.9 -84.9 1380 1353.6 26.4
17:30 852 874.7 -22.7 552 485 67 1404 1377.6 26.4
17:35 660 850.7 -190.7 708 531.2 176.8 1368 1401.5 -33.5
17:40 744 659 85 588 681.3 -93.3 1332 13656 | -33.6
17:45 744 7429 1.1 516 565.8 -49.8 1260 1329.6 -69.6
17:50 672 742.9 -70.9 588 496.5 91.5 1260 1257.8 2.2
17:55 780 671 109 576 565.8 10.2 1356 1257.8 98.2
18:00 720 778.8 -58.8 972 554.3 417.7 1692 1353.6 338.4
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Driving Lane Passing Lane Total
Time Observed Prediqted Residual |Observed | Predicted | Residual | Observed | Predicted | Residual
18:05 792 718.9 73.1 696 935.3 -239.3 1488 1689 -201
18:10 696 790.8 -94.8 504 669.7 -165.7 1200 1485.4 -285.4
18:15 660 694.9 -34.9 516 485 31 1176 1197.9 -21.9
18:20 696 659 37 876 496.5 379.5 1572 1173.9 398.1
18:25 744 694.9 491 588 842.9 -254.9 1332 1569.2 -237.2
18:30 756 742.9 13.1 744 565.8 178.2 1500 1329.6 170.4
18:35 672 754.9 -82.9 588 715.9 -127.9 1260 1497 .4 -237.3
18:40 660 671 -11 624 565.8 58.2 1284 1257.8 26.2
18:45 600 659 -59 600 600.5 05 1200 1281.7 -81.7
18:50 564 599.1 -35.1 348 577.4 -229.4 912 1197.9 -285.9
18:55 444 563.1 -119.1 324 3349 -10.9 768 9104 -142.4
19:00 648 443.3 204.7 588 311.8 276.2 1236 766.6 469.4
19:05 576 647 -71 648 565.8 82.2 1224 1233.8 -9.8
19:10 732 575.1 156.9 612 623.5 -11.5 1344 1221.8 122.2
19:15 684 730.9 -46.9 600 588.9 11.1 1284 13416 -57.6
19:20 636 683 -47 660 5774 82.6 1296 1281.7 14.3
19:25 672 635 37 636 635.1 0.9 1308 1293.7 14.3
19:30 576 671 -95 432 612 -180 1008 1305.7 -297.7
19:35 528 5751 C 471 780 4157 364.3 1308 1006.2 301.8
19:40 552 527.2 24.8 576 750.6 -174.6 1128 1305.7 -177.7
19:45 468 551.2 -83.2 948 554.3 3937 1416 1126 290
19:50 708 467.3 240.7 708 912.2 -204.2 1416 1413.5 25
19:55 600 706.9 -106.9 480 681.3 -201.3 1080 1413.5 -333.5
20:00 636 599.1 36.9 924 461.9 462.1 1560 1078.1 481.9

Statistics of absolute values
of residuals:

Mean=66.04
Min=1.04

StDev=51.74
Max=240.71

Statistics of absolute values
of residuals:

Mean=161.20
Min=0.50

StDev=126.50
Max=462.10

Statistics of absolute values
of residuals:

Mean=173.40 StDev=141.00
Min=2.20 Max=529.70
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4.2. Traffic Flow Prediction Using Kalman Predictor
One of the applications of control theory is to use the Kalman predictor (Bozic 1979) in

recursive predictions of random signal processes. For example, the signal model can be a first-

order autoregressive process:

x(t+1) = ax(t)+w, (4)
The observation (or measurement) is affected by additive random error Ve

(@) =cx(®)+v, ®)
where v, is a random variable with zero mean and variance o .

The Kalman predictor for the above signal model can be expressed as follows:
Predictor equation:
Xt +1|)=axt|t-1)+k@)[yE)-cx(t|t-1)] (6)

Predictor gain:

acp(t|t-1)

k(1) =— | - )
c'ptlt-D+o,

Prediction mean-square error:

P +110)==k()o} +07 ®)

Equations 6, 7 and 8 are called one-step Kalman predictor of the signal process expressed by

Equations 4 and 5. The Kalman method yields the estimate of x(t+1), i.e. the signal at time t+1,
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given the measured data x(¢) and the previous estimate X(¢|#-1)at time t.” It can be proved
(Bozic 1979) that this one-step prediction estimate, denoted as x(¢+1]¢), is an optimum estimate

because the Kalman recursive prediction process minimizes the mean-square prediction error

E[x(t+1) - 2@ +1|D]°.

Some features of the Kalman predictor, such as recursive, continuously incorporating the
most recent real-time data, and optimum prediction, are exactly the desirable functions for an
efficient traffic flow prediction model. To use the Kalman predictor in traffic flow prediction,

the AR(1) time series model as in Equation 3 can be used as the traffic flow model, that is:

fe+D)=gfO)+e ©)

Equation 9 is the first-order autoregressive process for the traffic flow. In addition, the

observation (or measurement) of the traffic flow, m(t), is affected by additive random error v,
m(t)= g f({O)+v, (10)

Equation 10 is related to the accuracy of the traffic data measurement devices used in data
collection. The one step Kalman recursive prediction equations can then be readily obtained

from Equations 6 through 8:

Predictor equation:
Fa+1D=gft|t-1)+k@Om@®-Bf(|t-D] (11)
Predictor gain:

_ ¢pp|t-1) .
M= - o (12

Prediction mean-square error:
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pt+1]1) = %k(z)crf +o’ ) (135

With Equations 9 through 13, traffic flow rate at t+1, f(t+1), can be predicted as

f (¢ +1]1) for each observed data at time t, f(¢). Since Equation 9 is a time series model of the

first order autoregressive process, this Kalman predictor model is a combination of the time
series and the Kalman predictor. It was expected that this prediction model wouid improve the
prediction accuracy over the time series model as defined in Equation 9. To verify this, the
Kalman predictor model was also applied to the traffic flow data described in Figure 4. The
predicted traffic flow rates from the Kalman predictor along with the corresponding observed

values and the values from the time series method are plotted in Figures 8, 9 and 10.

As shown in the figure, most of the predicted values from the Kalman model are closer to
the observed values than the predicted values from the time series model. This indicates that the
Kalman method indeed improved the prediction accuracy over the time series method. The
differences in the prediction accuracy of the two methods can be more clearly described by
plotting their corresponding residual values into the same graph, as shown in F igures 11, 12 and
13. The residual graph distinctly shows that the most residuals of the Kalman predictions are
considerably smaller than those of the time series predictions. Therefore, the improvement of the
Kalman predictor over the time series method in traffic flow prediction is apparent and

significant.
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Figure 13. Residuals of Kalman and Time Series Predictions of Two Lane Total Traffic Flow
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For a quantitative comparison, the residual values of the time series and Kalman
predictions are presented in Table 13. In addition, the differences between the absolute values of
the time series and the Kalman residuals are also included in the table. Because there are
positive and negative residuals, the use of the absolute values of the residuals is to compare the
magnitudes of the residuals from the two prediction methods. The magnitude of a residual is the
difference between the observed value and the predicted value. Therefore, a more accurate
prediction yields a smaller magnitude of residual. If the absolute value of time series residual
(TR) minus the absolute of the Kalman residual (KR) is positive, i.e., abs(TR)-abs(KR) > 0, then
the magnitude of time series residual is greater than the Kalman residual, indicating the time

series prediction is less accurate than the Kalman prediction.

As shown in the last column of Table 13, there are 53 positive values and .8 negative
values of abs(TR)-abs(KR) for the driving lane, 53 positive and 8 negative ones for the passing
lahe, and 49 positive and 13 negative ones for the two lane total. This indicates that 53 out of the
81 Kalman predictions are more accurate than the time series predictions for the driving lane and
the passing lane, and 49 out of the 81 Kalman predictions for the total traffic volumes of the two
lanes. The statistics of the absolute values of the residuals were also calculated for the
predictions from the two methods. Table 13 indicates that the Kalman predictions have smaller
values of mean, standard deviation, minimum and maximum of the absolute residuals than the
time series predictions. Compared to the time series predictions, the Kalman predictions reduced
the mean of the absolute residual values by (66.04-28.37)/66.04=57.0%, (161.20-
54.36)/161.20=66.3%, and (173.4-69.52)/173.4=59.9%, and the standard deviation by (51.74-
25.36)/51.74=51.0%, (126.5-44.36)/126.5=64.9%, and (141.0-50.92)/141.0=63.9% for the

driving lane, passing lane, and two lane total, respectively. These large reductions in the values
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of the mean and standard deviation represent a significant improvement in the traffic flow

predictions.
Table 13. Comparison of Time Series and Kalman Predictions
Driving Lane Passing Lane Total

Time Kalman | Abs(TR)- Time Kalman | Abs(TR)- Time Kalman | Abs(TR)-
Time Residual | Residual | Abs(KR) | Residual | Residual | Abs(KR) | Residual | Residual | Abs(KR)

(TR)! (KR) (TR)I (KR) (TR) (KR)
15:00 1.9 12.7 -10.8 34.7 9.38 253 3.9 22.08 -18.2
15:05 206.0 123.5 82.5 -55.3 -23.25 32.1 134.0 100.22 33.7
15:10 -46.7 457 1.1 26.9 3.7 23.2 -33.8 49.37 -15.6
15:15 -106.8 -10.1 96.7 99.4 43.25 56.1 -21.9 33.18 -11.3
15:20 - 49.0 290 20.0 54.6 40.58 14.0 86.1 69.59 16.5
15:25 -82.9 -7.9 75.0 -208.1 -64.94 143.1 -309.8 -72.79 237.0
15:30 -23.0 0.4 226 323.3 105.74 2176 289.7 106.17 183.5
15:35 -47 1 -6.5 40.6 -2409 | -52.93 188.0 -3090.8 -59.42 250.4
15:40 72.9 37.8 35.1 265.1 87.34 177.8 325.6 125.09 200.5
15:45 85.0 60.7 243 46.6 54.62 -8.0 110.2 115.33 -5.1
15:50 -46.9 18.5 28.4 -228.5 -67.26 161.2 -297.6 -48.77 248.8
15:55 1.0 20.7 -19.6 98.0 15.46 82.6 85.9 36.13 49.7
16:00 13.0 26.3 -13.3 149.2 67.56 81.6 146.0 93.85 52.2
16:05 -58.9 0.0 58.9 -145.8 -29.61 116.2 -225.7 -29.65 196.1
16:10 -71.0 -16.0 55.1 -20.2 -17.15 3.0 -106.1 -33.13 73.0
16:15 72.9 33.9 38.9 134.5 49 85.5 193.7 82.92 110.8
16:20 -23.0 16.0 7.0 -5.0 19.06 -14.1 -46.0 35.06 10.9
16:25 -23.1 8.7 14.3 -77.9 -21.44 56.4 -118.1 -12.71 105.4
16:30 120.9 62.9 58.0 422.5 162.13 260.4 529.7 225.01 304.7
16:35 -46.9 18.8 281 -426.1 -104.49 321.6 -501.3 -85.66 415.7
16:40 -35.0 6.0 29.0 324.7 91.49 233.2 277.8 97.47 180.3
16:45 36.9 29.1 7.9 -239.5 -57.61 181.9 -225.7 -28.52 197.2
16:50 -59.0 0.3 58.7 2305 | 71.94 158.6 1567.8 72.25 85.6
16:55 48.9 31.2 17.7 -121.4 -18.15 103.2 -93.9 13.09 80.8
17:00 73.0 53.5 19.5 -42.8 -21.66 211 14.0 31.82 -17.9
17:05 13.1 394 -26.3 3149 119.26 195.7 314.0 158.68 155.3
17:10 1.1 29.6 -28.4 -93.7 11.24 82.5 -117.5 40.8 76.7
17:15 -34.9 11.5 234 189.7 82.71 107.0 134.3 94.19 40.1
17:20 491 374 11.7 -103.9 -6.41 97.5 -81.5 30.98 50.5
17:25 133.1 81.6 51.5 -84.9 -33.22 51.7 26.4 48.41 -22.0
17:30 -22.7 38.9 -16.2 67.0 16.63 50.4 264 55.48 -29.0
17:35 -190.7 -44 .8 145.9 176.8 79.49 97.3 -33.5 34.73 -1.2
17:40 85.0 29.7 55.3 -93.3 -3.57 89.7 -33.6 26.16 7.4
17:45 1.1 26.1 -25.0 -49.8 -18.28 31.5 -69.6 7.85 61.8
17:50 -70.9 -3.9 66.9 91.5 32.09 59.4 22 28.17 -25.9
17:55 109.0 55.0 54.0 10.2 19.12 -8.9 98.2 74.11 241
18:00 -58.8 12.5 46.3 417.7 176.54 241.2 338.4 189.05 149.3

(to be continued)
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Table 13. (continued)

Driving Lane Passing Lane Total
Time Kalman Abs(TR)- Time Kalman Abs(TR)- Time Kalman | Abs(TR)-
Time Residual | Residual | Abs(KR) | Residual | Residual | Abs(KR) | Residual | Residual | Abs(KR)
(TR)I (KR) (TR)I (KR) (TR)I (KR)
18:05 73.1 47.8 253 -239.3 -23.72 215.6 -201.0 241 176.9
18:10 -94.8 -4.3 90.5 -165.7 -71.56 94.2 -285.4 -75.87 209.5
18:15 -34.9 -2.1 32.9 31.0 -12.22 18.8 -21.9 -14.28 76
18:20 37.0 26.8 10.2 379.5 149.14 230.3 398.1 175.9 2222
18:25 491 43.2 5.9 -254.9 -40.79 214.2 -237.2 2.38 234.8
18:30 13.1 36.0 -22.9 178.2 58.48 119.7 170.4 94 .48 75.9
18:35 -82.9 -4.7 78.1 -127.9 -25.15 102.8 -237.3 -29.87 207.5
18:40 -11.0 6.9 41 58.2 16.59 41.6 26.2 23.46 2.8
18:45 -99.0 -8.1 50.9 -0.5 9.19 -8.7 -81.7 1.09 80.6
18:50 -35.1 5.4 29.7 -229.4 -84.93 144 4 -285.9 -90.34 195.5
18:55 -119.1 -38.6 80.6 -10.9 -34.74 -23.9 -142 .4 -73.33 69.1
19:00 204.7 75.6 129.1 276.2 98.52 177.7 4694 174.08 2953
19:05 -71.0 12.9 58.1 82.2 72.95 9.2 -9.8 85.82 -76.0
19:10 156.9 78.6 78.3 -11.5 26.22 -14.7 122.2 104.77 17.4
19:15 -46.9 25.2 21.6 11.1 17.38 -6.3 -57.6 42.62 15.0
19:20 -47.0 4.1 42.9 82.6 42 .49 40.2 14.3 46.59 -32.3
19:25 37.0 28.6 8.3 0.9 19.72 -18.8 14.3 48.33 -34.0
19:30 -95.0 -14.0 81.0 -180.0 -61.1 118.9 -297.7 -75.08 2226
19:35 -47 .1 -12.9 34.2 364.3 124.18 240.1 301.8 111.28 190.5
19:40 24.8 15.2 9.6 -174.6 -18.69 155.9 -177.7 -3.45 174.2
19:45 -83.2 -16.7 66.5 393.7 152.67 241.1 290.0 136.01 154.0
19:50 240.7 98.7 142.0 -204.2 -18.89 185.3 2.5 79.79 -77.3
19:55 -106.9 8.5 98.5 -201.3 -83.84 117.4 -333.5 -75.36 258.1
20:00 36.9 29.6 7.4 462.1 154.78 307.3 481.9 184.33 297.6
Statistics of absolute values|Statistics of absolute values|Statistics of absolute values
of residuals: of residuals: of residuals:
Time Series Kalman Time Series Kalman Time Series Kalman
Mean 66.04 28.37 [Mean 161.20 54.36 |Mean 173.40 69.52
StDev 51.74 25.36 |StDev 126.50 44,36 [StDev 141.00 50.92
Min 1.04 0.04 [Min 0.50 3.57 |Min 2.20 1.09
Max 240.71 123.47 |Max 462.10 176.54 |Max 529.70 . 225.01
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To statistically compare the predictions of the two methods, paired t-tests Wwere
performed. Since a t-test requires the data follow a normal distribution, the Anderson-Darling
normality test (Minitab 1996) was used to check if the absolute values of the residuals follow a
normal distribution. The normality tests indicate none of the data sets follows a normal

distribution at a level of @ =0.05. Then the data sets were transformed by square root of the
absolute values of the residuals, i.e., 7, =+/abs(TR) and r, =./abs(KR). The Anderson-

Darling normality tests on the transferred data yielded p-values greater than «=0.05.
Therefore, the transformed data sets are normally distributed at a level of @ = 0.05 and the paired
t-tests can be applied to compare them. The paired t-tests were used to test if the difference

between the mean of 7, () and the mean of r,, (u,) is zero or greater than zero. The
hypotheses to be tested are as follows:

H,: M=, =0

H,: My — 4, >0

If the Type I error is controlied at & = 0.05, then the p-value of the paired t-test can be compared

to the « value according to the decision rule:
If p-value > &, conclude H,,.
If p-value < a, conclude H,.

All of the p-values of the paired t-tests are 0.000 for the driving lane, passing lane and two lane
total, which is less than @ =0.05. Therefore, H, is concluded, i.e., the mean difference is greater

than zero or s is significantly greater than x,. This implies that the Kalman predictor in
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combination with the time series method provides much better predictions of traffic flow rates

than the time series method.

4.3. Prediction of Traffic Congestion
Once the traffic capacity is known, the dynamic prediction of traffic flow rates discussed
above constitutes a dynamic prediction of traffic congestion. From Table 10, it can be found that
the traffic capacity of four —lane freeway in Indiana is 1767 passenger cars per hour per lane
(pephpl). Thus, the traffic congestion at this location can be predicted with the Kalman predictor

method at each step of the prediction according to the following criteria:

If f (z+1]1) <1767 passenger cars per hour per lane, then no congestion at time t-+1 is predicted;

If f’ (z+1]2) 21767 passenger cars per hour, then congestion at time t+1 is predicted.

. This study showed that using the Kalman predictor in combination with the first-order
autoregressive process of time series provided significantly improved traffic flow predictions
over using only the time series method. This Kalman predictor model predicts the traffic flow
dynamically with each newly available traffic data. Therefore, it can be used as an 'efﬁcient tool
for real-time freeway traffic control and can be applied in such areas as the Intelligent
Transportation Systems. A dynamic prediction of traffic flow rate with the Kalman predictor

constitutes a dynamic prediction of traffic congestion as long as the traffic capacity is given.
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CHAPTER 5. CONCLUSIONS AND IMPLEMENBTATION SUGGESTIONS

Traffic data on Indiana freeways was recorded with WIM devices and traffic counters.
The traffic measurements from the 18 WIM stations were utilized to analyze the traffic
characteristics and those recorded with traffic counters were utilized to develop the model for
dynamically predicting traffic flows. Traffic volumes on the 18 WIM stations were presented in
terms of average hourly traffic (AHT) and average daily traffic (ADT) on each lane. Average
traffic speeds for each lane of the 18 WIM stations were also calculated and presented.
Proportions of heavy vehicles were expressed as the average heavy vehicle percentages (AHVP).
Lane distributions of traffic flows were summarized. The traffic data showed that on four-lane
freeways the driving lane sustained a greater portion of traffic than the passing lane. However,
on -six-lane freeways the traffic lane distributions did not follow an apparent pattern over the
three lanes in each direction. To examine the traffic lane distribution patterns on four-lane
freeways, the AHT rations were used to assess the effect of traffic volume on lane distribution.
An AHT ratio was defined at the ratio of the average hourly traffic on driving lane to the average
hourly traffic on passing lane. It showed that AHT ratio and traffic volume had an inversely
proportional relationship. As traffic volume increases, vehicles tend to spread more evenly over
the available lanes. Under light traffic condition on four-lane freeways (two lanes in each
direction), most vehicles travel in the driving lane and use the passing lane mainly for passing

maneuvers.

Traffic volumes vary during the days of the week. Traffic volume variations by day- of

the week are affected by the locations and types of highways. To determine the volume
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variations, the traffic volume proportion of each day of the week was calculated-as the percentage
of the weekly traffic volume. Although the volume variations differ from site to site, traffic
volume proportions on Fridays were greater than average at all of the 18 WIM sites. All of the
18 sites have higher than average traffic volumes on Fridays, eight sites on Thursdays, and only
two sites on Mondays or Sundays. The information of traffic volume variations by day of the
week is important for highway agencies. For example, the information can be utilized to
schedule highway maintenance and construction activities on the days with relatively light traffic,

so that traffic delay and user cost can be minimized.

Capacity is defined in terms of the maximum rate of flow that can be accommodated by a
given traffic facility under prevailing conditions (TRB 1994). Traffic congestion occurs when
traffic flow exceeds the capacity of the roadway. Consequently, during congestion vehicles
travel at reduced speeds and with fluctuating traffic flow rates. Motorists endure considerably
greater traffic delays' under congested traffic conditions than under uncongested conditions.
Based on the traffic data from the 18 WIM stations, the observed capacity values range from
1489 to 2006 pephpl with an average value of 1767 pephpl on four-lane freeways and range from

1463 to 2093 pcphpl with an average value of 1778 pephpl on six-lane freeways.

Given the freeway capacity values, it was desired to develop methods for predicting
traffic flow and congestion so that appropriate traffic control strategies could be applied to avoid
traffic congestion and to reduce traffic delay. Such a method was developed in this study using
the Kalman predictor in combination with the first-order autoregressive process of time series.
The method provides significantly improved traffic flow predictions over using only the time
series method. It predicts freeway traffic flow dynamically with each newly available traffic

data. Dynamic traffic predictions with the developed model can be performed for individual
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lanes as well as for all the lanes of each travel direction. Therefore, the prediction model can be
used as an efficient tool for real-time traffic control. This study showed that a dynamic
prediction of traffic flow rate with this prediction model would also constitute a dynamic

prediction of traffic congestion as long as the traffic capacity was given.

This study provides the values of key traffic characteristics on Indiana freeways and the
ability to dynamically predict traffic flows. It is believed that the research results will provide
INDOT important values of traffic measures for highway design, planning, and construction and
enable INDOT to predict traffic flow conditions in real time and adaptively change traffic control
strategies. The following suggestions should be considered for implementation of the research

results.

1. The values of key traffic characteristics, such as traffic volume, speed, heavy vehicle
percentage, lane distribution, daily variation, and capacity, should be considered in highway
design and planning, traffic control, and construction activity scheduling. For example, the
information of traffic volume variations by day of the week can be utilized to schedule
highway maintenance and construction activities on the days with relatively light traffic, so
that traffic delay and user cost can be minimized. The traffic volume and capacity values can
be used for effective traffic control, traffic delay reduction and congestion management.
Traffic volume and heavy vehicle proportion will be useful for pavement and bridge

management.
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2. Adaptive traffic control is an essential component of an Intelligent Transportation System
dtTs). The real time prediction of traffic flow and congestion ability can be utilized in ITS

program to enhance the capability and efficiency of freeway traffic control in Indiana.

3. INDOT should make effort to more efficiently utilize the WIM devices installed on the
Indiana highway system. There are 35 WIM stations on Indiana highways. Twenty of these
WIM stations are on interstate highways. The WIM devices collect traffic data continuously
and provide summarized traffic data, including vehicle weight, speed, flow rate,
classification. The obvious advantage of WIM data is the availability of large amount of
data. However, it was found during this study that WIM devices were not always reliable
because of their frequent malfunctions. When a WIM device does not work properly, it
usually can not be detected unless someone checks the collected data in detail. This is
because an out-of-order WIM device often would not stop collecting data and the
abnormality of the data can only be discovered by a careful review in its tabulated form.
Although WIM devices can be set up to accommodate a number of data requirements, many
data requirements of this study could not be satisfied because of lack of personnel who
sufficiently know the WIM software to activate the required WIM functions. To solve these
problems, it is needed for INDOT to effectively maintain the WIM devices and assure the
quality WIM data. It is therefore recommended that INDOT develop systematic procedures
to train personnel for effective use of WIM software and to monitor and maintain the

installed WIM devices.



Page 49

REFERENCES

Bowerman, B. L., and O’Connell, R. T. (1979). An Applied Approach: Time Series and
Forecasting, Duxbury Press.

Bozic, S. M. (1979). Digital and Kalman Filtering: An Introduction to Discrete-Time Filtering
and Optimum Linear Estimation, John Wiley & Sons.

Cryer, J. D. (1986). The Time Series Analysis, Duxbury Press.

Garber, N. J., and Hoel, L. A. (1999), Traffic and Highway Engineering, Brooks/Cole Publishing
Company, Pacific Grove, California.

Minitab, Inc., MINITAB (Release 11) (1996). Reference Manual.

Transportation Research Board (TRB). (1994), Highway Capacity Manual. Special Report 209,
Washington.






Page 50

APPENDIX: Summarized Traffic Data from WIM Stations
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Site 411 on 1-65, April 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 353 161 414 245
Mean Daily Volume (vpd) 8482 3869 9930 5887

Mean Speed (km/h) 115 117 112 118

(mph) 72 73 70 73

Mondays Mean Hourly Volume (vph) 202 103 386 159
Mean Daily Volume (vpd) 4859 2474 9253 3813

Mean Speed (km/h) 113 113 107 115

(mph) 70 70 67 71

Tuesdays Mean Hourly Volume (vph) 148 79 391 131
Mean Daily Volume (vpd) 3563 1888 9384 3143

Mean Speed (km/h) 114 113 108 115

(mph) 71 70 67 72

Wednesdays | Mean Hourly Volume (vph) 149 93 404 148
Mean Daily Volume (vpd) 3565 2221 9695 3562

Mean Speed (km/h) 114 116 108 116

(mph) 71 72 67 72

Thursdays | Mean Hourly Volume (vph) 183 166 439 211
Mean Daily Volume (vpd) 4388 3985 10527 5069

Mean Speed (km/h) 113 115 108 115

(mph) 70 71 67 72

Fridays Mean Hourly Volume (vph) 265 225 499 296
Mean Daily Volume (vpd) 6353 5409 11979 7112

Mean Speed (km/h) 115 117 111 118

(mph) 71 73 69 73

Saturdays | Mean Hourly Volume (vph) 304 142 406 183
Mean Daily Volume (vpd) 7303 3397 9733 4400

Mean Speed (km/h) 115 118 111 118

(mph) 72 73 69 73

Monthly Mean Hourly Volume (vph) 234 143" 423 200
Mean Daily Volume (vpd) 5606 3427 10146 4811

Mean Speed (km/h) 114 116 109 116

(mph) 71 72 68 72
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Site 411 on 1-65, June 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

. North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 467 272 590 - 410
Mean Daily Volume (vpd) 11217 6528 14167 9849

Mean Speed (km/h) 103 93 104 101

(mph) 64 58 65 63

Mondays Mean Hourly Volume (vph) 331 198 541 300
Mean Daily Volume (vpd) 7946 4759 12985 7202

Mean Speed (km/h) 100 92 102 99

(mph) 62 57 64 62

Tuesdays Mean Hourly Volume (vph) 295 206 541 278
Mean Daily Volume (vpd) 7073 4952 12985 6664

Mean Speed (km/h) 98 92 102 99

(mph) 61 57 63 61

Wednesdays | Mean Hourly Volume (vph) 295 217 545 285
Mean Daily Volume (vpd) 7086 5198 13079 6843

Mean Speed (km/h) 98 93 102 99

(mph) 61 58 64 62

Thursdays | Mean Hourly Volume (vph) 322 213 568 313
Mean Daily Volume (vpd) 7729 5104 13623 7502

Mean Speed (km/h) 99 92 103 100

(mph) 62 57 64 62

Fridays Mean Hourly Volume (vph) 410 253 634 408
Mean Daily Volume (vpd) 9831 6073 15210 9800

Mean Speed (km/h) 102 94 104 103

(mph) 63 58 65 64

Saturdays Mean Hourly Volume (vph) 442 238 573 343
Mean Daily Volume (vpd) 10610 5710 13749 8230

Mean Speed (km/h) 103 94 104 101

(mph) - 64 58 65 63

Monthly Mean Hourly Volume (vph) 362 226 568 331
Mean Daily Volume (vpd) 8700 5433 13639 7941

Mean Speed (km/h) 100 93 103 100

(mph) 62 58 64 62
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Site 414 on 1-69, January 1998 Driving Lane |Passing Lane | Driving Lane Passing Lane
. South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 220 74 282 84
Mean Daily Volume (vpd) 5290 1777 6766 2026

Mean Speed (km/h) 111 114 109 115

(mph) 69 71 67 72

Mondays Mean Hourly Volume (vph) 272 88 300 76
Mean Daily Volume (vpd) 6521 2124 7201 1817

Mean Speed (km/h) 109 115 108 117

(mph) 68 72 67 73

Tuesdays Mean Hourly Volume (vph) 290 91 307 81
Mean Daily Volume (vpd) 6952 2190 7363 1939

Mean Speed (km/h) 109 115 106 115

(mph) 68 71 66 72

Wednesdays | Mean Hourly Volume (vph) 287 97 327 89
Mean Daily Volume (vpd) 6886 2340 7838 2139

Mean Speed (km/h) 108 115 105 115

(mph) 67 71 66 72

Thursdays | Mean Hourly Volume (vph) 262 91 303 87
Mean Daily Volume (vpd) 6288 2173 7268 2082

Mean Speed (km/h) 108 112 106 115

(mph) 67 69 66 71

Fridays Mean Hourly Volume (vph) 314 123 340 111
Mean Daily Volume (vpd) 7527 2950 8151 2656

Mean Speed (km/h) 110 115 108 117

(mph) 68 72 67 72

Saturdays | Mean Hourly Volume (vph) 262 83 281 72
Mean Daily Volume (vpd) 6280 2000 6752 1735

Mean Speed (km/h) 110 115 108 117

(mph) 69 71 67 73

Monthly Mean Hourly Volume (vph) 273 93 306 86
Mean Daily Volume (vpd) 6551 2237 7339 2066

Mean Speed (km/h) 109 114 107 116

(mph) 68 71 67 72
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Site 414 on 1-69, April 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
South Bound | South Bound | North Bound | North Bound
Sundays Mean Hourly Volume (vph) 339 106 418 189
Mean Daily Volume (vpd) 8135 2549 10025 4535
Mean Speed (km/h) 113 114 109 117
(mph) 70 71 68 73
Mondays Mean Hourly Volume (vph) 317 91 379 122
Mean Daily Volume (vpd) 7602 2195 9092 2937
Mean Speed (km/h) 111 115 108 117
(mph) 69 72 67 73
Tuesdays Mean Hourly Volume (vph) 314 90 364 114
Mean Daily Volume (vpd) 7525 2166 8741 2739
Mean Speed (km/h) 110 115 107 116
(mph) 68 71 66 72
Wednesdays | Mean Hourly Volume (vph) 331 97 375 130
Mean Daily Volume (vpd) 7939 2321 8990 3119
Mean Speed (km/h) 110 115 107 116
(mph) 68 72 66 72
Thursdays | Mean Hourly Volume (vph) 360 135 399 149
Mean Daily Volume (vpd) 8652 3247 9572 3573
Mean Speed (km/h) 110 116 107 116
(mph) 68 72 66 72
Fridays Mean Hourly Volume (vph) 425 189 437 175
Mean Daily Volume (vpd) 10190 4525 10478 4196
Mean Speed (km/h) 111 116 108 117
(mph) 69 72 67 73
Saturdays | Mean Hourly Volume (vph) 332 88 392 135
Mean Daily Volume (vpd) 7976 2121 9419 3232
Mean Speed (km/h) 112 116 109 118
(mph) 70 72 68 73
Monthly Mean Hourly Volume (vph) 346 114 394 144
Mean Daily Volume (vpd) 8293 2739 9461 3465
Mean Speed (km/h) 111 115 108 117
(mph) 69 72 67 73
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Site 414 on 1-69, August 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 479 247 506 274
Mean Daily Volume (vpd) 11493 5924 12132 6564

Mean Speed (km/h) 87 101 104 102

(mph) 54 63 64 63

Mondays Mean Hourly Volume (vph) 453 200 474 206
Mean Daily Volume (vpd) 10868 4805 11366 4933

Mean Speed (km/h) 86 100 104 101

(mph) 53 62 64 62

Tuesdays Mean Hourly Volume (vph) 395 193 - 480 214
Mean Daily Volume (vpd) 9478 4633 11520 5132

Mean Speed (km/h) 86 99 103 101

(mph) 53 62 64 63

Wednesdays | Mean Hourly Volume (vph) 465 206 491 220
Mean Daily Volume (vpd) 11165 4937 11777 5272

Mean Speed (km/h) 86 100 103 101

(mph) 53 62 64 63

Thursdays | Mean Hourly Volume (vph) 482 221 508 235
Mean Daily Volume (vpd) 11579 5312 12201 5647

Mean Speed (km/h) 86 101 104 102

(mph) 53 63 64 63

Fridays Mean Hourly Volume (vph) 475 265 533 275
Mean Daily Volume (vpd) 11399 6369 12788 6605

Mean Speed (km/h) 86 102 104 103

(mph) 54 64 65 64

Saturdays | Mean Hourly Volume (vph) 471 219 489 227
Mean Daily Volume (vpd) 11299 5246 11728 5449

Mean Speed (km/h) 87 101 104 101

(mph) 54 62 65 63

Monthly Mean Hourly Volume (vph) 461 222 496 236
Mean Daily Volume (vpd) 11058 5318 11912 5657

Mean Speed (km/h) 86 100 104 101

(mph) 54 62 64 63
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Site 415 on 1-69, January 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. South Bound | South Bound | North Bound | North Bound
Sundays | Mean Hourly Volume (vph) 287 81 281 74
Mean Daily Volume (vpd) 6893 1935 6753 1785
Mean Speed (km/h) 92 101 110 115
(mph) 57 63 68 72
Mondays Mean Hourly Volume (vph) 357 118 344 95
Mean Daily Volume (vpd) 8577 2841 8266 2276
Mean Speed (km/h) 96 101 109 116
(mph) 59 63 68 72
Tuesdays Mean Hourly Volume (vph) 367 115 352 99
Mean Daily Volume (vpd) 8808 2759 8450 2366
Mean Speed (km/h) 96 101 108 115
(mph) 60 63 67 72
Wednesdays | Mean Hourly Volume (vph) 364 119 359 108
Mean Daily Volume (vpd) 8742 2861 8615 2593
Mean Speed (km/h) 95 101 107 114
(mph) 59 63 67 71
Thursdays | Mean Hourly Volume (vph) 338 110 340 102
Mean Daily Volume (vpd) 8121 2635 8162 2450
Mean Speed (km/h) 92 101 107 113
(mph) 57 62 66 70
Fridays Mean Hourly Volume (vph) 390 141 398 136
Mean Daily Volume (vpd) 9370 3379 9549 3272
Mean Speed (km/h) 93 103 108 115
(mph) 58 64 67 72
Saturdays | Mean Hourly Volume (vph) 319 87 324 87
Mean Daily Volume (vpd) 7659 2085 7784 2095
Mean Speed (km/h) 94 101 110 117
(mph) 58 63 68 72
Monthly Mean Hourly Volume (vph) 347 110 344 101
Mean Daily Volume (vpd) 8317 2648 8252 2424
Mean Speed (km/h) 94 101 109 115
(mph) 58 63 67 72
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Site 415 on 1-69, June 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 377 366 588 258
Mean Daily Volume (vpd) 9056 8774 14114 6199

Mean Speed (km/h) 98 98 100 95

(mph) 61 61 62 59

Mondays Mean Hourly Volume (vph) 401 327 566 218
Mean Daily Volume (vpd) 9621 7858 13584 5237

Mean Speed (km/h) 99 98 99 93

(mph) 61 61 62 58

Tuesdays Mean Hourly Volume (vph) 387 313 574 213
Mean Daily Volume (vpd) 9278 7504 13786 5123

Mean Speed (km/h) 97 98 99 93

(mph) 61 61 61 58

Wednesdays | Mean Hourly Volume (vph) 403 324 584 223
Mean Daily Volume (vpd) 9665 7785 14026 5341

Mean Speed (km/h) 99 99 98 93

(mph) 61 61 61 58

Thursdays | Mean Hourly Volume (vph) 392 339 610 236
Mean Daily Volume (vpd) 9408 8143 14646 5658

Mean Speed (km/h) 98 99 100 94

(mph) 61 61 62 59

Fridays Mean Hourly Volume (vph) 410 358 708 284
Mean Daily Volume (vpd) 9828 8587 16990 6822

Mean Speed (km/h) 98 100 97 94

(mph) 61 62 60 59

Saturdays | Mean Hourly Volume (vph) 349 311 627 257
Mean Daily Volume (vpd) 8373 7463 15045 6177

Mean Speed (km/h) 97 98 97 93

(mph) 60 61 61 58

Monthly Mean Hourly Volume (vph) 389 333 606 240
Mean Daily Volume (vpd) 9327 7994 14538 5763

Mean Speed (km/h) 98 98 99 94

(mph) 61 61 61 58
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Site 415 on 1-69, August 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 497 357 468 287
Mean Daily Volume (vpd) 11934 8565 11221 6881

Mean Speed (km/h) 101 104 - 99 97

(mph) 63 65 61 61

Mondays Mean Hourly Volume (vph) 458 290 456 243
Mean Daily Volume (vpd) 10987 6956 10945 5831

Mean Speed (km/h) 100 103 101 99

(mph) 62 64 63 62

Tuesdays Mean Hourly Volume (vph) 458 281 476 243
Mean Daily Volume (vpd) 10992 6748 11419 5825

Mean Speed (km/h) 100 103 101 99

(mph) 62 64 63 62

Wednesdays | Mean Hourly Volume (vph) 466 293 490 246
Mean Daily Volume (vpd) 11188 7022 11764 5905

Mean Speed (km/h) 101 104 102 100

(mph) 63 64 63 62

Thursdays | Mean Hourly Volume (vph) 475 303 508 267
Mean Daily Volume (vpd) 11401 7283 12184 6406

Mean Speed (km/h) 101 104 102 101

(mph) 63 65 63 62

Fridays Mean Hourly Volume (vph) 488 354 540 366
Mean Daily Volume (vpd) 11707 8485 12970 8783

Mean Speed (km/h) 101 105 100 100

(mph) 63 65 62 62

Saturdays | Mean Hourly Volume (vph) 454 290 503 296
Mean Daily Volume (vpd) 10893 6967 12065 7095

Mean Speed (km/h) 101 104 102 100

(mph) - 63 65 64 62

Monthly Mean Hourly Volume (vph) 471 310 490 278
Mean Daily Volume (vpd) 11297 7438 11758 6668

Mean Speed (km/h) 101 104 101 100

(mph) 63 64 63 62
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Site 415 on 1-69, October 1998 Driving Lane | Passing Lane | Driving Lane | Passing Lane
South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 335 188 136 226
Mean Daily Volume (vpd) 8043 4508 3266 5424

Mean Speed (km/h) 110 116 107 111

(mph) 68 72 67 69

Mondays Mean Hourly Volume (vph) 338 167 280 183
Mean Daily Volume (vpd) 8107 3999 6731 4386

Mean Speed (km/h) 109 115 107 111

(mph) 68 71 67 69

Tuesdays Mean Hourly Volume (vph) 355 178 297 198
Mean Daily Volume (vpd) 8514 4271 7133 4759

Mean Speed (km/h) 109 114 107 111

(mph) 68 71 67 69

Wednesdays | Mean Hourly Volume (vph) 345 188 225 195
Mean Daily Volume (vpd) 8277 4510 5409 4678

Mean Speed (km/h) 108 114 106 110

(mph) 67 71 66 68

Thursdays | Mean Hourly Volume (vph) 329 161 261 195
Mean Daily Volume (vpd) 7902 3872 6263 4675

Mean Speed (km/h) 110 115 107 110

(mph) 68 72 66 68

Fridays Mean Hourly Volume (vph) 436 265 319 293
Mean Daily Volume (vpd) 10463 6366 7656 7023

Mean Speed (km/h) 110 115 107 111

(mph) 68 71 66 69

Saturdays | Mean Hourly Volume (vph) 328 166 300 196
Mean Daily Volume (vpd) 7880 3976 7200 4699

Mean Speed (km/h) 109 114 108 110

(mph) 67 71 67 69

Monthly Mean Hourly Volume (vph) 351 187 250 213
Mean Daily Volume (vpd) 8434 4493 5999 5120

Mean Speed (km/h) 110 115 107 110

(mph) 68 71 67 69
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Page 70

Site 511 on |-70, May 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 450 244 431 193
Mean Daily Volume (vpd) 10804 5861 10349 4622

Mean Speed (km/h) 104 111 105 116

“ (mph) 64 69 65 72
Mondays Mean Hourly Volume (vph) 469 221 442 192
Mean Daily Volume (vpd) 11250 5298 10608 4597

Mean Speed (km/h) 104 111 105 117

(mph) 65 69 65 72

Tuesdays Mean Hourly Volume (vph) 470 200 474 209
Mean Daily Volume (vpd) 11284 4793 11388 5014

Mean Speed (km/h) 103 112 104 116

(mph) 64 69 64 72

Wednesdays | Mean Hourly Volume (vph) 482 220 488 225
Mean Daily Volume (vpd) 11560 5282 11712 5399

Mean Speed (km/h) 103 111 103 116

(mph) 64 69 64 72

Thursdays | Mean Hourly Volume (vph) 501 254 500 235
Mean Daily Volume (vpd) 12032 6104 12002 5646

Mean Speed (km/h) 102 111 103 116

(mph) 64 69 64 72

Fridays Mean Hourly Volume (vph) 519 276 538 295
Mean Daily Volume (vpd) 12449 6618 12923 7089

Mean Speed (km/h) 103 112 103 116

(mph) 64 70 64 72

Saturdays | Mean Hourly Volume (vph) 447 193 457 207
Mean Daily Volume (vpd) 10735 4635 10970 4965

Mean Speed (km/h) 104 112 104 116

(mph) 64 70 65 72

Monthly Mean Hourly Volume (vph) 476 . 230 476 223
Mean Daily Volume (vpd) 11434 5531 11421 5355

Mean Speed (km/h) 103 112 104 116

(mph) 64 69 65 72
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Site 511 on |-70, July 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 496 307 482 289
Mean Daily Volume (vpd) 11896 7356 11559 6934

Mean Speed (km/h) 104 114 105 117

w (mph) 65 71 65 73
Mondays Mean Hourly Volume (vph) 494 236 493 247
Mean Daily Volume (vpd) 11865 5676 11837 5920

Mean Speed (km/h) 104 114 104 116

(mph) 65 71 65 72

Tuesdays Mean Hourly Volume (vph) 487 225 499 256
Mean Daily Volume (vpd) 11684 5395 11982 6134

Mean Speed (km/h) 103 113 103 115

(mph) 64 70 64 71

Wednesdays | Mean Hourly Volume (vph) 497 252 512 273
Mean Daily Volume (vpd) 11933 6038 12288 6556

Mean Speed (km/h) 103 113 103 115

(mph) 64 70 64 72

Thursdays Mean Hourly Volume (vph) 541 304 547 323
Mean Daily Volume (vpd) 12975 7287 13134 7761

Mean Speed (km/h) 104 113 103 115

(mph) 64 70 64 72

Fridays Mean Hourly Volume (vph) 550 328 569 383
Mean Daily Volume (vpd) 13193 7869 13666 9186

Mean Speed (km/h) 103 113 104 116

(mph) 64 70 65 72

Saturdays Mean Hourly Volume (vph) 459 216 457 214
Mean Daily Volume (vpd) 11016 5183 10968 5138

Mean Speed (km/h) 104 114 105 116

(mph) 65 71 65 72

Monthly Mean Hourly Volume (vph) 507 271 514 290
Mean Daily Volume (vpd) 12178 6508 12328 6963

Mean Speed (km/h) 104 113 104 116

(mph) 64 71 64 72
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Site 511 on I-70, October 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 354 242 387 157
Mean Daily Volume (vpd) 8494 5809 9291 3773

Mean Speed (km/h) 105 114 105 116

. (mph) 65 71 65 72
Mondays Mean Hourly Volume (vph) 372 183 396 140
Mean Daily Volume (vpd) 8925 4398 9495 3362

Mean Speed (km/h) 104 114 105 116

(mph) 65 71 65 72

Tuesdays Mean Hourly Volume (vph) 402 193 440 180
Mean Daily Volume (vpd) 9643 4623 10657 4321

Mean Speed (km/h) 103 114 103 113

(mph) 64 71 64 70

Wednesdays | Mean Hourly Volume (vph) 375 194 418 181
Mean Daily Volume (vpd) 9005 4664 10044 4347

Mean Speed (km/h) 103 113 103 112

(mph) 64 71 64 70

Thursdays | Mean Hourly Volume (vph) 397 215 437 199
Mean Daily Volume (vpd) 9527 5166 10487 4773

Mean Speed (km/h) 103 113 103 115

(mph) 64 70 64 71

Fridays Mean Hourly Volume (vph) 404 230 451 217
Mean Daily Volume (vpd) 9696 5528 10827 5214

Mean Speed (km/h) 104 114 104 115

(mph) 65 71 65 72

Saturdays | Mean Hourly Volume (vph) 328 159 379 141
Mean Daily Volume (vpd) 7864 3828 9091 3396

Mean Speed (km/h) 104 114 104 111

(mph) 65 71 65 69

Monthly Mean Hourly Volume (vph) 377 204 418 177
Mean Daily Volume (vpd) 9043 4890 10024 4255

Mean Speed (km/h) 104 114 104 114

(mph) 64 71 64 71
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. Site 512 on 1-65, May 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
South Bound | South Bound | North Bound | North Bound

Sundays Mean Hourly Volume (vph) 437 215 470 347
Mean Daily Volume (vpd) 10477 5167 11279 8320

Mean Speed (km/h) 91 112 111 117

(mph) 56 70 69 73

Mondays Mean Hourly Volume (vph) 467 219 444 299
Mean Daily Volume (vpd) 11218 5262 10666 7186

Mean Speed (km/h) 96 112 111 117

(mph) 60 70 69 73

Tuesdays Mean Hourly Volume (vph) 473 225 415 238
Mean Daily Volume (vpd) 11352 5406 9967 5714

Mean Speed (km/h) 98 109 109 115

(mph) 61 68 68 71

Wednesdays | Mean Hourly Volume (vph) 497 245 428 258
Mean Daily Volume (vpd) 11931 5889 10276 6187

Mean Speed (km/h) 98 110 110 116

(mph) 61 69 68 72

Thursdays | Mean Hourly Volume (vph) 517 288 426 304
Mean Daily Volume (vpd) 12404 6910 10221 7291

Mean Speed (km/h) 97 110 106 113

(mph) 60 68 66 70

Fridays Mean Hourly Volume (vph) 577 393 487 333
Mean Daily Volume (vpd) 13856 9435 11689 7988

Mean Speed (km/h) 94 108 110 116

(mph) 58 67 68 72

Saturdays | Mean Hourly Volume (vph) 507 275 435 246
'|_Mean Daily Volume (vpd) 12168 6590 10447 5909

Mean Speed (km/h) 92 112 111 117

(mph) 57 70 69 73

Monthly Mean Hourly Volume (vph) 497 269 446 291
Mean Daily Volume (vpd) 11939 6446 10697 6987

Mean Speed (km/h) 95 111 110 116

(mph) 59 69 68 72
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Site 512 on 1-65, August 1998 Driving Lane | Passing Lane | Driving Lane | Passing Lane
South Bound | South Bound | North Bound | North Bound
Sundays Mean Hourly Volume (vph) 494 307 363 285
Mean Daily Volume (vpd) 11858 7378 8706 6841
Mean Speed (km/h) 91 113 110 117
(mph) 57 70 68 73
Mondays Mean Hourly Volume (vph) 534 331 469 446
Mean Daily Volume (vpd) 12822 7940 11248 10698
Mean Speed (km/h) 94 114 111 118
(mph) 58 71 69 73
Tuesdays Mean Hourly Volume (vph) 526 290 419 275
Mean Daily Volume (vpd) 12635 6949 10058 6596
Mean Speed (km/h) 98 112 110 117
(mph) 61 70 68 .72
Wednesdays | Mean Hourly Volume (vph) 520 275 426 275
Mean Daily Volume (vpd) 12483 6606 10213 6608
Mean Speed (km/h) 100 113 110 116
(mph) 62 70 68 72
Thursdays | Mean Hourly Volume (vph) 541 307 436 292
Mean Daily Volume (vpd) 12991 7366 10471 7000
Mean Speed (km/h) 100 113 110 116
(mph) 62 70 68 72
Fridays Mean Hourly Volume (vph) 550 335 427 309
Mean Daily Volume (vpd) 13203 8028 10240 7410
Mean Speed (km/h) 97 113 110 117
(mph) 60 70 68 73
Saturdays | Mean Hourly Volume (vph) 588 425 427 375
Mean Daily Volume (vpd) 14104 10207 10243 8995
Mean Speed (km/h) 95 113 110 117
(mph) 59 70 69 73
Monthly Mean Hourly Volume (vph) 537 327. 423 327
Mean Daily Volume (vpd) 12876 7852 10158 7843
Mean Speed (km/h) 96 113 110 117
(mph) 60 70 68 73
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Site 513 on 1-74, April 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 259 16 254 71
Mean Daily Volume (vpd) 6206 382 6098 1696

Mean Speed (km/h) 105 106 107 111

" (mph) 65 66 66 69
Mondays Mean Hourly Volume (vph) 257 31 253 62
Mean Daily Volume (vpd) 6177 747 6083 1480

Mean Speed (km/h) 102 111 105 110

(mph) 63 69 65 68

Tuesdays Mean Hourly Volume (vph) 246 41 248 58
Mean Daily Volume (vpd) 5894 988 5950 1381

Mean Speed (km/h) 101 110 104 109

(mph) 63 69 65 68

Wednesdays | Mean Hourly Volume (vph) 257 29 250 59
Mean Daily Volume (vpd) 6175 707 6000 1413

Mean Speed (km/h) 100 108 104 108

(mph) 62 67 64 67

Thursdays | Mean Hourly Volume (vph) 272 38 266 71
Mean Daily Volume (vpd) 6525 901 6395 1714

Mean Speed (km/h) 100 109 103 108

(mph) 62 68 64 67

Fridays Mean Hourly Volume (vph) 293 53 289 84
Mean Daily Volume (vpd) 7041 1267 6930 2011

Mean Speed (km/h) 100 111 105 111

(mph) 62 69 65 69

Saturdays Mean Hourly Volume (vph) 242 30 230 50
Mean Daily Volume (vpd) 5814 730 5510 1200

Mean Speed (km/h) 102 109 106 110

(mph) 64 67 66 68

Monthly Mean Hourly Volume (vph) 261 34 256 65
Mean Daily Volume (vpd) 6268 818 6142 1556

Mean Speed (km/h) 101 109 105 110

(mph) 63 68 65 68
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Site 544 on 1-70, April 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 462 99 388 240
Mean Daily Volume (vpd) 11086 2387 9316 5749

Mean Speed (km/h) 101 114 95 107

_ (mph) 63 71 59 66
Mondays Mean Hourly Volume (vph) 466 102 378 195
Mean Daily Volume (vpd) 11181 2445 9072 4681

Mean Speed (km/h) 98 113 94 105

(mph) 61 70 58 65

Tuesdays Mean Hourly Volume (vph) 495 108 382 195
Mean Daily Volume (vpd) 11873 2599 9177 4679

Mean Speed (km/h) 96 112 93 103

(mph) 59 70 58 64

Wednesdays| Mean Hourly Volume (vph) 514 115 385 205
Mean Daily Volume (vpd) 12335 2749 9246 4927

Mean Speed (km/h) 95 112 93 103

(mph) 59 70 58 64

Thursdays | Mean Hourly Volume (vph) 519 150 404 240
Mean Daily Volume (vpd) 12454 3593 9702 5752

Mean Speed (km/h) 96 112 93 104

, (mph) 60 70 58 65

Fridays Mean Hourly Volume (vph) 595 171 414 253
Mean Daily Volume (vpd) 14289 4113 9944 6069

Mean Speed (km/h) 98 113 93 104

(mph) 61 70 58 65

Saturdays | Mean Hourly Volume (vph) 516 109 379 199
Mean Daily Volume (vpd) 12380 2628 9098 4784

Mean Speed (km/h) 99 113 94 105

(mph) 61 70 58 65

Monthly Mean Hourly Volume (vph) 510 123 390 219
Mean Daily Volume (vpd) 12243 2942 9370 5246

Mean Speed (km/h) o8 113 94 104

(mph) 61 70 58 65
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Site 544 on 1-70, June 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 495 133 407 256
Mean Daily Volume (vpd) 11879 3198 9760 6149

Mean Speed (km/h) 101 113 98 106

. ~ (mph) 63 70 61 66
Mondays Mean Hourly Volume (vph) 481 109 365 193
Mean Daily Volume (vpd) 11533 2622 8759 4626

Mean Speed (km/h) 99 113 97 105

(mph) 61 70 60 65

Tuesdays Mean Hourly Volume (vph) 534 125 . 406 221
Mean Daily Volume (vpd) 12815 3004 9737 5303

Mean Speed (km/h) 99 112 98 104

(mph) 61 70 61 65

Wednesdays| Mean Hourly Volume (vph) 558 138 408 230
Mean Daily Volume (vpd) 13387 3321 9801 5520

Mean Speed (km/h) 98 112 97 104

(mph) 61 69 61 65

Thursdays | Mean Hourly Volume (vph) 552 142 421 254
Mean Daily Volume (vpd) 13257 3400 10096 6103

Mean Speed (km/h) 97 113 96 103

(mph) 60 70 60 64

Fridays Mean Hourly Volume (vph) 650 194 452 301
Mean Daily Volume (vpd) 15611 4665 10853 7219

Mean Speed (km/h) 97 113 95 103

(mph) 60 70 59 64

Saturdays | Mean Hourly Volume (vph) 561 146 398 225
Mean Daily Volume (vpd) 13454 3508 9549 5391

Mean Speed (km/h) 99 113 97 105

(mph) 62 70 60 65

Monthly Mean Hourly Volume (vph) 543 138 405 234
Mean Daily Volume (vpd) 13020 3302 9714 5624

Mean Speed (km/h) 98 113 97 104

(mph) 61 70 60 65
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Site 544 on 1-70, August 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 529 164 420 292
Mean Daily Volume (vpd) 12704 3929 10079 7007

Mean Speed (km/h) 103 113 99 106

_ (mph) 64 70 61 66
Mondays Mean Hourly Volume (vph) 533 130 391 230
Mean Daily Volume (vpd) 12787 3129 9385 5528

Mean Speed (km/h) 101 112 98 104

(mph) 63 70 61 65

Tuesdays Mean Hourly Volume (vph) 566 150 390 242
Mean Daily Volume (vpd) 13582 3593 9364 5806

Mean Speed (km/h) 100 112 97 103

(mph) 62 69 60 64

Wednesdays| Mean Hourly Voiume (vph) 572 153 410 253
Mean Daily Volume (vpd) 13722 3662 9841 6079

Mean Speed (km/h) 99 112 97 103

(mph) 62 70 60 64

Thursdays | Mean Hourly Volume (vph) 590 161 406 262
Mean Daily Volume (vpd) 14154 3872 9749 6290

Mean Speed (km/h) 100 112 95 101

(mph) 62 70 59 63

Fridays Mean Hourly Volume (vph) 646 215 436 297
Mean Daily Volume (vpd) 15497 51563 10471 7125

Mean Speed (km/h) 100 112 97 104

(mph) 62 70 60 65

Saturdays | Mean Hourly Volume (vph) 603 180 425 255
Mean Daily Volume (vpd) 14464 4329 10192 6110

Mean Speed (km/h) 102 113 98 105

(mph) 63 70 61 65

Monthly Mean Hourly Volume (vph) 575 164 411 261
Mean Daily Volume (vpd) 13793 3937 9870 6272

Mean Speed (km/h) 101 112 97 104

(mph) 63 70 60 65
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Site 544 on 1-70, November 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 498 136 276 259
Mean Daily Volume (vpd) 11949 3257 6618 6204

Mean Speed (km/h) 96 114 92 106

, (mph) 60 71 57 66
Mondays Mean Hourly Volume (vph) 480 103 274 207
Mean Daily Volume (vpd) 11530 2480 6581 4960

Mean Speed (km/h) 96 113 87 103

(mph) 59 70 54 64

Tuesdays Mean Hourly Volume (vph) 529 125 296 207
Mean Daily Volume (vpd) 12695 3004 7097 4957

Mean Speed (km/h) 94 112 90 103

(mph) 59 70 56 64

Wednesdays| Mean Hourly Volume (vph) 557 162 298 232
Mean Daily Volume (vpd) 13363 3890 7145 5571

Mean Speed (km/h) 92 110 90 104

(mph) 57 68 56 65

Thursdays | Mean Hourly Volume (vph) 518 121 293 197
Mean Daily Volume (vpd) 12442 2912 7044 4729

Mean Speed (km/h) 95 113 92 105

(mph) 59 70 57 65

Fridays Mean Hourly Volume (vph) 554 142 269 232
Mean Daily Volume (vpd) 13304 3419 6462 5557

Mean Speed (km/h) 96 112 90 105

(mph) 59 70 56 65

Saturdays Mean Hourly Volume (vph) 541 129 258 212
Mean Daily Volume (vpd) 12991 3100 6199 5091

Mean Speed (km/h) 95 113 90 106

(mph) 59 71 56 66

Monthly Mean Hourly Volume (vph) 523 131 280 221
Mean Daily Volume (vpd) 12551 3132 6726 5314

Mean Speed (km/h) 95 112 90 104

(mph) 59 70 56 65
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Site 545 on 1-65, May 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 508 344 484 237
Mean Daily Volume (vpd) 12181 8260 11611 5682

Mean Speed (km/h) 110 113 104 120

,. (mph) 68 70 64 74
Mondays Mean Hourly Volume (vph) 526 288 514 232
Mean Daily Volume (vpd) 12623 6908 12342 5570

Mean Speed (km/h) 110 114 103 119

(mph) 69 71 64 74

Tuesdays Mean Hourly Volume (vph) 510 242 508 244
Mean Daily Volume (vpd) 12237 5800 12184 5861

Mean Speed (km/h) 108 113 102 117

(mph) 67 70 64 73

Wednesdays | Mean Hourly Volume (vph) 528 248 537 240
Mean Daily Volume (vpd) 12684 5947 12887 5762

Mean Speed (km/h) 109 113 102 117

(mph) 68 70 64 73

Thursdays | Mean Hourly Volume (vph) 547 282 558 269
Mean Daily Volume (vpd) 13136 6766 13385 6454

Mean Speed (km/h) 109 112 103 118

(mph) 68 70 64 73

Fridays Mean Hourly Volume (vph) 593 372 615 386
Mean Daily Volume (vpd) 14234 8925 14766 9258

Mean Speed (km/h) 110 113 102 118

(mph) 68 70 63 73

Saturdays Mean Hourly Volume (vph) 513 268 536 271
Mean Daily Volume (vpd) 12311 6440 12872 6497

Mean Speed (km/h) 109 114 102 118

(mph) 68 71 64 74

Monthly Mean Hourly Volume (vph) 533 295 537 271
Mean Daily Volume (vpd) 12785 7091 12885 6508

Mean Speed (km/h) 109 113 103 118

(mph) 68 70 64 73
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Site 545 on 1-65, July 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 537 377 570 355
Mean Daily Volume (vpd) 12888 9042 13690 8521

Mean Speed (km/h) 107 115~ 92 120

v (mph) 67 72 57 74
Mondays Mean Hourly Volume (vph) 545 270 564 246
Mean Daily Volume (vpd) 13082 6489 13544 5902

Mean Speed (km/h) 106 114 89 119

(mph) 66 71 55 74

Tuesdays Mean Hourly Volume (vph) 550 250 566 204
Mean Daily Volume (vpd) 13199 5990 13588 4888

Mean Speed (km/h) 107 113 91 118

(mph) 67 70 57 74

Wednesdays | Mean Hourly Volume (vph) 565 265 571 218
Mean Daily Volume (vpd) 13556 6359 13709 5243

Mean Speed (km/h) 107 113 91 119

(mph) 66 70 57 74

Thursdays | Mean Hourly Volume (vph) 568 344 577 273
Mean Daily Volume (vpd) 13622 8247 13849 6556

Mean Speed (km/h) 106 113 87 119

(mph) 66 70 54 74

Fridays Mean Hourly Volume (vph) 600 427 612 377
Mean Daily Volume (vpd) 14409 10240 14679 9059

Mean Speed (km/h) 106 114 84 119

(mph) 66 71 52 74

Saturdays Mean Hourly Volume (vph) 522 275 539 238
Mean Daily Volume (vpd) 12532 6609 12929 5717

Mean Speed (km/h) 109 114 94 119

(mph) 68 71 58 74

Monthly Mean Hourly Volume (vph) 557 318 573 275
Mean Daily Volume (vpd) 13379 7637 13748 6593

Mean Speed (km/h) 107 114 a0 119

(mph) 66 71 56 74
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Site 545 on 1-65, September 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. North Bound | North Bound |South Bound | South Bound
Sundays Mean Hourly Volume (vph) 476 297 494 241
Mean Daily Volume (vpd) 11433 7122 11857 5786
Mean Speed (km/h) 110 115 94 120
(mph) 68 72 58 74
Mondays Mean Hourly Volume (vph) 509 256 528 214
Mean Daily Volume (vpd) 12226 6135 12668 5133
Mean Speed (km/h) 108 114 93 120
(mph) 67 71 58 74
Tuesdays Mean Hourly Volume (vph) 524 203 536 174
Mean Daily Volume (vpd) 12576 4874 12856 4173
Mean Speed (km/h) 107 114 92 119
(mph) 67 71 57 74
Wednesdays | Mean Hourly Volume (vph) 531 207 539 180
Mean Daily Volume (vpd) 12751 4966 12948 4318
Mean Speed (km/h) 107 113 92 119
(mph) 66 70 57 74
Thursdays | Mean Hourly Volume (vph) 551 240 555 211
Mean Daily Volume (vpd) 13216 5758 13319 5073
Mean Speed (km/h) 107 114 91 119
(mph) 66 71 56 74
Fridays Mean Hourly Volume (vph) 610 366 629 330
Mean Daily Volume (vpd) 14633 8779 15098 7908
Mean Speed (km/h) 108 112 90 120
(mph) 67 70 56 74
Saturdays Mean Hourly Volume (vph) 516 255 535 234
Mean Daily Volume (vpd) 12385 6110 12838 5627
Mean Speed (km/h) 109 115 93 120
(mph) 68 71 58 74
Monthly Mean Hourly Volume (vph) 531 257 545 223
Mean Daily Volume (vpd) 12740 6160 13071 5352
Mean Speed (km/h) 108 114 92 119
(mph) 67 71 57 74
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Site 545 on 1-65, November 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 510 342 516 292
Mean Daily Volume (vpd) 12241 8216 12380 7002

Mean Speed (km/h) 106 115 91 121

” (mph) 66 72 56 75
Mondays Mean Hourly Volume (vph) 492 190 503 172
Mean Daily Volume (vpd) 11807 4572 12061 4121

Mean Speed (km/h) 105 114 90 120

(mph) 66 71 56 75

Tuesdays Mean Hourly Volume (vph) 520 208 . 534 181
Mean Daily Volume (vpd) 12480 4998 12810 4341

Mean Speed (km/h) 105 114 90 120

(mph) 65 71 56 74

Wednesdays | Mean Hourly Volume (vph) 560 271 574 252
Mean Daily Volume (vpd) 13440 6495 13780 6043

Mean Speed (km/h) 105 113 88 119

(mph) 65 70 55 74

Thursdays | Mean Hourly Volume (vph) 532 236 554 214
Mean Daily Volume (vpd) 12768 5668 13298 5140

Mean Speed (km/h) 105 114 90 121

(mph) 65 71 56 75

Fridays Mean Hourly Volume (vph) 560 296 591 279
Mean Daily Volume (vpd) 13437 7102 14173 6697

Mean Speed (km/h) 105 114 89 120

(mph) 65 71 55 75

Saturdays Mean Hourly Volume (vph) 517 260 545 247
Mean Daily Volume (vpd) 12407 6249 13082 5936

Mean Speed (km/h) 106 115 90 121

(mph) 66 71 56 75

Monthly Mean Hourly Volume (vph) 526 258 543 234
Mean Daily Volume (vpd) 12612 6199 13026 5608

Mean Speed (km/h) 105 114 90 120

(mph) 66 71 56 75
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Site 546 on 1-465, January 1998 Right Lane | Middle Lane | Left Lane Right Lane | Middle Lane| Left Lane
South Bound | South Bound | South Bound |North Bound|North Bound| North Bound

Sundays |Mean Hourly Volume (vph) 507 532 178 419 552 191
Mean Daily Volume (vpd) 12158 12774 4275 10061 13249 4584

Mean Speed (km/h) 98 103 110 98 90 108

" (mph) 61 64 68 61 56 67
Mondays |Mean Hourly Volume (vph) 667 712 340 564 732 349
Mean Daily Volume (vpd) 16002 17099 8154 13537 17571 8366

Mean Speed (km/h) 96 101 109 95 88 107

(mph) 59 63 68 59 55 67

Tuesdays |Mean Hourly Volume (vph) 695 748 355 583 754 351
Mean Daily Volume (vpd) 16669 17949 8529 13995 18090 8428

Mean Speed (km/h) 96 101 109 95 88 107

(mph) 59 63 68 59 55 66

Wednesdays |Mean Hourly Volume (vph) 687 738 350 572 737 365
Mean Daily Volume (vpd) 16481 17708 8398 13733 17683 8771

Mean Speed (km/h) 95 101 109 94 88 107

(mph) 59 63 68 59 55 66

Thursdays |Mean Hourly Volume (vph) 655 706 329 557 716 340
Mean Daily Volume (vpd) 156713 16939 7893 13378 17185 8165

Mean Speed (km/h) 95 101 109 95 88 107

(mph) 59 63 67 59 55 67

Fridays Mean Hourly Volume (vph) 730 800 401 618 815 408
Mean Daily Volume (vpd) 17531 19194 9623 14836 19568 9800

Mean Speed (km/h) 96 102 110 96 88 108

(mph) 59 63 68 59 55 67

Saturdays |Mean Hourly Volume (vph) 590 650 245 500 654 229
Mean Daily Volume (vpd) 14161 15610 5869 11995 15692 5496

Mean Speed (km/h) 96 102 110 97 88 108

(mph) 60 63 68 60 55 67

Monthly |Mean Hourly Volume (vph) 648 700 315 546 710 319
Mean Daily Volume (vpd) 16548 16791 7550 13100 17041 7663

Mean Speed (km/h) 96 102 109 96 88 108

(mph) 60 63 68 59 55 67
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Site 546 on 1-465, April 1998 Right Lane | Middle Lane | Left Lane Right Lane | Middle Lane | Left Lane
' South Bound | South Bound | South Bound |North Bound|North Bound| North Bound

Sundays |Mean Hourly Volume (vph) 622 653 256 - 510 717 323
Mean Daily Volume (vpd) 14928 - 15676 6143 12236 17206 7756

Mean Speed (km/h) 97 103 111 99 90 111

: (mph) 60 64 69 61 56 69

Mondays |Mean Hourly Volume (vph) 736 791 406 627 840 436
Mean Daily Volume (vpd) 17666 18988 9741 15047 20162 10464

Mean Speed (km/h) 96 102 110 96 90 110

(mph) 59 63 68 60 56 69

Tuesdays |Mean Hourly Volume (vph) 767 835 428 634 855 451
Mean Daily Volume (vpd) 18403 20035 10262 156205 20531 10828

Mean Speed (km/h) 95 101 109 96 89 110

(mph) 59 63 68 60 56 68

Wednesdays | Mean Hourly Volume (vph) 740 800 409 622 820 422
Mean Daily Volume (vpd) 17762 19212 9822 14930 19689 10134

Mean Speed (km/h) 95 101 109 96 89 109

(mph) 59 63 68 59 55 68

Thursdays |Mean Hourly Volume (vph) 783 860 463 666 882 481
Mean Daily Volume (vpd) 18793 20642 11109 15989 21159 11542

Mean Speed (km/h) 95 101 109 95 89 108

(mph) 59 63 68 59 55 67

Fridays Mean Hourly Volume (vph) 829 896 504 671 907 508
Mean Daily Volume (vpd) 19893 21496 12089 16111 21765 12197

Mean Speed (km/h) 96 102 110 95 89 109

(mph) 59 63 69 59 55 68

Saturdays |Mean Hourly Volume (vph) 657 726 303 540 753 313
|_Mean Daily Volume (vpd) 15771 17432 7268 12957 18074 7508

Mean Speed (km/h) 97 103 111 97 89 110

(mph) 60 64 69 61 55 69

Monthly |Mean Hourly Volume (vph) 735 797 398 612 827 421
Mean Daily Volume (vpd) 17646 19125 9555 14692 19837 10108

Mean Speed (km/h) 96 102 110 96 89 109

(mph) 59 63 68 60 55 68
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. Site 546 on 1-465, June 1998 Right Lane | Middle Lane Left Lane Right Lane | Middle Lane| Left Lane
South Bound | South Bound | South Bound [North Bound|North Bound| North Bound
Sundays |Mean Hourly Volume (vph) 632 681 289 522 722 323
Mean Daily Volume (vpd) 15160 16345 6942 12519 17316 7748
Mean Speed (km/h) 96 102 110 98 94 111
: (mph) 60 64 69 61 58 69
Mondays |Mean Hourly Volume (vph) 742 806 429 643 849 459
Mean Daily Volume (vpd) 17799 19332 10291 15425 20370 11023
Mean Speed (km/h) 94 101 108 96 93 110
(mph) 58 63 67 60 58 68
Tuesdays |Mean Hourly Volume (vph) 773 850 437 648 857 451
Mean Daily Volume (vpd) 18548 20410 10494 15548 20567 10834
Mean Speed (km/h) 95 101 110 95 92 109
(mph) 59 63 68 59 57 68
Wednesdays | Mean Hourly Volume (vph) 784 846 439 583 818 437
Mean Daily Volume (vpd) 18810 20308 10534 13985 19633 10494
Mean Speed (km/h) 96 102 110 96 93 109
(mph) 60 63 69 59 58 638
Thursdays |Mean Hourly Volume (vph) 840 899 505 649 884 485
Mean Daily Volume (vpd) 20154 21578 12119 15569 21206 11651
Mean Speed (km/h) 94 101 109 95 92 110
(mph) 58 62 68 59 57 68
Fridays Mean Hourly Volume (vph) 894 952 555 728 970 570
Mean Daily Volume (vpd) 21466 22848 13323 17462 23277 13670
Mean Speed (km/h) 94 100 109 95 92 109
(mph) 58 62 68 59 57 68
Saturdays |Mean Hourly Volume (vph 710 782 342 582 787 340
Mean Daily Volume (vpd) 17036 18771 8217 13963 18877 8166
Mean Speed (km/h) 96 102 110 97 94 110
(mph) 59 64 69 60 58 68
Monthly | Mean Hourly Volume (vph) 765 829 426 624 841 437
Mean Daily Volume (vpd) 18371 19896 10225 14965 20188 10490
Mean Speed (km/h) 95 101 109 96 93 110
(mph) 59 63 68 60 58 68
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Site 546 on 1-465, August 1998 Right Lane | Middle Lane Left Lane Right Lane | Middle Lane| LeftLane
South Bound | South Bound | South Bound |North Bound{North Bound|{ North Bound

Sundays |Mean Hourly Volume (vph) 652 700 298 525 747 351
Mean Daily Volume (vpd) 15658 16810 7154 12608 17930 8423

Mean Speed (km/h) 96 102 110 98 95 111

“ (mph) 60 64 69 61 59 69

Mondays |Mean Hourly Volume (vph) 777 843 460 655 875 471
Mean Daily Volume (vpd) 18653 20232 11031 15714 20998 11300

Mean Speed (km/h) 95 102 110 97 94 110

(mph) 59 63 68 60 58 68

Tuesdays |Mean Hourly Volume (vph) 795 864 456 652 885 469
Mean Daily Volume (vpd) 19086 20735 10938 15649 21234 11244

Mean Speed (km/h) 95 102 110 96 94 110

(mph) 59 63 68 60 58 68

Wednesdays | Mean Hourly Volume (vph) 801 868 469 654 894 483
Mean Daily Volume (vpd) 19218 20827 11267 15696 21449 11593

Mean Speed (km/h) 95 101 109 96 93 110

(mph) 59 63 68 59 58 68

Thursdays |Mean Hourly Volume (vph) 844 916 522 668 918 493
Mean Daily Volume (vpd) 20259 21982 12519 16042 22037 11832

Mean Speed (km/h) 93 100 108 96 93 110

(mph) 58 62 67 59 58 68

Fridays Mean Hourly Volume (vph) 865 923 570 683 939 547
Mean Daily Volume (vpd) 20772 22152 13680 16381 22537 13120

Mean Speed (km/h) 94 101 109 95 93 109

(mph) 58 63 68 59 58 68

Saturdays |Mean Hourly Volume (vph) 738 799 402 554 775 365
Mean Daily Volume (vpd) 17706 19169 9650 13285 18591 8765

Mean Speed (km/h) 95 101 109 95 92 108

(mph) 59 63 68 59 57 67

Monthly |Mean Hourly Volume (vph) 774 836 445 621 853 447
Mean Daily Volume (vpd) 18578 20067 10684 14893 20483 10720

Mean Speed (km/h) 95 101 109 96 93 110

(mph) 59 63 68 60 58 68
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Site 548 on 1-465, January 1999

Right Lane | Middle Lane | Left Lane Right Lane | Middle Lane | Left Lane
South Bound | South Bound | South Bound |North Bound |[North Bound| North Bound

Sundays | Mean Hourly Volume (vph) 322 68 204 66 513 170
Mean Daily Volume (vpd) 7729 1640 4907 1574 12304 4090

Mean Speed (km/h) 80 85 93 59 90 95

: (mph) 50 53 58 36 56 59

Mondays | Mean Hourly Volume (vph) 411 143 432 105 667 346
Mean Daily Volume (vpd) 9869 3421 10361 2525 16014 8297

Mean Speed (km/h) 71 77 84 59 85 87

(mph) 44 48 52 37 53 54

Tuesdays | Mean Hourly Volume (vph) 607 218 640 156 870 481
Mean Daily Volume (vpd) 14563 5234 15362 3736 20873 11534

Mean Speed (km/h) 79 84 92 63 91 100

(mph) 49 52 57 39 57 62

Wednesdays| Mean Hourly Volume (vph) 552 184 551 137 713 415
Mean Daily Volume (vpd) 13241 4417 13235 3282 17121 9948

Mean Speed (km/h) 74 81 88 55 84 97

(mph) 46 50 55 34 52 60

Thursdays | Mean Hourly Volume (vph) 628 207 554 153 785 460
Mean Daily Volume (vpd) 15062 4980 13299 3676 18834 11036

Mean Speed (km/h) 78 82 91 60 88 99

(mph) 49 51 57 37 54 62

Fridays Mean Hourly Volume (vph) 511 135 502 99 652 384
Mean Daily Volume (vpd) 12266 3249 12053 2364 15643 9213

Mean Speed (km/h) 75 79 87 56 85 91

(mph) 46 49 54 35 53 56

Saturdays | Mean Hourly Volume (vph) 451 105 308 72 605 242
Mean Daily Volume (vpd) 10834 2518 7399 1734 14520 5813

Mean Speed (km/h) 78 84 90 57 84 90

(mph) 48 52 56 35 52 56

Monthly | Mean Hourly Volume (vph) 490 146 442 108 674 346
Mean Daily Volume (vpd) 11757 3494 10598 2599 16183 8294

Mean Speed (km/h) 77 82 89 58 87 94

(mph) 48 51 56 36 54 58
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Site 613 on 1-164, February 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 269 50 280 50
Mean Daily Volume (vpd) 6454 1201 6725 1189

Mean Speed (km/h) 99 105 98 110

“ (mph) 62 65 61 68
Mondays Mean Hourly Volume (vph) 352 98 351 83
Mean Daily Volume (vpd) 8455 2343 8434 1994

Mean Speed (km/h) 98 98 97 108

(mph) 61 61 61 67

Tuesdays Mean Hourly Volume (vph) 351 100 348 88
Mean Daily Volume (vpd) 8433 2403 8358 2101

Mean Speed (km/h) 94 97 94 102

(mph) 58 60 58 63

Wednesdays| Mean Hourly Volume (vph) 338 97 338 82
Mean Daily Volume (vpd) 8116 2329 8113 1971

Mean Speed (km/h) 89 92 89 100

, (mph) 55 57 55 62

Thursdays | Mean Hourly Volume (vph) 322 89 325 77
Mean Daily Volume (vpd) 7737 2131 7793 1858

Mean Speed (km/h) 93 94 93 101

(mph) 58 58 58 63

Fridays Mean Hourly Volume (vph) 373 108 376 94
Mean Daily Volume (vpd) 8957 2587 9025 2245

Mean Speed (km/h) 94 98 95 104

(mph) 59 61 59 65

Saturdays | Mean Hourly Volume (vph) 352 75 359 68
Mean Daily Volume (vpd) 8450 1798 8622 1629

Mean Speed (km/h) 99 104 98 110

(mph) 61 65 61 68

Monthly Mean Hourly Volume (vph) 337 88 340 77
Mean Daily Volume (vpd) 8086 2113 8153 1855

Mean Speed (km/h) 95 98 95 105

(mph) 59 61 59 65
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Site 613 on 1-164, May 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 382 156 403 158
Mean Daily Volume (vpd) 9164 3737 9676 3783

Mean Speed (km/h) 91 90 94 90

_. _ (mph) 57 56 58 56
Mondays Mean Hourly Volume (vph) 442 191 453 180
Mean Daily Volume (vpd) 10619 4580 10874 4328

Mean Speed (km/h) 92 92 94 91

(mph) 57 57 58 57

Tuesdays Mean Hourly Volume (vph) 424 196 419 173
Mean Daily Volume (vpd) 10167 4715 10048 4147

Mean Speed (km/h) 91 92 92 90

(mph) 56 57 57 56

Wednesdays| Mean Hourly Volume (vph) 393 186 397 174
Mean Daily Volume (vpd) 9425 4454 9517 4167

Mean Speed (km/h) 90 91 91 90

(mph) 56 56 57 56

Thursdays | Mean Hourly Volume (vph) 450 199 462 195
Mean Daily Volume (vpd) 10795 4771 11082 4681

Mean Speed (km/h) 91 92 93 92

(mph) 56 57 58 57

Fridays Mean Hourly Volume (vph) 522 229 519 207
Mean Daily Volume (vpd) 12536 5492 12460 4968

Mean Speed (km/h) 92 94 94 93

(mph) 57 58 58 58

Saturdays Mean Hourly Volume (vph) 453 181 460 169
Mean Daily Volume (vpd) 10871 4346 11029 4060

Mean Speed (km/h) 92 92 94 91

(mph) 57 57 58 57

Monthly Mean Hourly Volume (vph) 440 191 446 179
Mean Daily Volume (vpd) 10549 4579 10711 4302

Mean Speed (km/h) 91 92 93 91

(mph) 57 57 58 57
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Site 613 on 1-164, July 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 493 255 515 260
Mean Daily Volume (vpd) 11822 6110 12365 6235

Mean Speed (km/h) 89 86 90 85

: (mph) 55 53 56 53
Mondays Mean Hourly Volume (vph) 581 304 529 347
Mean Daily Volume (vpd) 13951 7307 12688 8333

Mean Speed (km/h) 89 88 89 86

(mph) 55 55 55 54

Tuesdays | Mean Hourly Volume (vph) 577 304 532 336
Mean Daily Volume (vpd) 13857 7302 12758 8058

Mean Speed (km/h) 89 88 89 86

(mph) 55 55 55 54

Wednesdays| Mean Hourly Volume (vph) 590 311 549 340
Mean Daily Volume (vpd) 14155 7458 13170 8160

Mean Speed (km/h) 89 88 89 87

(mph) 55 55 55 54

Thursdays | Mean Hourly Volume (vph) 605 316 603 306
Mean Daily Volume (vpd) 14515 7591 14468 7343

Mean Speed (km/h) 89 88 90 87

(mph) 55 55 56 54

Fridays Mean Hourly Volume (vph) 627 324 624 307
Mean Daily Volume (vpd) 15043 7767 14984 7361

Mean Speed (km/h) 89 89 91 87

(mph) 56 55 56 54

Saturdays Mean Hourly Volume (vph) 561 279 561 272
Mean Daily Volume (vpd) 13467 6694 13473 6525

Mean Speed (km/h) 89 87 90 86

(mph) 55 54 56 54

Monthly Mean Hourly Volume (vph) 579 301 562 310
Mean Daily Volume (vpd) 13902 7217 13492 7449

Mean Speed (km/h) 89 88 90 87

(mph) 55 55 56 54
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Site 613 on 1-164, September 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

West Bound | West Bound | East Bound | East Bound

Sundays Mean Hourly Volume (vph) 393 160 408 162
Mean Daily Volume (vpd) 9438 3849 9794 3878

Mean Speed (km/h) 91 89 92 89

__ (mph) 57 56 57 55
Mondays Mean Hourly Volume (vph) 442 199 437 208
Mean Daily Volume (vpd) 10607 4770 10491 4998

Mean Speed (km/h) 91 9 92 90

(mph) 57 56 57 56

Tuesdays Mean Hourly Volume (vph) 400 196 411 237
Mean Daily Volume (vpd) 9610 4707 9860 5682

Mean Speed (km/h) 89 90 91 89

(mph) 56 56 56 56

Wednesdays| Mean Hourly Volume (vph) 408 200 420 227
Mean Daily Volume (vpd) 9792 4809 10070 95439

Mean Speed (km/h) 90 90 91 89

(mph) 56 56 57 56

Thursdays | Mean Hourly Volume (vph) 437 212 375 241
Mean Daily Volume (vpd) 10477 5085 8990 5790

Mean Speed (km/h) 90 91 90 89

(mph) 56- 56 56 55

Fridays Mean Hourly Volume (vph) 525 238 464 276
Mean Daily Volume (vpd) 12596 5719 11132 6623

Mean Speed (km/h) 92 93 92 91

(mph) 57 58 57 o7

Saturdays | Mean Hourly Volume (vph) 457 184 459 171
Mean Daily Volume (vpd) 10977 4424 11009 4092

Mean Speed (km/h) 91 91 92 90

(mph) 57 57 57 56

Monthly Mean Hourly Volume (vph) 432 199 421 220
Mean Daily Volume (vpd) 10376 4777 10111 5290

Mean Speed (km/h) 90 o1 91 90

(mph) 56 56 57 56




0. 19 Wi 89 (udw)
ZLl 801 cLl oLl (y/wy) peedg uespy
6¢. YSvy 865 189¥ (pdA) awnjop Ajleq uesiy .

L gl GC G6L (uda) swinjop AjanoH uesy Alyuop
0. 19 WA 69 (ydw)
ZLL 601 pLL LLL (y/wy) peads ueapy

119 8ceh L2G 90¥¥ (pdA) swnjop Ajleq uespy

GC L1\ Z2 ¥81 (yda) swnjop AjinoH ueay | sAepanjes
69 19 Z. 69 (ydw)

LLL 801 GLI LLL (y/wy) peadg uespy
0€6 6805 19/ G8ES (pdA) awnjop Ajeq uesiy

6E 2Lz ¢ 44 (yda) swnjop ApnoH uespy sAepi 4
69 19 V. 89 (ydw)

LLL /01 GLL oLl (y/w) peads uesiy
6¢. Ovvy 909 00.% (pda) awnjop Ajeq uesyy

L G8l GZ 961 (yda) swnjop AinoH ueay | sAepsinyjy
0. 19 0L 89 (ydw)

ZLl 101 el 601 (y/uy) poadg uespy

GG/ €25t G09 8v .Y (pdA) swnjop Apeq uesyy

L€ 881 GZ 861 (yda) swnjop ApinoH uealy | sAepsaupapy
0. 19 Wi 89 (ydw)

cLi 801 a1 601 (y/w) peadsg ueapy

18/ 0LLY 119 6261 (pdA) awinjop Apreq ueay

ce 661 GZ G0Z (yda) awnjop AlinoH uesyy | sAepsany
0. .9 L2 89 (ydw)

4" L0L GLlL oLl (y/wy) peadg uespy

Z€8 1Sty GL9 €lly (pdA) awnjop Ajleq uespy

Gg 981 ¥4 661 (yda) swnjop AlanoH uesly | sAepuoiy
0. 89 19 69 (ydw)

AN oLl 801 Lil (y/wy) paadg uespy

GLS 89G¢ b 62.€ (pdA) awnjop Ajieg uesy

¥4 611 8l GGl (yda) swinjop ApinoH ueay sAepung

punog jsspp | punog }sspa punog jseg punog jse;

aue-] Buissey

suer BuiAlQg

aueT Buissed

auen Buiaug

8661 Atenuep ‘pg-| Uo 19 a)g




Page 116

Site 614 on 1-64, February 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 168 20 162 25
Mean Daily Volume (vpd) 4028 489 3890 594

Mean Speed (km/h) 111 108 110 106

“ (mph) 69 67 68 66

Mondays Mean Hourly Volume (vph) 205 25 197 31
Mean Daily Volume (vpd) 4932 607 4731 742

Mean Speed (km/h) 109 115 108 111

(mph) 68 71 67 69

Tuesdays Mean Hourly Volume (vph) 210 26 202 32
Mean Daily Volume (vpd) 5052 631 4859 758

Mean Speed (km/h) 109 114 107 111

(mph) 68 71 67 69

Wednesdays | Mean Hourly Volume (vph) 207 26 195 31
Mean Daily Volume (vpd) 4979 632 4673 751

Mean Speed (km/h) 106 109 103 107

(mph) 66 68 64 67

Thursdays | Mean Hourly Volume (vph) 210 26 191 36
Mean Daily Volume (vpd) 5033 628 4591 871

Mean Speed (km/h) 104 106 101 104

(mph) 64 66 63 65

Fridays Mean Hourly Volume (vph) 225 38 217 45
Mean Daily Volume (vpd) 5407 918 5210 1072

Mean Speed (km/h) 105 112 103 109

(mph) 65 69 64 68

Saturdays | Mean Hourly Volume (vph) 196 23 190 29
Mean Daily Volume (vpd) 4693 543 4566 693

Mean Speed (km/h) 110 116 108 113

(mph) 69 72 67 70

Monthly Mean Hourly Volume (vph) 203 26 194 33
Mean Daily Volume (vpd) 4875 636 4646 783

Mean Speed (km/h) 108 111 106 109

(mph) 67 69 66 68
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Site 614 on |-64, May 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 273 132 309 144
Mean Daily Volume (vpd) 6540 3162 7407 3447

Mean Speed (km/h) 99 90 99 92

n (mph) 62 56 61 57
Mondays Mean Hourly Volume (vph) 310 135 329 144
Mean Daily Volume (vpd) 7448 3248 7903 3460

Mean Speed (km/h) 101 91 100 92

(mph) 63 56 62 57

Tuesdays Mean Hourly Volume (vph) 300 135 332 142
Mean Daily Volume (vpd) 7193 3230 7967 3414

Mean Speed (km/h) 100 91 100 92

(mph) 62 56 62 57

Wednesdays | Mean Hourly Volume (vph) 301 137 336 144
Mean Daily Volume (vpd) 7232 3283 8070 3452

Mean Speed (km/h) 100 91 100 92

(mph) 62 57 62 57

Thursdays | Mean Hourly Volume (vph) 319 141 343 148
Mean Daily Volume (vpd) 7665 3373 8237 3562

Mean Speed (km/h) 101 91 100 93

(mph) 63 57 62 58

Fridays Mean Hourly Volume (vph) 342 153 368 162
Mean Daily Volume (vpd) 8209 3663 8834 3889

Mean Speed (km/h) 102 93 100 94

(mph) 63 58 62 59

Saturdays | Mean Hourly Volume (vph) 289 135 326 139
Mean Daily Volume (vpd) 6945 3247 7833 3331

Mean Speed (km/h) 100 91 100 92

(mph) 62 56 62 57

Monthly Mean Hourly Volume (vph) 305 138 335 146
Mean Daily Volume (vpd) 7310 3319 8035 3512

Mean Speed (km/h) 100 91 100 93

(mph) 62 57 62 58
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Site 615 on 1-64, January 1998 Driving Lane Passing Lane
East Bound East Bound

Sundays |Mean Hourly Volume (vph) 299 163
Mean Daily Volume (vpd) 7172 3903

Mean Speed (km/h) 110 111

(mph) 68 69

Mondays |Mean Hourly Volume (vph) 306 159
Mean Daily Volume (vpd) 7333 3825

Mean Speed (km/h) 109 111

(mph) 68 69

Tuesdays |Mean Hourly Volume (vph) 312 163
Mean Daily Volume (vpd) 7487 3918

Mean Speed (km/h) 109 111

(mph) 68 69

Wednesdays|Mean Hourly Volume (vph) 309 165
Mean Daily Volume (vpd) 7414 3953

Mean Speed (km/h) 108 111

(mph) 67 69

Thursdays |Mean Hourly Volume (vph) 304 160
Mean Daily Volume (vpd) 7299 3830

Mean Speed (km/h) 109 111

(mph) 68 69

Fridays |Mean Hourly Volume (vph) 331 169
Mean Daily Volume (vpd) 7943 4059

Mean Speed (km/h) 110 111

(mph) 68 69

Saturdays |Mean Hourly Volume (vph) 314 164
Mean Daily Volume (vpd) 7547 3925

Mean Speed (km/h) 110 111

(mph) 68 69

Monthly |Mean Hourly Volume (vph) 311 163
Mean Daily Volume (vpd) 7459 - 3913

Mean Speed (km/h) 109 111

(mph) 68 - 69
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Site 615 on 1-64, April 1998 Driving Lane | Passing Lane
East Bound East Bound
Sundays | Mean Hourly Volume (vph) 352 184
Mean Daily Volume (vpd) 8437 4406
Mean Speed (km/h) 110 110
(mph) 68 68
Mondays | Mean Hourly Volume (vph) 348 177
Mean Daily Volume (vpd) 8362 4238
Mean Speed (km/h) 109 109
(mph) 68 68
Tuesdays | Mean Hourly Volume (vph) 342 176
Mean Daily Volume (vpd) 8219 4225
Mean Speed (km/h) 109 109
(mph) 67 68
Wednesdays| Mean Hourly Volume (vph) 294 169
Mean Daily Volume (vpd) 7047 4063
Mean Speed (km/h) 108 109
(mph) 67 68
Thursdays | Mean Hourly Volume (vph) 363 184
Mean Daily Volume (vpd) 8718 4428
Mean Speed (km/h) 109 110
(mph) 68 68
Fridays | Mean Hourly Volume (vph) 384 189
Mean Daily Volume (vpd) 9226 4541
Mean Speed (km/h) 110 110
(mph) 68 68
Saturdays | Mean Hourly Volume (vph) 333 173
Mean Daily Volume (vpd) 7994 4140
Mean Speed (km/h) 109 109
(mph) 68 68
Monthly | Mean Hourly Volume (vph) 342 178
Mean Daily Volume (vpd) 8200 4278
Mean Speed (km/h) 109 109
(mph) 68 68
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Site 615 on 1-64, June 1998 Driving Lane | Passing Lane
East Bound East Bound

Sundays | Mean Hourly Volume (vph) 364 183
Mean Daily Volume (vpd) 8728 4398

Mean Speed (km/h) 99 90

(mph) 61 56

Mondays | Mean Hourly Volume (vph) 347 170
Mean Daily Volume (vpd) 8336 4089

Mean Speed (km/h) 98 89

(mph) 61 55

Tuesdays | Mean Hourly Volume (vph) 316 163
Mean Daily Volume (vpd) 7580 3916

Mean Speed (km/h) 96 88

(mph) 60 55

Wednesdays| Mean Hourly Volume (vph) 355 173
Mean Daily Volume (vpd) 8517 4149

Mean Speed (km/h) 98 89

(mph) 61 56

Thursdays | Mean Hourly Volume (vph) 361 181
Mean Daily Volume (vpd) 8659 4339

Mean Speed (km/h) 99 90

(mph) 61 56

Fridays Mean Hourly Volume (vph) 395 195
Mean Daily Volume (vpd) 9474 4686

Mean Speed (km/h) 100 92

- (mph) 62 57

Saturdays | Mean Hourly Volume (vph) 364 183
Mean Daily Volume (vpd) 8726 4402

Mean Speed (km/h) 99 90

(mph) 61 56

Monthly | Mean Hourly Volume (vph) 352 176
Mean Daily Volume (vpd) 8447 4224

Mean Speed (km/h) 98 90

(mph) 61 56
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Site 615 on 1-64, August 1998 Driving Lane | Passing Lane
East Bound East Bound

Sundays | Mean Hourly Volume (vph) 333 148
Mean Daily Volume (vpd) 8002 3563

Mean Speed (km/h) 102 95

(mph) 63 59

Mondays | Mean Hourly Volume (vph) 307 128
Mean Daily Volume (vpd) 7368 3080

Mean Speed (km/h) 102 93

(mph) 63 58

Tuesdays | Mean Hourly Volume (vph) 308 127
Mean Daily Volume (vpd) 7402 3050

Mean Speed (km/h) 102 93

(mph) 63 58

Wednesdays| Mean Hourly Volume (vph) 314 133
Mean Daily Volume (vpd) 7540 3193

Mean Speed (km/h) 102 94

(mph) 63 58

Thursdays | Mean Hourly Volume (vph) 329 138
Mean Daily Volume (vpd) 7898 3312

Mean Speed (km/h) 102 94

(mph) 64 59

Fridays Mean Hourly Volume (vph) 348 148
Mean Daily Volume (vpd) 8347 3555

Mean Speed (km/h) 103 96

(mph) 64 59

Saturdays | Mean Hourly Volume (vph) 336 142
Mean Daily Volume (vpd) 8054 3417

Mean Speed (km/h) 102 95

(mph) 64 59

Monthly | Mean Hourly Volume (vph) 325 138
Mean Daily Volume (vpd) 7802 3314

Mean Speed (km/h) 102 94

(mph) 63 59
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. Site 616 on 1-64, January 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 282 71 275 76
Mean Daily Volume (vpd) 6767 1701 6610 1819

Mean Speed (km/h) 105 114 105 116

(mph) 65 71 65 72

Mondays Mean Hourly Volume (vph) 360 121 358 123
Mean Daily Volume (vpd) 8632 2912 8601 2943

Mean Speed (km/h) 103 113 104 115

(mph) 64 70 64 71

Tuesdays Mean Hourly Volume (vph) 367 130 378 131
Mean Daily Volume (vpd) 8807 3111 9062 3151

Mean Speed (km/h) 104 113 104 114

(mph) 64 70 64 71

Wednesdays | Mean Hourly Volume (vph) 368 133 374 132
Mean Daily Volume (vpd) 8836 3187 8972 3176

Mean Speed (km/h) 103 112 104 115

(mph) 64 70 65 71

Thursdays | Mean Hourly Volume (vph) 350 121 343 115
Mean Daily Volume (vpd) 8404 2897 8229 2752

Mean Speed (km/h) 103 112 103 114

(mph) 64 69 64 71

Fridays Mean Hourly Volume (vph) 394 141 399 150
Mean Daily Volume (vpd) 9460 3380 9566 3589

Mean Speed (km/h) 104 114 103 114

(mph) 65 71 64 71

Saturdays Mean Hourly Volume (vph) 327 87 333 98
Mean Daily Volume (vpd) 7837 2099 8000 2343

Mean Speed (km/h) 104 114 103 115

(mph) 65 71 64 72

Monthly Mean Hourly Volume (vph) 350 115 352 118
Mean Daily Volume (vpd) 8409 2755 8456 2833

Mean Speed (km/h) 104 113 104 115

(mph) 64 70 64 71
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Site 616 on 1-64, April 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
. East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 96 110 346 115
Mean Daily Volume (vpd) 2315 2643 8305 2762

Mean Speed (km/h) 109 113 105 116

(mph) 68 70 65 72

Mondays Mean Hourly Volume (vph) 107 141 424 152
Mean Daily Volume (vpd) 2564 3381 10172 3652

Mean Speed (km/h) 108 113 105 114

(mph) _ 67 70 65 71

Tuesdays Mean Hourly Volume (vph) 98 151 430 159
Mean Daily Volume (vpd) 2361 3621 10311 3806

Mean Speed (km/h) 108 113 104 115

(mph) 67 70 65 71

Wednesdays | Mean Hourly Volume (vph) 205 153 419 151
Mean Daily Volume (vpd) 4911 3661 10053 3620

Mean Speed (km/h) 108 113 104 114

(mph) 67 70 65 71

Thursdays | Mean Hourly Volume (vph) 240 172 441 171
Mean Daily Volume (vpd) 5748 4123 10583 4093

Mean Speed (km/h) 108 114 104 115

(mph) 67 71 64 71

Fridays Mean Hourly Volume (vph) 134 178 461 188
Mean Daily Volume (vpd) 3217 4279 11057 4520

Mean Speed (km/h) 110 115 104 115

(mph) 68 71 65 72

Saturdays Mean Hourly Volume (vph) 100 104 368 113
Mean Daily Volume (vpd) 2395 2491 8841 2710

Mean Speed (km/h) 108 114 104 115

(mph) 67 71 65 71

Monthly Mean Hourly Volume (vph) 145 145 413 150
Mean Daily Volume (vpd) 3491 3478 9915 3603

Mean Speed (km/h) 108 114 104 115

(mph) 67 71 65 71
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Site 616 on 1-64, July 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound | East Bound | West Bound | West Bound
Sundays Mean Hourly Voiume (vph) 594 347 575 337
Mean Daily Volume (vpd) 14264 8327 13793 8083
Mean Speed (km/h) 96 92 96 92
(mph) 60 57 59 57
Mondays Mean Hourly Volume (vph) 615 359 627 370
Mean Daily Volume (vpd) 14752 8626 15056 8882
Mean Speed (km/h) 97 94 96 93
(mph) 60 58 60 58
Tuesdays Mean Hourly Volume (vph) 613 358 624 369
Mean Daily Volume (vpd) 14700 8597 14982 8857
Mean Speed (km/h) 96 93 96 93
(mph) 60 58 60 58
Wednesdays | Mean Hourly Volume (vph) 628 366 633 372
Mean Daily Volume (vpd) 15061 8795 15202 8921
Mean Speed (km/h) 97 94 97 93
(mph) 60 58 60 58
Thursdays | Mean Hourly Volume (vph) 641 377 652 387
Mean Daily Volume (vpd) 15381 9052 15640 9296
Mean Speed (km/h) 97 94 97 94
(mph) 60 59 60 58
Fridays Mean Hourly Volume (vph) 668 394 680 417
Mean Daily Volume (vpd) 16035 9451 16312 10002
Mean Speed (km/h) 97 95 97 95
(mph) .61 59 61 59
Saturdays Mean Hourly Volume (vph) 595 324 601 341
Mean Daily Volume (vpd) 14280 7776 14422 8195
Mean Speed (km/h) 96 92 96 92
(mph) 60 57 60 57
Monthly Mean Hourly Volume (vph) 624 363 630 373
Mean Daily Volume (vpd) 14980 8703 156122 8941
Mean Speed (km/h) 97 94 96 93
(mph) 60 58 60 58
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Site 616 on 1-64, September 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 467 225 459 224
Mean Daily Volume (vpd) 11204 5399 11020 5371

Mean Speed (km/h) 99 96 99 96

(mph) 61 60 61 60

Mondays Mean Hourly Volume (vph) 512 259 505 255
Mean Daily Volume (vpd) 12290 6209 12112 6117

Mean Speed (km/h) 99 97 99 98

(mph) 61 61 62 61

Tuesdays Mean Hourly Volume (vph) 519 261 527 265
Mean Daily Volume (vpd) 12461 6272 12640 6371

Mean Speed (km/h) 99 98 100 98

(mph) 61 61 62 61

Wednesdays | Mean Hourly Volume (vph) 527 267 532 269
Mean Daily Volume (vpd) 12641 6406 12764 6444

Mean Speed (km/h) 99 98 100 99

(mph) 62 61 62 61

Thursdays Mean Hourly Volume (vph) 535 281 522 285
Mean Daily Volume (vpd) 12839 6743 12521 6850

Mean Speed (km/h) 99 99 99 98

(mph) 62 61 62 61

Fridays Mean Hourly Volume (vph) 576 305 586 325
Mean Daily Volume (vpd) 13836 7311 14072 7810

Mean Speed (km/h) 99 100 100 100

(mph) 62 62 62 62

Saturdays Mean Hourly Volume (vph) 501 229 518 249
Mean Daily Volume (vpd) 12021 5497 12441 5982

Mean Speed (km/h) 99 97 100 98

(mph) 62 61 62 61

Monthly Mean Hourly Volume (vph) 520 261 522 267
Mean Daily Volume (vpd) 12476 6267 12523 6420

Mean Speed (km/h) 99 98 100 98

(mph) 62 61 62 61




Gg G9 19 19 (ydwy)
88 GO} 66 86 (y/w) peadg uespy

6982 oz6ll 12€9 8596 (pdA) awnjop Ajreq uesy .

0zl L6Y €92 20¥ (yda) swnjop AjinoH ueapy Aiyyuoy
GG 99 29 29 (ydw)
88 90l 66 66 (yjwy) peadg uesy

65.2 Lv.2) 69+9 12001 (pdA) awnjop Ajieq uespy

GLL LES 0.2 8Lb (yda) sawnjop AlinoH uesy | sAepanjeg
96 G9 €9 29 (ydw)
06 GOl LOL 66 (y/wy) poadg ueay

950¢ 0,22\ yeel G901 (pdA) awnjop Ajleq uesiy

12\ 2¢eS GO¢g (a4 (yda) swinjop Ainoy uespy sAepli
¥S 9 19 19 (ydwi)
/8 01 66 86 (y/wy) peadg ueapy

9Z.2 ZZELL 9/09 £¥86 (pdA) awinjo Ajieq uesy

PLl ZlY (¥4 oLy (yda) awnjop Apnoy ueapy | sAepsinyy
GS G9 19 19 (ydw)
68 $0l 86 16 (y/wy) peadg uesy

G062 96€L 1 G/6S 626 (pdA) awnjop Apeq ueapy

1z G/Y 6¥C /8¢ (yda) swnjop AlinoH uesyy | sAepsaupapy
GS G9 19 19 (ydw)
88 GOl 86 86 (y/wy) peadg uespy

2282 Z2/0LL 085S 6526 (pdA) swnjop Ajleq uespy

8Ll LoV 2eZ 98¢ (yda) awnjop AjinoH ueapy |  sAepson)
96 G9 19 19 (ydw)
68 GOl 86 86 (yjwy) paadsg uespy

8962 09211 6685 2868 (pdA) awnjop Ajreq uesiy

<4 69 9ve v.€ (yda) swnjop AjinoH ueayy sAepuopy
GG 99 19 19 (ydw)
88 901 66 86 (y/w) poedg uespy

Y82 €0521 0L/9 0EY6 (pdA) awnjop Ajteq uespy

6L1L 12S 082 €6€ (yda) swinjop Ajinoy ueepy sAepung

ﬁ::Om ISSMA punog ISOMA ﬁcsom jseq ﬁczom iseq

auer Buissed

aue~] Buiaug

aue-] Buissed

aue BuiauQg

8661 Ael ‘vz-| uo 119 olS

G¢1 938eq




Page 136

Site 617 on 1-74, June 1998

Driving Lane

Passing Lane

Driving Lane

Passing Lane

East Bound | East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 474 337 570 155
Mean Daily Volume (vpd) 11376 8087 13684 3720

Mean Speed (km/h) 97 97 105 87

(mph) 61 60 65 54

Mondays Mean Hourly Volume (vph) 441 283 505 150
Mean Daily Volume (vpd) 10580 6781 12123 3606

Mean Speed (km/h) 97 96 103 87

(mph) 60 60 64 54

Tuesdays Mean Hourly Volume (vph) 437 277 505 152
Mean Daily Volume (vpd) 10491 6648 12130 3653

Mean Speed (km/h) 97 96 102 87

(mph) 60 60 64 54

Wednesdays | Mean Hourly Volume (vph) 456 293 511 163
Mean Daily Volume (vpd) 10952 7044 12257 3681

Mean Speed (km/h) 97 97 103 87

(mph) 60 60 64 54

Thursdays | Mean Hourly Volume (vph) 461 297 528 151
Mean Daily Volume (vpd) 11060 7139 12679 3633

Mean Speed (km/h) 97 97 104 87

(mph) 60 60 65 54

Fridays Mean Hourly Volume (vph) 507 352 594 163
Mean Daily Volume (vpd) 12178 8442 14261 3913

Mean Speed (km/h) 98 100 104 88

(mph) 61 62 65 55

Saturdays Mean Hourly Volume (vph) 489 322 600 154
Mean Daily Volume (vpd) 11728 7724 14390 3693

Mean Speed (km/h) 98 98 106 87

(mph) 61 61 66 54

Monthly Mean Hourly Volume (vph) 465 307 542 154
Mean Daily Volume (vpd) 11151 7363 13012 3695

Mean Speed (km/h) 97 97 104 87

(mph) 60 60 65 54
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Site 617 on I-74, August 1998 Driving Lane |Passing Lane | Driving Lane | Passing Lane
East Bound East Bound | West Bound | West Bound

Sundays Mean Hourly Volume (vph) 468 315 518 130
Mean Daily Volume (vpd) 11240 7566 12421 3111

Mean Speed (km/h) 100 101 106 94

(mph) 62 63 66 58

Mondays Mean Hourly Volume (vph) 422 241 463 106
Mean Daily Volume (vpd) 10125 5788 11103 2551

Mean Speed (km/h) 100 100 106 90

(mph) 62 62 66 56

Tuesdays Mean Hourly Volume (vph) 437 258 480 118
Mean Daily Volume (vpd) 10499 6184 11617 2839

Mean Speed (km/h) 100 101 106 92

(mph) 62 63 66 57

Wednesdays | Mean Hourly Volume (vph) 427 272 471 115
Mean Daily Volume (vpd) 10259 6524 11310 2766

Mean Speed (km/h) 99 101 105 91

(mph) 62 63 65 56

Thursdays | Mean Hourly Volume (vph) 463 278 500 106
Mean Daily Volume (vpd) 11113 6669 11998 2539

Mean Speed (km/h) 100 102 106 90

(mph) 62 63 66 56

Fridays Mean Hourly Volume (vph) 452 298 522 115
Mean Daily Volume (vpd) 10858 7143 12530 2767

Mean Speed (km/h) 99 102 105 9

(mph) 62 63 65 57

Saturdays | Mean Hourly Volume (vph) 474 322 578 141
_ Mean Daily Volume (vpd) 11371 7731 13881 3376

Mean Speed (km/h) 101 102 108 95

(mph) 62 63 67 59

Monthly Mean Hourly Volume (vph) 450 286 508 120
Mean Daily Volume (vpd) -10811 6862 12201 2882

Mean Speed (km/h) 100 101 106 92

(mph) 62 63 66 57
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Site 642 on 1-65, January 1999 Driving Lane |Passing Lane | Driving Lane | Passing Lane
North Bound | North Bound |South Bound| South Bound

Sundays Mean Hourly Volume (vph) 1110 756 1086 769
Mean Daily Volume (vpd) 26641 18145 26070 18445

Mean Speed (km/h) 90 100 93 101

“ (mph) 56 62 58 63

Mondays Mean Hourly Volume (vph) 1337 1024 1309 919
Mean Daily Volume (vpd) 32094 24566 31407 22052

Mean Speed (km/h) 88 100 92 101

(mph) 55 62 57 63

Tuesdays Mean Hourly Volume (vph) 1342 1095 1343 948
Mean Daily Volume (vpd) 32211 26286 32239 22763

Mean Speed (km/h) 88 100 92 101

(mph) 55 62 57 63.

Wednesdays | Mean Hourly Volume (vph) 1278 1029 1278 933
Mean Daily Volume (vpd) 30675 24686 30663 22402

Mean Speed (km/h) 88 100 92 101

(mph) 55 62 57 63

Thursdays Mean Hourly Volume (vph) 1249 1036 1242 904
Mean Daily Volume (vpd) 29986 24854 29818 21693

Mean Speed (km/h) 87 99 91 100

(mph) 54. 62 57 62

Fridays Mean Hourly Volume (vph) 1329 1050 1267 932
Mean Daily Volume (vpd) 31891 25191 30417 22362

Mean Speed (km/h) 86 99 90 100

(mph) 53 61 56 62

Saturdays Mean Hourly Volume (vph) 1157 786 1091 739
Mean Daily Volume (vpd) 27767 18856 26178 17736

Mean Speed (km/h) 88 99 91 100

(mph) 54 62 57 62

Monthly Mean Hourly Volume (vph) 1259 968. 1231 878
Mean Daily Volume (vpd) 30211 23244 29533 21071

Mean Speed (km/h) 88 100 92 100

(mph) 55 62 57 62




