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EXECTUTIVE SUMMARY

The Illinois Department of Transportation (IDOT) was interested in evaluating
its methodology for determining truck VMT and the technologies available for
truck classification. This study conducted national surveys of all state DOTs, 54
largest Metropolitan Planning Organizations (MPOs), and 29 vehicle classification
vendors/producers to determine the state of practice on equipment and
methodologies used to determine truck VMT. The current IDOT methodology is
evaluated and new procedures to estimate truck VMT more accurately are
developed.

Over two-thirds of state DOTS, over half of the MPOs, and about one-fifth of
the vendors/producers returned the survey. To compute truck VMT, most state
DOTs responding to the survey collect traffic data by their staff. Several state
DQTs use traffic counts and other sources in computing truck VMT. The majority
of state DOTSs collect data for the FHWA's 13 categories (F-13 scheme), but three
state DOTs use fewer categories. Truck data are collected using machine
classifiers unless certain conditions would demand collecting the data manually.
The majority of DOTs use the number of axles and axle spacing to classify
vehicles. A few DOTs use other variables such as vehicle length and weight.

The majority of state DOTs collect short-term vehicle classification data. The
number of 24-hour or less classification stations ranged from 0 to 42 stations per
1,000 miles of total highway system. For short-term classifications, most state
DOTs use portable devices with pneumatic road tubes. Some state DOTs use the
combination of the tubes with other sensors, such as loop detectors, piezoelectric
sensors, or fiber optic sensors. Peek 1000/2000 and Peek 241 with a variety of
sensor technologies dominate the market of portable classification devices.
Illinois DOT uses Peek 241 and Hi-Star NC-97 devices in its vehicle classification
program. IDOT prefers the Hi-Star NC-97 because of ease of installation and
desirable performance.

The current IDOT method overestimated truck VMT for multi-unit trucks on all
eight functional classes except on the minor urban arterials. The overestimation
was 11.5 % and it varied from -10 % to +44 %. For single-unit trucks, the
current method overestimated in five and underestimated in three functional
classes. The range of under/overestimation was from -6 % to +35 %, but overall
it was close to zero because the overestimates cancelled out the underestimates.

To calculate truck VMT more accurately, this study proposed two different
indirect methods to estimate truck VMT: average truck percentage (ATP) and
average section length (ASL). In the ATP method, truck VMT is calculated by
multiplying the average truck percentage for a group of roadway sections by the
total VMT of that group. The ATP method should be used when the average




truck percentages and the total VMT by volume groups are available. When the
ATP method is used, a simple arithmetic average of truck percentages should be
used. The second method, ASL, uses the average section length. First, the total
truck volume for the sampled sections is calculated; then, it is multiplied by the
average section length. The ASL method should be used when the information
required for ATP is not available or it is considered not reliable. This method only
requires truck volume information by volume group. It is suggested to use the
average section length at roadway functional class level.

Highways should be grouped into roadway functional class by the area type
(urban and rural) and traffic volume level, For the marked routes eight
functional classes are suggested: interstate urban, interstate rural, freeway and
expressway, other principal urban arterial, other principal rural arterial, minor
rural arterial, major rural collector, and minor urban arterial. The traffic volume
levels should be selected such that the total length of roadway sections is
approximately equally distributed among the volume groups. It is suggested that
interstate highway systems be grouped into 14 volume groups, freeway and
expressway systems into seven volume groups, other principal arterials into 16
volume groups, minor rural arterials into 20 volume groups, major rural
collectors into 15 volume groups, and minor urban arterials into 10 volume
groups.

Sample size influences the accuracy of truck VMT estimation and the decision
on sample size must consider the error level that is acceptable. The study looked
at the likely error, expressed as MAF, for each possible sample size. It is
recommended to use the minimum sample size that yields more stable MAF. It is
recommended to use 8% to 16% of the number of roadway sections. These
roadway sections should be distributed among the volume groups. This study
proposes two different ways to distribute the sample size, The first approach
allows the sample distribution to be proportional to the total VMT distribution
among volume groups. Thus, a greater number of sampled sections are taken
from volume groups with a larger contribution to the total VMT. Instead of using
the total VMT distribution, the second approach uses the truck VMT distribution
as the basis for distributing sampled sections. When historical data on truck VMT
are available, the study verified that the second approach would provide better
results. Furthermore, within a volume group, the sampled sections can be
randomly selected from the sections that are in that volume group. The random
selection can be replaced with more systematic selection if desired.

Once the truck VMT for the sampled sections is calculated, it should be
expanded to obtain truck VMT on that highway functional class. It is suggested
to use the ratio of the number of total roadway sections in the functional class to
the number of sampled sections from that functional class as the expansion
factor. The estimated truck VMT should further be adjusted by applying the




methodology adjustment factors (MAF). The MAF is used because the ATP and
ASL are indirect methods. A set of MAFs was developed for different roadway
functional classes and truck types (single-unit and multi-unit trucks).

Truck VMT data are used for various purposes and an accurate estimation of
truck VMT is essential. Recently, IDOT collects vehicle classification data for
three categories (passenger cars, multi-unit, and single-unit trucks) at about
10,000 sections biennially. Vehicies are classified according to their length. This
data collection program provides IDOT with a very rich database for truck
classification and VMT calculation. It is recommended to evaluate the accuracy
and efficiency of truck VMT calculation using the recent data, to investigate the
merits of such length-based classifications, to compare the proposed
methodology with the recent IDOT data. It is recommended to verify the results
of the proposed methodology and to develop a user's manual for it. It is
recommended to develop adjustment factors for multi-unit and single-unit trucks.
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1 INTRODUCTION

Trucking is vitally important to the Ilinois economy and a significant portion
of the US truck traffic passes through Illinois. More than 12 billion tons of freight
were transported by the U.S. transportation system, and trucks (including for-
hire and private) accounted for more than half (53%) of the total tonnage (2).
Over two-thirds (72%) of the total shipments by value, and nearly one-quarter
(24%) of the total ton-miles shipped were by trucks (2). Approximately 5,700
miles out of 160,800 miles of the national highway system are in Illinois (20) and
Tlinois ranks third in terms of national highway system road mileage. The total
truck VMT in the US (in 1994) was approximately 170 billion and in Illinois it was
6.2 (18). Illinois ranks number seven in terms of the highest annual truck VMT.
On the one hand truck traffic helps the Illinois economy, on the other hand it
deteriorates the infrastructure.

Vehicle miles traveled (VMT) is a key element in studying fuel consumption,
environmental quality, highway safety, transportation planning, highway design
and operations. An accurate determination of the contribution of truck miles
traveled to total VMT is important. The VMT itself is not directly measured, but is
estimated from other measurements. The VMT estimation methods can be
classified into two broad categories: traffic count based and non-traffic count
based. Non-traffic count based VMT estimation methods use data such as fuel
sales, population, numbers of licensed drivers and registered vehicles. Most of
these data are expensive fo collect on a regular basis, so rough updates of
previously collected data are often used for estimated VMT, producing
questionable results (7). In addition, VMT estimates based on non-traffic count
data are associated with problems relating to distribution of trips. For example,
VMT estimates based on fuel sales raise questions as to how much of the fuel
was used for travel in Illinois only. Indirect measure of truck VMT at the national
level has been performed using various national databases. The Census Bureau
collects transportation data covering travel, transportation of commodities, and
trucks (16). The Truck Inventory and Use Survey (TIUS) provides data on the
physical and operational characteristics of the nation’s truck population. It is
claimed that TIUS estimates of the truck VMT appear to be the best estimates
currently available (12). Kuzmyak (8) suggested using the Highway Statistics, the
Nationwide Personal Transportation Survey, the Highway Inventory and
Performance Study and the Regional Transportation Energy Conservation Data
Book to forecast national total VMT.

On the other hand, the VMT estimate based on traffic counts is the most
direct method and it uses actual traffic volume. This approach assumes that the
vehicle miles traveled in a state during a year can be estimated by counting the
traffic on representative sections of roadway during short periods of time and




expanding these results to statewide totals. The highway sections have
homogenous traffic volumes and on local streets they are from 0.25 to 0.5 miles,
on arterials from 0.5 to 1.0 miles, and on freeways from 1.0 to 2.0 miles (10).
Sampling procedures are designed to estimate VMT using counts from selected
sections. To compute VMT, the traffic volume on a sample section is multiplied
by length of the section. Then, appropriate adjustment factors are applied. The
accuracy of traffic count-based VMT estimates is determined by the accuracy of
the traffic data used for the estimation. Therefore, the sample size and sampling
locations are very important factors in determining truck VMT. Other procedures
are suggested for estimating VMT or increasing its accuracy (1, 3, 5, 6, 9, 11,
and 13).

The Tllinois Department of Transportation {IDOT) is interested in evaluating
its methodology for determining truck VMT and the technologies available for
truck classification. IDOT is also interested in evaluating the current distribution
and number of counting locations in light of the changes in travel patterns,
increase in truck traffic, and recent advances in technology for measuring and
counting traffic. IDOT estimates truck VMT through the use of counts at 300
locations statewide. Data are collected from these locations according to the
procedure given in the Illinois Traffic Monitoring Program report (15). The Ilinois
program is based on the procedures outlined in the FHWA Traffic Monitoring
Guide (TMG) (17) and the AASHTO Guidelines for Traffic Data Programs (14).

This study conducted national surveys of state DOTs, a number of the largest
Metropolitan Planning Organizations (MPOs), and vehicle classification vendors/
producers to determine the state of practice on equipment and methodologies
used to determine truck VMT. Current methodology used by IDOT is evaiuated
and procedures to estimate truck VMT based on sampling techniques are
developed.




2 SUMMARY OF LITERATURE REVIEW
2.1 Truck Classification Technologies

Recent developments in sensor technologies permit the use of a variety of
concepts for classifying trucks on highways. The choice of technology depends
on many factors such as cost, reliability, precision, life span, installation,
maintenance, and type of data it provides. In general, vehicle classification
methodologies can be grouped into three major categories: axle based, vehicle
length based, and machine vision (visual) based. These three categories are
briefly discussed below.

2.1.1 Axle Based Classifiers

These classifiers measure the number of axles and axle spacings. The axle
spacings are determined from the speeds of vehicles and the times the axles
passed over the sensors. A vehicle speed is obtained by measuring the time the
front axle traveled from the first to the second sensors. The number of axles and
axle spacings are used to determine the class of vehicles.

The axle-based methodology is used to group vehicles into the 13 categories
recommended by the Federal Highway Administration (FHWA). Errors in the form
of unclassified vehicles are normally found during data collection due to either
the incorrect measurement of the number of axles or a considerable change of
vehicle speed over the sensors. Unclassified vehicles are generally the type of
vehicles that do not fit into any of the prescribed classes of vehicles.

The accuracy of these classifiers depends on several factors including the type
of sensors used (loops, tubes, piezoelectric, etc), roadway geometry conditions
at the site of the sensors, installation and maintenance of the sensors. According
to the 2000 TMG (21), to maintain a desired level of accuracy for axle based
classifiers, one has to control the accuracy of measuring the distance between
the two sensors and the accuracy of the sensors themselves. The sensors must
be installed such that a vehicle stays in a single lane until it completely passes
over both sensors. Traffic conditions also influence the accuracy of the
classification. This includes the traffic speed to which the axle sensors can
respond and the presence of different types of vehicles with a similar axle
spacing. Moreover, a constant vehicle speed over the two sensors is assumed in
calculating spacing between axles. Finally, the accuracy depends on the
classification algorithms, which are proprietary that has to cover all possible axle
configurations and vehicle types. The axle based methodologies normally work
very well in uncongested traffic conditions. When traffic gaps between vehicles
are relatively small, the accuracy of this approach deteriorates.




Table A.1 of Appendix A describes several types of axle-based classification
eguipment. These include TC/C 500 and TC/C 540 from International Road
Dynamics Inc. (IRD), IVS 2000 from International Development Corporation,
MSC 3000 and 4000 from Mitron System Corporation, and Unicorn/Phoenix from
Diamond Traffic Product.

2.1.2 Vehicle Length Based Classifiers

These classifiers use vehicle length to group vehicles into different classes. A
single or combinations of different types of length sensors are normally used.
The sensor might be loops, piezoelectric, or electrical contact closures. Inductive
loops are normally selected to allow for a reliable and long-lasting installation.
Vehicle length is computed by dividing the total time required for the vehicle to
traverse the loop by the speed of the vehicle. The speed is estimated based on
the time difference the vehicle was detected by the first and the second loops.
The dual loop system may classify vehicles into fewer categories than the FHWA
13 vehicle classes. This is because the system cannot accurately measure a small
difference in vehicle length. Using this loop system, a single long vehicle unit:
may not be easily differentiated from two smaller units hitched together, since
the gap between the hitched units may be too small to detect. Despite the
limitations, this system remains popular in some states partly because fewer
categories (four) are sufficient for a variety of traffic monitoring purposes, and
partly because a loop detector system is low cost technology and reliable.

Similar to the axle-based classifiers, the length-based classifiers that use loops
experience the same operational problems, especially on the roadways where
vehicle speeds are not constant over the loop detectors. This causes inaccurate
classification as the length of vehicles is incorrectly computed. The loop system
also is less accurate in classifying closely spaced cars. In general, the loop
system tends to work best at locations with low traffic volume. To overcome the
weaknesses of the loop system, a combination of the axle and loop sensors is
used. This concept utilizes two loop detectors and an axle detector, which are
placed in sequence in a short segment of highway. This system of detectors
measures the length, axle spacing, speed, and distance gap for each vehicle.
Then it compares the axle numbers and spacing data of the vehicle with a
database that contains a pre-determined axle number and spacing ranges.

Table A.2 of Appendix A describes some of the length-based classifiers. These
include the Peek ADR family (ADR 2000, 3000, and 4000) from Peek Traffic,
DAW 100 and 190 from PAT Traffic Control Corporation, and NC-97 Hi-Star from
Nu-Metric.




2.1.3 Machine Vision Based Classifiers

Machine vision, alsc known as image processing or artificial vision, is a
technology that combines video imaging with computerized pattern recognition.
Classifiers based on this technology are developed to provide a system that does
not require installation of sensors on roadways. This technology can provide
more detailed information about vehicles such as width, height, and character
profile of individual vehicles. Normally a video camera is used to record video
images (frames) that are taken at contiguous time instants spaced at regular
time intervals, A digitizer converts the frames into digital signals that are sent to
a computer for extraction of vehicle features.

These visual-based classifiers are subject to the drawbacks of measuring
speed accurately and the issues in differentiating among closely spaced vehicles.
Image sensing technologies are also subject to inaccuracy caused by occlusion
(the blocking of the line of sight by a second vehicle). Moreover, this technology
cannot directly obtain the number of axles, a piece of information needed for
vehicle classification.

Tahle A.2 of Appendix A describes various types of machine vision based
classifiers. These include Autoscope ECP and ISS 2004 systems from Econolite
Control Products, Inc., TAS2 from Computer Recognition Systems, Inc., and IDET
100 from Sumitomo Electric Industries, Ltd., ect.

2.1.4 Other Sensor Technologies

Research and development of new sensor technologies such as infrared, light
emission, microwave, and radar are in progress. Guha (4) demonstrated the use
of photoelectric technology for vehicle classification. This classifier consists of
photoelectric sensors and reflectors mounted on steel posts on either side of the
road. The sensors use infrared light beams to detect the presence of vehicles.
The beam is focused on a reflector located across the roadway.

Different types of equipment are used to classify vehicles. The accuracy of
classification resuits depends on lane sensor devices that record the physical
characteristics of vehicles. This section briefly discusses several sensor
technologies used to determine vehicle classification. Table 2.1 shows several
lane sensor devices and their manufacturers.

Inductive loops are wires placed in channels cut into the pavement and are
used to detect vehicle presence by sensing the metallic mass of the vehicle.
Classifiers with inductive loops have been used in many states mostly for
continuous classification counts. Pressure-sensitive Treadles are sensor devices
that are placed in frames and installed in the pavement to determine the number
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of axles, number of wheels, and direction of a vehicle crossing the treadles. A
parallel series of sensor devices detects the direction of axle movement by the
sequence of sensor activation.

Table 2.1 Lane sensor devices for classifying vehicles and their manufacturers

No. Vehicle Classifiaction Devices

Manufacturers

i Inductive Loops

2 Electromechanical Treadles
3 Resistive Rubber Treadles
4 Optical Treadles

5 Plezoelectric Treadles

6 WIM with Bending Plates

7 WIM with Capacitive Strips
8 WIM with Piezoelectrics

9 Light Beams
10  Light Curiains

11 Ultrasonic Scanners
12 Infrared Scanners

13  Laser Scanners
14 Video Image Processors

3M

Diamond Traffic

Golden River

Mayfield

Peek Traffic Systems

Cubic

The Revenue Markets Inc (TRMI)
International Road Dynamics (IRD)
Technotel

Trindel

Peek Traffic Systems

The Revenue Markets Inc (TRMI)
Traffic 2000 Lid

PAT

Peek Traffic Systems

Golden River

Diamond Traffic

PAT

Peek Traffic Systems

Philips

Syntonic

Banner

CGA-Alta

Scientific Technologies Inc (STI)
Cubic

Computer Recognition Systems, Inc.
Elsydel

MBB SensTech

Schwartz Electro-Optics
Schwartz Electro-Optics

Golden River

* Table is constructed from http://wwww.ettm.com/ave.himl

Four types of treadles are available depending on the physical principle used
to convert the pressure of a vehicle’s wheel into electrical signals recognized by
the logic units of the treadles. The first is electromechanical treadles. These
devices are in widespread use for low-speed applications, but they are inaccurate
at speeds over 55 mph. The second is resistive rubber treadles, which are similar
to electromechanical treadles, but use resistive rubber rather than metal for
contact closure. They are specified to operate accurately at speeds from 2 - 80
mph. Resistive rubber treadles have a lower maintenance cost than




electromechanical treadles. The third is optical treadles. These devices utilize
infrared beams inside a tube. When beam is broken due to the pressure of a
vehicle’s wheel, an electrical signal is generated. These devices are specified to
be accurate at higher speeds and have a long life and low cost of maintenance.
They can be installed in standard treadle frames. The fourth is piezoelectric
treadles. These devices use special material inside a tube that generates an
electric current when subjected to pressure caused by crossing vehicles. The
devices are accurate classifying vehicles at speeds over 5 mph, and recent
developments have made them accurate even in the 0-5 mph range.

Weigh-in-Motion (WIM) devices have been used in many states for several
purposes. Like treadle devices, WIM devices are pressure-sensitive. These
devices generally are placed in frames installed in the pavement and are
commonly used to determine the axle weight of vehicles. Several types of
sensors are used for WIM devices, such as bending plates, capacitive strips, and
piezoelectric sensors. Bending plates generate an electric current when subjected
to pressure caused by an axle crossing the plates. The degree of pressure on
capacitive strips as an axle crosses a strip allows calculation of axle weight. WIM
devices with piezoelectric sensors utilize special material inside a tube that
generates a varying electric current proportional to the weight of the axle
crossing the sensor.

Several non-intrusive sensor technologies have been introduced to classify
vehicles. At least two types of light emission based technologies are currently
available: light beam and light curtain devices. Light beam devices consist of a
single infrared light beam that is broken as a vehicle passes through the beam.
They are used to detect vehicle presence and vehicle height. The functionality of
light beam devices is limited in that they cannot accurately separate vehicles with
trailer hitches or provide a profile of the vehicle. Another disadvantage of light
beams is that the single beam of light is transmitted through vehicle windows
without impediment, thereby causing the appearance of a separation of the
vehicle where none exists. Light curtain devices emit multiple horizontal light
beams to measure vehicle presence and profile, A transmitting tower sends light
beams across the lane to a receiving tower. As a vehicle breaks the light beams,
a two-dimensional profile of the vehicle can be produced. Trailer hitches can be
detected down to approximately one-half inch.

Another non-intrusive way to classify vehicles is to scan them using ultrasonic
waves, infrareds, or laser beams. Scanning devices generate radiation at various
frequencies to detect vehicle presence and profile. Ultrasonic scanners emit
ultrasonic waves, which are reflected back to the transmitting device to detect
vehicle presence and two-dimensional profile. Ultrasonic scanner, however, are
subject to distortion from air turbulence and changes in temperature and
humidity. Infrared scanners are used to separate and profile vehicles using a
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vertical or horizontal infrared scanning camera system. The output is two-
dimensional images, which are compared to vehicle classification templates to
determine vehicle type. Laser scanners are capable of detecting and classifying
vehicles operating in high speed, high volume conditions. Output from the device
is processed to produce 3-dimensional images that are compared to stored
templates of various vehicle profiles to determine vehicle type.

Table A.2 of Appendix A describes several classifiers using new technologies
that are on the market. These include SAS-1 Acoustic Sensor from SmarTek
System and SmartSonic from International Road Dynamics Inc.

2.2 Truck VMT Estimations

The FHWA requires state DOTs to report the percentage of trucks operating
on interstate highways and the vehicle miles traveled (VMT) by them, The data
are essential for determining accident exposure, accident rates for trucks, and
deriving the Federal Highway fund apportionment formulae. Truck VMT refers to
the total miles traveled by all truck categories on roadways. Since obtaining
information about individual truck travel is not possible, sampling methods have
been used to obtain truck VMT estimates. The Highway Performance Monitoring
System (HPMS) of the FHWA collects information on the physical and usage
characteristics, including traffic count and pavement condition on a sample of
various highway systems. This HPMS method is currently the most accepted
method for estimating truck VMT because it is based on the actual truck traffic
data. The HPMS procedure is based on traffic counts on a sample of roadway
sections. Other procedures are also used to estimate truck travel. The Truck
Inventory and Use Survey (TIUS) and the Nationwide Truck Activity and
Commodity Survey (NTACS), for example, provide data on the physical and
operational characteristics of trucks. Truck data for both surveys are obtained
from sample surveys of truck owners or drivers. The following sections describe
the HPMS method.

2.3 HPMS Method

The HPMS data is a nationwide inventory of all public roads. The HPMS
procedure for estimating VMT is based on traffic count data. VMT estimation
involves the use of adjusted 24-hr traffic counts or Annual Average Daily Traffic
(AADT), obtained on sample sections identified through a systematic stratified
random sampling process (7). The procedure starts with calculating Daily
Vehicle Miles Traveled (DVMT) stratified by functional system for each sample
section. This is merely the product of the section AADT and road segment
mileage. The expansion factor (EF) is then used to extrapolate the sample
section data to area wide VMT. The EF is defined as a ratio of the total mileage
in a functional class to the total mileage in the sampled sections. The result is
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statewide (total) VMT for all vehicles in that functional class. Truck VMT is
calculated by multiplying the total VMT by the average truck percentages for that
functional class. The truck percentages are generated from classification counts
conducted on at least 300 sites over a 3-year time period.

The HPMS procedure eliminates problems associated with non-traffic count
based methods because it uses actual count data. If coverage counts were
available for all roadway systems, the VMT obtained would be the best possible
estimate. However, in reality only a sample of coverage data is available. HPMS
standard sampling as defined in the 1999 HPMS manual (19) provides guidelines
for developing an efficient sampling procedure.

2.4 Sources of Errors in Estimating VMT Using HPMS

Kumapley (7) reported that estimating VMT using the HMPS method is
impractical due to the lack of input data. The HMPS procedure requires traffic
count data and centerline mileage for all roads in the state. The centerline
mileage for all roadway systems is known, but traffic count data is unavailable
for some functional classes, such as local roads. Estimating VMT, therefore, is
expected to he more accurate if a more comprehensive inventory database is
used. Indiana Department of Transportation, for example, holds about 620,000
samples of traffic data as opposed to only 4,000 samples covered by HPMS
database.

Minggo and Wolff (9) discussed that the raw vehicle classification data
reported under HPMS area-wide reporting system contain many apparent
anomalies and inconsistencies. This has caused substantial discrepancies
between truck estimates based on the FHWA VM-1 table and other notable
national truck VMT estimates. A comparison between 1987 TIUS (Truck
Inventory and Use Survey) estimates and 1987 Highway Statistics VM-1 truck
VMT estimates showed that FHWA overestimated other single unit truck VMT by
36 percent, and combination VMT by 51 percent (9). They argued that part of
the problem of overestimation stems directly from inconsistent definition for
combination vehicles and exclusive use of weekday classification counts. The
HPMS manual defines 13 vehicle classes for which states report area-wide
classification data. Three of these classes include light passenger vehicles, one
includes buses, three include single-unit trucks, and the remaining six include
combination trucks. In contrast to the HPMS classification, state DOTs policy
tends to limit the class of vehicles known as ‘combination’ to only those vehicles
with a heavy or cargo-carrying trailer.

Minggo and Wolff suggested improvements in the way the FHWA derives truck

VMT estimates, and these include: a) systematic consideration of temporal count
variations; b) a new definition of combination vehicles; ¢) new guidance to
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states; and d) FHWA corrections to state-reported data.  They also
recommended producing separate estimates of travel by truck-trailer
combinations and tractor-trailer combinations, and excluding [light trailers and
light trucks from both categories of combinations.

Weinbalt (12) indicated that a source of error in truck VMT estimation was due
to temporal count variations. By comparing different sources of truck VMT data,
he showed that the current procedures using weekday classification counts
substantially overestimate truck VMT. He suggested using seasonal and day-of-
week adjustment factors to reduce the errors in truck AADT estimates and to
eliminate the upward bias in truck VMT estimates that result from the use of
weekday classification counts. To develop the factors, he recommended that the
highway system be divided into at least three factor groups (urban, rural
interstate, and rural other), and that permanent stations be established on a
representative sample of five to eight sections in each factor group. Furthermore,
he recommended that seasonal and day-of-week factors should be developed for
several groups of vehicle classes for each of several highway groups, i.e. urban,
rural interstates, and rural other. Five groups of vehicle classes are
recommended: 1) four-tire vehicles (class 2 and 3); 2) buses (class 4); 3) other.
six-tire, two-axle vehicles (class 5); 4) other single unit vehicles with three or
more axles {(class 6 and 7); and 5) combination trucks (class 8-13).

2.5 Current IDOT procedures

The IDOT current procedure for truck VMT calculation follows the HPMS
procedure and is based on comprehensive volume counts and a limited number
of classification counts {(approximately 100 locations per year on HPMS sections).
Information obtained from the volume counts is stored in the Tllinois Roadway
Information System (IRIS) database which contains roadway inventory and
information about alf publicly owned roads, including local roads, in the state of
Illincis. IRIS uses 9 functional classifications and two area types (urban and
rural). The roadways are composed of segments. The information is stored so
that a single record contains a roadway segment and all the pertinent
information on the segment including length, ADT, etc.

Approximately 15,000 to 20,000 volume counts per year provide the traffic
volume data for IRIS. These coverage counts are made both on the HPMS and
non-HPMS sample sections. The HPMS sample sections located on the state
system or marked routes are volume counted for 24-hours every 2 years. Those
not located on the system are counted for 48-hours every three years. The Office
of Planning and Program of IDOT supervises the statewide count program, while
district offices carry out the counting. All district offices have access to and the
ability to update the IRIS database. The update is based on a comprehensive
traffic counting program including continuous counts, short classification counts
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on HPMS sample sections, short coverage (volume and classification) on marked
routes, and county counts on local roads. The ADT stored in the IRIS database is
derived from the following sources: first, a current year coverage count at a
location that is considered representative of the segment; second, a prior year
coverage count factored to represent the current year traffic; and third, a default
traffic count when no prior year coverage count is available.

Truck VMT is calculated from the VMT of all vehicles. The total VMT is
calculated by multiplying each segment’s length and the corresponding ADT. The
VMT for all roadway segments are added to obtain the total VMT. The average
of truck percentages by truck type and functional class derived from the limited
counts of the FHWA 13-vehicle categories is applied to the total VMT to obtain
truck VMT. For publication, truck VMT is then summarized by eight roadway
functional classes, area types (Urban and Rural), and eight vehicle types. The
eight roadway functional classes are: 1) Interstate (Urban and Rural), 2)
Freeway and Expressway (Urban), 3) Other Principal Arterial (Urban and Rural),
4) Minor Arterial (Urban and Rural), 5) Major Collector Rural, 6} Minor Collector
Rural, 7) Collector Urban, and 8) Local (Urban and Rural). The eight vehicle
categories are: 1) Passenger Cars (4-tires), 2) 6-tire Single Units, 3) 3-axle Single
Units, 4) Buses, 5) 3-axle Multi Units, 6) 4-axle Multi Units, 7) 5-axle Multi Units,
and 8) 6-axle or more Multi Units.

Currently, IDOT collects 3-vehicle category classification data at approximately
10,000 locations biennially on marked routes using Hi-Star NC-97 classifiers. The
Hi-Star stores data for 3 classes of vehicles. This categorization is based on
vehicle length. Any vehicle less than 22 feet long is categorized as Passenger
Vehicle (PV), between 22 and 40 feet as Single Unit (SU), and larger than 40 feet
as Multi Unit (MU) vehicles. The IRIS database does not have traffic volume data
for the FHWA 13-vehicle categories. Instead, these three vehicle categories are
used: PV, SU, and MU. IDOT is proposing to FHWA to use this classification data
for calculating truck VMT.

Other states are using different procedures for caiculating truck VMT. To find

out what is the state of practice in truck VMT calculation, a nationwide survey
was conducted. The results of the survey are discussed in the next section.
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3 SURVEY AND INTERVIEW RESULTS

This section and the following four sections provide the results of three
surveys and an interview series conducted as a part of this study. One survey is
for state DOTSs, one survey for Metropolitan Planning Organizations (MPOs), and
the third survey is for the manufacturers of vehicle classification equipment. The
interview is for IDOT employees. A survey of 50 state DOTs and Puerto Rico DOT
on equipment and methodologies used for determining truck VMT was
conducted. A similar survey of the 54 largest MPOs was also conducted. The
MPOs were selected according to population, i.e. larger than 500,000. The list of
MPOs can be found at http://www.bts.gov/tmip/MPOIlist/mpoindex.htm. The
surveys solicited information on how the DOTs and MPOs collected truck data
and used it to calculate truck VMT. Seven groups of questions were included in
the survey:

1) General questions

2) Sample size and location of truck classification counts
3) Data collection on HPMS sections

4) Field data collection for truck VMT

5) Data collection equipment for truck VMT

6) Processing of field data

7) Calculating and reporting truck VMT,

In addition, a third survey of 29 vehicle-classification equipment
vendors/producers was carried out. The survey attempted to obtain up-to-date
information on costs and sensor technologies for vehicle classification equipment.
The vendors were selected based on the search on the Internet, including the
Vehicle Detector Clearing House of the University of New Mexico,
http://www.nmsu.edu /~traffic/. Copies of the surveys are included in Appendix
B. Table 3.1 shows the number of surveys returned. A great majority of DOTs
(71 %), over half of MPOs (54 %), and about one-fifth of the vendors returned
the survey. The names of DOTs, MPOs, and equipment vendors that returned
the surveys are provided in Appendix C.

Table 3.1 Organizations and surveys returned

Ny Rate of
Organizations Survey Sent Survey Returned Response
DOT 51" 36 1%
MPO 54 29 54%
Industry (Equipment) 29 B 21%

* 50 state DOTs and Puerto Rico DOT
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3.1 Survey Results: State DOTs
3.1.1 Source of Truck VMT and Field Data Collection
3.1.1.1 Truck Data Collection

State DOTs were asked to indicate whether their truck classification data was
collected in-house or by contractor staff, or both. The results in Table 3.2 are for
those DOTs that responded the survey. For 17% of the DOTs responding to the
survey (shown as other in the table) all of the truck data and in one-half (50%)
of the DOTs almost al! of the truck data is collected by their staff. In 16% of the
DOTs that responded, most of the data is collected by staff and some by
contractor. However, for 11% of the DOTSs, almost all of the data is collected by
contractors. The remaining 6% did not respond to this question. Thus, 83 % of
state DOTSs collect at least most of the data in house.

Table 3.2 Truck data collection

Truck Data Collection No. of State (%) *
Almost ali of truck classifiaction data is collected by DOT

18 50
staff
Mostly by DOT, but some by contractor staff . 6 16
Almost all of truck classifiaction data is collected by

0 0
contractor staff
Mostly by contractor, but some with DOT staff 4 11
Other 6 17
No Response 2 6

* Based on those responding

State DOTs were also asked whether they have a written procedure to collect
truck classification data. Nine state DOTs have written procedures for the data
collection, while 25 state DOTs do not. Two state DOTs did not respond to this
guestion.

3.1.1.2 Other Truck Data Sources

State DOTs were asked whether they obtain truck classification data to
compute truck VMT, from any other agency within their state. The majority of
the state DOTs (81%) do not obtain data from other agencies. About 11% (four
state DOTs) obtain some truck traffic data from other agencies. Pennsylvania
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DOT obtains the data from PA Turnpike; Idaho DOT from Tax Commission and
OHPI (Office of Highway Policy Information); New Jersey DOT from Delaware
Valley Regional Planning Commission; and Kansas DOT from Kansas Turnpike
Association (KTA). About 8% (three state DOTs) did not respond to this
guestion.

State DOTs were also asked to identify whether they used sources other than
traffic volume count data to calculate truck VMT, About 70% of state DOTs do
not use other sources, see Table 3.3. About 19% of the state DOTs (7 DOTs)
use additional non-traffic data along with truck volume count data. Idaho,
Virginia and Wisconsin use the State Fuel Tax Report. In addition, Idaho also
uses data from the OHPI (Office of Highway Policy Information) on the annual
vehicle distance traveled and other data by highway categories and vehicle
types. Virginia also uses the state fuei consumption data but its use is only for
unofficial truck VMT estimation. Three state DOTs (Kentucky, Nevada and
Washington) use weigh station data and one state DOT (Oregon) uses the
weight-mile tax and flat fee tax data. About 11% of the DOTs did not respond to
this question. _

Table 3.3 Sources of information other than truck data.

No. of State o
Sources DOTs (%)

State Fuel Tax Report 3 8
Truck Inventory and Use Survey (TIUS) 0 0
Nationwide Truck Activity and Commodity Survey (NTACS) 0 0
National Truck Tripc Information Survey (NTTIS) 0 0
International Registration Plan (IRP) 0 0
Weigh station data 3 8
Other 1 3
None 25 70
No response 4 11

3.1.1.3 Short Term (24 Hr Or Less) Classifications

State DOTs were asked the number of locations at which they collected short-
term (24 hours or less) truck classification data. In addition, state DOTs were
asked the number of classification counts they conduct both on HPMS (48-hour
and permanent classifications) and non-HPMS sections. The numbers of short-
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term classification count stations are presented in Table 3.4. These numbers
represent the total number of stations for all roadway sections including the
HPMS sections. Twenty-three state DOTs and Puerto Rico DOT collect
classification data for 24 hours or less, and eight state DOTs (Arkansas,
California, Connecticut, Louisiana, Massachusetts, North Carolina, Nevada, and
Wyoming) do not collect such data. Four state DOTs (Hawaii, Indiana, Michigan,
and West Virginia) did not provide the classification information.

Table 3.4 Numbers of short-term (24-hr or less) classification count stations

No. State Interstate Arterial Collector L.ocal Total
1 AK 25 20 20 - 65
2 AR 0 0 0 0 0
3 AZ 12 25 9 0 48
4 CA 0 0 0 0 0
5 CcO 0 150 75 0 225
B CT 0 0 0 0 0
7 H! - - - - -

8 1A 0 2 250 150 402
9 D 30 95 14 0 139

10 iL 400 2,600 300 0 3,300
11 IN - - - - -
12 KS 21 151 61 31 264 *
13 KY 60 170 70 10 310
14 LA 0 0 0 0 0
15 MA 0 0 0 0 0
16 Ml - - - ~ -
17 MN 15 30 - - 45
18 MT 20 150 30 0 200
19 NC 0 0 0 0 0
20 NE 40 301 153 84 578

21 NH 10 10 10 0 30
22 NJ 40 162 50 82 334

23 NV 0 0 0 0 0
24 CK 40 80 50 0 170
25 OR - 50 50 - 100
26 PA 35 100 100 25 280
27 PR 13 40 24 2 79
28 SC 58 161 63 0 282
29 sD 17 40 12 4 73
30 uT 40 300 150 70 560
31 VA - - - 0 2,100
32 VT 12 600 - - 612
33 WA 9 10 0 Q0 19
34 Wi 5 120 30 5 160
35 WV - - - oo
36 WY 0 0 0 0

- there is no information (ho response)
* Data is collected for both 24 (or less) and 48 hours.
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As shown in Table 3.4, two state DOTs (Illinois and Virginia) have large
numbers of 24-hour or less classification count stations. lilinois DOT collects 24-
hour classification data at 3,300 locations and Virginia DOT collects the data at
2,100 locations. These sites are located on interstate, arterial, and collector
roadways. None are on local roads.

The eight state DOTs that do not have short-term (24-hour or less)
classification count stations (indicated by zero in the last column of Table 3.4),
have extensive 48-hour classification count stations. Arkansas and California
DOTs, for example, have very extensive classification count stations on the HPMS
sections for a longer duration. This will be discussed in the next sections.
Louisiana DOT collects 48-hour data at 25 locations on interstate, 56 on arterial,
and 27 on collector roadways. Louisiana DOT no longer collects 24-hour data
because the scheduling of the work for 24-hour and 48-hour sessions is not
intermixed easily. All short-term classifications at North Carolina DOT are
collected for 48 hours for machine counts, and 16 hours for manual sessions.
North Carolina DOT has 65 classification count stations on interstate, 350 on
arterial, 200 on collector, and 30 on local roads. Wyoming collects classification
data for 48 hours at 20 sites on interstate, 30 on arterial, 15 on collector, and
five on local roads.

Figure 3.1 shows the number of short-term classification count stations per
1,000 miles of total highway systems for different state DOTs. The density of
classification stations ranges from zero to 42 stations per 1,000 miles. Vermont
DOT collects the short classifications at 612 locations with 14,274 miles of all its
highway systems. This makes its density the highest, that is 42 stations per
1,000 miles. Virginia DOT performs 2,100 24-hr classifications on 70,137 miles of
its highway system and that corresponds to 30 stations per 1,000 miles of
highways. Illinois DOT used 3,300 short-term stations in the year 2000 covering
139,159 miles of highways, or about 24 stations per 1,000 miles. For these state
DOTs, the density of short-term classification count stations is greater than 20,
but for the remaining state DOTs it is less than 20 stations per 1,000 miles.

3.1.1.4 Permanent/Continuous Classifications

In terms of the number of permanent classification stations, Oklahoma DOT
has the highest number of permanent stations, that is 290 stations, foliowed by
California DOT with 250 stations and Virginia DOT with 247 stations. Table 3.5
shows the numbers of permanent classification stations maintained by state
DOTs.
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Figure 3.1 Density of short-term (24-hour or less) classification count stations by state
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The number of permanent classification stations should depend on the
highway miles in order to get adequate coverage of the entire highway system.
Figure 3.2 shows the number of permanent classification stations per 1,000 miles
of total highway systems. Idaho DOT has the highest permanent station density
and maintains 3.8 permanent stations per 1,000 miles of highway. Connecticut
DOT has 3.6 permanent station per 1,000 highway miles, which is the second
highest permanent station density. Virginia ranks the third and maintains 3.5
stations per 1,000 highway miles. Eleven state DOTs operate at least one
permanent station for every 1,000 highway miles. These are Idaho, Connecticut,
Virginia, Oklahoma, New Jersey, Utah, Washington, California, West Virginia,
Wyoming, and Montana. The rest of the state DOTs, including Illinois DOT, use
less than one permanent station per 1,000 miles of highway.

Four state DOTs reported not maintaining permanent classification stations.
These are Kansas, Louisiana, Massachusetts, and Oregon. Louisiana DOT has
several permanent vehicle volume monitoring sites where a piezoelectric cable
has been installed in conjunction with inductive loop detectors to give the DOT
the capability of collecting continuous data. Louisiana DOT, however, reported
not collecting classification data due to staffing issues.
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Table 3.5 Numbers of permanent classification count stations

No. State Interstate Arterial Collector Local Total
1 AK - - - - -
2 AR 17 20 4 1 42
3 AZ 9 13 5 0 27
4 CA 250 % - - - 250
5 CO 19 36 18 0 73
B CT 37 38 0 0 75
7 HI - - - - -
8 A 20 51 10 0 81
g D 39 115 15 0 169

10 IL 10 26 1 0 37

11 IN - - - - -

12 KS 0 0 0 0 0

13 KY 10 13 2 25

14 LA 0 0 0 0 0

15 MA 0 0 0 0 0

16 MI 22 24 - 46

17 MN 3 2 - - 5
18 MT 18 40 g 1 68
19 NC 12 17 9 2 40

20 NE 11 19 3 4] 33

21 NH 2 0 0 0 2

22 NJ 20 54 1 G 75

23 NV 6 0] 0] 0 6

24 OK 70 150 70 0 290

25 OR 0 8] 0 0 o

26 PA 6 3 0] 0 9

27 PR 9 2 - - 11

28 SC 11 4 3 - 18

29 sD 14 27 11 1 63

30 uT 40 39 3 0 82

31 VA 87 100 60 0 247

32 VT 4 5 - - 2]

33 WA 150 0 0 )] 150

‘ 34 Wi 16 38 2 - 56

35 wv 15 23 12 0 50

36 WY 11 15 5 1 32

- there is no information (no response)
* including those stations on arterials and collectors
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Figure 3.2 Density of permanent classification count stations by state
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3.1.1.5 Classification on HPMS Sections

State DOTs were asked to provide the number of count stations for
permanent and short-term classifications on HPMS sections. Table 3.6 shows the
number of classification count stations by state DOTs. Figure 3.3 and 3.4 show
the density per 1,000 miles of highway for permanent and 48-hour classification
stations, respectively. California and Oklahoma DOTs each maintain 250
permanent classification stations on their HPMS sections. These two states have
the highest number of permanent classification stations on HPMS sections. The
densities per 1,000 miles of total highway is the highest for Idaho (2.8), followed
by Okiahoma (2.3), Washington (1.9), Connecticut (1.8), California (1.5), and
West Virginia (1.4). The remaining state DOTs maintain less than one station
per 1,000 miles of highway systems. Five state DOTs (Kansas, Louisiana,
Massachusetts, Montana, and Oregon) reported not operating any permanent
station on HPMS sections.

The number of 48-hour classification count stations on HPMS sections also
varies across state DOTs, as shown in Table 3.6 and Figure 3.4. Arkansas DOT
operates 1,240 48-hour classification stations on HPMS sections or about 12
stations per 1,000 miles of highway. Vermont and Washington DQTs each
operate 600 stations. The density for Vermont is about 42 stations per 1,000
miles of highway, which is the highest density for 48-hour classification stations.
Three state DOTs (New Jersey, Utah, and Washington) reported maintaining
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between five to ten stations on every 1,000 miles of highway. The rest of the
responding state DOTs had less then five stations per 1,000 miles of highway.

Table 3.6 Numbers of classification count stations on HPMS sections by state
No. State Permanent 48-hour

1 AK 10 80

2 AR 30 1,240

3 AZ 27 46

4 CA 250 50

5 CO 25 50

6 CT 37 15

7 HI - ©o-

8 1A 57 15

9 D 123 90
10 1L 3 100
11 IN - -

12 KS 0 100
13 KY 46 100
14 LA 0 109
15 MA 0 0

16 MI 8 40
17 MN 0 -

18 MT 60 180
19 NC 20 280
20 NE 35 35
21 NH 2 -

22 NJ 25 331
23 NV 6 63
24 oK 250 150
25 OR 0 250
26 PA 9 0

27 PR 11 35
28 sC 18 300
29 SD 63 -

30 uT 20 300
31 VA - -

32 VT 8 800
33 WA 150 800
34 Wi 54 40

| 35 WV 50 100

36 WY 13 12

! - there is no information (no response)
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Figure 3.3 Density of permanent classification count stations on HPMS sections by state
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Figure 3.4 Density of 48-hour classification count stations on HPMS sections by state
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3.1.1.6 Classification on Non HPMS Sections

The duration of classification counts on non-HPMS sections varies across the
states as shown in Table 3.7.

Table 3.7 Numbers of classification count stations on non-HPMS sections by state

No State 12-hour 24-hour 48-hour other
1 AK - - - 0
2 AR - - 240 -
3 AZ - - 0 0
4 CA - - - 0
5 co - - 175 -
6 CT 0 0 30 -
7 HI - - - -
8 [A 0 10 0 0
9 ID - - 40 28 (4)"
10 IL 100 3,200 - -
11 IN - - - -
12 KS - - 200 -
13 KY - - 100 -
14 LA 0 0 0 -
15 MA - - - -
16 Ml - - 250 -
17 MN - - 150 50 (16)
18 MT - - 20 -
19 NC - - 250 100 (18)
20 NE - - - 115 {32)
21 NH 30 0 0 0
22 NJ - - 94 -
23 NV 0 0 5 5 (7 days)
24 oK - 10 10 -
25 OR - - - -
258 PA 0 o 0 25 (8)
27 PR 20 - 15 -
28 sC - - 10 -
29 sSD - 60 - -
30 uT - - - -
31 VA - - - -
32 VT - - - -
33 WA - - - -
34 Wi 0 0 - 0
35 WV - - - .
36 WY - - - -

- there is no information (no response)
* Numbers in parantheses indicate the duration of classification counts in hours
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The shortest classification count period was 3-4 hours at 28 locations in
Idaho and the longest count period lasted seven days at five locations of
Nevada. Two state DOTs collect classification data for 12 hours. They are Iilinois
with 100 stations and New Hampshire with 30 stations. Puerto Rico collects
classification data for 12 hours at 20 stations. Four state DOTs (Iowa, Illinois,
Oklahoma, and South Dakota) collect data for 24 hours. Illinois DOT operates
3,200 stations for this classification, and it is the only state DOT that has a
considerable coverage of classification count stations on non-HPMS sections.
South Dakota DOT maintains 60 stations, while Iowa and Oklahoma each has
only 10 stations. Fifteen state DOTs collect classification data for 48 hours on
non-HPMS sections. Seven out of 15 state DOTs collect this data at more than
100 locations. Michigan and North Carolina each coltect at 250 locations, Arizona
at 240 locations, Kansas at 200 sites, Colorado at 175 locations, Minnesota at
150 locations and Kentucky at 100 sites.

The classification count cycle for non-HPMS sections varies by state DOT.
Two state DOTs (Arkansas and North Carolina) use a 12-month cycle, two state
DOTs (Nebraska and Oklahoma) use a 24-month cycle, and ten state DOTs apply
a 36-month cycle. The ten DOTs are Arizona, Louisiana, Montana, New Jersey,
Nevada, Pennsylvania, South Dakota, Utah, Washington, and Wisconsin. Illinois
DOT uses a 48-month cycle and Kentucky DOT utilizes a 72-month cycle, The
cycle in Colorado DOT varies between 12 and 36 months, in Connecticut DOT
between three and 36 months, in Kansas DOT between 36 and 72 months, in
Michigan and Virginia DOTs between three to six years. Seven state DOTs did
not specify the cycle as it is generally based on a special request, and seven
state DOTs did not respond.

3.1.1.7 Sample Size and Location

Table 3.8 summarizes the sources used to determine the sample size and
location of classification count stations. To determine the number of stations
(sample size) for truck classification, 27 state DOTs use the FHWA Traffic
Monitoring Guide (TMG). Thirteen out of the 27 DOTs use only TMG. Four of
them (Connecticut, Kansas, West Virginia, and Wyoming) use the TMG in
conjunction with other criteria that depend on the objective of the data
collection, such as pavement management, truck traffic projection, special
projects, etc. Ten state DOTs use AASHTO's Guidelines in addition to the TMG.
Idaho DOT uses the TMG, AASHTO’s Guidelines and the HPMS manual as
sources to determine sample size.

Six state DOTs (Colorado, Michigan, Minnesota, Pennsylvania, Virginia, and
Vermont) reported using sources other than the TMG and the Guidelines.
Colorado DOT determines the sample size such that it is enough to cover its
state highway system. Michigan DOT determines the sample size on “the state
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needs” basis. Minnesota DOTs determines the sample size based on “resources”
available. Pennsylvania DOT determines the sample size according to the HMPS
sample requirement, while Virginia DOT relies on the study of traffic data
conducted by a third party (by contract). Vermont DOT has converted the entire
coverage count program to classification, and the sample size is defined
accordingly.

To determine the locations of truck classification stations, 27 state DOTs use
the FHWA Traffic Monitoring Guide (TMG). Fifteen out of the 27 DOTs use only
TMG. Four of them (Connecticut, Kansas, West Virginia, and Wyoming) use the
TMG together with sources that depend on the objective of the data collection,
such as “the state needs”, specific projects, etc. Eight state DOTs use AASHTO's
Guidelines in addition to the TMG. Idaho and Washington DOTs use the TMG,
AASHTO’s Guidelines and other sources such as “the state needs” (Washington)
and the HPMS manual (Idaho).

Table 3.8 Sources to determine the sample size and location of classification stations

No. of
Sources State State DOTs
DOTs
1) To determine the sample size
TMG * 13 AK CA KY LA MAMTNHNJ NV PR SCSDUT
TMG and Other 4 CTKS WVWY
TMG and AASHTC's Guidelines 8 ARAZ I.. NCNEOKORWAWI

TMG, AASHTO's Guidelines and Other 1 ID

Other 6 COM MN PAVAVT
No Response 3 HI 1A IN

2) To determine the location where truck classifiactions are conducted

TMG 15  AK AR CA KY LA MAMT NHNJ NV PR SC 8D UT Wl

TMG and Other 4  CTKS WVWY

TMG and AASHTO's Guidelines 6 L NC NE OKORVT
TMG, AASHTO's Guidelines and Other 2 WAID

Other 7 AZCO A M MNPAVA
No Response 2 HI IN

* TWMG = Traffic Menitoring Guide published by FHWA

Seven state DOTs reported not using the TMG nor the AASHTO's Guidelines.
Arizona DOT determines the data collection stations at intersecting routes since
the boundary of roadway sections are generally established at intersections. This
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is to minimize the travel of the field crew, and allow more than one station to be
counted concurrently by one field crew. Colorado DOT uses its own judgment to
define the stations. Iowa DOT uses its own TMG. Michigan DOT selects the sites
as needed by the state and the ability to set up counting machines at those sites.
Minnesota DOT determines the sites according to the geographic coverage
focusing on the truck highway system. Pennsylvania DOT decides the sites based
on the HPMS sample distribution. Similar to the way the sample size is
determined, Virginia DOT relies on the study on traffic data performed by the
third party (contracted).

3.1.1.8 Truck Categories for Field Data Coliection

In response to the question regarding how many truck categories are used to
collect classification data, 31 state DOTs use the FHWA scheme F-13, see Table
3.9. Twenty six of the 31 state DOTs use only the FHWA scheme F-13
categories. Five state DOTs (Colorado, Illinois, Montana, North Carolina, and
Oklahoma) also use additional truck categories along with the F-13 scheme.
Colorado DOT regroups the F-13 categories into three categories. Vehicle types
1,2, and 3 of the F-13 categories are grouped as passenger vehicles, 4,5,6, and
7 as single unit trucks, and vehicle types 8 to 13 as combination trucks. Similarly,
Illinois DOT uses three different categories where vehicles are grouped according
to the length of vehicle. Passenger vehicles (PV) are those with 0-21 feet length,
single units (SU) are between 22 and 40 feet, and vehicles longer than 40 feet
are categorized as multi units (MU). Montana DOT groups trucks into small and
large trucks. Oklahoma DOT adds vehicle type 15 for unclassified vehicles along
with the F-13 scheme.

Table 3.9 Truck categories for data collection

No. of
Vehicle Classifications State State DOTs
DOT

AK AR AZ CA CR IA KS KY
FHWA Scheme (F-13 Categories) 26 LA MA Ml MN NE NH NJ PA PR
SC SD UT VA VT WA Wl WV WY

FHWA Scheme (F-13 Categories) and Others § COIL MT NC OK
Others 3 ID NV OR

No Response HI N
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In manual classification, North Carolina DOT uses four different categories.
The first group is passenger vehicles and consists of vehicle types 1,2, and 3 of
the F-13 categories. This is similar to the classification used by Colorado DOT.
The second group is “duals” (vehicle types 4,5,6,7 of the F-13 categories). The
third group is single trailer trucks composed of vehicle types 8,9, and 10, and the
last group is equivalent to vehicle types of 11,12, and 13 of the F-13 scheme
(“twins").

Three state DOTS {Nevada, Idaho, and Oregon) did not use the F-13
categories. Nevada DOT uses four categories: buses (2 and 3 axles), single units
(light 2 axle, 2 axle, 3 axle, 4 axle), single trailers (3 axle, 4 axle, 5 axle, 6 axle
and greater), and multi units (5 axle, 6 axle, 8 axle and greater). Idaho DOT’s
software could collect an “infinite” number of combinations of number of axles
and axle spacings. In general as many as 20 vehicle types are defined according
to the number of axles and axle spacings. Oregon DOT collects 19 vehicle
categories based on the vehicle’s axle configuration.

3.1.1.9 Data Collection On Congested Roadway Sections

In response to whether they used any specific equipment and/or procedures
to collect truck classification data on congested roads, ten state DOTs and Puerto
Rico DOT (see Table 3.10) said that they conduct manual classifications. The
duration of classifications and the procedures to collect truck data on these
sections varied among the DQOTs. Kansas DOT, for example, collects data for 24
hours. Puerto Rico DOT collects truck data for 14 hours. Arizona DOT assigns a
larger number of staff to classify truck traffic by direction. Minnesota DOT
collects truck data manually if automatic classifiers with tubes cannot be installed
on those sections. Idaho DOT conducts manual classification with the help of a
specific procedure developed for a laptop computer and called “Genlog.” This
procedure allows users to log 20 types of vehicles during data collection and
records the time of data collection for an individual vehicle including the color of
the vehicle, North Carolina DOT uses manual classification and puts vehicles in 4
categories (passenger vehicles, “duals”, single trailer trucks, and “twins”). These
manual count categories are then disaggregated into the F-13 scheme using the
ratios generated from automatic classifiers. Pennsylvania DOT uses weigh in
motion procedures to collect data on congested sections along with manual
counts.

Six state DOTs utilize automatic classifiers with more sensitive input sensors
and several different sensor configurations to collect data on congested sections.
California DOT uses piezoelectric sensors, and South Carolina DOT uses them
along with loop detectors. New Jersey DOT collects truck data per lane with two
tubes and loops between the tubes. Nevada DOT also uses an axle sensor — loop
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detector — axle sensor configuration. Oklahoma DOT utilizes electronic switches
in each lane, and Virginia DOT uses a portable system of loops and tubes.

Table 3.10 Specific procedures/equipment to collect truck data on congested roadway

sections
No. of
Procedures State State DOTs
DOT
Manual Classifiactions 11 AZ COID IL KS KY MN NC PA PR WA

Automatic classification with

iy B8 CA NJ NV OK SC VA
additional sensors

Vary by site 1 OR

No data collection 1 WY

No specific procedures 14 AK ARCT IA LA MAMI MT NE NH SD UT WI WV
No response 3 HI IN VT

One state DOT (Oregon) reported implementing specific procedures to collect
truck data on congested sections, which vary depending on the speed of traffic
stream and data collection site. However, the state claimed that they have no
written procedures on how truck data is collected. One state DOT (Wyoming)
reported not collecting truck data on congested sections.

3.1.1.10 Manual Classification Data

The DOTs were asked whether they performed manual truck classification
counts to compute truck VMT. Seventeen state DOTs perform manual
classification counts. The duration of the manual classification counts ranges
from two to 48 hours, see Table 2.11. South Dakota DOT collects manual truck
classification data for two-three hours. West Virginia DOT collects the data in
different duration and times, such as three hours (7 to 10 a.m.), two hours (11
a.m. to 1 p.m.), and four hours (2 to 6 p.m.). Idaho DOT collects the data for
four hours using the “Genlog” procedure. Arizona DOT collects the manual data
for six hours if AADT of roadway sections is less than 6,000. New Jersey DOT
conducts manual classifications for eight hours (10 a.m. to 6 p.m.) on 12 sites.
North Carolina DOT collects the data for 16 hours from 6 a.m. to 2 p.m. (AM
shift with 1/2 hour break), and from 2 p.m. to 10 p.m. (PM shift with 1/2 hour
break). Typically the same field crew collects truck data on two different days.
Four state DOTs collect truck data for 24 hours (Iowa, Kansas, Michigan, and
Wyoming). Michigan DOT collects the- data for 12-16 hours. Wyoming DOT
performs the 24 hour classification counts in three shifts of eight hours. There is
only one state (Nebraska) that collects the data manually for 32 hours, which is
performed in four shifts of eight hours. Two state DOTs (Minnesota and Nevada)
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collect the manual data for 48 hours. Minnesota DOT also conducts 16-hour
classifications along with the 48-hour classifications.

3.1.2 Truck Classification Equipment and Procedures

State DOTs were asked to identify the equipment and sensor technologies
used to collect truck data, and to report their degree of satisfaction with the
equipment. The DOTs were also asked to describe the main problems they have
had with the devices and their solutions. The following sections discuss variables
the DOTs use to classify vehicles followed by the equipment and sensor
technologies used.

Table 3.11 Duration of data collection in manual classifications

Puration of manual

e e No. of DOTs State DOTs
classifiactions
2-3 hours 1 SD
4 hours 2 ID MT
6 hours 1 AZ
8 hours 2 NJ PA
9 hours 1 Wy
12 hours 3 CA iL WA
16 hours 2 KY NC
24 hours 4 1A KS Mi wy
32 hours 1 NE
48 hours 2 MN NV

AK AR CO CT LA MA NH OK
OR PR SC UT VA VT W
HI IN

—_
o

No manuat classifications

\S}

No response

3.1.2.1 Variables Used for Classification

Variables used for automatic truck classification differ among the state DOTSs.
Table 3.12 shows the variables and their utilization by state DOTs responding to
the survey. A great majority of the states DOTSs, 32 out of 36 states, use the
number of axles and axle spacing as the only variables or in conjunction with
other variables. Eight DOTs (Arkansas, Arizona, lowa, Idaho, Iilinois, Utah,
Vermont, and Washington) use the vehicle length along with axie spacing. Five
DOTs (California, Minnesota, New Jersey, West Virginia, and Wyoming) use the
vehicle weight in addition to axle spacing. Four state DOTs (Colorado, Kentucky,
Montana, and Nevada) use all the three variables (axle spacing, vehicle length,
and vehicle weight) in classification. None of the state DOTs use vehicle length
alone as the classifying variable. Similarly, none of them use the combination of
vehicle length and vehicle weight in classification.
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Table 3.12 Classification variables used by state DOTs

No. of State

Variables DOTs State DOTs
- CT KS A MA M NC NE NH
Axle spacing 15 CK OR PA PR SC VA Wi
Axle spacing and total length of vehicles 8 AR AZ 1A ID IL UT VT WA
Axle spacing and weight of vehicles 5 CA MN NJ WV WY
Axle spacing, length and weight of vehicles 4 CO KY MT NV
Total length of vehicles 0
Total length and weight of vehicles 0
No response 4 AK HI IN SD

3.1.2.2 Sensor Technologies

Table 3.13 shows the sensor technologies used by state DOTs in portable and
permanent classification devices. In portable devices, the pneumatic road tubes
are the most popular (32 state DOTs) sensor technology used to collect short-
term truck classification data. Some state DOTs reported using the tubes in
conjunction with other types of sensors. For example, five state DOTs (Indiana,
Minnesota, Nevada, Virginia, and Wisconsin) use both pneumatic road tubes and
loop detectors. Montana DOT uses road tubes and piezoelectric sensors, and
Wyoming DOT uses road tubes and fiber optic sensors. Moreover, four state
DOTs (Colorado, Connecticut, Kentucky, and South Carolina) utilize road tubes,
piezoelectric, and loop based sensors.

In permanent devices, as many as 24 state DOTs use loop detectors and
piezoelectric sensors. Five of these (California, Nevada, Washington, Wisconsin,
and West Virginia) also use bending plate sensors. Washington is the only state
DOT that uses radar along with loops, piezoelecttic, and bending plate sensors.
Three state DOTs (Massachusetts, Montana, and New Jersey) use only
piezoelectric sensors. One state DOTs (New Hampshire) uses this technology
along with load cell sensors,

3.1.2.3 Classification Devices

Table 3.14 lists portable vehicle classification devices used by state DOTs,
The products from two manufacturers, Peek Traffic and Diamond Traffic
Products, dominate the market. The products of Peek Traffic (Peek ADR
1000/2000 and Peek 241) with a variety of sensor technologies are used by 16
state DOTs. Peek 241, for example, is used in Illinois, Massachusetts, Louisiana,
South Carolina, Virginia, and Wisconsin. Peek ADR 1000 is used in Iowa,
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Kentucky, Louisiana, North Carolina, and Oklahoma DOTs. Peek ADR 2000 is
used in Alaska, Kentucky, and Puerto Rico DOTs. Portable devices from Diamond
Traffic Products (Unicorn and Phoenix) are used by 12 state DOTs. Unicorn with
tube sensors, for instance, is used in Kansas and Washington DOTs. Phoenix
with tube sensors is used in Michigan and Wyoming DOTs, and Phoenix with
fiber optic sensors is used by Wyoming DOT.

Table 3.13 Sensor technologies used in portable and permanent classification devices

No of
Sensor Technologies State State DOTs
DOTs
Sensor Types for portable devices

AK AR AZ CA 1A KS MA NC NE
Road Tubes "® | NH NJ OK OR PA SD VT WAWV
Road Tubes and Loops 6 1D MN NV VA Wi UT
Road Tubes, Loops, and Piezoelectric 4 CO CT KY 8C
Road Tube and Fiber Optic 2 Ml WY
Road Tube and Piezoslectric 1 MT
Road Tubke and Magnetic 1 IL
Loops and Piezoelectric 1 PR
No Response 3 HI IN LA

Sensor types for permanent devices
. . AK AR COCT IA ID L KY MI NC

Loops and Piezoelectric 19 NE OK PA PR SC UT VA VT WY
lﬁ?aigs’ Piezoelectric, and Bending 4 CA NV WI WV
Piezoelectric 3 MA MT NJ
Loops and WIM 1 AZ
Loops, Piezoelectric, Bending Plate, 1 WA
and Radar
Piezoelectric and Load Cell 1 NH
Bending Plate 1 SD
WIM Scales 1 MN
No response 5 H IN KS LA OR

Four state DOTs (Arkansas, Colorado, Michigan, and Virginia) use the
products of International Traffic Corporation (ITC). Arkansas and Colorado DOT
use ITC with tube sensors while Michigan DOT uses fiber optic sensors. Illinois
DOT uses Peek 241 and Nu-Metrics Hi-Star NC-97, a magnetic imaging
classification device. New Hampshire DOT uses GK 5000 with tube sensors, and
Washington DOT uses GK 5000 and 6000.
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Table 3.14 Portable classification devices used by state DOTs

No ggﬁ‘; Classifiying Devices
1 AK Pesk ADR 2000 (Tubes}
2 AR ITC Traffic A.C.E (Tubes}, TC Iil {Tubes})
3 AZ - - Golden River Archers {Tubes)
4 CA Pesk (Tubes), Diamond (Tubes)
5 CO ITC (Tubes), Diamond (Tubes}), Diamond (Loops, Piezoelectrics)
6 CT {Loops, Piezoelectric, Tubes) *
7 HI >
8 A Peek ADR 1000 (Tubes), TraffiCam 3 (Tubes)
g ID Diamond {Tubes), Diamond (lL.oops}
10 IL Nu Metric Hi-Star NC-97 (Magnetic Imaging), Peek 241 (Tubes)
11 IN *
12 K8 Diamand Unicorn (Tubes)
13 KY Peek ADR (Tubes), ADR 1000 {Piezoelectrics), ADR 2000 {Loops)
14 LA ADR 1000, Peek 241 *
15 MA Peek 241 (Tubes)
16 MI Paek (Tubes), Diamond/Phoenix (Tubes}); ITC (Fiber Optic)
17 MN TimeovK {Tubas), Timeovk (Loops)
18 MT Diamond (Tubes), ECM {BL Piezoelectrics}
19 NC Peek ADR 1000 (Tubes}
20 NE Diamond {Tubes)
21 NH GK 5000 (Tubes)
22 NJ (Tubes) *
23 NV Diamand (Tubes), PAT Equipment {Capacitance Mat/L.oops)
24 0OK Peek ADR 1000 (Tubes), Mitron (Tubes, PET), Peek-Swiich (PET)
25 OR Peek {Tubes), Diamond (Tubes)
258 PA (Tube)*
27 PR ADR 2000 {Loops), ADR 2000 (Piezoelectrics)
28 8C Peek 241 (Loops, Piezoelectrics), Peek 241 (Tubes)
29 SD Diamond (Tubes)
30 UT ADR (Tubes); ADR (Loops)
31 VA Peek 241 (Tubes), Peek ADR (Loops), ITC”
32 VT Jamar Trax 1l (Tubes)
33 WA GK 5000, 6000 (Tubes), Diamond/Unicorn (Tubes)
34 Wi Peek 241/ADR (Tubes), Peek 241/ADR (Tubes/Loops)
35 Wv (Tubes) *
3B Wy WM (Capacitive mat), Diamond 2001 (Tubes), Diamond Phoneix (Tubes), Diamond 2001/ Phoent

* No Information available on either classification devices or sensor types
** No response

Permanent classification devices manufactured by Peek Traffic and Diamond
Traffic Products are used by a considerable number of state DOTs, see Table
3.15. Fourteen state DOTs use the Peek ADR family, and 9 state DOTs use
Diamond Traffic Products. Peek ADR 1000 with loop detectors is used in
Kentucky. Peek ADR 2000 with a variety of loops and piezoelectric sensors is
used in many states such as Alaska, Iowa, Kentucky, and South Carolina. Peek
ADR 3000 with loops and piezoelectric sensors is used in North Carolina and
Puerto Rico. In addition to using Peek 241 with loop and piezoelectric sensors,
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Wisconsin DOT uses Peek ADR 4000 and this is the only state which reported
using the most advanced device of the Peek ADR family. Other Peek products
are used by state DOTs, such as Peek TC III with loop-piezoelectric-loop
combination (Arkansas), and Peek 241 (Illinois and Oklahoma).

Table 3.15 Permanent classification devices used by state DOTs

Siate e -
No DOTs Classifying Devices

1 AKX Peek ADR 2000 {Loop-Piezoelectric-Loop)}
AR Peek ADR {Piezoelectric-Loop-Riezoelectric), Peek TC 1l (Loop-Piezoelectric-Loop),
ITC RakTel (Piezoelectric-Loop-Piezoelectric)
AZ IRD ICC 530 ({Loops), IRD WIM *
CA Peek (Piezoelectrics-Laops), Diamond (Piezoelectrics-Loops), PAT (Bending Plate-Loops},
IRD (Bending Plate-Loops)
co Diamond (2 Loops), Diamnod (2 Loops and Piezoelectric), ECM WIM (1 Loop and 2 Piezoelectrics),
IRD WIM (1 Loop and 2 Piezoelctrics)
CT Vibracoax Encapsulated Sensors (Piezoelectric), Vibracoax Uneancapsulated Sensors (Piezoelectric)
HI Ak
A Peek ADR 2000 (Loops and/or Piezoelectric), TraffiCam 3 (Loops andfor Piezoelectric)
9 1D Diamond (2 Loops), Hestia WIM (2 Piezoelectric and Loop)
10 IL Peek ADR (Loop-Fiezoelectrics), Peek 241 (Loop-Piezoelectric), RakTel (Loop-Piezoelectric)
1IN
iz K§ *
13 KY Peek ADR 1000 (Loops), Peek ADR 2000 (Piezoelectrics)
14 LA *
15 MA IRD WIM (Piezoelectric), ECM WiM
16 Ml Diamond (Plezoelectrics), PAT (Piezeoelectrics and Bending Plates)
17 MN IRD WIM (Wim Scales)
18 MT Diamond (Piezoelectric), ECM (Fiezoelectric)
19 NC Peek ADR 3000 WIM {Loops and Piezoelectrics)
20 NE Diamond Unicorn (Loops and Piezoelectrics), Diamond Phoenix {Loops and Piezcelectrics}
21 NH WIM (Piezoeledlrics) , WIM {Load Cells) *
22 NJ IRD TCK 540 {Piezoelectric), IRD TCK 500 (Dynox), IRD WIM (Piezoelectric)
23 NV Diamond (Piezoelectrics-Loops), PAT (Bending Pate-Loop-Piezoelectrics),
PAT (Piezcelectrics-Loops), ECM {Piezoelectric-Loops)
54 OK Peek ADR (Piezoelectrics or Laops), Peek 241 (Piezoelectrics or Loops),
IRD 1060 (Piezoelectrics or Loop}
25 OR *
26 PA ({Loop/Piezoelectrics) *
27 PR ADR 3000 (Loops or Piezoelectrics)
28 SC Peek 2000 (Loops and Piezoelectric)
28 SD PAT (Bending Plate)
30 UT Peek ADR (Loops), Peek ADR (Piezoelectrics)
31 VA Peek ADR {Piezoelectrics), IRD WIM (Piezeoelcirics or Loops)
32 VT IRD (Piezoelectrics or Loops)
33 WA IRD WIM (Bending Plates-Piezoelectrics), Diamond Phoenix {Piezoelecirics),
Golden River { Loops), EIS/RTMS (Radar)
Peek ADR/241 (Loop-Piezoelectrics), Peek ADR 4000 (Loop IDRIS),
PAT DAW 200 (Loops-Bending Plate)
PAT WIM (Bending Plate-Loop), PAT (Piezoelectrics-Loops), Peek (Piezoelectrics-Loops),
35 wWv . .
ECM {Piezoelectrics-Loops)
38 WY WIM (Piezo Electric) *, Diamond Phoenix (Loop-Piezoelectric-Loep)
* No information available on either the classifycing devices or the sensor types
** No response
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Diamond Traffic Products are used by state DOTs with a variety of sensors.
Two state DOTs (Colorado and Idaho) use the Diamond with 2-loop sensors.
Three state DOTS (Michigan, Montana, and Washington) use it with piezoelectric
sensors, and four state DOTs (California, Nebraska, Nevada, and Wyoming) use
it with a combination of piezoelectric and loop sensors.

Ten state DOTs use the International Road Dynamic (IRD) products with
various sensor types and configurations. Arizona DOT uses the IRD TCC 530.
New Jersey DOT uses the IRD TCC 540 fitted with piezoelectric sensors and the
IRD TCC 500 fitted with Dynax sensors. Oklahoma DOT uses IRD 1060 fitted
with various configurations of piezoelectric and loop sensors. California DOT uses
the IRD product with bending plates and loop sensors. The IRD product with
Weigh-in-Motion (WIM) classification systems is used in 8 state DOTs (Arizona,
Massachusetts, New Jersey, Minnesota, Washington, Colorado, Virginia, and
Vermont). Massachusetts and New Jersey DOTS use it with piezoelectric sensors.
Washington DOT uses it with bending plates and piezoelectric sensors. Colorado,
Virginia and Vermont DOTs use it with loops and piezoelectric sensors.

Six state DOTs use the PAT systems of the PAT Traffic Control Corporation.
California, Wisconsin and West Virginia DOTs use the systems with bending
plates and loop sensors. Michigan DOT uses the PAT systems with bending
plates and piezoelectric sensors, and Nevada DOT with loops and piezoelectric
sensors and a combination of loop, piezoelectric, and bending plates.

Only two states (Illinois and Arkansas) use the ITC (International Traffic
Corporation) RakTel with piezoelectric and loop sensors. Other products are also
used by state DOTSs, such as Hestia WIM of Electronic Control Measure (Idaho,
Colorado, Massachusetts, Montana, Nevada, and West Virginia) and TraffiCam 3
of Rockwell International (Iowa).

3.1.2.4 Degree of Satisfaction with Sensors

State DOTs were asked to report the degree of satisfaction on several sensor
technologies commonly used in vehicle classification. Table 3.16 shows the
degree of satisfaction reported by state DOTs. The choices for the degree of
satisfaction were “Very Unsatisfied”, “Somewhat Unsatisfied”, “Somewhat
Satisfied”, and “Very Satisfied”, The last column of the table shows the average
score weighted by the number of state DOTs responding to the survey. The
pneumatic road tubes were rated “Somewhat Unsatisfled” by seven DOTSs,
“Somewhat Satisfied” by 14 DOTs, and “Very Satisfied” by 11 DOTSs. As a result,
the average degree of satisfaction of this technology is (7x2+14x3+11x4) /
(6+14+11)=3.13. Similarly, the average degree of satisfaction for each sensor
technology was calculated.
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Table 3.16 Satisfaction level of state DOTs on various input sensors and equipment

technology
. Very Somewhat Somewhat  Very
No SenTs orLic:)Lll;p ment I;%'TOf Unsatisfied Unsatisfied Satisfied Satisfied Average
ec gy s {score=1)  (score=2) (score=3) (score=4} Score
1 Road Tube az - 7 14 11 3.13
2 Magnetic Imaging 1 - - - 1 4.00
3 Electrical Contact Closure 4 - 2 2 3.00
4 Loop Detector Only 11 1 - 7 3 3.08
5  1.oop Detector plus Axle Sensors 22 - 1 11 10 341
6 Video Image 1 - - 1 - 3.00
7  Photoelectric Sensor 0 - - - - -
8  Fiber Optic 2 1 1 - - 1.50
9 Laser/Lider 0 - - - - -
10  Acoustic 1 - - - 1 4.00
11 Microwave 2 - 1 1 - 2.50
12 Infrared 0 - - - - -
13 Ultrasonic 0 - - -
14  Radic Wave 0 - - - - -
15  WIM Device 29 1 3 1 14 3.31

The degree of satisfaction for magnetic imaging and acoustic sensor
technologies is the highest (4.0). But there is only one state using the magnetic
imaging technology and one state using acoustic technology. The degree of
satisfaction for the loop detector plus axle sensors is the second highest (3.41),
folowed by the WIM device (3.31), the pneumatic road tube (3.13), loop
detector only (3.09), video image and electrical contact closure (3.0), microwave
(2.50), and fiber optic (1.50) sensors.

3.1.2.5 Problems with Sensors and Suggested Solutions

The following sections discuss the main problems that state DOTs have had
with the equipment/technology, and solutions they have suggested to overcome
the problems.

Pneumatic tubes

Problems were reported when a portable classification device with pneumatic
tubes was used to collect data under heavy traffic conditions. The problems are
related to installation, level of accuracy, and the durability of the tubes. The tube
system is not reliable on Freeways or Interstates due to the time consuming and
potentially unsafe condition during installation of the system. State DOTs
reported that the tubes are very vulnerable to human errors at the time of
installation. This may cause a high rate of unclassified vehicles. Moreover, the
tubes cannot stay down on the pavement for a long time and they tend to
stretch, thus affecting the accuracy of classification.
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Many state DOTs reported that the pneumatic tube system has a precision
problem, specifically on congested roads. This accuracy problem is due to several
reasons, such as the occasional double counting due to traffic backups, closely
following passenger cars that are misclassified as class 8 (4 or less axle single
trailer) trucks. One state DOTs claims that the tubes are appropriate for counting
trucks but not accurate for classifying them. Two state DOTs reported that the
tubes work satisfactorily on rural two-lane highways with low traffic volume
(Arizona DOT reported for AADT less than 5,000). Similarly, one state DOT
reported that the tubes on two-lane highways with one lane being counted
provide good accuracy. The tubes work well except when they are stretched
across more than one lane with high volume traffic. The tubes cannot work well
at permanent count sites because they cannot stay long enough to derive
meaningful traffic data. To overcome the problems, many states indicated that
they conduct manual classification counts to obtain classification data on
congested highways.

Loop detectors

Using loop detectors alone in congested traffic conditions frequently
overestimates the number of trucks because passenger cars with light trailers are
counted as single unit trucks. They can appropriately classify large truck but
misclassify small trucks. The installation of this sensor is considered to be labor
intensive. One state DOT reported that this technology has a telemetry problem
along with high failure rates for installation. When this sensor was combined with
an axle sensor, one state DOT reported that the combination system had a short
life span and labor intensive installation.

Piezoelectric

This sensor technology is relatively new and requires extensive oversight
during installation since many electrical contractors are still not familiar with
piezoelectric sensor. Moreover it requires extensive maintenance once it is
installed. During operation, it is very sensitive to temperature, so any significant
change in temperature results in calibration changes. Similar to loop detector,
this sensor technology also has telemetry problem along with high failure rates
for installation.

Fiber optic

This sensor technology is also relatively new, and currently its implementation
is in experimental stage and of limited use. Four state DOTs including Oregon,
Michigan, Wisconsin, and Wyoming have implemented fiber optic sensors and
they experienced installation problems. Oregon DOT reported that the sensor




t
\

system came apart after three weeks due to inferior installation. For Wisconsin
DOT, the optic sensor is in a test stage with the first installation location and the
installation method guestionable. At this time, Wisconsin DOT reviews options for
the installation.

WIM classification systems

One state DOT reported that this technology misses a certain vehicle class,
and the algorithm irregularities embedded in the system results in many
unclassified vehicles or auto/motorcycle miss-classification. One state DOT
claimed that sensors to be used with portable WIM systems were expensive and
its installation was labor intensive. Moreover, for the permanent WIM devices
with piezoelectric sensors, high temperature causes serious accuracy problems.

Video image

Video image technology has been used in New Jersey and Nevada DOTs
where it was only capable of classifying vehicles based on their lengths.
Occlusions by intervening vehicles and problems with shadows were reported.

3.1.2.6 Remedies for Sensor Problems

These are some suggested solutions by state DOTs. For a congested section,
use visual based classification at location where conventional sensors, such as
road tubes and loop detectors, are impractical. Alternatively, perform a manual
classification count to provide at least some measure of truck volume on such
sections. One state DOT also suggested that for a heavy traffic condition, where
tubes cannot provide good dlassification, more loops should be installed.

For misclassification using tubes, one should try to change the tube type,
length and spacing for various conditions. Alternatively, one can put additional
counters, block the roads/lanes on which tubes are located, and in some cases,
use portable loops. WIM (portable loops and piezoelectric strips) can also be
used for 24 hours at the location where pneumatic tubes fail to operate (high
unclassified rate).

3.1.3 Adjustment Factors for Traffic Volume

A variety of procedures to adjust truck data collected from short-term
classification counts are reported. Some state DOTs do not collect truck data for
less than 24 hours, so they do not need to expand the data into daily truck data.
Table 3.17 shows the types of traffic volume adjustment factors and their
utilization by state DOTSs.
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Table 3.17 Adjustment factors and their utilization by state DOTSs

Type of Adjustment Cars versus Trucks No. of State DOTs
Factor DOTs

Short Term The same factor for trucks and cars 1 W

Expansion Factors  Different factor for trucks and cars 7 CA JA IL MN NE OR PA

Day-of-week

Adjustment Factors 11 AZ CA MN NE PA PR UT VA VT W/ WY

Seasonal The same factor for trucks and cars 11 AR AZ CA ID MT NJ PR VA VT WA WV
Adjustment Factors  Different factor for trucks and cars 8 1A IL M MN NE PA UT WY

To convert truck data collected from less than 24-hour counts, West Virginia
DOT uses the expansion (time-of-day) factors that are derived from 24-hour
volume counts. In other words, truck data is expanded using factors that are
similar to the factors for expanding total traffic data. To obtain annual average
daily truck traffic (AADTT), roadway sections are first grouped according to their
functional class and area type. Six roadway groups are defined; three groups are
for rural, two groups are for urban roadways, and one group is for recreational
roadway. The three rural roadway groups consist of rural principal arterial and
rural interstate with AADT larger than 20,000, urban principal arterial and rural
interstate with AADT less than 20,000, and other rural roadways. The two urban
roadway groups comprises urban principal arterial and interstate, and other
urban roadways such as urban principal arterial, expressways or freeways, minor
arterial, and collector. The day-of-week and seasonal variation factors are
derived for each group. Thus, there are (6 group x 7 days) = 42 day-of-week
factors and {6 groups x 12 months) = 72 seasonal adjustment factors.

Seven DOTs (excluding West Virginia) use different time-of-day expansion
factors for trucks and cars. These state DOTs are California, Iowa, Illinois,
Minnesota, Nebraska, Oregon, and Pennsylvania. Ten state DOTs and Puerto
Rico DOT use the day-of-week factors to convert daily traffic volumes to monthly
data. These state DOTs are Arizona, California, Minnesota, Nebraska,
Pennsylvania, Utah, Virginia, Vermont, West Virginia, and Wyoming. Seasonal
adjustment factors to adjust the monthly data to yearly data are used by 19
state DOTs. Eleven of these state DOTs apply the same adjustment factor for
cars and trucks, and eight of them implement different seasonal factors for cars
and trucks (Illinois, Towa, Michigan, Minnesota, Nebraska, Pennsylvania, Utah,
and Wyoming). Arkansas DOT uses combined adjustment factors (monthly and
day-of-week) based on total volume.

There are only five of the responding state DOTs that use all three

adjustment factors (expansion, day-of-week, and seasonal factors). These DOTs
are California, Minnesota, Nebraska, Pennsylvania, and West Virginia. Moreover,

40




only three of them (Minnesota, Nebraska and Pennsylvania) have implemented

different adjustment factors for cars and trucks. They developed these

adjustment factors from truck data collected at continuous classification stations.

Some of the state DOTs provided detailed information about their procedures.
These are summarized below. Virginia DOT does not collect less than 24-hour
vehicle classification data. Therefore, the expansion factors are not applied. For
24-hour and 48-hour classification counts, Virginia DOT uses the day-of-week
and seasonal variation factors to obtain AADTT. These factors are road specific
and developed based on continuous classification counts on ali major roads in
the state. A short classification count taken on a specific road is adjusted using
factors taken from the nearest continuous classification counts on that road. A
factor computed for a specific road is not applicable to any other road. On its
national highway system, one continuous classification count is associated with
adjacent short-term counts, while on other systems a group of continuous counts
is used to develop factors. In addition, Virginia DOT uses combined monthly and
weekly factors. In total, this DOT uses a total of 84 factors (12 month x 7 days).
The procedure requires a large number of continuous classification counts but
provides considerable insight into the pattern of truck movement within the
state.

Unlike Virginia DOT that uses specific road factors, Iowa and Pennsylvania
DOTs use group adjustment factors. Iowa DOT uses two types of truck
adjustment factors: the expansion factors (“vehicle Cclassification type
percentage”) and the seasonal variation factors ("monthly truck factor”). These
adjustment factors are developed for different groups of roadway sections that
are clustered according to their functional classification, area type, and other
criteria (park, municipality, etc). Eight groups are defined: rural interstate,
municipal interstate, rural primary, municipal primary, secondary, state parks,
municipal streets, and other routes. In addition, the factors are developed for
two different types of trucks: single-unit and multi-unit trucks. For a specific type
of truck and for a specific month when truck data are collected, there are seven
different truck factors, each for a different day.

Pennsylvania DOT uses a group of continuous classification counts to develop
adjustment factors and clusters its roadway sections into ten different traffic
pattern groups (TPG). Individual classification counts are categorized into one of
ten TPG. This grouping is based on highway functional classification, geographic
area, and urban/rural characteristics. Thus, for example, TPG 1 is urban
interstate, TPG 2 is rural interstate, TPG 3 is urban other principal arterials, etc,
Using the hourly percentage factors (expansion factors) developed for each TPG,
traffic data that are collected for less than 24 hours (automatic or manual) are
first expanded to a 24-hour volume. Different expansion factors are used for
trucks and total vehicles. The 24-hour data is then processed to annual daily
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truck traffic through the application of a “day of week by month” factor,
combining day-of-week and seascnal variation factors. Similar to the expansion
factor, this factor is developed for each TPG and is different for trucks and total
vehicles, The expansion factors are developed using traffic data that are
collected statewide from 1,400 automatic classification counts. The “day of week
by month” factor is developed based on continuous truck data obtained from the
Pennsylvania Turnpike Commission toll collection facilities. Delaware River toll
bridges and SHRP locations that collects continuous classification data are being
evaluated and may be used for developing future truck adjustment factors.

Minnesota DOT converts the counts that are less than 24 hours into daily
volumes using different expansion factors for trucks and cars. The expansion
factors are developed from traffic data that are collected at WIM sites. Day-of-
week and seasonal adjustment factors are then applied to obtain AADTT. Similar
to the expansion factors, the seasonal adjustment factors are also different for
trucks and cars.

All of the adjustment factors (expansion, day-of-week, and seasonal
variation) used by Nebraska DOT are developed from traffic data that are
collected from continuous classification counts. These factors are applied to
convert short-term classification data to AADTT.

Wyoming DOT calculates day-of-week and seasonal variation factors that are
derived from traffic data collected from continuous volume and classification
counts.

California DOT develop truck factors from truck counts that are made
throughout the state on a program of continuous truck count sampling. The
sampling inciudes a partial day, 24-hour, 7-day and continuous classification
counts. The partial day and 24-hour counts are usually made on high volume,
urban highways. The 7-day counts are on low volume, rural highways. The
counts are usually taken only once on the year. About one-sixth of the locations
are counted annually. Fifty locations were monitored continuously using Weigh-
in-Motion equipment. The resulting counts are adjusted to estimate annual
AADTT by compensating for seasonal influence and weekly variation.

3.1.4 Truck VMT Calculation

Two different methods for truck VMT calculation have been used by state
DOTs. The first method calculates truck VMT on a highway segment by
multiplying truck ADT by the length of roadway section. This method requires
truck data on the highway segment. Truck traffic on a roadway segment is
usually represented as a percentage of the total ADT. As shown in Table 3.18, 10
state DOTs (California, Iowa, Kansas, Kentucky, Michigan, Montana, Nebraska,
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Pennsylvania, Virginia, and Wyoming) use this method. California DOT calculates
truck VMT based on 3,800 truck counting locations on its state highway system.
Truck traffic on a highway segment between two consecutive mile post locations
is calculated by averaging the estimated truck traffic at the two mile post
locations, and then multiplying the average by the distance between the two
points. Nebraska DOT calculates truck VMT on a biennial basis, during the years
when ftraffic counts are conducted on its state highway system. Truck VMT on
the highway system is calculated from the state’s “traffic log files”, and truck
VMT off the highway system is estimated from sample manual counting data.

Table 3.18 Truck VMT calculation by states DOTs

Truck VMT Calculation Methods No. of State DOTs
DOTs

Method (1): Truck ADT Times Roadway
Section Length 10 CA A KS KY Ml MT NE PA VA WY
Method (2): Average Truck Percentage
Times Total Vehicle Mite Traveled (HPMS) 9 CTIL MN NI Nv OK SD VT WV
Both Methods (1) and (2) 2 Az CO
Methed (1) and Non-Traffic Data Procedures 1 iD
Method (2) and Non-Traffic Data Procedures 1 Wi
Both Methads (1), {2), and Non-Traffic Data

1 OR
Procedures
Do not Calculate Truck VMT 8 AK LA MA NC NH PR SC WA
No Response 4 AR HI IN UT

The second method calculates truck VMT by multiplying total VMT (by
functional class) by the average truck percentages (by truck types). This is the
HPMS method developed by the FHWA for estimating truck VMT. This method
requires state DOTS to calculate the total VMT and the statewide average truck
percentage for a specific roadway group (by functional class and vehicle types).
The total VMT is obtained from the HPMS database that records AADT for HPMS
highway segments. This HPMS database is updated annually through the state
DOTs' traffic monitoring program. The average truck percentages by roadway
functional class and vehicle types are obtained from truck data collected at
permanent classification sites. Eight state DOTs (Connecticut, Minnesota, New
Jersey, Nevada, Oklahoma, South Dakota, Vermont, and West Virginia) use this
method.




Two state DOTs (Arizona and Colorado) use the two methods simultaneously.
These state DOTs implement the first method (by highway segment) for their
State Highway System. The second method (HPMS) is implemented for all public
roads or areawide HPMS sections, not just the State Highway System. To
calculate truck VMT, Arizona DOT uses two truck types: single and multi-unit
trucks, while Colorado DOT uses single units and combinations.

In addition to using traffic data, other sources are used for calculating truck
VMT. Traffic count based methods are used when there are enough resources to
collect traffic data. For state highway systems, state DOTs generally rely on this
method since the resources are available and the standards for conducting traffic
counts are also available. However, some states are lacking the necessary
resources to adequately sample ADTs on the local road systems.

Idaho DOT calculates a statewide truck VMT based on fuel consumption data
and calculates truck VMT for the State Highway System based on the first
method (truck ADT times roadway section length). Two state DOTs (Oregon and
Wisconsin) estimate the statewide VMT based on the fuel consumption data.
Using the second method (HPMS), these DOTs use the statewide VMT to
calculate truck VMT. Oregon DOT also calculates truck VMT for the state highway
system according to the first method.

Seven state DOTs (Alaska, Louisiana, Massachusetts, North Carolina, New
Hampshire, South Carolina, and Washington) and Puerto Rico DOT reported that
they did not calculate truck VMT.

3.2 Survey Results: MPOs

The results of the survey of MPOs are summarized in Table 3.19. Eleven out
of the 29 MPOs who returned the survey neither collect truck classification data
nor calculate it. Seven MPOs use the truck VMT data computed by other
agencies. Four MPQOs calculate truck VMT although they do not collect the data.
Only seven MPOs collect truck classification data and three of the seven also
calculate truck VMT.

The MPOs that collect truck data use either contractor or MPO staff to do the
data collection. The staff in three MPOs do almost of all of the data collection.
These MPOs are Delaware Valley Regional Planning Commission (Delaware),
SRPEDD (Massachusetts), and Metropolitan Washington Council of Governments
(Washington D.C.). Almost all of the data collection in two MPOs is contracted
out. These MPOs are DRCOG (Denver Regional Council of Governments
(Colorado) and Maricopa Association of Governments (Arizona). One MPO
(Southeast Michigan Council of Governments) uses contractors, consultants, and
staff of local government to collect the truck data. One other MPO (Metroplan of
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Arkansas) uses consultant staff to coliect truck classification data, and this is only
when the MPQO conducts an areawide travel study.

Table 3.19 Truck data collection and used by MPOs

No. of

No. Categories MPOs

Names of MPOs

1)

2)

3

Only use iruck VMT data calculated
by other agencies

Collect truck data but do not
calculate truck VMT

Collect truck data and calculate truck
VMT, but do not use truck VMT dala
from cther agencies

Do not collect truck data but

Assaociation of Ceniral Oklahoma Governments, OK

North Central Texas Council of Governments, TX

Hillsborough County Metropolitan Planning Crganization, FL
South Central Regional Council of Governments, CT
Wilmapco, DE

Regional Transpartation Commission of Southern Nevada, NV
Greenville County Planning Commission, SC

Delaware Valley Regional Planning Commission, PA
Metroptan, AR

Maricopa Association of Governments, AZ
SRPEDD, MA

Southeast Michigan Council of Gevernments, Ml
DRCOG (Denver Regional Council of Governments), CO

Metropolitan Washington Council of Governments, DC

Chicago Area Transportation Siudy, IL

4} calculate truck VMTand use/obtain 2
truck VMT from other agencies Baltimore Metropolitan Council, MD
Do not callect truck data but Metre, Transportation Depariment, OR
5) calculate truck VMT, anddo not use 2

6)

truck VMT from other agencies

Do not collect truck data nor
calculate/use truck ViMT

11

Ohio-Kentucky-Indiana (OK1) Regional Councit of Governments, OH

Berkeley-Charleston-Dorchester Councll of Gevernments, SC
PSRC, WA

Miami - Dade MPO, FL

MAPA, NE

South Jersey Transportation Planning Organization, NJ
KIPDA {Kentuckiana Regional Planning and Development Agency), KY
INCOG, OK

Hampton Road FPlanning District Commission, VA

Oahu Metropalitan Planning Organization, HI

Metropolitan Development Division of Planning, IN

South California Association of Governments, CA

3.2.1 MPOs That Collect Truck Data and Calculate Truck VMT

3.2.1.1 Denver Regional Council of Governments (Colorado)

This MPO collects truck classification data using contractor staff that performs
almost all of the data collection. The 13 FHWA categories are used. The data
collection is performed for 24 hours or less at seven stations on interstate, 38 on
arterial, 12 on collector. Forty-eight of the stations are located in metropolitan
area randomly selected and only nine stations are outside the metropolitan area.
Classification data at five out of nine stations on external sites are manually
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collected. All of the stations are part of the 8-county travel behavior inventory.
No permanent classification stations are maintained. Truck VMT is calculated by
first adjusting the truck data using the truck seasonal factors provided by the
Colorado DOT. These adjustment factors are the same for trucks and passenger
cars.

To calculate truck VMT, this MPO uses two different methods: traffic count
data and the commercial vehicle travel survey data. Using traffic count data,
truck VMT is calculated as the product of the 24-hour traffic volume and the
segment length. The calculations are made separately for each vehicle type and
for the total vehicles at each location of data collections. The results are sample
truck VMT, and are expanded using the ratio of the lane-miles of the roadway
segment universe to the lane-miles of the sample.

3.2.1.2 Metropolitan Washington Council of Governments (D.C.).

This MPO collects truck data not on a regular basis. The data collection is
made when a travel demand study is conducted. During the study, MPO staff
carries out almost all of the data collection. The number of axles is used. for
vehicle classifications. Three truck categories are defined: single unit trucks (2 A
GT, 3 axles, 4-plus axle), tractor with or without trailers (3 axles, 4 axles, 5
axles, and 6-plus axles), and double trailers. Truck VMT is calculated as a part of
the regional 4-step travel demand forecasting procedures.

3.2.1.3 Southeast Michigan Council of Governments (Michigan)

Contractor, consuitant, and local governments collect truck classification data
for this MPO. For classification, this MPO uses the number of axles and axle
spacing. Both the FHWA's TMG and AASHTO's guidelines are used to determine
the sample sizes. To collect truck classification, this MPO uses classifiers with
three different types of sensors: road tubes, loops, and loops-axle sensors. This
MPO calculates truck VMT and does not use truck VMT data from any other
agencies. To calculate truck VMT, this MPO also uses additional sources such as
Truck Inventory and Use Survey (TIUS) and National Truck Activity and
Commodity Survey (NTACS).

3.2.2 MPOs That Collect Truck Data But Do Not Calculate Truck VMT
3.2.2.1 Metroplan (Arkansas)

This MPO collected truck classification data during the Areawide Travel Study
in 1993, A consultant collected the truck data. Four classification stations were

located on interstate and 14 on arterials. These were all short term (24 hour or
less) data collection sessions. All stations were external ones in the travel
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demand model network, Vehicles were classified based on the weight of vehicles
and the number of axles. Vehicles were placed in 10 categories (one for
motorcycles, one for passenger cars, and the rest for trucks). The data collection
was carried out manually on typical weekdays between the hours of 7:00 a.m. to
7:00 p.m. At the same stations, 24-hour automatic classifications were also
conducted. This MPO does not calculate nor use truck VMT,

3.2.2.2 Maricopa Association of Governments (Arizona)

This MPO collects truck classification using contractor staff that performs
almost all of the data collection. This MPO does not calculate nor use truck VMT.

3.2.2.3 SRPEDD (Massachusetts)

MPQ staff collects almost all of the truck classification data for this MPO. For
classification, the number of axles and axle spacing are used. There are 15 short-
term classifications (24-hour or less) using automatic classifiers (JAMAR fitted
with road tube sensors) distributed over arterials (5 stations), collectors (5
stations), and local roads (5 stations). The number and locations of count
stations are determined as needed depending on the specific study undertaken
by the MPO.

3.2.2.4 Delaware Valiey Regional Planning Commission (Pennsylvania)

The MPO staff collects almost all of the truck classification data. All data
collection are conducted for 48 hours at 10 stations (interstate), 15 stations
(arterials), and 5 stations (local roads). In addition, the MPO also collects
classification data for 12 hours at 30 stations. No permanent stations are
maintained. The MPQ uses the number of axles and axle spacing for vehicle
classifications. The MPO uses the F-13 vehicle category of FHWA. For manual
counts, the MPO uses 16 categories (Pennsylvania DOT), and 15 categories (New
Jersey DOT).

3.2.3 MPOs That Do Not Collect Truck Data But Calculate Truck VMT
3.2.3.1 Chicago Area Transportation Study (Illinois)

This MPO obtains truck data from Illinois DOT and vehicle registrafion data
from Secretary of State. In addition, the MPO carries out commercial vehicle

surveys. The MPO calculates truck VMT using a regional travel simulation model,
and also obtains truck VMT data from Illinois DOT.
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3.2.3.2 Baltimore Metropolitan Council (Maryland)

This MPO obtains truck classification data from the State Highway
Administration (SHA). Truck VMT is calculated based on truck count data from
SHA for light and heavy trucks. The truck VMT for each truck type is then broken
down using gas and diesel powered trucks. To calculate truck ADT, expansion
- and seasonal adjustment factors derived from SHA are used. Additional
information used for truck VMT estimates are the state fuel tax report and weigh
station data. In addition, this MPO uses truck VMT data computed by SHA.

3.2.3.3 Ohio-Kentucky-Indiana (OKI) Regional Council of Governments

This MPO obtains truck data from the Ohio DOT and caiculates truck VMT per
highway segment. Truck VMT of each segment is calculated as the product of
ADT, truck percentage, and the length of the segment. Truck count data is the
only source for truck VMT estimation used by this MPO.

3.2.3.4 Metro, Transportation Department (Oregon)

The major source of truck count data is Oregon DOT and the port of
Portland. Truck VMT is calculated using simulation model. An additional source
used for truck VMT estimation is the Truck Inventory and Use Survey (TIUS).

3.2.4 MPOs That Only Use Truck VMT Data From Other Agencies

Seven MPOs do not collect classification data on a regular basis (see Table
3.19). Such data is normally obtained from state DOTs. Greenville County
Planning Commission (South Carclina), for example, reported that Planning
Commission staff normally collects truck data, but only when a study on travel
behavior is conducted. North Central Texas Council of Governments reported
using truck VMT estimate available at the county level from HPMS. The
association of Central Oklahoma Government uses truck VMT data supplied by
Oklahoma DOT. Hillsborough County Metropolitan Planning Organizations uses
truck VMT calculated by Florida DOT. South Central Regional Council of
Governments uses truck VMT data calculated by Connecticut DOT, Wilmapco by
Delaware DOT, Regional Transportation Commission of Southern Nevada by
Nevada DOT, and Greenville County Planning Commission by South Carolina
DOT.

3.2.5 MPOs That Neither Collect Truck Data Nor Calculate/Use Truck VMT
Some MPOs reported that they do not regularly collect nor use truck VMT

data. The Southern California Association of Governments (SCAG), for example,
does not collect truck traffic data, but is planning on collecting truck ADT and
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VMT data in the future. SCAG reported on planning to hire a consultant to work
on the data collection in the future. Miami-Dade MPO (Florida) use truck VMT
data from Florida DOT (District 6, Miami) and from the Central Office
(Tallahassee), but only on a limited ad-hoc basis.

3.3 Survey Results: Classification Equipment Vendors

A survey on classification equipment was sent to 29 eguipment vendors. The
surveys asked what classification equipment they manufactured, the cost of one
unit installed, the number of state DOTs that have used the products, and the
number of units sold in the past 5 years. Six equipment vendors returned the
survey, they are International Road Dynamics, Transport Data Systems, Scientific
Technologies, Inc., Measurement Specialties, Inc.,, Computer Recognition
Systems, and Smartek Systems. The following are detailed responses from the
vendors.

3.3.1 International Road Dynamics

International Road Dynamics (IRD) produces IRD TC/C 540 classifiers. This
classifier can collect classification data for portable (short-term) and permanent
data collection sessions. Six state DOTs (New Jersey, Hawaii, Arizona, Texas,
Indiana, and Michigan) reported using this equipment at permanent classification
sites. The cost of a fully functioning permanent system is $30,000 to $35,000,
and for a portable system is $20,000 to $25,000. Approximately 30 units of this
equipment for permanent operations have been sold in the USA in the past 5
years.

3.3.2 Transport Data Systems

Transport Data Systems manufactures Doppler Radar Based Automatic
Vehicle Classifiers. This equipment is only for permanent data collection, and
costs about $ 20,000 per installed lane. New Jersey Turnpike and Garden State
Parkway uses this equipment. The number of units soled in the past 5 years is
550.

3.3.3 Scientific Technologies, Inc

Scientific Technologies, Inc. does not manufacture vehicle classifiers.
Equipment manufactured by this company, however, is used in several electronic
toll collection systems as part of the vehicle classifiers. This company
manufactures a vehicle scanner that most often is used as a vehicle separator. A
few integrators, however, have used the scanner to provide a profile of the
vehicle, which the classifier interprets to determine ciass,
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3.3.4 Measurement Specialties, Inc

Measurement Specialties, Inc. manufactures MSI BL sensers. This sensor
fitted with the permanent classifiers is claimed to be used by all state DOTs,
Florida and Michigan DOTs use this sensor with portable classifiers. The cost for
one unit equipment is $ 600 and installation cost for a permanent site is $ 2,100,

3.3.5 Computer Recognition Systems

Computer Recognition Systems (CRS) manufactures Traffic Analysis System
(TAS) with magnetometers (permanent system) and magnetometers (portable
systemn). TAS provides real-time vehicle detection and traffic flow monitoring.
This unit uses proprietary algorithms and special image processing modules to
achieve high performance, and robust video image processing. One unit of
installed TAS costs about $ 25,000 for a permanent site, and an installed
magnetometer is $ 3,000 for either a permanent or portable site. The number of
TAS units with magnetometers sold in the past five years is less than 10, and no
portable magnetometers have been sold.

3.3.6 Smartek Systems

Smartek Systems manufactures the SAS-1 Acoustic sensor. This is a roadside
traffic sensor that detects the presence of vehicles and measures associated
traffic-flow parameters on a lane by lane basis. The cost of one unit of installed
SAS-1 is $3,500 for 4 to 5 lanes for either a portable or permanent site. Five
state DOTs have used this equipment (Arizona, Ohio, North Carolina, New York,
and Virginia).

3.4 Interviews of IDOT Employees

Three categories of IDOT employees were interviewed to obtain information
on how truck data is collected, how truck VMT is calculated, and how truck data
is used within IDOT. The interviews were conducted on September 12 and 14,
2000 at the IDOT Central Office. IDOT employees from Districts 6 and 8, and
several units from the Central Office were interviewed. The questions asked of
each group are given in Appendix B.

3.4.1 District 6
3.4.1.1 Data Collection for Truck Classification

District 6 collects truck classification data for 24 hours at 360 sites on marked
routes in two years, 180 sites per year. In the past, the Peek 241 was used to
collect the truck data. Currently, the District uses Hi-Star NC-97 classifiers to
collect traffic data in 3 categories: Passenger Cars, Singte Unit, and Muiti Unit
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trucks. The District also collects traffic volume data for 24 hours at about 1,000
sites with a 2-year cycle.

3.4.1.2 HPMS Data Collection

The District collects truck classification data for 48 hours on HPMS sections at
10-15 locations per year. The FHWA F-13 vehicle categories are used. As a part
of the data validation process, the District recounts roughly 10% of the locations
per year.

3.4.1.3 Classification Equipment

For safety reasons, the District prefers the Hi-Star NC-97 device as opposed
to the Peek 241 for truck classification. This is because the Peek 241 requires
more time to install than the Hi-Star NC-97, which requires only 3 minutes to
install. The District currently operates 200 units of Hi-Stars NC-97. The
manpower and equipment required for data collection is 3.5 person, 2 vans and
the classification devices.

3.4.1.4 Uses of Truck VMT

The District’s Bureaus use truck VMT data for pavement and geometric
design. The Bureau of Operation uses truck VMT for speed studies. The District
obtains truck VMT data from the OPP and does not use other sources. The
District is satisfied with the quality of truck VMT data. The District normally
performs recounting at several locations and checks the result of the recounts
with historical count data.

To update truck VMT, the District uses Access software for new data entry,
and sends the data to the Central Office for further processing no later than
March every year.

3.4.2 District 8
3.4.2.1 Data Collection for Truck Classification

The number of sites for truck data collection in District 8 is 360 sites covering
all marked routes. Truck data are collected over 2 years — 180 sites per year.
The truck classification counts are conducted for 24 hours on almost all sites
(99%), and continuously on the remaining sites. Three vehicle types are used:
Passenger Car, Single Unit and Multi Unit trucks. In addition to truck volume, at
the selected sites the total traffic volume (hr/lane) and speed of vehicles are also
collected.

The sites at which truck classification data is collected were chosen based on
demographic information, experience with the local area, presence of
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manufacturing facilities, truck routes, marked routes, and past history. Generalily,
the sites remain the same for many years unless there is a relocation of a
marked route or new development such as a big new manufacturing facility.

District 8 also collects traffic volume data at 1,042 sites on the marked routes
(Interstate, US marked routes and Iliinois marked routes). These are all 24-hour
counts collected using Hi-Stars NC-97 devices. The cycle of data collection is two
years. The criteria for selecting the sites are similar to those used for selecting
the sites for truck classification counts. Major intersections are normally selected
for traffic volume counts. All selected sites for traffic data collection can be
located using the Geographical Information System (GIS) at the Central Office.
District 8 maintains a map of the coverage for each data collection site.

3.4.2.2 County Coverage

The District also collects traffic volume for 24 hours at 7,379 sites on non-
marked routes. These county coverage counts are distributed throughout the 10
counties within the District and are on a five-year cycle. The number of data
collection sites for each county is shown in Table 3.20. For the county coverage
counts, the District uses Mitron traffic counting devices with a single road tube.
District 8 equips 7 sites with Traffic Logging System (TLS). The TLS uses the
loop detectors at signalized intersections to count vehicles.

Table 3.20 Number of 24-hour county coverage counts for District 8

No. Counties 24-hour Count Sites
1 Bond 857
2  Clinton 839
3  Madison 2,013
4 Calhoun 180
5  Greene 398
6  Jersey 475
7 St. Clair 878
8 Monroe 577
9 Randolph 664
10  Washington 697

Total 7,379

In addition to collecting traffic volume, District 8 also obtains traffic data from
other sources, such as traffic volume data on toll bridges, weigh station data,
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and traffic data on ferries, Local governments (cities and counties) sometimes
assist District 8 in collecting traffic data. District 8 supplies the necessary
equipment for the data collection.

3.4.2.3 HPMS Data Collection

On HPMS sections, District 8 coliects vehicle classification data with F-13
categories for 48 hours at 34 sites on a three-year cycle. The sites are selected
to represent all roadway functional classifications in urban and rural area types.
During the first two years, the District collects truck data at 13 different sites
each year, and at 8 sites on the third year. These truck classifications use the
FHWA F-13 vehicle categories, and cover both the marked and non-marked
routes. In addition, the District collects traffic volume data for 48 hours at 566
sites on a three-year cycle: 188 sites on the first year, 203 on the second year,
and 175 on the third year. These traffic volume counts are conducted on HPMS
sections of non-marked routes. :

3.4.2.4 Classification Equipment

District 8 prefers to collect 3 categories of truck types rather than the F-13
scheme. The District is satisfied with the equipment used for truck classification
(Hi-Stars NC-97) because the device requires only 3 minutes to install and
provides desirable vehicle classification results where only 5% of recorded
vehicles are left unclassified. This device is for a single lane.

To collect the 13 categories of vehicles on HPMS sections District 8 uses the
Peek 241 device with road tubes. The District is somewhat unsatisfied with this
device because 7-10% of the counts are left unclassified. To collect traffic
volume and truck data for District 8, 3.5 full time staff plus 2 Vans are needed.

3.4.2.5 Uses of Truck YMT

The District’s Bureau of Design uses truck VMT information for pavement and
geometric design. The District supplies truck VMT data for MPOs. The District
does not calculate truck VMT but obtains truck YMT data from the Office of
Planning and Programming (OPP) of the Central Office. The District is satisfied
with the quality of the data.

3.4.3 The Office of Planning and Programming (OPP)

3.4.3.1 Uses of Truck VMT
The Office of Planning and Programming (OPP) is required to report travel by

vehicle type for each roadway functional classification in the state to the FHWA's
HPMS. This office also prepares an annual IDOT publication, finois Trave/
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Statistics, which includes a tabular summary of travel by vehicle type on all
Tlinois roadway systems. The current and four previous editions of Ziinois Travef
Statistics are available on the IDOT Internet homepage at www.dot.state.il,us.

The OPP supplies truck VMT to the Illinois Division of Traffic Safety, Bureau of
Safety Data and Data Services for their use in calculating truck-related accident
rates, This information is also provided to the Illinois Environmental Protection
Agency, where it is used in air-guality analysis.

Annual truck VMT is used by the OPP to develop truck travel trends, which
play an important role in determining project priorities in IDOT's highway
improvement program. The OPP provides fruck VMT trend data to the Illinois
Division of Highways, Bureau of Materials and Physical Research for use in
pavement and structure design formulas.

3.4.3.2 Calculation of Truck VMT

Calculation of truck VMT begins with vehicle classification data obtained from
48-hour portable machine counts on a sample set of 300 HPMS sections
throughout the state. As required by the FHWA, field data is collected for 13
vehicle categories. The 300 sample sections are selected from the state’s entire
population of approximately 3,100 HPMS sections, and are representative of all
roadway functional classifications in both area types (rural and urban).
Approximately 100 of the 300 sections are scheduled for counting each year,
according to guidelines found in the FHWA's Traffic Monitoring Guide. The counts
are temporarily spaced throughout the year to account for seasonal variation in
truck volumes.

The IDOT district offices conduct these counts and forward the field data to
OPP, where truck VMT is calculated. The OPP first groups the 100 counts by
roadway functional class/area type, then determines for each group the total
number of vehicles counted in each of the 13 vehicle categories. A percentage
breakdown by vehicle category is then calculated for each roadway functional
class/area type. These percentages are applied to the total VMT on each system
to calculate the VMT by vehicle category (Total VMT on each roadway functional
classification is derived from IDOT's comprehensive volume count program.)

3.4.3.3 The OPP Equipment and Repair Lab
The OPP Equipment and Repair Lab conducts statewide maintenance of traffic
counting and classification equipment for both portable and permanent systems.

The Lab evaluates new devices and develops procedures to install traffic
counting equipment on busy roadway sections. The Lab also provides technical
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support for all IDOT Districts, distributes equipment, and supervises replacement
or reinstallation of equipment.

A current study on the use of Hi-Star NC-97 conducted by the Lab indicates
that the device cannot be installed close to high-tension lines because they tend
to influence the quality of recording. The device’s warm-up time is about 30
minutes before it starts recording. The installation time is about 3 minutes on
low volume highway sections and about 8 minutes on busy roads.

3.4.4 The Division of Traffic Safety

The primary use of truck VMT data in the Division of Traffic Safety is to
estimate crash rates and identify truck-related high accident locations. Several
studies are conducted using truck YMT. The Division uses truck VMT to conduct
studies on high accident locations, speed limits, work zones, and large truck
issues. For corridor studies, however, truck VMT data that is available needs to
be broken down info smaller categories.

The Division obtains truck VMT data from the OPP. In addition, the Division
uses other sources such as vehicle registration information. To examine truck
VMT that is available for possible data error, the Division looks carefully at the
data and contacts the OPP for validation. This request occurs when there is an
unreasonable fluctuation of the data especiaily when the data is stratified
according to functional class. The office also examines the historical trend of
truck VMT data.

The Division of Traffic Safety does not maintain truck VMT data but only
stores crash data. To make the truck VMT data more useful, the Division
expressed a need for a model that describes the relation between ADT and the
truck percentage for different truck types.

3.4.5 The Division of Highways

The Central Bureau of Operations, Division of Highways, collects truck volume
data at 31 weigh stations (20 sites on Interstate Highways and 11 sites on
primary routes). These weigh stations are single platforms with static scales. Of
the 20 sites on Interstate Highways, 3 sites operate in 24 hours, 5 days a week,
14 sites for 16 hours/day, and 3 sites for 8 hours/day. To obtain more coverage,
the office plans to include 4 to 5 weigh stations in the future. In addition, the
Bureau operates a WIM system at 14 sites. The office uses categories 5 to 12 of
the FHWA F-13 scheme for data collection, but reports the data as truck volume
in total. The equipment used includes IRD sorter and Fairbank Static Scales.
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The Bureau only needs one person to coordinate the portable scale operation
with the State Police, and one person to coordinate the operation of the
permanent weigh stations. The District has an operation and maintenance unit to
conduct the data collection. Mostly the data collection is contracted out. Cost for
the data collection is recorded in an annual report titled “Annual Size and Weigh
Certification”

The Bureau uses data collected at weight stations and reports annually to
FHWA on truck weight and weight violations. To enforce the vehicle size more
effectively in accordance with the vehicle size standard, the Bureau uses truck
length data that are obtained from OPP. The Bureau is satisfied with the quality
of the data.

The Bureau of Materials and Physical Research of the Division of Highways
collects number of axles (not the spacing between axles) and vehicle weight data
mostly using portable scales. To select data coilection sites the Bureau
cooperates with the Bureau of Operations and chooses locations using AADT
maps. Data is collected for 4-5 hours per day with a portable scale system and
for 2-3 months with a permanent scale system. The cost of data collection and
analysis is about $ 40,000 per year. One working person for a year period
suffices for the data collection.

In addition using truck VMT for pavement design, the Bureau uses it for cost
allocation studies conducted in every 3 years and for other studies, such as the
economic impacts of increased traffic loads on pavement life. The Bureau obtains
truck VMT data from OPP. To validate the data particularly on higher speed
highway sections, the Bureau normally collects traffic data on those sections.

3,5 Summary of Survey Findings and Interviews

A survey of 50 state DOTSs, Puerto Rico DOT, and the 54 largest MPOs on
equipment and methodologies for determining truck VMT was conducted. In
addition, a survey of 29 vehicle-classification vendors/producers was carried out.
A great majority of DOTs (71%), over half of MPOs (54 %), and about one-fifth
of the vendors returned the survey.

To compute truck VMT, the majority of the DOTs do not obtain truck data
from other agencies but collect most, almost all, or all of truck data by their staff.
Only a few of the DOTs hired contractors to collect truck data. A majority of the
DOTs collect traffic data based on 13 categories suggested by FHWA (F-13
scheme), but a few (three DOTs) used smaller number of categories than the F-
13 scheme. Only nine of the DOTs reported having written procedures for data
collection. To compute truck VMT, twenty-five of the DOTSs use only traffic count
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data, but seven DOTs use traffic count data and sources other than traffic
counts.

Twenty-four of the DOTs (including Puerto Rico) collect classification data for
24 hours or less, but eight DOTs do not. The number of classification stations
ranges from zero to 42 stations per 1,000 miles of total highway systems. The
density for three state DOTs (Illinois, Vermont, and Virginia) is greater than 20
stations per 1,000 miles of highways. The density for Utah DOT is 13.6. For the
remaining state DOTs, the density is less than 10,

In terms of the number of permanent classification stations located on all
highway systems, Oklahoma has the highest number of permanent stations
(290), followed by California (250) and Virginia (247). In terms of the density per
1,000 miles of total highway systems, Idaho maintains 3.8 (the highest)
permanent stations, followed by Connecticut with 3.6, and Virginia DOT with 3.5.
Fleven state DOTs operate at least one permanent station for every 1,000
highway miles. The rest of the state DOTS, including Illinois, use less than one
permanent station per 1,000 miles of highway. On HPMS sections, California and.
Oklahoma DOTs maintain the highest number of permanent classification
stations, each with 250 stations. The densities per 1,000 miles of total highway is
the highest for Idaho (2.8), followed by Oklahoma (2.3), Washington (1.9),
Connecticut (1.8), California {1.5), and West Virginia (1.4). The remaining state
DOTs maintain less than one station per 1,000 miles of highway systems.
Arkansas DOT operates 1,240 48-hour classification stations on HPMS sections
(12 stations per 1,000 miles of highway). Vermont and Washington DOTs each
operate 600 stations. The density for Vermont is about 42 stations per 1,000
miles of highway, which is the highest density for 48-hour classification counts.
Three state DOTs (New Jersey, Utah, and Washington) reported maintaining
between five to ten stations on every 1,000 miles of highway. The rest of the
responding state DOTs had less then five stations per 1,000 miles of highway

The duration of classification counts on non-HPMS sections varies by state
DOTs. The shortest count period was three-four hours in Idaho and the longest
one lasted seven days in Nevada. Illinois DOT operates 24-hour classification
counts on 3,200 stations on non-HPMS sections. The classification count cycle for
non-HPMS sections also varies by state DOTSs, ranging from a 12-month to a six-
year period. '

To compute truck VMT, seventeen of the DOTs perform manual classification
counts lasting between two and 48 hours. For instance, South Dakota DOT
collects manual truck classification data for two-three hours, Idaho DOT for four
hours, Arizona DOT for six hours, and Nebraska DOT for 32 hours.
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To determine the sample size and the locations for truck classification
counts, 27 of the DOTs use the FHWA Traffic Monitoring Guide (TMG). To
determine the sample size, ten of the DOTs use AASHTO's Guidelines in addition
to the TMG. To determine the locations, eight state DOTs use AASHTO's
Guidelines in addition to the TMG. Six DOTs reported using other criteria than
the TMG and the Guidelines, depending on the state’s need for truck data and
the sources available at the DOT.

To collect truck classification data on congested roads, 11 DOTs (including
Puerto Rico) conduct manual classifications, but six DOTs utilize automatic
classifiers with more sensitive input sensors and several different sensor
configurations. The duration of manual classification counts on these sections
varied among the DOTs. Kansas DOT, for example, collects data for 24 hours,
and Puerto Rico DOT collects truck data for 14 hours.

To classify vehicles, a great majority of the DOTs (32) uses the number of
axles and axle spacing as the only variables or in conjunction with other
variables. Eight DOTs use the vehicle length along with axle spacing. Five DOTs
use the vehicle weight in addition to axle spacing. Four state DOTs use three
variables (axle spacing, vehicle length, and vehicle weight). None of the state
DQOTs use vehicle length alone to classify trucks. Similarly, none of them use the
combination of vehicle length and vehicle weight.

In portable classification devices, the pneumatic road tubes are the most
popular (32 state DOTs use them) sensor technology used to collect short-term
truck classification data. The tube-based classifying system worked well for
classifying on rural two-lane highways with low traffic volume. However, it has a
precision problem, specifically when it is used to collect data on congested
roadways. Other sensors are used by state DOTS to collect short-term
classification data. Portable classifiers with inductive loops are labor- intensive
installation, and they reported incorrectly classifying passenger cars with light
trailers as single-unit trucks. Hi-Star NC-97, used by IDOT, is a magnetic-
imaging-based classifier and provides accurate results for classifying vehicles
according to their length. The installation time is relatively short, which makes it
very an attractive option for use to collect classification data on large volume
roadway sections, IDOT currently use this magnetic-imaging system only for
classifying three types. New Jersey and Nevada DOTs use a video image based
classifier. This classifier uses video cameras to scan traffic and uses built-in
software to determine vehicle profile information such as length, width and
height from scanned vehicle images. With this system, however, occlusion by
intervening vehicles and problems with shadows were reported. The products
from two manufactures, Peek Traffic and Diamond Traffic Products, dominate
the market of the portable devices. The products of Peek Traffic (Peek ADR
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1000/2000 series and Peek 241) with a variety of sensor technologies are used
by 16 state DOTs.

In permanent classification devices, as many as 24 state DOTs use loop
detectors and piezoelectric sensors. Of these 24 DOTs, five also use bending
plate sensors. Washington is the only state DOT that uses radar along with
loops, piezoelectrics, and bending plate sensors. One DOT uses only piezoelectric
sensors. Permanent classification devices manufactured by Peek Traffic and
Diamond Traffic Products are used by a considerable number of state DOTs.
Fourteen state DOTs use the peek ADR family, and nine state DOTs use the
devices of Diamond Traffic Products.

A variety of procedures are reported to convert traffic data obtained from
short-term classification counts to annual values. Several states use different
adjustment factors for cars and trucks. Only five state DOTs use all three
adjustment factors (time-of-day expansion, day-of-week, and seasonal factors),
and only three out of five have implemented different adjustment factors for cars
and trucks.

Two different methods for truck VMT calculation have been used by the
DOTs. The first method calculates truck VMT on a highway segment by
multiplying truck ADT by the length of roadway section. Ten DOTs use this
method. The second method (HPMS) calculates truck VMT by multiplying total
VMT (by functional class) by the average truck percentages (by truck types).
Eight state DOTs use the second method. Two DOTs (Arizona and Colorado) use
the first method for State Highway System, and use the second method for all
public roads or areawide HPMS sections. Some state DOTs (Idaho, Oregon, and
Washington) use additional sources, such as the fuel consumption data. Eight
DOTs (including Puerto Rico) reported not calculating truck VMT.

Eleven out of the 29 MPQOs that returned the survey neither collect truck
classification data nor calculate it. Seven MPOs use the truck VMT data computed
by other agencies. Four MPOs calculate truck VMT although they do not collect
the data. Only seven out of 29 MPOs collect truck classification data. Three of
the seven MPOs also calculate truck VMT. MPOs who collect truck data use either
contractor or MPO staff to do the data collection. Three MPQOs collects almost of
all of the data collections by their staff. In two MPOs, almost all of the data
collections are contracted out. One MPO uses contractors, consultants, and staff
of local government to collect the truck data. One other MPO uses consuitant
staff to collect truck classification data, and this is only when the MPO conducts
study of areawide travel study.

A survey on classification equipment was sent to 29 equipment vendors, The

surveys asked what classification equipment manufactured, the cost of one unit
installed, the number of states that have used the products, and the number of
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unit sold in the past five years. Only six equipment vendors returned the survey.
They are International Road Dynamics, Transport Data Systems, Scientific
Technologies, Inc., Measurement Specialties, Inc., Computer Recognition
Systems, and Smartek Systems.

To obtain the information on how truck data is collected and how truck VMT is
calculated and used in IDOT, IDOT employees from District 6, District 8, and
several units at the Central Office were interviewed. These units are the Office of
Planning and Programming (OPP), the Division of Traffic Safety, and the Division
of Highways. For truck VMT purposes, IDOT uses vehicle length and classifies
vehicles into three categories (passenger cars, single-unit, and multi-unit trucks).
These categories are also suggested by TMG 2000 for classification.
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4 PROPOSED METHODOLOGY FOR TRUCK VMT ESTIMATION IN ILLINOIS

The IDOT procedure for truck VMT calculation is based on a limited number of
FHWA's 13-category ciassification counts (approximately 100 locations annually
on HPMS sections) and on a comprehensive set of volume counts. To calculate
truck VMT, the average truck percentages for different truck types and functional
classes are multiplied by the total VMT generated from the volume counts. This
is called the HPMS method. The truck percentages are obtained from
classification counts. The truck percentage of a roadway section is simply the
ratio of truck volume to the total volume carried by that section. The truck VMT
is then grouped into 8 roadway functional classes and 8 vehicle types (see
section 2.5). Recently, IDOT collects 3-category classifications at 10,000
locations biennially. This categorization is based on vehicle length. Any vehicle
less than 21 feet long is categorized as Passenger Vehicle (PV), between 22 and
40 feet as Single Unit (SU), and larger than 40 feet as Multi Unit (MU) vehicles.

This section discusses the methodologies this study developed for truck VMT
calculation that do not require a complete set of data for all roadway sections.
The traffic data used is for all sections on marked routes for the year 1996.
When a complete set of data is available, the true truck VMT is calculated by
multiplying truck volume by the corresponding section length and summing it up
for all sections. Since such a complete data set is not normally available, two
methods to estimate truck VMT are developed. The first method is called the
Average Truck Percentage (ATP) method. Under this method, truck VMT is
calculated by multiplying the average truck percentage for a group of roadway
sections by the total VMT of that group. The grouping of roadway sections Is
based on functional class and traffic volume. The truck percentage for a given
roadway section is the ratio of truck volume to the total traffic volume on that
section. This method requires information on total traffic volume, truck volume,
and total length of the sampled roadway sections. This is basically a method
similar to the current IDOT procedure (the HPMS method), but calculates truck
VMT at volume group level.

The second method is called the Average Section Length (ASL) method. In the
second method for truck VMT calculation, the average roadway section length is
multiplied by the total corresponding truck volume. Unlike the first method, the
ASL method requires information only on truck volume and the average section
length, either at population or sample level. For practical reasons, the average
length should be taken at population level. Therefore, for a given functional class
the average length is fixed regardiess of the sample size. The advantages and
disadvantages of ATP and ASL will be discussed and their outcomes will be
compared. In the next section, the difference between the true truck VMT and
the one estimated by the IDOT HPMS method is examined first.
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4.1 Deviation of IDOT HPMS Method

The truck VMT estimated using the IDOT method for Multi Unit and Single
Unit trucks are shown in Tables 4.1 and 4.2, respectively. Column (1) of the
tables shows the category number., Column (2) shows the functional
classification. Column (3) shows the number of roadway sections in the data set
that belongs to that category. Column (4) shows the total length of all roadway
sections in the data set that belongs to this category. Column (5) shows VMT for
all vehicles on those sections included in the data set. Column (6) is the true
truck VMT calculated by multiplying the length of each individual roadway section
in the data set that belongs to this category by the corresponding truck volume.
Column (7) shows the average truck percentage for all sections included in the
data set for this category. Column (8) shows the estimated truck VMT that is
obtained by multiplying the total VMT (Column 5) by the truck percentage
(Column 7). The last two columns show the deviations between the estimated
and the true truck VMT values. Column (9) shows the absolute difference and
Column (10) shows the ratio of estimated to true truck VMT.

According to Table 4.1, the IDOT method generally overestimates VMT for
Multi Unit trucks. It overestimates Multi Unit truck VMT by 354.52 miliions (23
%) for Interstate Urban and by 102.41 millions for Interstate Rural (about 6 %).
Only on Minor Urban Arterials does the IDOT method underestimates truck VMT
(by 10 percent). Overall deviation is 513 millions (about 11.5 %) higher than the
true value for Multi Unit trucks. For Single Unit trucks, the overall deviation is
negligible because underestimations and overestimations cancelled out each
other, however the deviations for some functional classes are large.

4.2 Sample Stratification

To reduce the deviations and to provide a more accurate truck VMT estimate,
roadway sections should be stratified not only by functional class, but also by
traffic volume. For each functional class, the number of volume groups should
depend on the range of traffic volume. The grouping should be made such that
the total section length for each group is roughly equal. Appendix D shows the
suggested volume groups for each functional class. Area type did not change the
volume group thresholds. Thus, the volume group thresholds for rural and urban
of a similar functional class are the same.

4.3 Sample Size Distribution Among Volume Groups
Once the volume groups are identified, the number of sections to be sampled

from each volume group needs to be determined. For a given functional class,
the number of roadway sections sampled should depend on the desired accuracy
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of truck VMT estimation. The accuracy is defined as the deviation of the
estimated truck VMT from the true truck VMT. The highway sections that made
large contributions to truck VMT should be estimated more accurately than those
with smaller contributions. This is because the error in the first group
significantly affects the accuracy of the overall truck VMT estimation. Therefore,
a larger sample size should be assigned to the volume groups that contribute a
larger portion of the total VMT. This following section discusses how the sample
size is distributed among volume groups.

Table 4.1 Truck VMT Estimated Using the Current IDOT Method: Multi Unit Trucks

\o, Funcional  No.of Length Tofal VMT True Truck VMT Average ﬁflf':’{("\’}fﬁ Trick VMT Truck VMT
' Classification  Seclions  (miles) {millions) {millions) % Truck millions) Difference Ratio
iy (2 (3} S (5) {B) 7 (B)=(B)(7)  (9)=(8)-(B) (10)=({B)(6)

1 Interstate Urban 986  591.00 17,015.19  1,558.36 1124  1,012.88 35452 1.23
2 Interstate Rural 451  1,23870 7,791.20 1,810.86 2456  1.81328 10241 1.06

3 Freeway and
Expressway 78 73.15 847.96 41,12 G.98 59.16 18.04 1.44
Urban
4 Other Principal
P 3462 2,001.57 13,608.91 392.87 2.94 400.24 7.37 1.02
5 Other Principal
i 1435 2.280.32  4,009.81 283.45 7.42 297.48 14.01 1.05
6 }‘R”L”rg{ Arterial 2535 430222 4,502.27 270.51 829  288.75 18.24 1.07
7 ,ﬁ“ﬁiﬁ[ Collector g7 q13s00 933.95 35.19 418 30,06 3.88 1114
8 '\U”;gg;me”al 511 36675  1,964.53 49.49 2.26 44,35 514 0.90
Total 10,130 11,997.80 50,763.81  4,441.85 495516 51332

Table 4.2 Truck VMT Estimated Using the Current IDOT Method: Single Unit Trucks

X Functional ~ No.of  Length Total VMT TrueTruck VMT Average .fowoed Truck VMT Truck VMT
e Classification  Sections  {miles) {millions} {millions) % Truck (millions) Difference Ratio
4} (2} 3 (4) ) (6} @ (8)=(57) _ (9)=(8)-(B) (10)={8B)}/(6)
1 InterstateUrban 986  591.08  17,015.19 480.21 288  490.38 1047 1.02
2 InterstateRural 451  1,238.70  7,791.20 285.00 325 26607  -18.03 0.94
3 Freeway and
Expressway 78 7315  B47.96 23.01 3,08 32.29 8.39 1.35
Urban
4 Other Principal 4459 001,57 13,608.91 426,81 3.00 408.80 -18.02 0.96
Arterial Urban
5 OtherPrincipal 4455 528932  4,009.81 161.53 417 187.35 5.82 1.04
Arterial Rural
& ’[;“L?:[A”er'a' 2535 4,302.22  4,502.27 187.20 427 196,14 B.94 1.05
7 gjlr::" Collector 672 113500  933.96 36.13 425 39.67 3,54 1.10
8 Minor Arierial 511 36675  1,854.53 60.83 3.06 60.06 0.76 0.99
Urban
Total 10130 11,9780 50.763.81  1,661.61 166167  0.05
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Suppose that the sample size is decided to be 30 % of the number of
Interstate Urban sections. The total number of roadway sections for Interstate
Urban is 986 and is divided into 14 volume groups. Thus, the number of sample
sections is 0.3x986 = 296. To determine the number of sample sections for each
volume group one needs to know the total VMT and the contribution of each
volume group to the total. Volume Group 8 of this functional class, for example,
contributes 9.8 % to the total VMT. Therefore, 9.8 % of 296 sections, or 29
sections, should be selected from the roadway sections in this volume group.
This is shown in Column (6) of Table 4.3. These 29 sections should be randomly
selected from the 118 sections in this volume group.

Table 4.3 Sample Sizes by Volume Group for Interstate Urban Highways

Volume Group Range  No.of  Total VMT Share of Sample Size of Sample Size of

Ne. ) . Total VMT 30 % Sampled 51 % Sampled
{AADT) Sections  (millions) %) (section) (section)
M (2 (3 (4) (5) (6) {7)
1 0 - 5,000 6 28 017 0 1
2 5,000 - 10,000 25 78 0.46 1 2
3 10,000 - 15,000 50 215 1.26 4 G
4 15,000 - 20,000 39 276 1.62 5 8
5 20,000 - 25,000 42 450 2.64 8 13
6 25,000 - 30,000 26 289 1.70 5 9
7 30,000 - 35,000 48 783 4.60 14 23
8 35,000 - 40,000 118 1,662 9,77 29 49
9 40,000 - 60,000 53 1,028 6.04 18 30
10 60,000 - 80,000 36 1,225 7.20 21 36
11 80,000 - 100,000 67 2,074 12.19 36 61
12 100,000 - 120,000 124 2,734 16.07 48 81
13 120,000 - 140,000 352 6,172 36.27 107 182
14 140,000 - Larger
Total 17.015 100.00 296 501

The proportion of sections sampled (39 %) from Volume Group 12 is higher
than the proportion (25 %) from Volume Group 8. This is because Volume Group
12 contributes 16.1 % of the total VMT compared to 9.8 % that comes from
Volume Group 8. The largest portion of sample is taken from Volume Group 13
to satisfy the requirement of having more sections from groups that contribute
more to the total VMT. When the sample size is increased to 51 %, note that all
roadway sections in Volume Group 10 (36 sections) are selected. The effect of
this sample saturation will be addressed later.

4.4 Truck Adjustment Factors

To obtain annual average daily truck traffic (AADTT), truck data taken from
short-term counts and collected at sampled sites should be expanded and
adjusted for temporal variation. This section discusses a procedure to determine
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truck adjustment factors. The 2000 TMG strongly recommended that the factors
be computed only for three to four “generalized” vehicle categories. The
categories are passenger cars and light trucks, single-units and conventional
buses, combination vehicles, and multi-trailer trucks. Three categories are
sufficient for states with few multi-trailer trucks. This recommendation is made
because volumes in many of the FHWA 13-categories are generally very low.
When volumes within a vehicle category are low, the adjustment factors
computed for those vehicles become unstable and, thus, inaccurate. A highly
aggregated category provides stability to the factors computed.

The 2000 TMG indicated two different approaches to calculate and apply truck
adjustment factors. The first is similar to what Virginia DOT uses, that is, the
“specific road” approach, and the second approach is “group truck factor”
approach. In the first approach, continuous classification counters should be
available on all major routes and data collected from these continuous counts are
used to develop “road specific” adjustment factors. Thus, any short-term
classification count collected on a specific roadway is adjusted using factors from
the nearest continuous classification counter on that roadway.

The second approach to develop truck adjustment factors reqguires that
roadway sections be grouped according 1o both roadway functional classification
and truck travel patterns. The travel patterns are generally governed by the
amount of long distance “through” truck versus the amount of local trucks, the
existence of large truck generators, and the presence or absence of large
populations that require the delivery of freight and goods. In this approach,
deciding roadway groups is part of the procedure. Initial grouping should be
checked for truck pattern similarity. If a large variation of factors is found for a
given roadway grouping, regrouping is necessary until the variation is
acceptable. Truck adjustment factors are computed using truck data collected
from continuous classification counts located within each roadway group. The
average adjustment factors are used to adjust short-term truck data that are
collected at locations within that group. A number of state DOTs use the
procedure similar to this second approach, such as Iowa and Pennsylvania.

The major advantage of having a specific adjustment factor for a specific
roadway is that it reduces errors associated with applying average factors to
compute AADTT. It also reduces the number of short-term classifications that are
required because the continuous counts also provide classification data.
Furthermore, it simplifies the calculation of the adjustment factors and their
application. However, this approach is costly since the state DOT has to maintain
a large number of continuous counters, When roadways are quite long and their
truck patterns vary over their length, an adjustment factor taken on a section in
western half, for example, may not be applicable to a section on the same road
in the eastern half. This situation is problematic since not only does this require a
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larger number of continuous counters, but also it creates a difficulty in deciding
the location of the short-term classification counts relative to the two continuous
counts. The accuracy of adjustment factors is aiso questionable, as the distance
between the short-term counts and the continuous counts becomes longer.

An investigation on truck travel pattern in Illinois should be conducted to
obtain a better understanding how different truck types travel, which corridors of
roadway systems carry the highest truck volume, what is temporal variation of
truck volumes for the same section of roadways, etc. This information guides
IDOT to define the best grouping for calculating truck adjustment factors. In the
mean time, the roadway grouping based on traffic volume as discussed in
section 4.2 can be used. Thus, group truck factors for single-unit and multi-unit
trucks can be calculated for each volume group. In addition, as also suggested
by TMG, IDOT should consider a procedure that calculates truck factors using
the two approaches simultaneously. For example, specific road truck factors are
developed for the most important roads in the state, and group truck factors are
created for roadway corridors without continuous classification counters.

4.5 Truck VMT Estimation

Depending on the availability of truck traffic data, there are two different
methods to calculate truck VMT: direct and indirect methods. The direct method
(DM) multiplies truck volume by section length to obtain a section truck VMT.
This method can be used when truck volume and roadway section length are
known for individual sections. When all or part of the information is not available,
the indirect method (IM) is used to estimate truck VMT. The IM relies on
variables such as the average truck percentage (either total or by truck class),
total truck VMT, the average section length, efc. The direct method will be
discussed below followed by the indirect method.

4.5.1 Direct Method

The basic concept of the DM is simple. For each volume group 7, truck
VMT is calculated by adding up truck VMT of all sections of that group, as
formulated in the following eguation:

- m
truck VMT = 2.0, truckV ) 0
o !

Where J;is the roadway length for section 7in volume group j, and fruck Vjyis the
corresponding truck volume on that section. Then, Equation (2) is used to
calculate truck VMT when sample size is 7. 17 is the total number of roadway
sections sampled from the volume group J; thus n=g n;, for j=1,..,G, where G'is
the number of volume groups. For a given sample size 7, the true total truck
VMT is calculated as the summation of truck VMTs for volume groups.
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To obtain truck VMT for a functional class, the truck VMT for the sample is
expanded using the expansion factor. The expansion factor is the ratio of total
section length for the functional class (population) to the total section length of
the sample. Thus, the truck VMT for population is computed by Equation (3);
where NVis the number of roadway sections in that functional class.

N

- ____ XL
truck VMT =truck VMT |— 3)

G
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4.5.2 Indirect Method

Two different indirect methods for estimating truck VMT are developed. The
first method is called the Average Truck Percentage (ATP) method and uses the -
average truck volume percentage for each volume group. This average value is
then multiplied by the total VMT (all vehicles) of the group to obtain truck VMT.
The second method is called the Average Section Length (ASL) method. It uses
the average section length. To obtain truck VMT, the truck volume is multiplied
by the average section length for that volume group.

4.5.2.1 Average Truck Percentage (ATP) Method

The basic concept for the ATP method is described in this section. For Volume
Group j, truck VMT is estimated as the product of the average truck percentage
and the total VMT of the group. The equation below is used to calculate truck
VMT, where p;is the average truck percentage for Volume Group J; and Vjis the
AADT of roadway section 7 of Volume Group j. S0, if there are 7; sections In
Volume Group Jj, truck VMT for Volume Group fis calculated as:

truck VMT, =(pj)[ total VMT}] = (pj)[g; (1 VU} )

There are 3 approaches to calculate the average truck percentage. The first
approach finds the arithmetic average of truck percentages for all roadway
sections that belong to a volume group. Equation (5a) is used to calculate the
average truck percentage.
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p=t Vi V, (54)

i 7,

" The numerator of this equation represents summation of truck percentages. The

truck percentage for a roadway section is simply the ratio of truck volume to
total volume of that section. The arithmetic average considers each section
equally important regardless of the length of the section. The second approach is
to find the average truck percentage weighted by section length, as shown in
Equation (5b).

Bk
P (55)
>l

This weighted percentage requires knowing the lengths of roadway sections. The -
second approach considers the section length, but not the traffic volume. The

third approach finds the average truck percentage weighted by traffic volume of

each section. Equation (5¢) expresses this approach. The third approach yields

an average truck percentage that is the raftio of total truck volume to total

volume of all vehicles for a given volume group.

%‘(V)[truck V,)

i=l V.'
p,= Py (3¢)

ZV[

To choose the most appropriate approach to compute the average truck
percentage, a comparison of the estimated truck VMT values from the three
approaches should be made. The approach that provides the smallest deviation
from the true truck VMT should be selected.

For a given sample size, the estimated truck VMT is then calculated using
Equation (6).

G My

truck VMT, =5, (p)total VMT =Y. ) UV, ©
=

=1 =l

This truck VMT is for the sampled sections and needs to be expanded to
obtain the truck VMT at the functional class level. The expansion factor of A/nnis
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used. Where A is the total number of roadway sections in that functional class.
The estimated truck VMT at functional class level is formulated in Equation (7).

truck VMT =[2§(pj) (ZU)V,J.} A (7

J=l i=l n

2n
J=l

i1,
where n= an
o

4.5.2.2 Average Section Length (ASL) Method

Instead of using the method that is based on the average truck percentage,
truck VMT can also be calculated using the average length of roadway sections.
To find the average roadway section length three approaches were examined:
the average section length at functional class, at sample, and at volume group
levels. The average section length at functional class level is easy to compute,
but at sample and volume group levels it is difficult to obtain.

Average Section Length at Roadway Functional Class Level

The average roadway section length for a roadway functional class is simply
the ratio of total roadway length to the total number of roadway sections in that
functional class. The average calculated as:

i Mz

li
1 ®

H

<

Where N is the number of roadway sections in that functional class and / is the
length of an individual roadway section.

When a sample size consisting of n sections is used, truck VMT is calculated as
the product of the average section length and the summation of truck volumes.

If Gis the number of volume groups, and V;is the total truck volume for Volume
Group Jj, truck VMT is calculated using Equation (9).

2

m 9

truck VMT = ((Z truck Vj]
=1

n,o
where truck V. I=Ztruck ij
i=!
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This truck VMT is for n sections and should be expanded to obtain the truck
VMT at the functional class level using Equation (10). Note that A7 is the
expansion factor.

N

o Zl; ]\,r
truck VMT =[Ztmck VJ =4 : (10)

ny
=

Average Section Length at Sample Level

Instead of using the average length of all sections in a functional class, this
method uses the average roadway section length that comes from the sampled
sections. In other words, the average section length may vary by sample size.
Equation (11) gives the average section length for sample size n.

Jj=1_i=i . an

Thus, truck VMT is calculated using Equation (12).

4]

4] i Z Z i
truck VMT"{Ztmck Vj] S (12)
J=l

mn,
=

This truck VMT needs to be expanded to obtain the truck VMT at the
functional class level using the following equation.

[4 i ZI l i N
truck VMT =[Z truck VJ_] == = (13)
- 2n, |\

=1 i=

Average Section Length at Volume Group Level

Under this method, truck VMT is first calculated at volume group level. For
each volume group, an average roadway section length is calculated. Then, this
value is multiplied by the total truck volume to obtain truck VMT for that volume
group. Equation (14) gives truck VMT for Volume Group J.
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"y

n; is the number of sections in the group, and /; is the length of a roadway
section /in volume group J.

The truck VMT at sample level is the summation of the truck VMT of the
volume groups (Equation 15), where G is the number of volume groups.

1,
1,

G 21
truck VMT =2, Zl]rruck v, ’—]'1— (15)

i

Truck VMT at functional class level is calculated by expanding the sample
truck VMT (Equation 16), where A is the number of roadway sections in the
functional class.

n,
G n; ;lv N
truck VMT =2 || 2Ztruck V. || =—i|| = (16
=i =1 n; Z H,

4.5.3 Methodology Adjustment Factor (MAF)

Truck VMT methodology adjustment factor (MAF) is a used to adjust truck
VMT estimated by the indirect method. The MAF is the ratio of the true truck
VMT to the estimated truck VMT. Equation (17) is used to calculate the MAF.

truck VMT

it i an
truck VMT

When it is larger than unity, the indirect method (IM) underestimates, and
when the factor is less than one, it overestimates the truck VMT, The absolute
difference between the estimated truck VMT and the true truck VMT is the error
() and is computed as:

e=truck VMT -truck VMT (18)
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4.6 Development of MAF

The IRIS database contains all the information needed (ADT, truck volumes,
and section length) to calculate truck VMT for all marked routes that are in the
database. The 1996 IRIS database was used to calculate the MAF.

Different sample sizes (number of roadway sections) were used to estimate
truck VMT and to calculate true truck VMT for the sections. Then, for each
sample size, an MAF was computed. The minimum sample size was 5 % of the
number of roadway sections. An increment of one percent was used until an
upper bound was reached. The upper bound was chosen as the sample size at
which all of roadway sections in at least one of the volume groups are selected.
In other words, increasing the sample size beyond the upper bound would not
affect the truck VMT calculation for at least one of the volume groups since all
sections of this group have been selected. For example, the Interstate Urban
Highway has 14 volume groups. When the sample size is 51 %, all of the
roadway sections in Volume Group 10 are selected. Therefore, 51% is the upper
bound used for developing the MAF for Interstate Urban Highways, and this
corresponds to 501 roadway sections. The upper bounds for sample sizes for all
functional classes are shown in Table 4.4.

Table 4.4 Upper bounds for Sample Size

" No Functional Total No. of Sample Upper  Upper Bound

Classification Sections Bound (%)
1 Interstate Urban 986 501 51
2 Interstate Rural 451 202 45
3  Freeway and Expressway 78 23 29
4  Other Principal Arterial Urban 3482 630 20
5  Other Principal Arterial Rural 1435 503 35
& Minor Arterial Rural 2535 1166 48
7  Major Collector Rural 672 456 68
B Minor Arterial Urban 511 113 22

For a given functional class, the total number of highway sections is greater
than the number of sections that can be selected (sample upper bound) for truck
VMT estimation using the indirect method. The selection of the sites to be
included in such computation shouid be random. For a given sample size, there
are many combinations of sites to be selected. Limiting the selection to one set
of these sites may not provide a good representation of truck VMT for that
functional class. To reduce the randomness effects, 100 sets of selections (runs)
were used for each functional class. For each run, truck VMT was estimated
using the average length that is based on the sections in the largest sample size
allowed (upper bound). Note that the average length at the upper bound level is

72




used, not that of the functional class level. The average truck VMT value for each
set was calculated, and was then expanded to the functional class level using the
expansion factor. The true truck VMT was alsc calculated at the functional class
level, and served as a benchmark to develop the truck VMT MAF. Moreover, the
same procedure was carried out using the ATP method. The results are provided
in the following sections.

4.6.1 MAF for Interstate Urban Highways: ASL Method

The MAF is developed for each vehicle type, area type, and functional
classification. Table 4.5 shows the calculation for Multi Unit trucks on Interstate
Urban Highways using the ASL method. Column (1) of the table is the sample
size in terms of percentage of the population of that functional class. Column (2)
is the corresponding number of roadway sections selected. Column (3) shows
the total length of the section selected in Column (2). Column (4) shows the true
truck VMT for sections selected in Column (2). Column (5) shows the total truck
volume on sections selected in Column (2). The average section length for the
largest sample size (51%) is 294.866/501=0.589, Multiplying this factor by the
truck volumes of column (5) provides the estimated truck VMT. The results are
shown in column (6). To obtain the estimated truck VMT at functional class level,
multiply the estimated truck VMT by the expansion factor. The expansion factor
is the ratio of the total number of sections at functional class level to the number
of section of the sample. The results are shown in column (7). The last column is
the MAF and is calculated as the ratio of the true truck VMT at population level to
the estimated truck VMT.

As an illustration, for 25 % sample size the estimated Multi Unit truck VMT is
(2345.14)(365)(0.589)/1,000 = 503.790 millions. The number of sections in the
population is 986 and that in the sample is 246. Multiplied this VMT by expansion
factor (986/246) to obtain the estimated truck VMT which is 2,019.26 millions.
The true Multi Unit truck VMT at population level for Interstate Urban Highways
is 1,558.36 millions. The MAF is then calculated as 1,558.36/2,019.26, which
equals 0.772. A similar procedure is applied to Single Unit trucks.

Figure 4.1 shows the plot of the MAF as a function of sample size for both
Multi and Single Unit trucks on Interstate Urban Highways, and Figure 4.2 shows
that on Interstate Rural Highways. It should be noted that when the sample size
is very small, less than about 15 %, MAF fluctuated, but as the sample size
increased the MAF became more stable. For Interstate Urban Highways, for
example, if sample size is greater than 15 %, the MAF remains almost constant,
that is 0.77 for Multi Unit trucks and 0.71 for Single Unit trucks. The MAF for
Interstate Rural Highways are higher than that for Interstate Urban Highways.
These are 0.94 for Multi Unit trucks and 0.87 for Single Unit trucks. This is shown
in Figure 4.2.
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Table 4.5 MAF for Multi Unit Trucks on Interstate Urban Highways: ASL Method

No. of
Sample Roadway True Truck Estimated Expanded
Size Sections Total Length VMT Truck Vol Truck VMT Truck VMT MAF
Selected
(miles) (Millions) {Thousands) (Millions) (Millions)

0] (2) (3} 4) (5) {6} 0] (8)

5 50 29.59 88.01 473.23 101.66 2004.74 0.777
8 60 3585 103.91 564.98 121.37 1994.53 0.781
7 68 39.57 116.03 647,94 139.19 2018.27 0772

8 80 47.15 139.36 764.73 164.28 2024.76 0.770

9 87 51.40 152.38 833.85 179.13 2030.14 0.768
10 100 59.86 175.96 949.83 204.05 2011.89 0.775
11 108 64.88 191.21 1026.48 220.51 2013.19 0.774
12 118 69.98 206.88 1124.06 241.47 2017.74 0.772
13 129 76.51 226,69 1225.30 263.22 2011.91 0.775
14 137 81.45 242.30 1309.71 281.36 2024.94 0.770
15 149 88.65 262.08 1421.53 305.38 2020.82 0.771
16 187 92,97 27415 1495.61 321.29 2017.79 0.772
17 167 98.23 290.83 1596.08 342.88 2024.41 0.770
18 178 105.01 311.37 1700.91 365.39 2024.03 0.770
19 186 108.48 324,72 17798.28 382.23 2026.20 0.768
20 196 114.66 341.81 1881.45 404 .18 2033.26 0.766
21 207 121.73 360.44 1973.81 424,02 2019.73 0.772
22 218 128.60 379.83 2080.02 446.84 2021.01 0.771
23 225 132.85 39312 2157.09 463.38 2021.70 0.771
24 238 138.32 409.75 2253.16 484.03 2022.28 0.771
25 248 144.81 428.45 234514 503.79 2019.28 0.772
26 254 149.22 441.73 2424 .80 520.90 2022.09 0.771
27 265 155.47 460.13 2530.72 543.66 2022.81 0.770
28 275 161.99 478.89 2621.86 563.23 2019.45 0.772
29 287 168.84 497.72 2730.83 586.60 2015,29 0.773
30 2986 174.04 512.55 2818.09 605.39 2016.60 0.773
31 305 180.02 528.82 2804.19 623.89 2016.89 0.773
32 315 186.32 548.23 2005.24 644.30 2016.77 0.773
33 326 192,72 565.50 3100.61 666.08 2014.59 0.774
34 336 167.95 580.91 3199.43 687.31 2016.93 0.773
35 346 204.39 598.81 3287.63 706.26 2012.63 0.774
36 355 209.14 614.88 3382.95 726,73 2018.48 0.772
37 366 216.31 634.08 3478.75 747.31 2013.25 0.774
38 378 221.78 652.09 3576.92 768.40 2015.02 0.773
39 3886 227.83 668.91 3670.22 788.45 2014.01 0.774
40 394 231.98 682.24 3750.02 805.59 2016.02 0.773
41 405 2358.04 702.24 3852.74 827.65 2014.98 0.773
42 414 244 .43 718.67 3941.35 846.69 2018.52 0.773
43 425 251.34 739.92 4046.75 868.33 2016.85 0.773
44 432 254.41 751.00 4121.76 885.45 2020.95 0.771
45 444 261.93 770.90 4228.01 808.27 2017.02 0.773
46 454 267.73 788.33 4328.04 929.76 2019.26 0.772
47 482 272.01 800.61 4403.73 846.02 2019.00 0.772
48 475 280.56 825.07 4523.65 971.78 2017.22 0.773
49 483 284.76 8398.11 4606.50 989.58 2020.14 0.771
50 492 290.14 854.88 4692.50 1008.06 2020.21 0.771
51 501 284 .87 868.40 4778.68 1026.57 2020.35 0.771
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Figure 4.1 MAF (ASL Method) versus Sample Size: Interstate Urban Highways
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Figure 4.2 MAF (ASL Method) versus Sample Size: Interstate Rural Highways
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4.6.2 MAF for Other Roadway Functional Classes: ASL Method

A similar procedure was used to develop MAF for other functional classes. For
some functional classes, MAF for Multi and Single Unit are different and for some
other classes they are similar, Table 4.6 shows the MAF if the sample size is set
to 15 %. MAF remains at this level, as shown in Appendix E1 and E2, as the
sample size is increased. Appendix E.1 shows the tables for truck VMT and MAF
calculations and Appendix E.2 shows the plots of MAF versus sample size for all
functional classes.

Table 4.6 MAF calculated using the ASL Method

No Roadway Functional Glassification MAF
Multi Unit Single Unit

1 Interstate Urban 0.77 0.71
2 Interstate Rural 0.87 0.84
3 Freeway and Expressway 0.68 0.57
4 Other Principal Arterial Urban 0.65 0.65
5 Other Principal Arterial Rural 0.94 0.91
6 Minor Arterial Rural 0.91 _ 0.87
7 Major Collector Rural 0.88 0.87
8 Minor Arterial Urban C.61 0.63

4.6.3 MAF for Interstate Urban Highways: ATP Method

The MAF was also developed using the average truck percentage (ATP)
method. The ATP can be computed as a simple arithmetic average, a weighted
average by section length, or a weighted average by ADT (see Equations (5a),
(5b), and (5c)). For a given functional class, the ATP values for each volume
group are calculated using the three approaches. For instance, for Interstate
Urban Highways that has 14 volume groups, 42 ATP values were calculated (14
for each approach).

For all functional classes, it is found that the MAF calculated using the simple
arithmetic average approach is not very different than the one calculated using
the weighted average by ADT. This is expected because the volume groups have
a narrow range of ADT. Thus, it is sufficient to use the arithmetic average
approach when ADT is divided into volume groups. Figure 4.3 shows the MAF for
Multi Unit trucks on Interstate Urban Highways. Note that for Multi Unit trucks
the three approaches provide fairly similar MAF. For Single Unit trucks as shown
in Figure 4.4, however, the MAF calculated using the weighted average by
section length is much less than those calculated by the other two. In other
words, for Single Unit trucks using the ATP from the weighted average section
length approach vields less accuracy in truck VMT estimation.
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Figure 4.3 Comparison of MAF (ATP Method) for Multi Unit Trucks: Interstate Urban
Highways
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Figure 4.4 Comparison of MAF (ATP Method) for Single Unit Trucks: Interstate Urban
Highways
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Appendix F.1 shows a comparison of MAF using three different truck
percentage calculation approaches for other functional classes. The simple
arithmetic average and the weighted average by ADT approaches, consistently
provide similar results convincing that the simple arithmetic average is sufficient.
In addition, the weighted average by section length approach generally does not
improve the accuracy of truck YMT estimation. Therefore, the simple arithmetic
average approach to find ATP is considered sufficiently accurate in estimating
truck VMT.

Figure 4.5 gives the MAF using a simple arithmetic average approach for the
two truck types on Interstate Urban Highways, and Figure 4.6 shows that for
Interstate Rural Highways. It can be seen that when sample size was small, less
than about 15 %, the MAF fluctuated, but as the sample size increased the MAF
became more stable.

4.6.4 MAF for Other Functional Classes: ATP Method

The MAF were developed using the ATP method for all functional classes. The
results are shown in Appendix F.2 and Appendix F.3. The summary of MAF is
provided in Table 4.7 when the sample size is assumed to be 15 %.

Table 4.7 MAF calculated using the ATP method

Ne Roadway Functional Classification MAF
Multi Unit Single Unit

1 Interstate Urban 0.0 0.83

2 Interstate Rural 0.88 0.94

3 Freeway and Expressway 0.70 0.62

4 Other Principal Arterial Urban 0.58 0.58

5 Other Principal Arterial Rural 1.00 0.99

8 Minor Arterial Rural 1.03 1.01

7 Major Collector Rural 0.98 0.98

8 Minor Arterial Urban 0.55 0.57

4.6.5 The Use of Truck VMT MAF

The MAF provides a quantitative measure of the deviation of the estimated
truck VMT from the true values. To reduce (eliminate) the deviation, the MAF is
used to adjust the estimated truck VMT values. For a given functional class and
truck VMT method (ASL or ATP), when the MAF is larger than one, then the
calculated truck VMT underestimates the true truck VMT value. Similarly, if the
MAF is less than one, the calculated truck VMT overestimates the true value.
The calculated truck VMT needs to be adjusted by multiplying the calculated
truck VMT by the MAF factor.
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Figure 4.5 MAF (ATP Method) versus Sample Size: Interstate Urban Highways
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Figure 4.6 MAF (ATP Method) versus Sample Size: Interstate Rural Highways
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To illustrate, suppose that a 25 % sample is taken from the roadway section
on Interstate Urban Highways. Using the ASL method, the estimated Multi Unit
truck VMT is 2,015 millions. According to Figure 4.1, the corresponding MAF for
Multi Unit truck is 0.77 or 23 % overestimation. The calculated truck VMT is
adjusted by multiplying it with the truck VMT Sample Factor, 0.77. Thus, the
truck VMT becomes (2,015)(0.77)=1,552 millions. If the ATP method is used, the
calculated truck VMT is 1,730 millions, and the MAF is 0.9 (see Figure 4.5). The
adjusted truck VMT is (1,730)(0.9)=1,557 millions.

4.7 Summary of the Proposed Methodology

The current IDOT method for truck VMT calculation, overestimated VMT for
multi-unit trucks on all eight functional classes except on the minor urban
arterials. The overestimation for multi-unit trucks was 11.5 % and the range
was from -10 % to +44 %. For single-unit trucks, the current method
overestimated in five (interstate urban, freeway and expressway, other principal
arterial rural, minor arterial rural, and major collector rural) and underestimated
in three (interstate rural, other principal arterial urban, and minor arterial urban)
functional classes. The range of under/overestimation was from -6 % to +35 %,
but overall it was close to zero because the overestimates cancelled out the
underestimates.

To calculate truck VMT more accurately, this study proposed a new
methodology that stratifies the marked routes in Illinois not only by roadway
functional class but also by traffic volume. For a given roadway functional class,
the stratification by traffic volume is made such that the total section length in
each volume group is approximately the same. The number of sections to be
sampled from each volume group is proportional to the contribution of the
volume group to the total VMT or truck VMT at the functional class level.

To obtain AADTT, the truck data obtained from short-term counts should be
adjusted for temporal variation. Three categories (passenger cars and light
trucks, single-units and conventional buses, combination vehicles) should be
sufficient for Illinois. Developing the adjustment factors was beyond the scope of
this study, so the study suggested how the factors should be computed from
truck data collected at continuous classification count stations. The truck
adjustment factors may be calculated using two different approaches as
suggested in TMG 2000. The first approach, “specific roadway”, requires a short-
term truck data collected on a specific roadway be adjusted using factors from
the nearest continuous classification counter on that roadway. The second
approach requires that roadway sections be grouped according to roadway
functional class and truck travel patterns. Using truck data collected from a set of
continuous classification counters, “group truck factors” are then developed for
that roadway. Since detailed truck travel pattern for Illincis is not available,
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roadway grouping based on the traffic volume is suggested. Thus, the
adjustment factors should be calculated for each volume group, using either the
“specific roadway” or “group truck factor” approaches, or a combination of the
two. Specific road truck factors may be developed for the most important roads
in the state, and group truck factors may be created for roadways without
continuous classification count stations. Further studies are needed to determine
which approach would be more suitable for Ilinois conditions.

To caiculate truck VMT for a roadway section, one can directly multiply the
truck volume by the section length. This direct method can be used only when
both truck volume and roadway section length data are known for an individual
roadway section. When a complete set of information is not avaiiable, indirect
methods are used to estimate truck VMT. This study proposed two different
indirect methods to estimate truck VMT: average truck percentage (ATP) and
average section length (ASL).

In the ATP method, truck VMT is calculated by multiplying the average truck
percentage for a group of roadway sections by the total VMT of that group. The
grouping of roadway sections is based on the functional class and traffic volume.
The truck percentage for a given roadway section is the ratio of truck volume to
the total traffic volume on that section. This method requires information on total
traffic volume, truck volume, and total length of the sampled roadway sections.
The idea for ATP method is similar to the current procedure IDOT uses (the
HPMS method), but calculates truck VMT at volume group levels.

Three approaches to calculate the average truck percentages were examined.
The first approach found the arithmetic average of truck percentages for all
roadway sections that belonged to a volume group. The arithmetic average
approach considered each section equally important regardless of the length of
the section. The second approach found the average truck percentage weighted
by the roadway section length. The second approach considered the section
length, but not specifically the traffic volume on that section. The third approach
found the average truck percentage weighted by traffic volume of each section.
The third approach yields an average truck percentage that is the ratio of total
truck volume to total volume of all vehicles for a given volume group. It is
recommended to use the arithmetic approach because of its simplicity and
sufficient accuracy.

The second method, ASL, uses the average section length. First, the total
truck volume for the sampled sections is calculated. Then, the total truck volume
is multiplied by the average roadway section length. To find the average
roadway section length three approaches were examined: the average section
length at roadway functional class, at sample, and at volume group levels. The
average section length at roadway functional class level is easy to compute and
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it is simply the ratio of total roadway length to the total number of roadway
sections in that functional class. The average section lengths for the sample and
volume levels may not readily be available at the sampling time, so these
approaches were not used in this study.

To obtain accurate truck VMT estimation, highways should be grouped into
roadway functional class by the area type (urban and rural) and traffic volume
level. For the marked routes eight functional classes are suggested: interstate
urban, interstate rural, freeway and expressway, other principal urban arterial,
other principal rural arterial, minor rural arterial, major rural collector, and minor
urban arterial. The traffic volume levels should be selected such that the total
length of roadway sections is approximately equally distributed among the
volume groups. It is suggested that interstate highway systems be grouped into
14 volume groups, freeway and expressway systems into seven volume groups,
other principal arterials into 16 volume groups, minor rural artetials into 20
volume groups, major rura! collectors into 15 volume groups, and minor urban
arterials into 10 volume groups.

Sample size influences the accuracy of truck VMT estimation and the decision
on sample size must consider the error level that is acceptable. The study looked
at the likely error, expressed as MAF, for each possible sample size. It is
recommended to use the minimum sample size that yields more stable MAF. It is
recommended to use the following sample sizes for different classes of
roadways.

. e No. of Sections Total No. of
No Roadway Functional Class Sample Size (%) Sampled Sections
1 Interstate Urban 16 158 986
2 Interstate Rural 16 73 451
3 Freeway and Expressway 12 10 78
4  Other Principal Arterial Urban 8 277 3,462
5 Other Principal Arterial Rural 10 143 1,435
8 Minor Arterial Rural 10 254 2,535
7 Major Collector Rural 1 74 672
8 Minor Arterial Urban 9 46 511
Total 1,035 10,130

These roadway sections should be distributed among the volume groups. This
study proposes two different ways to distribute the sample size. The first
approach allows the sample distribution to be proportional to the total VMT
distribution among volume groups. Thus, a greater number of sampled sections
are taken from volume groups with a larger contribution to the total VMT.
Instead of using the total VMT distribution, the second approach uses the truck
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VMT distribution as the basis for distributing sampled sections. When historical
data on truck VMT are available, the study vetrified that the second approach
would provide better results. Furthermore, within a volume group, the sampled
sections can be randomly selected from the sections that are in that volume
group. The random selection can be replaced with more systematic selection if
desired.

The ATP method should be used when the average truck percentages and the
total VMT by volume groups are available. When the ATP method is used, a
simple arithmetic average of truck percentages should be used. The ASL method
should be used when the information required for ATP is not available or it is
considered not reliable. This method only requires truck volume information by
volume group. It is suggested to use the average section length at functional
class level.

Once the truck VMT for the sampled sections is calculated, it should be
expanded to obtain truck VMT on that highway functional class. The ideal
expansion factor should consider the roadway lengths and volumes in that
functional class and the sampled sections. However, finding this ideal expansion
factor is not practical with less-than-complete-set of data that is available at the
time of sampling. Thus, it is suggested to use the ratio of the number of total
roadway sections in the functional class to the number of sampled sections from
that functional class as the expansion factor.

The estimated truck VMT, using ATP and ASL methods, should further be
adjusted by applying the methodology adjustment factors (MAF). The MAF is
used because the ATP and ASL are indirect methods. A set of MAFs was
developed for different roadway functional classes and truck types (single-unit
and multi-unit trucks).
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5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Truck Data Collection

Over two-thirds of state DOTs, over half of the MPOs, and about one-fifth of
the vendors/producers returned the survey. To compute truck VMT, most state
DOTs responding to the survey collect traffic data by their staff. Several state
DOTs use traffic counts and other sources in computing truck VMT. The majority
of state DOTs collect data for the FHWA's 13 categories (F-13 scheme), but three
state DOTs use fewer categories. Truck data are collected using machine
classifiers unless certain conditions, such as congested highways, would demand
collecting the data manually. The majority of DOTs use the number of axles and
axle spacing to classify vehicles. A few DOTs use other variables such as vehicle
length and weight.

The majority of state DOTs collect short-term vehicle classification data. The
number of 24-hour or less classification stations ranged from 0 to 42 stations per
1,000 miles of total highway system. For short-term classifications, most state.
DOTs use portable devices with pneumatic road tubes, and some use the
combination of the tubes with other sensors, such as loop detectors and
piezoelectric and fiber optic sensors. Peek 1000/2000 and Peek 241 with a
variety of sensor technologies dominate the market of portable classification
devices. lllinois DOT uses Peek 241 and Hi-Star NC-97 devices in its vehicle
classification program and prefers the Hi-Star NC-97 because of ease of
installation and desirable performance. For continuous classifications, the
majority of DOTs use permanent devices with loop detectors and piezoelectric
sensors. The devices manufactured by Peek Traffic and Diamond Traffic Products
are used by a considerable number of state DOTs.

The State DOTs used a variety of procedures to adjust truck data collected
from the short-term classification counts. Most state DOTs develop their
adjustment factors from continuous volume counts and use them for adjusting
total volume and truck volume. Some state DOTs use adjustment factors for cars
that are different than those for trucks.

5.2 Proposed Methodology To Estimate Truck VMT

The current IDOT method for truck VMT calculation overestimated VMT
for multi-unit trucks on all eight functional classes except on the minor urban
arterials. The overestimation for multi-unit trucks was 11.5 % and it ranged
from —10 % to +44 %. For single-unit trucks, the current method overestimated
in five (interstate urban, freeway and expressway, other principal arterial rural,
minor arterial rural, and major collector rural) and underestimated in three
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(interstate rural, other principal arterial urban, and minor arterial urban)
functional classes. The range of under/overestimation was from -6 % to +35 %,
but overall it was close to zero because the overestimates cancelled out the
underestimates.

To obtain AADTT, the truck data obtained from the short-term counts
should be adjusted for temporal variation. Three vehicle categories {passenger
cars and light trucks, single-units and conventional buses, combination vehicles)
should be sufficient for Illinois. Developing the adjustment factors was beyond
the scope of this study. The study suggested that the adjustment factors for
single-unit and multi-unit trucks be calculated for each volume group. For the
most important roads the “specific roadway” truck factors and for the remaining
roads the “group truck factors” should be developed using data collected at
continuous classification count stations. Further studies are needed to determine
which approach would be more suitable for Tlfinois conditions.

To calculate truck VMT more accurately, this study proposed to stratify the
marked routes in Illinois not only by roadway functional class but also by traffic
volume. For a given roadway functional class, the stratification by traffic volume
is made such that the total section length in each volume group is approximately
equal. It is recommended to divide the marked routes in Illinois into eight
functional classes and each class be divided into a number of volume groups.
The functional classes are: interstate urban, interstate rural, freeway and
expressway, other principai urban arterial, other principal rural arterial, minor
rural arterial, major rural collector, and minor urban arterial. The traffic volume
groups should be selected such that the total length of roadway sections is
approximately equally distributed among the volume groups. The number of
volume groups depends on the roadway functional class and the suggested
numbers are: 14 groups for interstate urban, 14 for interstate rural, 7 for
freeway/expressway, 16 for other principal urban arterial, 16 for other principal
rural arterial, 20 for minor rural arterial, 15 for major rural collectors, and 10 for
minor urban arterial.

This study proposed two different ways to distribute the sample size among
the volume groups. The first approach allows the sample distribution to be
proportional to the total YMT distribution among volume groups. Thus, a greater
number of sampled sections are taken from volume groups with a larger
contribution to the total VMT. The second approach uses the truck VMT
distribution as the basis for distributing sampled sections. When historical data
on truck VMT are available, the study verified that the second approach would
provide better results. Furthermore, within a volume group, the sampled
sections can be randomly selected from the sections that are in that volume
group. The random selection can be replaced with more systematic selection if
desired.
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This study proposed two different methods for computing truck VMT: the
Average Truck Percentage (ATP) and the Average Section Length (ASL). In the
ATP method, truck VMT is calculated by multiplying the average truck percentage
for a group of roadways by the total VMT of that group. The grouping of the

roadways is based on the functional classes and traffic volume groups. It is

recommended to use the simple arithmetic average of tuck percentages for each
group. The second method (ASL) requires the information on the total truck
volume for each roadway group and the average section length of the group. It
was recommended to use the average section length at the roadway functional
class level. The ATP method should be used when the average truck percentages
and the total VMT by volume groups are available. The ASL method should be
used when the information required for ATP is not available or it is considered
not reliable.

Once the truck VMT for the sampled sections is calculated, it should be
expanded to obtain the truck VMT on that highway functional class. It is
suggested to use the ratio of the number of total roadway sections in the
functional class to the number of sampled sections from that functional class as
the expansion factor. The estimated truck VMT should be further adjusted by
applying the methodology adjustment factors (MAF). The MAF is used because
the ATP and ASL are indirect methods. A set of MAFs was developed for different
roadway functional classes and truck types (single-unit and multi-unit trucks).

5.3 Recommendations

Truck VMT data are used for various purposes and an accurate estimation of
truck VMT is essential. Recently, IDOT collects vehicle classification data for
three categories (passenger cars, multi-unit, and single-unit trucks) at about-
10,000 sections biennially. Vehicles are classified according to their length. This
data collection program provides IDOT with a very rich database for truck
classification and VMT calculation. This study recommends to:

1. Evaluate the accuracy and efficiency of truck VMT calculation using the recent
data.

2. Investigate the merits of length-based vehicle classifications. The
investigation should cover the quality and quantity of the data collected,
safety issues, and costs,

3. Compare the proposed methodology with the recent data that IDOT has been
collecting using the new traffic counting and classification devices.

4, Verify the results of the proposed methodology, which is based on the 1996
data, using the data for recent years.
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5. Develop a user's manual for the proposed method because this report does
not serve as a manual with step-by-step instruction.

6. Develop adjustment factors for multi-unit and single-unit trucks from the
continuous classification count station. The factor should consider the
functional classes and volume groups. In addition, it is necessary for IDOT to
create database that specifically identify the characteristics of truck travel
patterns on the marked routes, for example to identify major truck routes,
local truck routes, etc.
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Appendix A

Table A.1 shows several types of axle based classification equipment. These
include TC/C 500, TC/C 540 from International Road Dynamics Inc. (IRD), IVS
2000 from International Development Corporation, MSC 3000 and 4000 from
Mitron System Corporation, and Unicorn and Phoenix from Diamond Traffic
Product. Some of these instruments are discussed below.

The TC/C 540 provides time interval classification counts for up to eight lanes
with any type of axle sensors, sixteen lanes with inductive loops, and vehicle
classification for up to eight lanes of traffic. The operation of TC/C 540 supports
four road tube sensors, from two to eight remote inputs, from four to eight
piezoelectric inputs, from four to eight DYNAX ® sensors, and four, eight,
twelve, or sixteen presence inductive loops. Several sensor configurations are
possible including two axle sensors, two presence sensors, two axle sensors and
one presence sensor, and two presence sensors and one axle sensor. This
equipment can be installed as either a portable or permanent unit. The portable
equipment including installation is estimated to cost $20,000 to 25,000, and the
permanent equipment to be $ 30,000 to 35,000.

IVS-2000 model is an intelligent vehicle sensor consisting of an inductive loop
vehicle classifier and speed sensor. It can classify vehicles into 23 categories,
which consist is that 13 FHWA classes and 10 additional classes. The additional
classes include towing trailers, auto carries, tractors, and small buses. It operates
by one or two loops per lane and can automatically switchover from two-loop to
one-loop operation when a failure is detected. '

MSC 3000 is a portable classifier and records traffic volume, speed, and the
number of axles. The classifier consists of a traffic recorder, memory pack,
translator, and programmer. It operates using pneumatic road tubes or
piezoelectric sensors (two-cannel supports). It can record the 13 FHWA scheme
or other optional schemes. The new version of MSC is called MSC 4000 Scout
and provides more input sensors including a 20-channel modular traffic recorder.
Moreover, this version can be used as either a portable or permanent classifier
(rack-mount) and supports all type of sensors including loops, piezoelectric, and
road tubes.

The Diamond Traffic Product manufactures two classifiers, Unicorn and
Phoenix. Unicorn classifies vehicles in one or two lane sections of highways. This
unit supports two or four road-tube air switches (32 counts per seconds), two or
four multiplexing presence-loop detectors, four remote contact closures, and four
piezoelectric sensors, Phoenix, on the other hand, is a multi-lane time interval
classifier. This unit can classify vehicles from one to eight lanes of highways. It
supports four road tube sensors, two to eight remote inputs, four to sixteen
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presence inductive loops, and four to eight piezoelectric sensor inputs. Lane
sensor configurations are loop-loop, loop-axle-loop, axle-axle, and axle-loop-axle.
This unit can classify the 13 FHWA scheme as a default classification, or user
defined vehicle classification up to 30 types. The Phoenix Rax is a 19" rack

mounted unit and is a permanent version of the standard portable unit installed

in a cabinet in a field.

Table A.2 shows sensor based classification equipment. These include the
peek ADR family and NC 97 Hi-Star from Nu-Metrics. The peek ADR family is a
multi-lane classifier that can be operated either remotely via telemetry or directly
in the field via a computer with appropriate software. The peek ADR 2000, a
portable unit, supports up to 24 piezoelectric sensor inputs, 24 loop inputs, or a
combination of the two. The ADR 3000, a rack-based permanent instrument,
supports up to 64 piezoelectric sensor inputs, 64 loop inputs, 64 electrical
contact closures, or a combination of the three. The ADR 4000 instrument uses
an improved algorithm to measure length accurately and consistently at all
speeds even in congestion and regardless of the vehicle’s lateral position in
relation to the sensor site. Moreover, tailgating vehicles can be identified and
discriminated from towing vehicles in all conditions, including congestion. Two
similar vehicles in adjacent lanes can be differentiated from one vehicle
straddling two lanes.

The portable NC-97 Hi-Star classifiers are very popular instruments. The HI-
STAR® features patented Vehicle Magnetic Imaging (VMI) technology that
records the volume, speed, and length classification of vehicles, road surface
temperature, wet/dry surface condition, vehicle presence, and roadway
occupancy. This instrument can classify vehicle length up to 8 Categories.

Table A.2 shows various types of visual based classification equipment. These
include Autoscope 2004 systern, TAS2, and IDET 100. The Autoscope 2004
detection system, available from Econolite Products, Inc., is an image processor -
- a box that contains the microprocessor-based CPU, specialized image
processing boards and software to analyze video images. Using a mouse,
"“wirtual detectors" are placed on the video image displayed on a monitor. Each
detector represents a zone. For most practical applications, there is virtually no
limit to the number of detection zones (100 or more). These detection zones are
distributed among the cameras to meet the needs of traffic applications. Once
the system is set up, a detection signal is generated each time a vehicle crosses
these virtual detectors. The system processor analyzes the incoming video
images to generate traffic data such as volume, speed, occupancy, headways,
gueue lengths, and vehicle classification.

Table A.2 shows classification equipment using various new sensor
technologies. These include the SmarTek System Acoustic Sensor (SAS-1) and
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the Automatic Vehicle Classification System (AVC). The SmarTek System Acoustic
Sensor-version 1 (SAS-1), for example, uses the acoustic signals of vehicles for
classification. This system uses non-contact passive acoustic sensors mounted on
roadside structures and provides traffic volume per lane, occupancy, average
vehicle speed, and 3 classes of vehicles (car/van, light, and semi). The
Automatic Vehicle Classification System (AVC) of Transport Data Systems
classifies vehicles and detects the presence of vehicles using the input sensors of
a multi-beam vertical light curtain and a high frequency CW Doppler radar. This
system provides basic information of vehicles that is fed to a processing
computer system for classification. Various vehicles are then defined according to
the length of vehicles, the number and relative position of axles, maximum and
average height as well as height variations of vehicles, and other distinguishable
patterns in vehicles lateral profiles.
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Appendix B
Copy of the Surveys and Interview Questions







SURVEY OF STATE DOTs ON EQUIPMENT, TECHNOLOGIES
AND METHODOLOGIES FOR DETERMINING TRUCK
VEHICLE MILES TRAVELED (VMT)

The University of lllinois at Urbana-Champaign is conducting this study for the /linois
Department of Transportation (DOT) to gather information on sources of truck VMT data,
equipment and technologies used in truck classification, and methodologies for determining
truck VMT. For any questions or comments, please contact Professor Ray Benekohal (217-244-
6288, rbenekoh@uiuc.edu or Rob Robinson of [linois DOT (217-785-2353, email

robinsonre@nt.dot. state.il. us).

Thank you very much for your cooperation
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1.

Part I: General

Would you like to get a summary of this survey?
a. Yes b. No

2. Please provide the following Information:

Your Name:
Title:
Address:

Phone/ Fax:
E-mail:

Is your truck classification data coliected in-house, by contractors, or both?
a. Almost all of it is collected by DOT staff

b. Mostly by DOT, but some by contractor staff

c. Almost all of it is collected by contractor staff

d. Mostly by contractor, but some with DOT staff

e. Other (specify)

Do you have a written procedure to collect truck classification data?
a. Yes, (please include a copy.)

b. No

To compute truck VMT, do you obtain truck classification data from any other agency within
your state?

a. Yes, (please provide name of the agency )

b. No

To compute truck VMT which sources, other than truck volume, do you use? (Circle all that
apply.}

a. State Fuel Tax Report

b. Truck Inventory and Use Survey (TIUS)

c. Nationwide Truck Activity and Commodity Survey (NTACS)
d. Nationai Truck Trip Information Survey (NTTIS)

e. International Registration Plan (IRP}

f. Weigh station data

g. Other (specify)

h. None

What variables do you use for automatic truck classification? (Circle all that apply.)
Number of axles and axle spacing

Total length of vehicle

Axle spacing and length

Axle spacing and weight

Axle spacing, weight, and length

Other {please specify)

~PooTD
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Part ll: Sample Size and Location for Truck Classification Counts

8. Every year, approximately in how many locations do you collect short-term (24-hours or
less) truck classification data for each of the following road systems?

Road system Number of locations
a. Interstate highways
b. Arterials

c. Collectors

d. Local roads/streets

|

9. What sources do you utilize to determine the number of locations (sample size) for truck
classification? (Circle all that apply.)

a. FHWA Traffic Monitoring Guide (TMG)
b. AASHTO's guidelines

¢. Both FHWA and AASHTO guidelines
d. Other (specify)

10. How do you determine the |ocations where truck classifications are conducted? (Circle all
that apply.)

a. Using FHWA Traffic Monitoring Guide (TMG)
b. Using AASHTO’s guidelines

c. Using Both FHWA and AASHTO guidelines
d. Other (specify)

11. What is the approximate number of permanent classification stations your agency maintains
for each of the following road systems?

Road systems number of stations
Interstates

Arterials

Collectors

Local roads/streets

Other (please specify)

P00 TD

Part llI: Highway Performance Monitoring System (HPMS) data

12. Approximately, how many of the permanent classification stations are on the HPMS sample
sections? stations

13. Annually, on how many HPMS sample sections do you collect short-term (48 hours) fruck
classification data? sections




Part IV: Field Data Collection for truck VMT

14, For how many truck categoties do you collect classification data?

a. FHWA scheme F-13 categories
b. Other, (please list categories and
define)

15. On congested roads, do you use any specific equipment and/or procedures to collect truck
classification data?

a. Yes, (please describe briefly or attach a copy of your procedure.)

b. No

16. Annually, on how many non-HPMS sample sections do you collect short-term truck
classification data?

a. 12hour..........oevee stations
b, 24 hour.....ccoeeeein, stations
c. 48hour................. stations
d. Other (specify) ....... stations
17. What is the classification count cycle for non-HPMS sections? months

18. Do you perform manual truck classification counts to compute truck VMT?
a. Yes b. No

19. If “Yes” to previous question, what is the typical duration of the data collection period?
a. 12 hour
b. 24 hour
c. 48 hour
d. Other (specify)
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Part V: Data Collection Equipment for Truck VMT

20. Do you use the following equipment/technology for truck classification? If yes, how satisfied
are you with it?
0= No opinion,
1= Very unsalisfied,
2= Somewhat unsatisfied,
3= Somewhat satisfied,
4= Very satisfied.

{IF YES): How satisfied?

Useit 7

Equipment or Don't Very Somewhat Somewhat Very No
Technology Yes No know unsatisfied unsatisfied satisfied = satisfied opinion
Road tube o 1 2 3 4 0
Magnetic imaging . 1 2 3 4 0
Electrical contact

closure . 1 2 3 4 0
Loop detector only L 1 2 3 4 0
l.oop detector plus

axle sensors . 1 2 3 4 0
Video image L 1 2 3 4 0
Photoelectric sensor __  _  __ 1 2 3 4 0
Fiber optic o 1 2 3 4 0
Laser/Lider . 1 2 3 4 0
Acoustic o 1 2 3 4 0
Microwave o 1 2 3 4 0
Infrared o 1 2 3 4 0
Ultrasonic o 1 2 3 4 0
Radio Wave o 1 2 3 4 0
WIM device . 1 2 3 4 0
Other (specify) o 1 2 3 4 0

21. Please briefly describe the main problem(s) you have had with the equipment/technology
you specified in the previous question, and describe how do you dealt with them.
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22. Do you use portable vehicle classification devices?
a. Yes (Which device and sensor type is used?)

Devices Sensor Type

b. No

23. Do you use permanent vehicle classification devices?

a. Yes (Which device and sensor type is used?)

Devices Sensor Type

b. No

Part VI: Processing Field Data

24 For classification counts lasting less than 24 hours, do you apply adjustment factors to get
daily volumes?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

25. Do you apply different expansion factors for trucks than cars when the count lasts less than
24 hours?

a. Yes, (please describe or attach a copy of your adjustment factors.)
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26. For 24 hour or 48 hour classification counts, do you apply day-of-week adjustment factors?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

27. Do you apply seasonal adjustment factors for classification data?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

28. Do you use a different seasonal factor for trucks than cars?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

29. If you do not use seasonal adjustment factors, what compensation do you make for
temporal variation of truck volume?

Part VII: Calculating and Reporting Truck VMT

30. Briefly describe or attach a copy of your procedures for computing Truck VMT.
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31. What type of Truck VMT statistics does your agency publish? Please briefly describe the
format or attach a copy.

32 Are the truck VMT statistics available on the Internet?

a. Yes, b. No
(Please give internet address)

33. Do you have any additional comments/suggestions?

THANK YOU FOR YOUR PARTICIPATION IN THIS STUDY

Please return this survey and all attachments to:

Professor Ray Benekohal
1205 Newmark Civil Engineering Lab
University of lllinois
205 N. Mathews Ave
Urbana, IL 61801
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SURVEY OF MPOs ON EQUIPMENT, TECHNOLOGIES AND
METHODOLOGIES FOR DETERMINING TRUCK VEHICLE
MILES TRAVELED (VMT)

The University of lllinois at Urbana-Champaign is conducting this study for the lllinois
Department of Transportation (DOT) to gather information on sources of fruck VMT data,
equipment and technologies used in truck classification, and methodologies for determining
truck VMT. For any questions or comments, please contact Frofessor Ray Benekohal (217-244-
6288, rbenekoh@uiuc.edu or Rob Robinson of Illinois DOT (217-785-2353, email
rohinsonre@nt.dot. state.il. us).

Thank you very much for your cooperation
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Part l: General

1. Would you like to get a summary of this survey?
a. Yes b. No

2. Please provide the following Information:
Your Name:

Title:
Address;

FPhone/ Fax:
E-mail:

3. Does your organization collect truck classification data?
a. Yes b. No (Please go to Question 21)

4. s your truck classification data collected in-house, by contractors, or both?
Aimost all of it is collected by MPO staff

Mostly by MPO, but some by contractor staff

Almost all of it is collected by contractor staff

Mostly by contractor, but some with MPO staff

Other {specify)

PooTw

5. Do you have a written procedure to collect truck classification data?
a. Yes, (please include a copy.)
b. No

6. What variables do you use for automatic truck classification? (Circle all that apply.)
Number of axles and axle spacing

Total iength of vehicle

Axle spacing and length

Axle spacing and weight

Axle spacing, weight, and length

Other (please specify)

~0 00 oD

Part ll: Sample Size and Location for Truck Classification Counts

7. Every year, approximately in how many locations do you collect short-term (24-hours or
less) truck classification data for each of the following road systems?

Road system Number of locations
a. Interstate highways
b. Arterials
c. Collectors
d. Local roads/streefs

|




8. VWhat sources do you utilize to determine the number of locations (sample size) for truck
classification? (Circle all that apply.)
a. FHWA Traffic Monitoring Guide (TMG)
b. AASHTO's guidelines
c. Both FHWA and AASHTO guidelines
d. Other (specify)

9. How do you determine the locations where truck classifications are conducted? (Circle all
that apply.)
a. Using FHWA Traffic Monitoring Guide (TMG)
b. Using AASHTO's guidelines
c. Using Both FHWA and AASHTO guidelines
d. Other (specify)

10. What is the approximate number of permanent classification stations your agency maintains
for each of the following road systems?
Road systems number of stations
Interstates
Arterials
Collectors
Local roads/streets
Other (please specify)

CoooTh

Part lll: Field Data Collection for truck VMT

11. For how many truck categories do you collect classification data?
a. FHWA scheme F-13 categories
b. Other, (please list categories and
define)

12. On congested roads, do you use any specific equipment and/or procedures to collect truck
classification data?
a. Yes, (please describe briefly or attach a copy of your procedure.)

b. No

13. Annually, on how many locations do you collect short-term truck classification data?

a. 12hour.....coen stations
b. 24 hoUl.....o.ccvvvvvens stations
c. 48 hour..........cceevee stations
d. Other (specify) ....... stations




18. Please briefly describe the main problem(s) you have had with the equipment/technology
you specified in the previous question, and describe how do you dealt with them.

19. Do you use portable vehicle classification devices?

a. Yes (Which device and sensor type is used?)

Devices Sensor Type

b. No

20. Do you use permanent vehicle classification devices?
a. Yes (Which device and sensor type is used?)

Devices Sensor Type

b. No

Part V: Calculating Truck VMT

21. Does your organization compute truck VMT?

a. Yes b. No (Please go to Question 31)
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22.

23.

24,

25.

26.

To compute truck VMT, do you obtain truck classification data from any other agency within
your state?

a. Yes, (please provide name of the agency )
b. No

Briefly describe or attach a copy of your procedures for computing Truck VMT.

For classification counts lasting less than 24 hours, do you apply adjustment factors to get
daily volumes?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

Do you apply different expansion factors for trucks than cars when the count lasts less than
24 hours?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

For 24 hour or 48 hour classification counts, do you apply day-of-week adjustment factors?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

B-14




27. Do you apply seasonal adjusth‘tent factors for truck classification data?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

28. Do you use a different seasonal factor for trucks than cars?

a. Yes, (please describe or attach a copy of your adjustment factors.)

b. No

29. If you do not use seasonal adjustment factors, what compensation do you make for
temporal variation of truck volume?

30. To compute truck VMT which sources, other than truck volume, do you use? (Circle all that
apply.)

a. State Fuel Tax Report

b. Truck inventory and Use Survey (TIUS)

c. Nationwide Truck Activity and Commodity Survey (NTACS)
d. National Truck Trip Information Survey (NTTIS)

e. International Registration Plan (IRP}

f. Weigh station data

g. Other (specify)

h. None

Part VI; Utilizing Truck VMT

31. Do you use truck VMT statistics computed by another agency?

a. Yes, (please provide name of the agency )

b. No
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32. What type of Truck VMT statistics does your agency publish? Please briefly describe the
format or attach a copy.

33. Are the truck VMT statistics available on the Internet?

a. Yes, b. No
(Please give internet address)

34. Do you have any additional comments/suggestions?

THANK YOU FOR YOUR PARTICIPATION IN THIS STUDY

Please return this survey and all attachments to:

Professor Ray Benekohal
1205 Newmark Civil Engineering Lab
University of lllinois
205 N. Mathews Ave
Urbana, IL 61801
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INTERVIEW QUESTIONS FOR IDOT EMPLOYEES WHO USE TRUCK VMT DATA

. What is the primary use of truck VMT data in your office?

Does your office use or plan on using truck VMT for other purposes? Please
describe.

. To what degree are you satisfied with the truck VMT data that is available to you?

Do you need any additional calculation (averaging, aggregation, etc.) of fruck VMT
data that is available to you before you use it? Please describe.

. Where do you obtain truck Vehicle Mile Traveled (VMT) data?

If you have an access to different sources of truck VMT data, please specify them
and how do you select the most suitable one for your purpose?

Do you validate or examine truck VMT data available to you for possible data error
before you use it? Please describe.

. What software and format do you use to store the VMT data you maintain?
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INTERVIEW QUESTIONS FOR IDOT EMPLOYEES WHO COLLECT DATA FOR
TRUCK VMT CALCULATION

In how many locations do you collect data (sample size)?

. Why do you coliect data in that many locations?

. What is the frequency and duration of the data collection?

How do you select the sample locations and what criteria do you use for selection
(i.e. highway functional classification, ADT, number of lanes, etc)?

How many truck types do you consider in data collection?

. What equipment (including brand name) do you use fo collect the data?

Do you have yearly data collection cost and labor involved?

In addition to current sources of data used for truck Vehicle Mile Traveled (VMT)
calculation, do you consider other potential data sources? Please specify.

Do you have any suggestions or comments about the way in which truck traffic data
currently collected?
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8.

9.

INTERVIEW QUESTIONS FOR IDOT EMPLOYEES WHO CALCULATE /PUBLISH
TRUCK VMT DATA

. Does your office have or maintain a data file for truck VMT? Please provide a copy

of data.
Please provide a copy of your procedure to calculate truck VMT.
What is the main purpose of calculating truck VMT? Please specify.

What sources of data do you use to calculate truck VMT? Please provide a copy of
data sets you maintain.

How do you calculate truck VMT?

Do you use different sources of data to calculate VMT? Please explain.

What software and format do you use to store truck VMT estimate? Please explain.
Do you publish truck VMT?

Do you publish or report truck VMT by functional class? If yes what are the classes?

10. Do you publish or report truck VMT by AADT? If yes what are the AADT ranges?

11. Do you publish or report truck VMT by truck types? If yes what are truck types?

12. Do you publish or report truck VMT by other variables? Please specify.
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Vehicle Classification Equipment Survey Form
(Please feel free to copy this form if necessary)

Please fill in the blank space and return the completed survey to Professor Ray Benekohal, 1205 Newmark
Civil Engineering Lab., University of Illinois at Urbana-Champaign, 205 N. Mathews Ave., Urbana, 1L
61801.

Company Name: Ph:{__ ) Fax: { __ )
Internet Address:

A) Permanent Vehicle Classification Equipment

1. Equipment type and name
2. Names of States using the above-mentioned equipment

3. Cost of fully functioning system (equipment and installation cost) on one lane of a 4-lane
interstate highway as shown on the sketch below (see Figure 1)

4, Number of such units sold in the USA in the past 5 years

B) Portable Vehicle Classification Equipment

1. Equipment type and name
2. Names of States using the above-mentioned equipment

3. Cost of fully functioning system on one lane of a 4-lane interstate highway as shown on the sketch
below (see Figure 1)

4. Number of such units sold in the USA in the past 5 years

Vechile
Classifier

1

Figure 1 Vehicle classifier on one lane of a 4-lane interstate highway

Thank you for your cooperation
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Appendix C

Names of DOTs, MPOs, and Equipment Vendors







1605-€ 1896 lemeH ‘ninjouoH Jealig IMOqyoLingd 698 ‘uoneuodsuel ] jo awedsQ flemed  |H L
ov5/ - 1£190 10 ‘uolbumaN 9¥6. 1€ xogd O4 ‘LOQd maposule) inoposuuold 10 9
22208 00 ‘IeAuaQ fip|g sed andw3 @1Q “oAy sesued)ly '3 L0Zy "LOQA 0pelojod opeiojol OO g

LO00 - #/2¥6 VYO ‘ojuslIBIOEg $192¥6 X0 Od ‘8¢ # 'S 1831S 'N 0211 eluloen vo 14
10058 Zv "Xusoyd 040 AW 8AY UL 'S 802 BUOZIY 7Y g

} ‘ L9ZZ X0d Od ‘Uoising Yo1eassy

1922 - €0ceL WV ood Pl pue Buiuue|d ‘uswpedaq uoljenodsues) pue AemybiH sesuedly sesuely  ov 4
868/ - 10866 MV ‘neaunp 00Z 2UNs ‘Al |suUByD ZELE ‘SIBPY Dl[dnd PUB 1O BYSE|Y BYSBlY MV l
ssalppy A0 Ssalppy j@al1s awepN |Ind alels 9je1s | ON

Aanuing ay) bujuumay s10Q 23els L' 8lqel




¢D

‘ 0500¢ X04

60687 IIN “Buisue Od '19e15 BMENO "M §Z¥ ‘Uolieuadsuelt Jo justiyedsq uebiuoiy uebioIN I ol
91120 YAl ‘uoisog 05 L¥# ‘BZeld died Ol “uswpedaq AemuyblH ssei sposnyoessely VI Gl
Stz6-¥080. Y1 'ebnoy uoled GhZy6 X0d Od ‘'aLloq euelsine BUBISINGT V] 14k
2Z90% A ‘Hapjueld 'JS SaW|oH §Z| 'leulqe) uonepodsuel L Aonuay Apnuay A gl
21999 SY ‘eyadol 0ce # 'Bpig eouio skl Bumooq ‘LOQ sesuey sesuey oM 43

) - Buelpul NI L
¥9229 1| ‘pleybundg ‘Remjied uesyiQ Unos Qoge *Loa ‘sloull| stoulll 0L
621 1-L04¢8 QI ‘eslog 6212 X089 Od “Wwewpedsq volepodsuel] oyep| Jo siels oyep; Al 6
01008 VI ‘ssly Aepp ujoour] 002 eMo| V[ 8
ssaippy A)N1D ssalppy }8a115 auleq ||nd oje}s 9IS | ON




g/1¥ - L0gi6 uobauo ‘waleg EINREET SR e uobaio HWO | S2
§01€L MO ‘Ao epNO S1Z IN 002 BWOUEPNO MO | ¥2
21168 epeasN ‘Ao uosied 1S HeMa)S 'S £92) ‘LOQ epeASN epeAsN AN | €2
Z190-52980 N ‘uoiutall Z19 X0O8g Od ‘onusAy Kemjled 50} Kesiap MmN N 44
£970-20€£0 HN ‘ploouod , . . L8y aqysdwen meN  HN [
XOg 0d ‘ealq uszeH | ‘Buiuue|d uoneuodsuel] 1o neaung ‘1OQHN
65.¥ - 60589 2N ‘ujooul] 85/¥6 XO9 Od 'speoy JO 1deQ eyselqsN BySeIgSN AN | 02
¥561 - 669.2 ON 'ublejey lolueg aolnIeg |lBN wmﬁ ‘nun AsAung oyel ) BUllOBD YUON  ON | 61
L00L-0Z965 LI eus|sH anuadAY joedsold L0LZ BUBJUOW LN | 81
S5155 NIA ‘Ined 18 05 dois|iely ‘PAIG PURIRI| UYOr G6€ *LOd BJOSSUUIA elossuuliy - NW | L1
ssalppy A)10 ssaIppy J9aNg swe ||nd 8je}g ajels | oN




€164 - L0LEG I ‘UOSIPEIN ££6 "Wy "9AY ueblogays Zosy ' 1OQ UISUOISIAA UISUO2SIMA 1A e
082270586 VA 'BIAWAIO 08€/.¥ "S'W ‘anuaiy ajels ‘4 gle uc)buysepp VAR | €€
£2950 LA Jslladiuoiy ¢¢ Jamelq "'Bpig ey (euchieN ' 1OV JUOULIBA wowuap 1A ras
612EZ VA ‘puowyary 18 peolg 1se3 10¥1 '1OQ BIUBIA BUIBIA WA L
61178 uen 'ANo sxeT Jes 1S9AA 0022 08 / 0S¥ yein  1n 0g
L0S.LS OS ‘alreld 3 ony Aempeoid 3 001 eloed uog as 62
20262 OS ‘elqun|oD 161 X0g 0d ‘10a 28 BUjOIBD UINOS  OS 9z
2002-0¥600 Hd ‘uenr ueg 1002¥ X018 Od ool ouand  ud Jir
) . 1S INUBAA GGG 'e0k|d WnIoS
0061-40}L} Vd “Binasilied 100]4 19 ‘vd 10 YyYBamuswoD ‘yoleassy pue Bujuue|d Jo neaing eleAfsuled  vd %
ssaippy Ao sSSaIppY 984S swep |ind 8338 9jels | oN




0¥2E-600Z8 AAA ‘BuUUaAsYD

59€52 AM ‘UolIsslleyD

‘pAlg dousig 00€S ‘LOQ BuiWoAn

g Butpling "3 "pAIg BUMEUE) 006} ‘LOQ BIUIBIA 1SS

BuitwoApn,  AM

BILIBNA 1S3AN  AMA

ge

Ge

ssaippy A310

ssalppy 1oans

slWeN |Ind =jels alels

ON




9-0

dille)

109g€ 14 ‘edwel el "PAIg Apauuay '3 L09 Buiuuelg ueodonspy Aunos YBNoJogsiiK 14 6
gzZles 14 'lwely 016 8NINg 188118 1ISL MN LLL OdW epeg - lwelly 14 e
L1261 3a “HemaN 00} 8yng ‘snuaAy Aleidr] 068 oodewjipp 3 L
BECYy e—eny - . ‘ SIUBLILIBADD)
2000z 0 ‘UOIBUIYSERA I'N 1S (ondeDd "N 2// '00€ aung 10 jiounoo ucBuIysEAR Lepodoiey 2d 9
SLLL Sopn J00 ‘any uoibuiyse SJUSULAAGD) 10 c
e/ LD ‘BueH yuoN 1S3/, JOOI Uty "aAY UOIBUIUSEM L2} 10 |1ounog [euoibay |elua) YInog
s ‘. . . SjuaWUIaA0D)
11208 0D 'leAusq 900z 2MNS ""aAY "Ul9Z "M 08¥2 10 [UN0D [ELOIBaY J9AUST) HOONA 092 ¥
- - JUDWILIBAOD JO "SSY '|BD 08 v o
£0058 BUOZUY Xiuaold 00¢€ alng ‘enusay Is| UUON Z0g SUaWIUIBA0D) JO UONEI00SSY edooue 2y z
1022. dv ™M20d || g 218 "wepel "AL0S uejdonely WV L
ssalppy AND sSaippy jeals OdiN  23e3s | ON

Aaaing ay} Buluinay sOdIN 2°D @Iqel




FAS.

82cp-20189 3N 'BYBWO 18ang Buuwng zzzz ‘'vdvn vdviN 3N Ll
0zzev [N ‘Noneg 006} 9UNS '8AlQ BZE|4 099 foowas  sWUBWILISA0D) JO IDUN0CD LEBIYIW Jsealinos N gl
. VLY QL& aung ‘1se3 Wiod asnoybin 002 [Iounon ueyjodoneyy alownieg AW Gl
~pZZ 12 ANl ‘slowneg ’ . : : : ’

08420 VA ‘uojune| Aempeolq g9 aqadyds v 4t

‘alAsSIng 'l eamuaILLIO Qmo_._mm.( y:man_m>mD
B620% AM ‘@]lIASINgT ayl 002511 puE Buiutield [euoiBay BUENOMUSY) VadI A el
029t NI ‘sllodeuglpu) L2l 8yng g uolbuiysepn “3 ooz Buiueld Jo uoisiag Juswdopaag ueyjocdolldly NI Zl
90500 7| ‘obeolyso suiepy ‘A 00€ Apmis uoneucdsuel| galy obeolyns | Lb

£Zo¥ _ . .

- £1996 IIEMEH “N{NJOUOH |ang spleuory A0/ ‘002 SUNg Isiusd MaIA UBsdQ uoneziueBlo Buluue|d ueljodonay nyeQ 4 ol
ssalppy AlLD SSalppy 19918 Odil @JeIs | ON




80

‘uoissjie aung ‘anUsAY SISAI . Sjuatliiahon
90762 OS ‘U0IsajEyD 00y aung YV SIONH 0628 | 5unog Jeiselolog-Uojsepeyo-Aojeniag s G2

. ) . UOISSILILLICD
90161 vd "elydiapeliud 3 Il @ouspusdepu] 'g ||| Bulpling esinog ayl BuILuE|y |EUCIBOY AS)JEA SIEMEIS vd ¥z
. 9ele Ay puelS 3N 009 Wwsawpedsq uolelodsuel] ‘alle - HO oA

- 2£2.16 HO ‘puejiiod :

€0l¥L MO "esinL 009 318 19218 U1 "M 102 HOONI MO zz
POLEL MO “OMO 001 "918 ISUEW ‘T 12 ‘D00V WeLWBA0D BWOYBNO eljua) Jo UOIBI00SSY MO Lz

: . ) SIUAWILIBADS) JO |IDUNCD
£025% HO ‘heuuould 1S WbIg 1sen "a 10R [EUIBaY (HI0) BUEIPUI-AONUSY-0IY0 Ho 0z

: ) epeAaN Waynog
00168 AN ‘sefop seT Amd [enuad puels s 009 10 UOISSIWLIOD UokeModsuel) [BuoBay AN 6l
0980 "N ‘PUBIBUIA OAY slpueT ‘g €L} Bio Buiuue|d uonepodsues | Aesiap yinog N 8l
ssalppy Ao $SaIppy }sans OdA ®@eis | oN




#0186 YAA eliessS 00G# “"9AY UIBISafA L1OL oHSd YA 62
0Z€eZ VA ‘9eadesaysn ‘10 9YBIPOOAA €2/  UOIssIiWo) 1omsiag Buluue|d peoy uojdweH VA 82
6009/ sexa] ‘uolbulpy 00Z @UNs ‘aAuq sbejd XIS 919  SJUWBUIBA0D JO [I0UN0Y SEXSL [ejue) YHON XL Lz

. 0998 00¥ suhs ‘obply AuslaAlUn 10E uolssiwwon Buluue|d AlLno a)|lAUuaals) 9% Qz
-1086¢ OS "9lllAusalD ) =T ' o ) )
ssaippy Ao SSaIppy J@ans OdiN 91els | ON




0L~

woo s|jolo@iadaldb

¥9z6 v8e (0Ly) 2226 GLE (OLP)

- - W00 SASHOLIBUIS MMM

swiesAs ysuews g

swasAg
- eg/. L6 (219) 6992 167 (L19) - ounselibsaq |es WOD"SH-S10"MMM uonubioosy §
Jandwion
. uswidojaraq i . saljenadsg
woo'esnisw@sianeup 605k 059 (0L9) 0851 069 (019) ssaUISNg “I01084G uosisAleH pleuod W02 BSNISW MMM JUOWIBINSES 14
- ou| ‘sejbojouyos
Wwoo ys@noens alleys - LLbE 809 (0LG)  lebeuepylonpold  oRIS BINEYD - e o__ g ©
JIUSI08
. 6 5 - OO SUS swaysAg z
wodswoy@Bungesseyal  yesz 92z (619) ST 92T (619) - UNGIESSEH I o foprapriodsue M eleq podsuei]
. . . ) *oU| solleuAd
woosup@AespulBlEID  B6SS Z¥Z (90E) 0099 £59 (90€) sisieoeds weysks  Aespui] Bleig WOXQUIPI MMM o 4 reuoeuIsi]
sSaJppY |lew-3 ‘opN xed *ON suoyd 8|}l uosiad joeyuod ssappy Jawiaju]  asweN Auedwos oN

Aaaing ayy Buluinlay siopuap Juswdinb3 uopeoyisse| €70 dlqel




Appendix D

Volume Groups







Table D Traffic Volume Groups for Various Functional Classes

No Volume Group Number of Sections Total Length (miles) Length-Section ratic
(N () {3) {4} (5)=(4)(3)
Interstate Urban
1 0 - 5,000 0 0.00 0.000
2 5,000 - 10,000 6 9.17 1.528
3 10,000 - 15,000 25 15.97 0.639
4 15,000 - 20,000 50 33.09 0.662
5 20,000 - 25,000 as 34.04 0.873
B 25,000 - 30,000 42 44,32 1.055
7 30,000 - 35,000 26 24.52 0.943
8 35,000 - 40,000 48 56.67 1.181
9 40,000 - 60,000 118 96.26 0.816
10 60,000 - 80,000 53 40,97 0.773
11 80,000 - 100,000 38 36.03 1.001
12 100,000 - 120,000 67 51.21 0.784
13 120,000 - 140,000 124 57.54 0.464
14 140,000 -  larger 352 91.20 0.259
Total 986 581.09 0.59%
Interstate Rural
1 0 - 5,000 12 42.09 3.507
2 5000 - 10,000 - 53 147.05 2775
3 10,000 - 15,000 77 250.70 3.256
4 15,000 - 20,000 165 383.61 2.325
5 20,000 - 25,000 87 267.93 3.080
B 25,000 - 30,000 42 104.21 2.481
7 30,000 -- 35000 7 21.92 3.131
8 35,000 - 40,000 8 21.19 2.649
Total 451 1238.70 2.747
Freeway and Expressway Urban
1 0 - 10,000 13 11.11 0.855
2 10,000 - 20,000 29 30.03 1.036
3 20,000 - 30,000 9 7.11 0.780 -
4 30,000 -~ 40,000 10 10.39 1.039
5 40,000 - 50,000 4 3.91 0.978
B 50,000 - 60,000 4 429 1.073
7 60,000 - Larger 9 6.31 0.701
Total 78 73.15 0.938
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No Voluma Group Number of Sections Total Length (miles) Length-Section ratic

(1) (2) (3) (4) (5)=(4)(3)

Other Principal Arterial Urban

1 0 - 2,000 14 4.24 0.303
2 2,000 - 4,000 137 45.11 0.329
3 4,000 - 6,000 280 130.27 0.448
4 6,000 - 8,000 364 162.45 0.448
5 8,000 - 10,000 326 150.47 0.489
6 10,000 - 12,000 340 168.54 0.496
7 12,000 - 14,000 342 184.37 0.539
8 14,000 - 16,000 203 157.56 0.538
8 16,000 - 18,000 195 127.42 0.653
10 18,000 - 20,000 206 121.52 0.590
11 20,000 - 25,000 385 243.84 0.668
12 25,000 - 30,000 238 178.9 0.762
13 30,000 - 35,000 160 144 .87 0.805
14 35,000 - 40,000 92 73.45 0.798
15 40,000 - 45,000 47 43.55 0.927
16 45000 - Larger 55 55 1.000
Total 3462 2001.57 0.578
Other Principal Arterial Rural
1 0 - 2,000 94 224,75 2.391
2 2,000 - 4,000 481 881.1 1.911
3 4000 - 6,000 378 643.23 1.702
4 6,000 - 8,000 220 2681.78 1.190
5 8,000 - 10,000 142 135.89 0.956
6 10,000 - 12,000 60 80.15 1.002
7 12,000 - 14,000 35 31.28 0.884
8 14,000 - 16,000 23 33.83 1.471
9 16,0C0 - 18,000 12 10.75 0.896
10 18,600 - 20,000 6 3.93 0.B55
11 20,0600 - 22,000 4 2.85 0.713
Total 1435 2289.32 1.585
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No Volume Group Number of Sections Total Length (miles) Length-Section ratio

(1) (2) (3) 4 (5)=(4)/(3)

Minor Arterial Rural

1 0o - 250 1 1.086 1.060
2 250 - 500 12 22.03 1.836
3 500 - 750 45 113.44 2.521
4 750 - 1,000 88 256,42 2.617
5 1,000 - 1,250 102 263.04 2.579
) 1,250 - 1,500 128 324.71 2.537
7 1,500 - 1,750 144 318.39 2.218
8 1,750 - 2,000 148 360.6 2.436
9 2,000 - 2,500 333 663.84 1.894
10 2,500 - 3,000 277 520.95 1.881
11 3,000 - 3,500 230 351.72 1.529
12 3,500 - 4,000 204 2686.1 1.304
13 4,000 - 4,500 186 201.51 1.292
14 4,500 - 5,000 114 108.33 0,950
15 5000 - 6,000 160 167.74 1.048
16 6,000 - 7,000 138 138.41 1.025
17 7,000 - 8,000 83 84.84 1.023
18 8,000 - 9,000 56 54.58 0.975
19 9,000 - 10,000 36 22.84 0.637
20 10,000 - Larger 73 60.47 0.828

Total 2535 4302.22 1.697

Majcr Caollector Rurat

1 0 - 250 1 1.5 1.500
2 250 - 500 . 12 40.02 3.335
3 500 - 750 26 70.06 2.685
4 750 - 1,000 a8 08.3 2.587
5 1,000 - 1,250 63 143.22 2273
) 1,250 - 1,500 52 101.71 1.956
7 1,500 - 1,750 45 89.15 1.981
] 1,750 - 2,000 48 88.83 1.844
9 2,000 - 2,500 83 128,56 1.549
10 2,800 - 3,000 64 85.11 1.330
11 3,000 - 3,600 36 58.57 1.627
12 3,500 - 4,000 50 69.49 1.390
13 4,000 - 4,500 42 54,33 1.294
14 4500 - 5,000 30 35,35 1.178
16 5000 - Larger 82 71.1 0.867

Total 672 1135 1.689

D-3




Volume Group Number of Sections Total Length (miles) Length-Section ratio
(2) (3) (4) (5)=(4)(3)

O oe~NG o b wil

-
o

Miner Arterial Urban

0 - 2500 12 517 0.431
2,500 - 5,000 57 28.64 0.502
5000 - 7,500 92 52.87 0.575
7,500 - 10,000 89 48.01 0.539
10,000 - 15,000 121 71.9 0,594
15,000 - 20,000 62 70.99 1,145
20,000 - 25,000 35 38.13 1.089
25000 - 30,000 22 25.44 1.156
30,000 - 35,000 12 14,81 1.234
35,000 - larger 9 10,79 1.199
Total 511 365.75 0.718




Appendix E.1

Methodology Adjustment Factor (MAF) for the Average
Section Length (ASL) Method

Notations

AveSection = Average number of section

Size = Percentage of the total number of section used as a sample size
Section = The number of section in a group

Length = The total length of the section in a group (in miles)

RatiolLS = The ratio of “Length” to "Section”

MuvVMT1 = The true Multi Unit truck VMT

MuVol = Multi Unit truck volume

MuvMT2 The estimated Multi Unit truck VMT

expMuvMT2 = The estimated Multi Unit truck VMT expanded to population level
RMUVMT2 = The Multi Unit truck VMT Methodology Adjustment Factor (MAF)

SuvMmT1 = The true Single Unit truck YMT
Suvol = Single Unit truck volume
SuvMT2 = The estimated Single Unit truck VMT

expSuVMT2 = The estimated Single Unit truck VMT expanded to population level
RSUVMT2 = The Single Unit truck VMT Methodology Adjustment Factor (MAF)
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Appendix E.2

Plot of Methodology Adjustment Factor (MAF) for the
Average Section Length (ASL) Method
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Appendix F.1

Comparison of Methodology Adjustment Factor (MAF) for the
Average Truck Percentage (ATP) Method Using Three
different ATP Factors
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Appendix F.2

Methodology Adjustment Factor (MAF) for the Average Truck
Percentage (ATP) Method

Notations

AveSection = Average number of section
Size = Percentage of the total number of section used as a sample size

Section = The number of section in a group

Length = The total length of the section in a group (in miles)
RatiolS = The ratio of “Length” to “Section”

MuvMT1 = The true Multi Unit truck VMT

MuVol = Multi Unit truck volume

MuVMT2 = The estimated Multi Unit truck VMT

expMuVMT2 = The estimated Multi Unit truck VMT expanded to population level
RMuVMT2 = The Multi Unit truck VMT Methodology Adjustment Factor (MAF)

SuvVMT1 = The true Single Unit truck VMT
Suvol = Single Unit truck volume
SuUvMT?2 The estimated Single Unit truck VMT

||l

expSuUVMT2 = The estimated Single Unit fruck VMT expanded to population level
RSUVMT2 = The Single Unit truck VMT Methodology Adjustment Factor (MAF)
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Appendix F.3

Plot of Methodology Adjustment Factor (MAF) for the
Average Truck Percentage (ATP) Method
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