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CHAPTER 1: INTRODUCTION

PROBLEM STATEMENT

Establishing, maintaining, and enhancing the statewide network of roads are
among the most important goals of any State highway agency. These require huge
investments of both financial and human resources year in and year out. Accordingly, it
makes good sense to apply sound engineering practices to ensure these resources are
allocated wisely.

For designing the new roadways (or rehabilitating existing ones), there are
alternative methodologies available to engineers (including those used by ADOT) which
call for a number of inputs that can significantly affect the design output. One of the
fundamental and universally sought parameters that influences all new pavement and
rehabilitation design decisions is traffic. For a given road segment, accurate estimates of
current and projected traffic (in terms of Equivalent Single Axle Loads (ESALSs)) can
result in significant cost savings, either from the standpoint of initial construction cost or
future maintenance and rehabilitation cost. In other words, accurate ESAL estimates help
produce better pavement thickness designs and/or more realistic determinations of the
performance lives of newly-constructed (or rehabilitated) pavements.

ADOT currently has an ESAL design table developed in the mid-80s that, for a
given road segment, uses average ESAL vehicle factors, traffic volume, and vehicle
classification data to generate base year, 10-year and 20-year estimates of accumulated
ESALs. Since that time, significant progress has been made in the automated collection
of vehicle weight and classification data. ADOT currently has 14 weigh-in-motion
(WIM) sites and nine automatic vehicle classifier (AVC) sites maintained as a part of the
Long-Term Pavement Performance (LTPP) Program. The Traffic Planning Group (TPG)
maintains an additional six WIM sites and two AVC sites.

Thus, research was needed to evaluate and then enhance the existing ESAL
design table incorporating the new monitoring data that is now available. It was also
important to determine whether existing monitoring systems are collecting quality data,
and whether the existing systems satisfactorily cover the key highway segments in
Arizona.

OBJECTIVE

The primary objective of the project was to prepare a new ESAL design table for
Arizona's highway network. This new table is based on analysis of current traffic data
collection procedures, traffic forecasting methodology, and ESAL development
procedures including the assignment of traffic ESAL levels to the various highway
segments. It is also based on new information such as those provided by WIM systems.
Through the course of this project, a plan was developed and presented in this report for
future review and update of the ESAL table on a routine (i.e., yearly) basis. There are



recommendations made for installing 10 WIM sites. Also, a system methodology for
assessment of future needs for WM and AVC sites is presented in this report focusing on
technology, installation, operation, and maintenance issues.

SCOPE

As stated in the Objective, the primary focus of this project was to develop a new
ESAL table for future pavement designs. This table was developed using the best
available data provided by ADOT. No data was collected by the project team.

RESEARCH APPROACH (NEW ESAL TABLE)

There are three major types of data collected by ADOT, namely: vehicle counts,
vehicle classification, and vehicle weights. The first two are collected either manually or
automatically, while the latter is collected using WIM technology. The research team
analyzed all types of available collected data and utilized the most representative data to
produce the new ESAL table. The existing ESAL table consists of over 1,000 highway
segments. These segments were not changed as a part of this study. Each segment has:

e An annual average daily traffic (AADT).

o The percent trucks based on the total traffic stream.

e The class breakdown of vehicle types based upon the Federal Highway's 13
class scheme.

e An annual growth factor and an ESAL value for both a flexible and arigid
pavement.

ADOT performs vehicle counts on all segments either annually (for hi gh volume
roads) or every 3 years (for all other roads). Classification data is collected either
manually using 6-hour counts or automatically using 48-hour counts and also follows
either an annual or a 3-year rotation. Given the costs of collecting classification data, a
number of segments in the ESAL table are assigned to the most representative
classification station. There are also a number of AVC/WIM systems that were installed
primarily to support the LTPP program. The TPG does have four AVC/WIM sites that
collect classification and weight data. The data from the WIM sites were utilized to
determine the average ESAL factors for each Federal Highway Administration (FHWA)
vehicle class 4-13. Final ESAL values were based upon the weighted average of the
vehicles on each particular roadway segment. Sections that had a WIM representing its
classification station used ESAL values based on measured data. Sections with no WIM
systems representing their classification station used average ESAL factors based on a
statewide average.

OVERVIEW OF REPORT

Accomplishment of this project required the following tasks.

(38



Task A. Review the scope of work and work plan at a kick-off meeting between
the ADOT project Technical Advisory Committee (TAC) and key members of the
investigating team.

Task B. Review the current traffic data collection, analysis and forecasting
procedures used by ADOT. This included WIM and AVC information as well as other
manual and automated collection techniques.

Task C. Review ADOT's procedures for developing its existing ESAL design
table. The information gathered under Task B was used extensively in this task and a
thorough review of the existing design tables (as provided by ADOT) was performed.

Task D. Recommend changes to the current procedures which can be
incorporated into ADOT's practice. Formulate a plan for updating these in future years.
The future data should be utilized to improve the existing traffic distribution, growth
factor estimates, weight distribution algorithms, and ESAL calculations.

Task E. Prepare a new ESAL design table for the ADOT highway network based
upon the new procedures and the best available traffic data.

Task F. Undertake an assessment of WIM and AVC data needs with due
consideration as to cost, towards optimizing the contribution of continuous automated
data sites in the development of ESAL table. Recommend 10-12 core sites along with
another list of key sites, making an estimate of installed cost (where applicable),
operation and maintenance costs in both equipment and staff.

This report contains a separate chapter for each task, as well as a final chapter
containing the conclusions and recommendations of the research team.






CHAPTER 2: KICK-OFF MEETING

Shortly after the awarding of the contract, a kick-off meeting was scheduled
between the project team and the ADOT TAC. The purpose of this meeting was to
discuss the key elements of the project, identifying the data sources that would be
required and establishing key contact for providing the data.

MEETING OVERVIEW

The kick-off meeting between ADOT project TAC and key members of the NCE
team took place on December 2, 1998. NCE's principal investigator, project engineer,
and technical advisor participated in a 1-day meeting with the TAC to review the scope
of work and work plan in detail. A draft agenda for this meeting was prepared by NCE
and was circulated among the project team (ADOT and NCE) for their review and
comment in advance of the meeting date. A final meeting agenda based on input from
the ADOT TAC and NCE project team was prepared and circulated just prior to the
meeting date.

The meeting lasted over 3 hours, during which the NCE team was able to become
familiar with the ADOT groups (and points of contact) involved the in traffic data
collection and analysis. The project objectives were discussed and the work plan was
thoroughly reviewed. The topics that received significant attention were the importance
of getting as much information as possible regarding the existing ADOT ESAL tables
and the traffic growth rates. It was decided that NCE would generate growth information
based on the best available data and forecasting methods currently used by ADOT and
other relevant agencies (i.e., the Maricopa Association of Governments in the Greater
Phoenix Area). In the latter part of the meeting, NCE presented a wish list for data that
needed to be evaluated in this project. Contact persons were identified for each data
element. Table 2.1 summarizes all the materials provided to the NCE team.

Table 2.1. Data provided by ADOT.

Data Type
Hardcopy and electronic version of existing ESAL table
ADT File from Traffic Planning Group--not known if it will be hardcopy or electronic
ADOT's adaptation of American Association of State Highway and Transportation Officials (AASHTO)
ESAL Calculation (George Way and John Eisenberg)
“Interesting” trends in traffic data as identified by George Way (waywim.xls)
Data related to how growth factors are/were calculated
Data related to how growth factors are/were calculated
Vehicle volume and classification data
Transportation Planning Group WIM data--three WIM sites
Transportation Planning Group WIM data--fourth WIM site
List of weigh scales in Arizona
AIMRSNVIJ xls--Growth factors for key segments for 1997
A2USSNVI xls--Seasonal distributions for key segments for 1997
A3FTSNVI.xls--Load factors by axle group for 1997




Table 2.1. Data provided by ADOT (continued).

Data Type
Transportation Planning Group traffic count data
Transportation Planning Group classification data--138 sites with classification data for 1997
(vcls9704.xls); manual classification surveys from 1996, 1997 and 1998
Relevant literature and reports from 1986 ESAL study
ADT Growth regression performed in 1990 (hardcopy)
Maricopa Association of Governments Conformity Analysis Appendices, Volume 2
Pima Association of Governments Regional Transportation Improvement Program Tucson)
Information regarding base year for ESAL table
Input files for TRAFPROG or TRAF18K (as applicable)
Description of WIM systems for TPG WIM systems
Locations of classification sites
Definition of percent trucks in "Traffic on the Arizona State Highway System 1997"

Information regarding which fields in "Traffic on the Arizona State Highway System 1997" are
measured and which are calculated
Description of how growth factors are determined in the Excel file containing regional growth factors

Documentation describing the Axle Factors by Axle Factor Group Excel spreadsheet--Chaparral may
have, ADOT does not
Conversion from FHWA classification scheme to ADOT ESAL table classification scheme

Information on how much data the ADOT ATR sites collect
Information on regional groups 8 and 99
1996 classification data

Following the meeting, NCE compiled the meeting notes and submitted a draft set
to the project manager for review. Upon receiving feedback on those draft minutes, the
official minutes were sent to all members of the TAC. The final minutes form this
meeting are found in appendix A.



CHAPTER 3: REVIEW PROCEDURES FOR TRAFFIC DATA COLLECTION,
ANALYSIS, AND FORECASTING

The State of Arizona has a roadway network comprised of interstates, primary
and secondary roads. The roadway network maintained by ADOT has been divided up
into segments, which represent roadway sections with unique traffic and/or geometric
constraints. The traffic data used in this study was collected almost entirely by ADOT.
Understanding this data was of utmost importance before any meaningful progress could
be made. This chapter reviews the traffic data collection, analysis, and forecasting
methodologies currently used by ADOT.

COLLECTED TRAFFIC DATA

The following is a brief description of each data type that is currently available for
use in the new ESAL table. Each data group is important in either the determination of
the number of vehicles passing a roadway segment or the type and weight of vehicles.

AVERAGE ANNUAL DAILY TRAFFIC COUNTS

The vast majority (over 90 percent) of traffic volume counts performed by ADOT
consist of either 24-hour or 48-hour counts using pneumatic road tubes or inductive
loops. These counts are collected on a rotational basis, with some high volume areas
being counted annually, but most areas being collected every 3 years. These counts are
expanded into AADT values using a series of factors that will be described later in the
ADOT data analysis section of this report.

6-HOUR MANUAL TRAFFIC COUNTS FOR VEHICLE CLASSIFICATION

This data is collected by ADOT on a 3-year rotational basis. The 6-hour manual
classifications are not factored in any way and are used primarily to provide ADOT with
two sources of information. The first piece of information is axle correction factors for
pneumatic tube-based traffic counts and the second is the percentage of the AADT that is
generated by commercial vehicles. The collection process of manual data is very labor
intensive and costly. Only 30 percent of the approximately 140 classification stations use
manual counts.

48-HOUR COUNTS FOR VEHICLE CLASSIFICATION

Like the 6-hour manual counts, the 48-hour counts are collected on a 3-year
rotational basis. The data is collected with portable programmable classification
equipment. As with the manual counts, axle correction factors and percentage of
commercial vehicles is determined. However, unlike the 6-hour counts, the 48-hour
counts are also used to determine AADT for the section of roadway in which they are
collecting data. Seventy percent of the classification stations use these machine counts.



AUTOMATED TRAFFIC RECORDER (ATR)

This data is collected by ADOT, and has passed all internal quality checks, for
different time intervals throughout the year. This data was not supplied to NCE in raw
form, but it is used by ADOT to develop growth, seasonal, and axle factors for AADT
calculations. In discussions with ADOT, it was learned that there are approximately 80
ATR sites in Arizona that ideally would all be collecting data continuously. However,
due to equipment maintenance requirements and manpower constraints, there are
typically 50 ATR sites functioning at any one time.

LTPP AND

COLLECTED DATA

ADOT TRAFFIC PLANNING GROUP (TPG) AVC/WIM

As part of the LTPP program, there is a requirement to collect AVC and WIM
data. ADOT currently has nine AVC sites and 16 WIM sites functioning as part of the
LTPP program. Table 3.1 and figures 3.1 and 3.2 list these sites and show their locations.
The TPG has four additional sites at which AVC/WIM data is collected. This data
includes calculations of the yearly truck volumes by truck classification and trucks as a
percent of total traffic.

Table 3-1. LTPP Arizona WIM/AVC sites.

Arizona/ATRC Site Site Location SHRP WIM/AVC
# andrIl";; : ment ROI(’EH%I)M P 1D Status Make Sensor
025 RIGID US-93 NB 052 0100 | PERM WIM PAT BENDING PLATE
026 RIGID 1-10 EB 108 0200 | PERM WIM IRD BENDING PLATE
009 FLEX I-8 EB 159 0500 | PERM WIM PAT PIEZO
202 RIGID 1-40 EB 202 0600 | PERM WIM PAT BENDING PLATE
204 RIGID 1-40 WB 202 0600 | PERM WIM PAT BENDING PLATE
020 FLEX 1-40 WB 145 1002 | PERM WIM PAT PIEZO
012 FLEX 1-10 WB 110 1006 | PERM WIM PAT PIEZO
011 FLEX I-10 WB 115 1007 | PERM WIM PAT PIEZO
005 FLEX 1-19 SB (029) 1015 PERM WIM IRD PIEZO
018 FLEX 1-40 EB 106 1024 | PERM WIM PAT PIEZO
010 FLEX SR-85 SB 141 6055 PERM WIM PAT PIEZO
006 FLEX 1-19 NB (023) 6060 | PERM WIM PAT PIEZO
021 RIGID SR-101 NB 011 7079 PERM WIM PAT PIEZO
024 RIGID US-60 WB 179 7613 PERM WIM PAT PIEZO
019 FLEX 1-40 WB 113 1025 PERM AVC PORT WIM PAT PIEZO
015 FLEX SR-68 EB 001 1037 PERM AVC PORT WIM PAT PIEZO
023 FLEX I-10 WB 123 1001 PERM AVC NO WIM PAT PIEZO
007 FLEX I-19 NB (054) 1017 PERM AVC NO WIM PAT PIEZO
013 FLEX R-95 SB 145 1034 | PERM AVC NO WIM PAT PIEZO
008 FLEX 1-19 SB (084) 6054 | PERM AVC NO WIM PAT PIEZO
022 RIGID 1-10 WB 130 7614 | PERM AVC NO WIM PAT PIEZO
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For the LTPP data, quality checks of the collected AVC/WIM data were
performed following the LTPP traffic Quality Control/Quality Assurance (QC/QA)
procedure. Once the data is processed using the LTPP traffic software, a LTPP regional
traffic engineer reviews the data, and a summary of questionable data is flagged. The
flagged data is then compiled for review by a senior traffic engineer familiar with
AVC/WIM data. ’

After the data review by the LTPP regional contractor is complete, the flagged
QC/QA packets are sent to the State DOT that collected the raw data. A State traffic
engineer reviews the flag list and decides if the DOT agrees with the findings. Once the
edited flag list is received from the DOT by the LTPP regional contractor, the data is
edited and summarized for use in the LTPP project. The edited LTPP AVC/WIM data is
then summarized for used by pavement researchers and designers. For the ADOT TPG
WIM data, the flag list process was done internally at NCE.

Maricopa County Traffic Data

An investigation was conducted for incorporating the traffic information from
Maricopa County into the ESAL tables. The information provided by Maricopa County
consisted of a report entitled Conformity Analysis for the Fiscal Year 1999-2003 MAG
Transportation Improvement Program and the MAG Long Range Transportation Plan
Summary and 1997 Update with 1998 Addendum. The report provides more of a network
summary of traffic information and is therefore not directly applicable to the segment
specific ESAL table. It is important to mention, however, that the report states that
"MAG (Maricopa Association of Governments) model estimates of 1997 VMT (vehicle
miles of travel) are within one percent of the 1997 HPMS (Highway Performance
Monitoring System) VMT that the Arizona Department of Transportation reported to the
FHWA on July 16, 1998."" Assuming the HPMS VMT is calculated from the same
ADOT traffic counts that the ESAL table is based on, it can be concluded that the ADOT
data being incorporated into the ESAL table is sufficiently close to MAG data.
Therefore, no special measures for incorporating MAG data into the ESAL table were
taken.

Pima County Data

Traffic data provided by Pima County was evaluated for its applicability and
possible incorporation into the ESAL tables. The information provided by Pima County
consisted of a map entitled Traffic Volumes in Metropolitan Tucson and Eastern Pima
County 1997-1998, and maps illustrating AADT estimates for the year 2020. The maps
illustrate AADT values for various freeway and arterial segments within the City of
Tucson and portions of Pima County. As a test, the 1997-1998 AADT values for all of
the freeway segments illustrated on the map were compared with the AADT values
provided by ADOT within its report Traffic on the Arizona Highway System 1 9979 The
AADT values matched exactly for all segments. As the map lists the Arizona
Department of Transportation as a source of traffic count information, this is not
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surprising. As it was concluded that Pima County data was based upon ADOT traffic
counts, no special measures for incorporating it into the ESAL table were taken.
However, a comparison of the Pima County AADT estimates for 2020 with the new
ESAL table forecasted AADT values is reported in chapter 5.

ADOT Data Analysis

As mentioned in the previous section, traffic volume counts are collected over a
24-hour or a 48-hour period. In order to convert these counts into annual values, it is
necessary to apply a number of factors. The methodology followed in expanding the
counts to AADT values is explained below.

Factor Groups

As explained by the TPG, Arizona is divided into sixteen factor groups, with one
extra group for "weird sites.” The groupings are based solely on geographical locations
and do not account for the functional class of the road located within the group (i.e.,
interstate highway or state route), although there are factor groups named for I-8, 1-10, I-
15,1-17,1-19, and I-40. The "weird site"” grouping contains very few sections and these
are primarily segments that have relatively high percentages of recreational traffic where
seasonal and daily variations are not observed. These factor groups contain at least two
continuously operating automatic traffic recorders (ATRs) located within the group,
except for group 6 (one ATR), group 8 (zero ATRs), group 16 (zero ATR) and group 99
Weird Sites (zero ATRs). Group 8 had an ATR that is currently out of service but there
are plans to have it repaired.

There are three different factors applied to the factor groups, namely: growth,
seasonal, and axle factors. For sections that have no data collected during the year for
which the traffic tables are being completed, the previous year's data is adjusted based on
the factor group factors. The factor groups were determined by the contractor that
processes ADOT's traffic data, and this process has been approved by FHWA.

Growth Factors

This data was provided by the TPG and contains the growth factors by growth
factor group for Arizona (table 3.2). The growth factors are calculated by comparing
AADTs from 1996 to those from 1997 at the ATRs. The growth rates from multiple
ATRs in a growth factor group are averaged to determine a single value for all sections
within a growth factor group. As mentioned above, if a particular section has not had any
measurements made in 1997, then the growth factor for the respective growth factor
group will be applied to the 1996 AADT. This value is a moving average from year to
year and therefore does not reflect any long-term trends. For growth factor groups that
do not contain a functional ATR, a growth factor of one is assumed.
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The factors listed in table 3.2 for determining average annual weekday traffic
(AAWDT) and average annual weekend traffic (AAWET) values had no relevance to this
study.

Table 3.2. Growth factors.

Incl'd AADT Incl'd AAWDT AAWET
Sites Growth Sites Conversion | Conversion

Growth Factor Group 96-97 Factor 1997 Factor Factor
0-Yuma Metro 2 1.2 2 0.99 0.95
1-1-8 1 1.17 2 0.92 1.06
2-1-10 West of PHX 1 1.17 2 0.95 1.03
3-Phoenix Metro 3 1.01 4 1.1 0.72
4-1-10 PHX-TUC 1 1.1 2 0.94 1.05
5-Tucson Metro * 1.06 2 1.03 0.91
6-1-10 East of TUC * 1 1 0.95 1.09
7-1-17 1 0.88 3 0.85 1.22
8-1-19 * 1 * 091 1.09
9-1-40 West of FLAG 1 0.99 2 0.96 1.07
10-1-40 East of FLAG 1 1.08 2 0.97 1.06
11-Southwest 1 1.19 3 0.93 1.06
12-West Central 4 1.04 9 0.96 1.01
13-East Central 7 1 14 0.95 1.01
14-North of 1-40 3 091 6 0.99 0.97
15-Extreme SE Corner 4 1.03 5 0.99 0.99
16-1-15 * 1 * 1 1
99-Weird Sites * 1 * 1 1

Note 1: AAWDT conversion factor = AAWDT/AADT. AAWDT includes Monday -
Thursday.
Note 2: AAWET conversion factor = AAWET/AADT. AAWET includes Saturday - Sunday.

Note 3: Included sites must have at least one month of data.

Each month must have at least one day(s) of data for each day of week.
Note 4: * - Factor value was supplied by system operator.
Note 5: + - Factor value was supplied by system operator and replaced

a value calculated from data.

Seasonal Factors

This data was provided by the TPG and contains the daily and seasonal
adjustment factors by seasonal factor group for Arizona. These values are determined by
comparing the AADT values by day of the week and by month of the year at each ATR
in each growth factor group. In seasonal factor groups that have multiple ATRs, the
values from each ATR are averaged. Each factor group has its own seasonal factor.
Table 3.3 shows seasonal factor group 0.
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For days of the month and months of the year for which no ATR data is available,
these factors are estimated by the system operator.

Axle Factors

This data was provided by the TPG and contains monthly axle factors by axle
factor group (table 3.4). Although monthly factors are shown, there is no variation from
month-to-month for an axle factor within a particular axle factor group. The reason for
this is that each value is determined based upon the vehicle classification data, and the
classification data is only collected for a maximum of 48 hours at a particular site. If
continuous classification data were to be collected, then this table could show variation
from month-to-month.

These factors are only applied to data that was collected by road tubes (as
opposed to the ATRs or inductive loops). When applying the axle factor, the value from
the table should be doubled and then factored out to be a 24-hour count (if it was
collected as a 48-hour sample) to obtain the adjusted raw volume.

FORECASTING
Very little information was provided discussing forecasting methodologies

utilized by ADOT, and the information that was provided fits most appropriately in the
next chapter, which discusses the existing ESAL table.
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CHAPTER 4: REVIEW PROCEDURES FOR DEVELOPING
ESAL DESIGN TABLES

The focus of this chapter is to review the current ADOT ESAL table. This table
was originally developed in 1986 and was most recently updated in 1997.

CURRENT ESAL TABLE

As referenced in table 2.1, the current ADOT ESAL table was received in
electronic and hardcopy formats. This table has been examined to determine the number
of highway segments and analysis methodologies included within the spreadsheet. The
document explaining ADOT's current method for calculating ESALs has also been
received and reviewed. Table 4.1 is a portion of the existing ESAL table.

There are 1,040 segments in the existing ESAL table. Each row in the table
contains the same types of information. The first three columns, highway and milepost,
give the location of the traffic section (column 4). The traffic section number is unique
and is generally consecutive, although there are occasions when the traffic volume
increases to the point where a section needs to be subdivided. In these instances, a new
section number is introduced (such as section 1161 in between sections 6 and 7 in table
4.1).

In chapter 3, it was noted that there are approximately 140 classification stations
located throughout Arizona. The traffic sections have classification data from the most
representative station, as determined by ADOT, assigned to them (e.g., sections 1-5 use
the classification data from station 42). Columns 10-16 contain the information collected
at these classification stations. Column 10 is the percent of commercial traffic, which
ranges from 20 percent to 69 percent with an average of 43 percent. Columns 11-15 are
the percent of each truck classification within the percent commercial traffic identified in
column 10. Table 4.2 shows the range and mean values for each classification. Column
16 contains information on bus traffic, which ranges from 0.1 percent to 1.6 percent with
a mean of 0.4 percent.

Column 9 contains the 1997 percent annual growth factors. These factors have
generally remained unchanged since 1991. Some factors were manually changed over
time by experts from ADOT using their best judgement observing changing trends
between 1991 and 1997. Column 6 contains the two way AADT as calculated in 1991
(this is a discrete value in the spreadsheet). Columns 7 and 8, however, contain equations
that calculate the AADTSs in 1997 and 2017, respectively. The basic equation is: 1991
AADT*(1+(Year X-1991)*(percent annual growth)), where Year X is 1997 or 2017.
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The table also includes two identical sets of ESAL values for 1997, 2007 and
2017. The first set (columns 17-22) are calculated by multiplying the value in each
corresponding column (23-28) by 1 (e.g., column 23 multiplied by 1 equals column 17).
The key value in columns 17-28 is found in column 23. This is the 1997 flexible ESAL
value. This cell contains an equation that is found by taking the 1997 ADT (two-way)
divided by two multiplied by percent commercial vehicles divided by 100 multiplied by
100 minus light trucks multiplied by 100 multiplied by 1.4 (or 1.7) multiplied by 365
divided by 1000 (i.e., (((((1997 ADT/2)*((% Com/100)))*((100-% LT)/100))*1.4 (or
1.7)*365)/1000)). The flexible 2007 (column 24) value takes the flexible 1997 value and
multiplies it by 12.5, while the flexible 2017 ESAL value (column 25) multiplies the
flexible 1997 ESAL value by 31. The corresponding rigid ESAL values (columns 26-28)
are determined by multiplying the flexible ESAL value by 1.12.

Table 4.2. Range and mean values for Arizona truck classifications.

Light Medium Tractor and | Truck and | Tractor and

Truck Truck Semi-Trailer Trailer Semi-Trailer
Minimum (%) 28.1 3 0.3 0 0
Maximum (%) 95.2 36.6 53.8 5.3 5.6
Mean (%) 73 12.1 12.5 14 1.1

Discussions with ADOT personnel revealed that there have been a number of
simplifying assumptions made that may not have been documented, but of which the
ADOT materials group are well aware. The primary assumptions are that for 1997, the
commercial vehicles (excluding the light truck category) contribute a factor of 1.4 ESALs
per vehicle (except for the Interstate 40 and U.S. 93 corridors for which the factoris 1.7
ESALSs per vehicle), the 10-year ESAL multiplier is 12.5, and the 20-year ESAL
multiplier is 31. These numbers were determined to be defendable by the materials group
and account for such factors as expected increases in tire pressures and vehicle weights
over time.
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CHAPTER 5: RECOMMEND CHANGES TO CURRENT PROCEDURES

There is significant overlap between items in chapter 5 and their subsequent
application in chapter 6. This is due to the close tie between the NCE team's
recommendations and their subsequent effect on the revised ESAL table. Ideally, every
segment in Arizona would have its own continuous and calibrated AVC/WIM system.
However, the cost of this instrumentation (not to mention the labor to maintain the
systems and collect and process the data) is prohibitive. The recommendations in this
chapter are believed to be implementable without significantly affecting the current
expenditures for traffic data collection.

FHWA VEHICLE CLASSIFICATION SYSTEM

Vehicles traveling in the United States come in many shapes and axle
configurations. This creates difficulties for State DOT personnel in the classification of
vehicle types on roadway networks. The FHWA has developed two methods of vehicle
classification that have been used in the Truck Weight Study (TWS). The two methods
developed are the 6-digit classification system and the 13-bin classification system. The
13-bin system is currently the most accepted system and is the current FHWA required
classification system (figure 5.1).

Prior to the 13-bin FHWA system; the USDOT used what is referred to as the 6-
digit system. This system is extremely flexible; however, it produces many different
vehicle types (i.e., more than 13). ADOT is currently using the 13-bin FHWA vehicle
classification system.

The 13-bin system allows a better understanding of the vehicle types on the
ADOT road network, and reflects the state-of-the-practice for State DOTs in the United
States. Additionally, the 13-bin system can be easily reduced into the more general
vehicle class system that has been used in the past (i.e., the LT, MT, TS, TT, TST scheme
in the existing ESAL table) if necessary. Both the TPG and the LTPP data is reported in
the 13-bin classification system, so no work will be required on behalf of ADOT to
implement this classification scheme into the new ESAL table.

TRAFFIC FORECASTING METHODOLOGY

As mentioned in chapter 4, there is not currently a mechanism by which AADT
forecasts are updated aside from manually updating growth factors. The existing growth
factors were determined by applying a linear regression to AADT data that extended

through 1991.
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NCE APPROACH TO AADT FORECASTING

The forecasting of AADT is important in the understanding of traffic movements
and for the calculation of ESALs in the ADOT ESAL table. ADOT has been collecting
AADT data for 1,040 traffic segment locations since 1974. This has been accomplished
by manual surveys, automated counting equipment, and more recently by AVC and WIM
systems. Upon the recommendation of the TAC, only the last 6 years of data was to be
used in any forecasting models.

The forecasting of AADT for all segments is critical in the revisions to the ADOT
ESAL table. The difficulty with forecasting traffic data is that not all traffic segments
have the same pattern of traffic growth. Additionally, traffic growth is triggered by many
factors that can not be foreseen or modeled. The NCE team decided to initiate the growth
factor analysis with the assumption that a linear trend in growth exists for most traffic
segments. However, given the relatively small data set (as sites where traffic volumes
were collected every three years would only have two measured data points and four
points calculated using growth factors), only about 40 percent of the data showed a strong
linear correlation (i.e., R?> 0.6).

It was then determined by the project team that the most reasonable method to
determine the AADT growth factors was to average the average annual growth factors for
each year between 1992 and 1997. For sections with low AADTS, this resulted in some
extremely large growth factors, and there was some discussion whether to limit the
maximum annual growth, but it was decided that this would be outside the scope of the
project (since more familiarity with each specific site was required) and should be
decided by ADOT personnel. Sections with annual growth factors over 15 percent are
identified in the new ESAL table. In future years, as AADT values are added, it is
expected that fewer segments will need to be flagged as having questionable growth
factors.

NEGATIVE GROWTH

Another trend that was discovered in the AADT data during the analysis was that
some sections exhibited negative growth trends. A negative trend in AADT will directly
affect the trend in yearly and cumulative ESALs. After discussing this matter with the
TAC, it was decided that the minimum growth factor for any section would be 2 percent,
so sections with negative growth trends, or positive growth trends less than 2 percent,
would be modified to have a growth factor of 2 percent.

COMPARISON OF 2020 AADT ESTIMATES (PIMA COUNTY VS. NEW ESAL
TABLE DATA)

As a quality assurance check, the 2020 AADT estimates from the maps provided
by Pima County were compared with 2020 estimates of AADT from the new ADOT
ESAL table. Table 5.1 contains a listing of the 2020 AADT values provided by Pima
County, the 2020 AADT values computed by the new ESAL table, the percentage
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difference between the two, for 26 ADOT segments in Pima County and the theoretical
capacity (this will be defined in chapter 6) of each segment. The majority of the 2020
AADT values have a percent difference of less than 40 percent. These numbers compare
even better when they are constrained by the maximum theoretical capacity for each
roadway segment. While there would still be segments that differ significantly (segment
533 is the prime example), other segments (e.g., 245 and 246) would match almost
exactly. Considering the fact that 20-year traffic estimates are difficult to closely
estimate, the NCE team feels that this comparison confirms the AADT forecasting
methodology.

Table 5.1. Comparison of Pima County and ESAL table 2020 AADT values.

Pima Count NEW ADOT % Diff. | Theoretical
ADOT Segment #| o 2020 AADT Capacity
100 129,000 159,029 333 | 110,000
101 139,000 85.487 385 165,000
102 147,000 170,905 163 | 165,000
103 139,000 106,395 235 165,000
104 152,000 110,589 272 165,000
105 172,000 156,008 92 165,000
106 173,000 184,629 67 165,000
107 175,000 172.756 13 165,000
108 170,000 246,769 252 | 165,000
110 176,000 235,846 340 | 165,000
111 184,000 206,412 122 | 165,000
115 82,000 93.363 139 | 110,000
116 76,000 152,664 1009 | 110,000
1174 66,000 160,495 1432 | 110,000
1178 79,000 160,495 1032 | 110,000
244 85,000 92,074 83 110,000
999 94,000 111,941 9.1 | 110,000
245 110,000 139,049 272 | 110,000
246 110,000 140,316 276 | 110,000
988 12,000 68,927 4744 | 55,000
551 20,000 38,791 940 55.000
552 54,000 139.277 1579 | 110,000
533 55,000 587,170 967.6 | 110,000
554 57,000 45260 206 110,000
555 66,000 106.676 616 | 110,000
556 60,000 122,552 1043 | 110,000

ESAL DEVELOPMENT PROCEDURES

The new ESAL table was sorted according to traffic volumes as well as percent
commercial vehicles. The segments in each area with the highest volumes or percent
vehicles were selected for the purposes of determining whether FHWA class 1-3 vehicles
(motorcycles, passenger cars and pick-up trucks) have a significant impact on the overall
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number of ESALs a segment will experience. It was found that these classes of vehicles
may be ignored for the purpose of calculating ESALs. As an example, a 4,000-pound
passenger car would generate 0.0004 ESALs. Therefore it would take over 6,000
passenger cars to equal the number of ESALs of one fully loaded FHWA class 9 tractor
semi-trailer.

PROCESS FOR ESAL DISTRIBUTION

The data provided by the TPG and LTPP WIM sites provides the most consistent
source of weight data for each vehicle classification. While there is no need to modify
the classification sections set up by ADOT, it was important to incorporate the LTPP and
TPG WIM sites into the existing classification sections. Tables 5.2 and 5.3 present this

information.

Table 5.2. The location of LTPP WIM site relative to ADOT classification stations.

ADOT Classification Station Corresponding LTPP WIM Sites
20 0214, 1001, 1003, 1006, 1007, 7614
21 1034
26 1037
29 0114
31 1024, 1025, 1062, 1065
32 1002
46 6053
53 1036
62 0501
75 6054
76 1015, 1016, 1017, 1018, 6060
127 6055
142 7079
148 7613
151 0601

Table 5.3. The location of ADOT TPG WIM sites
relative to ADOT classification stations.

ADOT Classification Station Corresponding ADOT TPG WIM Sites
5 9006
21 9003
22 9004
46 9001

The WIM data passing the QC/QA checks described in chapter 3 was summarized
by site to yield yearly average load and percent vehicle truck data. The summaries
included percent trucks, average ESALs per truck type, and axle load spectrum. For
vehicle class 4-13, a reasonableness check was applied consisting of comparing the
average ESALs per class for all years of data to the corresponding ESALs calculated
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using the maximum legal gross vehicle weights (GVWs) for each class. Table 5.4
summarizes this comparison for flexible pavements.

Table 5.4. ADOT network average ESALs by vehicle class
for flexible pavement for all years.

Standard
Vehicle Class vslsﬁlfvf::;gle foslgﬁfn Fg{,““”* Deﬁztion of WIM

verages
4 0.81 23 0.397
5 0.20 1.9 0.122
6 0.66 L5 0.354
7 0.53 23 0.288
8 0.59 32 0.439
9 1.29 24 0.532
10 1.25 18 0.707
11 1.76 6.1 1,083
12 0.96 5.7 0.644
13 3.06 54 1334

*Note: ESAL table values are based on SN=4 and P;=2.5, using the
AASHTO® design procedure and 14 kip single unit front axle, 12
kip multiple unit front axle, 20 kip single axle, and 34 kip dual
tandem axle weights.

As expected, the average ESALSs per class from the WIM sites is less than the
ESALs from the estimated maximum GVW. This is because some trucks are empty or
carrying a light cargo that fills the truck before loading the truck to the maximum GVW.
This is commonly observed and has been thoroughly studied by C. Dahlin of the
Minnesota DOT.®

Similarly, the ESALs by vehicle class for rigid pavements were also determined
(table 5.5). These values are similar to those in table 5.4, but are not exactly the same.
The ESALSs from maximum gross vehicle weight were not computed (although they
would be very similar to those calculated in table 5.4). The pavement type of the LTPP
site, not the pavement type in which the sensors themselves are housed, were used to
determine whether the pavement was flexible or rigid.
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Table 5.5. ADOT network average ESALs by vehicle class
for rigid pavement for all years.

Vehicle | ESALSs from Standard Deviation of | Two Standard Deviations
Class | WIM Average WIM Averages of WIM Averages
4 0.89 0.213 0.426
5 0.15 0.080 0.161
6 1.07 0.464 0.929
7 2.25 1.095 2.191
8 0.73 0.537 1.073
9 2.13 0.634 1.268
10 1.68 0.607 1.213
11 1.77 0.832 1.664
12 0.92 0.369 0.739
13 475 1.455 2.910

An important distinction that needs to be made is that the standard deviation noted
in tables 5.4 and 5.5 is the standard deviation of the average values of each WIM site. It
1s not the standard deviation of all data collected at the sites within the flexible or rigid
pavement type groupings.

COMPARISON OF DATA FROM TWO ADJACENT LTPP WIM SITES

A study was undertaken to determine if similar traffic patterns existed between
relatively close WIM sites on a major interstate in Arizona. Two LTPP WIM sites were
selected: 041007 and 041006 on westbound I-10 west of Phoenix. The chosen sites were
5 miles apart and LTPP WIM data was collected for the truck lane at both sites.

The comparison results were very encouraging, as most heavy vehicle classes
showed little percent difference between the two sites using daily and yearly
comparisons. However, two vehicle classes did show differences that triggered further
investigation. The vehicle classes of concern were 5 and 8 (see appendix B, daily
comparisons). Figure 5.2 shows the comparison between vehicle types for the year 1996.
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FHWA Vehicle Comparison for LTPP sites 041006 and 041007 for 1996
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Figure 5.2. Annual comparison of FHWA class 4-13 vehicles between
041006 and 041007.

The experience NCE has gained through processing the Western Region WIM
data caused the team to question if the difference was due to Recreational Vehicles
(RVs). This suspicion was further fueled by the consistent trend of more vehicle classes
5 and 8 being observed at LTPP site 041007 as compared to site 041006. The team
questioned if these vehicles were leaving I-10 and traveling south on SR85. This
movement of vehicles was confirmed by ADOT personnel as SR85 is a route to a popular
resort destination on the Gulf of Mexico. Further, it was verified by ADOT TPG that the
actual number of class 5 and 8 vehicles is much less than what the data shows because
the AVC equipment is misclassifying these vehicles based on axle spacing parameters.
Other members of TAC stated that a significant number of class 9 vehicles also use the
SR855 by-pass, but as can be seen in figure 5.2, this is not shown in the data provided to
NCE.

COMPARITON OF LTPP AND TPG DATA FROM THE SAME
CLASSIFICATION STATION

There were two classification stations that have LTPP and TPG AVC/WIM
equipment installed: stations 21 and 46. The TPG data for station 21 did not pass the
QC/QA analysis, but the data for station 46 did. Unfortunately, there was not any
common year between the LTPP and TPG data, but it was possible to compare the annual
trends. This comparison is shown in table 5.6. For most classes, the data compares quite
well. However, almost 12 percent of the TPG vehicles fell in class 14 (unclassified). In
1998, almost 48 percent of the vehicles fell in class 14, which suggests that the TPG
system is in need of calibration (not included in table 5.6).
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Table 5.6. Comparison of LTPP and TPG AVC data in station 46.

Vehicle Classification (% by Class)
41 5 161|7 8 9 J10f11}12}13| 14
1993 -LTPP | 2 |152[1.8)06( 36 | 68 {03|58(1.7/02]| 0.8
1994 -LTPP |1.7}133|18]06| 6.7 |673|04]55|16(04] 0.6
1995 -LTPP (09| 57 |1.1| 0 | 145159510247 14]0.1| 04
1996 - LTPP 1 [146(12] 0 |149}61.1[03]|49(13102} 04
1997 - TPG 1.1} 14 {17} 0 [ 33 |643(03({23(09[0.1]11.9

COMPARISON OF TPG DATA WITH CONTINUOUS AVC/WIM DATA

Within classification station 151 is an LTPP WIM system where the sensors
collect data in all lanes and both directions (typically, the sensors are only in the single
lane that contains the LTPP test section). At sites with all lanes instrumented, it is
possible to calculate the AADT and percent trucks (which otherwise is impossible
without making assumptions about traffic distribution, see appendix B). Table 5.7 shows
the results of the comparison between the continuous data collection and the TPG 6-hour
manual count for classification and mechanical count for AADT.

Table 5.7. Comparison of AADT and percent trucks between TPG and LTPP data.

Year | TPG | TPG % | LTPP | LTPP % | % Difference | % Difference
AADT | Trucks | AADT | Trucks AADT Trucks
1994 | 14068 31.3 12122 41.8 16 25
1995 | 14304 36.4 14210 40.6 0.7 10
1996 | 24900 11.5 14590 42.3 71 73

Between 1995 and 1996, the TPG data changes drastically while there is no such
fluctuation in the LTPP data. This highlights the variability inherent in expanding short
periods of data collection into annual values.

GROWTH FACTORS FOR ESAL PER VEHICLE CLASS AND CHANGES IN
MAKEUP OF TRUCK TRAFFIC

Observation of the LTPP WIM data has shown that the traffic makeup changes in
many ways with time. Change in AADT with time has already been discussed. Two
analyses were performed to look at other parameters that also change with time. Namely,
the change in the ESAL factors associated with each vehicle class over time and the
change in the makeup of the truck traffic over time.

The LTPP data revealed that the ESAL factors calculated from WIM data for each

truck classification varies from year-to-year. An investigation was conducted to see if a
general trend in the calculated ESAL factors could be established and consequently a
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recommendation be made on whether to incorporate the trend into the ESAL table. This
investigation revealed that although calculated ESAL factors may increase or decrease
over time for specific sites, in general, the ESAL factors appear to have remained
relatively constant from 1993 through 1997. This is logical as the maximum allowable
axle weights have not changed during that period. For this reason, the ESAL factors
incorporated into the ESAL table have not been adjusted with time.

In addition, the makeup of the truck traffic also changes over time. It has been
found that for the LTPP WIM sites for the years 1993 through 1997, the class 9 truck
percentage relative to the total truck traffic has increased in increments of approximately
2.5 percent per year.

% Class 9 Trucksy = % Class 9 Trucksgez) +2.5% * (Year — 1993)

Note: Percent class 9 trucks in the above equation is relative to the total truck
traffic.

Relative to the entire traffic stream, class 9 trucks have increased in increments of
approximately 0.8 percent per year.

% Class 9 Trucks() = % Class 9 Trucks(ig93) + 0.8% * (Year — 1993)

Note: Percent class 9 trucks in the above equation is relative to the total traffic
stream.

This issue is worth revisiting in another 3 to 5 years to see if the trend in
increasing percentages of class 9 vehicles in the traffic stream is continuing. If it is,
consideration should be given to modifying the growth factor by vehicle class.

INVESTIGATION OF AVC AND WIM CALIBRATION

Current Practice

As discussed in chapter 3, the ADOT maintains a network of 14 permanent WIM
sites, five AVC sites and two additional AVC sites equipped with portable WIM systems
(i.e., the sensors are installed permanently, while the data acquisition system is portable).
In addition, the Arizona TPG maintains another six WIM sites, plus two AVC sites.
These WIM sites are equipped with either bending-plate or piezo-electric sensors and
were supplied by either PAT or IRD. The AVC systems come from PAT and they are of
the double loop plus axle sensor technology.

The on-site WIM calibration method used is a variation of the method prescribed
by the LTPP directive TDP-11 (April 1998).” It involves successive passes of two 5-
axle semi-trailer (3S-2) test trucks. Typically, these trucks have flat-bed trailers and
similar suspension systems in their corresponding axles. The trucks are loaded near their
maximum GVW of 80 kips and their axle loads are measured using a static weigh scale.
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Initially, 10 runs are performed at a given speed, which is selected depending on the
speed limit at a WIM site. For these runs, errors are calculated as the percent difference
between the static load and the WIM measurements for each of the:

Steering axle.

First tandem axle .
Second tandem axle.
GVW.,

The statistics calculated are the average and the standard deviation of the percent
errors for each of these four groups of measurements. A WIM system must yield
average errors lower than a prescribed level in each of these four groups of measurements
in order to pass. These levels of average error are set at +-5 percent for the bending plate
systems and at a slightly higher value for the piezo systems. If during this process,
consistent trends emerge in the average errors, calibration adjustments are made to the
WIM system. Once the calibration is completed and if the maximum average errors are
not exceeded, additional runs are performed using the same two trucks running at
various speeds, to verify that the average WIM errors remain within the prescribed range.
Otherwise, the particular WIM site is “shut-down” and no further data is collected from it
until it can be fixed. This calibration process takes about 2-3 hours per WIM site to
complete.

The statewide WIM data is post-processed at the office for quality assurance
using the methodology developed by Minnesota DOT (TRR 1364, 1994).) For this
purpose, the consistent properties of the steering axle load of 3-S2 trucks is used, rather
than the consistent properties in the distribution of their GVW. In addition, the WIM
data collected for the LTPP sites is processed through the software package developed by
Chaparral Inc, which encompasses a wider range of QA tests than the Minnesota DOT

method.

The on-site calibration of AVC systems is done through visual inspection without
a rigorous analysis of observed versus recorded vehicle classification data. No post-
processing of the AVC data is carried out for QA purposes.

Recommended Improvements

A number of recommendations are made for improving and expediting the ADOT
WIM and AVC calibration procedures. These include considering the effect of pavement
roughness and vehicle speed on WIM error analysis and using a video recorder for AVC

calibration, respectively.

Improved WIM Calibration Method
It is well documented that the variation in dynamic axle loads increases with

speed and roughness, hence affecting the magnitude of the WIM errors observed at a
given site. Experimental evidence (Papagiannakis et al., 1990)® has produced

31



relationships that can be used to calculate the expected coefficient of variation (CV
percent) of dynamic axle loads as a function of pavement roughness (R in terms of
International Roughness Index (IRI) m/km)) and vehicle speed (V in m/km). These
relationships are plotted on figures 5.3 through 5.5 in terms of the CV of dynamic load
versus the vehicle speed for three levels of pavement roughness (i.e., smooth, medium
and high roughness). The two suspension types referred to in these figures are a rubber-
sprung walking beam and an independent air-ride, which represent extremes in dynamic
behavior (i.e., a leaf spring would exhibit a dynamic load CV between the two shown). It
should be evident that using test trucks with air-ride suspensions would reduce the
dynamic load variation and expedite the calibration process.

Dynamic Load CV vs Speed; IRI=1.40 m/km

14 y = 0.0376x'34°8

12 R? = 0.9995 ¢ CV_Rough Suspension
10 4 = CV_Smooth Suspension
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[0}
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.____________._!
4 . a
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Figure 5.3. Dynamic load vs. vehicle speed; IRI=1.40 m/km.
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Dynamic Load CV %

Dynamic Load CV vs Speed; IRI=1.80 m/km
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Figure 5.4. Dynamic load vs. vehicle speed; IRI=1.80 m/km.

Dynamic Load CV %

Dynamic Load CV vs Speed; IRI=3.20 m/km
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Figure 5.5. Dynamic load vs. vehicle speed; IRI=3.20 m/km.
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Another experimental observation is that replicate test truck passes (i.e., same
truck and speed) generate repetitive dynamic axle loads along the road. Hence, the
magnitude of the dynamic axle loads applied on a WIM sensor from successive replicate
truck passes are equal. This allows reducing the number of test truck passes for
achieving an initial WIM calibration. To take advantage of this properties, it is suggested
to carry out an initial analysis of the results by axle or axle group (i.e., tandems or triples)
rather than by averaging the errors. This procedure is explained below.

These findings allow the following calibration approach (after Papagiannakis et.
al, 1996).7

1. Calculate the anticipated range in the WIM measurements for each
axle/axle group as the mean (i.e., static) load +- 2 standard deviations (i.e.,
calculated as the static load value multiplied by the CV obtained from
figures 1 through 3 for the roughness at the site and the speeds of the test
vehicles). This can be easily done at the office for all the speeds expected
to of the test trucks at the site, given its IRI roughness.

2. Perform one run of each test truck and compare the WIM measurements of
each axle/axle group and each vehicle to their anticipated range. There are
four distinct possibilities:

a. If all measurements fall outside the anticipated range and they are
all either higher or lower than this range, adjust system calibration
calculated as:

calibration factor adjustment =

It would be desirable to carry out this adjustment prior to continuing with
subsequent test runs.

b. If all measurements fall outside the anticipated range and some are
above, while other below, there are major problems with the WIM
system, either software (e.g., integration algorithms of piezo
signals) or hardware (e.g., damaged strain gauges of bending
plates. These problems are not likely to be solved through
calibration adjustments and will require a technician’s intervention.

c. If all measurements fall within their anticipated ranges, no
calibration adjustments are necessary prior to carrying a
subsequent test run by repeating step 2.

d. If some measurements are outside their expected range, while

others are inside, a judgement call must be made whether actions
corresponding to either (a) or (c) are to be taken.
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3. Once the desirable number of runs is carried out and condition (2c) is
satisfied for all runs and all speeds, it should be ensured that the
requirements of the TDP 11 Protocol are met, that is average WIM errors
are lower than the prescribed value percent for each axle group (i.e.,
steering, first tandem and second tandem) for all test speeds.

In summary, this approach allows expedient (i.e., several test runs) determination
of whether a WIM calibration problem exists and whether the problem can be solved via
calibration factor adjustments or there is a hardware/software problem present.

Improved WIM Data QA Method for Non-LTPP Sites

In improving the WIM data QA for non-LTPP sites, it is advised to use the
properties of the traffic stream to determine likely problems with the data. The simplest
approach is to use the steering axle load of the three-S2 trucks as an indicator of WIM
data quality. This is one of the tests used by the Minnesota DOT approach and does not
take into account problems with the vehicle classifying algorithms of WIM systems. It
has nevertheless been used successfully as a QA criterion (Ott et al., 1996)(8) and it is
used by a number of WIM manufacturers as a means of auto-calibrating WIM systems.
In establishing mean and standard deviation values for the steering axles of three-S2
trucks, it is advised to collect a small data sample at static weigh scales (e.g., 10-20 trucks
per season). Suggested static load locations are the major ports of entry at the four
boundaries of the State. It is understood that the ports of entry truck inspection stations
run independently of ADOT. However, it would take a small effort to convince them to
print and retain the small sample size required.

Improved AVC Calibration Method

As described next, AVC data collection should complement the WIM data
collection for the purpose of predicting AADT volumes and accumulated ESALs. For
this purpose, it is essential that AVCs are properly calibrated. It is recommended to use a
video camera for recording the vehicle classification of the traffic stream, instead of
relying on visual observations. This can be done using a household-grade video camera
set on a tripod on the side of the road. The clock on the camera can be synchronized with
the clock on the AVC system. Even recording over a short period of time (e.g., while
visiting an AVC site) would allow a far more accurate calibration of the AVCs than as
compared with visual observation. The data should be post-processed at the office by at
least two observers and the manual classification procedure compared to the AVC to
decide on its accuracy.
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SURVEY OF OTHER AGENCIES

For comparative purposes, a number of State Highway Agencies were surveyed to
determine how they calculated ESALs. The survey was submitted to 15 agencies and 11
responded. The following questions were included in the survey:

1. Does your State use ESAL computations for pavement design and rehabilitation?

Yes:

No:

2. What type of types of data do you use to come up with the ESAL table values? (Will you
Jax us the first page of your ESAL table for an example?)

a.) Do you use a single ESAL table for all design locations within your state or is a
different ESAL value computed for different locations based upon load
information for that location?

3. Do you break down ESALs by vehicle classification

4. Do you apply average ESAL factors to the vehicles in each classification? What are they?
5. Do you use growth factors to expand ESALs to design years?

6. Do you use WIM data? If not, what do you use for load data?

7. Are there links between Pavement Management System (PMS) data and the ESAL tables?

a.) Are your growth factors for PMS the same for ESAL growth factors?

8. How much confidence do you have in the values you use for pavement design and rehab?

Survey States comments if any:

The complete responses to these surveys can be found in appendix C, but the
results have been summarized in table 5.8.

Every agency that responded said that they did use ESAL computations.
However, in reviewing table 5.8, that is about the only thing they all had in common. On
the whole, most States use WIM data as a method of determining or confirming ESAL
values for different vehicle types, and use different ESAL values for different locations.
The level of confidence in the resulting values ranged from fair to high. The project team
found the methodology employed by Kentucky of particular interest. As mentioned
previously, the detailed response from each agency can be found in appendix C.
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CHAPTER 6: PREPARE NEW ESAL DESIGN TABLES

This chapter describes the format of the new ESAL tables, including the relevant
analyses. A complete Users Manual can be found in appendix D.

DATA INPUTS

Three electronic files provided by the Arizona TPG were implemented into the
ESAL design tables. Information from these files was supplemented by data collected at
the LTPP and TPG AVC and WIM sites. The first file was TR9397C.xls., which contains
detailed segment location information, the number of lanes for each segment and the
AADT and percent commercial vehicle values for each segment from 1993 through 1997.
The second file was Vcls9704.xls, which contains classification station location data and
the break down of the percent of each vehicle class 1-13 for each station to be applied to
the 1997 data. The third file was trfc7497.xls, which contains the segment location
information and the AADT value for each segment dating back to 1974.

The LTPP WIM data was extracted from the Western Regional Information
Management System (RIMS) for all years through 1997. A number of investigations into
this data were performed as described in chapter 5, including: comparing WIM data from
adjacent systems near Phoenix; determining average ESAL factors per vehicle, per
segment, and per pavement type; and calculating growth factors for ESALs.

Data was submitted from the four TPG functional WIM sites in Arizona for the
years of 1997 and 1998 (except for site 9003, S.R. 95 MP 115EB, for which only 1998
data is available). All four sites are equipped with IRD piezo cable systems. This data
was processed using the traffic software developed in the LTPP Program following the
same methodologies used to process the data collected at LTPP sites.

As the WIM sensors were in the LTPP test lane, the above data only applied to
the test lane. Truck classification as a percentage of total trucks was calculated and then,
truck type as a percentage of total traffic was calculated for the test lane using the
provided data.

As previously discussed, tables 5.3 and 5.4 show the AVC/WIM systems that
were contained in each classification station. In instances where the relationship was 1:1,
the TPG values for percent trucks in vehicle classes 4-13 (from Vcls9704.xls) were
replaced with the values from the AVC/WIM systems. For the classification stations
within which multiple AVC/WIM systems were located, the AVC/WIM data was
averaged and then replaced the data from Vcls9704.xls.

ESAL values for each station were determined in similar fashion. Stations within

which WIM systems were located had either the average values of all systems or the
distinct values from the one system applied to determine the ESALSs per vehicle class 4-
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13. For classification stations in which no WIM systems were located, the average values
for flexible and rigid pavements (tables 5.5 and 5.6) were utilized.

A table was developed listing the types of data collected at the various segments
designated in the existing ESAL table. Particular attention was paid to those segments
that contained a WIM system. The factor group for each segment containing a WIM
system was determined. -

KEY ASSUMPTIONS

The goal in the development of the ADOT ESAL tables is to report the most
accurate forecast of the traffic and axle loading on the ADOT roadway network. There
are, however, limitations due to the type of traffic data collection and limited traffic data
collection locations. The following are assumptions that the NCE team made during the
development of the new ADOT ESAL tables.

Directional Split

An assumption concerning ADOT traffic data is the directional split of traffic.
The assumption is that there is a 50/50 split in traffic (i.., that the same number of
vehicles are traveling in one direction as the other). If this is not the case, then an
alteration to the ESAL table spreadsheet can be made to accommodate site-specific
information. However, no data that could be used to determine the directional split was
provided to the NCE team.

Necessary Pavement Structure Assumptions

The LTPP WIM data utilizes the site-specific pavement structure for calculating
the average ESALs per vehicle type. The ESAL values can vary depending on
differences in the pavement type and structural section of each ADOT segment. This
difference can be observed for the same axle weight but for different pavement types,
(i.e., flexible and rigid pavement) and terminal serviceabilities, as shown in figure 6.1.

It is clear from figure 6.1 that the thickness of the pavement structure has a small
effect on the ESAL calculation regardless of pavement type, and using a terminal
serviceability of 3.0 instead of 2.5 has a similarly small effect. However, pavement type
(portland cement concrete (PCC) or asphalt concrete (ACQ)) has a significant impact on
ESAL calculation. The new ESAL table provides ESAL values for both PCC and AC
pavements based on the average ESAL per vehicle class calculated using the 1993
through 1997 LTPP WIM data. In the new ESAL table, ESAL values for both AC and
PCC type pavements are provided for each segment based on the recommendation of the
TAC.

The TAC requested that the project team investigate the impact of a condition of

terminal serviceability of 3.0 instead of 2.5. This was performed and it was determined
that at the legal load limits, there is very little difference. As loading increases past the
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legal limit, the ESALSs are slightly less for the calculation based on 3.0 for both rigid and
flexible pavements. The relationship is not linear and increases with load (see figures 6.2
and 6.3).

Flexible and Rigid Pavement ESALs VS Structural Number and Depth
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Comparison of Terminal Serviceability for Flexible Pavement (Tandem, SN = 4)
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ESAL TABLES

Proposed Format for the New ADOT ESAL Tables

Three independent tables were developed for use by ADOT. The new ESAL
tables each contain 14 sub-tables in total. The only difference between each table is the
set of values used for the ESAL per vehicle class.

. Average_ESAL_Table.xls uses either the measured or the averaged ESAL
values for classes 4-13 as described in the Data Inputs section.

] ESAL_Table_One_Std_Dev.xls uses the measured or averaged values, plus
one standard deviation of the averages for each vehicle class.

] ESAL_Table_Two_Std_Dev.xls uses the measured or averaged values, plus

two standard deviations of the averages for each vehicle class.

Some tables represent calculations and others represent the input location of
ADOT TPG and WIM data. This format of table interaction will allow the ESAL tables
to be used for years to come, and allow easy access of information necessary for traffic
engineering, traffic planning, and pavement design. Appendix F contains a stand-alone
document that should be used to navigate through the spreadsheets. The followingis a
brief description of important elements in the new ESAL table.
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Site Information

This data (primarily taken from TR9397C.xls) contains the segment by segment
location, AADT and percent commercial vehicle information.

Cumulative One-way Flexible KESALs

This worksheet contains the cumulative thousands of ESALs (KESALs) for each
segment assuming that the pavement is flexible. These values are determined by adding
the previous year's KESAL total to the KESAL data for a particular year. Cumulative
values are calculated through the year 2020. This worksheet is different for the three
tables.

Cumulative One-way Rigid KESALs

This worksheet contains the cumulative thousands of ESALs (KESALs) for each
segment assuming that the pavement is rigid. These values are determined by adding the
previous year's KESAL total to the KESAL data for a particular year. Cumulative values
are calculated through the year 2020. This worksheet is different for the three tables.

AADT 1974-2020

This worksheet contains the AADT values provided by the TPG from 1974
through 1997 (from #rfc7497.xls). The average percent growth factor is calculated using
the methodology described in chapter 5, and in instances where the percent growth is less
than 2 percent, it is adjusted to be 2 percent. Using this growth factor, the AADTSs from
1998 to 2020 for each segment are calculated. No limit as to maximum growth factor
was utilized.

Capacity

This worksheet contains a simple logic check as to whether each segment has
reached its capacity based on the following assumptions:

Using the 1994 Highway Capacity Manual, the capacity for each segment was
calculated. Because capacity is primarily an issue in urban areas, the assumptions were
based on urban conditions. Following the equation:

capacity = 2200 vehicles per lane per hour/.08 = 27,500 vehicles per lane per day

As the number of lanes for each segment is known, the capacity was determined
for each segment for each year through 2020 (this is contained in the worksheet Total
Theoretical Capacity). If a segment is under capacity for a given year, the capacity
worksheet will contain the word "pass." If it is at or over capacity, it will contain the
word "fail." After discussing the issue of capacity with the TAC, this method was
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adopted so that capacity issues could be identified but future calculations are based on the
assumption that additional lanes will be constructed to handle the additional traffic.

Rigid KESAL One-way

This worksheet contains the calculation of rigid KESALSs for each segment for
each year beginning with 1997. This calculation is described below.

Rigid ESALSs

This worksheet contains the ESAL factors for vehicle classes 4-13 for each segment,
assuming that the pavement is rigid.

Flexible KESAL One-way

This worksheet contains the calculation of flexible KESALs for each year
beginning with 1997. This calculation is described below, and includes, as instructed by
the TAC, a multiplier of 1.1 for the ESALs per vehicle for classes 9-13. This multiplier
is a safety factor to account for potential increases in tire pressure and vehicle weights.

Flexible ESALs

This worksheet contains the ESAL factors for vehicle classes 4-13 for each
segment, assuming that the pavement is flexible.

Standard Deviation of ESALs per Class

This worksheet contains the average, plus one and plus two standard deviation
values for flexible and rigid pavements. These values are the same as given in tables 5.5
and 5.6.
AADT Percent Growth for All Years

This worksheet contains the percent growth from year-to-year for each segment
beginning in 1974 and continuing through 2020.

Number of Lanes

This worksheet contains the number of lanes in each segment. This value is given
for each year between 1997 and 2020 to allow ADOT to evaluate the construction of
additional lanes in future years.

Percent of Each Vehicle Type

This worksheet contains the percentage of each vehicle class 4-13 for each
segment as determined in the most recent year this data was measured (1997).
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ESAL Calculation

The site specific AADT is the basis or calculating ESALs for the ADOT ESAL
table. To this, the nearest classification site/WIM site data available is applied to
calculate yearly ESALs. The calculation of the values for rigid ESALSs reported in the
ESAL tables are done in the following manner using equation 1.

(equation 1)

Yearly ESALses = 0.5 * (AADT;eg) * (365) * (% Trucks)*[(% VC4)*(ESAL4) +
(%VCS) * (ESALS) +........ + (% VC13) * (ESAL13)]

The definitions of the variables for equation 1 are as follows:
ESAL: Total yearly one-way ESALSs for all lanes for a network segment.

AADTee,: Average Annual Daily Traffic collected by ADOT for the total two-way
traffic for all lanes for a single network segment.

% Trucks: Percentage of trucks in the traffic system.
%V C(#): This is the percent of vehicle class (4-13) in the truck lane determined
from collected WIM data.

ESAL#): This is the average ESAL of vehicle class (4-13) in the truck lane
determined from collected WIM data.

In order to calculate the flexible ESAL values, an additional factor of 1.1 is used
as a multiplier within the brackets for vehicle classes 9-13 as shown in equation 2. This
1.1 multiplier was suggested by ADOT TAC as a safety factor to account for potential
increases in tire pressure and vehicle weights. The KESAL values are determined by
dividing the ESAL,, value by 1000.

(equation 2)

Yearly ESAL, = 0.5 * (AADTseg) * (365) * (% Trucks)*[(% VC4)*(ESAL4) +
(%VCS) * (ESALS) +........ +1.1* (% VC9) * (ESAL9)+1.1*
(% VC10) * (ESAL10) + ........ + 1.1 ¥(% VC13) * (ESAL13)]

COMPARISON OF CURRENT AND NEW ESAL TABLES

As a test of the new ESAL table, the 1997 and 2017 AADT values and cumulative
ESALs were compared with the same values from the existing ADOT ESAL table. This
comparison was carried out for 20 segments, the 10 with the highest AADT values and
the 10 with the lowest AADT values. Table 6.1 contains the results of the AADT
comparison and tables 6.2 and 6.3 contain the results of the cumulative ESAL
comparison for flexible and rigid pavements, respectively.
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As shown in table 6.1, there is a noticeable difference in the 1997 AADT values
for the existing ADOT ESAL table and the new ESAL table. This can be attributed to the
fact that the existing and new ESAL tables use two different sources of AADT data. The
existing ESAL table's 1997 AADT values are forecasted based on 1991 (or earlier)
AADT values and growth rates. The AADT values for the new ESAL table are from an
electronic version of the Traffic on the Arizona State Highway System 1997 provided by
the Arizona Department of Transportation. This difference is substantial and is amplified
further when projecting values for the 2017 comparison. As expected, values are much
more similar at high AADT values than at low AADT values. As mentioned previously,
the forecasted AADTSs are not limited by capacity and there is no maximum growth rate.
Segment 874, for example, has a growth rate of 117.6 percent with a very low AADT.
High variability in year-to-year growth rate for segments with very low AADT is
expected.

As shown in tables 6.2 and 6.3, the cumulative ESALs comparison results mirror
that of the AADT comparison. It is important to note that the values are quite similar at
higher ESAL: for the average ESAL table and that adding plus one and plus two standard
deviations adds to the final ESAL values an additional 38 percent and 76 percent,
respectively. For the low volume roads, even when the table is off by 300 percent, that
only works out to be 600 ESALs (or 30 ESALs/year), which is not a significant
difference.

Based upon this investigation, it is the opinion of the NCE team that the approach
outlined for the new ESAL table is a valid one and does not go against the experience and
engineering judgement used in the development of the current ESAL table. This
comparison; however, brings out the importance of more frequent update of the ESAL
table in the future to incorporate new gathered data as it becomes available.

DEVELOPMENT OF ONE VALUE FOR ALL VEHICLES

At the request of the TAC, the project team was asked to provide a single ESAL
value for all trucks. Some city or county agencies (that only have the capability to collect
volume counts) come to ADOT asking for a single ESAL factor. To calculate this value,
the average ESALs per vehicle class 4-13 was determined based on all WIM data
collected in Arizona. Then, the average vehicle percentages per class was determined.
These two values were multiplied together and then summed as shown in table 6.4,

The resulting value of 1.08 is the average ESALs per commercial vehicle. As
discussed in chapter 4, in the existing ESAL table a value of 1.4 was used, which
included some safety factors for increases in tire pressure and vehicle weights. It is up to
ADOT to determine what value they would give to any agency, but the project team
recommends using a value of 1.2, which will provide a 10 percent safety factor.
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Table 6.4. Determination of a single ESAL value.

Vehicle Class Average ESAL Average % ESALS x
per Class Class Average % Class

4 0.87 4.8 0.04
5 0.21 21.8 0.04
6 0.82 10.4 0.09
7 1.64 24 0.04
8 0.61 16.1 0.10
9 1.71 36.1 0.62
10 1.31 2.0 0.03
11 1.86 5.1 0.09
12 0.97 0.6 0.01
13 3.73 0.5 0.02

100 1.08
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CHAPTER 7: ASSESSMENT OF WIM AND AVC DATA NEEDS

EXISTING SYSTEMS

The current WIM and AVC systems installed in Arizona have been described in
chapter 3 and chapter 5 (see figures 3.1 and 3.2). ’

EQUIPMENT COST

The following estimated costs for the purchase, installation and maintenance of
AVC and WIM equipment are for one travel lane. Installation costs are based upon a
contracted bid for a turn-key operation. These estimated costs do not take into
consideration associated factors such as roadway maintenance, repair, and traffic delays.

There are many variables that may effect the cost of installing, maintaining and
calibrating AVC and/or WIM system. Probably the biggest variable will be the cost of
obtaining power and telephone service to the site. The estimated costs for these services
are based upon power and telephone service being within 20 feet of the site with an
estimated total cost of $14,000. Other variables that affect costs are; site selection, site
location, drainage, soil conditions, pavement conditions, in-roadway equipment
configuration, full freeway limits, contractor installation costs, traffic control
requirements, power and telephone line locations availability, equipment calibration,
available manpower usage and construction equipment usage. The actual costs will very
for each specific application, so these estimated costs should be used for relative
comparisons only.

These estimated costs are based upon information provided by California DOT,
Colorado DOT, Nevada DOT and from a presentation of WIM Technology — Economics
and Performance presented at NATMEC 1998 by Andrew J. Pratt (see the estimated cost
worksheets presented later in this section).

Estimated single lane installation and maintenance cost for AVC and WIM:

Permanent Automatic Vehicle Classifiers (AVC) type 2 Piezoelectric installation
cost per lane is $18,280, in addition:

o Telephone and power costs are estimated at $14,000.
. Per year maintenance cost for permanent AVC per lane is $2,000.
L Life expectancy for in-roadway sensor is estimated at 4 years.

Permanent WIM type 1 Piezoelectric installation cost per lane is $25,750, in
addition:
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. Telephone and Power costs are estimated at $14,000.

] Per year maintenance cost for permanent Piezoelectric WIM per lane is
$5,600.
. Life expectancy for in-roadway sensor is estimated at 4 years.

Permanent WIM, Bending Plate, constructed in a concrete pad installation cost
per lane is $87,730, in addition: '

. Per year maintenance cost for permanent Bending Plate WIM per lane is
$5,600.
J Life expectancy for in-roadway Bending Plate WIM installation is

estimated at 10 years.
Cost Worksheets
1) AVC Piezoelectric:

These estimated installation costs for AVC are for two inductive loops and one
type 2 piezoelectric sensor in one lane of travel for both directions with roadside pull
boxes and conduit connection to a roadside control cabinet with power and phone line
connections and AVC classification equipment. No portable roadway or AVC
classification equipment were considered for this estimate. Permanent AVC equipment
can be removed from the cabinet and used at different locations where permanent in-
roadway equipment exists for short period classification and a portable operation. The
estimated maintenance costs do not include traffic data computations.

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $3,300
b. Pull boxes 710
c. Detector loops 2,100
d. Power service 7,000
e. Telephone service 7,000
f. Mobilization 3,400
g. Traffic control 2,900
h. Conduit 3,350
1. Piezo type 2 cable 3,400
j. AVC equipment 3.400
Two-lane estimated costs = $36,860. The estimate costs for one lane is
$18,430.

Estimated maintenance costs per year per lane = $2,000. The life expectancy of
AVC in-roadway equipment is estimated at 4 years.
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2) WIM Cost Estimates:

Estimated costs are for in-roadway sensors: A. Piezoelectric, B. Bending Plate
WIM. No portable WIM on-roadway or WIM portable equipment were considered for
this estimate.

A. Piezoelectric WIM:

The Piezoelectric WIM was assumed to consist of two class 1 piezoelectric
sensors, two inductive loops and one temperature sensor for one lane of traffic being
monitored for both direction with roadside pull boxes and conduit connection to a
roadside control cabinet with power and phone line connections.

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $6,500
b. Pull boxes 1,100
c. Detector loops 2,100
d. Power service 7,000
e. Telephone service 7,000
f. Mobilization 3,400
g. Traffic control 2,900
h. Conduit 3,400
i. Piezo type 1 cable 8,100
j. WIM equipment 10,000 (Includes calibration acceptance
testing).

Estimated costs for two lanes = $51,500. The estimate for Piezoelectric for
one lane is $25,750.

Estimated maintenance cost per year per lane is $5,600 (includes one calibration
session). The life expectancy of WIM piezoelectric in-roadway equipment is estimated
at 4 years.

B. Bending Plate:

The Bending Plate WIM sensors was assumed to be installed in a construction
100- by 12- by 1-ft concrete pad in a asphalt roadway. The in-roadway sensor was
assumed to consist of one bending plate frame with two bending plates with sensors, two
inductive loops, and one off scale sensor installed in one lane of traffic. Also, roadside
pull boxes and conduit connection to a roadside control cabinet with power and phone
line connections were assumed to be available.
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One lane installation costs estimates:

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $6,500

b. Pull boxes 1,100

c. Detector loops 2,100

d. Power service 7,000

e. Telephone service 7,000

f. Mobilization 3,400

g. Traffic control 6,000

h. Conduit 3,500

i. Bending plate frame and plates 14,100

J. WIM equipment 15,000 (Includes calibration acceptance
testing).

k. Construction concrete pad 21,900

Estimated costs per lane = $87,600. For two lanes, installation is
$175,200.

Estimated yearly maintenance cost per lane is $5,600 (includes one calibration
session). The life expectancy for the Bending Plate installed in a concrete pad is
estimated at 10 years.

Recommendations

In deciding future investment in WIM/AVC operation, there are two
considerations :

Maintaining the WIM/AVC sites available.
o Adding additional WIM/AVC sites to the ones already operating.

To address the first consideration, the operational condition (i.e., calibration
status) of the available WIM/AVC sites needs to be evaluated.

For the WIM systems at LTPP sites, the calibration status is routinely ascertained
through the QA process implemented by the Chaparral software. The WIM systems at
LTPP sites are very close together, especially on I-10 and I-19, for the purpose of
yielding network-wide traffic data samples. Furthermore, it may possible to obtain
national funding for rehabilitating some of these sites. As a result, it is recommended not
to expend State funding towards rehabilitating any of the WIM systems at the LTPP sites.

For the WIM systems at other than LTPP sites, a simpler method can be followed
for ascertaining calibration status. This can be done by testing the mean values of the
steering axle load of three-S2 trucks against the range established from either static weigh
data as already suggested under “WIM System Calibration” or, from WIM data, provided
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that it is obtained from an independently calibrated WIM system (e.g., WIM system at
LTPP site).

For the AVC systems, at LTTP or other sites, there is a need to improve the
“visual” calibration method currently used. For this purpose it is recommended to use
video technology as the ground truth. Currently there are no video systems capable of
classifying traffic based on the FHWA 13-bin classification scheme. However, this can
have the simple form of a household-grade video-camera on the side of the road followed
by manual counts from several independent observers. The advantage of a video system
is that it is portable and can be moved between AVC locations to cover the entire State.

To address the second consideration, an evaluation of the truck traffic levels
across the State needs was undertaken. Operating on the assumption that the greatest
need is in areas of the highest AADTs where there is currently no AVC/WIM equipment
the list compiled in table 7.1 was developed. In addition to the AADT factor, the other
major factor was selecting classification sites that currently have no AVC/WIM systems
located in their limits.

Some substitute locations for classification sites located above are: segment 76,
for classification site 136; segment 102, for classification site 64; segment 79, for
classification site 69,

In discussions with the TPG, seven ATRs were purchased and installed that had
the capacity to collect classification data, but due to equipment and software problems
(not to mention the constant pounding of thousands of vehicles per day) there is only one
(on I-10 near Benson) that is currently capable of collecting vehicle classification
information. ADOT should investigate the cost of getting these ATRs to collect
classification data as was originally intended, and if there is a need to replace existing
ATRs, ADOT should do so with equipment that can collect classification data.

Table 7.1. Recommended locations for AVC/WIM installations.

Classification Traffic Segment Route 1997 AADT
136 1184* I-10 218,881
148 833 U-60 156,008
74 107* I-10 108,332
143 1104 SL-202 124,060
64 97* I-10 37,495
69 1001 I-10 102,850
144 610* S-77 46,000
68 569 S-87 49,624
39 628 S-89 37,696
107 419 SB-40 34,000

*Existing ATR within this segment.
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Before acting on these recommended installations, ADOT should revisit the
assignment of particular traffic segments to the various classification sites. Additional
weight should be given to sites containing AVC/WIM systems. If these assignments
(segmentation) are revised, perhaps there would not be as strong a need for some of the
installations (for example, recommendations for four installations in I-10 are in table 6.4,
when there are already five existing systems on I-10 related to the LTPP program).
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

Arizona DOT does a fine job collecting as much traffic information as their
budget allows. As funding becomes available, the following recommendations would be
worth pursuing:

Increase the frequency with which classification counts are taken
(annually would be ideal).

Increase the duration of the classification counts.

Have all counts be collected with automated equipment and use manual
classification (in association with video cameras) as a method of
calibration.

Install new AVC/WIM equipment at key locations.

Instrument all lanes at AVC/WIM locations to allow accurate counts of
percent trucks and AADT.

Convert the ESAL tables from Excel spreadsheets to an interactive
database.

Other issues that should not wait for increased funding are:

Revisit the traffic segments assigned to classification sites to place more
segments in classification sites with AVC/WIM systems.

Calibrate of the TPG AVC/WIM equipment.

SUMMARY

This study resulted in the development of ESAL design tables that:

Calculate annual ESALSs for flexible and rigid pavements.

Predict annual growth and assesses the reasonableness of the prediction.
Are interactive so that a manual change of one parameter will cause the
final ESAL calculation for that segment to be revised.

Provide information regarding the capacity of each segment, with the
ability to update these values in the future if additional lanes are
constructed.

Update ESAL values based on WIM data collected throughout Arizona.
Provide a safety factor of +1 and +2 standard deviations for these ESAL
values.

In addition, the following information is also provided:

Insight into the types of data collected by ADOT.
Formal documentation of how AADT values are calculated.
Recommendations on AVC/WIM calibration.
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Recommendations on additional AVC/WIM installations.
Determination of a single ESAL value for all trucks to provide other
agencies in Arizona.

. Information from 11 State highway agencies on how they determine and
utilize ESALs.

J Cost information on installation and maintenance of different types of AC
and WIM systems. '

The electronic files containing the three Excel spreadsheets (for three different
ESAL calculation methodologies) is provided to ADOT on a compact disk.
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APPENDIX A: MINUTES FROM KICK-OFF MEETING

KICK-OFF MEETING MINUTES

Arizona Department of Transportation
Development of New Pavement Design Equivalent Single Axle Load (ESAL)
Contract No.: T9813A0003

Note: Italicized items involve submission of data from ADOT to NCE; tasks from the work plan are
referred to by number in these minutes.

December 2. 1998

Meeting called to order by Estomih Kombe at 1:15 p.m.

The meeting agenda is included as attachment 1.

Those attending the meeting are listed in attachment 2.

Following the introductions, the project objectives were briefly discussed.
Next, a discussion of the work plan was begun.

Opening remarks (Sirous Alavi):

e Discussion of ESAL table

o The ESAL table is one of the key deliverables and we need as much information
as possible on the existing table used by ADOT.

o George Way will send both a hardcopy and electronic version of the existing
ADOT ESAL table.

e Bob Pike will send the ADT file his group creates (uncertain whether it is an
electronic file or hardcopy).

o George Way asked NCE to investigate how other agencies do things.

Task A

1. No discussion
2. No discussion

Task B

e John Eisenberg and George Way adapted the AASHTO ESAL calculation method for

ADOT, George Way to provide this documentation.

Bob Pike will work with us to provide and explain this information.

2. ADOT collects the FHWA 13 classes on manual and automated surveys and then
places them into the appropriate bins on the ESAL table.

~
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e George Way expressed the opinion that we should be focusing on how to make
WIM data work.

The planning group has only two AVC units and neither has produced any usable
data; planning group WIM data was briefly discussed as well (more in task D).

» George Way has looked at a lot of the data provided by NCE in 1997 and will
provide us with the "interesting" trends (and questionable trends) he has noticed
in some of the traffic data.

o Estomih Kombe will help to investigate issues arising from WIM data submitted to
us:
¢ Questionable data will be investigated by us.

e Nonsensical data will be ignored.

No seasonal effects currently used in percent trucks estimations.

e Truck information is tied to ADT (i.e., number of trucks increases as ADT
increases, but the percentage remains constant).
There has been an historical under-estimation on traffic data for urban routes.

e Linear regression was used to determine growth factors on the current ESAL
table.

® Bob Pike and George Way to give us data concerning how growth factors
are/were calculated.

¢ A system-wide forecast may be available for the greater Phoenix area from the

Maricopa Association of Governments (MAG)--Bob Pike to provide us with a

contact.

e There was a significant discussion related to unrestricted traffic growth vs.
restricted (i.e., sections reaching capacity) traffic growth.

* Sirous Alavi stated that we would not be generating new growth rates from
scratch but would investigate the methods currently used by ADOT and other
forecasting methods in place in Arizona to propose the most appropriate
methods for forecasting traffic growth.

e Sirous Alavi identified three major sources of information wherein data exists
that would aid in this effort.

e ADOT--George Way, Bob Pike and Estomih Kombe to provide.

o Other Arizona traffic studies--Bob Pike to investigate potential sources
and provide contacts or information as it is found.

e LTPP data--we have.

e Larry Scofield questioned our methods for developing growth information,
but upon further discussion it was determined that we were talking about the
same thing and the confusion was in the semantics (growth rates would be
developed but that they would be reliant upon the best available data and not
on "new" forecasting models).
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o It was determined that an additional column be added to the table to show a
segment that has reached capacity and this capacity value would be used to
determine the ESALs for that segment.
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e It was determined that the vast majority of ADOT's highway network is not
operating at capacity currently and will most likely not reach capacity in the
next 20 years. '

o George Way spoke of how part of this task is to develop methodology to

allow for a more "continuous" updating of the ESAL tables in the future--we

agree with the understanding that "continuous" doesn't imply daily, weekly or
even monthly, but rather whenever dependable annual ADT values can be
provided.

Task C
1. This task was discussed thoroughly as part of the Task B discussion
Task D

1. Estomih Kombe and Bob Pike stated that the planning group WIM data could easily
be converted into the file format that would enable processing using the LTPP
software.
No discussion
Bob Pike to provide vehicle volume and classification data.
It was learned that weigh stations in Arizona are not collecting weight or
classification data. The possibility of collecting this type of information at key weigh
stations was discussed, but no request for this information was made.
5. As previously mentioned, Bob Pike stated that seasonal effects are not currently
assigned to truck percentages anywhere in Arizona (ADT values have seasonality).
6. The planning group's AVC on I-40 is gone and the one on I-8 is down with no plans
to get working any time soon; all working WIM systems were calibrated.
e Three systems calibrated fine and one had questionable values (the other two
systems are down at this time).
e Estomih Kombe will be providing data from three WIM sites soon and from the
one remaining site following his trip.

B

Task E

1. No discussion

Task F

1. Estomih Kombe and/or Bob Pike to prodcue a list of weigh scales within Arizona

e Potential classification data collection from weigh stations was again discussed
but not requested.
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2. No discussion
Task G

1. No discussion.
Task H

1. No discussion.
Task I

1. No discussion.

The NCE wish/question list was reviewed. This list is included in the attached agenda
and the following list shows the persons responsible for the numbered items and whether
the question was resolved during the meeting. Please note that there is some overlap
between information requested on this list and information requested in the work plan
discussion above.

Estomih Kombe provided the TAC list.

Bob Pike to provide planning group traffic count data.

Bob Pike to provide planning group classification data.

Bob Pike and Estomih Kombe to provide planning group WIM data .

Estomih Kombe, Bob Pike and George Way to provide other appropriate data (i.e.,

WIM studies, AASHTO ESAL modification, corridor forecasts, etc.).

Estomih Kombe provided a current list of WIM and AVC sites (there still is a need to

know whether any are located in pavements that will be requiring major

rehabilitations in the near future).

7. Estomih Kombe, George Way and Bob Pike to provide information regarding current
data collection, analysis and forecasting procedures.

8. Estomih Kombe, Bob Pike, George Way and Larry Scofield to provide available
traffic forecasting models utilized by ADOT or commonly used in Arizona.

9. Estomih Kombe, Bob Pike, George Way and Larry Scofield to provide any
supplemental sources of data (i.e., weigh scale data, Research Notes, etc.).

10. Bob Pike and George Way to provide current procedures for developing the ESAL
design table.

11. George Way to provide all relevant literature and reports from the 1986 ADOT ESAL
study (and related work based on the study).

12. Estomih Kombe answered questions regarding ADOT's reporting requirements and
stated that monthly reports should be brief summaries of work performed by task and
should be sent to himself only (the quarterly reports will be sent to all TAC
members).

13. Estomih Kombe gave ADOT's consent for ADOT LTPP data to be used in the study.

The completed consent form will be sent to the LTPP TSSC.

LNk e
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14. The need to set up a meeting to discuss work completed through Task D and previous
to beginning Task E was reviewed. It was decided that the TAC will review the work

completed on Tasks B, C and D and a meeting will only take place if the project
manager and the TAC deem it necessary.

15. NCE asked for a one-month no cost extension (letter requesting extension to be Fed-
Ex'd to Estomih Kombe on 12/3/98).

ADOT did not have any major requests or questions that were not addressed during the
course of the meeting.

The meeting was adjourned at 4:30 p.m.
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APPENDIX B: ANALYSES FOR ESAL TABLE
CONVERTING ONE LANE CLASSIFICATION DATA TO ALL LANES

An area that was investigated was the distribution of ESALs across traffic lanes.
This is the result of heavy vehicles traveling on the innermost lanes unless otherwise
directed to travel in the left-hand lanes. Furthermore, it is difficult to determine what
percentage of heavy vehicles will travel in each lane. Therefore, the recommendations
from the 1993 AASHTO Guide were followed. The percent of design ESALs for the
design lane are found in table b.1 below.

Table B.1. Percent of total ESALS in the design lane (AASHTO 1993).

Total No. | No. of Lanes in Percent of 18-kip Percent of 18-kip ESALs
of Lanes | Each Direction | ESALs in Design Lane in Design Lane

2 1 100 100

3 1/2 NRBA 100*

4 2 80 - 100 80

6 3 60 - 80 60

7 3/4 NRBA 60*

8 4 50-75 50

9 4/5 NRBA 50*

10 5 NRBA 50*

Note: NRBA is the abbreviation for No Recommendation By AASHTO.
*Represents values recommended by the NCE team.

From the above table for the percent of total ESALSs in the design lane, the percent
of ESALs in the adjoining lanes will be 100 percent minus the percent of ESALs in the
design lane (truck lane).

The term AADT represents the average annual daily traffic for all lanes and
directions of a traffic segment. It was decided by the NCE team to report ESALs in the
same manner. (i.e., total applied ESALs for all lanes and directions.) However, the LTPP
WIM data is generally only gathered for the truck lane in one direction of travel. The
collected WIM data must then be expanded to represent all lanes.

The ESAL data is expanded based upon the information in table B.2. This is
accomplished by determining the cumulative recommend percentage distribution of
ESALSs across multilane traffic segments. To achieve the number of ESALs for a traffic
segment, the AADT is multiplied by 365 (days in a year) then by the percent trucks in the
truck lane from collected data and finally by a factor referred to as the Lane Distribution
Factors (LDF). The LDF is used to account for the percent of vehicles in lane(s) adjacent
to the truck lane. The following table contains the LDFs for different lane configurations.
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Table B.2. Lane distribution factors for ADOT ESAL table.

No. of Lanes in Total No. | Lane Distribution
Each Direction of Lanes Factor (LDF)
1 2 1.000
172 3 1.000
2 4 0.625
3 6 0.555
3/4 7 0.476
4 8 0.500
4/5 9 0.444
5 10 0.400

The LDF factor will be used for each segment based upon the number of lanes in
the segment. The LDF's use is further explained in the following section concerning the
ESAL calculation.

ESAL CALCULATION

In order to account for lane distribution factor, the ESAL calculation would be as
shown below.

Yearly ESALgg =  (0.5) * (AADTeg)* (365) * (% Trucks)*(LDF) * [(%
VC4)*(ESAL4) +
(%VCS) * (ESALS) + ........ +(% VC13) * (ESAL13)]

The definitions of the variables for equation 1 are as follows:
ESALqe,: Total yearly one-way ESALSs for all lanes for a network segment.

AADTeq: Average Annual Daily Traffic collected by ADOT for the total two-way
traffic for all lanes for a single network segment.

% Trucks: Percentage of trucks in the truck lane for one direction, or the average of
the truck lane percentage for both directions.

LDF: Lane Distribution Factor (LDF) is the cumulative distribution of ESALs
across all lanes in one direction.

%V C(#): This is the percent of vehicle class (4-13) in the truck lane determined
from collected WIM data.

ESAL#): This is the average ESAL of vehicle class (4-13) in the truck lane
determined from collected WIM data.

However, the project team was not confident in this methodology (based on resulting

outcome) and decided to use the percent commercial vehicles values provided by the
Traffic Planning Group instead of using the lane distribution factor.
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Figure B.1. FHWA Vehicle Classifications for LTPP sites 041006 and 041007 on 2/25/96.
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Figure B.2. FHWA Vehicle Classifications for LTPP sites 041006 and 041007 on 3/14/96.
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Figure B.3. FHWA Vehicle Classifications for LTPP sites 041006 and 041007 on 7/5/96.
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Figure B.4. FHWA Vehicle Classifications for LTPP sites 041006 and 041007 on 7/20/96.
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Figure B.5. FHWA Vehicle Classifications for LTPP sites 041006 and 041007 on &/5/96.

3000

2500 1

2000 1

1500 +

1000

500 1

Vehicte Classification

71

01006
W1007







APPENDIX C: RESPONSES TO AGENCY SURVEYS
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Survey Response ety B
ESALs Used in Pavement Design

Our state can be identified in respect to answers on this survey.

—

whw

Yes. :

We have one ESAL value for all trucks. Two examples will be faxed. Note that we have

a more complex (standard) methodology for Pavement Design that involves additional

data collection, data smoothing and a high level of effort. We also have a simplified

computer program that is used for determining ESALs when calculating Superpave mix

design parameters.

a. We use different ESAL values based on load information when the load
information is available. Usually we use unit EAL values and the vehicle
classification information (axles/truck) is different from site to site. We
are faxing our default ESAL tables that contain data for six aggregated
Classes.

We do not break down ESALSs by vehicle classification.

We do apply average ESAL factors when site specific information is not available.

We use growth factors for all of the key prediction parameters separately. We use

growth factors for volume, truck percentages, axles per truck and ESALs per axle.

We do use WIM data. The WIM data is preprocessed when our annual ESAL tables are

produced by the Kentucky Transportation Center (the Cabinet's research partner). These

ESAL values are then used when computing site specific ESAL forecasts for design

purposes.

There are no links between the HPMS data and the ESAL tables. The growth factors for

HPMS at this time are generic functional class factors while our ESAL growth factors are

computed on a site specific basis (except when using the simplified method).

We have a high level of confidence in our pavement design/rehab ESAL values. We

have invested a lot of research resources in developing/refining our ESAL prediction

process and we think it does a good job. We also have a good traffic data collection
program that supports the traffic forecasting function. The one deficiency that we have is
that we would like to have more vehicle classification data. We currently have
classification data at less than 7% of all state highway segments.
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Subj:  RE: Survey ESAL Used in Pavement Design

Date: 3/26/99 12:33:00 PM Pacific Standard Time

From: RBOSTROM@mail.kytc.state.ky.us (Bostrom, Rob (KYTC))
To: ETLAIRD@aol.com

CC: JROSS@mail.kytc.state.ky.us (Ross, Jerry (KYTC))

File: Survey Response.doc (34816 bytes)
DL Time (32000 bps): < 1 minute

Earl,

I enjoyed chatting with you the other day. In response to your suney,
answers are listed on the attached document. | am faxing a copy of

*  Default 1997 ESAL values by functional class

* A sample ESAL calculation from an actual project using our standard
methods that we use for pavement design.

* A sample ESAL calculation using a simplified method that we are
using for Superpave mix designs.

<<Surwey Response.doc>>

If you have any questions or need additional documentation, don't hestitate
to call or e-mail.

Rob Bostrom

Transportation Engineering Specialist
Division of Multimodal Programs
Kentucky Transportation Cabinet
125 Holmes Street

Frankfort, KY 40622

Ph: 502-564-7686

>
> From: ETLAIRD@aol.com[SMTP:ETLAIRD@ao!.com]

> Sent; Wednesday, March 24, 1999 12:20 PM

>To: RBOSTROM@mail.kytc.state.ky.us

> Subject. Survey ESAL Used in Pavement Design

>

> EARLT. LAIRD

> TP & R CONSULTANT

> Transportation Planning and Research

> 529 Bonanza Dr., Carson City, NV. 89706

> (775)882-4755 Fax (775)882-4565

> E-mail: etlaird@aol.com

>

> March 24, 1999

>

> Sunwey of States using ESALS for pavement design and rehabilitation. ESAL
>'Data information being collected for an ESAL Research Contract between
> Arizona

> DOT and Nichols Consulting Engineers in Reno, Nevada:

>

> Sunwey State of. Kentucky; Mr. Rob Bostrom;

> Transportation Engineering Specialist; (502) 564-7183

>

> Please check One: Surveyed State (Does __) or (Does Not __) wish to be
> identified on how the state answered any of the surwey questions. Only

> identify the state as a participant in the survey.

Monday, March 29, 1999 America Online: ETLAIRD Page: 1
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>
> Question No. 1: Does your state use ESAL computations for

> pavement design and rehabilitation?
> Yes:____
> No:___ If No what do you use?

>

> Q No. 2: What type or types of data do you use to come up with

>

> the ESAL table values (i.e.; one ESAL value for all trucks; ESAL
> values per truck class; etc.)? Will you fax us the first

> page of your

> ESAL table for an

> example.

>

> a. Do you use a single ESAL table for all design locations within your
> state

> or is a different ESAL value computed for different locations based upon
> load

> information for that location?

>

> Q NO. 3: Do you break down ESALS by wehicle classification?
>

> Q No. 4: Do you apply average ESAL factors to the wehicles in

> each classification? What are they?

>

> Q No. 5: Do you use Growth factors to expand ESAL's to design
> years?

>

> Q No. 6: Do you use WIM data? If No what do you use for load
> data?

>

> Q No. 7: Are there links between HPMS data and the ESAL tables?
a. Are your growth factors for HPMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab?

vV V.V V VYV

> Surwey States comments if any:

>

> Thank you for participating in this ESAL pavement design and

> rehabilitation

> suney. If you have any questions on this survey you may contact Earl
> Laird

> at abowe telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D.,
>P.E,;

> Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
> (775)329-4955 or e-mail sirous@nce.renc.nv.us; or, Dr. Estomih M. Kombe;
> Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az
>

> Thank you again for your anticipated help.

>

> Earl T. Laird.
>

Monday, March 29, 1999 America Online: ETLAIRD
Ja

Page: 2
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03,28/99

18:37

502 564 2885

TRANSP PLANNING

@oo3

B

FORECAST OF EQUIVALENT SINGLE AXLE LOAD ACCUMULATIONS

ROUTE ID:
County

Road Name
Functional Class

Project Numbers
Project Limits

Segment Limits

REFERENCES:

Previous Forecasts

Volume
Truck Percent

ESAL Information

TRAFFIC PARAMETERS:

Volume (AADT)
Percent Trucks (%T)

Percent Trucks Hauling Coal (%CT)

Non-Coal Trucks:
Axles/Truck (A/T)

ESALs/Axle (ESAL/A)

Coal Trucks:

Axles/Truck (A/CT)

ESALs/Axle (ESAL/CA)

ESAL CALCULATIONS:

Boone Date[ 3726799
Name| R. Bostrom
KY 536
16 - Urban Minor Anteriai
TC 10-1 No. 61653
Route No.| KY 538
Hem No.| 8-101.00
Beg. MP
East of US 25 End MP
T.F. No. 98.227
: Number of Lanes 2
8ame as Project Limits 1 or 2 way 2
Present Year 1898
Construction Year 2002
Median Year 2012
OK! TMs Design Year 2022
Estimate by Dennis Merril)
State Default
[ Present | Annual |Construction] Median | Design
Year Change Year Year Year
5580 1.68% 5940 7020 8300
10.00% 1.00% 10.4% 11.5% 12.7%
0.00% 0.00% 0.00% 0.00% 0.00%
2772 1.00% 2.885 3.188 3.520
0171 0.00% . 0171 0.171 0.171
0 0.00% 0.000 0.000 0.000
0 0.00% 0.000 0.000 0.000
Total Median Year Daily ESALS
(AADT X (1-%T) x .00SH{AADT x % x (A/T) x (ESAUA))+(AADT x (%T) x (%CT) x (&/CT) x (ESAUCA) = | 470.733 |
Design ESALSs in Critical Lane
Median Daiy ESALs x 385 x 20 x Lane Ad) = [ 1,778,000 1
KYSSB_E.SALS.XLS

Version 1.2, 7/22/87
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igood

93/ 26,89 18:37 L502 564 2885
.
CALCULATIONS
ESAL Calculations;
4Tired Vehicles= 7020 x 88.5% x 0.005
Non-Coal Trucks= 7020 x 11.5% x 318 x 0474
Coal Trucks= 7020 x 11.5% x 0.00% x 0.000 x 0.000
Medlan Year Daily ESALs = 31,085 + 439668 + 0
Desgn ESALs= 470733 x 385 x 20 x 0.500

Lane Distribution Factors;

1 lane, 1 way

2 or 3 lane, 2 way
4 or 5 lane, 2 way
4 lane, 1 way

5 lane, 1 way

6 lsne, 2 way

€ lane, 1 way

> G Inne, 2 way

> & lane, 1 way

Version 1.2, 7/22/97

1.000
0.500
0.483
0.350
0.300
0.413
0.250
0.351
0.600

79

Segment:  Same as Project Limits

= 31.085
= 43%.688
= 0

= 470,733

= 1,718,000

KYS536_ESALsXLS
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UJ, 40/ Yy 10; 3¢ Q5UL 584 2365 IRANSP PLANNING

TRAFFIC FORECAST METHODOLOGY

FORECAST INFORMATION
Forecast Number: 3' $8.227 Forecaster: R. Bostrom
County: Boone Route: ' KY 536
Description: East of US 25
item #: 8-101.00 Project #:
Requester: District 8 Priority: High  Date: 11/9/98
Construction Year: 2002 Design Year: 2022

Data Requested: XJADTs . IDHVs R PHFs [ T% EEALs [XTMs

BACKGROUND INFORMATION
Previous Forecasts:
Volume Saource: : OKl TMs
Classification Source: State Defauit
Coal Truck Source: ! DNA
Special Counts- Date Reqhested: | 12/4/98
Date Recwived: 12/28/98

Number Requested:
|
General Comments: : None

Special Methads Used:  [J Tums U Manual Gravity [J Traffic Model ] Field Trip

Version 1.2, 712297 - : KYS38_ESALEXLS
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VS, L0/ YY 18:48 ©502 584 2885 TRANSP PLANNING g ooe

METHODOLOGY - GROWTH RATE & K FACTOR

Growth Rate: | 1.68% | Source: OKl TMs
County Area: Entire Source: KY State Data Center
YEAR TYPE | POPULATION ANNUAL GROWTH RATE
1980 Census 43438 -
1995 Moderate Growth Est. 45938 1.13%
1995 High Growth Est. 480892 2.06%
2020 Moderate Growth Est. §3114 0.67%
2020 High Growth Est, 60670 1.12%
TLA GROWTH; Station . Growth Rate  |Notes
7 . 1.58%
52 . 1.70%
J
Average: 1.64%
Growth From Previous Forecast: None Forecast #: DNA
Are any new developments planned of special conditions present in this area? [ Yes O No
Source of this information: Field Trip
Describe development / spécial conditions: Wal-Mart
Land Use in Area: : Mostly farm land
Comments: None
K Factor: | 8.50% - | source: OKI TMs
Related ATR: None - Location: DNA KFactor; DNA

i

Peak Hour Factor: Source:

Version 1.2, /2267 : KY538_ESALsXLS
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Subj: Survey ESAL Used in Pavement Design
Date: 3/24/99

EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565

E-mail: etlaird@aol.com
March 24, 1999

Suney of States using ESALS for pavement design and rehabilitation. ESAL Data information being collected for an ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of Kentxckrys M RokrBostromg-—#
Transportation Engineering Specialist; (502) 564-7183

Please check One: Suneyed State (Does _ ) or (Does Not __) wish to be identified on how the state answered any of the
survey questions. Only identify the state as a participant in the suney.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:____
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values (i.e.; one ESAL value for all trucks; ESAL values per truck class; etc.)? Will you fax us

the first page of your ESAL table for an
example.

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you appiy average ESAL factors to the wehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there links between HPMS data and the ESAL tables?
a. Are your growth factors for HPMS the same for ESAL
growth factors?

£

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Surwey States comments if any:
Thank you for participating in this ESAL pavement design and rehabilitation surwey. If you have any questions on this suney

you may contact Earl Laird at abowe telephone, e-mail or Fax Number. Or: Dr. Sirous Alav, Ph.D., P.E.; Principal Investigator;
Nichols Consulting Engineers, Chtd., Phone No. (775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;

Wednesday, March 24, 1999  America Online: ETLAIRD Page: 1
k3



Arizona DOT: telephone (602)407-3435; e-mail ekombe@dot.state.az
Thank you again for your anticipated help.

Earl T. Laird.

Wednesday, March 24, 1999  America Online: ETLAIRD
o/



Hi Rob Bostrom,

Thank you for the quick and very informative reply to the questionnaire on ESAL use in pavement design. Of the 10 states |
have received back questionnaires, | must tell you that your state and Kansas, thus far (and you know this is not a contest),
has the most aggressive ESAL tabies. You have ESAL for trucks, growth factors for future years, use wehicle class data at
design sites, etc.. Very, very nice ESAL reporting tables. This old traffic guy like to see traffic reports tables that show the
user we know how to collect traffic data and how to report same. Very good reporting.

Thanks again for your states input.

Earl T. (:>))

Monday, March 29, 1999  America Online: ETLAIRD Page: 1
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ZARL T. LAIRD
T P & R COMSULTANT
Transportation Planning and Research
529 Benanza Dr., Cérsen City, ¥V, 89706
(775)862-4758 Fax (775)882-4565
g-mail: etlairdfaol.com

Mazeh 16, 1999

Suzvey of States using ESALS for pavemant design and rehabilitation. EASD Ceta
{information being collected for a ESAL Research Contract betwsen Arizona DOT

and Nichols Consulting Engineers in Renc, Navada:

Survey State of:_Nebraska DOT: Mr. Jerome Miller ;
Asst. Transportation Planning Engineer;

(402) 478-4670 Fax: (402) 479-~3884

Please check One: Surveyed State (Does X ) oz (Does Not __) wish te be
idsncified on how the state answerad any of the survey questions. Only
idencify the stite as a participant in the gurvey.

Question No. 1: Does your state use ESAL computationa for
pavement design and rehakilitation?

Yes:
Not___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the firzst page
of your ESAL table for an sxanmpla.)

a. Do you use & single ESAL table for all design locations within
your state or is a different £9AL value computaed for different
Tocations based upon load informaticn for thar location? DiFRel&nT

@ NO. 3: Do you break down ESALS by vehicle classification? YES

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they? $Eg ATALHED SPeEr

Q No. 5: Do you i1se Grawth factors to expend ESAL‘s to design

years? NES

Q No. 6: Do _you use WIM daca? If No what de you use for load
data? YES

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors fozr PMS the same fox ISAY
growth facrtors?

© No. 8: How much confidegce do you have in the values you use
for pavement design and rehab? 000 (eSFIDENCE

Survey States comnants if any:

Thank you for participating in chis ESAL pavement design and rehabilitation
survey. [T you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or; Dr. Sirous Alavi, Ph.D., 2.E.;
Principal Investigator; Nichols Consulting Enginaers, Ched., rhom'No. ’
{775)325~4955 ox e-mail 8irous@nce.renc.nv.us: or, Dr. Estomih M. Kombe;
Arizcna DOT; telephene (602)407-3435; w-mail ekombeldot,state.az ' ‘

Thank you again,
Eazl 7. Lairzd.
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HFR., 1.1599 81 ZOHIM ML I HND PLHMNLNG  Gld

Project No.:
Control No.:
L.ocation:
Date;

‘Single Unit Trucks

2 axle, 6-tire
3 axie
4 axle, or more

g7F

4 o804

FUNCTIONAL CLASSIFICATION 02 (1897)

Single Trailer Trucks

4 axie, orless
5 axle
6 axle, or more

Multi-Trailer Trucks

§ axle, orless
6 axe
7 axie, or more

1993 Total EASL
1884 Totai EASL
1995 Total EASL
1998 Total EASL
1987 Total EASL

FLEXIBLE
F-1-1(111)
12345
Widget City
36238
12330 12
% EQV  ADT %HT
20868 0.1805 12330 12
578  0.2351 12330 12
0.78  0.8965 12330 12
74 07347 12330 12
5816 09872 12330 12
6.82 11111 12330 12
0.32 20317 12330 12
0.09 2.727 12330 12
0 0 12330 12
Total
Total x 365
391507 usng 1993 Esal e
376198 ary 0"
358767 v 445 o o
411481 4996 »  »
413377 __ " 797

~Average EASL

390268 WG SyA MG oF BAL INRD

Ww.o2e

ESAL

49.06
20,11
8.04

80.44
849.52
112.12

9.82
&3
0.00

1132.54

413377.24

(‘,J

Page 1
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EARL T. LAIRD °
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanze Dr.. Carson City, NV. 83706
(775) 882-4755 Fax (775) 882-4565
E-mail: BTLAIRDGAQOL .COOM

FAX COVER SHEET
Number of pages including this cover shest 2

TO: Jerame Miller FAX NUMBER: _{402) ¢79-3884
I T ‘on B {na Eoo]

FRQOM: Earl Laird'jfﬂ?;Ax NUMBRER: (7751 8B82-456%

DATE: ..March 18.1229 TIME: £.15 AM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

1 11 = e RN SR N R e TR U EEXEE SR

REMARKS !

Helle Mr. Miller:

Per our phone conservation this A.M.. attached is tha small
questionnaire dealing with your state‘'s use of ESALS dates in the
design and rshabilitation of pavements. As I explained to you,
the ESAL survey is part of a contract Nichols Consulting
Engineers of Reno has with Arizona DOT dealing with ESAL design
and its use in pavement design and rehab.

I1f you have any gquestions please cell me at (775) 882-4753.
You may fax your answers to me at Fax No. ([775) 882-4565.
Thanks for your anticipated help

1
Barl T. Laird (:3))
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 16, 1999

Survey of States using ESALS for pavement design and rehabilitation. EASL Data
information being collected for a ESAL Research Contract between Arizona DOT
and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: Nebraska DOT; Mr. Jerome~Millerl;
Asst. Transportation Planning Engineer;
(402) 479-4670 Fax: (402) 479-3884

Please check One: Surveyed State (Does _ ) or (Does Not _ ) wish to be
identified on how the state answered any of the survey questions. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:

No: If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within
your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by vehicle classification?

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL’s to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab?

Survey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirousfnce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again, és //
Earl T. Laird.
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City., NV. 89706
(775) 882-4755 Fax (775) 882-45¢65
E-mail: ETLAIRD@AOL .COM

FAX COVER SHEET ‘
Number of pages including this cover sheet_2

TO: __Jerome Miller FAX NUMBER: _[(402) 479-3884
g T . P . Endi

FROM: _EﬁIJ._La.LLd'éngAX NUMBER:_(775) 882-4565

DATE: March 18. 1999 TIME: _8:15 AM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

REMARKS :

Hello Mr. Miller:

Per our phone conservation this A.M., attached is the small

questionnaire dealing with your state’s use of ESALS data in the

design and rehabilitation of pavements. As I explained to vyou,

the ESAL survey 1is part of a contract Nichols Consulting
Engineers of Reno has with Arizona DOT dealing with ESAL design
and its use in pavement design and rehab.

If you have any questions please call me at (775) 882-4755.
You may fax your answers to me at Fax No. (775) 882-4565.
Thanks for your anticipated help

1
Earl T. Laird (:>))
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City. NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRD@AQL.COM

FAX COVER SHEET :
Number of pages including this cover sheet_2

TO: Jerome Miller FAX NUMBER: {4021 479-3884
FROM: Earl Lair NUMBER:_(775) 882-456%
DATE: April 1. 1999 TIME: _11:05 AM

SUBJECT: Thanks For State Survey of ESAL Use In Design and
Rehabilitation

REMARKS :
Hi J.C. Miller:

Thank you for your prompt and very comprehensive answer to the
survey of Nebraska's use of ESAL's in pavement design and
rehabilitation.

I, an old retired planning traffic person, was very pleased to
see that your division is collecting traffic classification and
weight data and using individual truck and bus class data in
developing ESAL for site specific design locations. I respect
traffic personnel who collect site specific or site related
traffic data and take the time to present this data to the user
in a comprehensive report form that will answers site specific

design questions that the designer may have. If the design
administrator uses or does not use the data. it is there for
their decision making needs. Of 11 states (15 states surveyed)

three states, and your state is one, are using classification and
weight data that are site specific or site related to the site
location under design. The other 8 states are using a combination
of: 1. An all truck statewide average ESAL; 2. A 3 bin truck
(single, semi, and truck and trailer) statewide ESAL average; 3.
A four bin truck (same as #2 only busses added) statewide ESAL
value: or 4. Class 4 through 13 vehicle class statewide average
ESAL value and applying these statewide ESAL values to vehicle
classification of: 1. A state average: 2. Highway functional
class: or 3. Site specific or related vehicle classification
count.

which of the above works? This is what the Arizona DOT research
project is trying to answer. What way is best?

93
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My personal view of this average one table, less computation.
basic approach is: it’s the easy way out. There are exceptions
to all rules and I feel, without knowledge being gained from this
research project, one should take the time to assure the ESAL
values fit the location under design. Roadway construction and
maintenance is very expensive and during the design stage of the
project is not the time to take the easy way out. Knowing what
traffic loads are there now is easy, to a degree., projecting
these loads into the future is the hard part and needs lots of
crystal ball work. I have provided a lot of design traffic data
over the years and had the privilege of seeing my 20 and 30 year
projections come true and some that were a long ways off. Most
of those that were a long way off are in areas of unexpected fast
traffic growth, unexpected land use changes. and truck commodity
carrying changes. Win some lose some.

In a couple states, the design divisions are using statewide
ESAL values developed., and supposedly verified with WIM data.
from old loadometer static weight W-Tables and applied to new
vehicle classification data. I am from the old loadometer days
and moved my state (Nevada) into WIM data collection in the late
70's. I know that many trucks never came into our loadometer
sites for weighing thus our ESAL values were low. Sadly, I see by
the average ESAL values being used by the above states, the ESAL
values appear to me to be low and when compared to your and other
state ESAL values are low.

You are doing what appears to this old planning traffic guy. one
good job. If you take this to your boss, you will get a pay
raise. Yah, right! APRIL FOOL!

Thanks again for your hel

Earl T. Laird (:>))
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:801-955-4551
UDOT PROGRAM DEV. ous 'g’_.ax 801-955-45 TR

From: <ETLAIRD@uol.com>
To: <GKUHL@dot.state. ut.us>

Date: Tue, Mar 23, 1999 858 AM {<§
Subject: Survey ESAL Use For Design U [ :H
EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research

§29 Bonanza Dr., Carson City, NV. 89706

(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

Dor

March 22, 1999

Survey of States using ESALS for pavement design and rehabilitation. ESAL
Data information being collected for an ESAL Research Contract between Arizona
DOT and Nichols Consulting Engineers in Reno, Nevada:

Survey State of. Utah DOT; Mr. Gary Kuh!; Planning Division Engineer;
(801) 964-4552

Please check One: Surveyed State (Does X ) or (Does Not __) wish to be --K’\ &'S .Q\ '3
identified on how the state answered any of the survey questions. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with Axf\e LG L:\'S 'CN A
the ESAL table values? (Will you fax us the first page . _&
of your ESAL table for an example.) W\ ef""?’“ €.4

~
&. Do you use a singie ESAL table for all design locations within your state € f by v ety c.\
or is a different ESAL value computed for different locations based upon load ' =9
information for that location? CAGL L

Q NO. 3: Do you break down ESALS by vehicle classification? \re S

Q No. 4: De you apply average ESAL factors to the vehicles in Te s
each classification? What are they?

\ .C< ey
Q No. 5: Do you use Growth factors to expand ESAL's to design ~£;_;.f volomd s, f\O'k ¢ & S
years?

Q No. 6: Do you use YIM data? If No what do you use for load 9 X
data?

Q No. 7: Are there links between HPMS data and the ESAL tables? yes Lor vewnle cless
a. Are your growth factors for HPMS the same for ESAL

o
growth factors? b€ &k o meas,
Q No. 8: How much confidence do you have in the values you use , & 4(
: 2
Weles on Mayer rodes Lt caad +rue & ‘
¥ ¥ A€ Lol
bwer oa shae rooter W lmicd Leds
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UDOT PROGRAM DEV. Fax:801-955-4551 Mar 23 93 15:22  P.Q2
Project Traffic Report
PROJECT DESCRIPTION: So. of Silver Creek Interchange { North bd. traffic)
STATE ROUTE: SR.- 40
. BEG.M.P.: 0.50 END M.P.: 1.00 LENGTH:
PROJECT SCOPE: Reconstruction REGION: 2
Rigid or Flexible: Rigid DIRECTIONAL FACTOR: 1.00
CONSTRUCTION YEAR: 2000 FUNCTIONAL CLASS 2
DESIGN PERIOD: 20 yrs D=9.00
DESIGN HOUR VOLUME %: 13 NUMBER OF LANES: 2
BASE YEAR AADT = 12,000 ESAL'’s RATE CLASS 57 = 0.01 ESAL'SNVEH-YR
FINAL YEAR AADT £ 17,440 ESAL's RATE CLASS 8-13 = 0.03 ESAL'S/VEH.YR
Fs 1}.00
BASE FINAL ANNUAL  TRUCK DESIGN
. YEAR YEAR GROWTH FACTOR % OF ESAL'S
VEHIC S AADT AADT RATE % _ESALSNE LOAD X 1,000
182MT.CYC. 4 CARS 8,620 12,360 18 0.0002 0.1 15.0
. 32 AXLE/4 TIRE VEN. 2,280 3,320 1.9 0.0300 2.9 €00.4
4 BUSES 60 110 3.1 0.8800 2.5 521.8
SINGLE UNIT TRUCKS
52 AXLE/S TIRES 150 2458 2.5 0.2065 2.4 4218
83 AXLES Y3 120 24 0.5211 2.4 428.0
7 8 AXLES (OR MORE) as 60 27 0.0414 0.2 47.2
SINGLE TRAILER TRUCKS
8 4 AXLE (OR LESS) a5 75 26 0.4847 1.6 3321
9 5 AXLE (382) 400 660 2.5 2.9648 58.7 122197
10 8 AXLE (OR MORE) es 108 24 1.4470 5.0 1051.0
"ULZETRAILER TRUCKS
115 AXLE (OR LESS) (T3 %0 16 1.3290 44 906.1
12 6 AXLE 25 35 17 1.0085 14 281.5
13 7 AXLE (OR MORE) 180 260 19 2.2342 19.2 3987.8
TOTAL (TRUCKS): 1,100 1,760 100.0 20,820
PERCENT TRUCKS: 9.17% 10.08%
WEIGHTED TRUCK FACTOR: 1.7635 1.7575
TOTAL (CARS/PICKUPS): 10,900 15,680
PERCENT CARS/PICKUPS: 90.83% 83.91%
WEIGHTED CAR/PICKUP FACTOR: 0.0084 0.0065

DESIGN LANE ESAL'S= 20,819,864

DESIGN LANE ESAL'S/DAY = 2,352

VEMICLE DATA SOURCES: Counts made in area
DATA COLLECTION DATES: 1996
ESAL FUNCTIONAL CLASS:
ESAL COLLECTION DATES: 1997-98

23-Mar-99
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Subj:  Survey ESAL Use For Design
Date: 3/23/99
To: GKUHL@dot.state.ut.us

EARL T. LAIRD
TP & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

23
March22,/1 999

Suney of States using ESALS for pavement design and rehabilitation. ESAL Data information being collected for an ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of: Utah DAY, M- Gary Kuhl:_Planking Division Engineer;
(801) 9644552

Please check One: Suneyed State (Does __) or (Does Not __) wish to be identified on how the state answered any of the
sunvey questions. Only identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pawvement design and rehabilitation?
Yes:____
No:____ Iif No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you apply average ESAL factors to the wehicles in
each classification? What are they?

Q No. &: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? if No what do you use for load
data?

Q No. 7: Are there links between HPMS data and the ESAL tables?
a. Are your growth factors for HPMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Suney States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation suney. If you have any questions on this suney
you may contact Earl Laird at abowe telephone, e-mail or Fax Number. Or: Dr. Sirous Alav, Ph.D., P.E.; Principal Investigator
Nichols Consulting Engineers, Chtd., Phone No. (775)3298-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe:
Arizona DOT, telephone (602)407-3435; e-mail ekombe@dot.state.az

Tuesday, March 23, 1999  America Online: ETLAIRD Page: 1
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Thank you again,

Ear T. Laird.

Tuesday, March 23, 1989 America Online: ETLAIRD Page: 2
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-
Yes, thank you, | did receive you faxed ESAL data tables.
After the Arizona ESAL research study is completed (in approximately 9 months), it is planned that the accumulated answers
provided by the participating states, in how ESAL data is used in pavement design, will be distributed to all participating

states (approximately 15 States).

Thank you for the prompt and very informative ESAL information.

Ead T. (:>))

Wednesday, March 24, 1899  America Online: ETLAIRD Page: 1
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Subj:  Re: Survey ESAL Use For Design
Date: 3/24/99 6:49:35 AM Pacific Standard Time

From: srcopo1.giuki@iot-staterat-us{Gary Kuhi}: .. /
To: ETLAIRD@aol.com

| faxed you some info yesterday. Could you let me kow if you didn't get it.

Alsq can-Lget a-copy obyaucstudywhen you get it put together, td lisesiaseemtat-otters2re rsiny orhell ERAL factoss.-

Headers

Retum-Path: <srcopo1.gkuhl@dot.state.ut.us>
Received: from ry-yd01.mx.aol.com (rly-yd01.mail.aol.com [172.18.150.1]) by air-yd05.mx.aol.com (v58.13) with SMTP;
Wed, 24 Mar 1999 09:49:35 -0500 .
Received: from email.state.ut.us (email.state.ut.us [168.180.96.41])

by ry-yd01.mx.aol.com (8.8.8/8.8.5/A0L-4.0.0)

with SMTP id JAA27912 for <ETLAIRD@aol.com>;

Wed, 24 Mar 1999 09:49:33 -0500 (EST)
Received: from STATE-DOMAIN-Message_Server by email.state.ut.us

with Nowell_GroupWise; Wed, 24 Mar 1999 07:44:02 -0700

Message-ld: <s6f897c2.020@email. state.ut.us>
X-Mailer: Nowell GroupWise 5.5
X-GWFix: Yes
Date: Wed, 24 Mar 1999 07:46:33 -0700
From: "Gary Kuh!" <srcopo1.gkuhl@dot.state.ut.us>
To: <ETLAIRD@aol.com>
Subject: Re: Survey ESAL Use For Design
Mime-Version: 1.0
Content-Type: text/piain; charset=US-ASCII
Content-Transfer-Encoding: quoted-printable
Content-Disposition: intine

Wednesday, March 24, 1989  America Online: ETLAIRD Page: 1
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 Survey of States using ESALS for pavement design and rehabilitation. ESAL
Data information being collected for a ESAL Research Contract between Arizona
DOT and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: Wyoming DOT; Ms. Vicki Bonds; Materials Engineer;: i
(307) 777-4359

Please check One: Surveyed State (Does X) or (Does Not __ ) wish to be

identified on how the state answered any of the survey questioned. Only

identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for pavement design and rehabilitation?
Yes: X
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.) Faxed

a. Do you use a single ESAL table for all design locations within your state
or is a different ESAL value computed for different locations based upon load
information for that location? Single ESAL table for statewide.

Q NO. 3: Do you break down ESALS by vehicle classification? Yes

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they? Yes, 13 FHWA class.

Q No. 5: Do you use Growth factors to expand ESAL's to design
years? Yes. We update ESAL's yearly and project future.

Q No. 6: Do you use WIM data? If No what do you use for load
data? Yes

Q No. 7: Are there links between PMS data and the ESAL tables? Yes, updated annually.
a. Are your growth factors for PMS the same for ESAL
growth factors? No

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab? A fair amount of confidence, however WYDOT is considering
incorporating the AASHTO recommendations.

Survey States comments if any: We would appreciate a copy of the resultant report.

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird
at above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., PE.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,

Earl T. Laird.
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Subj: ESAL's Use For Pavement Design
Date: 3/18/99
To: vbonds@missc.state.wy.us

EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
-E-mail; etlaird@aol.com

March 16, 1999

FSurvey of States using ESALS for pavement design and rehabilitation. EASL Data information being collected for a ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Surwey State of. Wyoming DOTj Ms. Vicky Bonds} Materials Engineer;
(307) 777-4070

Please check One: Suneyed State (Does __ ) or (Does Not __) wish to be identified on how the state answered any of the
suney questioned. Only identify the state as a participant in the suney.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:___
No:___ if No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you apply average ESAL factors to the wvehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q@ No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Surwey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation survey. If you have any questions on this surey
you may contact Earl Laird at above telephone, e-mail or Fax Number. Or: Dr. Sirous Alav, Ph.D., P.E.: Principal Investigator;
Nichols Consulting Engineers, Chtd., Phone No. (775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe:
Arizona DOT, telephone (602)407-3435; e-mail ekombe@dot.state.az

Thursday, March 18, 1989 America Online: ETLAIRD Page: 1
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Thank you again,

Ear T. Laird.

Thursday, March 18, 1999  America Online: ETLAIRD Page: 2
1NA



Subj:
Date: 3/25/99

To: VBONDS@missc.state.wy.us

Hi Vicki Bonds:

Thank you for the retum of the ESAL questionnaire and the information you provided on the use of ESAL's' in pawement design
by Wyoming DOT. Dave Berge did fax to me, earlier, the ESAL tables used by Wyoming DOT. Please thank Dawe for his
help and again thank you for your prompt attention to the questionnaire.

Thanks again for the help.

- Earl T. Laird (:>))

Monday, March 29, 1989  America Online: ETLAIRD Page: 1
n7



Tompkins, James

From: ETLAIRD@aol.com

Sent: Thursday, March 18, 1999 3:47 PM
To: jtompkins@state.mt.us

Subject: Survey ESAL Use In Pavement Design
EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 16, 1999

Survey of States using ESALS for pavement design and rehabilitation. EASL
Data information being collected for a ESAL Research Contract between Arizona
DOT and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: Montana DOT; Mr. James Tompkins; Surface Design Engineer,
(406) 444-6295 Fax: (406) 444-6204

Please check One: Surveyed State (Does __ ) or (Does Not __) wish to be
identified on how the state answered any of the survey questioned. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes: X
No:” " If No what do you use?

Q No. 2: What type or types of data do you use to come up with < »4.7 .. 4 ~Sirk - plarr z_///fa/aw///

the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state
or is a different ESAL value computed for different locations based upon load
information for that location?  Stwg/le Fs#e 74/ <

Q NO. 3: Do you break down ESALS by vehicle classification? €S

Q No. 4: Do you apply average ESAL factors to the vehicles in ?4’5
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design //0'5
years?

Q No. 6: Do you use WIM data? If No what do you use for load A1l Sl L) Jans

date? St Seal

Q No. 7: Are there links between PMS data and the ESAL tables? 4/
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab? AVELRSE T A/

Survey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird
at above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot state.az
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Subj:  RE: Survey ESAL Use In Pavement Design
Date: 3/19/99 12:32:24 PM Pacific Standard Time
From: jtompkins@state.mt.us (Tompkins, James)
To: ETLAIRD@aol.com (ETLAIRD@aol.com’)

Jim

—Original Message— @7 ’/7
From: ETLAIRD@aol.com [mailto: ETLAIRD@aol.com]} MWUA I 73

Sent: Thursday, March 18, 1999 3:47 PM g] (9

To: jtompkins@state.mt.us ,ﬁb’f

Subject: Survey ESAL Use In Pavement Design

EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 16, 1999

Suney of States using ESALS for pavement design and rehabilitation. EASL
Data information being collected for a ESAL Research Contract between
Arizona

DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of Montana DOT; Mr. James Tompkins; Surface Design Engineer;
(406) 444-6295 Fax: (406) 444-6204

Please check One: Suneyed State (Does X ) or (Does Not __) wish to be
identified on how the state answered any of the survey questioned. Only
identify the state as a participant in the suney.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes: X
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with

the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)Static scale data, in the
near future we will use WIM.

a. Do you use a single ESAL table for all design locations within your state
or is a different ESAL value computed for different locations based upon
load

information for that location? Simple Esal tabie.

Q NO. 3: Do you break down ESALS by ehicle classification? Yes

Q No. 4: Do you apply average ESAL factors to the wvehicles in
each classification? What are they? Yes

Friday, March 19,1999 America Online: ETLAIRD Page: 1
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Q No. 5: Do you use Growth factors to expand ESAL's to design
years? Yes

Q No. 6: Do you use WIM data? If No what do you use for load
data? Will use WIM in the near future. Presently use static
scale.

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors? NO.

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab? Awverage to High.

Surwey States comments if any: Earl, | am mailing some Esal
charts that Dan Bisom fumnished, as | had his section answer some
of the questions that pertained to them.

Thank you for participating in this ESAL pavement design and rehabilitation
suney. If you have any questions on this suney you may contact Earl Laird
at abowe telephone, e-mail or Fax Number. Or. Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,

Ear T. Laird.

Headers
Retum-Path: <jtompkins@state.mt.us>
Received: from rly-yd02.mx.aol.com (rly-yd02.mail.aol.com [172.18.150.2]) by air-yd01.mail.aol.com (v58.13) with SMTP; Fri,
19 Mar 1999 15:32:24 -0500
Received: from doaisd01001.state.mt.us (doaisd01001.state.mt.us [161.7.104.182])
by rly-yd02.mx.aol.com (8.8.8/8.8.5/A0L-4.0.0)
with ESMTP id PAA02670 for <ETLAIRD@aol.com>;
Fri, 19 Mar 1999 15:32:23 -0500 (EST)
Received: by doaisd01001.state.mt.us with Intemet Mail Senice (5.5.2407.0)
id <HB7DYAFD>; Fri, 19 Mar 1999 13:32:22 -0700
Message-ID: <018C4C169A5CD211B84808002BB29C64BB2BE4@doaisd02003. mdt.state.mt.us>
From: "Tompkins, James" <jtompkins@state.mt.us>
To: "ETLAIRD@aol.com™ <ETLAIRD@ao!.com>
Subject: RE: Survey ESAL Use In Pavement Design
Date: Fri, 19 Mar 1999 13:32:17 -0700
MIME-Version: 1.0
X-Mailer: Internet Mail Senvice (5.5.2407.0)
Content-Type: text/plain;
charset="is0-8859-1"
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Subf: Survey ESAL Use In Pavement Design
Date: 3/18/99
To: jtompkins@state.mt.us

EARL T. LAIRD
TP & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565

" E-mail: etlaird@aol.com

March 16, 1999

Sunwey of States using ESALS for pavement design and rehabilitation. EASL Data information being collected for a ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of Montana DOT: M James Tompkinsg Surface Design Engineer;
(406) 444-6295 Fax: (406) 444-6204

Please check One: Suneyed State (Does __ ) or (Does Not _ ) wish to be identified on how the state answered any of the
surwey guestioned. Only identify the state as a participant in the suney.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:___
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you apply average ESAL factors to the wehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

-

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

-

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Suney States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation survey. If you have any questions on this sunvey
you may contact Earl Laird at abowve telephone, e-mail or Fax Number. Or: Dr. Sirous Alav, Ph.D., P.E.; Principal Investigator;
Nichols Consuiting Engineers, Chtd., Phone No. (775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT, telephone (602)407-3435; e-mail ekombe@dot.state.az

Thursday, March 18, 1899  America Online: ETLAIRD Page: 1




Thank you again,

Ear T. Laird.

Thursday, March 18, 1999  Amaerica Online: ETLAIRD Page: 2
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. A
Subj: Re-Thanks For Survey Replhy-- M a
Date:  3/24/99
To: jtompkins@state.mt.us

Hi Jim,

Thank you for the prompt and informative reply to the Arizona ESAL research questionnaire. You informed me that you would
mail the sample ESAL table you received from Dan Bison and | am looking for it in the mail.

* Thanks again,

Ear T. (:>))

Monday, March 29, 1988  America Online: ETLAIRD Page: 1
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A
Subj:  Re: Thanks for Mailing Survey ESAL AM‘A
Date:  3/29/99 ‘

i received the ESAL tables and Surwey in the mail on Saturday. Thank you for mailing them.
Thanks again and hawe a nice bright summer.

Eard T. (:>))

Monday, March 29, 1989  America Oniine: ETLAIRD Page: 1
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L 037/27/99 SAT 18:54 FAX 6057734713 SDDOT Research @oul
PAGE B2

§3/23/1993 28:86 775-882-4565 EARL LAIRD P8R

-
v

EARL T. LAIRD , <
T P & R CORSULTANT So o 9,4(
Transpertation Planning and Research 87&7
52¢ Bonanza Dr., Carson City, Nv. B2706
{775)882-4755 Fax (775)882-4565
B-mail: etlairdRaol.com

March 23, 1999

Survey cg States using ESALS for pavement design and rehabilitation. FSAL Data
information being collected for an ESAL Research Contzact betwaen Arizona DOT

and Nichols Consulting Engineers in Reno, Nevadx:

Survey State of: South Dakota: Mr. Devid Suff; Plamning Traffic Division;
(605} 7713-3358 FPax: {605} 773-4713

Plesse check One: Surveyed State (Does __) or (Does Not __) Wish to be
jdentified os how the state answared any of the survey questions. Only
identify the state as a participant in the jurvey.

Question No, 1: Does your state use ESAL computations for
pevement design and rehabilitation?
Yes:
No: If No what do you use?

E ﬂnﬂcﬁf
Q No. 2: What type or types of dits do you use to come up with Wi Aafte- CS fﬂ){ =
the ESAL table values? (Will you fax us the filrst page ‘5

of your ESAL teble for an example.)

a. Do you use s single ESAL table for all design locations within a,v//wh;r

your state or is a different ESAL value camputed for different : S
locations based upon load information for that locatien? ‘7(7“ /Ob-w‘{w\’l.s

Q@ NO. 3: Do you break down ESALS by vehicle classification? A\/-crardc é%t/ (5 weli de lasse

O No. 4: Do you apply sverage ESAL factors to the vehicles in cn ( T
gach classification? What are they? NO - t"g”e' M

¢ No. 5: Do you use Growth factors to expand ESAL’s to design \,te/
years? S

¢ No. 6: Do you use WIM data? If No whet do you use for load L{'CS
data?

Q No. 7: Are there links between HPMS data and the ESAL tables? /l/p‘f' NnLc essSetael (3
a. Are your growth factors fex HPMS the same ffor ESAL
growth factors?

g No. 8: How much confidence do you have in the valuss you use |+ Mwﬂs A«M 0'(‘7%
for pavement design and rehab? \o S - ‘\’9 W
ki o N

Survey States comments if any: (‘v\stwla:hm\

Thank you for participating in this ESAL. pavement design and rehabilitation
survey. If you have any questions on this survey ycu may coutact Earl Laird at
above talephone, e-mail or Fax Number. Or: Dr. Sirous hlavi, Ph,D., R.E.;
principal Investigator; Nichols Consulting Engineers, Chtd,, FPhone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; oz, Dr. Estomih M. Kombe;
Arizeans DOT: tolephone (602)407-343 e-m&ll skombeldot.,state.az

Thank you again,

Earl T. Laizxd.
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©3/29/1939 11:25 775-882-4565
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
525 Bonan2a Dr.. Carson CTity., NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRDEAQL.COM

FAX COVER SHEET
Number of pages including this cover sheet_ 2

TO: . Dayid Huff FAX NUMBER: _(6Q5]) 773:-4713
S e

FROM: Mﬂﬁg NUMBER:_(775) BH2-456%5 ,
DATE: March 22, 1999 TIME; _7:45 PM -
SUBJECT: Thank You For Stats Survey of ESAlL Use For Design

e e - P O VP ——
Fieb 3 —23—uit 114 3 {1 0t £t S 23t 4 2 d 1 224 4 4 13 F % 4+ L+ jd 2 £ 3 42 3 4+ 1 22 f 2

REMARKS :
Hello David Huff. W

Thank you for the gquick fax response and very informative rsply
to the questiocnnaire on the use of ESAL's in pavement design.

Would you have an example of an ESAL table that you would send to
your design or material divisions that provides the ESAL values
they may need for pavement design? This would be very helpful in
showing Arizena DOT how ESAL data are reported to interested
divisions needing the data. My fax number is (775) 882-5465.

Thanks again for the hel

Earl T. Laird (:>)) ;?/

Gal - TSAL  valica Fre caanJZ;AQ bpo fttj%oodf'§1

Datiicks & Sufouiy o owo OuboBonertog Gfece- 10

Bl e i . SHard | it ey arrioben Tl
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4> o Aﬁgﬁ~ﬂﬁ7 prunerart A&~«49. i ﬂékhéq_/z&vuJéz
Rigid o Planile potomctiss o pomded) |

S Sie sy Somfny L oy i ol

bl e ot 60S[773- 3358, fhide S gl e ma
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 23, 1999

Survey of States using ESALS for pavement design and rehabilitation. ESAL Data
information being collected for an ESAL Research Contract between Arizona DOT
and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: South Dakotas Mr._ David_Huff;.Planning Traffic Division;
(605) 773-3358 Fax: (605) 773-4713

Please check One: Surveyed State (Does _ ) or (Does Not __ ) wish to be
identified on how the state answered any of the survey questions. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:
No: __ If No what do you use?

Q No. 2: What type or types of data do you use tc come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within
your state or is a different ESAL value computed for different
locations based upon load information for that location?

O NO. 3: Do you break down ESALS by vehicle classification?

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL’s to design
years?

O No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there links between HPMS data and the ESAL tables?
a. Are your growth factors for HPMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab?

Survey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407—3ij/v e-mail ekombeldot.state.az

Thank you again,

Earl T. Laird.
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRD@AOL .COM

FAX COVER SHEET
Number of pages including this cover sheet_2

TO: —David Huff FAX NUMBER: _(605) 773-4713

Planping Traffic Division
FROM: __Earl Laird FAX NUMBER:_(775) 882-4565
DATE : March 23. 1999 TIME:_7:45 PM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

REMARKS :
Hello Dawvid Huff:

Per my phone message., attached is the small questionnaire dealing
with South Dakota’'s wuse of ESAL data in the design and
rehabilitation of pavements. As I explained to you, the ESAL
survey 1s part of a contract Nichols Consulting Engineers of
Reno, Nevada has with Arizona DOT dealing with ESAL design and
its use in pavement design and rehab.

If you have any questions please call me at (775) 882-4755.

You may fax your answers to me at Fax No. (775) 882-4565,
or e-mail to the above e-mail address.

Thanks for your anticipated hel

Earl T. Laird (:>))
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TO:

FROM:

DATE:

SUBJECT: Thank You For State Survey of ESAL Use For Design

EARL. T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRDEAOCL .COM

FAX COVER SHEET
Number of pages including this cover sheet_2

_David Huff FAX NUMBER: _{605) 773-4713

Planning Traffic Division
M%}g NUMBER:_[775) 882-4565
—March 23, 1999 TIME:_7:45 PM

REMARKS :

Hello

Thank you for the quick fax response and very informative reply
to the questionnaire on the use of ESAL’s in pavement design.

Would you have an example of an ESAL table that you would send to
your design or material divisions that provides the ESAL values
they may need for pavement design?
showing Arizona DOT how ESAL data are reported to interested
divisions needing the data. My fax number is (775) 882-5465.

David Huff:

Thanks again for the hel

Earl T. Laird (:>)) /
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Subj: FW: ESAL Use Survey

Date: 3/15/99 4:37:16 PM Pacific Standard Time
From: PIERCEL@WSDOT.WA.GOV (Pierce, Linda M)
To: ETLAIRD@aol.com (ETLAIRD@aol.com’)

See comments in text below.

>
>From: ETLAIRD@ao!.com[SMTP:ETLAIRD@aol.com]

>Sent: Monday, March 15, 1999 3:50 PM

>To: Pierce, Linda M

>Cc:  sirous@nce.reno.nv.us

>Subject: ESAL Use Suney

>

>EARL T. LAIRD

>TP & R CONSULTANT

>Transportation Planning and Research

>529 Bonanza Dr., Carson City, NV. 89706

>(775)882-4755 Fax (775)882-4565

>E-mail: etlaird@aol.com

>

>March 15, 1999

>

>Suney of States using ESALS for pavement design and rehabilitation. ESAL
>Data information being collected for a ESAL Research Contract between Arizona
>DOT and Nichols Consulting Engineers in Reno, Nevada:

>

>Surwey State of. Washington DOT; Ms. Linda Pierce; Material and Testing
>(360)709-5470

>

>Please check One: Sufveyed State (Does X ) or (Does Not __) wish to be
>identified on how the state answered any of the survey questioned. Only
>identify the state as a participant in the sunvey.

>

>Question No. 1: Does your state use ESAL computations for

> pavement design and rehabilitation?
> Yes: X
> No:____ If No what do you use?

>
>Q No. 2; What type or types of data do you use to come up with
> the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.) WSDOT has determined
ESAUtruck factors. The original factors were deweloped based on
Washington loadometer tables and later verified using WIM. ESAL table
>is not awailable.
>
>a. Do you use a single ESAL table for all design locations within your state
>or is a different ESAL value computed for different locations based upon load
information for that location? ESAL factors deweloped based on type of
>truck.
>
Q NO. 3: Do you break down ESALS by wehicle classification? Yes,
FHWA wehicle class 4, 5, 6, 7 - 0.40 ESAL/wehicle
FHWA wehicle class 8, 9, 10 - 1.00 ESAL/wehicle
>FHWA wehicle class 11, 12, 13 - 1.75 ESAL/wehicle
>
>Q No. 4: Do you apply average ESAL factors to the wehicles in
> each classification? What are they? See abowe.

Monday, March 16, 1989 America Online: ETLAIRD Page: 1
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>
>Q No. 5: Do you use Growth factors to expand ESAL's to design

years? Yes, we apply a 1.6 percent growth factor to our ESAL
>calculation.
>
>Q No. 6: Do you use WIM data? If No what do you use for load
> data? See answer to No. 2 abowe.
S .
>Q No. 7: Are there links between PMS data and the ESAL tables?
> a. Are your growth factors for PMS the same for ESAL

growth factors? Our PMS contains the ESAL calculations for
>each section of state highway. The growth factors are the same.
>
>Q No. 8: How much confidence do you hawe in the values you use

for pavement design and rehab? Complete confidence in the
ESAL/vehicle values, | have about 60 - 75 percent confidence in the
>actual traffic counts that are supplied to us.
>
>Suney States comments if any:
>
>Thank you for participating in this ESAL pavement design and rehabilitation
>suney. If you have any questions on this suney you may contact Earl Laird
>at abowe telephone or e-mail. Or: Dr. Sirous Alav, Ph.D., P.E.; Principal
>Investigator; Nichols Consulting Engineers, Chtd., Phone No. (775)329-4955 or
>e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe; Arizona DOT;
>telephone (602)407-3435; e-mail ekombe@dot.state.az
>
>Thank you again,
>
>Earl T. Laird.
>

———————— Headers
Retum-Path: <PIERCEL@WSDOT.WA.GOV>
Received: from ry-yd02.mx.aol.com (ry-yd02.mail.aol.com [172.18.150.2]) by air-yd01.mail.aol.com (v56.26) with SMTP;
Mon, 15 Mar 1999 19:37:16 1900
Received: from mail1.wsdot.wa.gov (mail1.wsdot.wa.gov[164.110.100.178])
by riy-yd02.mx.aol.com (8.8.8/8.8.5/A0L-4.0.0)
with ESMTP id TAA21806 for <ETLAIRD@aol.com>;
Mon, 15 Mar 1999 19:37:15 -0500 (EST)
Received: from magnolia. WSDOT.WA.GOV (magnolia.wsdot.wa.gov [164.110.102.213]) by mail1.wsdot.wa.gov
(8.7.5/8.7.5.96328) with SMTP id RAA01348 for <ETLAIRD@aol.com>; Mon, 15 Mar 1999 17:00:58 -0800 (PST)
Received: by magnolia. WSDOT.WA.GOV with SMTP (Microsoft Exchange Serer intemet Mail Connector Version 4.0.996.39)
id <01BE6F02.1E1C6E30@magnolia. WSDOT.WA.GOV>; Mon, 15 Mar 1989 16:37:29 -0800
Message-ID: <c=US%a=_%p=WA.GOV%I=CEDAR-890316003712Z-54210@magnolia. WSDOT.WA.GOV>
From: "Pierce, Linda M" <PIERCEL@WSDOT.WA.GOV>
. To: "ETLAIRD@aol.com” <ETLAIRD@aol.com>
Subject: FW: ESAL Use Suney
Date: Mon, 15 Mar 1999 16:37:12 -0800
X-Mailer. Microsoft Exchange Senver Intemet Mail Connector Version 4.0.996.39
MIME-Version: 1.0
Content-Type: text/plain; charset="us-ascii"
Content-Transfer-Encoding: 7bit

Monday, March 15, 1999 America Online: ETLAIRD Page: 2
17K
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Kansas
T Wn% Eesyc Dyw

Transpestation Plenning and Resecarch
329 Benanza Dxr,, Carson City, NV. 89706
(775)882-4758 Fax (77%)882-456S
E-mall: gtlairdfacl.cem

March 19, 1999

Survey of Steates using ISALS for paverent design and rehabilitation. EABL Dsta
informatien being collected for a BSAL Research Contract between Arizoma DOT
and Nichole Consulting Engineexrs in Remo, Nevada:

Survey State of:_Kansas DOT; MNr. Garrett Olsen : SR Alas Spiwev

p—— =S4
Pleid Data Cellection Emgineer:
(7183) 296-636% Fax: (185] 28€-8168 (89) 29¢- 2470
G35
Elease check One: Surveyed State (Does X ) or (Does Not _ ) wish to be
identified on how the state anawered any of the Jurvey questions. Only
identify the state as a participant ia the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehadbilitatlion?
Yes: X
Ko:___ If No what do you use?

Q Wo. 2: What type or types of data do you use to came up with -~ Frodk w“'lkt" dika b’
the ESAL table values? (Will yeu fax us the first page vehide oI g5i et wn
of your ESAL table for an example.) Sce neWt Cpeges

a. Do you use a single ESAL table for all desi ons within
your state or i3 afdifferent E value computed for differct
ypon load information for that loc 2

Set SampPe
Frvm Patbic b‘t“\"*

Q NO. 3: Do you break down ESALS by vehicle classificatien? [ (m iedts a\m%

Q No. 4: Do you apply sverage ESAL factors te the vehicles in .
each classification?)sWnat are they? Giwwped tme erd*ou\ C\«sS('(udbf

Q Ne. 5: Do you use Growth factors to expand ESRL’s to design
youzs? Na

Q No. é: Do you use WIM dun*’xf No what do you use for load @ ,’,&, et L’(m’
data? Y5 7

Q Ne. 7: Are thare links between EMS data and the ESAL tables? N©
a. Are your growth factors for PMS the same for ESAL

grovth factors?

@ No. 8: How much confidence do you hava in the values you use
for pavement desigm &nd zebad? [Faiely con®idest,

Un ke been collectivg all #ruck /:4& suce 1995 ,n mebric - we
. do it Aot “mebr ¢5dl J?. bs' foows

Thank you for participating in this ESAL pavement design and rehabllitation

survey. If you have any gquestions on this suzvey you may contact Earl laird at

abcve telephcne, e-mgil or Fax Nunber. Or: Dr. Sirous Alavi, Ph.D., B.L.;

Principal Investigators Nichols Cemsulting Enginears, Chtd., Phous No.

(775)329-4955 or e-mail sizoussgce.:eno.nv.us; or, Dr. Estomih M. Kembe;
Arizona DOT; telephone (602)407-3435; e-mail ekombetdot.stste.ar

Thack you again,
rarl T. Laizs.

Survey States comments if any:

126



KDOT-TRANS PLAN

T785 288 8168

25

15

03/22/99

[PORVET RS g VI V]

ayee £L02
9922 bs0Z
Laee 9692
gz 252
69%2 ShI2
ge92 502

88Y$ 086
974 9%6
£694 £96
<YS ) SEO)
£58 9401
£6%) 6901

Z9s wb 2
gzg w1 ¢
2L B2V ¢t
¥1S 2L %
$6% 8} S
98s o8l ¢

g*2xd -~ LMINIAVe 3INEIX3ITS

S252 4102
psgz byO?
gsLl 4502
gac2 1302
28y 1902
£€%2 1507

Leyi 81D
1291} 5001
10yl OLDS
yost %¥0lL
EOSl syDY
26%4 990}

LSS 61%
1ss oLl
¢ss osl
%28 981
19S o8}
egs 93

M mNN

0°2=d - INIWIAVY 3IOLXITI

6051 95514
0691 £6SL
28SE 9991
2s9) sl
99S) SY9)
oLyl 6¥5)

¥ 3 82

L9414 BSS
€9L) 08§
s611 185
£zt 9
221 58S
601} BES

0 - 1v1
1%y 821 2
bey Itb 2
9yy vk 2
0Ly 481 €
€9y SSiL Y
65y ivL ¢

$°Z=d = INIWIAWE ITVEINITI

SL94 1981
£Eo) S8S1
s9%4 s8SL
soyl L09%
y59y1 94654
96kl 2251

soLl Of¢
PLL) 9¢S
yeLb 2%S
6344 09S
0244 6%
L0)} OfS

ogy 2t
1Ly &tl
98y &f8
2%y v
yey £¥i
28y Bkl

NN NS

0°Csd = INIWIAVYYE 3WEIXITI

31Vv1iIsS¥aanmnl -

J4oW S$S37 2d0W $S3T
0 40 30 30
FIMY 33xXY 3IMY 3N
’ S ] Y
SUINEL SHONAL
¥ val ¥3aval
=117 39NIS

S6/217%80

J¥DKW 3BIL 3IALL

a0 9 k]
2IXY 3INY IInY
£ 4 4

sAnML

LIND 3TINIS

IvIyILEY

9 =NS
C=ns§
[ 23 19
t xNS
Z=NS
1 sNS

9=NS
S=N§
93NS
¢ =N3
NS
L =aNS

3 3 1 ¥ ¥ TvdId
92NS
S=Ns
¥ aNS
L=NS
Z=NS
1=NS

9aNsS
S =NS$
¥ =NS
€ =NS
ZsNS
J=NS

Ty d1INTI Y

ss2? 1502 9962
9222 8232 92
sp9z 9702 Wi
892 9902 2582
9£92 8602 Lif2
992 Y652 €152

12193
il
1431
1604
€601
(494 2

§*2=d = LNIW3IAY4 TYIITY

6822 2402 ;S
22472 0SOT S5)S2
€622 6922 0592
€27 8YDZ 6532
8242 €502 102
9622 8902 &9%2

1 Y24
oL
7S bt
2r il
14333
19t

0°Z=d = ININIAYVL 01213

N IDdd L )

1088 BLSH 9L6)
90v) OLS) 06}
<084 2251 09%1
cisl 2eSt 9%21
yE81 L1948 <294
yes3) 6s9b £58¢

yn¥

009
b6¢
113
209
(434
£Le

€*¢=d =~ INIWIAVA DIDIX

BoRl Y5t BZ6)
4081 £254 S)68
4C01 9IS 06l
6081 SIS) L6%1
818} 0654 8}
ose)l bL9L LE8I)

b [4 4
nee
009
19
({'}/
L9

0°2=d — ANIWIAVG TIOIY

rvany GO—

2304 $837 IBCW ST
¥D a0 b 40
37Xy 3XY 3IAY IIXY
9 g S v
L2 S11E-DY $HINEL
331IY9) ¥371vdl
~I1IRA JISNILS

sys #C6 224661 SEYIL WL ONIAND QIHDIIIN SITMIHIA 40
$375IH3IA O00L 3234 319va SINIIVAINDIG dIN K321KI1Z

S ¥ S NV¥YD 30

31v18§

623 ¢BL i wblsd
gr2 261 ¢ whl=n
€8¢ 924 & wt =0
€92 921 x wd =
€99 24 i wl =0
co8 €8L = wy =
673 LRI wbtaC
453 W «L1=0
223 b & «b 3G
918 08} = ws =0
9le o6l & ol =0
9 CHL & w? *0
s
299 €£% 2 whiz0
g9 (£l 2 w)i=0
999 ¥i) wb =0
89 f£x) ¢ o8 =0
£Y9 129" 2 ol =0
S99 2L 2 W =0
£69 SSb 2 wbi=zl
469 €< 2 wii=a
F4-1 2N 4 % T 4 wd =0
§29 sl 1 nd =
b2y 95t 2 wl 20
19 o9 ¢ w? =0
Aywbw
Uf-v;?t?‘

3%0% Jyll 3Ivii
30 9 y
IV 2IXY IVXY
£ < K4
sSHIN¥L
LIND 279NIS

syt 5P

SS ¢

]

o ® e ® & o

™

<

r;‘

127



[ORVIVE VR VIVEY]

KDOT-TRANS PLAN

T785 286 8168

: 25

15

03/22/99

a6£2 O8ZZ Ji£) 999 Di2 B4} 2 9=N3
2682 992 25Ch 199 £Ss¢ 102 T CaNj
29%2 026 22Tl 289 %2 2 2 yaps
§€S2 so€2 Z2¥L 0fL 609 8ZZ € §=Ns
082 4952 995} £0. OCS €22 ¥ Z=NS
7657 O0LET OSTL S§9 2Zi2 SOZ ¢ L =N$
§°2wd = ANIWIA¥L 3ITWEIX3IT
£262 682 6LE) 999 LS. 661 T 9=NS
08gZ 9822 S2sh 0sy 0sZ 002 2 C=NS
sQy2 $0€2 6EEL 299 S92 02 ¥ aNS
9L¥2 -2€SZ 2851 929 o08L o2 2 £=NS
SI¥2 £I€2 9954 299 642 602 T 2aNS
1527 b6 STEL 499 891 4D 2 b=NS
0°2=4 - AININIA¥YS 3ITBIXIVI
349¥LS8331 N1 - 1Tvlad

9lL Oy 2% 9=N3
g8z 558§ oSS SN}
szZe 158 Ty Yy aNS
L2 89 28 €sNS
YE8 419 5 Z=NS
184 199 ¢ L3NS

C*2sd « 1IN3INIA¥S IWWINIW
edi 659 D€ 9aNS
912 229 L S=NS
682 0Z9 %t Y =NS
908 059 ¢t £3NS
S6lL 61% 9% 23N§
£22 Y9 IS L3NS

0°22d ~ IN5MIAVE 3TSIXITI

12

¥02232371702

298t
fzer
S00K
9262
994¢
Licg

1508
Y08
L0t
02Ct
€10¢
9€Gi

TvY4IINI

¥4 CNIN I vy

3004 S$SS30 340K SS2)

30 4o o ¥a
31XV AV FMWAY AV
9 S S >
$RINYL $WInat
4371vul H31val
-110N 279NIS

foEZ @aee
00£2 S92
£622 92k
gg2z e
9622 6512
9sse 1812

L1713
1173
1171
22
st2
e

g*2=d =~ ANINZAY¥L 0IDIH

9082 L0LZ
f£0£2 62
oDge £220
1622 6%22
00g2 1w
Zite esee

KL
171
51e
L] 7
173
[4¥4

D*2=d = ANIWIAVJY Q19T

14 NvyBan

G 2=d ~ LN3W3AVL CIDIY

0°2:d4 ~ LN2H3IAVA 03314

ney Lo

2yg *C4H ‘2661 SAYIA IHL OINIBOH0 G3IH2I3M SIIIINIA 4D
S3IJIHEA 000F N334 3AYY SIN2TIVAIADI JIN H3IILWOII

290% 5537 JuON $S31 JHOW JWLL 3IXIL
N0 ub 8D 3D ¥0 9 v
FUMY 3Y 3x¥ ATAY XY IMY WY
9 s '3 7 £ 2 2
$3INYL SNINVL I EUTY
TR T O ER LT 1INA 3TIDNIS
~I1 0% 379N1S
§6/21/80 S v SNy

3 D

3 1v1lS

PR AN 11 S 4
co2b 202 2
sétl o2 T
dyit 102 2
LEbt Yoz 2
i) 212§
pgzy £02 2
gT2L s¢2 1
Li2) 202 2
863l 202
26L) 02 2
6221 N 1
S)
y66 959 <
%66 Y79 Lt
£68 Y29 (Lt
€66 L9 Yt
00C) L6S P€
0221 %29 O
£86 S99 &€
y66 659 3
%86 (059 &
g5 6x9 it
L66 99 €
260t %9 ?f
340N 38T1 1N
L 4 \
ITAY 3TIAV ZIAY
£ [4 4
NN

LIND 3T1DNIS

»hi=0
wdb=0
wd =0
wd =

w9 =0

whbb20
wllsg
wt =0
w8 30
ol =9
w? =0

~hbag
wé =0
wd =0
wl =
w9 =0

LS

o~
v

" e

® 6 o o o o o

(]

128



03/22/99 15:26 T 785 296 8168 KDOT-TRANS PLAN GOuasuud
03/18/99 FRI 11:35 FAX 785 288 0963 EDUT TRANS PLANNING \:l o1

EQUIVALENT SINGLE AXLE LOADS (ESAL) ANALYSIS
K-4 Oakiand Expressway Just North of US-40

480 K-7318001
Sqwlg\e_ SS

% " 18 KiP ADL 18KPADL
OIST. ON RIGID PVMNT.” | ON PVMNT.”
YR 2000 TRAFFIC=  12700|7.0% YRUCKS | mﬁ"m 'Saﬁm—'mm m _'E%sn— SNt E S A L
Ao 8852 87| , 268 2.66 2.88 2.66 _“- . ,[,
LT. TRUCK 2959 233 | 582 £.92 592 592 Tm e fn,& Cas
2 AXLE6 TIRE 114 0.5 21.15 2147 2023 2035/
3 AXLE TANDEM 3 03 30.18 30,78 185.16 20,00
4 AXLE 1 TRAILER 241 1.9 17618 177.11]  156.36] 159.74
5 AXLE 1 TRAILER 495 39| 1022.30! 1031.71| 6€11.70| 62358
5 AXLE 2 TRAILER 0 00| | 0.00 0.00 0.00 0.00
8 AXLE 2 TRAILER 0 0.0] : 0.00 0.00 0.00 0.00
TOTALS 12700 100.0] 1258.3¢| 12¢9.38] 816.03] 83224
% PL1ﬁ\"IP'A'15L
DIST. ON RIGID PVMNT.*
VR 2010 TRAFFIC = 16800(7.0% TRUCKS | D=280mm |Ds280mm
—— {10in. 1
AUTO 11710 &7 | 3% 3.51 3.51 3,51 RIGID PAVEMENT: -
LT. TRUCK 3814 233} ! 7.83 7.83 783 7.83 D=260mm: 5,334,333
2 AXLE-8 TIRE 151 09| 2797 28.27 26.76 26.91 D=280mm: 5,381,871
3 AXLE TANDEM 50 03| 3982 40.72 25.35 26.48
4 AXLE 1 TRAILER 318 18| 23302| 23429 20684 21131 FLEXIBLE PAVEMENT:
5 AXLE 1 TRAILER 655 39| 138233 1354.78] 808.17| 824.90 SN=5: 3,458,280
§ AXLE 2 TRAILER ] 00 0.00 0.00 0.00 0.00 SN=6 : 3,528,031
8 AXLE 2 TRAILER 0 0.0 0.00 0.00 0.00 0.00
i TOTALS 16800 100.0] 1884.58] 1679.41 1m.47| 1100.92|

% ~T16 KIP ADL 18 KIP ADL
DIST. ON RIGID PVMNT.* | ON FLEX PVNINT. {20 YEAR ACCUMULATED
YR 2020 TRAEFIC =  20800|7.0% TRUCKS |D= m|D=280mm| SNe5 SN=3 ESAL'S
— I —_— — (%L(ﬁ,h) —— "ﬁ
AUTO 14567 8.7 437 4.37 437 4.37 RIGID PAVEMENT:
LT. TRUCK 4870 233 ' 9.74 9.74 9.74 8.74 p=280mm; 12,151, )
2 AXLE-8 TIRE 188 09 34 80 3547 3328 a3.48 D=280mm: 12,259,720
3 AXLE TANDEM €3 03 49.88 50.65 31.54 32892
4 AXLE 1 TRAILER ag7 19| =2ess8| 29147 257.32| 26288 FLEXIBLE PAVEMENT:
5 AXLE 1 TRAILER 815 so| 18m237] 1897.85| 100665, 1028.21 SN=6 : 7.880,123
5 AXLE 2 TRAILER 0 0.0 : 0.00 0.00 0.00 0.00 SNe6 8,036,734
8 AXLE 2 TRAILER 0 0.0 | 0.00 0.00 0.00 0.00
TOTALS 20500 100.0] 2070.82| 208827 134291 ‘ 1369.60

- USING TERMINAL SERVICEABILITY OF 2.5 / FACILITY TYPE RURAL
USING 1982, 1993, & 1094 KANSAS TRUCK WEIGKT DATA 03-Mar-99
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Burcau of Transponiation Planning,

Docking State Office Building, Room 830
915 Harmison

Topeka, Kansas 66612-1568

KDOT

F q X Date: 2-22-99
Number of pages including cover sheel:

Kansas Deparuncnt of
Transponalion

S

To:

From: A LA)\, »}f{&

Eazt Laiew
TRAFC by Frgw Oregerions Edgpece.

TP¢L CoNseimnT

Kaweas DOT”
Phone: (79¢) 887L-475¢ Phone: 795-226-34)p
Fax phone. (7 75) =82 45¢5 Fax phonc: 785-296-8 168
cc: ier @ ks dot.or
REMARKS: O Urgent [J Foryourreview {J Reply ASAP O Plcase comment

Earl-
,‘F ‘fa‘} h‘W& ?V@dwn; abut ovr answe or o dyh - feo!

me to 91ve -éﬂfﬂﬁ of M QA QJ/. &)0/ fuck H
~ ,4/”,\

___—————#

If assistance is needed, please contact Phyllis Bailey or Rachel Quintan at (785) 296-3841
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 18, 1999

Survey of States using ESALS for pavement desién and rehabilitation. EASL Data
information being collected for a ESAL Research Contract between Arizona DOT
and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: Kansas DOT; Mr. Garrett Qlson ;
Field Data Collection Engineer;
(785) 296-6351 Fax: (785) 296-8168

Please check One: Surveyed State (Does __ ) or (Does Not __ ) wish to be
identified on how the state answered any of the survey guestions. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:

No: If No what do you use?

Q0 No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within
your state or is a different ESAL value computed for different
locations based upon load information for that location?

0 NO. 3: Do you break down ESALS by vehicle classification?

Q0 No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they?

O No. 5: Do you use Growth factors to expand ESAL’s to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

O No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

O No. 8: How much confidence do you have in the values you use
for pavement design and rehab?

Survey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.:;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombeldot.state.az

Thank you again,
Earl T. Laird.
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr.., Carson City. NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRDEAQL .COM

FAX COVER SHEET
Number of pages including this cover sheet_2

TO: __Garrett Olson FAX NUMBER: _(785) 296-8168
eld ) 1] . ] ;

FROM: __Earl Laird FAX NUMBER:_[(775) 882-4565

DATE: March 19, 1999 TIME:_8:30 AM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

REMARKS:

Hello Garrett Olson:

Per our phone conservation this A.M., attached is the small

questionnaire dealing with your state’s use of ESALS data in the

design and rehabilitation of pavements. As I explained to you,

the ESAL survey 1is part of a contract Nichols Consulting
Engineers of Reno has with Arizona DOT dealing with ESAL design
and its use in pavement design and rehab.

If you have any questions please call me at (775) 882-4755.

You may fax your answers to me at Fax No. (775) 882-4565.

Thanks for your anticipated help.

1
Earl T. Laird (:»>)) )
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03/18/99 FRI_13:38 FAX 405_521_69817 ODOT PLANNING DIV.

EARL T. LAIRD
T P & R CONSULTANY
Transportation Planning and Research
525 Bonenza Dr., Carson City, NV. BS706
{775)882-4755 Fax {775)882-4%65
E-mail: etlaird@aocl.com

March 16, 1939

Survay ¢f States using ESALS for pavement design and rehabilitation. EASL Data
information being collected for a ESAL Resexarch Contract between Arizecna DOT
and Nichols Consulting Engineers it Renoc, Nevada:

Survey State of: Oklahems DOY; Mr. Daryl Johnson; Traffic Analyst;
(40%) S521-2575 Fax: (405) 521-6817

FPlease check One: Surveyed State (Does _ ) or (Doas Not _ ) wish to be
identifiad on how the state answered any of the survey questions, Only
identify the state as a participant in the survey.

Quaestion No. l: Does your state use ESAL computations for
pu:e}pént design and rehabilitation?

Yes:
No: . If No what do you use? -

Q@ No. 2: what type or typms of data do you uss to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.) LEGAL LirmuT 7’7‘95 q (go K
4. Do you use a single ESAL table for all design locations within

your state or is a different ESAL value computed for differaent
locations based upon load informmtion for that location?

Q NO. 3: Do you break down ZSALS by vehicle classification? No

Q@ No. 41 Do you apply average ESAL factors to the vehicles in
each classification? What are they? —

Ri6ip - 4 obt ES%
FLeX— 2.378 ‘

Q No. 51 Do you use Giowth factars to expand ESAL’s to design
years? C)

Q No. 6: Do you use WIM data? If No what do you use for locad

data? N Is)

Q No. 7: Are thers links between PMS data and the ESAL tables?
a. Are your growth factors for FMS the same for ESAL
ASTume

growth factors? No/ NO ES7imare TIUFPAC GreouTH, ESA(—/

Q No. B: Bow much confidence do you have in the values you use 5 X
for pavement design and rehab? /_“ dl'( CON‘S’FF‘ VAT ‘/E AME
Survey States comments if any: / &/{L( CA{WI\/ (jkfe‘fb # l)

Thank you f£or participsting in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.

{7751 329~4555 or e-mail sirous@nce.reno.nv.us; or, Dz, Estomibh M. Kombe;
Arizona DOT; telephone (802)407-313%; e-mail ekombeldot.state.az

Thank you again,
Earl T. Laird.

03/18/98 FRI 10:02 [TX/RX NO 7333]
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 88706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aocl.com

March 16, 1999

Survey of States using ESALS for pavement design and rehabilitation. EASL Data
information being collected for a ESAL Research Contract between Arizona DOT
and Nichols Consulting Engineers in Reno, Nevada:

Survey State of: Oklahoma DOT; Mr. Daryl Johnsonx Traffic Analyst;
(405) 521-2575 Fax: (405) 521-6917

Please check One: Surveyed State (Does _ ) or (Does Not _ ) wish to be

identified on how the state answered any of the survey questions. Only
identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:

No: If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within
your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by vehicle classification?

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they?

Q0 No. 5: Do you use Growth factors to expand ESAL’s to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you have in the values you use
for pavement design and rehab?

Survey States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
survey. If you have any questions on this survey you may contact Earl Laird at
above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail Sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,
Earl T. Laird.
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City. NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRDEAOL .COM

FAX COVER SHEET
Number of pages including this cover sheet_2

TO: Darv] Johnson FAX NUMBER: (405) 521-6917
Planning Traffic Analvst

FROM: Earl Laird;féxLFAX NUMBER:_(775) 882-4565

DATE : March 18, 1999 TIME: _8.00 AM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

REMARKS :

Hello Daryl Johnson:

Per our phone conservation this A.M.. attached is the small

questionnaire dealing with your state’s use of ESALS data in the

design and rehabilitation of pavements. As I explained to you,

the ESAL survey is part of a contract Nichols Consulting
Engineers of Reno has with Arizona DOT dealing with ESAL design
and its use in pavement design and rehab.

If you have any questions please call me at (775) 882-4755.

You may fax your answers to me at Fax No. (775) 882-4565.

Thanks for your anticipated help.

1
Earl T. Laird (:>))
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03719789 FRI 13:37 FAX 405 521 6917 GDOT PLANNING D1V. Gy
4

Date: 2-11-99

To: mic. EALC T, LAIRD

Fax #: 775 $¥%2 —45¢5S

From: D ARMC JoH,J Sord
(405) 521-6917

Fax #:

Subject: ESAL  BOuESToNaIne

Number of Pages Including Cover Sheet: __ &

STOP ' Please remind drivers to:
THE @ Not drink and drive
® Watch speed limits
kNOCK ® Wear passenger restraints
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Subj; RE: Survey ESAL Use In Pavement Design
Date: 3/22/99 10:16:47 AM Pacific Standard Time
Fromt— - SEugit@itd state id us (Scatt Fugit) i
To: ETLAIRD@aol.com (ETLAIRD@aol.com’)

Eari

. Here’s-idabo's.respanses. | hope this helps. Let me know if you have
any other questions. | will have the ESAL report fax going out to you
sometime today. | would appreciate a copy of your results when your done.

" Thanks Earl. Good luck.

Scott W. Fugit

Traffic Survey and Analysis Section
ldaho Transportation Department
ph: 208-334-8207

fx: 208-334-4432

email: sfugit@itd.state.id.us

Question #1. Yes

Question #2. We use wlume, some basic classification breakdown

—pAale DT
ReSFouses,
wd FAY ESdCTREU=

(commercial versus non-commercial) and WIM data to establish and update ESAL

tables. Yes, | would be glad to fax you a sample of the ESAL table used by
iTD.

Question #3. No. The ADT estimates are shown for passenger cars and
commercial vehicles on the ESAL Report, but all of the actual ESAL numbers
are combined for all wehicles.

Question #4. ESAL's are not specified for separate vehicle classifications.

Question #5. Yes. We use a straight 20 year design life linear growth
estimate for ESALs.

Question #6. Yes. WIM data is used to do periodic updates of the ESAL
tables on which estimates are based.

Question #7. | am assuming by PMS your referring to HPMS. With that in mind
the answer is no, not directly. Some of the same classification data used

for HPMS submissions are also used to contribute to figuring the
commercial/non-commercial breakdown on the ESAL report, but there is no
direct connection. The HPMS and ESAL growth factors are different.

Question #8. We have good confidence that our ESAL report provides our
clients with good ESAL estimates — but they could be even better. We are
attempting to update the ESAL table more often to provide more detailed ESAL
information based on the most recent data awailable.

—-Original Message—

From: ETLAIRD@aol.com [mailto: ETLAIRD@aol.com]
Sent: Thursday, March 18, 1999 10:58 AM

To: SFUGIT@itd.state.id.us

Subject: Suney ESAL Use In Pavement Design

EARL T. LAIRD
TP & R CONSULTANT

Monday, March 22,1998  America Online: ETLAIRD
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‘Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 16, 1999

Surwey of States using ESALS for pavement design and rehabilitation. EASL
Data information being collected for a ESAL Research Contract between
Arizona

DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of. idaho Dept. of Highways; Mr. Scott W. Fugit; Traffic
Suney;
(406) 444-6295 Fax: (208) 334-8207

Please check One: Suneyed State (Does __ ) or (Does Not __) wish to be
identified on how the state answered any of the surney questioned. Only
identify the state as a participant in the suney.

Question No. 1. Does your state use ESAL computations for
pavement design and rehabilitation?
Yes___
No:___ If No what do you use?
Q No. 2: What type or types of data do you use to come up with

the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state
or is a different ESAL value computed for different locations based upon
load

information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you apply average ESAL factors to the wehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL

growth factors?

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Suney States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation
suney. If you hawe any questions on this survey you may contact Earl Laird

Monday, March 22, 1898 America Online: ETLAIRD

10

Page: 2



at above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.;
Principal Investigator; Nichols Consulting Engineers, Chtd., Phone No.
(775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT:; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,

Earl T. Laird.

Headers
Retum-Path: <SFugit@itd.state.id.us>
Received: from rly-zb01.mx.aol.com (rfly-zb01.mail.aol.com [172.31.41.1]) by air-zb02.mail.aol.com (v58.13) with SMTP; Mon,
22 Mar 1999 13:16:46 0500
Received: from hgissv09.itd.state.id.us (hgissv09.itd.state.id.us [164.165.237.9))
by rly-zb01.mx.aol.com (8.8.8/8.8.5/A0L-4.0.0)
with ESMTP id NAA 16658 for <ETLAIRD@aol.com>;
Mon, 22 Mar 1999 13:16:43 -0500 (EST)
Received: by HQISSV09 with Interet Mail Senice (5.5.2232.9)
id <FZCHKFOP>; Mon, 22 Mar 1999 11:16:28 -0700
Message-ID: <7C3F7CD4E21FD1119F73006097D88254E9F377@HQISSV10 itd.state.id.us>
From: Scott Fugit <SFugit@itd.state.id.us>
To: "ETLAIRD@aol.com™ <ETLAIRD@aol.com>
Subject: RE: Suney ESAL Use in Pavement Design
Date: Mon, 22 Mar 1999 11:16:25 -0700
MIME-Version: 1.0
X-Mailer: Intemet Mail Senice (5.5.2232.9)
Content-Type: text/plain;
charset="iso-8859-1"

Monday, March 22, 1998  America Online: ETLAIRD Page: 3
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MAR 22 1993 11:27 FR IDT TPRP 208 334 4432 TO 317758824565 P.21/02

FAX

rm The Idaho Transportation Department
Traffic Survey and Analysis Section

To: Earl Laird From: Scott Fugit

Of TP&R Consulting Ph: (208)334-8207

Phone; 775-882-4755 Fax: (208)334-4432

Fax: 775-882-4565 Date; 22 March, 1999
Number of pages: 2 including cover page Email: sfugit@itd.state.id.us

Subject: ITD’s Projected ESAL Loadings Report

Earl

In conjunction with question #2 on your ESAL survey, attached please
find a copy of ITD’s Projected ESAL Loadings Report. If you have any
questions, or I can be of any further service, please don’t hesitate to contact me.
Good luck.
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EARL T. LAIRD

TP & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)8824755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 16, 1999

Suney of States using ESALS for pavement design and rehabilitation. EASL Data information being collected for a ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Surwey State of. Idaho-Dept: of Highwayst Mr. Scott W. Fugit; Traffic Suney;
(406) 444-6295 Fax: (208) 334-8207

Please check One: Suneyed State (Does __ ) or (Does Not __) wish to be identified on how the state answered any of the
suney questioned. Only identify the state as a participant in the survey.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:_ _
No:___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by wehicle classification?

Q No. 4: Do you apply average ESAL factors to the wehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? I No what do you use for load
data?

Q No. 7: Are there links between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Suney States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation surwey. If you have any questions on this suney
you may contact Earl Laird at above telephone, e-mail or Fax Number. Or: Dr. Sirous Alavi, Ph.D., P.E.; Principal Investigator;
Nichols Consulting Engineers, Chtd., Phone No. (775)329-4955 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe;
Arizona DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,

Earl T. Laird.

Thursday, March 18, 1988  America Online: ETLAIRD Page: 1
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Subj: RE: Survey ESAL Use For Design

Date: 3/16/99 7:04:19 AM Pacific Standard Time
From: Jeffrey.L.GOWER@odot.state.or.us o (4 520~
To: ETLAIRD@aol.com e SE

My response to your questionnaire is below, my comments are-in bold prirt to
help you identify them. Hope this information is helpful.

> —-Original Message—
- > From: ETLAIRD@aol.com [SMTP:ETLAIRD@aol.com]

> Sent: Monday, March 15, 1999 5:04 PM

> To: GOWER Jeffrey L
-> Subject: Survey ESAL Use For Design

>

> EARL T. LAIRD

> TP & R CONSULTANT

> Transportation Planning and Research

> 529 Bonanza Dr., Carson City, NV. 89706

> (775)882-4755 Fax (775)882-4565

> E-mail: etlaird@aol.com

>

> March 15, 1999

>

> Suney of States using ESALS for pavement design and rehabilitation. EASL

> Data information being collected for a ESAL Research Contract between

> Arizona

> DOT and Nichols Cpa

>

> Sunwey Statedt: Oregon DOT;..
(5p3)986-3123"

ineers in Reno, Nevada:

i Jeﬁey L. Gower; Pavement Design; ¥

> Please check One: Surveyed State (Does—X_J or (Does Not __) wish to be
> identified on how the state answered any of the survey questioned. Only

> identify the state as a participant in the surey.

>

> Question No. 1: Does your state use ESAL computations for

> pavement design and rehabilitation?
> Yes:_ X __
> No:____ If No what do you use?

>

> Q No. 2: What type or types of data do you use to come up with

>

> the ESAL table values? (Will you fax us the first page

> of your ESAL table for an example.)

>

> a. Do you use a singie ESAL tabie for all design locations within your
> state

> oris a different ESAL value computed for different locations based upon
"> joad )

> information for that location?Single table

>

> Q NO. 3: Do you break down ESALS by wehicle classification?Yes— 4
>

> Q No. 4: Do you apply average ESAL factors to the wehicles in

> each classification? What are they?Yes, See table at end.

>

> Q No. 5: Do you use Growth factors to expand ESAL's to design

> years?YES ¥

Tuesday, March 16, 1999  America Online: ETLAIRD
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>

> Q No. 6: Do you use WIM data? If No what do you use for load

> data?Qnly forsehicle conntse y

>

> Q No. 7: Are there links between PMS data and the ESAL tables?Yes
> a. Are your growth factors for PMS the same for ESAL

> growth factors M¥ess

>

> Q No. 8: How much confidence do you hawe in the values you use

> for pavement design and rehab?They are only as reasonable as the 7
> wehicle count information. Awerage axle weight information is probably ¢

> consenative if anything.

>

> Surwey States comments if any:

>

. Truck ESAL Table

Two Axle Truck: 0.27 ESALS per Truck
Three Axle-Truck: 0.60 ESALS per Truck
Four Axle Truck=— 0.88'ESALS per Truck
.Fivesor more Axles: 1.78 ESALS. per Truck s
Buses: 1.98 ESALS per Truck

V V V VYV VYV

>

> Thank you for participating in this ESAL pavement design and

> rehabilitation

> surwey. lf you have any questions on this survey you may contact Earl

> Laird

> at abowe telephone or e-mail. Or: Dr. Sirous Alavi, Ph.D., P.E.; Principal
> Investigator, Nichols Consulting Engineers, Chtd., Phone No. (775)329-4955
> or

> e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe; Arizona DOT:
> telephone (602)407-3435; e-mail ekombe@dot.state.az

>

> Thank you again,

>

> Earl T. Laird.

Headers

Retum-Path: <Jeffrey.L..GOWER@odot.state.or.us>
Received: from rly-zb01.mx.aol.com (fy-zb01.mail.aol.com [172.31.41.1]) by air-zb02.mail.aol.com (v56.26) with SMTP; Tue,
16 Mar 1999 10:04:18 -0500
Received: from odot.state.or.us (goofy.odot.state.or.us [167.131.11.233] (may be forged))

by rly-zb01.mx.aol.com (8.8.8/8.8.5/A0L-4.0.0)

with ESMTP id KAA04513 for <ETLAIRD@aol.com>;

Tue, 16 Mar 1999 10:04:16 -0500 (EST)
From: Jeffrey.L.GOWER@uodot.state.or.us
Received: by exsalem1.isb.odot.state.or.us with Intemet Mail Senvice (5.5.2232.9)

id <HBS3PVTJ>; Tue, 16 Mar 1999 07:04:16 -0800

Message-ID: <BFO3ED27D2C2D111AEA500A0C95DC7900141072B@EXSALEM3. highway.odot.state.or.us>
To: ETLAIRD@aol.com
Subject: RE: Suney ESAL Use For Design
Date: Tue, 16 Mar 1999 07:04:14 -0800
MIME-Version: 1.0
X-Mailer: Intemet Mail Senice (5.5.2232.9)
Content-Type: text/plain

Tuesday, March 16, 1998  America Online: ETLAIRD Page: 2
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EARL T. LAIRD

T P & R CONSULTANT

Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775)882-4755 Fax (775)882-4565
E-mail: etlaird@aol.com

March 15, 1999

Suney of States using ESALS for pavement design and rehabilitation. EASL Data information being collected for a ESAL
Research Contract between Arizona DOT and Nichols Consulting Engineers in Reno, Nevada:

Suney State of’ Oregon DOT; Mr. Jeffrey L. Gower, Pavement Design;

(503)986-3123

Please check One: Suneyed State (Does __ ) or (Does Not _) wish to be identified on how the state answered any of the
suney questioned. Only identify the state as a participant in the suney.

Question No. 1: Does your state use ESAL computations for
pavement design and rehabilitation?
Yes:___
No:.___ If No what do you use?

Q No. 2: What type or types of data do you use to come up with
the ESAL table values? (Will you fax us the first page
of your ESAL table for an example.)

a. Do you use a single ESAL table for all design locations within your state or is a different ESAL value computed for different
locations based upon load information for that location?

Q NO. 3: Do you break down ESALS by vehicle classification?

Q No. 4: Do you apply average ESAL factors to the vehicles in
each classification? What are they?

Q No. 5: Do you use Growth factors to expand ESAL's to design
years?

Q No. 6: Do you use WIM data? If No what do you use for load
data?

Q No. 7: Are there finks between PMS data and the ESAL tables?
a. Are your growth factors for PMS the same for ESAL
growth factors?

Q No. 8: How much confidence do you hawe in the values you use
for pavement design and rehab?

Suney States comments if any:

Thank you for participating in this ESAL pavement design and rehabilitation survey. If you have any questions on this survey
you may contact Earl Laird at above telephone or e-mail. Or: Dr. Sirous Alav, Ph.D., P.E.; Principal Investigator; Nichols
Consulting Engineers, Chtd., Phone No. (775)329-49535 or e-mail sirous@nce.reno.nv.us; or, Dr. Estomih M. Kombe; Arizona
DOT; telephone (602)407-3435; e-mail ekombe@dot.state.az

Thank you again,

Earl T. Laird.

Monday, March 16, 1999 America Online: ETLAIRD Page: 1



EARL T. LAIRD KAaudd s
T P & R CONSULTANT TUps
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775) 882-4755 Fax (775) 882-4565
E-mail: ETLAIRDEAOL.COM

FAX COVER SHEET
Number of pages including this cover sheet_2

TO: Garrett Olson FAX NUMBER: (785) 296-8168
Field Data Collection Engineer

FROM: Earl Laird FAX NUMBER: (775) 882-4565

DATE: March 24, 19998 TIME: 4:50 PM

SUBJECT: State Survey of ESAL Use For Pavement Design and
Rehabilitation

REMARKS :
Hello Garrett Olson:

Thank you for the quick and very informative reply to the
guestionnaire on ESAL use in pavement design. Of the 8 states I
have received back questionnaires, I must tell you that your
state, thus far and I know this is not a contest, has the most
aggressive ESAL tables. You have ESAL by truck class, by
functional <class, by pavement depth and future vyears, etc..
Very, very nice ESAL reporting. This old traffic guy like to see
traffic reports that show the user we know how to collect traffic
data and how to report same. Very good reporting. Why collect
the data unless you are going to put it in a report form that the
user can and should use. Thanks for showing it can be done.

Thanks again for your states input.

Earl T. (:>))
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EARL T. LAIRD
T P & R CONSULTANT
Transportation Planning and Research
529 Bonanza Dr., Carson City, NV. 89706
(775) 882-4755 Fax {(775) 88B2-4565
E-mail: ETLAIRDGAOL.COM

FAX COVER SHEET
Number of pages including this cover sheet 2

TO: Daryl Johnson FAX NUMBER: _ (405) 521-6917
Planning Traffic Analyst

FROM: Earl Laird FAX NUMBER: (775) 882-4565

DATE: March 24, 1999 TIME: 4:30 PM

SUBJECT: Thanks for State Survey of ESAL Use For Pavement
Design and Rehabilitation

Ok Lauotd
THOUE

}

REMARKS :
Hello Daryl Johnson:

Thank you for the guick and very informative reply to the
questionnaire on the use of ESAL’s in pavement design.

Thanks again, M
Earl T. (:>)) '
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APPENDIX D: NEW ESAL TABLE USER'S MANUAL

The following serves as reference documentation for all of the electronic files
included in the new ADOT ESAL Tables. Electronic copies of three files are included,
as listed below:

o Average_ESAL_Table.xls
e OneStdDev_ESAIL _Table.xls
e TwoStdDev_ESAL_Table.xls

There are 14 worksheets in each of the three Microsoft Excel spreadsheets. These
worksheets are defined on the following pages. The definitions follow a consistent
format of identifying the worksheet name at the top of each table, and then describing the
contents of each column within the worksheet. Ten worksheets are the same for all three
files. The only difference between each file is the value used in the ESAL calculation.
The Average_ESAL_Table file uses either the measured or the system average values for
ESALs per vehicle class, while the OneStdDev_ESAL_Table and
TwoStdDev_ESAL,_Table files use the measured or average ESAL values plus one and
plus two standard deviations, respectively. These standard deviations are calculated
using the differences in average ESALSs per each vehicle class for all WIM systems.

All three files are over 20 Megabytes in size as they contain a large amount of
information and they are also set up to recalculate the final KESAL values based on
changes made to any of the worksheets. The following is a list of activities that a user
may want to perform (referenced by worksheet name and column name):

o Create a new segment.

e All worksheets (except Stdev ESALs per Class), SEGMENT (or SECTID): if
additional traffic sections are created, the site information would need to be
created in Site Info and then the SEGMENT (or SECTID), as well as ATR and
class columns would need to be updated in the other worksheets. For worksheets
where equations are present, simply paste the equation from an adjacent row into
the new segment's row.

e Reset KESALSs to Zero following a reconstruction or overlay.

e Cum.One-way Flex + 10 percent, Cum One-way Rigid, KESAL Yr: in each of
the two spreadsheets, enter "0" for the year in which the reconstruction or overlay
took place for the segment. The KESAL values will remain cumulative from that
point on.

e Modify a segment's percent growth.
e AADT 1974-2020, Forecasting Percent Growth: if the user would like to
modify the growth factor for any segment, enter the revised factor in this column.
The forecasted AADT values will automatically be recalculated as will the
KESAL values.
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e Limit the maximum AADT for a segment

e AADT 1974-2020, AADT Yr: if the user would like to limit the maximum
AADT for a particular segment, enter the value into the year in which maximum
capacity will be reached and then copy that value for future years. Each file
contains the worksheet Capacity that indicates--by pass or fail--whether a
section is under capacity for each year. Each file also has the worksheet Total
Theoretical Capacity that contains the actual AADT value that is assumed to be
the maximum capacity.

e Adjust the maximum AADT for a segment.

e Number of Lanes, # Lanes Yr: if there is going to be additional lanes
constructed for a segment, enter the new number of lanes in the year where
construction will be completed and then copy that value into future years.

e Total Theoretical Capacity, Year Yr: these values are all calculated based on
the assumption that 27,500 vehicles per lane per day is the maximum capacity
and multiplying this value by the number of lanes. If the user wishes to modify
the maximum capacity per lane, then the equation should be modified and copied
to all related cells. Another method would be to replace the equation with a new
value (i.e., replace the calculated 110,000 vehicles per day with 125,000).

e Adjust the ESALs per vehicle class.
e Rigid ESALs, Flexible ESALs, ESALcls*: the user can replace the value for
either rigid or flexible pavements (or both) for any segment. The final KESAL
values will be recalculated automatically.

e Adjust the percentage of each vehicle class.

e Percent Vehicle Type Table, percent Cls *: the user can replace the percentage
of any vehicle class for any segment (note: there is no check to confirm the
percentages add up to 100 percent). The final KESAL values will be recalculated
automatically.

These instructions were provided assuming the user was using the
Average_ESAL_Table File. They can be applied to the other two files by changing the
following: Cum.One-way Flex +10 percent to Cum 1way Flex 10 percent 1 stdev or
Cum 1way Flex 10 percent 2 stdev, Cum One-Way Rigid to Cum One-Way Rigid 1
stdev or Cum One-Way Rigid 2 stdev. All other referenced tables are the same for all
three files.
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Worksheets in Average_ESAL_Table

Site Info (ADOT % Trucks)—from TR9397C.xis

Column Description .
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably) '
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route number
BMP The beginning milepost of the segment
A description of the beginning location of the segment in terms of nearest
STARTING exit/interchange '
EMP The ending milepost of the segment
ENDING A description of the ending location of the segment in terms of nearest exit/interchange
ORDER A counting function that begins with 1 and increases by 1 for each segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
SECTION The segment number as designated by ADOT
LANES The total number of lanes (in both directions) within the segment
AADTI3 The AADT for each segment as reported by ADOT for 1993
PCCV93 The percent commercial vehciles for each segment as reported by ADOT for 1993
AADT94 The AADT for each segment as reported by ADOT for 1994
PCCV94 The percent commercial vehciles for each segment as reported by ADOT for 1994
AADTI5 The AADT for each segment as reported by ADOT for 1995
PCCV95 The percent commercial vehciles for each segment as reported by ADOT for 1995
AADT96 The AADT for each segment as reported by ADOT for 1996
PCCV96 The percent commercial vehciles for each segment as reported by ADOT for 1996
AADTY97 The AADT for each segment as reported by ADOT for 1997
PCCV97 The percent commercial vehciles for each segment as reported by ADOT for 1997
EST_DATE The year the traffic segment was established
CNTFRQ The frequency with which traffic counts are performed at each segment
STATUS The status of the most recent traffic count for each segment
LASTCNT The year of the last traffic count for each segment
NEXTCNT The year of the next traffic count for each segment
Whether the traffic count was successfully collected (FALSE) or not (TRUE) at each
MISSCNT segment
REMARKS Comments by ADOT regarding each segment
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Worksheets in Average_ESAL_Table

Cum.One-way Flex + 10%

Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

The total one-way KESALSs for each segment in 1997 assuming a flexible pavermnent and
KESAL 1997 adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 1998 and adding a 10% factor of safety for vechicle classes 9-13 '

The total one-way KESALSs for each segment since 1897 assuming a flexible pavement
KESAL 1999 and adding a 10% factor of safety for vechicle classes 8-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2000 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2001 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALS for each segment since 1997 assuming a flexible pavement
KESAL 2002 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2003 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALS for each segment since 1997 assuming a flexible pavement
KESAL 2004 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2005 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2006 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2007 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2008 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a fiexible pavement
KESAL 2009 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2010 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2011 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2012 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2013 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2014 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2015 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a flexible pavement
KESAL 2016 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2017 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1997 assuming a flexible pavement
KESAL 2018 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALSs for each segment since 1997 assuming a fiexible pavement
KESAL 2019 and adding a 10% factor of safety for vechicle classes 9-13

The total one-way KESALs for each segment since 1897 assuming a flexible pavement
KESAL 2020 and adding a 10% factor of safety for vechicle classes 9-13
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Worksheets in Average_ESAL_Table

Cum One-way Rigid

Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment
KESAL 1997 Total one-way KESALs for each segment based on a rigid pavement for 1997
KESAL 1998 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 1999 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2000 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2001 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2002 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2003 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2004 Tota! one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2005 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2006 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2007 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2008 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2009 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2010 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2011 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2012 Total one-way KESALSs for each segment based on a rigid pavement since 1997
KESAL 2013 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2014 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2015 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2016 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2017 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2018 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2019 Total one-way KESALs for each segment based on a rigid pavement since 1997
KESAL 2020 Total one-way KESALs for each segment based on a rigid pavement since 1997
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Worksheets in Average_ESAL_Table

AADT 1974-2020-1974-1997 data from trfc7497.xIs

Column Description
ORDER A counting function that begins with 1 and increases by 1 for each segment
Segment The segmrent number as designated by ADOT
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route humber ]
BMP The beginning milepost of the segment
EMP The ending milepost of the segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
Segment The segment number as designated by ADOT
PCCV97 The percent commercial vehicles for each segment as reported by ADOT in 1997
1974 The measured AADT for each segment for 1974
1975 The measured AADT for each segment for 1975
1976 The measured AADT for each segment for 1976
1977 The measured AADT for each segment for 1977
1978 The measured AADT for each segment for 1978
1979 The measured AADT for each segment for 1979
1980 The measured AADT for each segment for 1980
1981 The measured AADT for each segment for 1981
1982 The measured AADT for each segment for 1982
1983 The measured AADT for each segment for 1983
1984 The measured AADT for each segment for 1984
1985 The measured AADT for each segment for 1985
1986 The measured AADT for each segment for 1986
1987 The measured AADT for each segment for 1987
1988 The measured AADT for each segment for 1988
1989 The measured AADT for each segment for 1989
1990 The measured AADT for each segment for 1990
1991 The measured AADT for each segment for 1991
1992 The measured AADT for each segment for 1992
1993 The measured AADT for each segment for 1993
1994 The measured AADT for each segment for 1994
1995 The measured AADT for each segment for 1995
1996 The measured AADT for each segment for 1996
1997 The measured AADT for each segment for 1997

Avg. % Growth

The average % growth for each segment based on the average of the annual growth
factors from 1992 to 1997, this value is calculated using Macro 1

Forecasting % Growth

The % growth used in projecting AADT for future years; this differs from the Avg. %
Growth where the Avg. % Growth is less than 2% (Forecasting % Growth is never less
than 2%)

The measured AADT for each segment for 1996; this value is repeated but not counted

1996 twice
The measured AADT for each segment for 1897, this value is repeated but not counted

1997 twice

1998 The forecasted AADT for each segment for 1998
1999 The forecasted AADT for each segment for 1999
2000 The forecasted AADT for each segment for 2000
2001 The forecasted AADT for each segment for 2001
2002 The forecasted AADT for each segment for 2002
2003 The forecasted AADT for each segment for 2003
2004 The forecasted AADT for each segment for 2004
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Worksheets in Average_ESAL_Table

2005 The forecasted AADT for each segment for 2005
2006 The forecasted AADT for each segment for 2006
2007 The forecasted AADT for each segment for 2007
2008 The forecasted AADT for each segment for 2008
2009 The forecasted AADT for each segment for 2009
2010 The forecasted AADT for each segment for 2010
2011 The forecasted AADT for each segment for 2011
2012 The forecasted AADT for each segment for 2012
2013 The forecasted AADT for each segment for 2013
2014 The forecasted AADT for each segment for 2014
2015 The forecasted AADT for each segment for 2015
2016 The forecasted AADT for each segment for 2016
2017 The forecasted AADT for each segment for 2017
2018 The forecasted AADT for each segment for 2018
2019 The forecasted AADT for each segment for 2019
2020 The forecasted AADT for each segment for 2020
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Worksheets in Average_ESAL_Table

Capacity
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

indication of whether each segment exceeds capacity in 1997 ("Pass" means under
Year 1997 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 1998 ("Pass" means under
Year 1998 capacity, "Fail" means over capacity) -

Indication of whether each segment exceeds capacity in 1999 ("Pass" means under
Year 1999 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2000 (“Pass" means under
Year 2000 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2001 ("Pass" means under
Year 2001 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2002 ("Pass” means under
Year 2002 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2003 ("Pass” means under
Year 2003 capacity, "Fail' means over capacity)

indication of whether each segment exceeds capacity in 2004 ("Pass” means under
Year 2004 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2005 ("Pass” means under
Year 2005 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2006 ("Pass" means under
Year 2006 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2007 ("Pass" means under
Year 2007 capacity, "Fail" means over capacity)

indication of whether each segment exceeds capacity in 2008 ("Pass" means under
Year 2008 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2009 ("Pass” means under
Year 2009 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2010 ("Pass"” means under
Year 2010 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2011 ("Pass" means under
Year 2011 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2012 ("Pass" means under
Year 2012 capacity, "Fail" means over capacity)

indication of whether each segment exceeds capacity in 2013 ("Pass" means under
Year 2013 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2014 ("Pass" means under
Year 2014 capacity, "Fail" means over capacity)

indication of whether each segment exceeds capacity in 2015 ("Pass" means under
Year 2015 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2016 ("Pass"” means under
Year 2016 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2017 ("Pass" means under
Year 2017 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2018 ("Pass" means under
Year 2018 capacity, "Fail" means over capacity)

indication of whether each segment exceeds capacity in 2019 ("Pass" means under
Year 2019 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2020 ("Pass” means under
Year 2020 capacity, "Fail" means over capacity)
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Worksheets in Average_ESAL_Table

Rigid | KESAL One-Way

Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment
KESAL 1997 One-way KESALs assuming a rigid pavement for 1997
KESAL 1998 One-way KESALs assuming a rigid pavement for 1998
KESAL 1999 One-way KESALSs assuming a rigid pavement for 1999
KESAL 2000 One-way KESALs assuming a rigid pavement for 2000
KESAL 2001 One-way KESALs assuming a rigid pavement for 2001
KESAL 2002 One-way KESALs assuming a rigid pavement for 2002
KESAL 2003 One-way KESALs assuming a rigid pavement for 2003
KESAL 2004 One-way KESALs assuming a rigid pavement for 2004
KESAL 2005 One-way KESALs assuming a rigid pavement for 2005
KESAL 2006 One-way KESALs assuming a rigid pavement for 2006
KESAL 2007 One-way KESALs assuming a rigid pavement for 2007
KESAL 2008 One-way KESALs assuming a rigid pavement for 2008
KESAL 2009 One-way KESALs assuming a rigid pavement for 2009
KESAL 2010 One-way KESALs assuming a rigid pavement for 2010
KESAL 2011 One-way KESALs assuming a rigid pavement for 2011
KESAL 2012 One-way KESALs assuming a r@d pavement for 2012
KESAL 2013 One-way KESALs assuming a rigid pavement for 2013
KESAL 2014 One-way KESALs assuming a rigid pavement for 2014
KESAL 2015 One-way KESALs assuming a rigid pavement for 2015
KESAL 2016 One-way KESALs assuming a rigid pavement for 2016
KESAL 2017 One-way KESALs assuming a rigid pavement for 2017
KESAL 2018 One-way KESALs assuming a rigid pavement for 2018
KESAL 2019 One-way KESALs assuming a rigid pavement for 2019
KESAL 2020 One-way KESALs assuming a rigid pavement for 2020

157




Worksheets in Average_ESAL_Table

Rigid ESALs

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

Class

The classification station number associated with each segment

ESALcls4

The rigid ESALSs per vehicle class 4 for each segment. Se—gments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 4 vehicles is applied.

ESALcls5

The ri§id ESALs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 5 vehicles is applied.

ESALcls6

The rigid ESALs per vehicle class 6 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 6 vehicles is applied.

ESALcls7

The rigid ESALSs per vehicle class 7 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 7 vehicles is applied.

ESALcls8

The rigid ESALs per vehicle class 8 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 8 vehicles is applied.

ESALcls9

The rigid ESALs per vehicle class 9 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 9 vehicles is applied.

ESALcls10

The rigid ESALs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 10 vehicles is applied.

ESALcls11

The rigid ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 11 vehicles is applied.

ESALcls12

The rigid ESALs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 12 vehicles is applied.

1ESALcls13

The rigid ESALs per vehicle class 13 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 13 vehicles is applied.
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Worksheets in Average_ESAL_Table

10% added Fiex. KESAL One-Way

Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Total one-way KESALs for each segment for 1997 based on a flexible pavement and
KESAL 1997 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 1998 based on a flexible pavement and
KESAL 1998 including a 10% factor of safety for vehicle classes 9-13. ’

Total one-way KESALS for each segment for 1999 based on a flexible pavement and
KESAL 1999 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2000 based on a flexible pavement and
KESAL 2000 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2001 based on a flexible pavement and
KESAL 2001 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2002 based on a flexible pavement and
KESAL 2002 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2003 based on a flexible pavement and
KESAL 2003 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2004 based on a flexible pavement and
KESAL 2004 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2005 based on a flexible pavement and
KESAL 2005 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALS for each segment for 2006 based on a flexible pavement and
KESAL 2006 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2007 based on a flexible pavement and
KESAL 2007 including a 10% factor of safety for vehicle classes 9-13. .

Total one-way KESALs for each segment for 2008 based on a flexible pavement and
KESAL 2008 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2009 based on a flexible pavement and
KESAL 2009 including a 10% factor of safety for vehicle classes 8-13. _

Total one-way KESALSs for each segment for 2010 based on a flexible pavement and
KESAL 2010 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2011 based on a flexible pavement and
KESAL 2011 including a 10% factor of safety for vehicle classes 8-13.

Total one-way KESALs for each segment for 2012 based on a flexible pavement and
KESAL 2012 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2013 based on a flexible pavement and
KESAL 2013 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2014 based on a flexible pavement and
KESAL 2014 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2015 based on a flexible pavement and
KESAL 2015 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2016 based on a flexible pavement and
KESAL 2016 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALSs for each segment for 2017 based on a flexible pavement and
KESAL 2017 including a 10% factor of safety for vehicle classes 8-13.

Total one-way KESALs for each segment for 2018 based on a flexible pavement and
KESAL 2018 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2019 based on a flexible pavement and
KESAL 2019 including a 10% factor of safety for vehicle classes 9-13.

Total one-way KESALs for each segment for 2020 based on a flexibie pavement and
KESAL 2020 including a 10% factor of safety for vehicle classes 9-13.

159




Worksheets in Average_ESAL_Table

Flexible ESALs
Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
Class The classification station number associated with each segment
The flexible ESALSs per vehicle class 4 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESAlLcls4 average value for ADOT WIM systems for class 4 vehicles is applied.
The flexible ESALSs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls5 average value for ADOT WIM systems for class 5 vehicles is applied.
The flexible ESALs per vehicle class 6 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls6 average value for ADOT WIM systems for class 6 vehicles is applied.
The flexible ESALs per vehicle class 7 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls7 average value for ADOT WIM systems for class 7 vehicles is applied.
The fiexible ESALs per vehicle class 8 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls8 average value for ADOT WIM systems for class 8 vehicles is applied.
The flexible ESALSs per vehicle class 9 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls9 average value for ADOT WIM systems for class 9 vehicles is applied.
The flexible ESALs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls10 average value for ADOT WIM systems for class 10 vehicles is applied.
The flexible ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls11 average value for ADOT WIM systems for class 11 vehicles is applied.
The flexible ESALSs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls12 average value for ADOT WIM systems for class 12 vehicles is applied.
The flexible ESALs per vehicle class 13 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls13 average value for ADOT WIM systems for class 13 vehicles is applied.
Stdev ESALs per Cls
Column Description :
This table contains the mean, plus one standard deviation and plus ftwo standard
Column 1 deviations for ESALs per vehicle class for both rigid and flexible pavements
Class 4 These values for vechilce class 4
Class 5 These values for vechilce class 5
Class 6 These values for vechilce class 6
Class 7 These values for vechilce class 7
Class 8 These vaiues for vechilce class 8
Class 9 These values for vechilce class 9
Class 10 These values for vechilce class 10
Class 11 These values for vechilce class 11
Class 12 These values for vechilce class 12
Class 13 These values for vechiice class 13
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Worksheets in Average_ESAL_Table

AADT Percent Growth All Years

Column

Description

Segment

The segment number as designated by ADOT

% Growth 1974

The percent growth in AADT for each segment for 1974

% Growth 1975

The percent growth in AADT for each segment for 1975

% Growth 1976

The percent growth in AADT for each segment for 1976

% Growth 1977

The percent growth in AADT for each segment for 1977

% Growth 1978

The percent growth in AADT for each segment for 1978

% Growth 1979

The percent growth in AADT for each segment for 1979

% Growth 1980

The percent growth in AADT for each segment for 1980

% Growth 1981

The percent growth in AADT for each segment for 1981

% Growth 1982

The percent growth in AADT for each segment for 1982

% Growth 1983

The percent growth in AADT for each segment for 1983

% Growth 1984

The percent growth in AADT for each segment for 1984

% Growth 1985

The percent growth in AADT for each segment for 1985

% Growth 1986

The percent growth in AADT for each segment for 1986

% Growth 1987

The percent growth in AADT for each segment for 1987

% Growth 1988

The percent growth in AADT for each segment for 1988

% Growth 1989

The percent growth in AADT for each segment for 1989

% Growth 1990

The percent growth in AADT for each segment for 1990

% Growth 1991

The percent growth in AADT for each segment for 1991

% Growth 1992

The percent growth in AADT for each segment for 1992

% Growth 1993

The percent growth in AADT for each segment for 1993

% Growth 1994

The percent growth in AADT for each segment for 1994

% Growth 1995

The percent growth in AADT for each segment for 1995

% Growth 1996

The percent growth in AADT for each segment for 1996

% Growth 1997

The percent growth in AADT for each segment for 1997

% Growth 1998

The percent growth in AADT for each segment for 1998

% Growth 1999

The percent growth in AADT for each segment for 1999

% Growth 2000

The percent growth in AADT for each segment for 2000

% Growth 2001

The percent growth in AADT for each segment for 2001

% Growth 2002

The percent growth in AADT for each segment for 2002

% Growth 2003

The percent growth in AADT for each segment for 2003

% Growth 2004

The percent growth in AADT for each segment for 2004

% Growth 2005

The percent growth in AADT for each segment for 2005

% Growth 2006

The percent growth in AADT for each segment for 2006

% Growth 2007

The percent growth in AADT for each segment for 2007

% Growth 2008

The percent growth in AADT for each seément for 2008

% Growth 2009

The percent growth in AADT for each segment for 2009

% Growth 2010 The percent growth in AADT for each segment for 2010
% Growth 2011 The percent growth in AADT for each segment for 2011
% Growth 2012 The percent growth in AADT for each segment for 2012
% Growth 2013 The percent growth in AADT for each segment for 2013
% Growth 2014 The percent growth in AADT for each segment for 2014
% Growth 2015 The percent growth in AADT for each segment for 2015
% Growth 2016 The percent growth in AADT for each segment for 2016
% Growth 2017 The percent growth in AADT for each segment for 2017
% Growth 2018 The percent growth in AADT for each segment for 2018
% Growth 2019 The percent growth in AADT for each segment for 2019
% Growth 2020 The percent §rowth in AADT for each segment for 2020
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Number of Lanes
Column Description )
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
LANES Value taken from TR9397C.xIs

# Lanes 1993

The number of lanes for each segment in 1993

# Lanes 1994

The number of lanes for each segment in 1994

# Lanes 1995

The number of lanes for each segment in 1995

# Lanes 1996

The number of lanes for each segment in 1996

# Lanes 1997

The number of lanes for each segment in 1997

# Lanes 1998 The number of lanes for each segment in 1998
# Lanes 1999 The number of lanes for each segment in 1999
# Lanes 2000 The number of lanes for each segment in 2000
# Lanes 2001 The number of lanes for each segment in 2001
# Lanes 2002 The number of lanes for each segment in 2002
# Lanes 2003 The number of lanes for each segment in 2003
# Lanes 2004 The number of lanes for each segment in 2004
# Lanes 2005 The number of lanes for each segment in 2005
# Lanes 2006 The number of lanes for each segment in 2006
# Lanes 2007 The number of lanes for each segment in 2007
# Lanes 2008 The number of lanes for each segment in 2008
# Lanes 2009 The number of lanes for each segment in 2009
# Lanes 2010 The number of lanes for each segment in 2010
# Lanes 2011 The number of lanes for each segment in 2011
# Lanes 2012 The number of lanes for each segment in 2012
# Lanes 2013 The number of lanes for each segment in 2013
# Lanes 2014 The number of lanes for each segment in 2014
# Lanes 2015 The number of lanes for each segment in 2015
# Lanes 2016 The number of lanes for each segment in 2016
# Lanes 2017 The number of lanes for each segment in 2017
# Lanes 2018 The number of lanes for each segment in 2018
# Lanes 2019 The number of lanes for each segment in 2019
# Lanes 2020 The number of lanes for each segment in 2020
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Total Theoretical Capacity

Column Description
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
Year 1997 The total theoretical capacity for all lanes for each segment for 1997
Year 1998 The total theoretical capacity for all lanes for each segment for 1998
Year 1999 The total theoretical capacity for all lanes for each segment for 1999
Year 2000 The total theoretical capacity for all lanes for each segment for 2000
Year 2001 The fotal theoretical capacity for all lanes for each segment for 2001
Year 2002 The total theoretical capacity for all lanes for each segment for 2002
Year 2003 The total theoretical capacity for all lanes for each segment for 2003
Year 2004 The total theoretical capacity for all lanes for each segment for 2004
Year 2005 The total theoretical capacity for all lanes for each segment for 2005
Year 2006 The total theoretical capacity for all lanes for each segment for 2006
Year 2007 The total theoretical capacity for all lanes for each segment for 2007
Year 2008 The total theoretical capacity for all lanes for each segment for 2008
Year 2009 The total theoretical capacity for all lanes for each segment for 2009
Year 2010 The total theoretical capacity for all lanes for each segment for 2010
Year 2011 The total theoretical capacity for all lanes for each segment for 2011
Year 2012 The total theoretical capacity for all lanes for each segment for 2012
Year 2013 The total theoretical capacity for all lanes for each segment for 2013
Year 2014 The total theoretical capacity for all lanes for each segment for 2014
Year 2015 The total theoretical capacity for all lanes for each segment for 2015
Year 2016 The total theoretical capacity for all lanes for each segment for 2016
Year 2017 The total theoretical capacity for all lanes for each segment for 2017
Year 2018 The total theoretical capacity for all lanes for each segment for 2018
Year 2019 The total theoretical capacity for all lanes for each segment for 2019
Year 2020 The total theoretical capacity for all lanes for each segment for 2020
% Vehicle Type Table
Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment
% Cls 4 The percentage of FHWA class 4 vehicles for each segment
% Cls 5 The percentage of FHWA class 5 vehicles for each segment
% Cls 6 The percentage of FHWA class 6 vehicles for each segment
% Cls 7 The percentage of FHWA class 7 vehicles for each segment
% Cls 8 The percentage of FHWA class 8 vehicles for each segment
% Cls 9 The percentage of FHWA class 9 vehicles for each segment
% Cis 10 The percentage of FHWA class 10 vehicles for each segment
% Cls 11 The percentage of FHWA class 11 vehicles for each segment
% Cls 12 The percentage of FHWA class 12 vehicles for each segment
% Cls 13 The percentage of FHWA class 13 vehicles for each segment
Year Year when calculations of vehicle class percentages was performed for each segment
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Site Info (ADOT % Trucks)—from TR9397C.xIs

Column Description .
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route number
BMP The beginning milepost of the segment
A description of the beginning location of the segment in terms of nearest
STARTING exit/interchange '
EMP The ending milepost of the segment
ENDING A description of the ending location of the segment in terms of nearest exit/interchange
ORDER A counting function that begins with 1 and increases by 1 for each segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
SECTION The segment number as designated by ADOT
LANES The total number of lanes (in both directions) within the segment
AADTS3 The AADT for each segment as reported by ADOT for 1993
PCCV93 The percent commercial vehciles for each segment as reported by ADOT for 1993
AADT94 The AADT for each segment as reported by ADOT for 1994
PCCV94 The percent commercial vehciles for each segment as reported by ADOT for 1994
AADTS5 The AADT for each segment as reported by ADOT for 1995
PCCV95 The percent commercial vehciles for each segment as reported by ADOT for 1985
AADTS6 The AADT for each segment as reported by ADOT for 1996
PCCV96 The percent commercial vehciles for each segment as reported by ADOT for 1996
AADT97 The AADT for each segment as reported by ADOT for 1997
PCCvVg7 The percent commercial vehciles for each segment as reported by ADOT for 1997
EST_DATE The year the traffic segment was established
CNTFRQ The frequency with which traffic counts are performed at each segment
STATUS The status of the most recent traffic count for each segment
LASTCNT The year of the last traffic count for each segment
NEXTCNT The year of the next traffic count for each segment
Whether the traffic count was successfully collected (FALSE) or not (TRUE) at each
MISSCNT segment
REMARKS Comments by ADOT regarding each segment
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Cum 1way Flex 10% 1 stdev

Column Description

SEGMENT The segment number as designated by ADOT

ATR The Automatic Traffic Recorder number associated with each segment

CLASS The classification station number associated with each segment
The total number of one-way KESALSs for each segment for 1997 assuming a flexible

KESAL 1997 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 1998 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 1999 pavement and adjusting the ESALSs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2000 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2001 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2002 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2003 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2004 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2005 pavement and adjusting the ESALs per vehicie class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2006 pavement and adjusting the ESALSs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 2007 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2008 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2009 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2010 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2011 pavement and adjusting the ESALSs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2012 pavement and adjusting the ESALSs per vehicle class upwards by one standard deviation
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The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 2013 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAIL 2014 pavement and adjusting the ESALSs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2015 pavement and adjusting the ESALS per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1897 assuming a flexible

KESAL 2016 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 2017 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALs for each segment since 1997 assuming a flexible

KESAL 2018 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 2019 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
The total number of KESALSs for each segment since 1997 assuming a flexible

KESAL 2020 pavement and adjusting the ESALs per vehicle class upwards by one standard deviation
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Cum One-way Rigid 1 stdev

Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Total one-way KESALS for 1997 for each segment based on a rigid pavement and
KESAL 1997 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 1998 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 1999 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2000 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2001 adjusting the ESALS per vehicle class upwards by one standard deviation

Total one-way KESALS since 1997 for each segment based on a rigid pavement and
KESAL 2002 adjusting the ESALS per vehicle class upwards by one standard deviation

Total one-way KESALS since 1997 for each segment based on a rigid pavement and
KESAL 2003 adjusting the ESALS per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2004 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 2005 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2006 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2007 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2008 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2009 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALS since 1997 for each segment based on a rigid pavement and
KESAL 2010 adjusting the ESALS per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 2011 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALS since 1997 for each segment based on a rigid pavement and
KESAL 2012 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 2013 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2014 adjusting the ESALS per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2015 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 2016 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2017 adjusting the ESALSs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1897 for each segment based on a rigid pavement and
KESAL 2018 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALs since 1997 for each segment based on a rigid pavement and
KESAL 2019 adjusting the ESALs per vehicle class upwards by one standard deviation

Total one-way KESALSs since 1997 for each segment based on a rigid pavement and
KESAL 2020 adjusting the ESALSs per vehicle class upwards by one standard deviation
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AADT 1974-2020-—-1974-1997 data from trfc7497.xis

Column Description
ORDER A counting function that begins with 1 and increases by 1 for each segment
Segment The segment number as designated by ADOT
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route number
BMP The beginning milepost of the segment
EMP The ending milepost of the segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
Segment The segment number as designated by ADOT
PCCV97 The percent commercial vehicles for each segment as reported by ADOT in 1997
1974 The measured AADT for each segment for 1974
1975 The measured AADT for each segment for 1975
1976 The measured AADT for each segment for 1976
1977 The measured AADT for each segment for 1977
1978 The measured AADT for each segment for 1978
1979 The measured AADT for each segment for 1979
1980 The measured AADT for each segment for 1980
1981 The measured AADT for each segment for 1981
1982 The measured AADT for each segment for 1982
1983 The measured AADT for each segment for 1983
1984 The measured AADT for each segment for 1984
1985 The measured AADT for each segment for 1985
1986 The measured AADT for each segment for 1986
1987 The measured AADT for each segment for 1987
1988 The measured AADT for each segment for 1988
1989 The measured AADT for each segment for 1989
1990 The measured AADT for each segment for 1990
1991 The measured AADT for each segment for 1991
1992 The measured AADT for each segment for 1992
1993 The measured AADT for each segment for 1993
1994 The measured AADT for each segment for 1994
1995 The measured AADT for each segment for 1995
1996 The measured AADT for each segment for 1996
1997 The measured AADT for each segment for 1997

Avg. % Growth

The average % growth for each segment based on the average of the annual growth
factors from 1992 to 1997: this value is calculated using Macro 1

Forecasting % Growth

The % growth used in projecting AADT for future years; this differs from the Avg. %
Growth where the Avg. % Growth is less than 2% (Forecasting % Growth is never less
than 2%)

The measured AADT for each segment for 1996; this value is repeated but not counted

1996 twice
The measured AADT for each segment for 1997; this value is repeated but not counted

1997 twice

1998 The forecasted AADT for each segment for 1998
1999 The forecasted AADT for each segment for 1998
2000 The forecasted AADT for each segment for 2000
2001 The forecasted AADT for each segment for 2001
2002 The forecasted AADT for each segment for 2002
2003 The forecasted AADT for each segment for 2003
2004 The forecasted AADT for each segment for 2004
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2005 The forecasted AADT for each segment for 2005
2006 The forecasted AADT for each segment for 2006
2007 The forecasted AADT for each segment for 2007
2008 The forecasted AADT for each segment for 2008
2009 The forecasted AADT for each segment for 2009
2010 The forecasted AADT for each segment for 2010
2011 The forecasted AADT for each segment for 2011
2012 The forecasted AADT for each segment for 2012
2013 The forecasted AADT for each segment for 2013
2014 The forecasted AADT for each segment for 2014
2015 The forecasted AADT for each segment for 2015
2016 The forecasted AADT for each segment for 2016
2017 The forecasted AADT for each segment for 2017
2018 The forecasted AADT for each segment for 2018
2019 The forecasted AADT for each segment for 2019
2020 The forecasted AADT for each segment for 2020
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Capacity
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Indication of whether each segment exceeds capacity in 1997 ("Pass" means under
Year 1997 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 1998 ("Pass" means under
Year 1998 capacity, "Fail" means over capacity) '

Indication of whether each segment exceeds capacity in 1999 ("Pass" means under
Year 1999 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2000 ("Pass" means under
Year 2000 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2001 ("Pass" means under
Year 2001 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2002 ("Pass" means under
Year 2002 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2003 ("Pass" means under
Year 2003 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2004 ("Pass" means under
Year 2004 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2005 ("Pass" means under
Year 2005 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2006 ("Pass" means under
Year 2006 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2007 ("Pass" means under
Year 2007 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2008 ("Pass" means under
Year 2008 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2009 ("Pass" means under
Year 2009 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2010 ("Pass" means under
Year 2010 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2011 ("Pass" means under
Year 2011 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2012 ("Pass" means under
Year 2012 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2013 ("Pass” means under
Year 2013 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2014 ("Pass" means under
Year 2014 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2015 ("Pass" means under
Year 2015 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2016 ("Pass" means under
Year 2016 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2017 ("Pass" means under
Year 2017 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2018 ("Pass" means under
Year 2018 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2019 ("Pass" means under
Year 2019 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2020 ("Pass" means under
Year 2020 capacity, "Fail" means over capacity)
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Rigid 1 stdev
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Total KESALSs for 1997 for each segment based on a rigid pavement and adjusting the
KESAL 1997 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 1998 for each segment based on a rigid pavement and adjusting the
KESAL 1998 ESALs per vehicle class upwards by one standard deviation '

Total KESALSs for 1999 for each segment based on a rigid pavement and adjusting the
KESAL 1999 ESALs per vehicle class upwards by one standard deviation

Total KESALS for 2000 for each segment based on a rigid pavement and adjusting the
KESAL 2000 ESALs per vehicle class upwards by one standard deviation

Total KESALS for 2001 for each segment based on a rigid pavement and adjusting the
KESAL 2001 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2002 for each segment based on a rigid pavement and adjusting the
KESAL 2002 ESALSs per vehicle class upwards by one standard deviation

Total KESALSs for 2003 for each segment based on a rigid pavement and adjusting the
KESAL 2003 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2004 for each segment based on a rigid pavement and adjusting the
KESAL 2004 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2005 for each segment based on a rigid pavement and adjusting the
KESAL 2005 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2006 for each segment based on a rigid pavement and adjusting the
KESAL 2006 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2007 for each segment based on a rigid pavement and adjusting the
KESAL 2007 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2008 for each segment based on a rigid pavement and adjusting the
KESAL 2008 ESALs per vehicle class upwards by one standard deviation

Total KESALS for 2009 for each segment based on a rigid pavement and adjusting the
KESAL 2009 ESALs per vehicle class upwards by one standard deviation

Total KESALS for 2010 for each segment based on a rigid pavement and adjusting the
KESAL 2010 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2011 for each segment based on a rigid pavement and adjusting the
KESAL 2011 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2012 for each segment based on a rigid pavement and adjusting the
KESAL 2012 ESALSs per vehicle class upwards by one standard deviation

Total KESALSs for 2013 for each segment based on a rigid pavement and adjusting the
KESAL 2013 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2014 for each segment based on a rigid pavement and adjusting the
KESAL 2014 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2015 for each segment based on a rigid pavement and adjusting the
KESAL 2015 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2016 for each segment based on a rigid pavement and adjusting the
KESAL 2016 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2017 for each segment based on a rigid pavement and adjusting the
KESAL 2017 ESALs per vehicle class upwards by one standard deviation

Total KESALSs for 2018 for each segment based on a rigid pavement and adjusting the
KESAL 2018 ESALs per vehicle class upwards by one standard deviation

Total KESALS for 2019 for each segment based on a rigid pavement and adjusting the
KESAL 2019 ESALs per vehicle class upwards by one standard deviation

Total KESALs for 2020 for each segment based on a rigid pavement and adjusting the
KESAL 2020 ESALSs per vehicle class upwards by one standard deviation
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Rigid ESALs

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

Class

The classification station number associated with each segment

ESALcls4

The rigid ESALs per vehicle class 4 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 4 vehicles is applied.

ESALcls5

The rigid ESALSs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 5 vehicles is applied.

ESALcls6

The rigid ESALs per vehicle class 6 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 6 vehicles is applied.

ESALcls7

The rigid ESALSs per vehicle class 7 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 7 vehicles is applied.

ESALcls8

The rigid ESALSs per vehicle class 8 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 8 vehicles is applied.

ESALcls9

The rigid ESALSs per vehicle class 9 for each segment. Segments that have a WIM
located within their ciass station have the measured vaiue applied. Otherwise the
average value for ADOT WIM systems for class 9 vehicles is applied.

ESALcls10

The rigid ESALSs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 10 vehicles is applied.

ESALcls11

The rigid ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 11 vehicles is applied.

ESAlLcls12

The rigid ESALs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 12 vehicles is applied.

ESALcls13

The rigid ESALSs per vehicle class 13 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 13 vehicles is applied.
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Flex 1 stdev 10%

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

CLASS

The classification station number associated with each segment

KESAL 1987

The total KESALSs for each segment for 1997 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 1998

The total KESALS for each segment for 1998 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 1999

The total KESALS for each segment for 1999 assuming a fiexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2000

The total KESALs for each segment for 2000 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2001

The total KESALSs for each segment for 2001 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation

KESAL 2002

The total KESALSs for each segment for 2002 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2003

The total KESALSs for each segment for 2003 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2004

The total KESALs for each segment for 2004 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2005

The total KESALs for each segment for 2005 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2006

The total KESALSs for each segment for 2006 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation

KESAL 2007

The total KESALS for each segment for 2007 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2008

The total KESALS for each segment for 2008 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2009

The total KESALS for each segment for 2009 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2010

The total KESALs for each segment for 2010 assuming a fiexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation

KESAL 2011

The total KESALs for each segment for 2011 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2012

The total KESALs for each segment for 2012 assuming a fiexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation
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KESAL 2013

The total KESALs for each segment for 2013 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2014

The total KESALs for each segment for 2014 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2015

The total KESALSs for each segment for 2015 assuming a fiexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2016

The total KESALs for each segment for 2016 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2017

The total KESALs for each segment for 2017 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by one standard deviation

KESAL 2018

The total KESALSs for each segment for 2018 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation

KESAL 2019

The total KESALSs for each segment for 2019 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation

KESAL 2020

The total KESALSs for each segment for 2020 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by one standard deviation
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Flexible ESALs

Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
Class The classification station number associated with each segment
The flexible ESALSs per vehicle class 4 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls4 average value for ADOT WIM systems for class 4 vehicles is applied.
The flexible ESALs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls5 average value for ADOT WIM systems for class 5 vehicles is applied.
The fiexible ESALs per vehicle class 6 for each segment. Segments that have a WiM
located within their class station have the measured value applied. Otherwise the
ESALcls6 average value for ADOT WIM systems for class 6 vehicles is applied.
The flexible ESALs per vehicle class 7 for each segment. Segments that have a WiIM
located within their class station have the measured value applied. Otherwise the
ESALcls7 average value for ADOT WIM systems for class 7 vehicles is applied.
The flexible ESALs per vehicle class 8 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls8 average value for ADOT WIM systems for class 8 vehicles is applied.
The flexible ESALs per vehicle class 9 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls9 average value for ADOT WIM systems for class 9 vehicles is applied.
The flexible ESALs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcis10 average value for ADOT WIM systems for class 10 vehicles is applied.
The flexible ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls11 average value for ADOT WIM systems for class 11 vehicles is applied.
The flexible ESALs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls12 average value for ADOT WIM systems for class 12 vehicles is applied.
The flexible ESALSs per vehicle class 13 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls13 average value for ADOT WIM systems for class 13 vehicles is applied.
Stdev ESALs per Cls
Column Description
This table contains the mean, plus one standard deviation and plus two standard
Column 1 deviations for ESALSs per vehicle class for both rigid and flexible pavements
Class 4 These values for vechilce class 4
Class 5 These values for vechilce class 5
Class 6 These values for vechilce class 6
Class 7 These values for vechilce class 7
Class 8 These values for vechilce class 8
Class 9 These values for vechilce class 9
Class 10 These values for vechilce class 10
Class 11 These values for vechilce class 11
Class 12 These values for vechilce class 12
Class 13 These values for vechilce class 13
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AADT Percent Growth All Years

Column

Description

Segment

The segment number as designated by ADOT

% Growth 1974

The percent growth in AADT for each segment for 1974

% Growth 1975

The percent growth in AADT for each segment for 1975

% Growth 1976

The percent growth in AADT for each segment for 1976

% Growth 1977

The percent érowth in AADT for each segment for 1977

% Growth 1978

The percent growth in AADT for each segment for 1978

% Growth 1979

The percerﬁrowth in AADT for each segment for 1979

% Growth 1980

The percent growth in AADT for each segment for 1980

% Growth 1981

The percent growth in AADT for each segment for 1981

% Growth 1982

The percent growth in AADT for each segment for 1982

% Growth 1983

The percent growth in AADT for each segment for 1983

% Growth 1984

The percent growth in AADT for each segment for 1984

% Growth 1985

The percent growth in AADT for each segment for 1985

% Growth 1986

The percent growth in AADT for each segment for 1986

% Growth 1987

The percent growth in AADT for each segment for 1987

% Growth 1988

The percent growth in AADT for each segment for 1988

% Growth 1989

The percent growth in AADT for each segment for 1989

% Growth 1990

The percent growth in AADT for each segment for 1990

% Growth 1991

The percent growth in AADT for each segment for 1991

% Growth 1992

The percent growth in AADT for each segment for 1992

% Growth 1993

The percent growth in AADT for each segment for 1993

% Growth 1994

The percent growth in AADT for each segment for 1994

% Growth 1995

The percent growth in AADT for each segment for 1995

% Growth 1996

The percent growth in AADT for each segment for 1996

% Growth 1997

The percent growth in AADT for each segment for 1997

% Growth 1998

The percent growth in AADT for each segment for 1998

% Growth 1998

The percent growth in AADT for each segment for 1999

% Growth 2000 The percent growth in AADT for each segment for 2000
% Growth 2001 The percent growth in AADT for each segment for 2001
% Growth 2002 The percent growth in AADT for each segment for 2002
% Growth 2003 The percent growth in AADT for each segment for 2003
% Growth 2004 The percent growth in AADT for each segment for 2004

% Growth 2005

The percent growth in AADT for each segment for 2005

% Growth 2006

The percent growth in AADT for each segment for 2006

% Growth 2007

The percent growth in AADT for each segment for 2007

% Growth 2008 The percent growth in AADT for each segment for 2008
% Growth 2009 The percent growth in AADT for each segment for 2009
% Growth 2010 The percent growth in AADT for each segment for 2010
% Growth 2011 The percent growth in AADT for each segment for 2011
% Growth 2012 The percent growth in AADT for each segment for 2012
% Growth 2013 The percent growth in AADT for each segment for 2013
% Growth 2014 The percent growth in AADT for each segment for 2014
% Growth 2015 The percent growth in AADT for each segment for 2015
% Growth 2016 The percent growth in AADT for each segment for 2016
% Growth 2017 The percent growth in AADT for each segment for 2017
% Growth 2018 The percent growth in AADT for each segment for 2018
% Growth 2019 The percent growth in AADT for each segment for 2019
% Growth 2020 The percent growth in AADT for each segment for 2020
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Number of Lanes

Column Description
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
LANES Value taken from TR9397C.xIs

# Lanes 1993

The number of lanes for each segment in 1993

# Lanes 1994

The number of lanes for each segment in 1994

# Lanes 1995

The number of lanes for each segment in 1995

# Lanes 1996

The number of lanes for each segment in 1996

# Lanes 1997

The number of lanes for each segment in 1997

# Lanes 1998

The number of lanes for each segment in 1998

# Lanes 1999

The number of lanes for each segment in 1999

# Lanes 2000 The number of lanes for each segment in 2000
# Lanes 2001 The number of lanes for each segment in 2001
# Lanes 2002 The number of lanes for each segment in 2002
# Lanes 2003 The number of lanes for each segment in 2003
# Lanes 2004 The number of lanes for each segment in 2004
# Lanes 2005 The number of lanes for each segment in 2005
# Lanes 2006 The number of lanes for each segment in 2006
# Lanes 2007 The number of lanes for each segment in 2007
# Lanes 2008 The number of lanes for each segment in 2008
# Lanes 2009 The number of lanes for each segment in 2009
# Lanes 2010 The number of lanes for each segment in 2010
# Lanes 2011 The number of lanes for each segment in 2011
# Lanes 2012 The number of lanes for each segment in 2012
# Lanes 2013 The number of lanes for each segment in 2013
# Lanes 2014 The number of lanes for each segment in 2014
# Lanes 2015 The number of lanes for each segment in 2015
# Lanes 2016 The number of lanes for each segment in 2016
# Lanes 2017 The number of lanes for each segment in 2017
# Lanes 2018 The number of lanes for each segment in 2018
# Lanes 2019 The number of lanes for each segment in 2019
# Lanes 2020 The number of lanes for each segment in 2020
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Total Theoretical Capacity

Column Description .
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
Year 1997 The total theoretical capacity for all lanes for each segment for 1997
Year 1998 The total theoretical capacity for all lanes for each segment for 1998
Year 1999 The total theoretical capacity for all lanes for each segment for 1999
Year 2000 The total theoretical capacity for all lanes for each segment for 2000
Year 2001 The total theoretical capacity for all lanes for each segment for 2001
Year 2002 The total theoretical capacity for all lanes for each segment for 2002
Year 2003 The total theoretical capacity for all lanes for each segment for 2003
Year 2004 The total theoretical capacity for all lanes for each segment for 2004
Year 2005 The total thearetical capacity for all lanes for each segment for 2005
Year 2006 The total theoretical capacity for all lanes for each segment for 2006
Year 2007 The total theoretical capacity for all lanes for each segment for 2007
Year 2008 The total theoretical capacity for all lanes for each segment for 2008
Year 2009 The total theoretical capacity for all lanes for each segment for 2009
Year 2010 The total theoretical capacity for all lanes for each segment for 2010
Year 2011 The total theoretical capacity for all lanes for each segment for 2011
Year 2012 The total theoretical capacity for all lanes for each segment for 2012
Year 2013 The total theoretical capacity for all lanes for each segment for 2013
Year 2014 The total theoretical capacity for all lanes for each segment for 2014
Year 2015 The total theoretical capacity for all lanes for each segment for 2015
Year 2016 The total theoretical capacity for all lanes for each seément for 2016
Year 2017 The total theoretical capacity for all lanes for each segment for 2017
Year 2018 The total theoretical capacity for all lanes for each segment for 2018
Year 2019 The total theoretical capacity for all lanes for each segment for 2019
Year 2020 The total theoretical capacity for all lanes for each segment for 2020
% Vehicle Type Table
Column Description
SEGMENT The segment number as desighated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment
% Cls 4 The percentage of FHWA class 4 vehicles for each segment
% Cls 5 The percentage of FHWA class 5 vehicles for each segment
% Cls 6 The percentage of FHWA class 6 vehicles for each segment
% Cis 7 The percentage of FHWA class 7 vehicles for each segment
% Cls 8 The percentage of FHWA class 8 vehicles for each segment
% Cls 9 The percentage of FHWA class 9 vehicles for each segment
% Cls 10 The percentage of FHWA class 10 vehicles for each segment
% Cls 11 The percentage of FHWA class 11 vehicles for each segment
% Cls 12 The percentage of FHWA class 12 vehicles for each segment
% Cls 13 The percentage of FHWA class 13 vehicles for each segment
Year Year when calculations of vehicle class percentages was performed for each segment
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Site Info (ADOT % Trucks)—from TR9397C.x/s

Column Description
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route number
BMP The beginning milepost of the segment
A description of the beginning location of the segment in terms of nearest
STARTING exit/interchange -
EMP The ending milepost of the segment
ENDING A description of the ending location of the segment in terms of nearest exit/interchange
ORDER A counting function that begins with 1 and increases by 1 for each segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
SECTION The segment number as designated by ADOT
LANES The total number of lanes (in both directions) within the segment
AADTS3 The AADT for each segment as reported by ADOT for 1993
PCCV93 The percent commercial vehciles for each segment as reported by ADOT for 1993
AADT94 The AADT for each segment as reported by ADOT for 1984
PCCV94 The percent commercial vehciles for each segment as reported by ADOT for 1994
AADT95 The AADT for each segment as reported by ADOT for 1995
PCCV95 The percent commercial vehciles for each segment as reported by ADOT for 1995
AADTS6 The AADT for each segment as reported by ADOT for 1996
PCCV96 The percent commercial vehciles for each segment as reported by ADOT for 1996
AADT97 The AADT for each segment as reported by ADOT for 1997
PCCV97 The percent commercial vehciles for each segment as reported by ADOT for 1997
EST_DATE The year the traffic segment was established
CNTFRQ The frequency with which traffic counts are performed at each segment
STATUS The status of the most recent traffic count for each segment
LASTCNT The year of the last traffic count for each segment
NEXTCNT The year of the next traffic count for each segment
Whether the traffic count was successfully collected (FALSE) or not (TRUE) at each
MISSCNT segment
REMARKS Comments by ADOT regarding each segment
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Cum 1way Flex 10% 2 stdev

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

CLASS

The classification station number associated with each segment

KESAL 1997

The total number of one-way KESALs for each segment for 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 1998

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 1999

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2000

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2001

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2002

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2003

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2004

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2005

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2006

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2007

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2008

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard
deviations

KESAL 2009

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2010

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2011

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2012

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations
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KESAL 2013

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALSs per vehicle class upwards by two standard,

deviations

KESAL 2014

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2015

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2016

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2017

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2018

The total number of one-way KESALSs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALS per vehicle class upwards by two standard
deviations

KESAL 2019

The total number of one-way KESALS for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations

KESAL 2020

The total number of one-way KESALs for each segment since 1997 assuming a flexible
pavement and adjusting the ESALs per vehicle class upwards by two standard
deviations
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Cum One-way Rigid 2 stdev
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic 1raffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Total KESALs for 1997 for each segment based on a rigid pavement and adjusting the
KESAL 1997 ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 1998 the ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 1999 the ESALSs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2000 the ESALSs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2001 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2002 the ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2003 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2004 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2005 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2006 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2007 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2008 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2009 the ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2010 the ESALSs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2011 the ESALSs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2012 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2013 the ESALSs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2014 the ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2015 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2016 the ESALs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2017 the ESALSs per vehicle class upwards by two standard deviations

Total KESALSs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2018 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2019 the ESALs per vehicle class upwards by two standard deviations

Total KESALs since 1997 for each segment based on a rigid pavement and adjusting
KESAL 2020 the ESALs per vehicle class upwards by two standard deviations
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AADT 1974-2020—-1974-1997 data from trfc7497.xls

Column Description
ORDER A counting function that begins with 1 and increases by 1 for each segment
Segment The segment number as de?gnated by ADOT
RTE_L The route type (i.e., | = interstate, U = U.S. highway, S = state highway)
RTE_N The route number T
BMP The beginning milepost of the segment
EMP The ending milepost of the segment
SEC_LEN The length of the segment (in miles)
ATR The Automatic Traffic Recorder assosicated with each segment
CLASS The classification station associated with each segment
Segment The segment number as designated by ADOT
PCCV97 The percent commercial vehicles for each segment as reported by ADOT in 1997
1974 The measured AADT for each segment for 1974
1975 The measured AADT for each segment for 1975
1976 The measured AADT for each segment for 1976
1977 The measured AADT for each segment for 1977
1978 The measured AADT for each segment for 1978
1979 The measured AADT for each segment for 1979
1980 The measured AADT for each segment for 1980
1981 The measured AADT for each segment for 1981
1982 The measured AADT for each segment for 1982
1983 The measured AADT for each segment for 1983
1984 The measured AADT for each segment for 1984
1985 The measured AADT for each segment for 1985
1986 The measured AADT for each segment for 1986
1987 The measured AADT for each segment for 1987
1988 The measured AADT for each segment for 1988
1989 The measured AADT for each segment for 1989
1990 The measured AADT for each segment for 1990
1991 The measured AADT for each segment for 1991
1992 The measured AADT for each segment for 1992
1993 The measured AADT for each segment for 1993
1994 The measured AADT for each segment for 1994
1995 The measured AADT for each segment for 1995
1996 The measured AADT for each segment for 1996
1997 The measured AADT for each segment for 1997

Avg. % Growth

The average % growth for each segment based on the average of the annual growth
factors from 1992 to 1997; this value is calculated using Macro 1

Forecasting % Growth

The % growth used in projecting AADT for future years; this differs from the Avg. %
Growth where the Avg. % Growth is less than 2% (Forecasting % Growth is never less

than 2%)

The measured AADT for each segment for 1996; this value is repeated but not counted

1996 twice
The measured AADT for each segment for 1997; this value is repeated but not counted

1997 twice

1998 The forecasted AADT for each segment for 1998
1999 The forecasted AADT for each segment for 1999
2000 The forecasted AADT for each segment for 2000
2001 The forecasted AADT for each segment for 2001
2002 The forecasted AADT for each segment for 2002
2003 The forecasted AADT for each segment for 2003
2004 The forecasted AADT for each segment for 2004
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2005 The forecasted AADT for each segment for 2005
2006 The forecasted AADT for each seg-;ment for 2006
2007 The forecasted AADT for each segment for 2007
2008 The forecasted AADT for each segment for 2008
2009 The forecasted AADT for each segment for 2009
2010 The forecasted AADT for each seﬁent for 2010
2011 The forecasted AADT for each segment for 2011
2012 The forecasted AADT for each segment for 2012
2013 The forecasted AADT for each segment for 2013
2014 The forecasted AADT for each segment for 2014
2015 The forecasted AADT for each segment for 2015
2016 The forecasted AADT for each segment for 2016
2017 The forecasted AADT for each segment for 2017
2018 The forecasted AADT for each segment for 2018
2019 The forecasted AADT for each segment for 2019
2020 The forecasted AADT for each segment for 2020
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Capacity
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Indication of whether each segment exceeds capacity in 1997 ("Pass” means under
Year 1997 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 1998 ("Pass" means under
Year 1998 capacity, "Fail” means over capacity)

Indication of whether each segment exceeds capacity in 1999 ("Pass"” means under
Year 1999 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2000 ("Pass" means under
Year 2000 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2001 ("Pass"” means under
Year 2001 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2002 ("Pass" means under
Year 2002 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2003 ("Pass" means under
Year 2003 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2004 (“Pass" means under
Year 2004 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2005 ("Pass" means under
Year 2005 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2006 ("Pass" means under
Year 2006 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2007 ("Pass” means under
Year 2007 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2008 ("Pass"” means under
Year 2008 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2009 ("Pass" means under
Year 2009 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2010 ("Pass” means under
Year 2010 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2011 ("Pass" means under
Year 2011 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2012 ("Pass" means under
Year 2012 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2013 ("Pass" means under
Year 2013 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2014 ("Pass” means under
Year 2014 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2015 ("Pass" means under
Year 2015 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2016 ("Pass" means under
Year 2016 capacity, "Fail" means over capacity)

indication of whether each segment exceeds capacity in 2017 ("Pass" means under
Year 2017 capacity, "Fail' means over capacity)

Indication of whether each segment exceeds capacity in 2018 ("Pass" means under
Year 2018 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2019 ("Pass” means under
Year 2019 capacity, "Fail" means over capacity)

Indication of whether each segment exceeds capacity in 2020 ("Pass"” means under
Year 2020 capacity, "Fail" means over capacity)
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Rigid 2 stdev
Column Description

SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment

Total KESALSs for 1997 for each segment based on a rigid pavement and adjusting the
KESAL 1997 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 1998 for each segment based on a rigid pavement and adjusting the
KESAL 1998 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 1999 for each segment based on a rigid pavement and adjusting the
KESAL 1999 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2000 for each segment based on a rigid pavement and adjusting the
KESAL 2000 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2001 for each segment based on a rigid pavement and adjusting the
KESAL 2001 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2002 for each segment based on a rigid pavement and adjusting the
KESAL 2002 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2003 for each segment based on a rigid pavement and adjusting the
KESAL 2003 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2004 for each segment based on a rigid pavement and adjusting the
KESAL 2004 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2005 for each segment based on a rigid pavement and adjusting the
KESAL 2005 ESALs per vehicle class upwards by two standard deviations

Total KESALS for 2006 for each segment based on a rigid pavement and adjusting the
KESAL 2006 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2007 for each segment based on a rigid pavement and adjusting the
KESAL 2007 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2008 for each segment based on a rigid pavement and adjusting the
KESAL 2008 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2009 for each segment based on a rigid pavement and adjusting the
KESAL 2009 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2010 for each segment based on a rigid pavement and adjusting the
KESAL 2010 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2011 for each segment based on a rigid pavement and adjusting the
KESAL 2011 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2012 for each segment based on a rigid pavement and adjusting the
KESAL 2012 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2013 for each segment based on a rigid pavement and adjusting the
KESAL 2013 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2014 for each segment based on a rigid pavement and adjusting the
KESAL 2014 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2015 for each segment based on a rigid pavement and adjusting the
KESAL 2015 ESALs per vehicle class upwards by two standard deviations

Total KESALSs for 2016 for each segment based on a rigid pavement and adjusting the
KESAL 2016 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2017 for each segment based on a rigid pavement and adjusting the
KESAL 2017 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2018 for each segment based on a rigid pavement and adjusting the
KESAL 2018 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2019 for each segment based on a rigid pavement and adjusting the
KESAL 2019 ESALs per vehicle class upwards by two standard deviations

Total KESALs for 2020 for each segment based on a rigid pavement and adjusting the
KESAL 2020 ESALs per vehicle class upwards by two standard deviations
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Rigid ESALs

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

Class

The classification station number associated with each segment

ESALcls4

The rigid ESALSs per vehicle class 4 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 4 vehicles is applied.

ESALclsS

The rigid ESALs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 5 vehicles is applied.

ESALcls6

The rigid ESALSs per vehicle class 6 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 6 vehicles is applied.

ESALcls7

The rigid ESALSs per vehicle class 7 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 7 vehicles is applied.

ESALcls8

The rigid ESALSs per vehicle class 8 for each segment. Segments that have a WiM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 8 vehicles is applied.

ESALclsS

The rigid ESALSs per vehicle class 9 for each segment. Segments that have a WiM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 9 vehicles is applied.

ESALcls10

The rigid ESALs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 10 vehicles is applied.

ESALcls11

The rigid ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 11 vehicles is applied.

ESALcls12

The rigid ESALs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 12 vehicles is applied.

ESALcls13

The rigid ESALSs per vehicle class 13 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
average value for ADOT WIM systems for class 13 vehicles is applied.
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Flex 2 stdev 10%

Column

Description

SEGMENT

The segment number as designated by ADOT

ATR

The Automatic Traffic Recorder number associated with each segment

CLASS

The classification station number associated with each segment

KESAL 1997

The total KESALs for each segment for 1997 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by two standard deviations

KESAL 1998

The total KESALSs for each segment for 1998 assuming a ﬂex1ble pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by two standard deviations

KESAL 19989

The total KESALs for each segment for 1999 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2000

The total KESALS for each segment for 2000 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2001

The total KESALs for each segment for 2001 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2002

The total KESALSs for each segment for 2002 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2003

The total KESALSs for each segment for 2003 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2004

The total KESALSs for each segment for 2004 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2005

The total KESALs for each segment for 2005 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by two standard deviations

KESAL 2006

The total KESALSs for each segment for 2006 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2007

The total KESALs for each segment for 2007 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2008

The total KESALS for each segment for 2008 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2009

The total KESALSs for each segment for 2009 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALSs per vehcile class
upwards by two standard deviations

KESAL 2010

The total KESALSs for each segment for 2010 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2011

The total KESALs for each segment for 2011 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2012

The total KESALSs for each segment for 2012 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations
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KESAL 2013

The total KESALSs for each segment for 2013 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class

upwards by two standard deviations

KESAL 2014

The total KESALs for each segment for 2014 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2015

The total KESALSs for each segment for 2015 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations '

KESAL 2016

The total KESALs for each segment for 2016 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2017

The total KESALs for each segment for 2017 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2018

The total KESALS for each segment for 2018 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2019

The total KESALs for each segment for 2019 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations

KESAL 2020

The total KESALSs for each segment for 2020 assuming a flexible pavement, adding a
10% factor of safety for vechicle classes 9-13 and adjusting the ESALs per vehcile class
upwards by two standard deviations
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Flexible ESALs

Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
Class The classification station number associated with each segment
The fiexible ESALs per vehicle class 4 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls4 average value for ADOT WIM systems for class 4 vehicles is applied.
The flexible ESALs per vehicle class 5 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls5 average value for ADOT WIM systems for class § vehicles is applied.
The flexible ESALSs per vehicle class 6 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls6 average value for ADOT WIM systems for class 6 vehicles is applied.
The flexible ESALs per vehicle class 7 for each segment. Segments that have a WiM
located within their class station have the measured value applied. Otherwise the
ESALcls7 average value for ADOT WIM systems for class 7 vehicles is applied.
The flexible ESALSs per vehicle class 8 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcis8 average value for ADOT WIM systems for class 8 vehicles is applied.
The flexible ESALs per vehicle class 9 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls9 average value for ADOT WIM systems for class 9 vehicles is applied.
The flexible ESALSs per vehicle class 10 for each segment. Segments that have a WIM
located within their class station have the measured vaiue applied. Otherwise the
ESALcls10 average value for ADOT WIM systems for class 10 vehicles is applied.
The flexible ESALs per vehicle class 11 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls11 average value for ADOT WIM systems for class 11 vehicles is applied.
The flexible ESALs per vehicle class 12 for each segment. Segments that have a WIM
located within their class station have the measured value applied. Otherwise the
ESALcls12 average value for ADOT WIM systems for class 12 vehicles is applied.
The flexible ESALSs per vehicle class 13 for each segment. Segments that have a WiM
located within their class station have the measured value applied. Otherwise the
ESALcls13 average value for ADOT WIM systems for class 13 vehicles is applied.
Stdev ESALs per Cls
Column Description
This table contains the mean, plus one standard deviation and pius two standard
Column 1 deviations for ESALs per vehicle class for both rigid and flexible pavements
Class 4 These values for vechilce class 4
Class 5 These values for vechiice class §
Class 6 These values for vechilce class 6
Class 7 These values for vechilce class 7
Class 8 These values for vechilce class 8
Class 9 These values for vechilce class 9
Class 10 These values for vechilce class 10
Class 11 These values for vechiice class 11
Class 12 These values for vechilce class 12
Class 13 These values for vechilce class 13
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AADT Percent Growth All Years

Column

Description

Segment

The segment number as designated by ADOT

% Growth 1974

The percent growth in AADT for each segment for 1974

% Growth 1975

The percent growth in AADT for each segment for 1975

% Growth 1976

The percent growth in AADT for each segment for 1976

% Growth 1977

The percent growth in AADT for each segment for 1977

% Growth 1978

The percent growth in AADT for each segment for 1978

% Growth 1979

The percent growth in AADT for each segment for 1979

% Growth 1980

The percent growth in AADT for each segment for 1980

% Growth 1981

The percent growth in AADT for each segment for 1981

% Growth 1982

The percent growth in AADT for each segment for 1982

% Growth 1983

The percent growth in AADT for each segment for 1983

% Growth 1984

The percent growth in AADT for each segment for 1984

% Growth 1985

The percent growth in AADT for each segment for 1985

% Growth 1986

The percent growth in AADT for each segment for 1986

% Growth 1987

The percent growth in AADT for each segment for 1987

% Growth 1988

The percent growth in AADT for each segment for 1988

% Growth 1989

The percent growth in AADT for each segment for 1989

% Growth 1990

The percent growth in AADT for each segment for 1990

% Growth 1991

The percent growth in AADT for each segment for 1991

% Growth 1992

The percent growth in AADT for each segment for 1982

% Growth 1993

The percent growth in AADT for each segment for 1993

% Growth 1994

The percent growth in AADT for each segment for 1994

% Growth 1995

The percent growth in AADT for each segment for 1995

% Growth 1996

The percent growth in AADT for each segment for 1996

% Growth 1997

The percent growth in AADT for each segment for 1897

% Growth 1998

The percent growth in AADT for each segment for 1998

% Growth 1998

The percent growth in AADT for each segment for 1999

% Growth 2000 The percent growth in AADT for each segment for 2000
% Growth 2001 The percent growth in AADT for each segment for 2001
% Growth 2002 The percent growir: in AADT for each segment for 2002

% Growth 2003

The percent growth in AADT for each segment for 2003

% Growth 2004

The percent growth in AADT for each segment for 2004

% Growth 2005

The percent growth in AADT for each segment for 2005

% Growth 2006

The percent growth :n AADT for each segment for 2006

% Growth 2007

The percent growth in AADT for each segment for 2007

% Growth 2008

The percent crowth in AADT for each segment for 2008

% Growth 2009

The percent growth in AADT for each segment for 2009

% Growth 2010

The percent growtr in AADT for each segment for 2010

% Growth 2011

The percent growth in AADT for each segment for 2011

% Growth 2012

The percent growth in AADT for each segment for 2012

% Growth 2013

The percent growth in AADT for each segment for 2013

% Growth 2014

The percent growth in AADT for each segment for 2014

% Growth 2015

The percent growth in AADT for each segment for 2015

% Growth 2016

The percent growth in AADT for each segment for 2016

% Growth 2017

The percent growth in AADT for each segment for 2017

% Growth 2018

The percent growth in AADT for each segment for 2018

% Growth 2019

The percent growth in AADT for each segment for 2019

% Growth 2020

The percent growth in AADT for each segment for 2020
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Number of Lanes

Column

Description

SECTID

The segment number as designated by ADOT (ADOT uses segment and SECTID
interchangeably)

LANES

Value taken from TR9397C.xIs

# Lanes 1993

The number of lanes for each segment in 1993

# Lanes 1994

The number of lanes for each seément in 1994

# Lanes 1995

The number of lanes for each segment in 1985

# Lanes 1996

The number of lanes for each segment in 1996

# Lanes 1997

The number of lanes for each segment in 1997

# Lanes 1998

The number of lanes for each segment in 1998

# Lanes 1999

The number of lanes for each segment in 1999

# Lanes 2000 The number of lanes for each segment in 2000
# Lanes 2001 The number of lanes for each segment in 2001
# Lanes 2002 The number of lanes for each segment in 2002
" |# Lanes 2003 The number of lanes for each segment in 2003
# Lanes 2004 The number of lanes for each segment in 2004
# Lanes 2005 The number of lanes for each segment in 2005
# Lanes 2006 The number of lanes for each segment in 2006
# Lanes 2007 The number of lanes for each segment in 2007
# Lanes 2008 The number of lanes for each segment in 2008
# Lanes 2009 The number of lanes for each segment in 2008
# Lanes 2010 The number of lanes for each segment in 2010
# Lanes 2011 The number of lanes for each segment in 2011
# Lanes 2012 The number of lanes for each segment in 2012
# Lanes 2013 The number of lanes for each segment in 2013
# Lanes 2014 The number of lanes for each segment in 2014
# Lanes 2015 The number of lanes for each segment in 2015
# Lanes 2016 The number of lanes for each segment in 2016
# Lanes 2017 The number of lanes for each segment in 2017
# Lanes 2018 The number of lanes for each segment in 2018
# Lanes 2019 The number of lanes for each segment in 2019
# Lanes 2020 The number of lanes for each segment in 2020
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Total Theoretical Capacity

Column Description .
The segment number as designated by ADOT (ADOT uses segment and SECTID
SECTID interchangeably)
Year 1997 The total theoretical capacity for all lanes for each segment for 1997
Year 1998 The total theoretical capacity for all lanes for each segment for 1998
Year 1999 The total theoretical capacity for all lanes for each segment for 1999
Year 2000 The total theoretical capacity for all lanes for each segment for 2000
Year 2001 The total theoretical capacity for all lanes for each segment for 2001
Year 2002 The total theoretical capacity for all lanes for each segment for 2002
Year 2003 The total theoretical capacity for all lanes for each segment for 2003
Year 2004 The total theoretical capacity for all lanes for each segment for 2004
Year 2005 The total theoretical capacity for all lanes for each segment for 2005
Year 2006 The total theoretical capacity for all lanes for each segment for 2006
Year 2007 The total theoretical capacity for all lanes for each segment for 2007
Year 2008 The total theoretical capacity for all lanes for each segment for 2008
Year 2008 The total theoretical capacity for all lanes for each segment for 2009
Year 2010 The total theoretical capacity for all lanes for each segment for 2010
Year 2011 The total theoretical capacity for all lanes for each segment for 2011
Year 2012 The total theoretical capacity for all lanes for each segment for 2012
Year 2013 The total theoretical capacity for all lanes for each segment for 2013
Year 2014 The total theoretical capacity for all lanes for each segment for 2014
Year 2015 The total theoretical capacity for ali lanes for each segment for 2015
Year 2016 The total theoretical capacity for all lanes for each segment for 2016
Year 2017 The total theoretical capacity for all lanes for each segment for 2017
Year 2018 The total theoretical capacity for all lanes for each segment for 2018
Year 2019 The total theoretical capacity for all lanes for each segment for 2019
Year 2020 The total theoretical capacity for all lanes for each segment for 2020
% Vehicle Type Table
Column Description
SEGMENT The segment number as designated by ADOT
ATR The Automatic Traffic Recorder number associated with each segment
CLASS The classification station number associated with each segment
% Cls 4 The percentage of FHWA class 4 vehicles for each segment
% Cls 5 The percentage of FHWA class 5 vehicles for each segment
% Cis 6 The percentage of FHWA class 6 vehicles for each segment
% Cls 7 The percentage of FHWA class 7 vehicles for each segment
% Cls 8 The percentage of FHWA class 8 vehicles for each segment
% Cls 9 The percentage of FHWA class 9 vehicles for each segment
% Cls 10 The percentage of FHWA class 10 vehicles for each segment
% Cls 11 The percentage of FHWA class 11 vehicles for each segment
% Cls 12 The percentage of FHWA class 12 vehicles for each segment
% Cls 13 The percentage of FHWA class 13 vehicles for each segment
Year Year when calculations of vehicle class percentages was performed for each segment
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