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CHAPTER 1
Overview of this Guide

The following discussion provides a synopsis of the material covered in
the following sections.

In Section 2 of this Guide, the reader will find a discussion of the
structure of traffic characteristics monitoring; how traffic counting,
vehicle classification, and truck weighing relate to the overall
mbn}toring effort; and how this effort is structured through the sample
design.

In Section 3, traffic counting is discussed. This chapter focuses on
the development of the statistical scheme. The sample is critical to
both the reliability of information on traffic volumes and to the later
development of samples for vehicle classification and vehicle weighing.

Section 4 covers vehicle classification. This section includes aspects
of sample development pertinent to obtaining vehicle classification
information along with a description of the FHWA vehicle categories.

Section 5 covers truck weighing and contains information on collection
and summarizing data obtained at truck weigh sites. Also included are
discussions of the various types of eouipment available for weighing
vehicles and the specification of the traffic characteristics sample
design for obtaining truck weight information.

This Guide is intended to be a statement of good practice. It is not
to be considered a Federal standard. Data collection agencies are
encouraged to consider the methods presented here in their
administration of a data collection program and to compare the
cost-effectiveness of this methodology to procedures they presently use.
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CHAPTER 2
Guide Objectives

Beginning with the statewide highway planning surveys of the 1930°‘s,
the collection of information on traffic volumes, vehicle types, and
truck weights have formed a set of activities that are a significant
portion of a highway planning program in terms of both cost and
personnel, Manuals and guides have been issued describing data
collection procedures for each type of activity. During most of the
preceding period, each traffic data collection activity was approached
as a uniaue endeavor. Decisions as to the degree to which each
activity should be pursued i.e., number of monftoring sites, duration
of monitoring, time or season of year for data collection, were
generally determined by available funding, perceived need for the data
and the size of previous data gathering efforts rather than by a
statistical analysis of the monitoring needed.

The FHWA has a history of providing improved methodologies for
monitoring the use of America‘'s highways. In keeping with that
history, this guide provides direction for improved traffic counting,
vehicle classification, and truck weighing. Beyond simply providing
ideas for updating these activities, this Guide also provides
statistical procedures that allow the manager to determine how much
monitoring is needed to achfeve a desired precision level.

This Guide has two major objectives. First, to relate the intensity of
the monitoring effort to the auality of the data gathered. This
situation comes about through the development of a sample design
procedure. Using the procedure, it 1s possible to assess the
reljability of the gathered data. The second objective of this guide
is to change our perception of traffic counting, vehicle
classification,and truck weighing as being separate activities, to the
recognition of these activities as part of a related set of traffic
characteristic monitoring functions.

The concept of the relatedness of the vehicle count, class and weight
data is a unifying element of this Guide. More than being an advocate
of a unified approach for the gathering of traffic characteristic data,
this Guide provides specific recommendations on the number, extent and
duration of such monitoring. Further, the design of the data
monitoring is set up in an interrelated and hierarchical fashion.

Truck weighing sessions are selected as a subset of vehicle
classification sessions. Vehicle classification sessions, in turn, are
a subset of volume counting sessions. This "nesting® of sessions is
expected to 1ead to economies of operation. For example, truck
weighing locations will serve to gather a portion of the vehicle class
and volume count data called for by the sample design. Similarly,
vehicle classification sessions will provide needed volume count data.
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CHAPTER 3
Data Uses

This Guide provides direction on the monitoring of traffic
characteristics. Traffic characteristics are those data obtained
through a coordinated program of traffic counting, vehicle
classification, and truck weighing. This Guide provides direction for
persons interested in conducting a statistically based monitoring of
traffic characteristics. Information on traffic characteristics is
used in all phases of highway transportation. Exhibit 1-3-1 shows
examples of how the traffic characteristic data derived from traffic
counting, vehicle classification, and truck weighing can be applied in
highway engineering, economic studies, finance, 1egislation, planning,
research, safety, statistics, and by the private sector. Exhibit 1-3-1
is not intended as a comprehensive 1isting of data uses but rather to
portray the extensive utility of the data.
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Highway
Management
Phase

Exhibit 1-3-1

Characteristic Data

Traffic
Counting

Vebhicle
Classification

Examples of Studies Making Use of Traffic

Truck
Weighing

Engineering
Engineering
Economy
Finance

Legislation

Planning

Research

Safety

Statistics

Private
Sector

Highway Geometry

Benefit of
Highway
Improvements

Estimates of Road
Revenue

Selection of State
Highway Routes

Location and Design
Of Highway Systems

Methods of Improving
Highway Usage
Efficiency

Design of Traffic
Control Systems

Average Daily
Traffic

Location of
Service Areas

Pavement Design

Cost of Vehicle
Operation,

Highway Cost
Allocation

Speed Limits

Forecasts of
Travel by
Vehicle Type

Traffic Simulation

Safety Conflicts
Due to Vehicle Mix

Travel by Vehicle
Type

Marketing Keyed to
Particular Vehicle

Types

1-3-2

Structural Design

Benefit of Truck
Climbing Lane

Weight Distance
Taxes

Permit Policy for
Oversize Vehicles

Resurfacing Forecasts

Pavement and
Structural Design

Posting of Bridges
for Load Limits

“Ton-miles of Travel

Trends in Freight
Movement









SECTION 2
An Integrated Sample Design for Traffic Monitoring
Table of Contents

Page
Chapter 1 - Introduction 2-1-1
Chapter 2 - The Highway Performance Monitoring System (HPMS)  2-2-1

Exhibit 2-2-1 2-2-3
Number of HPMS Sample Sections

Chapter 3 -~ Development of a Volume Estimition Sample 2-3-1
Based on the HPMS
Annual Vehicle Miles Traveled Estimation 2-3-1
Based on the HPMS
Annual Average Daily Traffic (AADT) Estimation 2-3-3
Based on the HPMS

Chapter 4 - Vehicle Classification Based on the 2-4-1
HPMS Volume Sample
Exnhibit 2-4-1 2-4-3

Rural Interstate Sample Size vs. Precision

Chapter 5 - Truck Weight Sample Based on Vehicle 2-5-1
Classification Sample
Exhibit 2-5-1 2-5-2
Interstate Sample Size vs. Precision
Chapter 6 - Summary of Recommendations 2-6-1
Exhibit 2-6-1 2-6-2

Traffic Monitoring Sample Structure

Exhibit 2-6-2 - 2-6-3
Recommended Traffic Monitoring Sample Design

2-1



References

Peat, Marwick, Mitchell & Company, "Development of a Statewide
Traffic Counting Program Based on the Highway Performance
Monitoring System," Contract #DTFH61-82-6-0009, March 1984,

Federal Highway Administration, “Highway Performance Monitoring
System - Field Manual for the Continuing Analytical and Statistical
Data Base," U.S. DOT, January 1984 and earlier versions,

Federal Highway Administration, “Highway Performance Moni toring
System - Vehicle Classification Case Study", U.S. DOT, August 1982.

Federal Highway Administration, “Highway Performance Monitoring
System - Truck Weight Case Study", U.S. DOT, June 1982.

Cochran, William G., "Sampling Technioues,” Third Edition, New
York, Wiley, 1977.

2-11



CHAPTER 1
Introduction

This chapter outlines procedures for the development of a statistical
sampling program for the estimation of traffic volume, annual vehicle
miles of travel (AVMT), annual average daily traffic (AADT), vehicle
classification, and truck weight with known levels of reliability. The
procedures emphasize the use of statistical sampling tied to the
Highway Performance Monitoring System (HPMS) sample and the complete
integration of the estimation and data collection processes at every
level to produce reliable, directly-linked estimates which minimize
data collection and.eliminate duplication. The proposed program does
not ignore the reality of practical considerations and the procedures
allow flexibility beyond the theoretical constraints. The integration
of the sampling program favors the development of the samples in a
sequential or top-down format, i.e., volume samples are taken from the
existing HPMS sample, vehicle classification samples are taken from the
volume samples, and truck weight samples are taken from the
classification samples.

The philosophical approach to the program development follows the
system analysis concepts of holism and parsimony.

Holism is a system analysis term expressing the idea that the whole
is much more than the sum of the parts, that is, program
integration is far superior to program separation. However, it
also implies that deficiencies in any part of the system will
affect the whole system.

Parsimony in a systems sense is defined as the belief that the
simplest, most economical, valid solution is the best. Complex
solutions, difficult to comprehend and apply, fall apart during
implementation. The reduction in complexity resul ting from a
simple solution is many times worth the relatively small losses of
efficiency or information.

The emphasis on the use of statistical sampling results in estimates
with known reliability levels, which are directly estimable from the
data. By using the HPMS sample, which is already available and well
understood, the need to redesign and implement a new sampling design is
eliminated. Furthermore, the tie-in to the HPMS results in directly
coordinated programs to address State as well as Federal information
needs while eliminating the redundancy of separate programs.

One of the major disadvantages of a sampling program is the fact that
sampling produces estimates for an aggregation of elements rather than
estimates for specific elements. In context, this translates to the
production of system estimates rather than of specific points in the
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system. Therefore, sampling 1eaves a gap which must be addressed in a
separate manner. This aspect is discussed in Section 3. The use of
sampling, on the other hand, allows very precise estimates of the
reliability of estimates and of the relationship between reliability
and number of samples or cost of the program.

Decisionmakers are then able to judge the cost of programs versus the
relfability of the estimates provided. Since the relationship between
reliability and sample size is exponential, the implications of very
precise estimates can be directly translated to the costs of the needed
programs. In cases where existing programs are pseudo-randomized
(approximate or assume randomness) it becomes possible to approximate
the reliability of estimates derived from those programs.

The development of a sampling program has clearly defined steps:

Definition of desired objectives.

Establ ishment -of cost 1imits or precision reauirements.
Definition of the universe to be sampled.

Definition of sampling element.

Determination of reporting stratification desired.
Estimation of sampling element varijability.
Development of sample design.

Implementation of sample design.

Development of estimation procedures.

VOO WN =
D) .

However, this task can, in reality, be enormously complex. The
definition of desired objectives 1s usually difficult. Sample size
estimation procedures are only applicable to a single data item, while
most data collection programs must address a wide variety of needs and
purposes. The need to provide estimates for subsets of the data
(reporting strata) create constraints which may greatly reduce the
overall efficiency of the sample. Sampling element definition can be
subject to numerous constraints and reauire great skill. Finally, as
previously mentioned, sampling is concerned with the whole rather than
the parts. The development of a real-1ife probability sample design is
an art as much as a science. Even though great efforts are expended to
maintain the theoretical constraints, the point is usually reached
where practical considerations outweigh theory.

The structure of the traffic monitoring sample design proposed in this
Guide consists of three major elements as shown below:

Traffic Monitoring Sample Design
1. Continuous (ATR) element
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2. HPMS (coverage) element
a. HPMS sample subelement
b. Traffic volume subelement
c. Vehicle classification subelement
d. Truck weight subelement
3. Special Needs Element

Each of these areas are discussed in detail in the following sections.
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CHAPTER 2
The Highway Performance Monitoring System (HPMS)

A basic understanding of the HPMS sampling base must precede a
generalized discussion of the procedures in this Guide. The HPMS
universe consists of all public highways or roads within a State with
the exception of roads functionally classified as local. The reporting
strata for the HPMS include type of area (rural, small urban, and
individual or collective urbanized areas) and functional class (in
rural areas these are Interstate, Other Principal Arterial, Minor
Arterial, Major Collector, and Minor Collector. In urban areas these
are Interstate, Other Freeway or Expressway, Other Principal Arterial,
Minor Arterial, and Collector). A third level of stratification based
on volume was added as a statistical device to reduce sample size and
insure the inclusion of higher volume sections in the sample. For a
complete definition of the stratification levels refer to Appendix F of
the HPMS Field Manual, January 1984 or later versions.

The HPMS sample design is a stratified simple random sample (for
statistical definitions, refer to any of the sampling texts 1isted as
references). The HPMS sample size estimation process was tied to AADT,
although near 100 data jtems are collected. The decision for using
AADT was partly based on the fact that AADT is perhaps the most
variable data item in the HPMS. Therefore, the reliability of most
other characteristics would be expected to exceed that of AADT.

The spatial sampling element in the HPMS could have been defined as a
point or a section of road. The use of a point approach would have
resulted in more samples (there are an infinite number of points in the
universe, but a finite number of sections), and would have reguired a
definition of what constitutes a point, which in the end would have
required a conversion to short sections. The use of sections or 1inks
acts to reduce sample size, to increase the precision of estimates, and
to allow the use of existing State highway inventories.

Traditionally, roads have been thought of in terms of sections and the
use of this concept as the sampling element allows a simple translation
to road construction and traffic engineering terminology. However, the
use of road sections introduces additional constraints which include
the assumption that traffic volume and other characteristics or data
elements remain constant within the defined section. The fact that
some characteristics other than volume may not meet the assumption
outright, and that other characteristics my change drastically over
time within the section, reauires the subdivision of sample sections.

The HPMS sampling element was defined on the basis of road sections

which include both directions of travel and all travel lanes within the
section. Direction of travel further complicates the definition ‘
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because characteristics can change drastically depending on the direction of
travel. The same problems exist in the case of multilane facilities where
characteristics change by lane of travel. In the interest of simplicity,
direction of travel and travel lane were excluded from the sample design with
the conseauential loss of information.

The AADT variability was estimated based on data from the 1976 National
Highway Inventory and Performance Study (NHIPS). The sample was selected as a
simple random sample within strata according to predetermined levels of
precision presented in the HPMS Field Manual. The HPMS expansion factors are
computed as the ratio of universe mileage to sample mileage within strata,
thereby insuring that mileage estimates at design stratification categories
match the reported universe mileage. This method of expansion deviates from
standard theory and may introduce bias if the length of sample sections within
strata differs greatly. The estimation procedures for the HPMS are mostly
ratio estimation based on length of section which result in higher rel 'labi'lity
estimates and reduce bias.

The HPMS sample has now been implemented in every State, the District of
Columbia, and Puerto Rico; and it provides a statistically valid, reliable,
and consistent data base for analysis within States, between States, and for
any aggregation of States up to the national level. For information purposes,
Exhibit 2-2-1 presents the 1982 HPMS sample sizes by State and type of area.

Since the HPMS sample provides the basic framework for the traffic monitoring
sample, it would be very appropriate for a State to reanalyze jts HPMS sample
prior to developing the traffic monitoring samples to insure an adeauate,
up-to-date base. Procedures to reevaluate the HPMS sample are provided in
Appendix G of the HPMS Field Manual.
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Exhibit 2-2-]
NUMRER OF SAMPLE SECTINNS
1982 HHPMS DATA

SAMPLE SIZE

STATE TYPE OF ARFA

RURAL SMALL URBAN . URBANIZED STATEWIDE

ALABAMA., . . . .. . . 806 549 713 2.068
ALASKA. . ............ 268 78 83 429
ARTZONA............. 616 322 374 1,312
ARKANSAS . . .......... 553 472 554 1.579
CALIFORNIA.......... B8R4 45% 1.191 2.530
COLLORADO............ 916 423 1.020 2,389
CONNECTICUT. . ....... 393 185 983 1,561
DELAWARE, ........... 158 57 149 364
DISTRICT OF COLUMBIA (4] (o] 219 219
FLORIDA. . ........... 820 322 1,352 2.494
GFORGIA. ., ........... 813 426 637 1,936
HAWALL. .. ........... 277 16 1 323 761
IDAHO., .. ............ 988 268 208 1,464
TLLINDIS............ 550 534 1,860 2.914
INDIANA. ... ......... 677 467 1,229 2,373
TOWA. ... oveiinennn . 1,115 865 700 2.680
KANSAS . .. ........... 875 544 596 2.015
KENTUCKY , .. ......... 976 654 698 2.268
LOUISTANA. . ......... 612 294 A1 1.317
MAINE............... 8%2 343 640 1,835
MARYLAND. ........... 520 356 G616 1,492
MASSACHUSETTS. ., . .. .. 338 182 1.431 2,151
MICHIGAN. . .......... 933 469 1.492 2,894
MINNESOTA........... 816 540 817 2,173
MISSISSIPPI....... . 746 493 296 1.53%
MISSOURT. ........... 642 280 316 1,298
MONTANA. ............ 7%% 350 23% 1.340
NEBRASKA, . .......... 701 449 332 1.482
NEVADA.............. 488 120 457 1,085
NEW HAMPSHIRE....... 514 146 267 927
NEW JERSEY.......... 380 134 937 1,451
NEW MEXICO.......... 56 1 303 240 1,104
NEW YORK, .. ......... 778 563 1,383 2,724
NORTH CAROLINA. . . . .. 690 575 1.024 2.289
P NORTH DAKOTA. ... .... 568 192 203 963
OHIO................ 948 695 1,349 2,992
OKLAMOMA, ., ......... 834 483 A48 1,767
OREGON.............. 832 480 596 1.908
PENNSYLVANIA. ., ... .. 1,026 672 2,058 3.756
RHODE ISLAND........ 26 63 326 715




rt.

Exhibit 2-2-1 (Cont.)
NUMBER OF SAMPLE SECTIONS
1982 HPMS DATA-Cont inued

SAMPLE S1TZE
STATE TYPE OF AREA
, RURAL SMALL URBAN . URBANTZED STATEWIDE
SOUTH CAROLINA...... 612 382 318 1,282
SOUTIt DAKOTA, ....... 656 278 199 1.133
TENNESSEE.,......... 669 518 700 1.883
TEXAS. ¢ oovvenennnnns 861 812 1.693 3,066
UTAH, ..ol iviinnennnn (31 ] 209 385 1.209
VERMONT............. 474 219 : 81 774
VIRGINIA............ 71% 300 953 1,968
WASHINGTON.......... 8651 28% 1,465 2,741
WEST VIRGINIA....... 640 324 703 1.667
WISCONSIN, .......... 864 405 1.624 2.893
WYOMING, ............ 872 360 225 1,187
PUERTO RICO......... 403 277 136 1.016
TotAl, .. v einen i 34,773 19,10% 37.385 91,263
t 1
T
' !




CHAPTER 3
Development of a Yolume Estimation Sample Based on the HPMS

A statistically valid sample design could be developed
independently of the HPMS, but the availability of the clearly
defined and implemented HPMS sample design results in an
enormous reduction of effort. This fact, combined with the
gigantic analysis capability offered by the direct 1inkage of
traffic estimates to the data items collected by the HPMS,
makes it unrealistic to consider an alternative design.

The conversion, staging, or incorporation of the volume sample
into the HPMS framework presents several difficulties.

Temporal variation and equipment error were ignored in the HPMS
design by examining only sampling error using AADT figures
which were assumed to be exact numbers. If the assumption is
correct, no adjustments are needed. However, this assumption
must now be compared to the reality of the situation. AADT
numbers are based on factored short counts subject to error, be
it due to equipment or to estimation procedures. These errors
must be considered in an overall relfability assessment which
goes beyond sampling error.

Traffic volume estimation can be subdivided into two basic
categories: annual vehicle miles of travel (AVMT) estimation,
and annual average daily traffic (AADT) estimation. AVMT
estimation presents a much simpler approach than AADT
estimation because AVMT is basically a system measure while:
AADT is a point-specific measure.

Annual Vehicle Miles Traveled Estimation Based on the HPMS

The existing AVMT estimation procedure used to expand the HPMS
sample involves multiplying each section's AADT, section

length, and expansion factor and summing the product for all
sample sections of interest to yield any desired aggregation
level. Estimation of sampling reliability based on this
procedure ignores the fact that the AADT values reported are
not exact, and this may introduce significant error. The
problem can be eliminated by using exact measurements (assuming
no eauipment bias or compensating for eauipment bias) rather
than AADT figures and introducing a temporal sampling component.

Given that the spatial sample is already defined by the HPMS,
only the temporal aspects remain to be incorporated into the
plan. Many possible definitions of the universe and sample
elements. can be considered to address temporal variation. The
recommended definition is that of 1ink-days, which combine the
spatial (HPM® ---+ion or 1ink) and temporal components.
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Within each HPMS stratum, the number of 1ink-days eauals the number of
sections in the universe times 365. For 48-hour periods, the universe
of 1ink-days eauals the number of sections times 365 divided by 2.
Definitions for other time periods would be similarly derived. The
variabjlity of 1ink-day volume can be roughly estimated and sample size
speci fications derived. Theoretically, the resulting sample would
reauire a fairly complex randomized schedule which may result in
multiple counts for a section,

A simpler procedure is to arbitrarily assume that daily (24-hour) VMT
is the characteristic of interest and to distribute the measurement of
sections systematically throughout the year (eauivalent to a systematic
sample). This procedure would result in a single volume measurement
for each section during the year, and the measurements would be eaually
distributed throughout the months or seasons of the year. The daily
estimates resulting from this approach would be multiplied by 365 to
convert to AWMT. Available data indicate that application of this
process to the full Interstate HPMS sample would result in AVMT
estimates of approximately + 2 percent precision with 95 percent
confidence for Interstate statewide estimates. The same process taking
one-third of the HPMS sample for the remaining functional classes
(excluding Interstate) would result in statewide AVMT estimates with an
approximate + 5 percent precision with 95 percent confidence. The
actual reliability achieved by each State could be directly estimated
after the program has been in operation a full year, and a new
assessment of sample vs. precision made using the latest data. The
proposed program would cover the full HPMS sample every three years
through a rotating schedule.

Traditionally, traffic volume counts under the coverage program have
been tied to short perfods of time with 24 hours being the predominant
perfod. The usage of a 24-hour period in the previous discussion was
arbitrary. Longer periods (say 48 hours) can provide more accurate
information but tie-up eauipment twice as long and double the data
collection. As will be discussed later, AADT reauirements may
necessitate the use of a 48-hour period of monitoring, but the point

- that 24-hour periods would be sufficient for AVMT estimation is clearly
made. This Guide emphasizes the need to discuss alterpatives and to
provide minimum guidelines. States wishing to expand on the minimum
procedures are encouraged to do so and the procedures can be easily
modf fied to incorporate changes.

The procedures for AVMT estimation discussed in detail in Section 3
will recommend the development of an AADT estimate for each HPMS sample
section. This section AADT estimate will consist of a short volume
count (48 hours) adjusted as needed for seasonality, axle correction,
day-of-week or growth. The summation of the section AADT estimates

mul tiplied by the section 1engths and the HPMS expansion factors will
then provide the total AVMT estimate,
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A basic assumption made in the development of these procedures is that
automatic eauipment can collect accurate 48-hour volumes. Eauipment
error introduces bias which is not affected by sample size. For
example, if counters undercount by 10 percent, then system estimates
will be 10 percent 1ow whether 300 or 3,000 sections are sampled.
Since we assume that ecuipment bias is normally distributed with a zero
mean, then no adjustment is recuired. If on the other hand, the
ecuipment consistently undercounts or overcounts, then an adjustment
should be made. The magnitude of this adjustment could be estimated
based on an experimental comparison between the eauipment counters and
manual counts or between different types of eauipment.

Annual Average Daily Traffic (AADT) Estimation Based on the HPMS

The estimation of AADT based on short counts presents a very complex
problem. Statistical approaches are designed to estimate system rather
than section characteristics, yet AADT estimates may be desired for
each individual section. The only statistical way to estimate AADT for
each section is to actually take measurements on every section of

road. While this would be an expensive process, States may desire this
type of program for their day-to-day management and administrative
responsibility for these roads.

Present procedures for estimation of AADT are based on the application
of the appropriate adjustment factors to the actual short term counts.
The temporal or seasonal factors are usually estimated based on small
samples of continuous traffic recorders (ATR's). Day-of-week and axle
correction factors should also be incorporated into this process as
needed, although at the present time, they are jgnored by many States.
The existing procedures for allocating short counts to seasonal factor
groups are vague and largely based on engineering judgment.

The central problem with the existing factorization procedure is that
it ignores random day-to-day variability which in many cases is larger
than the combined factors applied to the short count. The following
example i1lustrates the situation:

Example 2-3-1

- Let's assume that a 24-hour count was taken on Monday and a volume
of 2,000 axles recorded. The AADT would be estimated by
multiplying the count by a seasonal factor (say 1.06), a
day-of-week factor (say 1.1), and an axle correction factor (say
0.45). This would result in an AADT estimate of 1,050. Now let's
assume that a 24-hour count was taken on Tuesday and a volume of
2,400 axles recorded. By the same procedure, 2400 times a seasonal
factor (1.06), a day-of-week factor (1.08), and an axle correction
factor (0.45) results in an AADT estimate of 1,237. The difference

“of 20 percent in the initial volume measurements remains basically
unchanged by the factors.
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This example explains the reason why a statistical approach to estimate
AADT reauires several measurements at the specific point of interest.
The factors account only for what they are intended to measure, i.e.,
“seasonal, day-of-week, and axle correction variability; but they do not
address random variation in volume at the specific points. Analysis of
ATR data have shown the coefficient of variation of daily volume to be
in the 10 to 15 percent range. This translates to a variation of + 20
to 30 percent within the 95 percent confidence band., With this
knowledge, daily variations of 20 percent would be expected to be the
rule rather than the exception.

One method of addressing the problem of random variation is to take
several measurements at each point and take an average. After all,
AADT stands for annual average daily traffic. However, such a
procedure would be very costly. Many alternatives can be considered to
account for or reduce random variation, such as measuring over longer
periods such as 48 hours, 72 hours, 7 days, or taking several randomly
selected 24-hour period counts each season or month. The cost
implications of these alternatives must be explored as well as the need
for the higher accuracy achieved.

The proposed FHWA guidelines for the development of a traffic volume
estimation program consist of three major parts or elements:

1. Continuous (ATR) element
2. HPMS (coverage) element and
3. Special Needs element.

The procedures proposed in this Guide revolve around using the previous
volume monitoring counts needed for VMT estimation to provide a
minimum, basic systemwide AADT coverage framework which could be
expanded and supplemented by the individual States depending on their
philosophical approach or needs. The YMT sample based on the HPMS
provides a basic framework, randomly selected, consistent, and well
distributed throughout the State. In some cases, one year's data would
be sufficient to develop a rough, annual flow map. For others, 2 or 3
years may be needed. For some States, particularly heavily populated
urbanized States, significantly more counting may be resguired which can
be handled as part of the Special Needs element, Justified and
supported by the specific State needs. The Special Needs element is an
integral part of the program.

The continuous (ATR) element (Chapter 2 of Section 3) discusses the
procedures for establishing statistical (pseudo-randomized) -
interpretations of the reliability of seasonal factorization and
groupings. The term pseudo-randomized means that randomization is
assumed although the ATR locations were not randomly selected. Based
on these procedures, the number of ATRs needed to achieve desired
reliability levels will be determined and fixed. Seasonal factors and
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estimation of precision levels reauire a reassessment of the ATR
programs. The result is a clear evaluation of the number of seasonal
groups needed by a State, of the composition of those groups, and of
the number of locations needed to achieve desired levels of precision
within these groups.

The HPMS element provides a minimum coverage framework of Statewide
short counts for AVMT and AADT estimation. The guidelines on the HPMS
(coverage) element recommend the use of 48-hour counts on the full
sample of HPMS sections over a 3-year cycle. This proposal reduces the
effect of the random variation, although it does not eliminate the
problem. The procedures streaml ine the development of factors to
compensate for seasonal (monthly) variation, day-of-week variation,
axle correction, and growth factors.

Day-of-week factors will compensate for day-of-week travel differences
identifiable from data collected by the continuous counters. Axle
correction factors are used to compensate for eauipment counting axles
rather than vehicles, i.e., to account for vehicles with more than two
axles. The direct tie-in to the vehicle classification element in
Section 4 will provide estimates for axle correction. Growth factors
are used to convert the 3-year cycle counts to annual estimates, i.e.,
sections not counted during the year are estimated by multiplying
earlier counts by growth factors. All of these procedures will be
discussed in detail in Section 3.

It 1s recognized that the proposed HPMS element of the traffic

moni toring program cannot possibly address all data needs. The Special
Needs element allows each State to devise traffic procedures or
strategies to supplement the recommended framework to compensate for
special reauirements.

In addition to special data needs of the States, the administration of
the I4R program by FHWA requires augmenting the basic travel data
collection cycle for the Interstate System. Supplementing the
three-year cycle of reporting of the Interstate System sample sections,
the non-sampled portion of the Interstate universe is to have travel
monitored by field observations on a cycle not exceeding six years.
This special monitoring activity is described further in Appendix K of
the HPMS Field Manual.
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CHAPTER 4
Yehicle Classification Based on the HPMS Yolume Sample

The proposed vehicle classification sample is selected as a subset of
the volume estimation sample using simple random selection procedures
within the defined strata. This approach eliminates duplication and
directly ties the volume and vehicle classification estimation
procedures. Duplication is eliminated because classification eauipment
also collects total volume. Therefore, the sections in the
classification subsample are excluded from counting in the HPMS volume
element. Direct 1inking of classification and volume eliminates the
need for axle correction factors at the samplted section, and provides a
direct procedure for the development of axle correction factors for the
remaining sections in the volume sample. The standard vehicle
classification categories are provided in Section 4., The estimation
procedures will combine the classification estimates from the
classification sample with the AWMT or AADT estimates from the volume
sample to produce system AVMT or AADT estimates by classification
categories. The HPMS sample and the volume sample are stratified by
type of area, functional class, and volume group. The full HPMS
stratification approach is inefficient for vehicle classification. It
would result in an unnecessarily large sample because a positive number
of samples would be needed in each strata. Also, most of the HPMS
sample is concentrated in lower volume sections while the interest and
priority of higher volume sections is paramount. Therefore, a
procedure that insures an adequate presence or distribution of high
volume sections in the classification sample was developed.

The proposed stratification for vehicle classification consists of type
of area (rural and urban) and functional class (HPMS categories). As
an option, States willing to apply larger samples than this Guide
recommends may wish to apply the full HPMS area stratification (rural,
small urban, and individual urbanized areas). The vehicle
classification sample would be allocated to HPMS strata proportional to
AVMT or DVMT. For example, if the rural Interstate system of a State
carries 30 percent of the AVMT, then 30 percent of the classification
sample will be allocated to that system. Other possible candidates for
the sample distribution were examined including road mileage, truck
AWMT, or truck volume. Total AVMT or DVMT provides the best result
since it accounts for both mileage and travel, and can be easily
estimated from the HPMS sample data. Truck AVMT was discarded because
of 1ts close relationship to total AVMT, and the present lack of
reliable truck AVMT estimates for the desired stratification levels.

The estimation of vehicle classification variability needed to

determine sample size versus precision is quite poor due to the present

lack of data. A FHWA-sponsored research study (Reference 1) analyzed

the available data and proposed procedures for estimating the reauired

Zg?ple sizes in each stratum. The following stratification groups were
ined:
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Rural Interstate :

Rural Other Principal Arterial

Rural Minor Arterial

Rural Collector

Urban Interstate

Urban Other Freeways and Expressways
Urban Other Principal Arterial

Urban Minor Arterial

Urban Collector

VoSN WNH -
.

These categories represent reporting strata. When following a direct
sampling approach, each category reauires basically the same number of
samples, and total sample size is approximated as the number of samples
in a stratum times the number of strata. It is ouite easy to see that
sample size §s directly proportional to the number of strata.
Therefore, the best way to minimize the sample is to reduce the number
‘of reporting strata or not to specify target precision levels for
reporting strata.

The recommended sample selection procedures (proportional to AVMT) will
insure that some sample sections fall in every strata, but the
subdomain reporting precision recuirements will not be maintained. The
procedures used to estimate sample size are based on standard
statistical theory. Estimates of variability from the HPMS Vehicle
Classification Case Study are used. Exhibit 2-4-1 presents an example
(using Interstate Rural data) of the relationship between sample size
and precision at the 95 percent confidence level. The graph shows that
an accurate estimate of the percentage of standard automobiles in the
system reauires a small number of sites. However, the percentage of
vehicles in truck categories reauire much larger samples.

The ecuation used to estimate the sample size needed to achieve a
specified relfability (precision) for a sample random sample is:

Zar2? C?
D2

n 2-4-1

where n = sample size,

Z4/2 = value of the two-sided normal distribution for d
level of significance (value eouals 1,96 for 95%

confidence),
c = coefficient of variation, and
D = desired accuracy as a percentage of the

estimate.
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Exhibit 2-4-1
Rural Interstate Sample Size vs. Precision

(Vehicle Classification Percentages at the
95 % Confidence Level)
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The coefficients of variation estimates used in Exhibit 2-4-1 were
taken from page A.2, Reference 1 and are shown below.

VEHICLE VEHICLE STANDARD DEVIATION COEFFICIENT OF

CATEGORY PERCENTAGE (% OF ESTIMATE) YARIATION (%)
Standard Auto 4.5 7.4 18%
3-Axle Single .6 .4 67%

382 : 14.8 12.6 85%

These data present generalized information and will not be applicable
to each State. States that have vehicle classification data bases
available are encouraged to develop their own specific estimates.

The following table examines the precision vs. sample size
relationshi ps:

VEHICLE : SAMPLE PRECISION ACHIEVED

CATEGORY SIZE WITH 95% CONFIDENCE
Standard Auto 10 N
20 8
30 6
100 4
300 2
3-Axle Single 10 42
20 29
30 24
100 13
300 8
3s2 10 53
20 37
30 .30
100 17
300 10

Several interpretations can be made based on this table. First,
statistical precision is tied only to the variability of the
characteristic under consideration. Basically, 10 samples would be
expected to approximate a 10 percent of the estimate precision for
standard autos, but 53 percent for 352's.

Second, in the table precision is presented as a percentage of the
estimate. For example, the percentage of 352 vehicles in the Rural
Interstate is 14.9 and the 95 percent confidence precision is 14.9 +
1.5 or between 13.4 and 16.4 of the traffic stream. Third, the
analysis examines only the Rural Interstate, which means that to
achieve the 352 target precision would necessitate 300 measurements.
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As was mentioned, the estimates of variability based on the generalized
data can be expected to differ considerably from State to State. Smal)
States with less variability may achieve the target precision with a
much smaller sample. On the other hand, States with large roadway
networks, heavy industry, or trucking concentrations may show more
variability. To reduce the overall burden and because precise truck
information is not needed on an annual basis, the sample has been
spread out over a 3-year cycle.

Based on the analysis conducted, we estimate that 300 measurements
taken over a 3-year cycle and distributed by functional class would
result in statewide estimates of the percentage of 35Z°s in the traffic
stream with an approximate reliability of + or - 10 percent of the
estimate with 95 percent confidence. Estimates for each of the vehicle
classification categories will be possible, but estimates for rare
vehicle categories (i.e., six-axle multitrailer trucks) will be much
less reliable. Actual reliability estimates can be computed for any
desired vehicle class category after the sample is in place.
Adjustments (increases or decreases) to the sample to meet desired
reliability levels can then be made based on a valid sample design and
using the latest available data.

As a result of the foregoing discussion, this Guide recommends a
minimum of 300 vehicle classification measurements over a 3-year
cycle. This represents 100 measurements each year. Under the
recommended program, the reliability of system percentages of 352
vehicles would be expected to approximate a precision of 95-17 on an
annual basis and 95-10 after a 3-year cycle. A halving of the
recommended program to 150 measurements would result in an annual
target precision (352 percentages) of 95-24 and 3-year cycle precision
of 95-14. Since the sample is subdivided by functional class YMT,
functional class estimates would deteriorate enormously. Under the
recommended program and assuming 20 percent VMT, the Interstate sample
size would be 60 measurements resulting in target precisions of 95-20
for the 3-year cycle and 95-38 annually. The one-half reduction would
result in target precisions of 95-30 for the 3-year cycle and 95-53
annually. The inferences that could be made from the core program for
site specific concerns would be significantly reduced by the sparser
sample. The 1inking of truck weight, vehicle classification, and
volume estimates would be significantly affected since the magnitude of
collective error would be larger. The size of the Special Needs part
of the program may necessitate substantial increases.

In sumary, the graph in Exhibit 2-4-1 presents a deceptively simple
picture. Traffic monitoring is a very complex issue which reauires
adequate consideration of many interrelated concerns. Decisions on the
appropriate level of effort vs. cost should not be based on simplistic
assessments. The value of incorrect decisions made on the basis of
incorrect information and the need for or planned use of the
information collected merit adequate review.
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Once selected, the classification sample would become a permanent panel
or fixed sample, as in the case for the HPMS sample or the volume
sample. This is intended to introduce stability and to allow the
installation of permanent eauipment at any desired sites. The rotating
sample would be monitored completely every 3 years. Although proposed
as a panel (fixed) sample, changes or modifications must be expected to
occur for one reason or another. The recommended approach is to
establish a fixed sample where modifications would be made only when
sufficient justification exists to reauire such modification.

Because of the lack of specific State information (results are based on
the HPMS Vehicle Classification Case Study data) and the cost of data
collection, an implementation schedule in stages is recommended. A
small number of measurements would be scheduled during one year and
analysis of the data conducted prior to adding 1ocations. The process
would be continued until the specified reliability or the recommended
sample is reached. This type of implementation would allow feedback to
insure a State-specific answer to the precision vs. cost auestion.
Small States with 1imited mileage and variability may be able to
achieve the desired precision levels with sample sizes substantially
below those in the recommended program.

The period of monitoring also reaquires trade-offs. Longer periods
increase the accuracy of the data by reducing random varjation, but
increase data collection cost. A 48-hour period was selected as the
recommended monitoring_ggriod. Analysis of the available data have
shown that the number of vehicles for several vehicle types vary widely
with daily coefficients of variation of about 100 percent (by
comparison ATR total dajly volume coefficients of variation are in the
range of 10 to 15 percent). The use of a 48-hour period would help to
stabilize this variation, would not extend beyond the capability of
portable classification eouipment, and would tie directly to the period
recommended for the volume sample. Although a 48-hour period is the
goal, shorter perifods of 24 hours may have to be used until automatic
classification eauipment can bridge the gap from the present manual
procedures.

The distribution of traffic by direction of travel and travel lane for
multilane facilities also demands consideration. We recommend
classification by travel lane, although, travel lane is ignored in our
sample guidelines and is not a reporting specification. Direction of
travel can be handled in a number of ways. We recommend monitoring
both directions of travel and maintaining separate figures for each
direction. Other possible alternatives include 24 hours in each
direction or selecting the direction of monitoring by the flip of a
fair coin. These alternatives present trade-offs. The objectives of
the -data collection should guide the decision.
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As discussed previously for the volume sample, the process is designed to
provide system estimates of a specified reliability. Direct section estimates
are only provided for sections in the vehicle classification sample. For
others, stratum inferences are made. As before, only guidelines are
specified. States wishing to expand the recommended samples or to measure
speci fic sections or points under the Special Needs element are encouraged to
do so.

Temporal variation of vehicle classification is the last item to be

discussed. Classification volume is affected by seasonal effects, although in
some cases truck volume may not be as affected as passenger vehicle volume.
The monitoring must be distributed throughout the year, otherwise seasonal
adjustment procedures may be necessary. Alterpatives include random selection
of periods or a consistent systematic schedule throughout the year. We
recommend the latter.

The estimation procedures vary depending on whether sections are in or out of
the sample. Sections in the sample have direct (section specific) estimates.
Sections not in the sample are estimated by assigning the stratum averages
from their specific stratum. Stratum estimates of classification AVMT are
simply derived by multiplying the stratum average classified category
percentage by the total stratum AVMT from the volume sample. Aggregation of
classification AVMT strata to any level can be accomplished by summation of
classification AVMT over strata. Aggregated percentages of classification are
computed by dividing the aggregated classification category AVMT by the total
AWMT. Specific procedures, formulas, and examples are provided in

Section 4.
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CHAPTER 5
Truck Weight Sample Based on Vehicle Classification Sample

The proposed truck weight sample is selected as a subset of the vehicle
classification sample. This eliminates duplication and directly ties
the estimates on weight, classification, and volume. Since automatic
vehicle weighing eauipment classifies and counts, and the recommended
period of measurement is the same (48 hours); sample sections in the
weight sample do not reauire a separate classification or volume

count. This combination further reduces the level of effort reauired
by the recommended program, -

The stratification categories will remain the same as those in the
classification element. However, the reporting categories are
simplified by collapsing categories to insure that sample sizes reduce
to realistic numbers. As in the classification element, the
distribution of the sample within the combined strata will remain
proportional to AVMT. The minimum recommended reporting strata are:

1. Interstate
2. A1l other roads

The estimation of sample size for the truck weight sample was based on
the characteristic Eaquivalent Axle Loadings or Loads (EAL). The
variability of EAL's was estimated from the HPMS Vehicle Classification
and Truck Weight Case Studies. Since 352 (18-wheelers) carry a high
proportion of the 1oadings, this vehicle type was selected as the one
to guide the sample estimation process. It should be noted that the
EAL variability of 3S2's is significantly less than for most other
vehicle types, therefore, the decision also reduced the number of
samples needed. Research work conducted for the FHWA (Reference 1)
provided estimates of the EAL's and their variability by vehicle type
and functional class of highway. Exhibit 2-5-1 i1lustrates the sample
size and precision relationships at the 95 percent confidence level for
the total Interstate system.

The procedure is the same as used in Chapter 4. Eaquation 2-4-1 is used

to estimate the sample size and the following table presents the
estimated EAL coefficients of variation:

EAL COEFFICIENTS OF VARIATION (% OF ESTIMATE)

VEHICLE

CATEGORY URBAN (%) RURAL (%) AVERAGE (%)
3-Axle Combination 26 24 25

352 . 35 25 30

6 or more axles 68 54 61
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Exhibit 2-5-1
Interstate Sample Size vs. Precision ,
(Equivalent Axle Loads at the 95% Confidence Level)
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The exhibit shows that a target precision of 352 EAL estimates on the
Interstate system of + or - 10 percent of the estimate (95-10)
necessitates 30 measurements. The remaining functional classes show
more variability than the Interstate, and the combination of all other
roads (excluding local) is necessary to bring the sample size to
realistic levels.

A halving of the sample size to 15 would reduce total 3S2 Interstate
estimates to 95-15, which is not a large reduction for the
corresponding halving of the cost. However, lower subdivisions of the
Interstate category would degrade much aquicker. Assuming a one-half
sample of 8 measurements (corresponding to a 50% break in VMT between
urban and rural) on the Interstate Rural system, the target precision
of 352 EAL would approximate 95-26 over a 3-year cycle and 95-45 for
-annual data. Regardless of precision figures, statistical samples this
small are inadeauate. Small samples are also more likely to miss
changes occurring in the system and to greatly reflect the effects of
atypical occurrences, eauipment problems, or other biases. Development
of the sample in stages and followed by analysis as described in
Chapter 4 would serve to provide State-specific data to better guide
the precision vs. cost decision process.

The analysis conducted shows that about 30 measurements (over a 3-year
cycle) are needed to estimate eauivalent axle loadings (EAL) on the
Interstate system for 352 trucks (18-wheelers) with a precision of + 10
percent with 95 percent confidence. The 3-year cycle acts to further
reduce the sample needed annually. If the reporting strata were
Interstate Rural and Interstate Urban, and the same precision levels
were desired in each; then a sample of 60 locations, 30 in the rural
and 30 in the urban, would be needed.

Using the single Interstate reporting stratum would necessitate 30
measurements, and these would be distributed to urban and rural as well
as to HPMS volume subgroups proportional to AVMT as estimated from the
HPMS for the vehicle classification sample and considering existing
installations (Section 4). 1In this manner, sufficient urban and rural
measurements would be available to produce estimates for these
subgroups, although, reliability levels for non-reporting subdomains
would be much wider. This procedure will also allow future expansion
or reduction of the program to other desired reliability levels.

The same sampling procedure would be applied to the second highway
category “all other roads.” However, since the variability of the data
is much greater as is the mileage, a2 sample of 60 measurements (over a
3-year cycle) would be needed to estimate 352 truck EAL's with
approximately + 10 to 20 percent precision with 95 percent confidence.
As before, these samples would be distributed based on AVMT from the
HPMS and selected by a simple random sample procedure.
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The recommended program consists of 90 measurements over a 3-year cycle
(30 per year) and results in statewide 3-year EAL estimates of 352
trucks with approximately + or - 10 percent precision with 95 percent
confidence. Although, so far only EAL's have been discussed, 1t will
also be possible to estimate the reliability of any estimate derived
from the sample, including the number of overweight trucks or
overweight AWMT in the system. The procedures for making such
estimates will be discussed in Section 5. The proposal is, of course,
presented as a minimum specification. Options to expand the system
based on States' desires are encouraged and can be easily accommodated
on a case by case basis.

The recommended period of monitoring is 48 hours. This is the

establ ished goal. The data analysis have shown so much variability,
particularly for the less common vehicle categories, that anything less
would make the reliability of estimates extremely auestionable. All
the temporal problems present and discussed in the volume estimation
section are compounded in the vehicle classification and truck weight
samples. The use of a 48-hour period, however, depends on the '
availability of automatic eqguipment. Shorter periods of 24 hours may
be used in the interim.

The distribution of the sample to cover temporal aspects reguires
judgment. Obviously, a totally statistical procedure would specify a
random sample. However, the fixing of sample size on 352 EAL
variability has ignored the difference in size (mileage and travel)
between the systems of different States. This is particularly a
problem for the Interstate system. Since the differences between
spatial (distribution over locations) and temporal (distribution at a
point in time) variation have not been clearly identified, both must
be incorporated into the sample. Here is where judgment must play a
part. For example, a State with very 1imited Interstate mileage could
propose to take the 30 weight-classification-volume measurements over a
3-year cycle or 10 per year, at a small number of locations. Rather
than single 48-hour measurements during the 3-year cycle at 30 separate
locations, multiple measurements would be taken at a small sample of
locations. That is, due to the 1imited system mileage, the
distribution of the sample of measurements would be made over time
(temporal) rather than location (spatial). At the opposite extreme,
very large States would be better served by establishing 30 separate
Tocations of monitoring over a 3-year cycle. A combination of
approaches between the two extremes should also be considered. As with
previous parts of the program, once selected the sites would become
permanent (fixed sample) until events produced sufficient justification
to reauire change.

The previous discussion makes it clear that eauipment portability is a
critical need. Collecting five 48-hour periods of data at a single
point is far less efficient statistically than collecting 48 hours at



five different points in the system. In terms of information gain,
very l1ittle is accrued after data have been collected at a point for
periods longer than 7 days (except for specific objectives that require
it, such as seasonality, 30th highest hourly volume, etc.). If
seasonal differences are present in vehicle classification and truck
weight data, the rudimentary temporal distribution over the year would
detect it. In States where truck weight seasonality is expected to be
high, special strategies could be devised.

Finally, complete truck weight information is difficult to capture
given the enormous cost constraints presented. Although the average
weight of 1oaded trucks may not have changed much over time; the
bimodal distribution of weights due to loaded and empty trucks combined
with the changing vehicle fleets and the difficulties involved in truck
weighing operations, make the assessment of actual loads supported by
the system a somewhat arduous task. The spatial differences caused by
concentration of certain kinds of vehicles on certain routes and the
effect of measurement on truck travel behavior further complicate the
situation. The program proposed in this Guide presents a sensible
solution to the information needs faced by most agencies. It will not,
however, provide an answer to every auestion that will be asked.
Special studies or supplementary information will always be needed.
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CHAPTER 6

Summary of Recommendations

The proposed traffic monitoring program described in this section
integrates traffic volume, vehicle classification, and truck weight.
The traffic volume part of the program consists of three major elements:

1. Continuous (ATR) element
2. HPMS (coverage) element
3. Special Needs element

The sampling guidelines which are the main topic of this section are
applicable to the HPMS (coverage) element. The basic sampling
framework for traffic volume, vehicle classification, and truck weight
data is then expanded and supplemented by the Special Needs element.

The sample design incorporated into the HPMS element consists of four
major samples:

1. HMPS sample

2. Traffic volume sample

3. Vehicle classification sample
4. Truck weight sample

The HPMS sample is already defined and implemented in each State. The
volume sample corresponds to the HPMS sample at the completion of each
3-year cycle. The vehicle classification sample consists of a
subsample of the volume sample. The truck weight sample consists of a
subsample of the vehicle classification sample. A diagram of the
sample structure is presented in Exhibit 2-6-1, and a brief description
of the sample design is presented in Exhibit 2-6-2,

The traffic volume sample consists of 48-hour measurements
systematically distributed throughout the year and the State, annually
covering a randomly selected one-third of the HPMS sample sections.

The vehicle classification sample consists of 300 48-hour measurements
over a 3-year cycle. These measurements are systematically distributed
throughout the year and the State, and are taken at randomly selected
volume sample sections which have been distributed based on HPMS AWMT
to provide a fully balanced sample. The recommended truck weight
sample consists of 90 48-hour measurements over a 3-year cycle designed
to place added emphasis on the Interstate system. The locations are
randomly selected from the vehicle classification sample and are
allocated to strata based on AYMT. The measurements are distributed
systematically throughout the year and the State.

The guidelines are presented as minimum specifications which can be
expanded and supplemented to any degree desired by the States. The
Special Needs element allows each State flexibility to address

addi tional concerns.
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Exhibit 2-6-1
TRAFFIC MONITORING SAMPLE STRUCTURS®

Universe of Roads
(Excluding Local)
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Special
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Exhibit 2-6-2

Recommended Traffic Monitoring Sample Design

Program Sample
Element Subelement Perlod Number
1. Continuous - 365 Days 40 to 60
(Average State}
2. HPMS HPMS Sample - HPMS Sample
Traffle Annusl— % of HPMS Sample
Volume 48 Hours 3-Year Cycle
-Full HPMS Sample
Vehicle 48 Hours  Annual - 100
Classification 3-Year Cycle - 300
Truck 48 Hours Annual-30 Measurements:
Welght 10 Interstate

3. Speclal Neads -
{State Needs
and Others)

20 Others

3-Year Cycle -
90 Measurements:
30 interstate
80 Others

At State Discretion

Products

Seasonality
Growth

Temporal Distribution

System Estimates By
Functional Class

System AVMT By
Functional Class
AADT At Sample Points

Classified AVMT

Axle Correction Factor

Percentage Distribution .
of Vehicles

Weight + EAL by
Classification Category

Site Specific Information
Project information

14R '

Truck Routes
Pick-up/Auto Split

Local Roads

Any Others

Design {Target)

Precision

Annual Seasonal
Factors 95-10

Stratum AADT
(See HPMS Field Manual)

Annual AVMT (95-5)
{Excluding Local)

Statewide Percentage of 352's
95-10 {3-Year)

Interstate EAL for 352
95-10 (3-Year)

Other Roads EAL for 352
95-20 (3-Year}



Al though the emphasis is on volume, the Special Needs element also
concerns vehicle classification and truck weight. Great emphasis has
been placed on the use of portable automatic eauipment as the most
effective and cost-efficient means of achieving statistical validity.
The following sections provide more detailed discussions of the traffic
volume, vehicle classification, and truck weight procedures.
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CHAPTER 1

Introduction and General Summary

The measurement of traffic volumes is one of the most basic functions
of nighway planning and management. For many years, the traditional
approach to the development of annual average daily traffic (AADT) has
consisted of three different but complementary types of traffic
counts: continuous, control, and coverage (Reference 1).

Continuous counts are taken 365 days a year on a small number of
points. These counts provide the most useful information and, usually,
imply the use of the most sophisticated permanent counting equipment
available to the planning organizations. Because these counts are most
consistent from State to State and are maintained at permanent
locations, the FHWA summarizes the information on a monthly basis for
the development of national travel trends. Continuous counts are the
backbone of contemporary State traffic counting programs.

Control or seasonal counts are much more difficult to characterize
because of the many alternatives in use by the State planning
organizations. These counts are usually taken from 2 to 12 times a
year, for periods of time ranging from 24 hours to two weeks. The main
purpose of control counts is to provide a seasonal assignment 1inkage
for factoring short counts to AADT.

Coverage counts are short duration counts, ranging from 6 hours to 7
days, distributed throughout the system to provide point-specific
information. Coverage count programs vary considerably from State to
State. Several States have implemented coverage programs as system
tools with 1imited numbers of counts, lengthy count cycles, and
efficient computerized analysis capability. Other States have
emphasized complete and detailed coverage of the highway systems
resulting in a very large number of counts taken on short cycles and
stored in manual form. Obviously the diverse requirements and
constraints faced by State planning organizations have translated into
very divergent programs.

Previous sections of this report have presented general discussions of
the need for a more rigorous statistical procedure, the tie in to the
Highway Performance Monitoring System (HPMS), the emphasis on program

integration, and the dependence on technological advances in monitoring
equipment.

The program as presented in this section consists of 3 major elements:

1. A limited Continuous Count element,

3-1-1



2. A more extensive HPMS framework as the traffic volume sample,
and

3. A very flexible Special Needs element.

Tne procedures are intended to combine system and point estimation in
an efficient manner. The proposed program does not make use of contro)

or seasonal count programs.

Chagter 2 presents the recommended approach for the restructuring of
continuous ATR programs. The objectives of the recommended programs

are to develop adequate and reliable seasonal factors based on a
cost-efficient approach; to provide limited statistical rigor; to
integrate the continuous program with the overall traffic monitoring
program; to minimize modifications to existing continuous programs; to
emphasize the development of a consistent approach for national
analysis; to estanlish minimum precision levels for seasonal factors;
and to make available a powerful, flexible, analytical tool through the
use of computer technology.

Chapter 2 begins with a general introduction, followed by seven
subsections. The following is a brief summary of the seven subsections:

0 Seasonality Analysis of Existing Continuous ATR Data

The need to analyze available data to guide the development of the
procedures is discussed. A cluster analysis procedure to gain
insight into existing patterns of seasonality is described.

0 Seasonality Procedures Based on Functional Class

One of the major recommendations of the Guide is the establismment
of seasonal patterns based on functional class to allow a simple
and direct identification and assignment of locations to pattern
groups.

o Establishing the Seasonal Pattern Groups

The procedures for the establishment of seasonal pattern groups are
presented. The methodology is guided by the analysis of each
State's data and the knowledge of specific travel

characteristics. The procedures-are designed to be tailored for
each State.

The minimum seasonal groups recommended are:

1. Interstate Rural
2. Other Rural
3. Interstate Urban
4, Other Urban
5. Recreational
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Additional groups for regional or other particular concerns are
optional. The determination of recreational patterns is based on
substantial judgement and is treated as an exception.

Determining the Appropriate Number of Continuous ATR Locations
Statistical procedures to tie precision to number of locations in
each seasonal group are presented. In general, 5 to 8 locations
per seasonal group are sufficient to achieve the desired target

precision (+ or - 10 percent with 95 percent confidence) of average
monthly seasonal factors.

Modifications to the Existing Continuous ATR Program

A discussion of how to modify present programs to bring them in

" 1ine with the recommended procedures is presented.

Computation of Monthly Factors

The methodology for the development of the monthly factors for the
appropriate seasonal groups is presented. The application of the
factors to expand short counts and the assignment of location to
groups are discussed.

Hardware and Software for Data Management and Analyses
A brief discussion of computer technology and its application to

traffic data is presented. The emphasis is on the development of
fully computerized data processing and anmalytical tools.

Chapter 3 discusses the HPMS element of the Traffic Monitoring Program.

It begins with a general introduction followed by eleven subsections
wnich completely describe the recommended approach.

The following summarizes the Cnapter subsections:

o

Monitoring Period Specification

A 48-hour period of monitoring is recommended to provide reliable
estimates of AADT at the specific locations.

Monitoring Cycle Specification

A 3-year cycle of monitoring is recommended as the most appropriate
alternative for the HPMS core sample.
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Selection of the Core Interstate Sample

Tne procedures for defining and selecting the Interstate samples
are described. The annual sample consists of a rotating one-third
of the HPMS sample. Exhibit 3-3-1 1ists the 1982 HPMS Interstate
sample by State.

Selection of the Core Sample for the Remaining HPMS Functional
Classes

Tne procedures for defining and selecting the core non-Interstate
sample are described. The annual sample consists of a rotating

one-third of the HPMS sample. Exhibit 3-3-2 1ists the 1982 HPMS
non-Interstate sample by State.

Spatial and Temporal Distribution of Core Counts

Tne distribution of counts over the system (spatial) and the year
(temporal) are discussed. The spatial consjderations are covered
by the HPMS distribution. A temporal distribution over the
complete year or the appropriate months of the year is recommended.
AADT Estimation for HPMS Core Sample Sections

ADT is used as the basic starting point for the estimation
process. The procedures for AADT estimation are presented.

AVMT Estimation

Tne procedures for expanding the AADT estimates to system AVMT are
presented.

Computation of Growth Factors

Procedures for the development of growth factors are presented,
including a discussion of several alternative methodologies.

Estimation of Day-of-Week Factors

A discussion of procedures for the development of day-of-week
factors is presented.

Estimation of Axle Correction Factors
The recommended procedures for estimation of axle correction
factors are presented. Estimates by functional class from the

vehicle classification sample are used to adjust coverage counts
taken by axle counting equipment.
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o Data Collection and Processing Considerations

Several concerns including the use of hourly breakdowns, missed
counts, imputation, computer processes, and the use of unique
section identification numbers (HPMS) are mentioned.

The different topics discussed have a common basis, which results in
similar procedural development. This makes the process easy to
understand and very effective in terms of learning or training.
Similarly, extension of the procedures to related travel data can be
easily accomplished. .

Cnapter 4 discusses the Special Needs element of the program. The main
focus is on defining additional needs beyond those addressed in earlier
chapters. Since the focus of the earlier two elements is system
information which can be addressed with a 1imited amount of coverage,
the focus of this chapter is on point-specific information beyond the
capabilities of the earlier parts of the program. Because of the great
differences existing between States, the presentation is intended to
allow maximum flexipility to address any issues of concern to the
States. The chapter consists of an introduction followed by 1imited
discussions of system needs beyond the continuous and HPMS core
elements, of point-specific needs, of related programs, and of data
processing considerations.

Aggendix A presents an example of the continuous ATR procedures and a
table of the student’s T distribution.
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CHAPTER 2

The Continuous Count Element

Background and Introduction

The continuous count programs are the most common and consistent
traffic data collection programs existing in the States today. These
programs have strong historical ties and have become the most basic
planning data collection tools in most states. In terms of statistical
rigor, most continuous programs lack a firm statistical base. Their
design can best be characterized as evolutionary and incremental.
These programs, however, have provided the data to guide the
development of most of the highway programs in existence today. By
providing a permanent, data-intensive method of operation, continuous
Automated Traffic Recorders (ATR) have made available a large periodic
data base with enormous utility potential to the trained analyst.
Indeed one of the purposes of this Guide is to emphasize the need to
establish a strong, integrated, and effective analysis capability
through the use of analytical computer tools.

Because of the enormous expenditures made to implement existing
continuous programs and their present utility in terms of the data base
provided, the intent of this chapter is more towards modifying than
redoing. By using as much as possible of the existing framework,
cost-effectiveness is improved and modifications to existing programs
minimized. On the other hand, utilizing existing locations causes
statistical rigor to suffer because of the lack of a strict probability
sampl ing approach.

The objectives of continuous ATR programs are many and varied. These
objectives snould translate directly to the number and location of the
counters, the type of equipment used, the analysis procedures, etc. It
is, then, of the utmost importance for each organization responsible
for the implementation of the continuous ATR program to establish,
document, and analyze the objectives of the program. Only by
thoroughly defining the objectives and designing the program to meet
those objectives will it be possible to develop an effective and
cost-efficient program. It is also important to anticipate future
requirements, if at all possible, and to build in flexibility to allow
incorporation of future modifications.

One of the contentions of this Guide is that the development of
seasonal factors to expand short-term counts to annual average daily
traffic (AADT) is the most important objective of the continuous ATR
-program and the one that should guide the establishment of sample
size. Tnis assessment does not in any way imply that it is the only
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objective, and sufficient flexibility is built-in to address other
objectives as needed. Nevertneless, the first objective of the
continuous program recommended in this Guide is then to provide a
cost-effective approach for the development of seasonal factors. The
second objective is to allow a direct tie-in or grounding of the
continuous program to the integrated traffic monitoring program based
on the HPMS, thereby providing a strong statistical framework and
estimation 1inkage. The third objective, as mentioned earlfier, is to
minimize modifications to existing continuous ATR programs, thereby
emphasizing incremental rather than revolutionary change. Since the
second and third objectives are not independent or exhaustive,
compromises must be made.

The development of the following procedures is itself the result of
compromises between many competing factors. The major emphases are

on: 1) the development of data driven progedures, that is, allowing
information extracted from available data to guide the formation of the
program; 2) the complete integration of related traffic programs; 3)
the continuing dependence on technological advances in automated
monitoring equipment; and 4) the development of programs that provide
an effective and efficient analysis tool.

Seasonality Analysis of Existing Continuous ATR Data

Tne first step is to define, analyze, and document the present
continuous ATR program. A clear understanding of the present program
will increase the confidence placed on later decisions to modify the
program. The review should explore the historical design, procedures,
equipment, personnel, and uses of the information. In most cases, the
traffic data is available in computerized form resulting in easy access
for statistical data analyses. Many types of analyses are possible and
encouraged depending on the desired objectives. One such method of
extracting information from the data is presented here.

Tne cluster analysis carried out is intended to assess the degree of
seasonal (monthly varfation) existing in each State as detected from
the existing ATR program, and to corroborate or examine the validity of
the existing grouping procedures used by the States. The analysis
consists of examining the monthly variation (attributed to seasonality)
of traffic volume at the existing ATR locations, followed by an attempt
to group these locations into clusters or patterns of variation. An
understanding of the monthly variation of traffic at the different
points (ATR's) within the State and of the similarities of this
varifation as shown by the pattern groupings will help to ascertain the
assignment of the ATR Tocations according to tne recommended procedures.
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The analysis begins by computing the monthly average daily traffic
(MADT) at each ATR location. The MADT's are then used as input to a
computerized cluster analysis procedure {a variety of statistical
packages are available to perform this work). The seasonal analysis is
carried out on a monthly basis because other studies have shown that
patterns based on weekly or daily variation reduce the veracity of the
resulting seasonal factors (Reference 2). The results of the
clustering program are then used to roughly identify seasonal patterns
detectable from the existing data. If the planning organization
responsible for the counting program has developed seasonal patterns
based on manual or computer procedures, a direct comparison is now

possible.

Application of these procedures to a number of State programs has
produced very reasonable results. In most cases, the patterns of
variation that stand out are those of rural, urban and recreational
areas. However, there are exceptions where clear patterns have failed
to emerge. Plotting the resulting groups on a map is sometimes helpful
to discern the reasons for patterns which are obviously influenced by
the ATR locations. The advantage of this type of analysis is that it
provides early evidence of the existence or validity of established
seasonal traffic patterns.

The cluster procedure is i1lustrated by an example using actual data in
Appendix A. The example as presented in the appendix uses MADT's. An
alternative, which will reduce the influence of volume differences
between locations on cluster formation, is to use the monthly factors
(ratio of AADT to MADT) as input to the procedure.

An understanding of the computer programs used or of statistical
clustering procedures is helpful but not required to make an adequate
interpretation of the program results. The major weakness of
clustering procedures is the lack of theoretical guidelines for
establishing the optimal number of groups. Therefore, a subjective
assessment 1s needed to establish what is appropriate. However, the
objective of this anmalysis is to identify patterns based on available
ATR data rather than to provide an optimal solution. In the context of
continuous ATR's, 3 to 6 groups are usually sufficient to identify the
specific patterns. If a State uses a fixed number of groups in its
existing seasonal grouping methodology, then it is appropriate to
compare those groups with those resulting from the clustering procedure
as described in this Guide (using the same number of groups in both

procedures).

Seasonality Procedures Based on Functional Class

The earlier FHWA procedures(Reference 1) for establishing seasonal
patterns were based on random variation, that is, locations showing
similar patterns of variation are grouped into a pattern. The weakness
of the approach is that no clear, definable characteristic exists to
guide the development of these seasonal patterns.
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Tne statistical approach recommended in this Guide defines seasonal
patterns based on functional class or a combination of functional
classes according to the actual variability as shown in the existing
data. Exceptions to the rule do exist and provision is made to address
regional differences or recreational patterns. The decision on the
appropriate number of groups is based on the actual data analysis
results and the analyst's knowledge of specific, relevant conditions.

The definition of these seasonal patterns based on functional class
provides a consistent national framework for comparisons between States
and, more important, provides a simple procedure for allocating
coverage counts to the factor groups for estimation of annual average
daily traffic (AADT).

The statistical procedure emphasizes the use of composite (mean)
factors for each seasonal group rather than.the subjective allocation
of specific counts based on nearness to continuous ATR's. The use of
mean factors allows the incorporation of statistical theory to tie
factor precision levels to sample size (number of locations). The
resulting factors are generalized system factors. Maintaining an
awareness of the individual factors at each ATR location will allow a
Judicious determination of the effects of using system factors for
point-specific concerns. In cases where the ATR sample provides
insufficient information, special counts may be desirable.

Establishing the Seasonal Pattern Groups

The previously described clustering analysis can be used to extract
traffic pattern information from ATR data. The following descriptive
analysis presents a more direct approach to examine existing data from
continuous ATR's or alternatively, from control or seasonal programs.
The combined result of both analyses provides the information needed to
establish the groups. -

The descriptive analysis is carried out by sorting the ATR locations by
functional class, computing the percent coefficient of variation of
monthly average daily traffic (MADT) at each location, and interpreting
the results. As before, the SAS package is used, but other statistical
packages would be quite appropriate. An example of the descriptive
analysis of the continuous ATR data is presented in Appendix A.

The interpretation of the descriptive anmalysis is fairly
straightforward. The seasonality peaks can be identified by examining
the MADT's. The typical pattern shows an increase of travel during the
summer months with a peak during July or August. The actual
variability is shown by the standard deviation (MSD) and the percent
coefficient of variation (MCV). The percent coefficient of variation,
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the ratio of the standard deviation to the mean times 100, is a
standardized measure that allows direct comparison between locations.
In general, the descriptive analysis accounts for the variation of
monthly values during the year, but it does not necessarily account for
variation patterns. This is to say that locations with completely
different monthly patterns may show the same variability as measured by
the standard deviation or the coefficient of variation. However,
descriptive analysis combined with the clustering of volumes or
factors, an examination of monthly factors at the ATR's, and the
knowledge of State characteristics provide adequate information to
establish the appropriate seasonal groups by functional class. It is
important to realize that hardly any two points in a road system show
the same pattern of variation. The aggregation of points (ATR
location) into seasonal groups is solidified into a functional class
assignment process, which will always remain tempered by judgement.
Locations showing very distinct patterns are easily grouped, but many
borderline cases exist where assignment is difficult. The saving point
is that correct identification or assignment is much more important for
the distinct pattern locations than for the borderline cases.

Typical seasonal (monthly variation) patterns for urban areas have a
percent coefficient of variation under 10%, while those of rural areas
range between 10 and 25%. Values higher than 25% are indicative of
highly variable travel patterns, which we term recreational patterns
but which may be due to other reasons. The existence of a recreational
pattern should be verified by knowledge of the specific locations and
the presence of a recreational travel generator. The typical patterns
identifiaple in most States are then urban, rural, and recreational.
An examination of the descriptive and cluster analysis should be
sufficient to identify the recreational locations and the general
variation patterns as detected from the data. An example is provided
in Appendix A.

Because of the importance assigned to the Interstate system, it is
recommended that separate groups be maintained for the Interstate
categories. The Interstate system because of its national emphasis
will always be subject to higher data constraints. Programs, such as
the 14R, which require the use of Interstate VMT as apportionment
factors provide sufficient justification for the separation. The
determination to separate the Interstate groups is, however, an
administrative recommendation justified by the importance of the
system, not because the data show that separate groups are needed. An
exception to the specification of separate Interstate groups may apply
for States witnh very limited mileage in either tne Interstate rural or
urban categories where the level of effort necessary to establish
reliable groups factors would not be justifiable.
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This Guide recommends the following groups as a minimum:

RECOMMENDED GROUP HPMS FUNCTIONAL CLASS
INTERSTATE RURAL 1

OTHER RURAL 2,6,7,8
INTERSTATE URBAN 1

OTHER URBAN 12, 14, 16, 17
RECREATIONAL ANY ,

The first 4 groups are self-defining. The recreational group requires
the use of subjective judgement and knowledge of the travel
characteristics of the State. Usually, the recreational pattern is
identifiable from an examination of the continuous ATR data. Sometimes
the continuous data are insufficient and, if a control program exists,
the data should also be analyzed. The minimum specification can pe
expanded, as desired by each State, to account for regional variation
or other concerns. However, data support should be one of the
prerequisites for establishing additional groups. Additional groups
will require additional ATR locations and increase cost.

Determining the Appropriate Number of Continuous ATR Locations

Having analyzed the data, extracted the relevant interpretations,
established the appropriate seasonal groups, and allocated tne existing
locations to those groups; the next step is to determine the number of
Jocations needed to achieve the desired precision level of the
composite group factors. To carry out the task, a grounding on
statistical sampling procedures is needed. Since the continuous ATR
locations in existing programs have not been randomly selected,
assumptions must be made. The basic assumption made in the procedure
is that the existing locations are equivalent to a simple random sample
selection (pseudo-random assumption). Once this assumption is made,
the normal distribution theory provides the appropriate methodology.
The standard for estimating the confidence intervals for a simple
random sample is:

S 3.2-1

Ny

B=X=2Ti—q¢2 -1

Where

B = upper and lower boundaries of the confidence interval,

X = mean factor,
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T = value of Student's T distribution with 1-d/2 level of
confidence and n-1 degrees of freedom,

n = number of locations

d = significance level, and

S = standard deviation of the factors.

The precision interval is:
S

D = Tj-a2, n-1 \[T 322
Where '
D = absolute precision interval,
S = standard deviation of the factors.

Since the coefficient of variation is the ratio of the standard
deviation to the mean, the equation can be simplified to express the
interval as a proportion or a percentage of the estimate. The equation
becomes:

C
_ 3-2-3
D = Tj-ds2, n-1 \/—
n
Where D = precision interval as a proportion or percentage of

the mean, and
C = coefficient of variation of the factors.

Note that a percentage is equal to a proportion times 100, i.e., 10
percent is equivalent to a proportion of .10.

Using this last formula it is now possible to estimate the sample size
needed to achieve any desired precision intervals or confidence
levels. Specifying the level of precision desired can be a very
difficult undertaking. Very tight precision requires large sample
sizes which translates to expensive programs. Very loose precision
reduces the usefulness of the data for decisionmaking purposes.
Traditionally, traffic estimates of this nature have been thought of as
having a precision of + 10 percent. A precision of 10 percent can be
established with a high confidence level or a l1ow confidence level.
The higher the confidence level desired the nhigher the sample size
required. Further, the precision requirement could be applied
individually to each seasonal group or to an aggregate statewide
estimate based on more complex stratified random sampling procedures.
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The reliability levels recommended in this Guide are 10 percent
precision with 95 percent confidence, 95-10, for each individual
seasonal group exciuding recreational groups where no precision
requirement is specified.

Tne procedure begins by examining the monthly average seasonal factors
for each group using the existing ATR's, anchoring the design criteria
(number of groups), using the formula to establish the number of
points, and determining the modifications needed in the existing
program. An example is presented in Appendix A. When applying this
procedure, the number of locations needed is usually 5 to 8 per
seasonal group, although cases where more locations are needed have
surfaced. The only exception is the recreational group where a
subjective assignment is recommended.

Distinct recreational patterns can not be defined simply on the basis
of functional class or area boundaries. Recreational patterns are very
obvious for some locations but non-existent for other, almost adjacent,
locations. The boundaries of these recreational groups must be defined
pased on subjective knowledge. Due to the high variability of the
factors, blind application of the statistical procedure presented would
result in too many locations and not be cost-efficient. The existence
of different patterns, summer vs. winter, further complicates the
situation. Therefore, the recommendation is to use a strategic
approach, that is, subjectively determine the routes or general areas
where the pattern is clearly identifiable, establish a set of
locations, and subjectively allocate factors to short counts based on
the judgement and knowledge of the analyst. While this may appear to
be a capitulation to ad hoc procedures, it is actually a realistic
assessment that statistical procedures are not directly applicable in
all cases. However, recreational areas or patterns are usually
confined to 1imited areas of the State and, in terms of total VMT, are
very small in most cases. The statistical approach will suffice for
the large majority of cases.

The procedure for recreational areas is then to define the areas or
routes based on available data (as shown by the analysis of continuous
and control data) and knowledge of the highway systems and to
subjectively determine which short counts will pe factored by which
continuous ATR (recreational) location. The remaining short counts
would be assigned on the basis of the functional class groups as
defined in this Guide. A maximum of six continuous ATR locations in
the recreational group is recommended depending on the importance
assigned by the planning agency to the monitoring of recreational
travel and the different recreational patterns identified.

Modifications to the Existing Continuous ATR Program

Once the number of groups and locations per group are established, the
existing program must be modified.
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The first step is to distribute the existing locations according to the
defined groups. In general from 5 to 8 locations are needed in each of -
the 5 groups, usually resulting in a total of 30 to 40 locations in the
State. Exceptions to this rule of thumb are expected; but since the
procedures are directly driven by the analysis of each State's data,

the results will be justifiable and directly applicable to each State.

If the distribution of existing locations results in a surplus of
locations for a group, then redundant locations are candidates for
discontinuation. If the surplus is large, reduction should be planned
in stages and after adequate analysis to insure that the cuts do not
affect reliability in unexpected ways. For example if 12 locations are
avajlable and six are needed then the reduction may be carried out by
discontinuing 2 locations annually over a period of 3 years. The
sample size analysis would be recomputed each of the 3 years prior to
the annual discontinuation to insure that the desired precision was
maintained.

If the distribution of present locations results in a shortage of
Jocations, additional locations should be selected and added to the
group. Since the number of additional locations is expected to be
smal}slthe recommendation is to select and include them as soon as
possible.

Because of the small number of locations under consideration, extensive
criteria for discontinuation or selection of additional sites will not
be presented. Several important considerations are:

1. Other uses of existing information or importance assigned to

sites, -- As mentioned before, seasonality is not the only

objective or use of continuous ATR data. Each state should
insure that these other criteria are met before
discontinuation. It should also be clear that additional
locations increase the reliability of the data.

2. Existing locations -- Available locations from control or
oth:r programs may be candidates for upgrading to continuous
status.

3. Location on or near HPMS sites. -- Because of the direct
1inkage to the randomly selected HPMS sample sections, these
locations should be given priority.

4. Tie-in to the classification, s%eed, or weight programs as
mentioned in other sections o 1s . == Loordination
with other programs 1s essential.

5. Distribution over geographical areas of the state.

6. Distribution by functional class system.

7. Random selection to reduce bias. -- New location should be
randomly_selected, 1T possible, from HPMS sample sections.

8. Quality of ATR equipment of sites. -- Older or malfunctioning

eguipment should be given higher priority for discontinuation.
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Computation of Monthly Factors

Tne procedures for the development and use of monthly factors to adjust
short volume counts to produce AADT estimates follow directly from the
structure of the program. The individual monthly factors for each ATR
station are the ratio of the AADT to MADT.

Group monthly factors are derived for each of the seasonal groups (with
the exception of recreational or other optional groups) as the average
of the factors of all the locations within the group. In the
development of data processing or storage specifications, provision
should be made for producing a table of factors to be used in the
computerized expansion of short counts.

The individual annual factors for the specific ATR locations are exact,
that is, there is no sampling variability (assuming a 100 percent
sample). The reliability also depends on bias such as equipment error
or missing data due to equipment malfunction, etc. The precision of
annual group factors has been estimated by using equation 3-2-3 with
the procedure described earlier for estimating the number of locations

per group.

The recommended statistical approach defines seasonality based on
functional class or a combination of functional classes according to
the variability shown in each state's continuous ATR data. For system
estimation, the average monthly factors for each group are then used to
expand all short counts within the established boundaries of the
group. For example, if a short count is taken on the Interstate Rural
system during the month of March, then the March factor from the
Interstate Rural group is used in the expansion of the short count to
AADT. The only exception is for clearly different patterns, such as
recreational, whicn have been defined during the data amalysis stage.
In these cases, a subjective allocation based on knowledge of
conditions must be made.

Tne individual factors are best for each continuous location, but the
application of these individual factors to short counts subjectively
based on knowledge of conditions ignores the myriad of unidentifiable
dynamic characteristics (weather, random variation, growth, economic
conditions, etc.) affecting the patterns. The use of statistical
average factors will not produce exact results (there are no exact
figures in traffic counting), but on the average will compensate and
balance out the many sources of variation. The statistical approach is
not without disadvantages. Knowledge of very different conditions may
in some circumstances result in better estimates. Recreational areas
are a case in point, but other exceptions are always possible.
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The recommended procedure breaks down to the application of the average
group monthly factors as the default value for generalized (system)
AADT estimates for all functional class groups, with the exception of
other identifiable patterns outside of the norm (recreational for
example) where subjective knowledge would indicate the use of ejther
the generalized group value or the specific value of an appropriate
continuous ATR location.

The specific ATR factors for each location should also be

computerized. When developing site-specific information, the default
values can be compared with the specific factors of nearby ATR
locations to provide a sensitivity type of analysis. If the
information avajlable is judged insufficient for the desired objective,
then a special count can be scheduled.

To estimate AVMT the use of annual factors would be preferable because
direct representation of the year in question is provided (assuming no
problems with equipment, construction, etc.). On the other hand,

random occurrences such as a cold winter or a rainy summer can
substantially distort the annual factors at a specific ATR (the group
factors are not usually affected because of the averaging procedure).

In most cases, however, historical factors computed over a number of
years provide a better indication of seasonality. The procedures
previously described can be applied either on an annual basis or over a
number of years. Each State should determine which procedures to apply
depending on specific analysis of available data.

Hardware and Software for Data Management and Analysis

The management and analysis of continuous ATR data require the use of
computers. The basic data management functions including input,
editing, manipulation, and report generation could be performed using
mainframes or microcomputers. Analysis functions could also be carried
out on both types of computers, but the use of complex statistical
analysis packages and extensive data bases may be beyond the capacity
of existing microcomputers.

The advantages of larger machines are high speed, capacity, and package
availability. The disadvantages of mainframes are the expense involved
and the lack of user control. With the advent of very powerful mini
and microcomputers with large memories, the cost-effectiveness of these
machines has greatly increased. Because of the large expenditures on
computer processing related to the management of the several
interrelated databases of the proposed traffic monitoring program, it
has become cost-efficient to explore the acquisition of dedicated
microcomputers with the capability to handle the desired functions.
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Software for data management and analysis for the micro machines is
available from a number of sources. Careful assessment of the
capabilities of both nardware and software is of the utmost importance
pefore final acquisition. Software needs beyond the available packages
can be developed tnrough the use of language compilers, or through
contracts with appropriate sources. In general, because of the costs,
required skills, and problems in developing software; it is usually
more efficient to find third-party software that can perform the
desired functions.

Finally, the ability to communicate directly and transfer files between
micro and mainframe would allow the transfer of existing mainframe
files to the micro. It would also provide an escape route should the
capabilities of the micro be exceeded by future requirements.

The development of the Traffic Monitoring Guide procedures are intended
to spur the use of efficient computer capabilities emphasizing storage
and analysis on a cost-effective basis. A fully computerized operation
would allow early preparation of reports and reduce the existing
information lag.
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CHAPTER 3

The HPMS Traffic Volume Sample

Introduction

The major purpose of the HPMS element as defined in this chapter is to
provide a 1imited core framework or structure of randomly selected HPMS
sample sections throughout the state. This core is, first, a systems
tool tnat will completely satisfy the needs for statewide information
such as system vehicle miles of travel (VMT). Second, it will provide
an adequate statistical base for the development of adjustment factors
for coverage counts. Third, it will provide a well balanced,
geographically distributed, and statistically sound framework for AADT
estimation. Fourth, the framework serves as the base for the selection
of the vehicle classification and truck weight samples.

A clear understanding of the HPMS sample approach must precede the
application of the procedures in this chapter. The HPMS has a direct,
statistical 1ink between the sample and the universe of roads in each
State. Through this 1ink, estimation procedures tying any of the HPMS
collected variables to volume estimates (later to vehicle
classification, and truck weight information) can be developed.
Because of this connection, it will be possible to make reliapility
statements for any estimates derived by following the appropriate
estimation procedures. Maps showing the location of existing HPMS
samples would be sufficient to realize the degree of coverage provided
by the sample in each specific state. Maps will also help to pinpoint
voids which may require filling by the Special Needs element in
Chapter 4.

Monitoring Period Specification

This guide recommends a 48-hour monitoring period for volume,
classification, and truck weight monitoring. lhe selection of a time
period for monitoring requires many trade-offs. This selection is a
complex decision affected by many other considerations such as cycle of
monitoring, cost, specific State characteristics, volume differentials,
equipment, specific location characteristics, growth, and data
collection constraints. The recommendations made in this guide are
pased on research conducted for the FHWA (Reference 2), work done by
FHWA staff, reviews of existing State programs, and the redefinition of
specific objectives to produce an integrated program. Although manual
counting procedures may be extensively used today, the recommendations
in this Guide are designed for automatic monitoring equipment.

Information available to the FHWA have indicated that the most common
monitoring periods for volume counting in use today are 24 hours
followed by 48 nours. The recommendation of a 48-hour monitoring
period is a compromise given various alternatives and designed to
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maximize data validity subject to cost and equipment limitation
constraints. As discussed in Cnapter 3 of Section 2, the use of a
48-hour period is related to the reliability of AADT estimates. VMT
system estimation is less influenced by the length of monitoring
periods.

The research conducted (Reference 2) clearly showed that the magnitude
of daily traffic variation is much larger than the long term growth
trend of most locations. This assessment supports the emphasis on
longer monitoring periods taken on longer cycles rather than shorter
monitoring periods taken on shorter cycles.

Exhibit 3-3-1 taken from page IV-23 of Reference 2 compares cost versus
precision for several alternatives ranging from 24 hour annual counts
to 72 hours on a 5 year cycle. The implicit assumptions of this
exhibit are discussed in the reference. The authors recommended a
48-hour, 3-year cycle as the most cost-effective alternative.

Costs also play an important part. The use of longer periods of time
reduces the cost-effectiveness of the program by reducing the number of
counts per machine. However, the objectives and validity of the counts
should take precedence. There is a direct trade-off between the
collection of a smaller number of more reliable counts versus a larger
number of less reliable counts. This Guide emphasizes the former.

State characteristics such as organization of the program, emphasis
areas, specific requirements, and staffing have a direct effect on the
selection of an appropriate period of monitoring.

Volume differentials affect the reliability of the counts and the
importance of decisions made based on the counts. Exhibit 3-3-2 taken
from the 1970 FHWA Traffic Volume Counting Manual (Reference 1)
compared the precision of three monitoring periods versus weekday
traffic volumes. Information on how the graph was derived was not
provided and the referenced document was developed in the late 1950's.
The exhibit indicates that reliable precision can be obtained with 24
hour counts for sections with AADT's higher than 500. No information
is provided on the effects of factorization or equipment error.

Location characteristics can greatly influence the length of monitoring
period as well as the cycle, the equipment, and the data collection
concerns. Analysis of ATR data has shown that volume variability
differs based on rural or urban locations. Urban areas because of
lower variability may be better served by shorter periods.

Recreational areas because of much higher variability would benefit by
" Jonger counts. Analysis of ATR locations shows standard deviations of
24-hour monitoring periods in the 10 to 15 percent range, indicating
that periods longer than 24 hours are needed if estimates with lower
than 10 percent precision are desired. The analysis also shows that
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the gains produced by increasing the length of monitoring periods
quickly diminish; the well-known economic principle of diminishing -
returns is applicable in this context.

Equipment also plays an important role. Obviously, equipment based on
loops is not affected by the determination of monitoring period, but
equipment based on pneumatic tubes is directly affected. The
assessment made is that a 48-hour monitoring period approaches the
maximum l1imit to the use of pneumatic tubes for collecting volume or
classification information.

The coordination or integration of the complete program also introduces
restrictions. Analysis of vehicle classification information from the
HPMS Vehicle Classification Case study (Reference 6) showed the
standard deviations of daily volume for most truck classification
categories to be in the vicinity of 100 percent. Although the data on
which the assessment is based is tenuous at best, it clearly indicates
that the numbers of vehicles in a number of classification categories
can halve on double from day to day. Given this variability, the
collection of reliable classification information requires the use of
monitoring periods of longer than 24-hour duration. Analysis of manual
truck weight operations have brought out the issue of bias introduced
througn station bypassing, waiting out, or the shifting of the travel
patterns of heavier trucks to periods when the monitoring has stopped.
The need for longer monitoring periods to reduce these effects ana
produce valid estimates is apparent.

Since the framework established consists of a 1imited number of annual
counts, -the advantages of a 48-hour period are believed to surpass the
disadvantages. The recommendation of a 48-hour period for volume,
classification, and truck weight monitoring apply only to the HPMS
framework or core element of the program. The Special Needs element,
since it is guided by each State's own specific objectives, has no such
requirement although the results presented here are directly applicable
and worthy of consideration. It is clear that although the program's
foundation is based on automation, situations will always arise where
automation may not be possible. Exceptions to the arguments made in
defense of the 48-hour monitoring period would not be difficult to find
given the enormous differences in travel characteristics, highway
systems, and methods of operation in the 50 states. There may be clear
circumstances where the use of shorter or longer periods of monitoring
may be more effective. It is important, however, to adequately
explore, assess, and document alternative options to insure that all
avenues have been considered and that the final decision is, indeed,
responsive to the specific situation.

Finally the basic foundation of State programs and of the procedures
" recommended in this chapter is to collect reliable and unbjased
information. Alternatives and constraints can be analyzed and

-~
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modifications made where applicable, however, it is important to
maintain perspective to insure retaining the basic premise of reliable

data.

Monitoring Cycle Specification

This guide recommends a 3-year cycle for traffic volume, vehicle
classification and truck weight monitoring. The recommendation also
presents trade-offs between a number of options and is intended to
produce reliable information in a cost-effective manner.

As discussed earlier, the analytical work (Reference 2) indicated that,
generally growth is less influential than daily variation. It was
determined that on the average a 48-hour count taken every three years
would be more cost-effective and reliable than an annual 24-hour count
in estimating AADT. The reasoning being that the daily variabpility of
volume is in the 10 to 15 percent range while annual growth would be in
the range of 1 to 4 percent. On the average this is quite correct.
However, traffic characteristics at specific locations can change quite
rapidly by causes such as the opening of a new traffic generator such
as a shopping center. Growth areas within States can easily surpass 2
percent annual growth rates.

Another concern pulling in the opposite direction is now far to extend
the cycle. If a 3-year cycle is better than a one-year cycle, would a
5-year cycle surpass a 3-year cycle? Solely on a cost basis, a 10-year
cycle is more cost-effective than a 5-year cycle. The law of
diminishing returns also applies here. Three-year -cycles produce, on
the average, sligntly less reliabple information than annual cycles when
using the same monitoring period length, but at substantial cost
savings. Five year cycles would further reduce the cost at an
additional reliability penalty. However, the growth area factor
mentioned earlier works heavily against these gains. At 5-year cycles,
a compounded 2 percent average growth rate approaches and confounds the
daily volume variability of 10 to 15 percent.

The use of cycles can also be used to reduce the sample size needed
annually to achieve the desired target precision of a sampling
program. Tying the precision of estimates to longer cycles reduces the
size of the annual program. For example, establishing the precision
levels on a 3-year cycle on a rotating sample of HPMS sections results
in one-tnird of the sample needed each year, thereby, reducing the
annual effort by a factor of 3. The selection of a cycle could be
combined with the length of the monitoring period to produce a

two-dimension optimization problem. Evaluation of all possibilities
considering the different characteristics, personnel, equipment, and
cost constraints of different States is well peyond the scope of this
Guide. The emphasis then becomes the selection of a consistent
approach wnich will meet adequate reliability needs in a reasonable
cost-effective manner. The decision made is to recommend the use of
48-hour counts on a 3-year cycle for traffic volume,vehicle
classification and truck weight monitoring.
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As before, there may be clear circumstances where the use of different
cycles may be appropriate. In those cases, it is important to
adequately consider the objectives and constraints, and to document in
detail the reasoning process behind the decision.

Selection of the Core Interstate Sample

The Interstate System has top priority from a national or State
perspective. On a national basis, it consists of 1 percent of the
mileage, yet it carries an estimated 20 percent of the travel. The
enormous investment and the magnitude of the programs to maintain that
investment will always require a higher level of information. Tnhe HPMS
sampling rate is far higher for the Interstate than for any other
highway system. Similarly, the development of the Traffic Monitoring
Guide places the Interstate System in a category second to none.

A brief description of the HPMS was provided in Chapter 2 of Section

2. The HPMS ratio of sample mileage to universe mileage for the
Interstate varies by State from 11 to 100 percent with a national
average of 50 percent. There are approximately 9,000 Interstate sample
sections or a ratio of 1 sample per 4 miles of road. Although
sample sections may represent up to several miles of road, it is quite
apparent that for most States the large sample is sufficient to provide
very adequate spatial coverage of the system. Given the controlled
access and egress build into the system, a count between interchanges
would provide 100 percent coverage of the spatial requirements. In
many cases, the existing HPMS sample provides sufficient coverage to
interpolate estimates of points located between samples. However,
points where such interpretation would be judged inadequate woula be
monitored as a part of the Special Needs element. Because of the large
HPMS Interstate sample framework, the need for special counts should be
minimal.

In summary, the framework of spatial coverage provided by the HPMS
sample for the Interstate system is sufficient to provide very reliable
system estimates and most point-specific needs. Any remaining needs
for information can be addressed through the Special Needs element
described in the next chapter.

The HPMS sample is then the starting point for the selection of the
volume core sample. The Interstate HPMS sample is substratified into
urban, rural, and urbanized areas and by volume group within these
areas. The HPMS Manual (Reference 8) provides a complete description
of the stratification of the sample. The selection of the annual
Interstate subsample of volume sectios is carried out by randomly
assigning 1/3 of the sections in each HPMS Interstate strata. The
procedure is described in more detail in the next section.
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Since the sample was selected as a simple random sample within strata,
equation 3-2-3 can be used to estimate the reliability of system AADT
estimates. VMT estimates require more work because the estimation
procedures involve the use of section lengths. Simple random sample
procedures could have been used, but more reliable procedures based on
ratio estimation (using length of sample sections) are used instead.
Sample section DVMT is computed by multiplying section AADT by section
length. Stratum DVMT estimates are derived by summing section DVMT and
multiplying by the HPMS stratum expansion factor. Annual Vehicle Miles
of Travel (AVMT) equals DVMT times 365. Aggregate DVMT estimates are
derived by summing the appropriate HPMS strata DVMT estimates. For
example, to obtain estimates of Interstate Rural DVMT, sum the DVMT
estimates for the volume group strata within the Interstate Rural

system. .

The HPMS sample sizes were defined in terms of AADT within strata
(refer to the HPMS Manual, Reference 8, for a complete description).
The HPMS procedures for AADT (described in the HPMS Manual) are better
than using equation 3-2-3 because they account for the case of limited
numbers of universe sections (the finite population correction). To
estimate the precision of DVMT estimates, a more complex procedure is
needed to account for the variation in AADT and also for the variation
in section length. The equation to estimate the sampling variability
of aggregate DVYMT estimates is given on page 164 of Reference 5.
Studies conducted by the FHWA have shown the precision of statewide
estimates of Interstate DVMT to approximate plus or minus 2 to 3
percent with 95 percent confidence. These results, however, consider
only sampling variability and ignore other sources of error.

The number of HPMS sample sections in the Interstate system in 1982 are
shown in Exhibit 3-3-3. The recommended procedure covers the HPMS
sample over a 3-year cycle, therefore 1/3 of the sample is to pe
counted annually. This, however, does not translate to an actual count
at every HPMS sample. Judgement is necessary when determining the
exact number of counts. Subdivided sample sections in the HPMS sense
(see discussion of item 29 on page IV-18 of reference 8) may not need
separate counts. Adjacent sample sections, without separation by
interchanges or access/egress points, do not need separate counts.

HPMS sample sections on or adjacent to continuous ATR locations or
other related monitoring (speed, vehicle classification, truck weight,
etc.) do not need separate counts. Considerations of this nature will,
obviously, be more pronounced for States having higher sampling rates.

The development of an annual Interstate traffic counting plan requires
an examination of the locations of the HPMS sample and those of related
programs. A determination would then be made as to whether a separate
count is needed. Several locations will be judged to have the
available information without taking a separate count. However, the
majority of the HPMS Interstate sample locations will need a separate
count. -
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It is apparent from Exhibit 3-3-3 that the size of the State, the
Interstate mileage, or the degree of urbanization are reflected in the
number of needed counts as, indeed, they should be. Therefore, smailer
States or States with Jimited Interstate mileage require no special

procedures.

States with low HPMS sample rates may need to take additional counts
under the Special Needs program element to allow the preparation of
detailed flow maps or to address point-specific concerns. This
determination would be made based on the need for the additional
information after the establishment of the desired objectives and an
assessment that the HPMS Coverage counts were insufficient for the
purpose.

Selection of the Core Sample for the Remaining HPMS Functional Classes

Tne level of coverage by functional class provided by the HPMS sample
ranges, on a national average, from about 50 percent of total mileage
for the Interstate System to 3 percent for rural major collectors.

This indicates that for the lower systems the core structure or
HPMS-based coverage framework may be very sparse. For overall system
information this presents no problem at all. However, for
point-specific needs the voids or gaps in the HPMS-based framework will
be larger for the lower systems necessitating more extensive coverage
or potential coverage in the Special Needs element.

The HPMS sample design specifications lower the precision requirements
of AADT estimates for lower functional class systems (refer to Appendix
F of the HPMS Manual, Reference 8). This, of course, translates to
smaller sample sizes and lower sampling rates. Exhibit 2-2-1 has
presented the complete 1982 HPMS sample and Exhibit 3-3-3 the
Interstate sample sections.

Exhibit 3-3-4 presents the 1982 HPMS sample excluding the Interstate in
each State. Procedures for estimating the precision of AADT estimates
within HPMS strata are defined in the HPMS Manual. Procedures to
estimate the precision of aggregate DVMT estimates from the HPMS nave
been alluded to earlier in this chapter. Analysis conducted by FHWA
has shown the precision of statewide DVMT estimates (excluding local
functional class) to be in the range of 1 to 5 percent with 95 percent
confidence. The analysis assumed that AADT values reported for the
HPMS sample sections were exact. Because of the assumptions made, it
would be realistic to target the achievable precision towards the 5
percent range. Therefore, the spatial target precision levels in this
Guide have been specified in terms of the HPMS statewide DVMT estimates
as plus or minus 5 percent with 95 percent confidence. Computation of
annual DVMT estimates using the complete HPMS sample by expanding the
AADT figure from each HPMS sample would be expected to achieve the
stated precision.
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The procedures used to develop the AADT estimates at each sample
section consider a variety of factors. The research work (Reference 2)
provided statistical procedures to incorporate or aggregate some of the
known or tractable errors that affect AADT and consequently DVMT
estimates. Tnhis study indicated the use of a 48-hour period tied to a
3-year cycle as the most realistic procedure considering all
alternatives. The recommended procedure uses a 48-hour count taken on
a 3-year cycle. This recommendation reduces the level of effort to 1/3
of the HPMS sample annually. The procedures can be carried out by the
use of strict simple random sample procedures using a table of random
numbers to divide the sample in each stratum into three random

subsets. One of the three subsets would be counted annually on a
rotating basis. Following the procedures insures the complete counting
of the HPMS sample every three years. HPMS sample sections not counted
during the year would be expanded by procedures described later in this
chapter, and the annual DVMT or AVMT estimates would be based on the

complete sample.

Tables of random numbers to be used in the random selection are
available from a variety of sources as are computerized random number
generators. Since the stratum sample sizes are not all divisible by 3,
the 3 subsets need not be exactly equal. For example, a stratum with 8
sample sections may be subdivided as 3, 3, and 2. Other strata may
nave less than 3 sample sections, but the same procedures apply. For
example, a stratum with 1 sample section could be subdivided
alternatively as 1,0,0 or 0,1,0 or 0,0,1. A certain degree of
reconcilement will be necessary after the subsetting to insure that the
annual subsamples are approximately equal. Organizing the full sample
as shown in the following table would help to make the determination:

HPMS SAMPLE
Area Functional Yolume Full Annual Subsets
T Class Grou Sample 1 2 3
ural Winor Arterial 7 125 42 42 4]
Rural Minor Arterial 2 73 24 24 25
Rural Minor Arterial 3 15 5 5 5
Total 213 V4] YA 71

After the sample is subdivided, a determination as to the actual number
of counts needed would be made. As before, several of the locations
may be coordinated with other programs (ATR, venicle classification,
speed monitoring) and have actual counts available for use. The
remaining sections would be scheduled for counting.

Spatial and Temporal Distribution of Core Counts

Theoretically, the selection and distribution of the sample must be
conducted randomly to maintain statistical validity. Statistical
validity requires random spatial (geographical) and temporal (calendar
year) distribution. The HPMS sample by virtue of its extensive
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stratification and random selection already provides a balanced spatial
distripution. However, bias can be easily introduced by improper
temporal selection or scheduling procedures. On the other hand,
scheduling operations are very dependent on effective use of personnel
and equipment. Compromises will be necessary to insure that all
important considerations are adequately addressed.

Because of the emphasis on statistical validity, the recommendation is
to provide an adequate distribution over the two dimensions (spatial
and temporal) even if this implies a loss of scheduling efficiency.
Tnis applies only to core counts. By coordinating the core and special
counts, it may be possible to minimize or reduce the scheduling
problems. The manner of operation and organizational structure of
different States may turn the scheduling gquestion into a major problem
for some States and no problem at all for others. Because of these
constraints, latitude is given while emphasizing the recommendation.
However, scheduling considerations should not completely dictate or
dominate the procedures.

The procedures for distribution of counts are to subdivide the annual
subsample by the HPMS stratification categories and as many months of
the year as possible in a random manner. That is, the counts should
not be concentrated in one area of the State during a certain time of
the year. Although the seasonal factoring procedure based on
continuous ATR's will provide monthly factors to adjust counts, events
specific to an area of the State or time of the year could easily bias
the estimates. Valid statistical inference procedures require an
appropriate distribution.

A random procedure to incorporate both dimensions can be designed by
assigning a unique sequential number to each of the annual sample
sections up to 365 (the number of days in the year) and selecting a
random number between 1 and 365 which would indicate the HPMS sample
section and the day the 48-hour monitoring period would begin. If the
annual sample is greater than 365 then the process would be continued
with the next 365 sections or until the sample were exhausted. Many
other similar procedures could be developed based on the specific
circumstances. For example, in cases where counting must be restriced
to several months of the year the applicable number of days would
replace 365; or in cases were counting operations are organized by
districts, the process could be applied independently to each
district. Alternative procedures developed by highway agencies to
satisfy specific requirements are encouraged.

Once the schedule or complete counting plan is developed, the
recommendation is to maintain the same schedule for use in the next
cycle three years in the future. Although minor modifications are
expected for one reason or another, maintaining the schedule would
provide stability and begin to provide time-series data at the specific
sample sections.
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AADT Estimation for HPMS Core Sample Sections

The development of AADT estimates from the structure described in this
Guide is a straightforward procedure. The 48-hour count taken at the
sample sections during the current year may require adjustment by
monthly (seasonal), day-of-week, and axle correction factors. For
sections not counted during the current year, growth factors are also
required. A description of the procedures to develop the factors
and/or the need to use them is presented later in this chapter.

The equation used to estimate AADT at the sample sections is:

1
AADThi=—-5—VolhixththAthh 3-3-1

where AADThi = the annual average daily travel at location i of
functional class h,

Volpi{ = tne 48-hour axle volume at location i of functional

class h,

Mp = the applicable monthly factor for functional class h,

Dp = the applicable day-of week factor for functional class h
(if needed),

Ap = the applicable axle-correction factor for functional
class h (if needed), and

Gp = the applicaple growth factor for functional class n (if

needed).

NOTE: For equipment units that automatically divide by two to
produce a “vehicle' count, the number of axles can be
estimated by multiplying by 2 or by modifying the software to
report axles.

For one reason or another (as discussed in the appropriate section),
the application of some of the factors may be unnecessary. For
example, automatic equipment which counts vehicles does not require
axle correction. In these cases, the inappropriate factors would be
assigned a value of one in the equation.

An approximate estimate of the relative variance éoefficient as a
percentage of the AADT is given by the following formula:

c= Ycvz2+ M2+ CD? + CA? + CG2 3-3-2
where C = relative variance coefficient as a percentage of the
AADT,
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relative variance coefficient of the 48-hour volume,

CV =

CM = relative variance coefficient of the monthly factor,

CD = relative variance coefficient of the day-of-week
factor,

CA = relative variance coefficient of the axle correction

factor, and

CG = relative variance coefficient of the growth factor.
The relative variance coefficient is defined as the standard error
divided by the estimate. As before, any unnecessary terms are set
equal to zero in the equation.

Annual Vehicle Miles of Travel (AVMT) Estimation

The procedures for developing daily vehicle miles of travel (DVMT) use
the standard HPMS procedures for sample expansion. The first step is
to compute an AADT estimate for each HPMS sample section. Next, the
section AADT is multiplied by the section length and by the stratum
expansion factor. Finally, the expanded stratum DVMT estimate is the
sum of the expanded section DVMT estimates of all the sample sections
within the stratum. In the same manner, aggregate estimates at any
level can be derived by the sum of the appropriate strata. Annual
vehicle miles of Travel (AVMT) are computed by multiplying any
resulting DYMT values by 365. Estimates of DVMT or AVMT for specific
vehicle classes or categories are derived by multiplying the strata
numbers by the appropriate percentages derived from the vehicle
classification or weight sample subsets.

An estimate of the standard error of a stratum DVMT estimate is given
by the following formula:

Np (Np — np) . IDni \2 ZDpj
5 = J P [2 D%, + ( i )(Elzm)-Z( . )2Dhilhi] 3-3-3

where

sp = standard error of DVMT estimate in stratum h,
Nh = number of universe sections in stratum h,
np = number of sample sections in stratum h,

DVMT of section i in stratum h, and

Dhpi

1hi = length of section i in stratum h.

3-3-17



This formula is presented in page 155 of Reference 5. A complete
discussion of ratio estimation procedures is included in the reference.

The errors introduced by the use of factors to develop AADT estimates
have been ignored. The assumption made is that these errors are
normally distributed and therefore cancel out. The reason for ignoring
these errors is that VMT estimates could be derived independent of
AMDT, i.e., directly expanding the 48-hour short counts adjusted only
for axle correction or measurement error. The procedures nave been
tied to AADT for consistency and to integrate the point-specific and
system estimation aspects. -

Estimates of the standard error of aggregate VYMT estimates are derived
by summing the squaréd standard errors of the appropriate strata and
taking the square root of the total. Coefficients of variation and
confidence intervals can be derived by standard statistical procedures.

Computation of Growth Factors

The development of growth factors again brings to the surface the
difference between point and system estimation. Growth factors at a
point can be best estimated based on the presence of a continuous ATR
assuming the differences found from year to year can be attributed to
growth. Since it is well known that many extraneous effect contribute
to these differences, the assumption would be incorrect in many cases.
It should be clear that even with continuous ATR's the point-specific
growth factor may be questionable. " System growth estimates can be
developed from all the continuous ATR's and this averaging effect
compensates for the extraneous effects. However, the number of
continuous ATR counters is very limited and may be insufficient to
develop accurate system figures. The selection of ATR locations
becomes very important in this context since growth occurs in some
areas and not in others.

Growth factors can also be developed from the coverage program if
structured in the manner recommended in this guide. Since AADT
estimates will be developed annually at each HPMS sample, the AADT
ratios from year to year should provide point-specific growth ratios.
If continuous ATR factors were considered questionable, point specific
estimates based on coverage counts would be expected to be less
"reliable by orders of magnitude. Another approach would be to use the
cycle repetition (every 3 years) to develop these factors. System
growth estimates can be developed from the rotating 3 year coverage
counts and, since the number of counts is large, the averaging effect
would be expected to reduce the variability considerably. Since the
three rotating panels are independent of each other and randomly
selecteg, independent verification of the growth estimates would be
available.
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The point of this discussion is to emphasize that there is not a best
procedure that would be applicable in all cases. Instead of
concentrating on a specific procedure, a better approach is to use all
the tools available to examine the question from several perspectives.
Rather than develop a single estimate, the different programs should be
used to provide a number of alternatives from which appropriate growth
ranges can be derived.

The procedure recommended in this Guide is based on the coverage
program because 1t i1s believed that the large spatial sample size in
the coverage program 1S superior to the large temporal sample size 1n
the continuous AIR program. However, both procedures will be presented
because of the 1mportance for adequate verification and the examination
of alternatives.

The estimation of annual growth factors based-on continuous ATR's
requires a minimum of two continuous years of data. Estimates can be
developed by specific location, aggregation of specific locations,
seasonal factor groups, and aggregation of groups. Location estimates
are simply the ratio of AADT for the latest year to AADT for the
previous year. Aggregations require the averaging of all appropriate
locations. The aggregation would be most appropriate by the
established seasonal groups defined using the procedures in Chapter 2.
Statewide estimates should be weighted by the YMT carried by each of
the seasonal groups.

The procedures for the development of growth factors based on
continuous ATR's are as follows:

Annual growth factor at a location:
Gp = AADT{/AADT; - | 3-34
where Gp = growth factor at location n,
AADT¢= Annual average daily traffic (AADT) for year t, and
AADT¢.1= AADT for year t-1.

Annual growth factor for a seasonal group:
Gp = 2Gy/np 335
where Gp = growth factor for seasonal group h, and
6p = growth factor of location n within group h, and

number of locations in seasonal group h.

b= ]
¥
]

Standard error of annual growth factor for a seasonal group:
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1
8h = {I 3, (Gp — Gp)*/(mp—1) 3-3.6

where sﬁ = standard error

Annual statewide growth factor:
G = 2V Gy/V 3-3-7

where G = statewide growth factor
Yh = YMT or DYMT for the seasonal group h, and
Y = statewide VYMT or DVMT (excluding local functional

class).

A rough estimate of the variability (standard error) of the statewide
growth factor is obtained by adding the square of the standard errors
of the seasonal groups used in the computation of the statewide growth
factor and taking the square root of the total. More complex formulas
which account for YMT error could be developed, but the many
uncertainties and assumptions in the estimation process would hardly
Justify the additional effort.

The procedures for the estimation of growth factors based on the HPMS
core framework are recommended in this Guide, as stated earlier,
because of the belief that the large spatial sample size of the
coverage program {is superior to the temporal sample size of the limited
continuous program. Several different procedures can be used to
estimate growth rates and the procedure presented here is just one of
many possible. The annual counts could be used directly, converted to
AADT, or converted to system VMT through the HPMS procedures before
proceeding to estimate growth rates. Because of the emphasis on
point-specific estimation and to provide a firm starting base, the
recommended procedure is to convert to AADT before developing the
growth factors {growth factors are not needed for sections actually
counted during the year). This will allow the development of
point-specific, system, and statewide estimates starting from the one
basic building block in traffic counting - AADT. The computation of
growth factors will require the program to have been in operation for a
full 3 year cycle. However, even with one year's data very rough
estimates could be derived based on historical or earlier AADT
estimates at the corresponding sample sections.

The first step of the procedure is then to compute the AADT at each of
the sections counted during the current year. A direct point-specific
growth estimate can be derived based on the ratio of present AADT to
past AADT (3 years ago). Aggregations by HPMS strata or combination of
strata could be developed as needed. The recommendation is to develop
factors at the functional class level for use in the expansion of
sections not counted during the current year to AADT. The reason for
the recommended procedure is that extraneous effects will be averaged
out resulting in a better estimate of system growth. In this context,
it is relevant to mention that computation of point-specific growth
estimates would 1nd1cpte whether the point values differ significantly
from the system value and whether the system value may be inappropriate
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for point-specific concerns. Plotting the location information on a
map would be invaluable in estimating pockets or patterns of growth and
in the detection of errors.

The procedure for developing functional class growth factors is to
estimate AADT for the current year sections, expand these estimates to
functional class DVMT, divide the resulting estimate by the
corresponding estimate from the previous 3-year cycle counts, and
divide by three to average the growth over the 3 years. For the first
and second years, the use of available AADT's for HPMS sample sections
could be used to derive rough estimates (in these cases, the
appropriate number of years would be used as the divisor).

The estimation procedures for section AADT and functional class DVMT
have already been described. The equation for estimating functional
class growth factors based on the 3-year cycle HPMS Coverage program is:

Gn = 1+—;— (DVMT,,/DVMI’h_;; —1) 3-3-8

where
Gp = growth factor for functional class h,

DVMT,, = daily vehicle miles of travel (DVMT) for functional

class .
h during current year, and

DVYMTp.3 = DYMT for functional class h from previous 3-year
cycle. '

Since the complete sample consists of 3 rotating fixed panels,
independent verification of growth factors will be provided each of the
3 years. If the differences between years is larger than twice the
precision of the growth factors, then it may be necessary to smooth out
the time-series by, perhaps, a moving average procedure. Growth,
factors from alternative procedures ?continuous ATR's) would also help
to confirm the validity of the values derived from the coverage
procedures.

The precision of coverage growth factors can be estimated by the
following equation:

Ch= y CV&+CV3_3 . 3.3.9

where
Ch = the relative variance coefficient of growth factor Gy

expressed as a percentage of the factor,

CVp = the relative variance coefficient of the DVMT in
functional class h during the current year, and

CVph-3 = the relative variance coefficient of the DVMT in
fun%tional class h during the previous 3-year count
cycle.
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Tne relative variance coefficients would be estimated from standard
procedures similar to those presented for the continuous ATR's.

Tne resulting system growth factors by functional class would be used
to expand the remaining two-thirds of the HPMS sample not counted
during the current year. The result would be that all HPMS sample
sections would have a current AADT value (estimate).

Estimation of Day-of-Week Factors

The statistical procedures described in this Guide recommend the use of
day-of-week factors only if such use is shown to be necessary. The use
of these factors may serve to improve both AADT and VMT estimates

depending on the manner by which the counting procedures are structured

and implemented.

Statistical sampling procedures require that each unit in the universe
have a positive chance of selection. Excluding weekends from the
temporal sampling frame would act to bias the procedures in
unmeasurable ways. This in the reason for recommending full inclusion
of the 7 days of the week. On the other hand, it is known that in many
cases the work-week days are more consistent than the weekend days for
AADT estimation. Many State programs have preferred the use of
work-week days. The cost of using personnel outside of normal working
schedules has restricted the use of weekend counts in the past. The
development of automatic equipment which can be placed and retrieved
during normal working schedules may eliminate or reduce tne restriction
in future programs.

Data from the continuous ATR program would be used to develop the
day-of-week factors. Because of the potential differences between
functional classes, the analysis would be carried out using the
established seasonal groups as described earlier in Chapter 2 of this
section. If no significant or large differences are detected, then
statewide aggregation would be appropriate.

Since tne use of monthly factors has already accounted for month to
month variation, the development of day-of-week factors would be
carried out for each month. It is very likely that montnly differences
will be insignificant, in which case aggregation of several months or
the use of the combined factors for the full year would be appropriate.

The factors can be computed on an individual basis (7 daily factors) or
a combined weekday (Monday, Tuesday, Wednesday, and Thursday) versus
weekend (Friday, Saturday, and Sunday) factor. This decision depends
on the data analysis and tne State's perspective. If the computation
of dajly factors results in very similar figures then the simpler
combined approach would be preferable.
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So far, the discussion has considered an extensive number of possible.
actions including the determination of individual or combined
day-of-week factors, by seasonal group, and by month. It is hignly
unlikely that all of these effects will be judged significant; indeed,
since the procedures recommend the use of 48-hour periods which dilute
the daily differences, daily factors may not be needed at all. Another
consideration is introduced by the fact that examining all the
possibilities mentioned will dilute the available ATR data, thereby
introducing small sample discrepancies. In the final analysis. the
judgement of the analyst guided by the knowledge of State conditions
and supported by the interpretations derived from the data must be the
deciding factor. Adequate documentation should be maintained to
support the decisions made and to allow future reexamination.

The daily factors for a single continuous ATR location by month and
seasonal group are computed as the ratio of MADT to monthly average
day-of-week volume. For example, the Monday factor in January is the
January MADT divided by the average volume of the Mondays in January.
Tne seasonal daily factor for a seasonal group would be the average of
all the continuous locations within the seasonal factor group. For
example, the Monday factors in January for the Interstate Rural
seasonal group is the average of the Monday factors of the Interstate
Rural continuous ATR locations in January. The standard error and
relative variance coefficient are estimated using standard procedures
assumming a simple random sample (the same procedures used in the
seasonal factor discussion in Chapter 2 of this section).

Since the procedures recommend the use of 48-hour periods, the
application of the factors would require the averaging of the
appropriate daily factors. For example, a 48-nour period including
Monday and Tuesday would require averaging the Monday and Tuesday
factors. Alternatively, the factoring procedure could be carried out
as the combination of two days and would result in factors for the 7
possible combinations of 2 contiguous days. Otner complications could
arise such as a 48-hour period including the last day of one month and
the first day of the next month. A1l these considerations can be
easily handled based on a commonsense analytical interpretation.

The procedures are, indeed, data driven and to be successful require
the use of flexible, computerized, analytical tools; and the skill to
use effectively the available tools.

Estimation of Axle Correction Factors

Tne application of axle correction factors is dependent on the type of
equipment in use. Obviously, vehicle detectors do not require the
adjustment. However, the preponderance of equipment dependent on
pneumatic tube detectors in counting operations makes the development
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of these factors a virtual necessity. To represent vehicles, counts
taken by axle counting equipment require adjustment by axle correction
factors. Tne magnitude of the problem will obviously depend on the
traffic characteristics at the point or system. For the system
purposes of this Guide, axle correction factors by functional class are
considered sufficient. For point-specific concerns, the judgement of
the analyst and knowledge of specific conditions are of primary
importance. If the system factor is not considered appropriate, then a
special count may be required. This condition is 1ikely to surface for
specific situations such as truck routes or truck traffic generators.

The structure of the Traffic Monitoring Guide provides a simple process
for estimating these factors for the specific points in the
classification sample and for the system in general. The adjustment
factor at a point is simply the ratio of venhicles to axles as
determined by a classification count. JSince most classification
equipment provides both a vehicle and axle count directly, very
specific procedures are unnecessary. If the AADT is estimated based on
axles and the axle correction factor is multiplicative ( the
recommended procedures), then the ratio of vehicles to axles (axle
correction factor) must be positive and range between the values of 0.2
and 0.5. A functional class factor is derived as the average of the
individual factors of all the classification locations within the
specific functional class. Standard errors and relative variance
coefficients are estimated based on standard procedures assumming a
simple ;andom sample (tnhe same procedure used in Chapter 2 of this
section).

The application of the factors is a straightforward procedure. Sample
sections where classification counts are taken or where vehicle
detecting equipment is used require no adjustment since the number of
vehicles are known. Sample sections where axle counts are taken are
assigned the factors on the basis of functional class and these are
applied in the computation of section AADT.

Data Collection and Processing Considerations

Many concerns must be addressed when implementing a program of this
magnitude. Only some of the most salient considerations are addressed
here. So far, no mention has been made of actual detail of data to be
collected. Obviously much depends on equipment capability and the
objectives of the program. In general, hourly breakdowns are
recommended for the truck weight and classification sample sections.
This would allow examination of other concerns such as peak-hour volume
and design-hour factors. Urban locations may be desired by 15 minute
intervals. Rural volume locations not tied to classification or weight
may need only daily volumes for the monitoring period. Although the
Guide recommends the use of 48-hour period a break or subtotal for each
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24-nour period is recommended for all locations. The daily (24-nour)
break in very useful for analysis of daily variation and is required
for the factoring procedures. Furthermore, it may be.very desirable to
structure the full HPMS coverage element on an hourly basis (equipment
permitting). This would allow addressing other related concerns such
as peak-hour periods or examination of traffic conditions during

- specific hours, and provide sufficient records to detect equipment
malfunctions or to input missing periods due to equipment malfunction.

Missed counts due to equipment failures, bad weather, or other reasons
should be made up during the year. Partial counts could be adjusted
based on hourly imputation procedures or retaken. Abnormal situations
such as major construction, etc., should be handled based on the
judgement of the responsible official. The typical procedures in use
by each State should be applied and documented.

Data processing procedures should be designed to allow efficient
utilization of computerized data. All procedures for data editing, the
calculation of AADT estimates, and the development of factors should be
fully computerized. Documentation on the processes including tables of
the factors used should be maintained for historical purposes and to
allow future reviews. Computerized data management and analysis
procedures should allow the use of both mainframes and microcomputers
and provide a connection to other relevant data bases. Since the HPMS
requires reporting of AADT information, the use of unique HPMS sample
section identification numbers in the data base would allow a direct
connection between all the related programs (HPMS, volume,
classification, weight, and any other). These numbers would also allow
a tie-in to future developments such as computerized mapping tools.
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CHAPTER 4

The Special Needs Element

Introduction

The development of a sampling approach for volume estimation can be
predicated on two related but different concepts: Vehicle Miles of
Travel (VMT) and Annual Average Daily Traffic (AADT). VMT estimates
are more relevant to the systems and usually referred to as system
estimates. AADT refers to specific locations and is, therefore, termed
point-estimation. The procedures for developing these estimates are
dependent on multidimensional effects which include temporal variation,
spatial variation, equipment error, and adjustment factors. The two
major concerns in VMT estimation, excluding equipment, are the temporal
"and spatial dimensions. AADT estimation presents a somewhat different
problem since spatial considerations become immaterial, AADT
estimation is concerned with temporal variation at the specific point
in question. The only way to obtain an exact AADT (ignoring equipment
error) is to install a continuous ATR at the desired point and count
365 days a year. Lacking an ATR, a number of short counts distributed
throughout the year and averaged would provide an estimate. Sampling
theory could then be used to define the length of counts and the number
needed to achieve a desired precision. If the temporal periods of
measurement were strictly defined and randomly selected, the
reliability of the AADT estimate could be directly estimated. The less
costly and less reliable approach is to take a short count and use a
variety of adjustment factors to develop the AADT estimate (less
reliable because extraneous factors are imputed to the specific
location). Since this latter approach is, by far, the most common
today; it is clear that cost considerations take precedence over
reliability. The reliability of AADT estimates does not appear to be
an overriding concern judging from the majority of existing State
programs. It is apparent that the major need is to quantify the
traffic at specific points roughly rather than in a strictly accurate
manner. The concerns are then to detect changes of a large nature
presenting an order of magnitude problem rather that one of detecting
minute differences. This definition, as presented, allows a simple
tie-in of AADT to VMT since system VMT estimates do not require
accuracy at the point level.

It snould be clear from this discussion that it is AADT (point -
specific) estimation that complicates traffic counting programs. VMT
estimation, by itself, would require small samples of short duration
randomly distributed over the geographical (spatial) system and the
calendar (temporal). The adjustment factor approach would be
unnecessary. In fact, for generalized VYMT estimation, the continuous
ATR or Special Needs elements would not be needed. The combination of
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AADT and VMT requirements into a statistical program has been described
in the previous two chapters, and it is accompiished by establishing a
sample framework (HPMS core) and beefing up the procedures to insure
reliable AADT estimation at the sample points. What remains to be done
is to tie points not included in the HPMS core sample into the program
to provide a general measure of AADT.

In the case of the Interstate system, the higher precision HPMS
reliability requirements for VMT result in a large HPMS core sample
which should easily address most needs for AADT or VYMI. The lower
functional classes, due to lower VMT reliability requirements and far
greater system extent, have a smaller, sparse HPMS core sample
framework. These non-Interstate samples are sufficient for VMT
estimation and for AADT estimation at the sample locations. However,
the wide dispersion of the non-Interstate sample leaves enormous gaps
which can be filled to the degree desired by each State by the Special
Needs element of the program.

Chapters 2 and 3 have described the Continuous ATR element needed to
adjust short counts to AADT estimates; and the HPMS coverage sample
framework to produce VMT estimates, AADT at the specific sample points,
and the statistical tie to vehicle classification and truck weight.
This chapter describes the Special Needs element of the program. This
is the last element of the three-tiered volume counting program. The
Special Needs element is designed to complement and complete the
prog;am by providing sufficient flexibility to address any additional
needs.

There is no question that after the first two elements are in place
additional traffic data needs remain. However, these remaining needs
vary enormously from State to State. A comprehensive discussion of all
needs is impossible. The needs and the circumstances requiring them
are too diverse. The programs, philosophies, and constraints faced by
each of the 50 States are too different for complete coverage in one
report or to be dealt with specifically. Therefore, these needs are -
described in general terms. The ghilosogby of the Special Needs
element is then to provide wi ex Yy, to encompass the diversity
of situations, and to allow each State to design‘Tts;program in

e Special

accordance with 1ts self-defined needs and priorities.
Needs program can range from minimal, Jimited coverage to a full, 100

percent inventory of the system depending on the desires and needs of
each State. In general, judging by the size of existing programs,
needs, and data requirements; the Special Needs element is expected to
become the largest of the 3 elements of the program in most States.

The discussion of the Special Needs program in this chapter
concentrates only on volume considerations. Although the initial
direction and immediate needs may be more concerned with volume
aspects, other parts of the overall program also have special needs.
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The Special Needs element should then be inclusive to incorporate needs
in related programs such as vehicle classification, truck weight, speed
monitoring, etc. The integration of these separate needs will require
mote emphasis on initial planning and coordination but will result in a
more efficient and effective program.

Special needs can be generally subdivided into 2 major categories:
system needs and point needs. System needs reflect those concerns that
affect the overall nighway system, while point needs refer to specific
concerns needed for a decision at a single point in the system.

System Needs

Some of the most important needs of this nature are the development of
volume flow maps on a perioaic basis, the determination of volume group
strata for the HPMS and the development of subunit VMT estimates.

Flow maps have been traditionally developed by most highway agencies to
serve a variety of purposes. FHWA purposes that require flow map
information include the HPMS, the National Bridge Inspection Program,
and the National Railroad-Highway Crossing Program. Obviously, the
first considerations are the level of detail desired by each State in
terms of geography and highway system, and the tolerances desired in
terms of accuracy of AADT. For the Interstate system, the HPMS core
coverage should in many cases be sufficient to develop adequate and
accurate flow maps. Plotting of tne HPMS sample sections on maps will
allow a decision as to how many additional counts are needed to satisfy
the State's desires. In general, because of the controlled access on
the Interstate, only changes in traffic volume of a large magnitude
such as major interchanges not already covered require counting.
Concerns at a much finer level of detail such as interchange or ramp
volumes are beyond the capability of the defined procedures and would
require special coverage. Concerns of this nature may be more
applicable to point than to system estimation.

For systems other than the Interstate, the HPMS coverage structure is
extremely limited and may be insufficient in many States for adequate
flow maps even those of a general nature. Plots of the existing HPMS
sample locations will allow a determination of the number of additional
counts needed to satisfy the State's needs.

Tne manner and procedures for these additional counts are left to the
individual State's discretion. The recommendations for the core
program are not applicable here. Accurate and reliable procedures for
the development of AADT estimates have been presented in Chapter 3. It
is unlikely that the level of accuracy needed for flow maps would
approach tnat presented for the HPMS core. Procedures that generally
quantify the traffic volumes at specific points to a plus or minus 50
percent for low volume sections (under 5,000 AADT) and plus or minus 20
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percent for high volume sections (greater than 5,000 AADT) can be
easily derived with few constraints based on 24 hours or shorter
monitoring periods and 1imited adjustment for seasonality. Adjustment
procedures have been presented in Chapters 2 and 3 for expanding short
counts to AADT. Those procedures should be considered, but less
reliable procedures are applicable particularly if wide tolerance
levels are all tnat is reauired.

The determination of volume group strata for the HPMS is of key
importance in insuring that the HPMS sample remains attuned to changes
in the highway systems. With the passage of time, the traffic volumes
on the HPMS universe and sample sections change. These changes must be
monitored and the sample updated on a periodic basis to insure that
representativeness is indeed maintained over time. Since the changes
in the system are not, in general, of a drastic nature and the HPMS by
virtue of its statistical design provides a self-correcting mechanism
for minor deviations; the tolerance of needed estimates is fairly

wide. Minor departures from volume group strata specifications have
little or no effect. Indeed, the HPMS would be in great trouble if the
converse were true. Therefore, results from a wide tolerance,
up-to-date flow map are quite adequate for the purpose of establishing
and updating HPMS volume group strata, and no additional requirements
beyond the development of rough flow maps are needed.

The development of subunit VMT estimates is a very important concern to
a number of States; since apportionment of nighway funds to lower
Jurisdictions such as counties, urban areas, or towns may be based on
travel estimates. If only VMT estimates by subunit are desired, very
simple procedures based on the existing framework can be developed.
First of all, short monitoring periods are quite adequate for VMT
estimation. Second, the HPMS provides a complete universe definition.
of the State's road systems with the exception of the local functional
class which is excluded from the HPMS and would require separate
development. For all functional classes except local, the HPMS

sampl ing procedures as described in the HPMS Manual can be used to
develop the necessary sample sizes for the desired relfability levels
of subunit VMT estimates. All available samples, whether from the HPMS
core or other special purposes would be used in the scheme. Any
adaitional samples would be randomly selected from the remaining
universe sections within the subunits. Adjustment procedures to
convert short counts to AADT could be used before expansion to VMT or,
alternatively, direct expansion ( requiring a random spatial and
temporal distribution of the count schedule) of the short counts to VMT
requiring no adjustment could be carried out. It should be intuitively
obvious that if high relfability estimates for a large number of
subunits within a State are desired, the sample sizes will be enormous.
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Point-Specific Needs

One of the most basic concerns for traffic information is the need for
highway project information. This is perhaps the most important
concern from the point of view of State management of highway
programs. It is unlikely that available information from the
continuous or HPMS coverage elements will be sufficient to address this
need, however, available information should be exhausted before
additional data is collected. The manner by which this need has been
met in the past differs markedly by State. In some States the
information provided by the planning department through its regular
count program is judged adequate and no special counts are taken. In
otners, the planning information is disregarded no matter how current
and a special count is made whenever requested. It is debatable which
procedure is best. However, it is a waste of resources to disregard
reliable information no matter how current. It should also be very
clear that taking a special count by no means insures an accurate
estimate at the point in question. The reliability of a special count,
particularly a very short one, may be no better than plus or minus 50
percent. Yet, this may be quite sufficient to support the intended
decision. Project counts depend on the importance of the project and
of the decisions that will pe made based on the count and should be
justifiable on that pasis. Many projects may be adequately supported
based on existing information, while an important project in a major
urban area may require taking hundreds of special volume and
classification counts.

Tne recommended procedure is to examine the available information
{maps) from the continuous, HPMS core, classitication, and any other
special need programs to determine whether sufficient 1n?orma%ion 1s
available. Even the specific location i1s not directly avatlable,
extrapolation from or interpolation between existing points may be
sufficient to address the need and may be even more reliable than a
special count. If in the judgment of the analyst, the available
information is sufficient, then special counts should not be
scheduled. The adjustment procedures previously described could be
used to estimate AADT or other appropriate procedures substituted.
Since the number of projects considered during an annual program is not
very large, the described methodology would seem far more efficient
than a blanket coverage of the compliete State system which may still
necessitate supplementary special counts and the maintenance of an
enormous data base. Tne decision on what is required is, obviously,
best made close to the source, thus complete flexibility is emphasized
for tnis level of the Traffic Monitoring Program.

Otner Related Programs

Other concerns can also be at least partially addressed by the defined
structure. Studies of a special nature, urbanized area transportation
studies, intersection studies, turning movements, traffic
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signalization, etc., can make use of any available information.
Otherwise, special counts can be taken justified by the importance
assigned to tne study. If all or most of the specific needs can be
defined at an early stage, it may be possible to coordinate the data
collection to address as many concerns as possible. It is, however,
unlikely that one program will be able to address all needs. Some
redundancy and duplication will always exist and may actually be

peneficial.

Growth areas and other areas where traffic variability is large, such
as recreational areas, should receive a high level of priority in the
planning of a Special Needs program. This is a basic consideration
because fixed samples (continuous ATR and HPMS core elements) tend to
be impervious to changes that occur away from the sample points. Tnis
is particularly important for the continous ATR element which consists
of a very limited sample. Growth areas are identifiable based on
knowledge of the nighway systems and by monitoring available
information on travel generators, construction projects, highway
construction, highway maintenance, zoning laws, building permits,
population growth, etc. Maintaining a higher level of attention in
these areas should also serve to indicate when seasonal patterns or use
of growth factors developed as a part of the general program require
revision or modification. Obviously, a periodic review of the
procedures will be needed to keep them up-to-date.

Future programs and studies can present a challenge to the organization
of any program. The maintenance of a clearly defined yet limited
structure (the continuous ATR and the HPMS coverage core) combined with
a very flexible Special Needs program should provide adequate 1eeway
for the use of existing information as well as the future
implementation of any needed modifications.

Data Processing Considerations

Tne effectiveness of a data base depends on the abjlity to extract
information quickly. This in turn depends on the computer systems
where the data §s stored and the skills of the analyst. The integrated
traffic monitoring program requires an effective data base management
function that permits easy access to the data base for information,
update, and control purposes. Capacity and processing speeds must be
carefully considered before a hardware determination is made. The
emphasis of the Traffic Monitoring Guide is on the use of
user-controlled micro or mini-computers, although larger machines may
be necessary is some cases. The sizes of the continuous and HPMS core
elements are well suited for small computer processing. However, tne
Special Needs element since it depends on State definition requires
careful analysis.
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Software must include a capable data base management package with
report or quick inquiry functions. A distributed data base operation,
where different purpose data bases are stored separately but can be
easily linked through common identifiers, may allow independent
operation of the different sub-programs without sacrificing overall
program integration.

The intricacies of a fully computerized program must be explored early
in the planning stage. The development of an integrated program is
totally dependent on the efficiency of a computerized operation.
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APPENDIX A

The computer printout tables included in this appendix were produced by
the SAS (Statistical Analysis System) package. For a description of
SAS procedures refer to the SAS User's Guides (References 3 and 4).

The procedures used were run in batch mode with standard Job Control
Language (JCL) through IBM's Time Sharing Option (TSO) at the
Transportation Computer Center (TCC) of the U.S. Department of
Transportation. Job submission through other methods, such as batch
using cards or interactive processing, is quite feasible depending on
the SAS installation specification of the computer facility used.

Other statistical packages can also be used.to conduct the analysis on
a variety of machines ranging from mainframes to microcomputers.
Statistical software for microcomputers capable of conducting these
types of analysis is beginning to appear. Although the capability and
processing power of any such packages may require examination, the
option would provide a very cost-effective alternative to organizations
owning or naving access to high level microcomputers. -

The appendix contains four major application or example routines and a
table of the student's T distripution which are described below:

1. Cluster Analysis Example - Pages 3-A-10 to 3-A-12.

Page 3-A-10 describes the ATR data used in the example. The first
column presents the observation number (0BS). The
second column presents the station number (STNUM). The
next twelve columns present the monthly average daily
traffic from January thru December (M1 to M12). The
last column presents the functional class (FUNC).

Page 3-A-11 describes statistical information used to evaluate the
cluster formation. An understanding of this page is
helpful but not necessary to interpret the results of
the clustering. A complete explanation of the
statistical terminology is provided in the SAS Users
Guide (Reference 4).

Page 3-A-12 presents a dendogram or graph of the cluster
formation. An understanding of this graph is necessary
to select the clusters. The columns represent the
location numbers (STNUM). The rows represent the
clusters ranging from 1 to 20. The first row {row 1)
shows a single cluster consisting of all the locations
. indicated by the solid 1ine (made of x's). The second
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row shows the first cluster break (two clusters)
indicated by the break (spaces) in the solid line. The
first cluster consists of 14 locations, those with
numbers between 600 and 1200. The second cluster
consists of 6 locations identified as those between 900
and 2200. The third row shows 3 clusters composed of 6,
8, and 6 respectively (indicated by the breaks in the
solid 1ine). The process continues until row 20 where 20
clusters each with a single location are shown. The
first four cluster breaks are indicated in the printout
by vertical 1ines with the sequential number at each
break.

The example consists of the three printouts presented and an
interpretation of the results. The MADT's are used as input. To
eliminate the effects of volume differences between ATR locations,
the factors themselves (ratio of AADT to MADT) should be used
instead. A rule-of-thumb for determining the appropriate number of
clusters is to stop when the cubic clustering criterion (CCC)
reaches a minimum. Another is to stop the cluster selection at the
point beyond which the coefficient of determination (R squared)
gains become insignificant. In this example, the CCC points to 3
clusters and the R squared to four.

It should be remembered that these are rule-of-thumb criteria and
continuing the process is sometimes effective. Since the intent of
the cluster analysis is to examine variation patterns and identify
recreational (high variation) locations, the simplest approach is
to examine the clusters until the known variation patterns in the
State stand out. If a grouping procedures is currently used, a
comparison of both procedures with the same number of groups should
be carried out.

The following table presents the four cluster break: .

Cluster 1 Cluster 2 Cluster 3 Cluster 4
ATR Func ATR Func ATR Func ATR
Number Class Number Class Number Class Number
800,1800 1 200,500 6 900 ) 2200
1500,2000 2 14000 7 2600,6000 n
700 n 100, 300 14 1900, 8000 12
1600 12 400,1300 16

1200

The interpretation of the defined patterns requires knowledge of
the location of the ATR's. Plotting the locations on a map is

- sometimes helpful in identifying or distinguishing the

"~ characteristics of the patterns.

-~
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In this example, the interpretation was unclear. The main result
was a separation of the higher and lower functional classes.
Interpretation at this stage is sometimes difficult and must be
aided by the knowledge of State characteristics.

Clustering procedures are adequate to identify patterns but are
usually insufficient for a complete determination of what groups
are appropriate. Since theory does not provide an optimal
solution, no clear answer to the question of what the appropriate
number of groups is can be provided. The answer usually depends on
actual differences between groups and on individual interpretation
of results. Tnerefore, an alternative procedure becomes necessary.

Descriptive Analysis of ATR Data - Page 3-A-13

Page 3-A-13 presents the ATR data sorted by functional class and
station number. The columns represent the observation
number (0BS), the station number (STNUM), the monthly
average daily traffic (MADT) from January to December
(M1 to M12), the functional class (FUNC), the annual
average daily traffic (AADT), the standard deviation of
the MADT's (MSD), and the percent coefficient of
variation of the MADT's (MCV). In the printout, check
marks indicate the traffic peaks at each location.

In the example, the rural pattern (functional classes
1, 2, 6, and 7) is quite distinct from the urban
pattern (functional classes 11, 12, 14, and 16) as
shown by the MCV's. Several locations (1500, 2000,
200, 14000, and 700) can be examined for the presence
of recreational patterns. Two of these locations (200
and 1400) may be discarded because of low AADT which
reduces the importance of the differences. Knowledge
of an important travel generator served by the ATR
locations may reverse the decision. Location 700
exhibits more of a rural than urban or recreational
pattern and is also discarded. Exceptions of this
nature (see also location 400) are very often found due
to the lack of precise definitional boundaries between
categories of functional classification. Similarly,
urban and rural areas are defined by boundary lines
that inadequately reflect the actual character of
continuous highways. The two locations remaining (1500
and 2000) do exhibit a summer recreational type of
pattern with the July traffic peaks almost 3 times the
January troughs. Verification of the location patterns
would require a reason or explanation such as the
presence of an established recreational traffic
generator. In the determination of recreational area
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patterns, the data provide only an indication.
Knowledge of the presence of recreational travel
generators is essential when establishing the
recreational pattern. ’

Tne following table describes the three groups directly
indentifiable from the data provided:

SEASONAL GROUP LOCATION NUMBER FUNCTIONAL CLASS
1. RURAL 600, 900,1900, 1
200,500, 6
14000 7
2. URBAN 700,2200,2600,6000, 1
1600, 1900,8000, 12
100, 300,400,1300, 14
1200 16
3. RECREATIONAL 1500, 2000 2

In this case, the data have not shown a need for regional breaks,
although, the very limited number of points (20) may mask or impede the
detection of all possible differences existing in the State. The point
is that the existing data, in this case, do not support the need for
regional breaks. Still, the decision to develop regional breaks rests
ultimately on the analyst's knowledge, data support being one of the
prerequisites.

Descriptive Analysis of Control Data - Pages 3-A-14 and 3-A-15.

Pages 3-A-14 and 3-A-15 present the control data sorted by functional
class and station number. The format is the same as that of page 3-A-13.
The check marks show the monthly traffic peaks at each location.

In the previous example, 20 ATR locations are basically insufficient to
detect or quantify the complete seasonal pattern picture in the State.
Therefore, an analysis of the control location data was undertaken.

The variability of these locations should be similar to that of the
continuous locations and support the patterns shown there. However,
since seasonal control data are collected for shorter periods of time,
usually one or two weeks each month or quarter, additional variadbility is
to be expected. The particular control program shown in this example
consisted of 2-week counts taken monthly. Each control ATR had basically
one-half the data of a continuous ATR.

As the check marks indicate, summer or early fall peaks remain the norm
but several noticeable exceptions exist.
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Tne first step in examining the control data printout is to
identify recreatifonal pattern locations, i.e., locations with a
percent coefficient of variation larger than say 20 or 25
percent. The following locations show such a pattern:

RECREATIONAL LOCATIONS FUNCTIONAL CLASS
70800 2
20500, 70400,70500,71200,73800 6
18900, 70600, 72600 7
50000, 71300 1
71000, 71500 12
70900,71600 14

Some of the Jocations with high variability (20200,33600,12500,
etc.) are not included due to questionable entries for one or two
of the monthly entries and/or low AADT's. Several others are
borderiine (70100). Plotting the locations on a State map should
clearly indicate the areas of the state where high seasonal
variability (recreational patterns) exist. In this example, the
numbering system makes it apparent that locations in the 70,000
range are in the pattern. Also, notice that recreational patterns
transcend functional class (the locations are distributed over all
functional systems). However, it is also apparent that some
locations with 70,000 numbers do not reflect the pattern (see
locations 70300, 73300, 75000), therefore, the assignment of
points or locations to the recreational group is not automatic and
can not be based completely on geographical definition.

Another important distinction is that the type of recreational
pattern is not universal. Although most of the locatfons
identified as recreational show a summer recreational pattern,
location 20500 shows a distinct winter (recreational) pattern with
traffic peaks during the winter montns. It should be quite clear
from this discussion why the need exists for the exercise of
Judgement in the assignment of factors to short counts when
dealing with recreational patterns even in the geographical areas
where the recreational patterns are concentrated. This is,
however, the exception to tne rule. It is also quite obvious from
the data that the majority of locations fall within the
variability ranges of their assigned groups by functional class.

Tne next topic of interest is whether sufficient differences exist
by functional class to justify separate groups. Similar questions
could also be posed regarding regional areas. The following table
examines the variability of control locations within functional
class excluding recreational locations already fdentiffed.
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PERCENT CdEFFICIENT OF VARIATION (MCV)

FUNCTIONAL NUMBER OF
CLASS MINIMUM VALUE AVERAGE VALUE MAXIMUM VALUE LOCATIONS

2 7.6979 16.7622 27.1M4 6

6 6.4447 15.3495 26.8586 14

7 8.1241 17.9500 34.3637 n

11 7.7349 10.8694 15,4683 8

12 4.3861 8.0987 18. 2506 23

14 3.6853 9.7941 17.3832 37

16 4,9034 11.8040 20.7685 8

The differences between the functional classes (2, 6, and 7)
.within the rural group do not appear to justify deviating from the
established groups. Minor differences will always exist when
analyzing statistical data as shown by the averages for the three
functional classes (2, 6, and 7) within rural areas, and
borderline locations will create minor distortions. The important
aspect is to distinguish the characteristics whicn identify the
major differences in the variation. In this example, urban
functional classes consistently show less variability than those
in rural areas; but once this break is made, the differences
become almost negligible.

Regional differences could be probed in a similar manner if
regional categories are considered important by the analyst. It
is also important not to overclassify because the total sample
size (number of locations) is dependent on the number of groups
establisned.

Once the recreational patterns are identified, either by specific
areas or as individual locations, a subjective determination is
made regarding the allocation of continuous counters to the
recreational groups. The remaining locations are assigned to the
appropriate groups solely on the basis of functional class
definition and region, if regional breaks have been defined.

Based on the analysis conducted, the continuous ATR locations have
been allocated to the seasonal groups as shown in the following
table: :
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SEASONAL GROUP LOCATION NUMBER FUNCTIONAL CLASS

1. INTERSTATE RURAL  600,900,1900 1
2. OTHER RURAL 200,500,14000 6
3. INTERSTATE URBAN  700,2200,2600,6000 7
4. OTHER URBAN 1600,1900,8000, 12
| 100,300, 400,1300, 14

| 1200. 16

5. RECREATIONAL 1500, 2000 2

Monthly Factor Analysis - Pages 3-A-16.to 3-A-18.

Page 3-A-16 shows the monthly factors for each ATR station. The
factors are computed as the ratio of AADT to MADT. The table
presents the number of observations (0BS), the factor group
(Group), the station number, (STNUM), the individual montly
factors from January to December (F1 to F12), the functional class
(FUNC), and the AADT. The check marks indicate the month where
average traffic is closest to annual average traffic (factor is
nearest to unity).

Pages 3-A-17 and 3-A-18 present statistical information on the
monthly factors by seasonal group. The information includes the
months of the year (F1 to F12), the group sample size (N), the
average monthly factor (MEAN), the standard deviation of the
monthly factor, the minimum value, the maximum value, the standard
error of the mean, the sum of the values, the variance, and the
percentage coefficient of variation (CV). The five seasonal
groups are Interstate Rural (1), Other Rural (2), Interstate Urban
(3), Other Urban (4), and Recreational (5).

The example builds on the previously described group assignments.
The check marks in the printout (3-A-16) indicate the month whose
average is closest to AADT. Several studies have indicated that a
good estimate of AADT could be obtained from counts during a
specific month of the year. While this is true in some cases, the
check marks clearly indicate that caution should be exercised when
following that procedure. An analysis of historical information
would be necessary since individual locations vary significantly.
What holds for one location may not hold for another. A
determination as to whether the difference is due to random
effects can only be determined based on a time-series analysis.
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Pages 3-A-17 and 3-A-18 present the monthly group factors (F1 to
F12) and statistical information about the factors. The seasonal
groups are defined in the previous section. The average (MEAN)
monthly factors provide the group factors for each month (F1 to
F12). The following table presents a brief summary of the
Interstate Rural group:

INTERSTATE RURAL GROUP

MONTH N MEAN FACTOR Cv (%) PRECISION (%)

" JAN 3 1.280 5.640 95 +or - 14
FEB 3 1.198 11.101 95 +or - 28
MAR 3 1.179 3.326 95 + or - 8
APR 3 1.100 5.993 95 + or - 15
MAY 3 .985 8.054 95 +or - 20
JUN 3 .924 8.234 95 + or - 20
JUuL 3 .823 7.987 95 + or - 20
AUG 3 .811 8.381 95 + or - 20
SEP 3 . 927 -7.395 95 + or - 18
ocT 3 .934 10.060 95 + or - 25
NOV 3 1.020 5.877 95 +or - 15
DEC 3 1.105 1.052 95 + or - 3

AVERAGE - 1.000 6.925 95 + or - 17

The precision of the monthly factor is determined by the use of
eguation 3-2-3. Values of the T distribution are given on page
3-A-19. For the January factor the 95% two-sided precision is
given by 4.303 (the T value) times 5.64 (CV) divided by the square
root of 3 and equals 14,

As the last column shows, the precision varies for each monthly
estimate. The design precision criteria could be tied to
individual monthly factor estimates or to a general annual average
encompassing all factors. The recommendation is to use the
average of the twelve monthly values. Under these criteria, the
average precision achieved by the use of the existing 3 locations
is approximately 95-17.

To estimate the number of locations needed to reduce the precision
to the desired 95-10, an iterative process using equation 3-2-3 is
used. The process involves using the average coefficient of
variation and substituting values of T and n in equation 3-2-3.
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The following table presents estimates of precision for the
Interstate Rural Group:

INTERSTATE RURAL

n T cv ESTIMATED PRECISION
3 1.303 6.925 95+ - 17
4 3.182 6.925 9 + - 1
5 2.776 6.925 - 9%5 + - 9
6 2.5N 6.925 95 + - 8
7 2,447 6.925 95 + - 7
8 2,365 6.925 9% +- 6

Under the assumptions made, 5 locations would be sufficient to
achieve the target 95-10 criteria in the example. This same
procedure would be applied to al) the defined groups with the
exception of recreational groups.

Table of Student's T Distribution

Page 3-A-19 presents a one-sided table of the T distribution. The
arrow indicates the values to be used in estimating 95 percent
two-sided confidence intervals as used in the sample size
analysis. The values of n represent the degrees of freedom.

For example, the T value with 95 percent (2 sided) confidence and
a sample size of 4 is 3.182:

Tgs 3 = 3.182
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MONTHLY AVERAGE DAILY TRAFFIC
tAR1 CONTINUOUS ATR DATA

WARD'S MINIMIM VARTANCE HTERARCHICAL CLUSTER ANALYSIS

SIMPLE STATISTICS

MEAN SID DEV SKEWNESS KURTOSES
M1 20211.90 17873.90 1.04 0.25
M2 20707.70 18227.33 1.05 0.38
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€l-vt

oRs

DDA NADWUN =

STNUM
600

1800
1500
2000

200

500
14000

700
2200
2600
6000
1600
1900
R000

100

300
© 400
1300
t200

15339
32801
25424
15480
11372
2820
J78%
1570
13230
63980
43844
34276
20370
37879
49576
/067
RS74
4494
1244
%416

M7

17594
34095
26269
19060
11627
2902
3188
1778
13076
66140
45047
JIRI7
19204
71977
49554
8259
6497
8390
7305
8379

M3

16911
36178
28001
20797
13529
2953
4206
1013
14694
T113%
45822
37513
21015
40989
540959
8R46
7175
5531
7848
6220

MA

16131
41162
30186
24846
15827
3759
3147
1070
16721
75364
A6704
40193
21657
A1970
54992
9165
7624
6061
8181
6574

MONTIWLY AVERAGE DALILY TRAFFIC
1983 CONTINUOUS*ATR DATA

M5 L[]
17668 18311
47371 49410
33693 17643
28779 37099
1R847 27660

4054 A%66

AGT! | 4872v

2650 2668
18969 21338
77367 17706~
A7065 49329
43226 AS610
22618 241089
41783 45023
56945 59423
10183» 10185

7629 7936

7021 61%7
8589 8765
6804 726%»7

M7 M8

20981 21460
50445~ S0431
A587S 46661~
48206~ 45810
28528~ 19564
$990» 5910
1572 4781
2768~ 2742
24898 26296~
75087 172715
951554~ 45851
46000 46528~
24797 25618~
43756 450391

%7404 60159~
.9466 10026
7600 8670~
7739 7728
8870 8885

AHT2 6709

20809
42124
38521
37283
15411
4398
4835
2590
22159
76569
47108
46499
28341
44822
87560
9881
7909
7683
8039~
70%4

Mi0

221147
41830
36077
28074
13354
4032
4768
12545
19101
76368
43581
42912
23777

46168~

584R9
9745
7686
7995¢ .
8895
6803

17929
44245
31847
20789

11978

3450
A44%
21RO

17302
73924
46240
40973
22923
43325
56035

84110
7561
6619
7724
6219

M2

16867
78398
30649

20824

14471
3059
3772
1975
16024
6AS590
49501
39138
22024
41780
55045
89374
7418
5528
8090
6070

A8:32 TIHIRSDAY,

FUNC

~NDANON = = -

AADT

18447,
42374.
34215
28976.
16430.
3957.
4253.
2129.
18660 .
73292.
46845,
41390.
22787.
42569.
55773.
9379.
7523.
6493.
R261 .
6423.

P AQOWN=AI LN =aUlafTlANIIVNVG

APRYL.

R

MSn

2319,

6212

6957,
1066 ¢ .
5156 .

1102

631,
643.
4325.
4716 .
2406 .
A541.
2023
2717.
414
696 .

585

1141

624

$90.

200V NVDWWICANDNNO I NN

taRf

Mrv

BNNNANAHIIOND

.5749
.6616
.3236
.79419
. 3nr04

84R0

.8%10

2427

. 1937
4351
. 1381
L9733
.87189
.1832
. 1226
L4275
.7877
.5863
.5647
. 1916



vi-v-¢

0ORS

QRANANIEIWN =

10

STNUM

16400
19100
20200
61700

70700.

TORCO
10100
20500
20900
29200
29300
JINN00
J0200
JIGNO
50900
51000
70400
70500
71200

"73800

12500
13000
15500
18200
19000
20300
21100
20300
2100
70600
72600
J1600
39000
50000
1100
60100
65000
69100
71300
2KH0O00
J0600
anroon
31000
10100

"A0500

50200
H0400
50500
55000
61300
61400
70100
71000
71500
R2000

5126
1929
6622
12751
18686
19526
A2R0
97717
210R9
2055
6456
1240
21817
4301
8193
7129
8830
£598
2059
g2

492
1193
2085
1284
1239
1216
4709
A1R38
2178
22683
13727
19597
23085
62514
244R7
37198
70933
11476
R 106
16497
6317
R073
33759
39877
21320
40068
26800
25024
29479
54250

42824

691G
27199
411549

M2 M3
5187 5346
1794 2184
6696 7271

11508 13600
24156 20R82
20352 23472
4430 4436
10611» 4892
23832 23594
2801 2526
7790 7743
1266 1476
269% 3178
1718 4748
5032 $130
7200 7482
12207 9687
7950 9101
9932 9913
4400 A800
163 585
1591 1562
2581 2110
1322 1129
1378 1307
1256 1429
5004 5458
5270 5194
229% 2844
21480 29167
5272 5021
150%6 16393
19601 22353
24928 27019
S9100 59498
24185 J6ASS
36388 39910
6R658 80090
11333 15359
8521 RAS2
16439 16229
26405 2R109
8324 8994
34220 J489%
40000 40300
20547 21472
44644 44876
30400 30007
26523 27002
34118 35014
53795 5R685
43100 %2275
11240 10188
27057 29944
39471 43058

M4

5798
2223
71599
13781
21009
2717171
1971
5529
24654
2978
A297
1544
3328
5286
5125
8437
123562
12344
11744
6915
%96
18R]3
2252
1465
1600
1433
5190
5888
2918
30287
6650
17030
23782
31554
A9837
29180
40R64
R2924
16633
a788
16127
29462
10615
%398
104319
22473
49254
29952
J01GA
an4e63
60070
53970
13063
33546
41848

1§

6601
2058
ARG {7
14095
22105
33017
6313
7619
25141
3137
8673
1609’
770
6014
5597
089
13076
12300
12530
7032
192
2090
2640
1BR 1
1643
1706
5690
5195
3430
37920
7500
17566
25GR6
36138
65166
31690
A2 1R
B54R)
24360
8994
18347
JORL6
1ORYY
34111
42701
23737
51407
31438
31432
38531
62295+~
609217
13871
38272
41129

AVERAGE DAILY TRATTIC RY MONI(H

13 CONIROL DAIA

MG M7 MR M9
1026 7963 7760 v 7405
2393 2517 2340 2758
R276 2192 9236 9195
146AR3 14493 14998 15400

26970 29685 10787~ 26997
39601 4878A»~ 47121 37836
S909 6691 71579 v 6324
6751 1624 4557 7500
24103 22519 23816 25079
082 293% 3273 1241
A277 8091 Ri142 a1
1561 1576 1580 1591
3998 4210 4294 v 3893
6231 RAT6 6272 9336
7251 71419 8070 » 8041
10234 » 9n37 9A97 aR/25
21503 23012+~ 23000 21000
22R22 2BRB0O 29621+~ 22000
15000 18000 » 17291 16489
13700 21465 22000+ 17000
708 1145 1135 922
2140 2660 » 2178 2153
416 798 » 3472 3218
1830 275% 3572+ 1R8BS
1736 1672 1961 » 1R32
1692 1831 » 1822 1627
6574 6375 6424 6639
5173 AS551 5100 5026
3424 4064 » 3769 3380
35425 49371+ 4B2R2 38144
99137 10939 11200+ 9600
17716 16387 17605 18219
27148 28374 29650 27593
47623 958910+~ 53943 40625
67446 68000 70212 69700
339059 136405 39386 ~ 36441
A3514 42299 45466 44800
90967 88044 92048 . 88418
24228 30000 30000 » 18267
9161+~ 8469 8580 8546
179R5 18193 1R231 18118

31343 » 28963
11199 10833
37RO 35622
44431 45646
24556 22789
S5AR%E » 5400
34795 v 29310

32955 30404
41779 232580
60519 57398
7034% 71211
24774 28077
48579 593343~
45235 ASAJ9 ¥

30040 30212

13455 v 12847

35047 38572
45902 14208
22711 24700
$8800 53365
33572 33411

32493 ¥~ 32157
140658 » 37561
61525 59668
73889 v 59810

25686 21252
54299 45217
45462 43RJ4

4

v

v

v

M10 M1
RT13 616A
2924 » 2494
10349 ¥ 4106
14921 14425
21840 19099
31284 27227
8132 $133
7800 6900
25571 v 25295
KPR 2837
9216 ¥ A9920
1751 v 1500
4238 3437
53A8 5215
6013 8314
RIGA RA241
141410 130418
12521 12631
12213  t1751
6169 6085
1000 533
2100 1900
2524 2416
1843 1692
1436 1313
1798 1512
66R3 v 5706
5900 v SRO0
3528 2887
34581 29423
6779 6242
{R93R v 1A179
27731 25457
32863 296110
71971 V¥ 56452
33526 30200
46194 46304V
R7404 85027
19121 17401
8157 2004

20257 ¥ 166441
30NN3 . A00RN
1000 10316

AGI10 34362
146903 » 42759
26200 v 22002
50469 49138
29813 28503
ANGIR  27R3N
34619 30502
5R229 5R0N0
59325 S&7817
11341 9179
400%4 36717
AIRST 42000

M12

5420
2176
3425
11664
17000
24341
14728
7500
21106
2850
T7RRO
1437
3316
5211
67310
T100
14000
000
10516
119%
4917
1550
2280
1425
1324
1418
5375
5723
2730
2G5R2
5641
17123
22938
26606
52513
29065
12233
Ad706
15000
7640
15120
28559
9500
7384
10221
21937
50910
28329
26901
27000
56231
A6'770
RONO
35430
44000

10: 19 MONDAY

FUNC AADT
2 6401 .
2 2354
2 7550.
2 14109 .
2 23276
2 1691,
6 5745 .
6 7005.
6 FRL I
6 2994 .
6 2137
6 15491
6 3595.
6 5974,
6 67289,
6 8611
6 15913
6 154R0.
6 12R69 .
6 9831
7 739
7 1916,
7 2732
7 1840.
7 1536
7 15641 .
7 5820 .
7 5321,
7 3120.
7 33612
7 7466 .
1 17019.
1 24984 .
1 36075 .
1 62700
1 31281
" 42290.
11 83611,
1" 19431
A601 .
17348 .
292176
104R2 .
35609.
12756 .
22R70.
50601 .
30527.
29459 .
35021
58388 .
57689
15301,
39312.
43329 .

WD P AadAONAIDIAWIDDAADININIINND WD aeadlAaNIDWNNCIWDOD=2aVINZVI2IaNDIIVIIWN D

APPLE

22,

Msn

QA9 ¢

325

2097 °

1ORG

AAAR

anIq

128R .
1920,

1534
S13

7% .

113

553

1604
1107
1193

5168.
8152 .
0715 .
fA26 .
257
a1

5An
[SUR)

236 .
210.

695
132

§574.
agaa,
2344

1414

a349
11801 .
1258 .

AB3R

3271

7293
/190
A271

1404
1672

1623
15641

2627 .

1640
5610

2375.

2667

4578 .
2666 .

10528
75?0
arav

1900

VZANONDIUWAINNCNOINLWAE2D—"TNINDINWANIDAIZTS LN 2 aDNAaN—NINVNIaAaDIDIAIVWAD

1nan

M\

15
173
27

33.
.EhHAR

a7

113
i

13
32

15.

w
=N J~N

A';’J‘D

G
7

11

'

a
13
A1

iR,

19
24
P

AGNR

LRIGA

71114

LG4
R

NG

. A0

4146
147
1571
010

.H0NS2
A0
.BYRG

GOG
RNOHNK
3143

fRaR.

.4119
ad.
.uag

a6y

5187

.571R
5.
.A129
.58
124
8.
26 .
aft,
.a0n3

1559

4165
A7TR]
979

A07R
7124
n769
AGRA
1349
71on
anet

.2699
L0769
.7124
. ARIS
.17

1147
173%
1471
1R17
0542

L0121

H5G77)
2506
1181
1005
a1



sI-v-¢

STNUM

82100
82200
94100
94200
94300
94400
94500
10500
10700
10800
10900
12600
16200
22900
25700
27200
28100
30400
30500
0800
30300
40200
40300
40600
40700
40900
41000
41100
44000
49100
50300
52600
53400
60700
6 1500
61600
65200
66000
70300
70900
71600
73300
75000
75000
36900
39200
44300
47500
56000
61900
Gas00
R2500

M1

46058
48000
19384
8098
16219
169%
24727
7103
12876
5783
1000%
2007
10964
8138
9534
7191
6375
14217
4547
8015
12377
19000
32700
13324
19300
11700
11412
6528
91R4
11600
14000
AG00
a100
28177
9004
6413
11652
5100
9409
13174
9432
.9900
13125

13125

35410
1560
10277
6600
1851
5297
11330
18740

M2

43976
48183
19293
8397
16046
8240
23829
1763
11461
%370
9340
1845
114719
R734
999R
7920
7281
15346
4483
8383
13495
19000
34000
13103
19400
11400
11922
$528
9400
11300

- 12800

4600
8100
24600
8936
5745
15566
4895
10864
15131
7937
9932
12700
12700
3162
478
9796
6600
2138
5442
11696
19799

M3 MA
44075 49544
50145 51042
22087 21139

9517 9586
17858~ 17732

9193 9037
26271 25936

8127 9316
12410 13465

6474 6666
11917 9687

2296 2377
12527 13095

8929 9972
10167 9907

7822  R448

7087 8080
15163 16455

5166 5348

8523 9108
13730 13487
19810 19773
33300 33945
12243 12283
20167 19766

9300 10094
12377  1247%

5669 5634

9897 10021
12383 17573
14792 11619

4599 1764
' 9R18 10484
25000 28316
9594 9567
6700 631
16100 17117

1876 6119
11245 11463
14530 17814
9770 10078
10143 10491
13268 13939
13268 13939
3962 4312

4800 4978
10348 10993
5375 = 6900
2077 2506
5746 5950
11824 11871
20088 20719

AVFERAGE DAILY TRAFFIC BY MONTH
1983 CONIROL DATA

M6 M7 MB
51038 A5557 46GR8)
50455 45811 S0000
22703 27141 22%19

9460 9338 9599
167346 15024 15921
10424 10576 10857
28500~ 27865 27590
11057 11396+~ 9556
15536 17815+ 17628

7652 8179 8554~
11704 12739 1303%

266R 3082 3228~

13196 12123 13901 ¥
{07R3+» 9700 10082
12351+ 11313 .

9673 . 9662 1002%

8986 ~ 8802 8860
17514 ¥ 16183 16971

6027~ SBRT 5762

9744 10743+ 9500
14673 14575 14619
22506 » 20210 20677
26294 35687 34779
14177 14548 14815
21865+ 20339 20632
14073+ 12336 11000
13320 12521 12409

6405~ 5815 5869
109A2 ~ 10125 9698
14784 » 14012 14300
16484 16483 16441

6811+ 5914 5204

9200 11093 $1146
A5380 » 34094 32984
10713 9667 10957 v

7191+ 6432 6386
18747 ¥ 16771 17936

7017 5412 6669
11721 11683 12000+~
24641 21415 22672 »
11755 " 12405 13893+
10801 9647 10704
18690~ 18187 17338
18690 ~ 18187 17338

S194¢ 4982 5033

5831, 5088 5105
11288 8884 10000

A717 6902 6852

A%595 3914+ 3530

7605 9B15+ 8435
12161 12700 12320
21806 19685 21189

M9

45516
46000
25490
8923
15778
9%39
24292
10021
15078
7551
13304 »~
2634
13531
10105

10041 v

8546
16853

5940

9060
14825
21565
34000

14966

20768
15420
12942
6294
1079%
14263
16795 »
5197
11714
32437
10800
7070
17282
7357 »
11900
21689
12700
10805
17130
17130
4968
5433
10600
9110
3480
6476
12945
20701

M M
AGAGRR A5576
53000 » 53000
23084 25805+

942% 9738V
15223 146235
10546 10191
24907 28051

7985 7578
16156 13928

7957 6906
13202 11766

2854  23%0
13859 122317

Q%40 931s%

9335 R870

A684 7800
16996 166R9

58314  §220

9724 7287
15115+ t4G3R
20193 21400
37735+ 33435
15202 13078
19869 19890
11331 12600
12393 1229)3

6079 5807
10161  9Ra8
13943  1350%
16666 14409

5444 4949
11650 10614
27322 26199
10800 9123

6694 6266
17092 17219

7179 4792
11600 11200
16047 15215
11560 5099
11567 11047
14902 14366
14902 14366

4894 4241

5707 4973
10976 10484

9100 7716

2371 2253

5926 5670
12500 11779

2242117 21000

M1

S11RS »
A7372
22117
RAG3
15978
110R? v
27249
A067
14072
6256
11680
2004
12855
8564

79817
1002
15458
5480
A400
13019
200626
34905
13451
20604
13330
19529 v
6065
10147
112R3
15722
1671
11253
26300
9862
6800
17500
61RO
11000
13813
5552
9500
14300
14300
4089
3715
10500
9562 ¥
2168
%884
14154+
20122

10: 19 MONDAY

FUNC

12
12
12
12
12

AADT

A7113

49592
22722.
8165 .
16058 .
9757.

26434
2080

14726 .

7081

11725,

250%

12744,
9520.
10515 .
a810.
8011,
16758 .

S40R

015
14103
20467,
34004 .

138R1

20317
11932.
12491
5910 .
10060 .
13600.
15169
$293.
10231,
28987,

9926

6597.
17057.
6047 .
11232,
17027,
10115,
10428.
15495,
15495 .
4440
$035.
10492 .
7614,
2718,
6590.
12295
20633

DWIAWWDWDWD =22V BINNWOEIITIONDNIUNNUWUWSND =2INDIDII=+=-00Nacd2UPNA2=edNOWBIA

APRIY

MSh

2512
2513
2478
511,
o956 .
1052

1638 .¢

1327
irag .
Qa3 .
1369
435 .
a07.
129
1069,
as it
LLR
1001
G514
240,
nR%S4 .
10736,
2R12
1112,
718

1730 .

S67
201

516 .2
1783 .5

1672 .
TR0
1270
e 1131
740.
86
1140.

an9 ¢

701.

IRGR T

2754
611
2208 .
2208.
65R .
565 .
716
12R7
711
13RAR .
RAS
1091,

22.

17

a7
15
1A
rA
L}
/7

.06

&1

.96

79
09
6

1ans

10

5.
10.
. 1onG

t5

12.

11

17

ANAIDILTBIAOODODN -

My

L3229
LORQO

apn4
SANA
0555
7045

91)
BARARI

L0255

1R

.ARJ2

1222

L0966
10,
10,
NNS §
. 1818
CARTA

1454
TR00

A13R5

.N594

0620
A4R7

.0t
LGRNR3
.5N16
K446
L0973
. 1313
L1135
.0229
.91RA1
.1701

130

LA%83
. 8550
.&RRA
L7102
L2719

61

T.2222
.RBN)
L2544
.2%A1
.R274
.29R1
1108
3114

112

. 16R%

RI1J2
aniq



9N-vV-t

0BS GROUP SINUM

-l - . ’
2CODNAADWN =

QUVONARN™LN

NI 22322 ADD2WWBDAONNN = -

12600

Fi

600
900
1800

200
500
14000
700
2200

1.20279
1.29174
1.34978
1.40719
1.12378
1.35610
1.40971
1.14858
1.07881
1.20756
1.16266
1.14439
400 {.44482
1200 1.18607
1300 1.14048%
1600 1. 11869
1900 1.12382
8000 1.12500
1500 1.78828
2000 1.444R4

000
100
300

F2

.01822
.24283
. 30249
.36913
. A0422
. 19716
L4267
. 10814
. 04001
.2239%
. 13963
. 15796
. 20464
. 19423
. 13093
. 18661
. 12093
. 128%0
. 92027
A1018

ra

. 14470
17137
.22192
. 34028
.01129
. 10176
.26926
.03032
.02233
. 10336
.06027
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MONTHLY FACTORS BY SEASONAL GROUP 10: 16 MONDAY, APRIL 22, 19RS 2
19R3 CONTINUOUS ATR DATA

VARIABILE N MEAN STANDARD ~ MINIMUM MAX IMUM STD ERROR SUM VARTANCE C.vV.
DFVIATION VALUE VALUE OF MFAN
---------------------------- MM e e e e e e .. ®n e e wm e m o= Gnnl,p" . e e e m o e e e e e e e e e s ee W e o s Nl B i te o e e e ee o wowmar m e = e -
Fi1 3 1.28010015 0.07220120 1.20278702 1.34577565 0.04168538 3.84030046 0.00521301 5.640
F2 k] 1.19784214 0. 13296900 1.04821720 1.30248582 0.07676969 3.5935294) 0.01768078% t1. 101
F3 3 1.17933038 0.9392 1936 1.14470445% 1.22192065 0.02264321 3.53799114 0.00157R 16 J3.326
FA 3 1. 10040952 0.06594752 1.02447093 1.14328519 0.03807482 J3.30122859 0.00431908 $.993
FS 3 0.98461225% 0.07930047 0.894%1704 1.04382688 0.04578415 2.9538367S 0.00628856 8.054
reé 3 0.82421818 0.07610192 0.85760305 1.00717237 0.04393746 2.77271153 0.00579150 8.234
F7 3 0.82324981 0.06575208 0.75074054 0.87900164 0.03796198 2.46974944 0.00432334 7.987
Fe 3 0.81096329 0.06796368 0.73326761 0.8%5938 180 0.03927885 2.432R89AR7 0.0016 1906 8.381
F9 3 0.92680760 0.06853658 0.88626716 1.00593882 0.03956961 2.78042279 0.00469726 7.39%
Fl1o 3 0.93422709 0.09398371 0.83396642 1.02032667 0.05426152 2.8026R126 0.00883291 10.060
Fi J 1.01951459 0.05992179 0.9555568 1 1.07435551 0.03459586 J.05854377 0.00359062 5.877
Fi12 a 1. 10450566 0.0116 1487 1.093939736 1.11656822 0.006 70585 J3.31351699 0.00013491 1.082
R e T M Nt e m e .- —— e GROUP B - mrmmr e e e e e et e rrc c v e e rr e e e ot cm e e —— - ———————
Fi 3 1.29445637 0. 14969835 1.123771807 1.40348700 0.08642838 3.88336910 0.02240960 11.565
F2 3 1.29850377 0.08875010 1.19745969 1.36382954 0.05123989 3.89551132 0.00787658 6.835
F3 3 1.48444309 0.55934590 1.01129339 2.10176045 0.3229385%1 4,4%5332926 0.31286784 37.681
F4 3 1.50655983 0.42737524 1.178277127 1.989797% 1 0.246745219 4.51967948 0.18264959 28.368
FS 3 0.89677499 0.0872530% 0.80342767 0.97627857 0.05037557 2.69032496 0.0076 1309 9.730
F6 3 0.814595423 0.04164054 0.79800725 0.87305008 0.02404118 2.53786270 0.00173393 4.922
F7 3 0.78675149 0. 13565482 0.66074012 0.93033683 0.0783203% 2.36025446 0.01840223 17.242
FB J N.778607319 0. 11000720 0.66968415 0.88966743 0.06351269 2.233582253 0.01210158 14. 129
F9 3 0.86722922 0.0404 1559 0.82203990 0.89991663 0.02333395 2.60168765 0.00163342 4 660
F10 3 0.90334340 0.07304624 0.83657498 0.98136210 0.04217327 2.71003020 0.00533575 8.086
Fil 3 1.02691989 0. 10462985 0.95691789 1.14719807 0.06040807 J3.08075968 0.01094741 10. {R9
F12 3 1. 16650010 0.11303106 1.07TRO 1688 1.29383211 0.06525R51 3.49950040 0.01277602 9.690
Mt e L et bt i e e mmaeiimm e e m e e e e m—— . — e e .- o GROUP R m - m et m i h e o n e c e i e e e e cm oo s, o e e e e e moae imcmemms e .
F1 4 1.20965860 0.14381846 1.075R81221 1.409712717 0.07190923 4.83863439 0.02068375 11.889
F2 4 1.19960344 0. 16914262 1.04000992 1.42631539 0.08457131 A4.79841377 0.02860922 14. 100
F3 4 1.10631862 0.114582321 1.02232916 1.26925956 0.05729160 4.42527446 0.01312931 10.3%7
Fa L] 1.03017899 0.06144142 0.97250787 1.11939382 0.03072071 4.12071594 0.00377505 5.964
F5 4 0.96669206 0.01708106 0.94733004 0.98320945 0.00854209 J.86676824 0.00029187 1.767
Fé 4 0.9185953% 0.03501010 0.87405099 0.94964760 0.01750505 3.67438138 0.00122571 3.811
F7 4 0.88342895 0.09577395 0.74916650 0.97609551 0.04788697 J3.53371579 0.00917265 10.841t
F8 4 0.892242341 0.13342%85 0.70925236 1.02168255 0.06671292 3.56897362 0.01780246 14.954
F9 A 0.92085660 0.06818479 0.84166704 0.99442062 0.03409239 J3.68342638 0.00464917 7.404
F10 4 0.99389448 0.05445657 0.95972244 1.07489885 0.02722829 3.975577919 0.002965%52 $5.479
Fi L] 1.02315090 0.03772294 0.991451814 1.07787667 0.01886 147 4.09260359 0.001422302 J.6R7
Fi2 4 1.059090R0 0.08905059 0.94634789 1.16391038 0.04452%30 4.23636238 0.00792001! R.A08



MONEIHLY FACTORS BY SFASUNAL
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GROUP 10: 16 MONDAY | APRIL 22, 19R% 1
19A3 CONTINUOUS ATR DATA
VARTARBRLE N MEAN S TANDARD MINTMUM MAX T MUM STD ERROR StiM VARTANCE c.v.
NEVIATION VAIUE VALUE OF MFAN

------------------------------------------------------------- GROUPEY - cccrccmmccc e r e rm e ececore e mmoe cimt . cmmmimeme——oe
F1 8 t.18073825 0.10904218% 1.11869170 1.44481331 0.03A855222 9.4A4590677 0.01189019 9.235
F2 8 1.1%70%270 0.03372840 1.12092626 1.204623822 0.01192479 9.25642158 0.001137A0 2.915
F3 8 1.06526340 0.04717477 1.03102104 1.17392877 0.01667880 8.%52210716 0.00222546 4.408
F4 e 1.018R0O6G6E 0.031115%40 0.97714481 1.07127537 0.01100095 8. 14885346 0.00096817 J3.055%
rs 8 0.9600%617 0.036%5877 0.9210612% 1.01955%349 0.01292548 7.74444936 0.00133654 3.777
F6 8 0.94777401 0.04804001 0.08420809 - 1.0%457203 0.01698472 7.58219223 0.00220785 $.069
F7 a 0.95307536 0.05127815 0.83899729 0.99082682 0.01812956 7.62460287 0.00262945 5.380
F8 8 0.9106452% 0.0404256R 0.84019151 0.9%5748249 0.014292641 7.28516203 0.00163424 4.439
F9 8 0.92429084 0.03931034 0.84842545 0.96895558 0.01389831 7.39432676 0.00154530 4.253
Fi10 8 0.93255689 0.05197154 0.812132%8 0.97882514 0.01837472 7.46045509 0.00270104 $.573
Fi1 8 1.00585793 0.03026427 0.98096389 1.06957751 0.01070003 8.04686341 0.00091593 J3.009
Fi12 8 1.041946%4 0.0562ARI 1.00088117 1.17456585 0.01990092 R8.335%5723% 0.003168737 5.402
- e e e e e W = e e e h M ey et m e B E M. .. Rm— e ——E. .- GROUPSS ~vcccccmccm e st et nmmee e e e s e re e e ms smesmmmmmmcmme
F1 2 1.60155619 0.221623728 1.44480527 1.75827771 0.15672122 J3.20311298 0.04912308 13.R839
r2 2 1.46671063 0.07574962 1.41314786 1.52027370 0.0%356307 2.93342126 0.00573800 5. 165
F3 2 1.303988772 0.12844%10 1.214477%4 1.39329791 0.08941018 2.60777545 0.0159A8836 9.698
F4 2 1.10219114 0.09057977 1.03914187 1.16624071 0.06404957 2.20438228 0.00820469 8.218
FS 2 0.939325%95 0.09550721 0.8717921% 1.0068597% 0.0675%3380 1.87865190 0.00912163 10. 168
F6 2 0.75307608 0.0395703% 0.72509562 0.78105654 0.02798046 1.506 15216 0.0015658 1 5.254
F7 2 0.5R8%2221 0.01778152 0.97%994878 0.60109%65% 0.012572343 1.17704442 0.000316 18 J3.021¢
F8 2 0.73827314 0. 143623990 0.63670439 0.83984189 0.10156875 1.476%4627 0.02063242 19 .456
ro 2 0.92199630 0.20788%14 0.777182774 1.06616486 0.14416856 1.847399260 0.04156915 22.113
F10 2 1.13126885 0.14018298 1.03214421 1.23039289 0.09912434 2.262537 11 0.01965127 12.292
Ft1 2 1.38278%5%8 0.01562494 1.37173707 1.39383408 0.01104850 2.76557115 0.000244 14 1.130
F12 2 1.26345%83 0. 18106963 1 1.39149139 0. 12803556 2.5269116%8 0.03278621 14.2321%

. 13842027



ONE-SIDED STUDENT'S T DISTRIBUTION

.85 Level (2 sided)

. F 0 75 80 95 975 99 995 9995
1 .325 7000 | 3078 | 6314 | 12706 |31.821 |63.657 | 636.619
2 289 816 | 1886 | 2920 4303 | 6965 | 9925 | 31.598
3 2n7 765 | 1638 | 2353 3182 | 4541 | 5841 | 12941
4 2n 741 1533 | 2132 2776 | 3747 | 4604 8.610
5 267 727 | 1478 | 2015 2571 | 3385 | 4032 6.859
6 265 718 | 1440 | 1943 2447 | 3143 | az07 5950
7 263 711 | 1415 | 1895 2365 | 2998 | 3.499 5.405
8 262 706 | 2397 | 1.860 2306 | 289% | 3355 5.041
9 261 703 | 1383 | 1833 2262 | 2821 | 3250 4.781

10 260 700 | 1372 | 1812 2228 | 2764 | 3.169 4587
1 260 697 | 1363 | 1.796 2201 | 2718 | 3.106 4437
12 259 6% | 1356 | 1782 | 2179 | 2681 | 3.055 4318
13 259 694 | 1350 | 1171 2160 | 2650 | 3.012 4221
14 258 692 | 1345 | 1781 2145 | 2624 | 2977 4.140
15 258 691 | 1341 1.753 2131 | 2602 | 2947 4073
18 258 690 | 1337 | 1748 2120 | 2583 | 2921 4.015
17 257 689 | 1333 | 1740 2110 | 2567 | 2898 3.965
18 257 688 | 1330 | 1734 2101 | 2552 | 2878 3922
19 257 68 | 1328 | 1720 2093 | 2538 | 2861 3.883
20 257 687 | 1325 | 1725 2086 | 2528 | 2.845 3.850
21 257 68 | 1323 | 17 2080 | 2518 | 2831 3819
2 256 686 | 1321 1.717 2074 | 2508 | 2819 3792
2 256 685 | 1319 | 1714 2089 | 2500 | 2.807 3.767
24 256 65 | 1318 | 1 2084 | 2492 | 2797 3.745
25 256 684 | 1316 | 1708 2080 | 2485 | 2787 3725
2 256 684 | 1315 | 1708 2058 | 2479 | 2779 3707
27 256 e84 | 1314 | 1703 2052 | 2473 | 2m 3.680
2 256 683 | 1313 | 170 2048 | 2487 | 2763 3674
2 256 683 | 131 1.699 2045 | 2462 | 2756 3659
30 256 683 | 1310 | 1607 2042 | 2457 | 2750 3646
40 255 881 1303 | 1.684 2021 | 2423 | 2.704 3551
0 254 69 | 1206 | 167 2000 | 23%0 | 2680 3.460
120 254 617 | 1289. | 1658 1980 | 2358 | 2617 3373
- 253 674 | 1282 | 1845 1960 | 2326 | 2578 3.291

F =confidence level
n = degrees of freedom
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CHAPTER 1
Introduction

Vehicle classification is the observation of highway vehicles and the
subseaguent sorting of the resulting data into a fixed set of
categories. As with any classification scheme, the one for highway
vehicles attempts to provide structure to the reporting of the

multi tude of vehicles observed while providing a scheme of 1ogical
relationships between categories.

Vehicle classification data are of considerable use to agencies

involved in almost any aspect of transportation planning and
engineering. Some examples include the following:

o pavement design;

o scheduling resurfacing, reconditioning, and reconstructing of
highways based on. projected pavement 11fe remaining;

o predicting commodity flows and freight movements;

o providing design input relative to current and predicted
capacity of highways;

o developing weight enforcement strategies;
0 accident record analysis;
o environmental impact analysis; and

o analysis of alternative highway regulatory and investment
policies.

In short, vehicle classification data are extremely important as
transportation agencies and State legislatures grapple with the need to
determine and allocate the costs associated with maintaining the
highway system and in selecting the improvements that will be
programmed.
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CHAPTER 2
Procedures for the Vehicle Classification Sample

The purpose of this chapter {s to provide guidelines on practical
procedures the States may use to develop the vehicle classification
sample. Similar procedures are also applicable to the truck weight
sample and can be used for that purpose.

The FHWA recognizes that States have a considerable investment in
equipment, expertise, and historical data trends at fixed locations in
each State. Data collected at these locations may historically include
volume, speed, classification, and weight; States generally return to
the same sites annually for the latter three items. Many of these
sites have instrumented eaquipment in place. From a cost and an
efficiency viewpoint, it would be wise wherever possible to incorporate
these existing sites into an expanded sample of sites based upon the
HPMS structure. This is because the financial investment in these
sites is substantial and this incorporation would allow continuation of
Tong-term trend series at these locations. This chapter provides
guidelines on how to incorporate existing sites into the broader
design, thus achieving the joint objectives of maintaining continuity
and 1imiting additional capital cost investments as well as achieving
the representativeness necessary for estimation of State-level totals.

An overview of the existing programs shows that States already have the
HPMS sections identified. These HPMS sections have been selected to
represent the highway network in each State. In addition to the HPMS
sample, States will also have in place a varying number of automatic
traffic recorders (ATR's), speed, weight, and classification sites at
which they had been obtaining data historically. These sites may or
may not conform to the HPMS samples; generally, some sites will conform
exactly, others will be aquite close to existing HPMS sites, and others
will not match. The objective is to describe the procedures whereby
these existing fixed sites can be augmented by an additional number of
sites, such that the group when taken together is representative of the
HPMS sites and of the State system as a whole.

The methodology is as follows:

1. Identify the distribution and number of desired sites by HPMS
functional class and volume group. '

2. Determine the distribution of existing sites by HPMS functional
class and volume group.

3. Determine the distribution of additional needed sites by HPMS
functional class and volume group.

4. .Identify the specific locations of the additional needed sites.
5. Check the combined distribution of existing and additional sites

against the overall distribution of HPMS samples to insure an
agaeauate distribution of samples. e

4-2-1



STAGE 1. 1Identify the Desired Distribution of Sites

As described in Section 2, this Guide recommends that the HPMS samples
be used as the sampling frame from which the smaller groups of volume,
classification, and weight sites should be drawn.

The distribution of sites should conform to the distribution of HPMS
annual VMT by area type and functional class. The steps necessary to
achieve this are as follows:

Step JA: Summarize HPMS Statistics by Area, Functional Class, and
Volume Group

The first step is to prepare basic summaries of expanded traffic,
mileage, the nunber of HPMS samples, and existing fixed sites by area,
functional class, and volume group. Exhibit 4-2-1 shows such a summary
based on the 1982 HPMS submittal for a State.

Step 1B: Estimate the Total Sample Size Reaquired

Procedures for estimating the total sample size are given in Chapter 4
of Section 2.

Based on the analysis shown, a sample size of 300 classification sites,
to be sampled for 48 hours over a 3-year period, would be sufficfent to
achieve a 95-10 reliability for key parameters such as the proportion
of 352's in the statewide population. Smaller sample sizes will, of
course, have greater error. For purposes of the following example, we
will :issume a sample size of 300 spread over a 3-year period, or 100
annually.

Step 1C: Determine the Desired Distribution of the Sample by Area,
Functional Class, and Volume Group

This step is a straightforward allocation of the tota) sample size to
each of the cells of the HPMS area/functional class/volume group
matrix. If additional samples are ultimately to be drawn within a
volume group in simple random sample fashion, then this allocation must
be made 41:2 e:ch of the volume groups within each of the cells shown in
Exhibit 4-2-1. '
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Exhibit 4-2-1

Example of distribution of HPMS samples, travel, mileage, and ATR's by
area, functional class, and HPMS volume group.

RURAL FUNCTIONAL CLASS

HPMS

Volume Data Major Minor
Group  Type INT OPA MA Collectors Collectors
1 A 48 173 93 & 135
B 2,186 3,010 3,464 5,929 2,866

C 338 1,076 2,350 4,924 6,884

D 0 0 2 0 0

2 A 26 35 36 21 37
B 6,423 3,470 4,749 3,793 4,507

- C 444 534 1,484 1,175 3,100

D 4 2 5 2 0

3 A . 4 7 19 n 4
B 1,807 1,424 4,873 1,941 1,408

¢ 70 128 n9 282 6n

D 0 3 4 4 0

4 A 6 5 10 - 8
B 722 827 1,564 - 1,404

c 20 52 127 - 378

D 2 1 3 - 0

5 A 1 14 1 - 1
B 40 557 n - 225

c ] 23 3 -- 3]

D 0 1 0 - 0

6 A - 1 - - --
B - 94 - -~ -

c -- 3 - -- --

D - 0 - - -

LEGEND A -~ Number of HPMS Sections

B - DWMT (Expanded) in Thousands
C - Mileage (Expanded)

D - Fixed Existing Sites
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States that may decide to use a sample of their own design are advised
to consult with FHWA Headauarters (HHP-44) in order to determine the
effect of any alternative design on the procedures in this Guide.

Exhibit 4-2-2 presents an example of the simple random sample procedure
to the full stratification of the HPMS. In the table, it is assumed
that the Interstate Rural system carries 6 percent of the YMT according
to the HPMS. Therefore, 6 percent of the proposed 300 sample sections
corresponds to 18 samples or six per year. The sections are then
distributed to the volume groups based on .the percentage of WMT. To
insure a positive chance of selection for every section in the HPMS
sample, one section has been moved from group 2 to group 5. This type
of minor adjustment will occur often. An alternative may be to combine
groups 4 and 5.

Several advantages of the simple random procedures are:

1. 1t allocates eaual probability of selection to sample sections
within each strata. Combined with the distribution to strata
proportional to VMT, this results in a self-weighting sample,
j.e., an average can be derived directly by sumning the sample
characteristics and dividing by the sample size.

2 It provides a well-balanced sample insuring a full distribution
on the basis of volume.

3. It insures that higher volume sections are included in the
classification sample in proportion to their representation in
the universe.

One disadvantage is the fact that minor adjustments will be needed
because of the large number of strata in the HPMS sample.

The allocation of the sample proportional to VMT or DVMT was made to
distribute the sample in proportion to travel not mileage. An
additional advantage is that systems (strata) with a 1imited proportion
of travel do not receive an inordinate number of samples. This type of
application, while auite appropriate for statewide estimation, may not
account fully for the perceived importance of portions of the statewide
highway system. The case in point is the Interstate system. In the
example presented, the Interstate Rural system carried 6 percent of
HPMS WMT (excludes local functional class) resulting in an annual
classification sample of 6 sections. Although the statewide sampling
on all functional classifications will approximate the target
relfability, the 6 samples attributable to the Rural Interstate strata
are insufficient to provide very reliable estimates of VYMT by vehicle
classes for the Interstate rural strata. Even though, many of the
fixed sites on the Interstate will be incorporated into the vehicle
classification sample, thereby, providing the capability of monitoring
classification in ATR fashion and much more reliably than with 48-hour

short counts; the States may desire to specify individual target
reliability levels on the Interstate sfra%'a'. Two alternatives are
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BHIBIT 4-2-2

Example of Full Stratification Simple Random Sample Procedure for
the Interstate Rural Systam Described in Exhibit 4-2-1.

STAGE 1 STAGE 2 STAGE 3 STAGE 4
DESIRED DISTRIBUTION EXISTING SITES REMAINING SITES SAPLING FRAE
1 2 3 4 5 6 7 8 9 10 n 12
Yolume DWMT m S Clese No Blgg}ﬁg Addigti‘;;a ] HPMS Existing  Samples
Group {(000)  Percent Sectians Mtch Mitch Mtch Total Sites Needed Samples Sites Available
1 2,186 2 4 0 0 0 0 0 4 48 0 48
2 6,423 57 (10) o 2 1 1 4 3 6 2 3 3
3 1,807 16 3 0 0 0 0 0 3 4 0 4
4 T2 6 1 0 1 1 2 1 0 6 ] 5
5 40 1 0 {1)* 0 0 0 0 0 1 1 0 o
TOTAL 78 1002 18 2 2 2 6 4 4 85 4 81

* (ne section firan Group 2 has been added to Group 5.



provided to address this situation: (1) increase the sample sizes in
the affected strata (Interstate) to establish individual target
reliabilities (resulting in an increase in the overall sample); or (2)
arbitrarily assign a percentage of the sample to the Interstate. This
second alternative is used in the truck weight sample (Section 5),
without increasing the overall sample required. For example, assigning
one-third of the classification sample to the Interstate would result
in an annual sample of 33 sections in the Interstate and these would be
distributed to urban and rural based on VMT.

Because of the 1mport§nce of the Interstate system, either of these
alternatives are recommended for States with extensive Interstate
mileage, regardless of system travel.

STAGE 2: Determine the Distribution of Existing Sites

The purpose of this exercise is to maximize the opportunities for using
existing sites as part of the recommended desired distribution. The
reason for this focus is FHWA's recognition that the States have
invested considerable funds and effort and have obtained considerable
knowledge from these existing locations; to the maximum extent
possible, therefore, this investment should not be lost. The
methodology described below allows for the maximum integration of the
existing sites into the revised sampling plan. Examples of the
application are continued on Exhibit 4-2-2.

The procedures to allow the use of existing sites in the sampling
approach may change the structure of the program. The use of fixed
sites may allow the collection of classification data on a continuous
basis. The structure of the proposed program is then changed from a
sample of short (48-hour) classification counts to a combination of
continuous (ATR) and short classification counts. This gain can result
in much better estimates of seasonality of classification data and
allow the future development of seasonal factors in a manner similar to
that used in the volume counting program.

Step 2A: Locate the Existing Sites

The next step 1s to describe each of the existing sites by area,
functional class, and HPMS volume group. These are locations which
have installed eauipment (ATR's) or locations at which speeds,
classifications or weights have been taken historically. The
distribution of these sites by area, functional class, and volume group
should be developed. Exhibit 4-2-2, column 7, shows an example of such
a distribution of the six fixed sites in our example. These six fixed
sites were chosen for this example because they each contain physical
eaquipment which can be modified for classification purposes and, thus,
form the basic fixed investment which is possibly usable. 1In each
State, of course, the analyst may wish to include ATR sites, weight,
classification, and speed sites.
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Step 2B: Assess Usefulness of each Site for Inclusion in the Sampling
Distribution

In this step, the analyst determines the degree to which each site
jdentified can possibly be used as a portion of the desired
distribution. The basic criteria on which the assessment should be
made is whether or not the site matches exactly, is close to, or does
not match an existing HPMS sample. This determination requires
knowledge of the location of the HPMS sample sections and of the fixed
sites. In Exhibit 4-2-2, our example shows that the existing sites in
column 7 are subdivided into those that "match HPMS sections”

(column 4), are “close to HPMS sections” (column 5), or "do not match”
(column 6).

Obviously, some judgment is necessary to determine whether a site is
“close to" or "does not match” an HPMS section. Generally, if the
existing site is so close to the section that either the total volume
or the classification of traffic by type and weight is not judged to be
substantially different between the site and the HPMS section close to
jt, then the site can be considered for practical purposes to be at the
HPMS section. Only in the case where no match occurs would a site be
considered for relocation. However, there may be many other reasons
for retaining such sites as part of the Special Needs element.

The procedures recommended in Section 3 (volume) of this Guide which
are used to streamline the seasonal factor program and the number of
ATR's needed by seasonal group should also be addressed when
considering the use of existing fixed sites.

The HPMS samples constitute, overall, about 5 percent of highway
mileage, but this proportion can vary substantially for higher volume
facilities for which the proportion may be as high as 50 percent.

Thus, on higher facilities, many sites will in fact coincide with HPMS
samples, while for lower facilities this match will be much smaller and
most sites will not correspond to HPMS sections. One may, therefore,
expect that additional investments will largely be necessary on the
lower level facilities.

STAGE 3: Determine the Distribution of Additional Needed Sites

The purpose of this stage is to determine additional site investment
costs necessary to bring the existing distribution of sites into 1line
with the desired distribution. To achieve this the following steps are
necessary. (The example is continued on Exhibit 4-2-2),

Step 3A: Determine the Distribution of Existing Usable Sites

The existing usable sites are defined as those which presently fall
exactly on HPMS sections and those which have been determined to be
sufficiently close to HPMS sections to be considered to fall on them.
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In the example in Exhibit 4-2-2, this is column 8 or the sum of the
sites in columns 4 and 5. The example shows that four of the six
existing sites were deemed to be usable as a portion of the desired
distribution.

Step 3B: Determine the Distribution of Additional Needed Sites

This distribution 1is obtained by subtraction of the existing usable
sites from the desired distribution. In Exhibit 4-2-2, this is shown
in column 9. The proposed program recommends only portable, short
classification counts (48 hours). Therefore, a determination would
have to.be made, after the selection of the additional sites, regarding
how many of the sites could be monitored with portable eauipment versus
installation of fixed eauipment.

Application of the recommended procedure may, of course, 1eave a number
of existing sites for which no match with the HPMS sample is
achievable. A number of alternatives are possible on how to handle
these remaining sites:

(1) The sites may already be justified by another purpose, 1.e.,
speed monitoring or truck weight enforcement site, in which
case the locations would be retained.

(2) The State may wish to mafntain the location to continue
historical trends at these locations and to augment the
information obtained from the HPMS-based program.

(3) The State may w'ls-h to eliminate these locations if no
Justification exists to maintain them.

(4) The State may wish to relocate these locations over a period
of time to conform with the desired distributions and improve
the sampling and estimation processes.

(5) The oversampling implied by these sites can be incorporated
into the desired distribution by the use of weighting factors
al though the surplus sftes will always lack a direct tie-in to
the HPMS.

(6) In the particularly sensitive case in which an existing
heavily outfitted location does not fall on an HPMS site, an
HPMS sample could be added at the location (this would be
considered an exception applicable only to a very 1imited
number of sites).

The decision on which, 1f any, of these "no match™ sites to retain must
be made on a case-by-case basis. Careful comparison of the

characteristics of these sites with respect to such factors as need for
data, ease of administration, stability of trends in the data, accuracy
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of eauipment, 1ocal concerns for a continuous effort, degree to which
the site can be integrated into future plans, and prospects for
upcoming construction which may destroy the location, etc., should all
be considered for each location.

STAGE 4: 1Identify Specific Locations for Additional Needed Sites

This stage consists of the actual sampling effort necessary to identify
the HPMS sections which will be added to the existing locations to form
the desired distribution. The steps necessary are as follows:

Step 4A: Estab'lisﬁ the Sampl ing' Frame

The sampling frame.consists of the HPMS samples minus any samples
already used as existing fixed sites. An example is presented in
Exhibit 4-2-2. In the exhibit, column 10 presents the number of
samples in the HPMS sample. Column 11 presents the number of existing
sites which are matched to HPMS sites. Column 12 presents the
remaining samples available for further sampling.

Step 4B: Draw the Vehicle Classification Subsample

In this step, the sites needed for addition to the sample are selected
from the avajlable HPMS samples. The method used is simple random
sampling from each HPMS strata.

Exhibit 4-2-3 presents an example using data from Exhibits 4-2-1 and
4-2-2. The exhibit presents the percentage VMT, the HPMS samples
remaining after accounting for the fixed sites, the additional samples
needed, and the final sample including the fixed sites. The selection
is made by assigning a unique seaquential number to each section within
a single stratum and randomly (by a table of random numbers or
computer-generated random numbers) selecting the desired sample.

For example, in volume group 1 of Exhibit 4-2-3, assign to each of the
48 available HPMS samples a uniaue number ranging from 1 to 48.
Randomly select four unique numbers within the range of 1 to 48
(disregard duplicates). These would become the sample.
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EXHIBIT 4-2-3

Example of Simple Random Sample Selection for the Interstate Rural
System of One State

1 2 3 4
HPMS Add1 tional
Functional Volume. Percent Samples Samples Final
Class Group VMT Available Needed Sample

Interstate Rural 1 20 48 4 4
2 57 23 6 9

3 16 ' 4 3 3

4 6 5 0 1

5 1 1 1 1

Total 100 81 14 18
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Step 4C: Evaluate the Feasibility of New Sites

Once the particular locations of new sites have been jdentified, they
must be carefully assessed with respect to other features which include:

(1) Location characteristics - site geometry, physical safety for
crews and eaquipment, equipment installation constraints, etc.

(2) Administrative concerns - difficulty in outfitting site, type
of equipment to be used, availability of land, etc.

(3) System concerns ~ proximity to other sites (geographically,
functionally or otherwise), overall coverage patterns, etc.

It is possible that some of the new randomly selected sites will not
meet the test of practicality. In this case, non-practical selections
should be discarded and additional sites randomly selected by the same
procedures previously described. However, these modifications should
be undertaken with great care, since sites which may be satisfactory on
all the practical factors may be uniaue in other respects and reduce
the representativeness of the resulting distribution. In general, new
sites selected initially for inclusion should not be discarded unless
sufficient reasons exist for doing so. It is of the utmost importance
to majntain the statistical validity and representativeness of the

sample.

STAGE 5: Check to Insure Representativeness

Once the fina) samples have been identified, the final step is to
review the total distribution to insure that the sample as a whole is,
indeed, representative of the HPMS sample and HPMS universe. The check
should proceed by comparing the percentage distribution of the final
sample against the percent distribution of the HPMS sample and/or
universe over several dimensions. These may include:

(1) The DVMT or WMT by area, functional class, or volume group.
Because of its design, the sample should match these
characteristics.

(2) Federal-Aid class.

(3) Area type (urban, suburban, rural).

(4) Pavement type.

(5) Region of the State.
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The distribution will not match exactly and due to the small sample and
design constraints, differences should not be considered exceptional.
Statistical tests to detect significant differences exist but these
must be applied following the design constraints (stratification and
selection procedure). In case major differences are detected, special
procedures that modify the selection procedures can be considered.
Additionally, as data is collected and begins to flow in, the data
itself should be checked for reasonableness and representativeness
against other parameters that may be available.

Summary

The purpose of this chapter has been to describe procedures whereby the
sampling plan for the vehicle classification element can be developed
with maximum efficiency. The chapter showed how the desired
distribution of sites can be obtained by beginning with existing site
distributions and adding additional sites necessary to achieve the
desired layout. In this way, the necessary investments by the State in
achieving the desired distribution will be kept to a minimum, and
historical trends will be continued to the maximum extent possible.
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CHAPTER 3
FHWA Vehicle Types

The vehicle types of interest to FHWA are described in Exhibit 4-3-1,
The classification scheme 1s based l1argely on whether the vehicle 1s a
passenger or non-passenger carrying vehicle., Non-passenger vehicles
are further subdivided by number of axles and number of units including
both power and trailer units.

- 4-3-1



3.

EXHIBIT 4-3-1 _
FHWA VEHICLE CLASSIFICATIONS WITH DEFINITIONS
Type Name and Description

Motorcycles (Optional)--A11 two- or three-wheeled motorized
vehicles. Typical vehicles in this category have saddle type
seats and are steered by handle bars rather than a wheel.
This category includes motorcycles, motor scooters, mopeds,
motor-powered bicycles, and three-wheel motorcycles. This

- vehicle type may be reported at the option of the State.

Passenger Cars--All sedans, coupes, and station wagons
manufactured primarily for the purpose of carrying passengers
and including those passenger cars pulling recreational or
other 1ight trailers.

Other Two-Axle, Four-Tire Single Unit Vehicles--A11 two-axle,
four-tire vehicles, other than passenger cars. Included in
this classification are pickups, panels, vans and other
vehicles such as campers, motor homes, ambulances, hearses,
and carryalls. Other two-axle, four-tire single unit vehicles
pulling recreational or other 1ight trailers are included in
this classification.

Buses--A11 vehicles manufactured as traditional
passenger-carrying buses with two axles and six tires or three
or more axles. This category includes only traditional buses
(including school buses) functioning as passenger-carrying
vehicles, All two-axle, four-tire minibuses should be
classified as other two-axle, four-tire single unit vehicles.
Modified buses should be considered to be a truck and be
appropriately classified.
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10.

11.

12.

13‘.

¢

NOTE: In reporting information on trucks the following criteria

should be used:

a. Truck tractor units traveling without a trailer will be
considered single unit trucks.

b. A truck tractor unit pulling other such units in a “saddle
mount® configuration will be considered as one single unit
truck and will be defined only by the axles on the pulling unit.

c. 'Vehicles shall be defined'hy the number of axles in contact
with the roadway. Therefore, "floating" axles are counted only
when in the down position.

d. The term "trailer” includes both semi- and full trailers.

Two-Axle, Six-Tire, Single Unit Trucks--All vehicles on a single

frame inclTuding trucks, camping and recreation vehicles, motor
homes, etc., having two axles and dual rear wheels,

Three-Axle Single tnit Trucks--All vehicles on a single frame

incTuding trucks, camping and recreational vehicles, motor homes,
etc., having three axles.

Four or More Axle Single Unit Trucks--All trucks on a single frame

with four or more axies.

Four or Less Axle Single Trailer Trucks--All vehicles with four or

Tess axTes consisting of two units, one of which is a tractor or
straight truck power unit.

Five-Axle Single Trailer Trucks--All1 five-axle vehicles consisting

of two units, one of which s a tractor or straight truck power
unit.

Six or More Axle Single Trailer Trucks--All vehicles with six or

more axles consisting of two units, one of which is a tractor or
straight truck power unit. :

Five or Less Axle Multi-Trailer Trucks--Al11 vehicles with five or

Tess axles consisting of three or more units, one of which is a
tractor or straight truck power unit.

Six-Axle Multi-Trailer Trucks--All six-axle vehicles consisting of

three or more units, one of which is a tractor or straight truck
power unit.

Seven or More Axle Multi-Trailer Trucks--A11 vehicles with seven or

more axles consisting of three or more units, one of which is a
tractor or straight truck power unit.
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CHAPTER 4
Data Collection Equipment and Data Reporting

To obtain classification data many States use manual observation and
recording techniques, while some States use automated vehicle
classification devices as a method of overcoming the high cost of
manual procedures and as a means to gather more comprehensive vehicle
classification data. In order to support the number and duration of
classification sessions called for in this Guide, automation should be
given serious consideration.

Automatic vehicle classification is a rapidly improving technology. An
FHWA sponsored evaluation of various automated vehicle classification
systems was published in 1985. The evaluation found equipment to be 90
to 95 percent accurate. This compares well with manually obtained
information which has been found to have a ten percent error on total
vehicle flows with errors above 30 percent for certain specific vehicle

types.

In general, each automated vehicle classification system has a common
set of components:

1. the sensing}device (sensor) which provides the system with the
raw data of presence or passage of the vehicle to be classified;

2. the detector which receives the signals from the sensors, and
amplities and/or interprets them and passes them on to a
recorder; _

3. the recorder which performs the basic calculation of vehicle
length, number of axles, or whatever data is being produped; and

4. the information processor which manipulates the basic data into
the presentation format.

Typically, the last three components are not separable or
interchangeable among systems from different manufacturers.

The typical installation of an automated vehicle classification system
consists of sensing devices on the road connected to a roadside unit
which contains the detector(s) and recording device. In some instances
the roadside unit is self-contained (i.e., a1l data are recorded and/or
displayed there), while in others it is only a temporary repository for
the raw data which is transferred to another unit for ultimate
processing, printing out, etc. Exhibit 4-4-1 shows two possible
layouts for collecting classification data via automated equipment.
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Exhibit 4-4-1
Typical Layouts for Vehicle
Sensing on a Multilane Facility

Axie Sensor

e Eastbound /

irst |m

toop ] | |Loop]

Layout 1.

Loop Based System Detector Unit

Dummy Tubes in Passing Lane
30 Vehicles Would not Change
Lanes to Avoid Active Tubes

g Eastbound "

Road
Tubes
Detector Unit

Layout 2.
Tube Based System
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While the sensing devices used for data acquisition vary from
manufacturer to manufacturer, current equipment generally records both
axle count and vehicle speed. The method of calculating vehicle speed
uses a pair of inductance loops or pneumatic tubes. If Toops are used,
the speed calculation involves dividing the distances from the leading
edge of the first loop to the leading edge of the second 1oop by the.
time it takes the vehicle to travel the known distance. A similar
calculation is made if tubes are used instead of loops. Since the
tubes are narrow, they can also be used to simultaneously count the
number of axles passing over them.

Loops systems alone are not able to distinguish individual axles and
must be augmented by an axle sensing device. Such devices may be
simple tubes or more elaborate devices such as capacitance pads whose
resonant circuit frequency changes under pressure or magnetic sSensors
enclosed in a steel frame and permanently installed in the roadway.

Regorting

At the present time, site specific vehicle classification information
is requested for submission to FHWA only for those vehicle
classification operations carried on in conjunction with truck weight
surveys. Section 5 discusses coding and editing of vehicle
classification data for submission to FHWA.

The Highway Performance Monitoring System (HPMS) requires VMT data for
the functional highway classes differentiated by various vehicle
types. Application of the sampling scheme recommended in this manual
would provide data compatible with the HPMS.

Finally, FHNA Headquarters (HHP-84) is interested in receiving single
copies of all vehicle classification reports developed by the States
whether or not they are based on the procedures recommended in this
manual.
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SECTION 5

Truck Weighing and Data Collection at Truck Weigh Sites
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CHAPTER 1

Introduction

Purpose of Truck Weight Data Collection

Information about the distribution and weight of the various vehicle
types in the traffic stream is essential to the administration of the
highway program at both the State and national levels. Decisions
concerning such matters as pavement design criteria, equitable tax
bases, and revenue projections require a knowledge of the volumes of
traffic using highway facilities and the proportion of vehicles of each
type. It is also fundamental to know the range and frequencies of the
loads imposed upon the facilities and the dimensions of the vehicles.

Truck weight and vehicle classification count data are the bases for
estimating frequencies of each type of truck and year-to-year changes
in axle and gross weights and for comparison of the characteristics of
actual usage with administrative policies. The results are used at the
State and national levels in the consideration of transportation
policy, allocation of highway costs and revenue, size and weight
regulations, establishment of geometric design criteria related to the
size and weight of vehicles, pavement design for the establishment of
procedures and design criteria, and a variety of special
administrative, planning, design and research studies. At the State
level, truck weight data are used in calculating pavement loadings in
18-kip equivalents or another comparable procedure, and in bridge
loading analysis in terms of both bending moment and shear. Planning,
program budgeting, and administrative studies require axle and total
weight distribution data which can be related to operational
characteristics, taxation rates, incremental construction and
maintenance cost responsibility, and enforcement effectiveness.

Objectives of the Truck Weighing Section of the Guide

This section of the Guide describes procedures that may be used in
obtaining truck weight and vehicle classification count data at truck
weigh sites. It has been developed to accomplish the following four
objectives:

1. To provide guidance in the selection of truck weigh sites based
on a statistically-based sampling scheme.

2. To provide information on current and emerging techniques for
gathering truck weight data. )
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3. To document the instructions for coding, editing and submitting
the truck weight and associated vehicle classification
information to the Highway Statistics Division, FHWA.

4. To give examples of the types of useful analysis and summaries
that can be produced from the truck weight and vehicle
classification information.

The objectives are covered in subsequent chapters of this section as
follows: '

Chapter 2 presents the suggested sampling method for monitoring
truck weights based on locating weigh sites on HPMS sample sections.

Chapter 3 describes the various types of equipment available for
weighing trucks. '

Chapter 4 gives some general guidelines for setting up and
operating a truck weigh site.

Chapter 5 discusses the data items that the FHWA requests the
Stag§s to collect at truck weigh sites.

Chapter 6 contains the instructions for coding the truck weight and
associated vehicle classification data in the format required for
submission to the FHWA.

Chapter 7 details the use of the FHWA-produced computer edit
program which the States are encouraged to use in identifying and
correcting coding errors in the truck weight and vehicle
classification data.

Chapter 8 describes and gives examples of each of the FHWA
W-TabTes that are used to summarize the truck weight and vehicle
classification data submitted to the FHWA by the States.

Chapter 9 contains examples of additional analysis and summary
fEBEes which are available to the States from the FHWA.
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CHAPTER 2
Procedures for the Truck Weight Sample

Introduction

The development of an integrated sample framework based on the HPMS for
monitoring truck weights to estimate pavement loads is the last 1ink in
the chain of the HPMS element of the recommended traffic monitoring
program. The basic framework of the HPMS element is the HPMS sample
followed by the volume sample, the vehicle classification sample, and
the truck weight sample. This chapter describes the procedures to be
used in selecting the truck weight monitoring sample, and discusses the
implications of such an approach.

Statistical validity is a very desirable and well-understood quality,
however, there is a price to be paid in achieving it. One of the
results of the work undertaken to develop this Guide has been a much
clearer assessment of the lack of reliable truck weight information on
which to base policy decisions, whose effects may last for many years.
Since the loads which the highway systems support are a major factor in
the determination of pavement 1ife, then it is important to develop
reliable estimates of these loads. The sampling guidelines differ from
earlier practices, procedures, and levels of effort. As was mentioned
before, statistical validity and reliability sometimes carry a
significant cost in terms of level of effort and investment. It is our
belief that the results will translate into better, more informed
decisions; more effective and efficient construction and maintenance
programs; and, in the end, better highway service.

Recommended Traffic Monitoring Program

Section 2 describes the objectives and the development of the sample
design for an integrated traffic monitoring program based on the HPMS.
The program consists of the major elements:

1. Continuous Count element,
2. HPMS element, and
3. Special Needs element.

The HPMS element consists of four sample subsets:
HPMS sample,
Traffic Volume sample,

1.
2.
3. Vehicle Classification sample, and
4. Truck Weight sample.
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The recommended development of the HPMS element framework should be
conducted in the sequential order presented. To maintain consistency a
complete plan comprising the four samples should be prepared prior to
implementation of any of the specific parts of the program . However,
the actual implementation need not follow any specific order, although
the integrated estimation process requires all elements to be effective.

The HPMS sample requires limited effort since the sample is already
defined and implemented. It is essential to reevaluate the HPMS sample
to insure that the reliability requirements in the HPMS manual are
being met, that all Census-designated urbanized areas are included, and
that the sample is efficient to the satisfaction of the State. There
is no substitute for an initial HPMS sample that is up-to-date. The
traffic volume sample has also been clearly defined. , On an annual
basis, it constitutes a rotating one-third of the HPMS sample.

The vehicle classification sample presents a straightforward sampling
scheme. It basically consists of 100 measurements annually.

The truck weight sample follows an approach very similar to the vehicle
-classification scheme. The information needed to develop the vehicle
classification sample will also be needed to develop the truck weight
sample. The truck weight sample consists of 90 measurements taken over
a 3-year cycle with 1/3 of the sample concentrated on the Interstate
system. A number of options are discussed to allow application to very
different State systems.

The guidelines are presented as suggested minimums. The efforts
required by parts of the program may be below those actually expended
by existing programs. Large States may logically opt to expand on the
minimum level of effort. The overall efforts required may also be
beyond existing expenditures. Hopefully, the savings incurred in the
reduction or streamlining of the excesses will compensate for the added
cost of any increase.

The statistical process allows direct estimation of the reliabilities
involved. Therefore, after the program has been fully implemented for
3 years, it will be possible to reevaluate the State's sampling plans
using the data collected by each individual State. Options on cost
versus reliability can then be more clearly assessed. Finally, it
would be naive to assume that changes and alterations will not be made
in the future. We live in a dynamic world and circumstances, which are
unpredictable today or beyond our control, will conspire to force
change tomorrow. Future changes can be dealt with on a case by case
basis or as needed.

Selection of the Truck Weight Sample

The sample consists of 90 measurements taken over a 3-year cycle. This
corresponds to about 30 per year. An arbitrary decision to allocate
1/3 of the 3-year sample to the Interstate system was made to insure
higher precision estimates and focus the program on this system. The

Interstate sample should result, after 3 years of data collection, in
352 truck (18 wheeler) EAL estimates with an approximate -
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precison of 10 percent with 95 percent confidence. In layman'’s terms
this means that if 100 independent samples were taken, the estimates
derived from 95 of the 100 samples will be + 10 percent of the
population value. These precision levels are based on a research study
sponsored by the FHWA. The study makes it clear that the estimates are
based on 1limited information.

The remaining 60 measurements are distributed over the remaining roads
(with the exception of roads functionally classified as local which are
excluded from the HPMS). The precison of 3S2 EAL estimates is expected
to approach + 10 to 20 percent with 95 percent confidence. The
following table describes the truck weight sample:

Number of Expected Precison of
Measurements Annual 3S2 EAL System Estimates
STRATA (3-year) - Measurements (3-year Cycle)
Interstate 30 10 95-10
Other Roads 60 20 95-10 to 20

Only two reporting stratification levels are used:

1. Interstate
2. Other Roads (excluding 1ocal functional class)

This is done to reduce the sample size required. Other types of
stratification are 1ikely to result in increased sample sizes. Large
States may opt to expand the stratification to increase reliability or
provide more information. For example, separating the Interstate into
rural and urban portions would require 60 measurements, 30 in the rural
and 30 in the urban strata, to approximately achieve the precision
levels in both strata. Approximate curves relating precison levels to
sample size are presented in Section 2.

The distribution and selection of the sample section within strata
could be carried out in a variety of ways. The most theoretically
correct would be a procedure which accounts for the probability of
selection of HPMS sections, the traffic volume sample sections, and the
vehicle classification sample sections. The simplest would be a simple
random sample of vehicle classification sample sections. The first
procedure is enormously complex. The second procedure would not allow
control over the selected sections. For example, since there are many
more low volume sections in the road universe and HPMS sample, chances
are that very few high volume sections would be included in the
subsample. Also, the geometric characteristics of some sections may
not allow weighing operations. The recommended procedure allocates the
sample to type of area, functional class, and volume groups based on
the proportion of AVMT those systems carry (HPMS AVMT) relative to
other systems. The procedure will be explained by an application using
actual 1982 HPMS data for one State. The results can be clearly
applied to any State.
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Given the need to have 10 Interstate truck weight samples in a year,
the following example is presented to explain the procedure.

Example 5-2-1
Interstate System
1982 HPMS DATA
- HPMS

HPMS Expanded Unadjusted Adjusted

Expanded DVMT Truck Weight Truck Weight
Type of Area Mileage (Millions) DVMT % Sample  Sample
Rural 642 6.9 57.0 6 5
Small Urban 37 0.3 2.5 0 1
Urbanized 143 4.9 40.5 4 4
STATE TOTAL 822 124 1003 10 10

The unadjusted sample is derived by multiplying the area DVMT
percentage times the total number of samples. In order to have at
least one sample in each area, one sample is taken from the largest
group, i.e., Rural, and used in the small urban.

For a State with this much Interstate mileage, the recommendation would
be to select 30 different locations (3-year cycle), or ten different
locations each year. Once selected, the locations would become fixed
and sampled each 3-year cycle. Since the travel distribution is not
expected to change much over 3 years, the DVMT distribution shown above
could be used for 3 years. Alternatively, the computation could be
carried out annually. Since 10 locations are needed annually, the area
distribution would be five rural, one small urban, and four urbanized
locations.

The volume group distribution would be made in the same manner on the
basis of HPMS DVMT, as shown below for the Rural Interstate:

Rural Interstate
1982 HPMS Data

HPMS Annual
Volume Expanded DVMT Truck Weight
Group DYMT (Millions) Percentage Sample
1 2.2 31.9 2
2 4,2 60.9 3
3 0.5 7.2 0
5

TOTAL 6.9 1002
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Since the truck weight sample in this example is much too small for the
extensive HPMS stratification and to insure that every vehicle
classification sample has a positive selection probability, the
sectfons in volume group 3 have been combined with those of volume
group 2. Two of the sections could be selected from the first volume
group and three from the second and third groups.

The sample procedure can be applied to the Interstate urban portion and
to the remaining strata. Urbanized areas will present problems because
of the large number of strata and exercising judgment will be required
when applying the described procedure. It may be appropriate to group
the urbanized areas when selecting the samples. Application of this
process should result in a very balanced sample. The selection of the
sample for a stratum should follow simple random sampling procedures
using a table of random numbers. Existing fixed sites would be
incorporated in the program by the same procedure used in the vehicle
classification sample.

The following table continues the example. Assume there are three
volume groups, from which 15 vehicle classification samples were
selected, and for which we need to select five truck weight samples.

Number of Number of Existing Remaining
Classification Weight Fixed Selection
Yolume Group Samples Samples Sites Sites
1 6 2 L 1
2 8 3 1 2
3 1 0 0 0

The fixed sites would be subtracted from the desired sample and any
remaining samples randomly selected. The six vehicle classification
sections would be assigned a unique sequential number 1 to 6. Using a
table of random numbers, a unique number between 1 and 6 would be
selected, and the selected vehicle classification sample section would
become the truck weight sample section. The same procedure would be
applied to volume groups 2 and 3 combined. In this case, the nine
sections could be assigned unique numbers between 1 and 9, two random
numbers would be selected and become the sample. The combination of
volume groups ensures, as before, a positive probability of selection
for each section.

As discussed extensively in the vehicle classification section,
practical considerations also play a role. If the randomly selected
sections are not amenable to weighing operations due to geometric
requirements of automatic equipment, safety of crews, or other reasons;
then another random location from the vehicle classification sample
should be examined. If none of the sections in the vehicle classifi-
cation sample are suitable for weight monitoring, then it will be
necessary to randomly substitute sections in the vehicle classification
sample, or alternatively to add additional sections to the vehicle
classification sample to include vehicle class sample sections which
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can be used for weighing operations. This is another reason for
emphasizing that the integration of the procedures requires very close
coordination, and that a problem in one part of the program may require
changes in other parts of the program as well.

For States with very limited mileage, the 30 measurements could be
taken at fewer than 30 locations. For example, one eastern State has
41 miles of Interstate, and it would be ridiculous to sample at 30
different points in the 3-year cycle. Alternatives would be to
annually take two measurements scheduled at different times of the year
at five different locations or five annual measurements at two
different 1ocations. Under the first alternative, the locations would
be maintained during the 3-year cycle resulting in 30 measurements at
five locations. Under the second alternative, different locations
would be sampled each year of the 3-year cycle resulting in 30
measurements at six different locations. Data analysis would be
carried out using the procedures in this Guide to determine if a
smaller sample was statistically jJustified given the circumstances.

It should be clear from the discussion that judgment is needed at this
Tevel. The truck weight sample has been designed to provide maximum
flexibility to insure adequate application given varied circumstances.
It is appropriate, however, to caution that flexibility may well result
in the introduction of bias and error. Care should be exercised when
applying these procedures to insure that statistical objectives are
maintained.

- The recommended period of monitoring has been set at 48 hours to reduce
the effects of random variation and for direct combination with the
volume and classification samples. As discussed in Section 2, research
has shown the coefficients of variation of EAL's of vehicles can be as
high as 100 percent. Longer periods would reduce these effects, but
further complicate other facets. The use of a 48-hour period was
selected as the best compromise among all possible alternatives given
present data. This recommendation implies the use of accurate
automatic classification and weight monitoring equipment. Since such
equipment may not be available, 24-hour periods may be substituted in
the interim. However, the stated precision levels are unlikely to be
achieved.

The emphasis on automatic equipment is unavoidable. Equipment that
counts, classifies, and weighs at the same time is needed to avoid
duplication and directly tie the resulting data. Such equipment is
available today. The techniques and procedures to effectively develop
the equipment and allow the development of this Guide's program await
only a determined effort. Once the equipment to collect this data is
available, the truck weight data collection sessions would eliminate
the need for a separate vehicle classification session at the truck
weight sample sections. In the same manner, sections in the vehicle
classification sample eliminate the need for separate volume counts.
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Estimation Procedures

The procedures described in this section are used to develop
statistical estimates and the reliability of these estimates. In the
truck weight sample sections where truck weight data are collected, the
estimates are direct. For the remaining sample sections (HPMS, volume,
or vehicle classification) or universe sections in general, statistical
inferences based on stratum data are used to generate estimates
involving weight information. This process is termed the statistical
or "system" approach. .

For the development of site-specific estimates three alternatives are
presented:

1) the statistical "system" approach just described;

2) the collection of additional information under the Special
Needs element; and

3) the application of judgment procedures based on expert
knowledge or subjective inference based on other
characteristics.

Alternatives 1 and 2 need no additional explanation. Alternative 3
represents the use of common sense and traditional traffic engineering
procedures. The recommended sample will provide a very balanced
sample, well-distributed over the areas, functional classes, and
traffic volumes. Obviously, if correctly selected, a very
representative sample should be available. Since the samples are HPMS
sections, a wealth of information is available on the characteristics
of those sections. Site-specific information or estimates could be
derived by selecting sample sections with characteristics similar or
equivalent to those of the section for which the point-specific
inferences are desired. For example, if inferences on EAL's are
desired for a four-lane Interstate section with high truck percentages
and high volume in an urbanized area, the sample can be easily screened
to find sample locations in close proximity to the desired location or
with similar characteristics. Inferences would then be based on the
results of the search.

For truck monitoring locations, the percentage of vehicles in any
category (assuming a single 48-hour session) is simply the number of
vehicles in that category divided by the total 48-hour vo]ume for all
vehicle types. The equation is:
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Pijh = Yijh x 100 5-2-1

Vjh
where
Pijh = percent of vehicles in category i of location j in
stratum h,
i ; one of the 13 vehicle classification categories,
J = Jocation number
h = stratum number
Vijh = number of vehicles in category i, and
Vih = 48-hour volume for all vehicles types (total volume).

Notice that the sum of all the Pjjh'g must equal 100 percent.

The section AVMT is estimated by multiplying the section AADT by the
section length (from the HPMS). The classification AVMT at each
section is estimated by multiplying the total AVMT by the P;'s. Since
we are addressing vehicle classification, the procedure is the same
used for sections in the vehicle classification sample.

Truck weight information is similarly derived. Assuming that axle
weights have been collected; total axle load, average axle load,
equivalent axle load, average truck weight, total truck weight, number
of overloaded axles, number of overloaded trucks, weight overload,
etc., could be directly computed for each vehicle classification
category and any derived aggregation. The statewide AVYMT estimates for
any of the vehicle classification categories are derived by simply
multiplying the percent estimate by the AVMT in each strata and then
summing. Standard error estimates for any of these point estimates
could be derived using cluster sampling procedures, since the 48-hour
session constitutes a 48-hour cluster of vehicles randomly selected
from a universe of 365/2 such periods; or, alternatively, by simple
random sampling procedures assuming that the trucks constitute a simple
random sample of the truck population at that point.

It should be obvious that this analysis has ignored seasonality. Due
to the 1imited truck weight sample, seasonality of weight information
is not considered. Limited procedures could be developed as part of
the Special Needs element if desired by the States.

Example 5-2-2

Assume the following data were collected from a single 48-hour
measurement on the Rural Interstate system:
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48-hour volume : 48,000 vehicles
Number of 3S2's (18 wheeler) : 4,800 vehicles
Average weight of 3S2's : 55,000 pounds

The following estimates are derived:

Percentage of 3S2's in 48-hour measurement = 4,800 x 100 = 10%

Assuming a seasonal factor of 1.1 (seasonal and other factors are
discussed in Section 3):

Estimated AADT = 48,000 x seasonal factor = 48,000 x 1.1 = 26,400.
——— 2

Estimated annual average daily number of 3S2's in traffic stream
= 26,400 x 10% = 2,640

Notice that seasonality has introduced an additional effect. The
average daily number of 3S2's measured from the sample was 2,400,
but the annual average daily number of 3S2's estimated, after the
AADT seasonality factor (an external factor) is included, becomes
2,640. When developing annual estimates involving number of
vehicles it is important to consider the effects of any factor
applied to the sample estimates.

Estimated daily VMT = AADT x length of section (assume 1.0 miles)
= 26,400 x 1 = 26,400

The estimated section AVMT for 382's

DVMT x percentage of 352 (Pjjn) x 365
26,400 x 10% x 365 = 963,600

The section estimated annual gross ton-miles for 3S2's

= averqge'332 weight x 352 AVMT
2,000

55,000 x 963,600 = 26,499,000

The estimated daily average 3S2 load on the sample section for the
48-hour measurement period (disregarding seasonality)

average weight of 3S2's x average number of
382's

55,000 x 4,800 = 132,000,000
3,500
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The estimated annual daily average 352 load on the sample section
(after seasonality) = average weight of 352 x annual estimate of
382's

55,000 x 2,640
145,200,000

The question that cannot be answered based on a single sample
estimate is whether volume (AADT) seasonal factors apply to 3S2's.
This question will be partly answered later when aggregated
estimates are derived, and this is one of the reasons why
measurement sessions- must be distributed throughout the year.

To develop estimates for stratum characteristics, inferences from the
sample are made. In the truck weight sample, only two strata are
defined. However, since the sample was allocated proportionally to the
HPMS strata, estimates for lower strata can be derived by applying the
procedures using only the points (sample sections) within the desired
lower strata.

An estimate of average percentages of vehicles within strata for a
vehicle classification category is derived by the equation:

1
np

o
Pih = 2 Py 5-2-2
i=1

average percentage of vehicles in vehicle
classification category i and stratum h,

where Pjp

Pijjh = the percentages of vehicles in vehicle
classification i in location j of stratum h

index of vehicle classification category

(i =1, ...,13),

index of measurements with strata (j =1, ..., np),
index of strata, and

number of measurements within stratum h.

i
J
h
Ph

An estimate of the standard error is derived by the equation:

1 np .
=Y omm-n = Fib P’ e
i=1
where Sip = the standard error of the percentage of vehicles in

vehicle classification category i in stratum h.
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The relative variance coefficient is defined as the ratio of the
standard error to the mean:

Cih = Sin/Pin 524
A two-sided 95 percent confidence interval for the percentage of
vehicles in vehicle classification category i in stratum h is given by:

Pih £ 1.96 Sih 5-2-5
and the two-sided precison interval in percentages is 1,96 Cip,

Stratum estimates for any desired truck weight characteristics are
derived by the same procedure by substituting the desired
characteristic into the eauations. For example, to estimate average
truck weight in vehicle classification category i, compute the average
weight for that classification at each measurement location and begin
the process in equation 5-2-2.

1/ NOTE: The relative variance coefficient is the ratio of the
standard error to the estimate while the coefficient of variation
is the ratio of the standard deviation to the estimate.

Example 5-2-3

An example using data from two Interstate Rural measurements at
different locations will be used to illustrate the procedure.
Assume that the following data were collected or derived from the
actual measurements:

System :Interstate Rural
48-hour volume at location 1 148,000
48-hour volume at location 2 :20,000
Number of 3S2's at location 1 (48-hour) : 4,800
Number of 3S2's at location 2 (48-hour) : 5,000

Average weight of 352's at location 1 (48-hour) :55,000
Average weight of 3S2's at location 2 (48-hour) :50,000

Percentage of 3S2's at Tocation 1 during 48-hour (Py): 10%
(Example 5-2-2) '

Percentage of 352's at location 2 during 48-hour (P2): 25%
Estimated Interstate Rural percentage of 352's (equation 5-2-2)

Pin =1/2 (10 + 25) = 17.5%
where 1 = 352 and h = Interstate Rural.
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Estimated standard error of percentage of 3S2's in the Interstate
Rural stratum (equation 5-2-3)

1
b= —— ((10-17.5)2 + (25-17.5)2 = 7.5%
Sin ‘[2(2_1) (c 2 + ( 2)

Estimated relative variance coefficient (equation 5-2-4)

Cip = 7.5 = .43
1 I:.s

A 95 percent confidence interval is given by (equation 5-2-5)
17.5 + 1.96 (7.5) = 17.5 + 14.7

The precision interval is 84 percent (1.96 x .43) which shows the
95 percent confidence to be + 84 percent. The precision in short
form is 95-84 based on these data. A simple interpretation of the
results is that based on the information provided the true
percentage is between 2.8 and 32.2 with 95 percent confidence.
Obviously, the estimate is very poor as would be expected from such
a limited sample.

Estimates of average weights by system are computed using the same
procedure.

The estimated Interstate Rural average 352 weight is
1/2 (55,000 + 50,000) = 52,500,

Its standard error is

V% (55,000—52,500)2 + (50,000—52,500)2 = 2,500
The relative variance coefficient is .05 (2,500/52,500).

A 95 percent confidence interval is given by 52,500 + or - 1.96 x
2,500 and the precision interval is 10 percent (1.96 x .05).

Therefore, the precision of the system average weight based on
these data is 95-10. The interpretation is that based on the
information provided the true average 3S2 Interstate weight is
between 47,600 and 57,400 with 95 percent confidence. This is a
simplification, since due to the small sample size (n = 2) the
procedures would reauire modification and the value of the normal
distribution (1.96) in the confidence interval calculation would
have to be replaced by the student's distribution value. Even
then, results based on very small samples are open to question. No
jmplied judgment of the reliability of the sampling approach should
be attempted based on any of these examples. We fully expect the
recommended sample to achieve or approximate the sample design
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criteria, although differences from State to State are
anticipated. Once data are available on the recommended program
from any State, then full assessment of the procedures for that
State will be possible.

The above example is presented to show the computational procedure
only. The procedure presented to estimate the average weight is the
simplest and not the most efficient. Cluster procedures which consider
the weight of every truck and take into account the volumes of trucks
at each location would be more efficient but much more complex. These
will not be discussed in this guide, but the sample design allows
future use of improved estimation procedures.

Estimates of stratum AVMT for any of the estimates by vehicle
classification categories are derived by multiplying the vehicle
classification category estimate by the stratum AVMT. In the case of
the Interstate system, the vehicle classification AVMT of vehicle
category "i" is computed by multiplying the HPMS AVMT estimate for the
Interstate times the average stratum classification (Pjp). A percent
estimate of the two-sided precision interval of this estimate is given
by 1.96 times the square root of the sum of the squared relative
variance coefficients of stratum AVMT and average classification
category. The equation is:

1.96 ‘[CZAvm + CZp 5-2-6
where CAVMT = relative variance coefficient of stratum AVMT
estimate (from traffic volume chapter), and
Cin = relative variance coefficient of classification

category i in stratum h (equation 5-2-4).

The terms within the square root represent the relative variance
coefficient of the combined estimate. As can be seen from this
equation, the more terms involved in the estimation, the larger the
reliability band.

Example 5-2-4

Based on the previous example, the estimated percentages of 352's on the
Interstate Rural system is 17.5 percent with a relative variance
coefficient of .43. For the purposes of this example, assume that the
Interstate Rural DVMT estimated from the HPMS is 6.6 million with a
relative variance coefficient of 0.10. The estimate of 3S2 DVMT on the
Interstate Rural system is 1.16 million (.175 x 6.6 milli and the
relative variance coefficient of this estimate is 44 ( .432.+-12)

The precision interval is 86 percent (1.96 x .44) and in short form is
expressed as 95-86. Based on these data, the Interstate Rural estimate
of 3S2 AVMT is 423 million (1.16 x 365) with a 95 percent precison of +
86 percent. Obviously, this is an estimate of minimal value because of
its lack of precision, but is just what would be expected based on a
sample of two locations.
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Aggregation of estimates by stratum up to statewide estimates is done
by weighting the estimates by AVMT or DVMT. Therefore, an estimate of
statewide percentage of vehicles in vehicle classification category i
is given by:

P = —I;A_\;KJ—T— }él (PAVMT}, X Pyp)  5-2-7
where Py = average statewide percent of vehicles in vehicle

classification category i,

PAVMT), = AVMT in stratum h for all vehicles

Pin = average percentage of vehicles in vehicle
classification category i in stratum h,

PAVMT = statewide AVMT,

i = 1index of vehicles classes (1,...,13), and

h = ijndex of strata.

Example 5-2-5

Compute the average percentage of 3S2 vehicles in the Interstate
stratum given the following data:

System DVMT (000,000) Percentage of 3S2's
Interstate Rural 6.6 17.5
Interstate Urban 2.0 7.3

The percentage is estimated using equation 5-2-7.

P; = 1 (6.6 (17.5) + 2.0 (7.3)) =15.1
“B.6

Obviously, these are contrived examples. Given the obvious differences
between the two systems, it would be more appropriate to maintain
separate numbers for each system than to provide an average system
number. Aggregation of estimates should be carried out only when it
makes sense to do so or when it serves a desired objective.

Estimates of statewide AVMT for any weight or classification categories
are aggregated by summing strata. Precison intervals are estimated by
summing the squares of the coefficient of variation of the appropriate
estimates and taking the square root. The process is the same as shown
in equation 5-2-6, except that the appropriate estimates are used.
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CHAPTER 3
Equipment for Weighing Trucks

Basically, there are two metnods of weighing trucks. One involves
stopping a vehicle and weighing it statically, and the other allows a
vehicle to be weighed while in motion, or dynamically. There is a
variety of equipment associated with each method of weighing. Several
types of equipment and the advantages and disadvantages of each are
discussed in this chapter.

Static Weighing Equipment

The three types of static weighing equipment most commonly used by the
State highway agencies are permanent platform scales, semi-portable
scales, and lightweight portable scales.

Permanent platform scales appear in a variety of sizes. Wnile some
States use large platforms, usually up to 50 feet in length, otners
stil) rely on a smaller platform about 10-15 feet long. The larger
platforms are generally segmented into three independent scales, each
capable of weigning a portion of the vehicle. For example, in weighing
a tractor-semitrailer combination, the first segment would weigh the
steering axte, the second segment would weigh the drive axles of the
tractor, and the third segment would weigh the trailer axles. The
smaller, single segment platform scaies must rely on the repositioning
of the vehicle in order to get the individual axle weights.

The portaole and semi-portable static weighing equipment are scales
that can be transported from one location to another in an automobile,
a pickup truck, or a small trailer. The portable scale weighs from
40-100 pounds and is capable of weighing only one end of an axle. In
order to weigh both ends of an axle, or all axles of a vehicle

simul taneously, two or more portable scales must be used in
combination. The semi-portable scale is somewhat larger and weighs as
much as 500 pounds. It is capable of weighing both ends of an axle
simultaneously when placed transversely on the weighing site, or one
end of all axles of a group when placed longitudinally. Various
combinations of this type of scale can be used to weigh virtually all
types of vehicles.

There are several disadvantages associated with weighing trucks
statically. The conventional weigh station is located at a fixed
off-road location on a major highway and, therefore, occupies valuable
real estate. The stopping of trucks causes trucker delays and
motivates some truckers to bypass the station. It can also cause
safety problems due to the queue of trucks on the highway. This
generally results in trucks being allowed to pass the station until
they can safely pe stopped again.



The basic advantage of the static weighing system is the system's
capability to acaquire axle weights and spacings within tolerances
acceptable to various weight and measure standards. -It also allows
sufficient time to determine tne vehicle's characteristics such as the
body type, whether or not the vehicle is loaded, and other related
information that can only be ascertained by observation or driver
interview.

Heigh-in;Motion (WIM) Equipment

WIM scales are dynamic weighing systems which determine weights while
vehicles are in motion. It enables vehicles to be weighed with little
or no interruption to their travel.

WIM scales nave been designed to sense the weights of the axles passing
over the instrument through the use of strain gauges or hydraulic or
pneumatic pressure transducers. The readings are transmitted to a
receiving unit where they are converted to actual weights.

The three main categories of WIM operation are:

1. Low speed WIM - Vehicles are weighed at selected roadside
areas at speeds of about 3-5 miles per hour on either portable
WIM scales or where portable scales are placed in
preconstructed pits.

2. Low to moderate speed WIM - Vehicles pass over WIM equipment
located in the ramp as they enter a permanent weign station
site at speeds of up to 35 miles per hour.’

3. High speed WIM - Vehicles are weighed at prevailing highway
speeds by eitnher: (a) specially-built load platforms placed in
preconstructed frames embedded in the roadway, (b) portable
load sensors attached directly to tne pavement, or (c) strain
transducers attached to bridge girders.

Examples of these three types of WIM equipment are shown on pages 5-3-3
and 5-3-4.

The advantages of using a WIM system are many. It offers a method
(nigh-speed WIM) of recording and processing weight data automatically
and without disruption to tne truck driver. It nhas a degree of
concealment wnich enhances data credibility since vehicles in
violation, that might normally have deliberately bypassed a known
weighing operation, are recorded at WIM sites. This could provide
highway planners, researchers, and enforcement officials with more
representative statistical data. Also, since WIM does not interrupt
tne traffic flow, it is capable of weighing high volumes of traffic,
such as in urban areas where it is difficult to obtain weight data
using static weighing equipment.
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Exhibit 5-3-1
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CHAPTER 4
Operating Weigh Stations

Introduction

Many factors must be considered before a truck weigh station can be put
into operation. The safety aspect is a major consideration along with
the need to ensure that the data collected is as accurate and reliable
as possible. This chapter addresses some of the pertinent factors to
consider and includes suggestions .on how each factor can be handled.
(For more specific guidelines on the proper use of scales at a weighing
site, refer to the National Bureau of Standards Handbook 44, 1983,
entitled, "Specifications, Tolerances, and Other Technical Requirements
for Weighing and Measuring Devices.")

The operation of each station is dependent on whether static or WIM
scales are being used. Such activities as sampling trucks from the
traffic stream, conducting driver interviews, and manually measuring
axle spacings need only be considered in reference to the static weigh
stations where each vehicle must be stopped to be weighed. Methods of
signalization to ensure that trucks do not stop in the station but only
reduce their speed through the station apply only to low and moderate
speed WIM. '

The one requirement that all off-nighway weigh stations have in common
is some form of roadside signing to direct truck drivers into the
station. As a minimum, signs should instruct drivers concerning speed
reduction, turn-off points and the presence of flagmen, if any. In
addition to the standard signing for safety purposes, an indication
tnat the weighing w11l be conducted for planning purposes would be
appropriate so that all truck types can be sampled, and not just the
heavier venicles. (Guidance on the proper size, color, and placement
of appropriate warning signs may be found in the "Manual on Uniform
Traffic Control Devices for Streets and Highways," 1978.)

Tne remainder of the discussion on weigh station operation will
distinguish the operation of a static weigh station from that at a WIM

site.

Static Weighing Sites

A properly installed and adjusted platform scale is probably the most
accurate and dependable method of obtaining static weights of trucks.
However, in order to obtain the weights of the individual axles, the
repositioning of the vehicle is required. Because research has shown
that the total weight carried by the axle group is not evenly
distributed among the individual axles of the group, it is important to
obtain the weights of the individual axles of a tandem or tridem

group. To accomplish this, the vehicle must be positioned so that only
one axle of the group is on the scale at any one time. The brakes on
the venhicle should be released before taking the weight reading.
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Weighing trucks with portable wheel-weigher scales presents a number of
problems that are not encountered in platform scale operations. There
are a number of variations in the set-up of the portable scale
operation that can affect the accuracy due to weight transfer.

Ideally, the vehicle should be kept in a reasonably level plane. This
can be accomplished through the use of recesses cut into the pavement
so that the scales are at roadway level, or through the use of planks
placed on the pavement surface to raise the vehicle to the height of
the scale. It is especially critical to weigh axle groups with all
axles of the group on the same plane. The reliability and usefulness
of truck weight data depend on the care with which the vehicles are
weighed. Available data have shown that for the greatest consistency,
all wneels of the vehicle should be on the same horizontal plane with
brakes released at the time of weighing. If the brakes must be set
when weighing with portable scales, they should be released after the
vehicle has stopped on the scales and then reset. To provide reliable
data for all axles, the weight of each axle of a tandem or tridem group
should pe determined separately since available design and weight
information indicate that a large proportion of these assemblies place
an appreciably greater load on one axle of the tandem, and on two axles
of the tridem.

The distance between axles for each vehicle weighed should be measured
to permit accurate calculation of pavement and bridge loadings, as well
as the pridge formula. Axle spacings should be measured with the
vehicle components in a straight line.

Until the time that WIM equipment replaces static equipment at planning
sites, a critical issue relating to the safety of operations at a
static weighing site is the availability of storage area for trucks
waiting to be weighed. For example, a station having an average time
for weighing and measuring of 1 minute would have a theoretical
capacity of 60 trucks per hour. If the number of trucks arriving at
the station is greater that 60 per hour, some form of sampling
technique will be required to avoid excessive storage requirements and
delays to the vehicle operators. If sampling is necessary, care should
be taken to ensure that all the types of trucks common to the site are
represented in the sample.

Weigh-in-Motion (WIM) Sites

At sites where high speed WIM scales are utilized, proper setup of the
scales and the safety of the setup crew are the primary
considerations. The safety procedures prescribed for maintenance or
other activities taking place on an active facility should be adhered
to by the WIM field crew.

Ideally, a station using low or moderate speed WIM equipment should be

designed to minimize the change of path and speed of vehicles as they
are weighed in motion and proceed through the station area. Since the
primary purpose of WIM is to weigh more vehicles safely while

minimizing the vehicles' time in the station, the station's operation

?nd design should not result in vehicles backing up onto the through
anes.
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It nas been noted that many drivers are not accustomed to WIM eauipment
and tend to stop on the scales, sometimes causing backups under
nigh-volume conditions. The use of adequate traffic control devices
can help to alleviate this problem. Advance guide signs at WIM sites
are essential. Trucks should be instructed to slow to the indicated
speed and to maintain at least a 100 foot interval between vehicles as
they approach the scales. Flexible pylons or traffic cones may be used
to guide the trucks over the WIM scales. Overhead directional signals,
in conjunction with supplemental signing, should be positioned beyond
the WIM scales so that the signals will direct the trucks back onto the
highway. In some cases where a lane is closed to provide a pbuffer area
for weighing on the shoulder, advance guide signs together with traffic
control devices should be employed. Shoulder operations should be
limited to low-volume routes.
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CHAPTER 5
Truck Weight Data Collection for FHWA

Introduction

The data collected during truck weight surveys can be separated into
three distinct groups--the identification data, the interview data, and
the axle weight and spacing data. The identification data consist of
those items that are necessary to identify a particular venicle and the
time and place that it was weighed. The interview data are the
characteristics of the vehicle that can only be collected through a
driver interview while a truck is stopped in a static weigh station.
The axle weight and spacing data are collected and recorded for each
individual vehicle.

The data items included in the FHWA data format can be grouped in the
following manner:

A. Identification Data

State

Functional classification of the highway
Station number

Direction in which vehicle is traveling
Year of weighing

Month of weighing

Date of weighing

Hour of weighing

Type of vehicle weighed

CONOTPWN~
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B. Interview Data (Vehicle Characteristics)

1. Body type
2. Engine type (fuel type)
3. Registered weight
4, Basis of registration
5. Commodity carried
6. Load status
C. Axle Data
1. Individual axle weights
2. Spacings between each set of adjacent axles
3. Sum of all axle weights (total weight of vehicle)
4, Sum of all axle spacings (total wheelbase)

The detailed definitions and coding schemes for these data items are
given.in Cnapter 6.

Because of the various types of truck weight data collection equipment
currently availaple, it is necessary to be flexible in the data items
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requested by FHWA. Since each weighing procedure has different data
collection capabilities, each must be considered individually as to the
data items that can feasibly be obtained. The following paragraphs
give alternatives based on the weighing method employed.

Static Weighing

Based on the very nature of this method of weighing, it is possible for
all the data (identification, interview and axle) to be obtained.
However, from a survey conducted in all the State offices, it was
concluded that the States needed freedom in determining which data
items are justified in terms of the time and effort involved in
collecting them. Since the identification and axle data are basic to
truck weignht surveys and are, by far, the most useful items, only the
interview data remain to be scrutinized by each State as to their
utility. The interview data are an optional part of the data requested
for the FHWA truck weight survey and may be collected at the discretion
of the State.

On the basis of the States' responses to the survey and FHWA review,
the following interview data items seem to be of the greatest value at
both the State and Federal levels:

1. Body type
2. Load status
3. Commodity carried

Weigh-in-Motion

The majority of the WIM equipment has the capability of acquiring all
of the identification and axle data automatically. However, since the
vehicles are not stopped, interview data cannot be collected.
Therefore, at WIM sites, the interview items cannot be entered in the
FHWA format. In their place, the State should code the default values
as indicated in the coding scheme in Cnapter 6.

Combination of Static Weighing and Weigh-in-Motion

States using a mix of WIM and static scales may collect the data at
each site according to the instructions previously given based on the
type of weighing procedure being employed at the site.

Enforcement Weighing

Tne States have the option to conduct their truck weight surveys at
enforcement locations. Where WIM equipment is being operated at an
enforcement site, the conversion from enforcement weighing only to
collecting the data for this truck weight survey should be fairly
simple and should not affect the station's operation. However, at a
Static weighing site the conversion to data collection will be more
difficult due to the additional trained personnel reaquired to obtain
the axle spacing and, at the State's discretion, the interview data and
to record all the data.
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CHAPTER 6
Coding Instructions for the FHWA Truck Weight Survey

Introduction

This chapter contains detailed instructions for coding the field data
in the requested FHWA format. The record formats and coding
instructions have been developed to provide input to the battery of
computer programs utilized by the Highway Statistics Division in
summarizing the data submitted by the States.

The data requested are divided into three types: the station
description data, the venicle classification data, and the truck weight
data. Each type of data has its own individualized record format. The
coding instructions and record layouts are discussed separately for
each type of data, except for the description of those data items which
are common to all the record formats.

On the record format descriptions on pages 5-6-6, 5-6-13, 5-6-17, and

5-6-18, page references have been provided for each data item for easy
reference to the appropriate coding schemes.
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Data Items Common to all Record Formats

Certain data items are common to all three types of records. These
items are located in the first 11 columns of every data record and are
part of the identification information used to correlate the different
types of records.

1. Record Identification

(Column 1)

Code Record Type

2 Station description record
4 Vehicle classification record
7 Truck weignht record

2. FIPS State Codes
(Columns 2-3)

Name Code Name Code
Alabama 01 Montana 30
Alaska 02 Nebraska 31
Arizona 04 Nevada 32
Arkansas 05 New Hampshire 33
California 06 New Jersey 34
Colorado 08 New Mexico 35
Connecticut 09 New York 36
Delaware 10 North Carolina 37
District of Columbia n North Dakota 38
Florida 12 Ohio 39
Georgia 13 Ok1ahoma 40
Hawai i 15 Oregon 4
Idaho 16 Pennsylvania 42
I1linois 17 Rhode Island 44
Indiana 18 South Carolina 45
Iowa 19 South Dakota 46
Kansas 20 Tennessee 47
Kentucky 21 Texas 48
Louisiana 22 Utah 49
Maine 23 Vermont 50
Maryland 24 Virginia 51
Massachusetts 25 Washington 53
Micnigan 26 West Virginia 54
Minnesota 27 Wisconsin 55
Mississippi 28 Wyoming 56
Missouri 29 Puerto Rico 72

5-6-2



Functional Classification
(Columns 4-5)

Code Functional Classification
RURAL
)| Principal Arterial - Interstate
02 Principal Arterial - Other
06 Minor Arterial
07 Major Collector
08 Minor Collector
09 Local System
URBAN
1 Principal Arterial - Interstate
12 Principal Arterial - Other Freeways or Expressways
14 Principal Arterial - Other
16 _ Minor Arterial
17 Collector
19 Local System

Station Identification
(Columns 6-8)

This three-digit field should contain an alphanumeric designation
for the station where the survey data are collected. Station
identification field entries must be identical in all records for a
station. Differences in characters, including spaces, blanks,
hyphens, etc., prevent proper match. This applies to all three
types of records which must be matched during various stages of the
processing. Station identification numbers should be right
Justified, filled with leading zeros. Only the numbers 0 through 9
and the 26 letters of the alphabet should be used.

Direction of Travel
(Column 9)

Code Direction

North

Northeast

East

Southeast

South

Southwest

West

Northwest

North-South (or Northeast-Southwest) combined
East-West (or Southeast-Northwest) combined

CWONOGIHAWN—
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6. Year of Current Data
(Columns 10-11)

Code the last two digits of the year in which the data were collected.
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Station Description'Records

1.

General Comments

The purpose of the station description records is to provide a
means of locating the weighing sites on a standard highway map and
to provide some general information about the site. The station
description information should be submitted along with any
submittal of the vehicle classification and truck weight data.
This is necessary because the average annual daily traffic (AADT)
figure must be current to ensure the valid comparison of the counts
and weights to the average traffic stream at a site. Since the
AADT will probably be the only data item that will require annual
updating, the annual submittal process should require minimal
additional effort.

Record Format

Enter data in the following manner:

a. All records must contain a "2" in column 1.

b. All data fields in columns 1-20 and 34-45 must contain the
appropriate code for eacn data item and be filled with leading

zZeros.

c. Columns 1-3 and 10-11 should be the same on every record.
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Columns

No. of

Columns

C1OY =t et RO = RO T = RO = RO R =

w

Station Description Record

Descrigtion

Station description record code (2)

.State code

Functional classification

Station identification number

Direction of travel

Year of data

Posted route number category

Posted route number

County code

HPMS sample number

HPMS sample section subdivision number
Year station was established

Type of site

Type of weighing equipment

Method of vehicle classification counting
Coordination witn enforcement activities
AADT most current figure

Location of station

(distance and direction from nearest
major intersecting route)

5-6-6
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3. Coding Schemes (Columns 12-80)

a.

Posted Route Number Category
(Column 12)

Code Category

Interstate
u.s.

State
County
Other

oOhrhwmrnn—~

Posted Route Number
(Columns 13-17)

Code the route number of the principal route on which the
station is located. Right justify number and enter leading
zeros if necessary. For example, to identify tne route I-80,
enter a "1" in column 12 and the number "00080" in columns
13-17.

If the station is located on a city street, zero-fill this
field.

County Code
(Columns 18-20)

Use the three-digit FIPS county code (see Federal Information
Processing Standards Publication 6, “Counties of the States of
tne United States").

HPMS Sample Number
(Columns 21-32)

If a station is located on an HPMS sample section, code the
sample section identifier used for this section in the
original HPMS submission or a unique number for a new sample
section. This number may be route-milepoint or A-node,
B-node, Segment, but will be considered as a unique number
that may not change in the future. It will be assigned to all
subdivided portions of the sample sections.

If the station is not on an HPMS sample section, leave this
field blank.

HPMS Sample Section Subdivision Number
(Column 33)

For those stations located on an HPMS sample section that is
subdivided, enter the appropriate subdivision number from 0-9
as assigned to this portion of the section for the HPMS
submission. For stations not on an HPMS sample section, leave
this column blank.
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Year Station was Established
(Columns 34-35)

Code the last two digits of the year data was first collected
at this location.

Type of Site
(Column 36)

Code Site

Station located on pavement (traveled lane)
Station located on shoulder

Safety rest area

Frontage road

Off-ramp

On-ramp

Other public land

Privately owned land

Turnoff for study station which removes traffic from
through lanes (example: permanent scale site)
Other

o LOoONOONAdWN—

Type of Weighing Equipment Used for Study
(Column 37)

Code Equipment
1 Portable static scales
2 Chassis-mounted, towed
3 Platform or pit
4 Weigh-in-Motion
Method of Vehicle Classification Counting
(Column 38)
Code Method
1 Manual
2 Automated
Coordination with Enforcement Activities
(Column 39)
Code
1 Planning and enforcement activities are conducted

simultaneously at this site.
2 Planning and enforcement activities are conductea

separately or only planning activities are conducted
at this site.
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AADT
(Columns 40-45)

Code the most current AADT for the roadway on which the
station is located. Right justify figure in field and enter
leading zeros if necessary.

Location of Station
(Columns 46-80)

For stations located on a numbered route, enter the distance
and direction of the station from the nearest major
intersecting route. Abbreviate wherever necessary while
ensuring the information remains clear. For example, a
location could be coded: ’

5 MILES WEST OF U.S. 283
or
5 MI. W. OF US 283

If the station is located on a city street, enter the city and
street name.
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Vehicle Classification Records

1.

General Comments

Yehicle classification data collected at truck weigh sites are
necessary to expand the truck weight information to the
distribution of the various types of trucks in the traffic stream.
The FHWA vehicle classification categories are discussed in Section
4 and the definitions are repeated here as a reference for tne
venicle classification record format immediately following them.

Type Name and Description

Motorcycles (Optional)--All two- or three-wheeled motorized
vehicles. Typical vehicles in this category have saddle-type seats
and are steered by handle bars rather than a wheel. This category
includes motorcycles, motor scooters, mopeds, motor-powered
bicycles, and three-wheel motorcycles. This vehicle type may be
reported at the option of the State.

Passenger Cars--All sedans, coupes, and station wagons manufactured
primarily for the purpose of carrying passengers and including
those passenger cars pulling recreational or other light trailers.

Otner Two-Axle, Four-Tire Single Unit Venicles--All two-axle,
four-tire vehicles, other than passenger cars. Included in this
classification are pickups, panels, vans and other vehicles such as
campers, motor homes, ambulances, hearses, and carryalls. Other
two-axle, four-tire single unit vehicles pulling recreational or
other light trailers are included in this classification.

Buses--Al1 vehicles manufactured as traditional passenger-carrying
buses with two axles and six tires or tnree or more axles. This
category includes only traditional buses (including school buses)
functioning as passenger-carrying vehicles. All two-axle,
four-tire minibuses should be classified as other two-axle,
four-tire single unit vehicles. Modified buses should be
considered to be a truck and be appropriately classified.

NOTE: In reporting information on trucks the following criteria
should be used:

a. Truck tractor units traveling without a trailer will be
considered single unit trucks.

b. A truck tractor unit pulling other such units in a "saddle
mount" configuration will be considered as one single unit
truck and will be defined only by the axles on the pulling unit.

c. Vehicles shall pe defined by the number of axles in contact
with the roadway. Therefore, "floating" axles are counted only
when in the down position.
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10.

1.

12.

13.

d. The term “"trailer" includes both semi- and full trailers.

Two-Axle, Six-Tire, Single Unit Trucks--Al1 vehicles on a single

frame including trucks, camping and recreation vehicles, motor
homes, etc., having two axles and dual rear wheels.

Three-Axle Single Unit Trucks--Al1 vehicles on a single frame

including trucks, camping and recreational vehicles, motor homes,
etc., having three axles.

Four or More Axle Single Unit Trucks--All trucks on a single frame

with four or more axles.

Four or Less Axle Single Trailer Trucks--All vehicles with four or

Tess axles consisting of two units, one of which is a tractor or
straight truck power unit.

Five-Axle Single Trailer Trucks--Al1 five-axle vehicles consisting

of two units, one of which is a tractor or straight truck power
unit.

Six or More Axle Single Trailer Trucks--All vehicles with six or

more axles consisting of two units, one of which is a tractor or
straignt truck power unit.

Five or Less Axle Multi-Trailer Trucks--All vehicles with five or

less axles consisting of three or more units, one of which is a
tractor or straight truck power unit.

Six-Axle Multi-Trailer Trucks--All six-axle vehicles consisting of

three or more units, one of which is a tractor or straight truck
power unit.

Seven or More Axle Multi-Trailer Trucks--All vehicles with seven or

more axles consisting ot three or more units, one of which is a
tractor or straight truck power unit.
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Record Format

Enter data in the following manner:

a.

b.

A1l records must contain a "4" in column 1.

A1l data fields in columns 1-17 must contain an appropriate
code for eacnh data item and be filled with leading zeros.

Columns 1-3 and 10-11 should be the same on every record.

Each count field in columns 18-48 must contain a number or
zeros.

Passenger cars and single-unit trucks pulling light trailers
should be entered in the field of the pulling unit.
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Columns
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10-1
12-13
14-15
16-17
18-19
20-23
24-26

27-28
29-31

32-33
34-35

36-37

38-40
41-42

43-44

45-46
47-48

49
51-80

NN N N W N NN wN w BN WNN -

No. of
Columns

Ndd

Yehicle Classification Record

Vehicle classification record code (4)
State code

Functional classification

Station identification number
Direction of travel

Year of data

Month of data

Date of month

Hour of day

Number of motorcycles (optional)
Number of passenger cars or all
2-axle, 4-tire single unit vehicles
Number of other 2-axle, 4-tire

single unit vehicles

Number of buses

Number of 2-axle, 6-tire single

unit trucks

Number of 3-axle single unit trucks
Number of 4 or more axle single unit
trucks

Number of 4 or less axle single trailer
trucks

Number of 5-axle single trailer trucks
Number of 6 or more axle single trailer
trucks

Number of 5 or less axle multi-trailer
trucks

Number of 6-axle multi-trailer trucks
Number of 7 or more axle multi-trailer
trucks

Motorcycle reporting indicator

Vehicle class combination indicator
Blank or optional State data

5-6-13



3.

Coding Schemes
(Columns 12-80)

a. Month of Data
(Columns 12-13)

01 = January...12 = December

b. Date of Month
(Columns 14-15)

Code the day of the month. 01-31 are the valid codes.

c. Hour of Day
(Columns 16-17)

Code the beginning of the hour in which the count
was taken, i.e.:

Midnight-1:00 a.m. = 00
1:00 a.m.-2:00 a.m. = 0]
10:00 p.m.-11:00 p.m. = 22
11:00 p.m.-Midnight = 23

d. Vehicle Counts
(Columns 18-48)

Code the number of vehicles counted during the hour
based on the vehicle type. Rignt justify the counts
in the appropriate fields and zero-fill each field.
If the venhicles in the two vehicle type categories
"passenger cars" and "other two-axle single unit
vehicles" are counted as one vehicle type, enter the
combined count of the two categories in columns
20-23 and enter zeroes in columns 24-26.

e. Motorcycle Reporting Indicator
(Column 49)

Reporting motorcycle counts is optional. Indicate
whether or not it was decided to count motorcycles.

Code

0 Motorcycles are not reported

1 Motorcycles are reported
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f. Vehicle Class Combination Indicator
(Column 50)

Code

0 Passenger cars and 2-axle, 4-tire single unit trucks
are reported separately.

1 Passenger cars and 2-axle, 4-tire single unit trucks
are combined. :

g. (Columns 51-80)
These columns may be used to enter any information the
State wishes to include on the vehicle classification

record. If no additional information is necessary, leave
these columns blank.
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Truck Weight Records

1.

General Comments

In Chapter 5 the three truck weight data groups (identification
data, interview data and axle data) contained in the truck weight
record format are discussed. The interview data items may be
entered at the States' discretion. These items include body type,
engine type, registered weight, basis of registration, commodity
and load status. )

Special coding problems which have arisen in.the past are discussed
on page 5-6-33.

Record Format
Enter data in the following manner:
a. A1l records must contain a "7" in column 1.

b. For vehicles having five or less axles, only the “face record”
will be coded and column 80 will contain a zero.

c. Vehicles having 6-13 axles will have the weights and spacings
for the first 5 axles coded on the face record and the remaining
weights and spacings coded on the continuation record. Column
80 will be a "1" on the face record and a "9" on the
continuation record.

d. Vehicles with more that 13 axles will have the weights and
spacings for first 5 axles coded on the face record (Column 80 =
1), the weights and spacings for the 6th-13th axles coded on the
first continuation record (Column 80 = 2), and the remaining
weights and spacings coded on the last continuation record
(Column 80 = 9).

e. Columns 1-28 and 77-79 of the face and continuation records
describing one vehicle must contain the same data.

f. Columns 1-3 and 10-11 should be the same on every record.

g. All data fields in columns 1-26 on all records and columns 29-32
and 36-41 on the face card must contain an appropriate code for
each data item and be filled with leading zeros.

h. A1l of the axle weight and spacing data fields must contain a
number or zeros.

5-6-16



FACE RECORD

Columns

33-35

36-40
4

42-45

46-48
49-5]
52-54
55-57
53-60
61-63

64-66
67-69
70-72
73-76
77-79

80

No. of

Columns
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Truck Weight Record

Descrigtion

Truck weight record code (7)
State code

Functional classification
Station identification number
Direction of travel

Year of data

Month of data

Date of month

Hour of day

Vehicle type code

Body type (optional)*

Engine type (optional)*
(open)

Registered weight Optional,
(thousands of pounds){if one is
Basis of registration (coded, both

must be
coded*

(open)
Commodity code (optional)*

Load status code (optional)*
Total weight of truck or
combination
A-axle weignt (hundreds of pounds)
B-axle weight " " "
C-axle weight
D-axle weight
E-axle weight
(A-B) axle spacing (feet and
tenths)

(B-C) axle spacing
(C-D) axle spacing
(D-E) axle spacing
Total wheelbase
Record serial number

(same for continuation record)
Continuation indicator

(0 = no continuation record

1 = has a continuation record)

© 0
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-
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*Each interview data item has a default value which must be entered
when the data item is not collected.
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CONTINUATION RECORD*

Columns

1-28

29-31
32-34
35-37
38-40
41-43
44-46
47-49
50-52
53-55

56-58
59-61
62-64
65-67
68-70
71-73
74-76
77-79

80

No. of
Columns

28

WWwWwwiwWwww WWwWwwwwwww

—t

Description

Same as columns 1-28 of the face

record

F-axle weight (hundreds of pounds)

G-axle weight " "
H-axle weight *
I-axle weight " "
J-axle weight
K-axle weight
L-axle weight
M-axle weight

(E-F) axle spacing (feet and

tenths)
(F-G) axle spacing
(G-H) axle spacing
(H-1) axle spacing

(I-J) axle spacing "
(J-K) axle spacing "

(K-L) axle spacing
(L-M) axle spacing

Record serial number

face record)

(same as

Continuation indicator

(2 = first continuation record

U
WWWWWWWW

[]
?\O’i
NN NNON NN

[]
(=] O\O\O\O\?&O\O\O’i (=]
w WWWWWwWWww w

N

for a vehicle with more than 13

axles

9 = Jast continuation record)

*Used only for truck combinations having six or more axles and

immediately follows the face record.
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3. Coding Schemes
(Columns 12-80)

a. Month of Data
(Columns 12-13)

01 = January...12 = December

b. Date of Month
(Columns 14-15)

Code the day of the month. 01-31 are the valid codes.

i c. Hour of Day
(Columns 16-17)

Code the beginning of the hour in which the truck
was weighed, i.e.:

Midnight-1:00 a.m. = 00
1:00 a.m.-2:00 a.m. = 0]
10:00 p.m.-11:00 p.m. = 22
11:00 p.m.-Midnight =23

d. Vehicle Type
(Columns 18-23)

This six-digit code has been designed to allow maximum
flexibility in identifying specific vehicle types and axle
configurations. The next two pages contain the vehicle type
coding cnhart that illustrates the six-digit coding scheme for
this field. The passenger car and bus categories have been
included for those States that are using WIM equipment and
choose to weigh all vehicles.

When entering the vehicle type code, no columns should be left

blank. Leading and trailing zeros should be entered to fill
out the field as indicated on the chart.
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Personal passenger vehicles

Buses

Single-unit trucks

or tractors

Trector + semitrailer

Truk + full trailer

Tractor + sanitrailer
+ full trefler**

Truck + full trailer
+ full trafler

Tractor + samitrailer
+ 2 full trailers*™*

Truck + 3 full trailers

Vehicle Type Coding Cnart*

1st Character  2nd Character 3rd Character 4th Character 5th Character 6th Character
basic vehicle 9 0 Table A- 0 0
type =0 light trailer
modi fier
basic vehicle 9 0 Table B- 0 0
e =1 axle & tire
modifier
basic vehicle Table C- 0 Table A- 0 0
type =2 total axles light treiler
modi fier
pasic vefricle  total axles on  Table D- 0 0 0
tpe =3 power unit total axles on
first trajler
basic vehicle  total axles on  Table D- 0 0 0
tye =4 power unit total axles on
first trailer
basic vehicle total axles on  Table D- Table D~ 0 0
type =5 power unit total axles on  total axles on
first trajler second trailer
basic vehricle  total axles on  Table D- Table D- 0 0
type = 6 power unit total axles on  total axles on
first trailer second trailer
basic vehicle total axleson  Table D- Table D- Table D- 0
type =7 power unit total axles on  total axles total axles
first trailer on second on third
trailer trajler
basic vefricle  total axles on  Table D- Table D- Table D- 0
e =8 power unit total axles on  total axles total axles
first trailer on second on third
treiler trailer

*See next page for table references.,
**Sanitrailers pulled by other semitrailers will be considered full treilers.



fable A - Lignt Trailer Modifier Table B - Axle and Tire Modifier

0 No trailer 0 Axle arrangement not recorded

1 Camp trailer 1 Two-axle, four-tire

2 Travel or mobile home 2 Two-axle, six-tire

3 Cargo or livestock trailer 3 Three-axle

4 Boat trailer 4 Four or more axles

5 Towed eaquipment

6 Towed auto

7 Towed truck

8 "Saddle mount" (Tractors or trailers

with front axles on unit ahead)

9 Type trailer not determined

Table C - Total Axles Table D - Total Axles on Trailer

0 Panel and pickup 1 Single-axle trailer

1 Heavy two-axle, four-tire 2 Two-axle trailer

2 Two-axle, six-tire 3 Three-axle trailer

3 Three-axle 4 Four-axle trailer

4 Four-axle 5 Five-axle trailer

5 Five-axle 6 Six-axle trailer

6 Six-axle 7 Two-axle trailer with axles in

7 Seven-axle spread tandem configuration

8 Eight axles or more 8 Three-axle trailer including a

spread tandem configuration

9 Four-axle trailer including a

spread tandem configuration

VEHICLE TYPE CODING EXAMPLES:

Vehicle Code
1. Car _ 090000
2, 3-axle bus 190300
3. 3-axle tractor without trailer
(bobtail) 230000
4, 3-axle tractor + 2-axle semitrailer 332000
5. 2-axle tractor + 1-axle semitrailer

+ 2-axle full trailer 521200
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Body Type
(Columns 24-25)

Recording the body type is optional. Enter "99" in this field
when the body type is not determined.
Light truck

These bodies are found primarily on 1ight trucks. Where other
bodies, such as multistop delivery, are encountered on light
trucks, the correct body type code should be used.

Code Body Type

1N Panel--A fully enclosed body of 1imited capacity
which includes driver's compartment.

12 Pickup--A small open box or express body.
13 Light utility--A body designed to carry readily

accessible tools, equipment, and supplies in
integrally constructed compartments, with or without
other cargo spaces.

14 Personnel and cargo--A body with large integral
enclosed passenger compartment and a separate open
box or express body.

15 Carryall or minibus--An enclosed utility body with
side windows and one or more removable seats
designed for transporting either passengers, light
cargo, or both. (Station wagons are considered to
be passenger cars and are not included in this
category).

General truck and semitrailer bodies

21 Platform, flat, or stake--A body having a floor
without sides or roof, with or without readily
removable stakes which may be tied together with
chains, slats, or panels.

22 Low-bed trailer--A truck trailer with a platform
body constructed to provide a low loading height and
designed for the transportation of extremely heavy
or bulky property.

23 Rack--A body with fixed slatted sides and headboard.

24 Livestock rack--A rack body with or without roof
designed primarily for transportation of 1ivestock.
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25

26

27

28

3

32

33

34

35

4

42

43

Riggers or oil field--A platform body of heavy
construction equipped with a rear end roller or
bullnose adapted for loading by winch or crane
mounted on the vehicle and designed primarily for
rigging, construction, or work in oil fields.

Lumber--A platform body usually with transverse
rollers designed primarily for the transportation of
sawed lumber.

Log, or pipe--A body comprised of sill, bolsters,
with or without headboard, with provision for
uprights, and designed primarily for the
transportation of logs, poles, pipes, or other loads
which may be boomed. (Use body type codes 21 or 23
for trucks hauling pulpwood).

Canopy--An express body with fixed or removable
uprights and roof which may be integral or separate
from cab.

Express--An open box body with or without
areboards.

Open: top box or van--A body with high closed sides
and ends and a movable top, which usually is a
tarpaulin cover.

Grain--A low-side open box primarily designed to
transport dry fluid commodities in bulk.

Dump--A low-side open box designed primarily to
transport dry fluid commodities in bulk, which can
be tilted or otherwise manipulated to discharge its
load by gravity.

Hopper--A body which is capable of discharging its
oad by gravity or mechanical power through means
other than tilting, and usually loaded from the top.

Van--A fully enclosed body designed primarily for
the transportation of packaged commodities.

Insulated van--A van body designed primarily for the
transportation of commodities or the vending of
food, beverages, or confections at controlled
temperatures. It may be provided with equipment for
refrigeration or heating.

Furniture or moving van--A van body designed

primarily for transportation of furniture or
household goods. Customarily, when truck-mounted,
it includes an integral driver's compartment.
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51

52

53

54

61

62

63

64

n

72

73

74

75

Tank--A body designed for bulk 1iquid commodities
other than petroleum.

Petroleum tank--A tank body designed for

transportation of petroleum products.

Bituminous material distributor--A tank body

provided with means for distributing hot bituminous
material under pressure, usually equipped with means
for heating the material. '

Bottler--A body designed primarily for the
transportation of cased bottled beverages on open or
closed shelves, A-frames, or pallets.

Multistop or standup delivery--A fully enclosed body

with driver's compartment integral and designed for
easy access.

Automobile transporter--A body designed primarily

for the transportation of other vehicles.

Armored car (not military)--An enclosed cargo body
with integral driver's compartment so constructed as
to protect cargo and crew from overt attack.

Boat carrier--A body designed to transport two or

more boats.

Concrete mixer or agitator--A body designed and

equipped to mix or agitate concrete.

Wrecker--A body designed primarily for

transportation of equipment for salvaging disabled

vehicles and equipped with means for hoisting and
towing such vehicles.

Utilities--A body designed primarily for the

transportation of tools, equipment, and supplies for

construction, maintenance, and repair purposes.

Garbage and refuse--A dump body designed primarily

for the coliection of garbage and refuse.

Container--A body designed to transport bundled,

stacked, or palletized commodities or special

containers, with special 1ifting, locking, or
loading devices.
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76

77

78

19

88

89
AN

99

Equipment--Any truck-mounted or other self-propelled
wﬁeegea equipment designed for highway travel, such
as truck-mounted cranes, well drills, compressors,
etc.

Base chassis--A cargo type vehicle with no provision
for carrying load. This code should be used also
for the body type when one truck, without a body, is
transporting a second without a body, where the
front wheels of the second rest on the first.

Shop--A body constructed for use as a shop,
aboratory, office, or for a similar purpose with
tools, equipment, or supplies to be used, operated,
or dispensed from inside the body. Insulated bodies
designed for vending hot or cold foods, beverages,
or confections should be coded 42, insulated van
body.

Dwelling body--A body, other than a shop body,
designed for use as an abode with bunk(s), including
house body and camper body.

Truck-tractor without semitrailer or traijler--Any
vehicle constructed primarily to pull a semitrailer,
full trailer, pole trailer, house trailer, or
equipment. '

Empty log truck carrying pole trailer

Bus--A long body constructed with seats for
transporting passengers.

Not determined

Engine Type
(Column 26)

This is an optional data item and may be collected and coded
at the States' discretion. Enter a "9" if the engine type is
not determined.

Code

OO WN—

Engine

Gasoline
Diesel

Propane
Turbine

Other

Not determined
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(Columns 27-28)

This field may be left blank or it may be used to code any
data the State may wish to include on the truck weight record.

Registered Weight
(Columns 29-31, Face Record Only)

This data item is optional. If a State chooses to collect
this data, the basis of registration (Column 32) must also be
coded. :

If the weight is coded, it must be the appropriate weight for
the basis of registration in the "home" State of the vehicle
whether gross weight or empty weight. The sum of the
registered weights for all units of the combination should be
used. The weight should be expressed in thousands of pounds,
right-justified in the field and filled with leading zeros.

If registered weight is not determined, this field should be
filled with zeros.

Basis of Registration
(Column 32, Face Record Only)

This data item is needed only if the registered weight
(Columns 29-31) is reported. Enter a "9" in the field if the
basis of registration is not determined.

For States listed below, code as shown, for others code "1".

Vehicles from Canada or Mexico, where parts of a combination

are registered in different States having different bases of

registration or other cases when the basis of registration is
not determined, code "9".

Alaska 3

California 3

Colorado 3

D.C. 3 Legend

Hawaii 3

Maryland 5 1 = Gross weight of combination
Montana 2 2 = Gross weight of units separately
Nevada 3 3 = Empty weight of units separately
Ohio 3 5 = Chassis weight

Oregon 2 7 = Pay load

South Carolina 7 9 = Not determined

Wyoming 3

(Columns 33-35, Face Record Only)

This field may be left blank or it may be used to code any
data the State may wish to include on the truck weight record.
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Commodity Code
(Columns 36-40, Face Record Only)

Coding the commodity carried is optional. The following codes
apply when no commodity is recorded:

Code

a. Empty vehicle 00000

b. Loaded, commodity 46000
not determined

¢. Load status 99999
not determined

The five-digit commodity code used for this study was
developed by the Bureau of the Census for use in the Commodity
Transportation Survey portion of the 1977 Census of
Transportation. It is an adaptation of the Standard
Industrial Classification. For the 1isting of the commodities
and their associated five-digit codes, see Appendix C.

For the purposes of this study, the commodity code should
indicate, at minimum, the major category into which the
commodity falls. This requires the coding of at least the
first two digits of the five-digit code. The commodity code
should always be left-justified in this field and filled with
trailing zeros if blanks occur. For example, the commodity
code for apples could be either 01221 to identify the specific
commodity or 01000 to identify the commodity as a farm product.

For those State that choose to classify the commodities by
their major categories, the following alphabetical listing of
these categories may be helpful. If it is not clear which
category a commodity belongs in, the major category codes on
this 1isting may be referenced in Appendix C to determine
which coomodities are in a specific category. -
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Major Categories of Commodities

APPAREL AD OTHER FINISHED ELECTRICAL MACHINERY, EQUIPMENT
TEXTILE PRODUCTS, INCLUDING KNIT 23 (R SUPPLIES K )
Pppare] Electrical generating, transmission,
Hats, millinery, and gloves distribution, and industrial apparatus
Fur goods Household appliances
Miscellaneous . apparel and Electric Tighting and wiring equipment
accessories Radio, TV, and other comunication
Miscellaneous fabricated equipment and related products
textile prodicts Electronic components and accessories
Other electrical machinery and equipment
CHEMICALS OR ALLTED PRODUCTS 28
Alkalies and chlorine FABRICATED METAL PRODUCTS, EXCEPT
Industrial gases ORDNANCE, MACHINERY (R
Industrial organic chemicals TRANSPORTATION EQUIPMENT K
Inorganic color pignents Metal cans

Fertilizers and agricultural chamicals

Industrial inorganic chemicals

Plastic materials

Synthetic rubber

Synthetic fibers

Drugs and medicines

Soap, glycerine, cleaning, polishing,
and related products

Surface active agents

Toilet preparations and cosmetics

Paints, varmishes, lacqers, enamels,
and allied prodcts

Qm and wood chamicals

Phosphatic fertilizers

Adhesives and sealants

Explosives

Printing ink

Chamical preparations, not elsewhere
classified

Carbon black

COAL n
Mntnhracite coal
Bituminous coal or lignite

CONTAINERS, SHIPPING, RETURNED

EMPTY 42
Shipping containers, retumed empty
Shipping devices, retumed empty

CRUDE PETROLELM, -NATURAL GAS, 13
AND NATURAL GASOLINE

Crude petroleum or natural gas

Natural gasoline

Cutlery, hand tools, and hardware

Heating equipment (except electric)
and plumbers supplies

Fabricated structural metal products,
including doors

Boiler shop and sheet metal products

Prefabricated metal buildings and
miscellaneous metal work

Miscellaneous fabricated metal products

Metal forgings and stampings, coating
and engraving .

Fabricated wire products

Shipping containers

FARM PRODUCTS )]

Field crops
Fresh fruits or tree nuts

Fresh vegetables

Livestock or livestock products

Dairy farm products, except pasteurized
Poultry or poultry products
Miscellaneous farm products



FOOD AND KINDRED PRODUCTS

Meat, poultry, and byproducts

Dairy products

Canned and preserved fruits,
vegetables, and seafoods

Frozen and fresh fish or other
seafoods

Frozen fruits, vegetables and
prepared foods

Mixed loads -

Grain mill products and animal
feed prodcts ‘
Bakery products, except frozen

Sugar and related products
Confectionery, chocolate, and
chewing qum
Beverages, flavoring, and related
ts

produc
Miscellaneous foods and kindred
products

FOREST PRODUCTS
Barks or gums, crude
Miscellaneous forest products

FRESH FISH AND OTHER MARINE
PRODUCTS
Fresh fish and other marine prodxcts

FURNITURES OR FIXTURES

Household and office fumiture

Bedding products

Public building, restaurant,
and other furniture

Partitions, shelving, lockers, and
office and store fixtures -
metal and wood

Window shades and venetian blinds

INSTRUIMENTS, PHOTOGRAPHIC AND

MEDICAL GODS, WATCHES, AND

CLOKS
Instruments -
Surgical, medical, dental, optical,

and ophthalmic goods

Photographic equipment and supplies
Watches, clocks, and watchcases

1)

25

38

LEATHERS OR LEATHER PRODUCTS
Finmished leather
Boot and shoe cut stock and findings
Footwear
Leather gloves and mittens

Luggage, handbags, and small leather goods

Leather goods, not elsewhere classified

LUMBER OR WOOD PRODUCTS, EXCEPT
FURNITURE
Lumber and timber basic products
Lumber and dimension stock
Millwork, plywood, and structural
manbers
Wood buildings and mobile homes
Wood containers, pallets, and skids
Miscellaneous wood products

MACHINERY, EXCEPT ELECTRICAL

Engines and turbines

Farm machines and tractors

Construction, mining, and oil-field
machinery

Elevators, hoists, and materials
handling machinery and equipment

Machine tools

Metalworking machinery

Special industry machinery

Punps and canpressors

General industrial machinery

Office and store machines and service
industry machines

Miscellaneous service industry machines

Miscellaneous machinery and parts

METALLIC ORES
Iron ores
Copper ores
Lead or zinc ores
Gold or silver ores
Bauxite or other aluwinum ores
Manganese ores
Tungsten ores
Chramiun ores
Miscellaneous metal ores

MISCELLANEOQUS MDED SHIPMENTS
Loaded, camodity
not determined

4
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MISCELLANEDUS PRODUCTS OF PRINTED MATTER 27

MANLFACTIRING K ) Newspapers
Jewelry, silverware, and plated ware Periodicals
Musical instruments and parts Books
Toys, sporting, and athletic goods Miscellaneous printed matter
Pens, pencils, and other office Manifold business forms
and artists' supplies Blankbooks, 1oose leaf binders,
Miscellaneous manufactured products, or devices
including costume jewelry Products of service industries for the
printing trades
NONMETALLIC MINERALS, Greeting cards, seals, labels or tags
EXCEPT FUELS - 14
Dimension, stone, quarry PULP, PAPER, AND ALLTED PRODUCTS 26
Crushed or broken stone, including Products of pulp mills
riprap Paper and board mills
Sand or gravel Paper and board products
Clay, ceramic or refractory minerals Containers or boxes
Chamical or fertilizer minerals Building paper or building board
Miscel laneous nommetallic minerals,
except fuels RUEBER OR MISCELLANEQUS
PLASTICS PRODUCTS 30
ORDNANCE AND ACCESSORIES 19 Tires and inner tubes
Guns, howitzers, nortars, or related Rubber and plastic footwear
equipment, over 30 mm Reclaimed rubber
Amunition, except for smll arms, Fabricated rubber products, not
over 30 m elsewhere classified
Full tracked carbat vehicles or parts Plastics products, not elsewhere
Sighting or fire control equipment classified
Small arms, 30 mm and under
Smll arms amunition, 30 mm and under STONE, CLAY, GLASS, OR CONCRETE
Miscellaneous ordnance or accessories PRODUCTS 2
Glass and glass products
PETROLELM (R COAL PRODUCTS 2 Cement and structural clay products
Petroleun refining products Pottery and related products
Paving and roofing materials Concrete, gypsum, cut-stone, and
Asphalt felts and coatings plaster products
Lubricating oils and greases Morasives, asbestos, and mriscellaneous
Petroleum and coal products, not normetallic products
elsewhere classified Gaskets, packing, and sealing devices
Nonmetallic earths or minerals, ground
PRIMARY METAL PRODUCTS 3 Mineral wool
Steel mill products including coke Miscellaneous normetallic mineral
and blast fumace products proaucts
Ferroalloys
Wire and wire products TEXTILE MILL PRODUCTS 22
Iron and steel castings Cotton broad woven fabrics
Primary smelting of nonferrous ores, Marmade fiber broad woven fabrics
concentrates, or other primary materials Wool broad woven fabrics
Nonferrous metal basic shapes Narrow fabrics
Nonferrous wire drawing and insulating Knitting mi11 products
Nonferrous castings Carpets, rugs, and other floor coverings
Miscellaneous primary metal products md

Miscellaneous textile goods



TOBACCO PRODUCTS 2
Cigarettes
Cigars
Chewing and smoking tobacco or snuff
Stemmed or redried tobacco

TRANSPORTATION EQUIPMENT 37
Motor vehicles, equipment, and parts
Motor vehicle bodies and trailers
Aircraft, missiles, space wehicles,

and missile or space vehicle engines
Boats and ships
Railroad and other transportation

equipment

NASTE AD SCRAP MATERIALS 40
Ashes
Waste and scrap,

except ashes



Load Status
(Column 41, Face Record Only)

Code Status

0o Empty or not carrying a payload

1 Loaded with a payload, no overload permit
2 Equipment movement

3 Loaded with a payload, overload permit

9 Not determined

*The code "2" is to be used for vehicles which are not empty
but could not be considered as transporting a commodity.
Examples are trucks with permanently or semipermanently
mounted equipment such as compressors, cranes, generators,
augers, well drilling rigs, etc., and utility trucks such as
those used by gas, telephone and power companies, and by
electrical, plumbing and heating contractors. If a "2" is
coded, there must be a commodity code in Columns 36-40
indicating the type of equipment being transported. See page
5-6-33 under "Special Coding Problems" for the appropriate
commodity codes.

Axle Weights and Spacings
(Columns 42-76, Face Record Only)
(Columns 29-76, Continuation Record)

The weights and spacings should be entered in the appropriate
columns as indicated on the truck weight record format on
pages 5-6-17 and 5-6-18. The weights will be expressed in
hundreds of pounds and the spacings will be to the nearest
tenth of a foot. Each figure must be right justified in its
field with zeros entered where blanks occur. Any weight or
spacing field that is unused should be zero-filled.

Record Serial Number
(Columns 77-79)

Serial numbering should start with “001" for the first truck
weighed at each station. An entry of "000" is not a valid
code. If the number of trucks exceeds "999," restart the
serial number at "001."

A continuation record should always contain the same serial
number as the face record it supplements.

Continuation Indicator
(Column 80)
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Code Continuation Status

0 This is the face record describing a vehicle
with five or less axles.

1 This is the face record describing a vehicle
with six or more axles.

2 This is the first of two continuation records
describing a vehicle with more than 13 axles.

9 This is the last continuation record describing

a vehicle with six or more axles.

Special Coding Problems

a.

Trucks Carrying Equipment

For trucks carrying permanently mounted equipment such as air
compressors, cranes, welding units, and drilling rigs, code
body type "76" in Columns 24-25. The appropriate commodity
code from the 35 or 36 categories (pages 5-6-26 and 5-6-27)
should be coded in Columns 36-40. For example, truck-mounted
construction equipment would be coded “76" in Columns 24-25,
"35000" in Columns 36-40, and "2" in Column 41.

Retractable Axles

Any axles that are retracted at the time a vehicle is weighed
should not be considered when measuring the axle weights and
spacings.

Fifth Wheel

Semitrailers being pulled by other semitrailers by way of a
fifth wheel will be treated as full trailers.

Saddle-mounted Vehicles

If one or more vehicles are saddle-mounted on another vehicle,
only the axles on the pulling vehicle should be weighed and
the pulling vehicle should be classified as a single unit
truck/tractor.

Determination of Load Status

Any vehicle carrying materials that are being moved or
delivered should be considered 1oaded. However, in the case
of a vehicle carrying shipping containers or pallets which
were used in the delivery of other goods, the vehicle should
be considered empty. Only if a vehicle is carrying these
articles as a payload should it be coded as loaded.
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Data Submittals to FHWA

When a State has completed one calendar year's truck weighing and
vehicle classification operation, the data can be submitted to FHWA for

analysis. The address is:

Federal Highway Administration
Highway Statistics Division, HHP-40
400 7th Street, SW

Washington, D.C. 20590

Attention: Truck Weight Survey

(The data must be in the record formats described in this chapter for
further processing into the various summary tables.)

The information on the following page should be included with each data
submittal.
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Truck Weight Data Submittal To FHWA

1. State Name:
2. Year of Data:
3. Tape Characteristics (Check Appropriate Boxes)
Volume Name:
Tape Density: [1 3
0 4

Type of Labels: [ SL
[J NL

File Description:

Record Types in File

File Station Vehicle Truck Record Block
Number Description Classification Weight Length Length

1 U ) U
2 U ) O
3 0 ) O

4. Special Requests

Specify Any Additional Summaries Desired. Indicate a Contact Person and Telephone
Number in Case Further Clarification is Necessary.
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CHAPTER 7
Editing of Truck Weight Data

Introduction

Prior to the submission of truck weight survey data to the Federal
Highway Administration, the vehicle classification and truck weight
records should be edited by the States using the computer edit program
provided by FHWA. This chapter describes the edit program and
identifies the data checks that can be made.

General Description

This truck weight edit program was written by Federal Highway
Administration personnel and is usable by.States able to execute
American National Standard COBOL software on their computer.

The function of the program is to edit the vehicle classification and
truck weight data according to the specifications indicated in Chapter
6. The program can edit records either in the number 4 record format
or the number 7 record format, representing one year's data for any one
State. It accepts card images on tape or disk, or punched data cards
as input and produces a master file on tape or disk of the records
passing all edit checks. Any records containing one or more errors are
not written on the master file. All records input are listed and, in
addition, error messages for records containing errors are listed
preceding those records to which they apply.

The edit program requires only one parameter card. This card indicates
the record code (4 or 7), the FIPS State code and the last two digits
of the year of the data to be edited. The values on this card are
compared to the same data items in the truck weight or vehicle
classification records to ensure that the proper type of data for the
proper State and year are being edited.

This software also includes an updating process which can be used to
correct any errors identified in the initial edit of the data. It
allows individual records to be deleted, new records to be added, and
records containing errors to be replaced with corrected records.

The Edit Process

The edit program has the capability to perform the following important
functions:

1. Ensures that the vehicle classification and truck weight data
records are complete, in sequential order and free of coding errors.

2. Creates an edited data file which is ready for processing into the
various analysis and summary tables.
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3. Updates an existing file with additions, deletions, or corrections
and creates a new or updated classification or weight file.

The edit checks performed on the data are indicated on the following
pages. The checks are divided into those that apply to the vehicle
classification data and those that apply to the truck weight data since
the two files are processed individually.
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1. Classification Record Valid Edit Values

Valid Values

must agree with Column 1 on parameter card (=4)
must agree with Columns 2-3 on parameter card
01, 02, 06-09, 11, 12, 14, 16, 17, 19

numeric or alpha (not blank)

0-9 |

must agree with Columns 4-5 on parameter card
01-12 and must be compatible with Columns 14-15
01-31 and must be compatible with Columns 12-13
00-23

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

numeric

0-1 and must be compatible with Columns 18-19

0-1 and must be compatible with Columns 24-26

(no edit check)

Columns Field Description
1 Record Type Code
2-3 State Code
4-5 Functional Class.
6-8 Station ID Number
9 Direction
10-1 Year
12-13 Month
14-15 Date
16-17 Hour
18-19 Vehicle count
20-23 Vehicle count
24-26 Vehicle count
27-28 Vehicle count
29-31 Vehicle count
32-33 Vehicle count
34-35 Vehicle count
36-37 Vehicle count
38-40 Vehicle count
41-42 Vehicle count
43-44 Vehicle count
45-46 Vehicle count
47-48 Vehicle count
49 Motorcycle
Reporting Indicator
50 Vehicle Class
Combination Indicator
51-80 Blank or optional

data :
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2. Weight Record Valid Edit Values

Face Record

Columns Field Description
1 Record Type Code
2-3 State Code
4-5 Functional Class.
6-8 Station ID Number
9 Direction
10-11 Year
12-13  Month
14-15 Date
16-17 Hoﬁr
18-23 Vehicle Type Code
24-25 Body Type
26 Engine Type
27-28 (open)
29-31 Registered Weight
32 Basis of Regis.
33-35 (open)
36-40 Commodity Code
41 Load Status Code
42-45 Total Weight
46-48 Axle Weight
49-5] Axle Weight
52-54 Axle Weight
55-57 Axle Weight

Valid Values

must agree with Column 1 on parameter card (=7)
must agree with Columns 2-3 on parameter card
01, 02, 06-09, 11, 12, 14, 16, 17, 19

numeric or alpha (not blank)

0-9

must agree with Columns 4-5 on parameter card
01-12 and must be compatible with Columns 14-15
01-31 and must be compatible with Columns 12-13
00-23

See Vehicle Code Checks (page 5-7-7)

>10

1-4, 8, 9

(no edit check)

numeric

1, 2,3,5,7,9

(no edit check)

See Commodity Code Checks (page 5-7-8)

must = sum of all axle weights
numeric
numeric
numeric

numeric
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58-60
61-63
64-66
67-69
70-72
73-76
77-79
80

Axle Weight

Axle Spacing
Axle Spacing
Axle Spacing
Axle Spacing
Total Wheelbase
Record Serial No.

Continuation Code

numeric

zeros or (numeric and > 1.9 ft.)
zeros or (numeric and >1.9 ft.)
zeros or (numeric and > 1.9 ft.)
zeros or (numeric and >1.9 ft.)
must = sum of all axle spacings

numeric and > zero

0 and followed by another face record or

1 and followed by a continuation record
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Continuation Record

Columns Field Description Yalid Values

1-28 Same as Face Record Same as face record 1 preceding it
29-31 Axle Weight numeric

32-34 Axle Weight numeric

35-37 Axle Weight numeric

38-40 Axle Weight numeric

41-43 Axle Weight numeric

44-46 Axle Weight numeric

47-49 Axle Weight numeric

50-52 Axle Weight numeric

53-55 Axle Spacing zeros or (numeric and> 1.9 ft.)
56-58 Axle Spacing zeros or (numeric and> 1.9 ft.)
59-61 Axle Spacing zeros or (numeric and> 1.9 ft.)
62-64  Axle Spacing zeros or (numeric and > 1.9 ft.)
65-67 Axle Spacing zeros or (numeric and> 1.9 ft.)
68-70 Axle Spacing | zeros or (numeric and> 1.9 ft.)
71-73  Axle Spacing ~ zeros or (numeric and> 1.9 ft.)
74-76  Axle Spacing zeros or (numeric and > 1.9 ft.)
77-79 Record Serial No. Same as face record 1 preceding it

80 Continuation Code 2 and followed by a continuation record or

9 and followed by a face record
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Yehicle Code Checks

For the purpose of this explanation, the following definitions will
be used:

Digit 1 = 1st digit of the vehicle code
Digit 2 = 2nd digit of the vehicle code
Digit 3 = 3rd digit of the vehicle code
Digit 4 = 4th digit of the vehicle code
Digit 5§ = 5th digit of the vehicle code
Digit 6 = 6th digit of the vehicle code

The vehicle code edit checks are:
(1) must be numeric
0-8
0 == Digit
Digit

Digit
Digit

(2) Digit 1

(3) Digit

!

(4) Digit1 Digit
Digit
Digit
Digit

Digit

O == =2 1 OO —=N OO —=N [eJoloNo] OCOO0OO0Ow [N oNoRr.

]
N
A NWN AN WN ANWN

(5) Digit1 Digit
Digit
Digit

Digit

(6) Digit1 = 3 or 4= Digit
Digit
Digit
Digit

Digit

(7) Digit1 =5 or 6= Digit
Digit
Digit
Digit

Digit

(8) Digit 1 =7 or 8=> Digit
Digit
Digit
Digit

Digit

NP WN OTPWN AN WN

(9) The number of axles indicated in the vehicle code must
equal the number of axle weights coded for that vehicle.
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Commodity Code Checks

Cross checks between the commodity code and the load status are
preformed based on the valid commodity codes as follows:

Commodity Code Load Status
(1) Columns 36-37 = 01, 08-11, 13, Column 41 =1, 2, .or 3.
14, 19-40, 42, 46
(2) Columns 36-40 = 00000 Column 41 = 0
(3) Columns 36-40 = 99999 Column 41 = 9

Axle Weights and Spacings

The number of axle weights coded for a vehicle must correspond to
the number of axle spacings.
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CHAPTER 8
Truck Weight Data Summaries (FHWA W-Tables)

Introduction

In order for the results of the truck weight surveys to be of value,
summaries of the data must be made available in an appropriate form.
The W-Tables were designed to provide a standard format for presenting
the outcome of the vehicle weighing and classification efforts at truck
weigh sites. These summary tables have been produced by FHWA for each
submittal of a State's data and returned to the States for their use.
This chapter provides a brief description of each of the W-Tables along
with a sample of each as produced by the current software.
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Table W-1

This table displays the characteristics of each weigh station based on
the information contained in the station description records. The
characteristics presently include a brief description of the location
of the station along with various information on the adjoining roadway,
the scale and its hours of operation, the attending personnel, the
surrounding environment, and the prevailing weather conditions. A
sample of the table is shown on page 5-8-3.
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TABLFE W-1 FOR 1984

STATION NUMBER : 309 DIRECTION OF TRAVEL : SOUTH TOTAL VEHICLES WEIGHEO 1983
ROUTE NUMBER : INIST 00083 FUNC. CLASS. : Of ° AVG DAILY TRAFFIC 1983 26449 SPEED LIMIT - CARS : 55 MPH
YEAR ESTABLISHED 1974 AVG DAILY LOAD 1983 : 4720 18-KIP EQ. SPEED LIMIT - TRUCKS : 55 MPH
ROANWAY AND PAVEMENT CHARACTFRISTICS
MAIN ROADWAY LANES : 4 PAVEMENT TYPE - NORTH OR EAST BOUND ROADWAY : 18 MEDIAN TYPE : § MEDIAN WIDTH : 4 FT
TOTAL WIDTH : A8 FT PAVEMENT TYPE - SOUTH OR WEST BOUND ROADWAY : 18 CONTROL OF ACCESS CODE : 2
CROSS -SFCTTION CODE : 14 PAVEMENT 1HJICKNESS : 14 IN FEDERAL-AID SYSTEM CODE : . 02
* PAVEMENT CONDITION RATING SYSTEM CODE : 4 PAVEMENT CONDITION - NORTH OR EAST BOUND ROADWAY : 3.2
PAVEMENT CONDITION - SOUTH OR WEST BOUND ROADWAY 3.2
STATION ENVIRONMENT
YYPE OF SIIE : 3 LAND USE ABUTTING NORTH OR EAST BOUND ROADWAY : 9900
LAND USE ABUTTING SOUTH OR WEST BOUND ROADWAY : 9900
COUNTY CODF : 133 CITY CODE : 4300 RURAL ~ URBAN - MUNICIPAL - METROPOLITAN CATEGORY CODE : 50

NEAREST TRAFFIC CONTROL DEVICES - NORTH OR EAST FROM STATION : 000/00
NFARES! TRAFFIC CONTROL DEVICES - SOUTH OR WEST FROM STATION : 000/00

TIME OF OPERATIONS : SHIFT 1 nr 1 START ON 08 / 08 AT 1300 END ON 08 / OB AT 2100
SCALFE TYPE AND PFRSONNEL
TYPF OF EQUIPMENT : 09 LENGTH OF SCALE : 2 FT

CLASSIFICATION COUNTERS : 02 INTERVIEWERS : of LOADOMETER OPERATORS : 06

TAPEMEN : 06 RECORDERS : o1 WEIGH MASTERS : 00

SUPFRVISORS : o1 POLICE : 02 FLAGMEN : o1

OTHER (UNCLASSIFIED) : 00
WEATHER CONDITIONS : '
GENERAIL. WEATHER CODE : O TEMPERATURE : O DEGREES ROAO SURFACE CONDITION CODE : O AVG WIND VELOCITY : O MPH

OTHER COMMENTS
NB RFSI ARFA N OF EXIT 13 SB REST AREA S OF EXIT 15 YORK CO EST



Table W-2

This table includes a summary of the number of vehicles counted and the number of
vehicles weighed in each State by each functional classification of the highway,

individual station location, and vehicle type. It also compares the figures for

the current year to those for the year of the previous data submittal.

Several additional figures are provided in the table and are calculated in the
following manner:

1. “Ratio® = Current year figure for this category
Previous year figure for this category

2. "Percent Distribution = “Number Counted" of a specific vehicle type

Total Vehicles"” "Total of AIT Vehicles™ x 100
3. "Percent Distribution = "Number Counted" of a specific truck type

Trucks & Comb."” ™otal Truck & Comb.™ x 100
4, "“Percent Dist. = "Number Weighed" of a specific truck type

of Number Weighed” "Total TrucE ¥ Comb.™ x 100
5. "Weighed as a Percent = "Number Weighed" of a specific truck type

of Counted” “Number Counted™ of a specific truck type x 100
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TABLE W-2 FOR 1882-84

FUNC . CLASS O1f
ALL STATIONS

PERCENT DIST. WEIGHED AS A
NUMBFR COUNTED PERCENTAGE DISTRIBUTION NUMBER WEIGHED OF NUMBER PERCENT OF
TOTAL VEHICLES TRUCKS & COMB. WE IGHED COUNTED

1984 1982 RATIO 1984 1982 RATIO 1984 1982 RATIO 1984 1982 1984 1982 1984 1982
PASSENGER VEHICLES

MOTORCYCLF -SCOOTER 809 1173 0.69 0.38 0.58 0.66
PASSENGER CARS
SMALL IN STATE 12942 667 19.40 6.12 0.33 18.66
SMALL OUT OF STATE o} 354 .00 0.00 0.17 0.00
SUBTOTAL SMALL 12942 1021 .68 6.12 0.50 12.19

STD-COMP IN STATE 82804 79664
STD-COMP OUT STATE 27695 44063
SUBTOTAL STD-COMP 110499 123727
IN STATE ALl CARS 95746 80331
OUT STATE ALL CARS 27695 444147
SUBTOTAL PASS. CARS 123441 124748

.01 39.15 39.17 1.00 .
.63 13.10 21.66 0.60
.89 52.25 60.83 0.86
19 45.27 39.49 1.15
13.10 21.84 0.60
.Q9 $8.37 61.33 0.95

BUSES
COMMERCIAL BUSES 339 128 .79 0.16 0.21 0.76
SCHOOL .NON-REV BUS 135 172 .18 0.06 0.08 0.75
SUBTOTAL ALL BUSES 474 600 9 0.22 0.29 0.76

20C0 00-00=-RO
)]
N

TOTAL ALL PASS VEM 124724 126521 .Q9 58.97 62.20 0.95

.

SINGLE UNIT TRUCKS
PANEL AND PICKUP 29112 20072

1.15 10.93 9.87 1.1 26.64 26.119 1.02 o o 0.00 0.00 0.00 0.00
2-AXLE, 4 TIRE 119 568 o.21 0.06 0.28 0.20 0.14 0.74 0.19 (o) 1 0.00 0.02 0.00 0.18
2-AXLE, 6 TIRE 8047 7383 1.09 3.80 3.63 1.05 9.27 9.60 0.97 693 646 10.58 11.19 8.61 8.75
J-AXLE, OR MORE 974 1328 0.73 0.46 ' 0.65 0.71 1.12 1.73 0.65 447 213 6.82 3.69 45.89 16.04
SUBTOTL STNGLE-UNIT 32252 29351 1.10 15.25 14.43 1.06 37.17 38.18 0.97 1140 860 17.40 14.89 3.53 2.93
COMBINATIONS
TRACTOR + SEMITRAILER
2 AXLE TRCTR 4685 4463 1.05 2.22 2.19 1.01 .40 $5.80 0.93 456 538° 6.96 9.32 9.73 12.05
3 AXLE TRCTR 48568 42686 1.14 22.96 20.99 1.09 35.98 55.52 1.01 4813 4375 73.46 75.76 9.91 10.25
4 AXLE TRCTR (o) o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 2 0.02 0.03 0.00 0.00
SUBTOTAL 53253 47149 1.13 25.18 23.18 1.09 61.38 61.32 1.00 5270 4915 80.43 85,11 9.90 10.42
TRUCK + FULL TRAILER
2 AXLE TRCTR 26 100 0.26 0.01 0.05 0.25 0.03 0.13 0.23 1 o 0.02 0.00 3.85 0.00
3 AXLE TRCTR o 28% 0.00 - 0.00 0.14 0.00 0.00 0.37 0.00 1 (o} 0.02 0.00 0.00 0.00
SUBTOTAL 26 385 0.07 0.01 0.19 0.06 0.03 0.50 0.06 2 o 0.03 0.00 7.69 0.00
TRACTOR + SEMITRAILER
+ FULL TRAILER
2 AXLE TRCTR 1133 (o) 0.00 0.94 0.00 0.00 1.3 0.00 0.00 122 o 1.86 0.00 10.77 0.00
3 AXLE TRCTR 99 (o) 0.00 0.08 0.00 0.00 0.114 0.00 0.00 18 o 0.27 0.00 18.18 0.00
SUBTOTAL 1232 o 0.00 0.58 0.00 0.00 1.42 0.00 0.00 140 o 2.14 0.00 11.36 0.
TRUCK + FULL TRAILER
+ FULL TRAILER
2 AXLE TRCTR 1 (o) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (o) o 0.00 0.00 0.00 0.
SUBTOTAL 1 (o) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o o 0.00 0.00 0.00 0.00
TOTAL COMBINATIONS 54512 47534 1.15 285.78 23.37 1.10 62.83 61.82 1.02 5412 4915 82.60 85.11 9.93 10.34
TOTAL TRUCK & COMB. 86764 76885 1.13 41.03 37.80 1.09 100.00 100.00 1.00 6952 8775 100.00 100.00 7.55 7.51
TOTAL ALL VEHICLES 211488 203406 1.04 100.00 100.00 1.00

NOTE: VEHICLES HAVING LOAD STATUS = 2° ARF NOT INCLUDED IN THE W2 TABLES.



Table W-3

This table provides information on the average weights of empty, loaded and

all trucks and their average carried loads. This information is broken down
by vehicle type, station location and functional classification and is
provided for both the current year and the year of the previous data submittal.

The various figures in the table are calculated in the following manner:

1. “Aver Gross Wt. Lbs."” = Total weight of all trucks weighed in this category
Number of trucks weighed in this category
2. "Percent Loaded" = Number of loaded trucks
Total number of trucks x 100
3. "“Estimated No. Loaded” = "Number Counted" x "Percent Loaded"
100
4, "Aver Load Wt. Lbs." = Total weight of loaded trucks in this category

Number of loaded trucks 1n this category

5. "Percent Empty" = Number of empty trucks
Total number of trucks x 100

"Number Counted” x "Percent Empty"
100

6. "Estimated No. Empty"

7. "Aver Empty Wt. Lbs.” Total weight of empty trucks in this category

Number of empty trucks in this category

8. "“Carried Load "Aver Load Wt. Lbs." - "Aver Empty Wt. Lbs."

Wtd. Avg Lbs."

Current year figure for this category
Previous year figure for this category

9. "Ratio”
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FUNC. CLASS 04
ALL STATIONS

VEHICLE TYPE

SINGLE UNJT TRUCKS

PANEL AND PICKUP

2-AXLF, 4 [1IRE

2-AXLE. 6 TIRE

J3-AXLE. OR MORE

COMBINATIONS
TRACTOR + SEMITRAILER

2 AXLE TRCTIR
3 AXLE TRCTR

TRUCK + FULL TRAILER

2 AXLE TRCIR
3 AXLE TRCTR

TRACTOR + SEMITRAILER
+ FULL TRAJLER

2 AXLE TRCTR

3 AXLE TRCIR

TRUCK ¢ FULL TRAJLER
+ FULL TRAIJLIR

2 AXLE TRCFYR

TOTAL

YEAR OF NUMBER
SURVEY COUNIED
1984 23,1142
1982 20,072
RATID 1.151
1984 19
1982 568
RATIO 0.210
1984 8.047
1982 7.383
RATIO 1.090
1984 974
1982 1.328
RATIO 0.731
1984 4,685
1982 4.463
RATIO 1.050
1984 48,568
1982 42,686
RATIO 1.138
1984 26
1962 100
RATIO 0.260
1984 (o]
1982 285
RATIO 0.000
1984 1,133
1982 o]
RATIO 0.000
1984 299
1982 0
RATIO 0.000
1984 t
19R2 0
RATIO 0.0n0

VFHICLES

AVER GRDS
wr. LBS.

33.088
33,949
0.978
51,441
50,449
1.020

61,500
o]
0.000
$1,800

0.000

58,448
(o)

0.000

61,944
o]

0.000

TABLE W-3 FOR 1982-84
NUMBER OF LOADED AND FMPTY VEHTCLES, AVER. WEIGHT, AND AVER. LOADS BY VEHICLE TYPE

LOADED VEHICLES

S PERCENT
LOADED

ESTIMATED
NO.

LOADED

AVER LOAD
WT. L8S.

0.000
7.400
0.000
15,918
15,860
1.004
52,986

J37.89%
1.398

36,005
36,684
0.981
57,315
56,593
1.013

61,500
o
0.000

0.000

59,174

0.000

63,564

0.000

PERCENT
EMPTY

EMPTY VEHICLES

ESTIMATED AVER EMPTY
LA

NO. EMPTY

o
[oNe} §(DO

0.000

3.13%
2,492
1.258

281

692
0.406

LBsS.

o
oo §oo

:

12,984
12,678
1.024

28,225
23,248
1.214

CARRIED LOAO
WTD. AVG LBS

NOTE: FOR VEHICLE YV;E; THAT WERE COUNITER 81T NOT WEIGHED, THE NUMBER COUNTED IS GIVEN AND WEIGHT RELATED FIELOS ARE ZERO FILLED.

VEHICLES HHAVING LOAD SIAIUS =

9

ARF. NOT INGCLUDED IN THE W3 TABLES.



Table W-4

This table is most commonly used in pavement design since it contains
information on truck axle loadings and their effect on flexible and
rigid pavements based on 18-KIP equivalent axle loads. It also
provides the number of single, tandem, and total axles weighed that
fall into particular weight ranges and gives the resulting 18-KIP
equivalent axle loads on the two types of pavement. All of the
information is produced by truck type and can be shown for each station
Tocation and/or functional classification.

The 18-KIP axle equivalence factors used in the calculation of the
18-KIP equivalent axle loads are those recommended by the American
Association of State Highway Transportation Officials. The 18-KIP
values most commonly used in the W-4 table are associated with the
following pavement conditions:

1. Rigid Pavement, P = 2,5, D =9

This is concrete pavement with a serviceability value of 2.5 and a
depth of 9 inches. (Serviceability values range from 0.0 to 5.0
with 0.0 representing the worst possible pavement condition and 5.0
representing the best possible pavement condition.)

2. Flexible Pavement, P = 2.5, SN =5

This is asphalt pavement with a serviceability value of 2.5 and a
structural number of 5. (The structural number is calculated from
the dept? and layer coefficient of the subbase, base and surface
courses.

The 18-KIP axle equivalence factors for pavement depths of 6 inches
through 11 inches, a serviceability rating of 2.0, and structural
numbers of 1 through 6 may be used in the table if desired.

An example of the Table W-4 is given on pages 5-8-11 through
5-8-20. The majority of the figures in the table are the numbers
of axles weighed that fall into particular categories. The
remaining figures are calculated from this information. The
following definitions for determining these figures and examples of
their derivation based on the example table are intended to help
those using this table to better understand its contents.

1. "Probable No." = The product of the number of axles weighed in
a specific weight range for a specific truck
type and the ratio of total axles counted to
total axles weighed for that truck type,
summed for each truck type in the category.

e.g., (see page 5-8-13),

Al10 = Al x A3+ A4 x A6 + A7 x A9
).v4 J.11 .t
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2. "18 K Eqv for A1l Trucks Weighed" = By truck type, the summation
of 18-KIP equivalent axle loads calculated from the product of
the number of axles in each weight range and the 18-KIP axle
equivalence factor for that weight range.

e.g., (see pages 5-8-13 and 5-8-14),

B100 = (B1xC1) + (B2xC2) + (B3xC3) +...(B12xC12) + (B13xC13) +
(D1xE1) + (D2xE2) + (D3xE3) +...(D15xE15) + (D16xE16)
and F100 = (F1xC1) + (F2xC2) + (F3xC3) +...(F12xC12) + (F13xC13) +

(G1xE1) + (G2xE2) + (G3xE3) +...(G15xE15) + (G16xE16)

3. "18 K Eqv per 1000 = Average 18-KIP equivalent axle load per truck
Trucks Weighed" multiplied by 1,000.

e.g., (see pages 5-8-13 and 5-8-14),

Hl = H2 / H3 x 1,000 or H2 x H4 x 1000
m A3

NOTE: While H4 is nominally equal to the column heading, it is in fact
calculated from the number of axles coded on the individual truck
records.

4, ™18 K Eqv for A1l Trucks Counted" = The ratio of the number of axles
counted to the number of axles
weighed multiplied by the 18-KIP
equivalent axle load for all trucks
weighed.

e.g., (see page 5-8-14),

J1 = J2 x H2
i}

5. “Percent Distribution of 18 K Eqv" = The 18-KIP equivalent axle load for
all trucks counted in a particular
truck type divided by the same
figure under "Total A11 Trucks and
Combinations Probable No." (on Part
5 of Table W-4),

e.g., (see pages 5-8-14 and 5-8-20),
K1 = (J1/K2) x 100

6. "Total A1l Combinations = The sum of the probable numbers from
Probable No." (Part 5 only) Parts 2-4 of this table.

e.g., (see pages 5-8-13, 5-8-15, 5-8-17, and 5-8-19),

L1 = L2 + L3 + L4
(Part 5) (Part 2) (Part 3) (Part 4)
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10.

“Total A1l Trucks and = The sum of the probable numbers
Combinations Probable from Parts 1-4 of this table.
No.* (Part 5 only)

e.g., (see pages 5-8-11, 5-8-13, 5-8-15, 5-8-17, and 5-8-19),

M = M2 + L2 + L3 + L4 =M + L)
(Part 5) (Part 1) (Part 2) (Part 3) (Part 4)
"Percent Heavier = 100 percent minus the percentage of the probable
Than Low Weight number of axles in a lower weight group.

Interval" (Part 5 only)
e.g., (see page 5-8-19),
N1 = 100 - (N2 + N3 + N4 + N5) x 100

Nb
"Axles per 1,000 = The ratio of the probable number of
Trucks and trucks in a weight range to the probable

Combinations" (Part 5 only) number of total trucks counted,
multiplied by 1,000,

e.g., (see pages 5-8-19 and 5-8-20),
P1 = (M1/P2) x 1,000
"Ratio 1980/1979" = The ratio of the probable number of axles per
1,000 trucks for 1980 to the same figure for
1979,
e.g., (see page 5-8-19),

Q1 = Q2/Q3
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INTST RURAI

INCLUDES 12 STATIONS

PART

TABLE w-4

{1 OF S

NUMBER OF AXLE LOADS OF VARIOUS MAGNITUDES OF LLOADED AND EMPTY TRUCKS AND TRUCK COMBINATIONS OF

EACIt TYPE WEIGHED,

THF PRORABLE NUMBER OF SUCH LOADS AND THE EIGHTEEN KIP AXLE EQUIVALENTS OF

FACH GENFRAL TYPF AND OF ALl TYPES COUNTED ODURING 1984 COMPARED TO CORRESPONDING DATA FOR 1982

18 KIP AXLE
EQUIVALENCY FACTOR

AXLE LOADS IN POUNDS RIGID
AND ETGHTEEN KIP AXLE PAVEMENT
EQUIVALENCY [TEMS
P=2.5,
n-a-
UNDER 3,000 0.0002
3.000 - 6,999 0.0050
7,000 - 7,999 0.0260
8.000 - 11,999 0.0820
12,000 - 15,999 0.3410
16,000 - 18,000 0.7830
18,001 - 18,500 1.0650
18,501 - 20,000 1.3360
20,001 - 21,999 1.9260
22,000 - 23,999 2.8180
24,000 - 25,999 3.9760
26,000 - 29.999 6.2890
30.000 OR OVER 11.23950
TOTAL SINGLE AXLES WEIGHED
TOTAL. SINGLE AXLES COUNTED
UNDER 6,000 0.0100
6,000 - 11,999 0.0100
12.000 - 17,999 0.0620
18,000 - 23.999 0.2530
24.000 - 29,999 0.7290
30,000 - 32.000 1.70%0
32,001 - 32,500 t.5420
32,501 - 33.999 1.7510
34,000 - 35,999 2.1650
36.000 - 37.999 2.7210
38,000 - 39,999 3.3730
10,000 - 41,999 4.1290
42,000 - 43,999 4.9970
44,000 - 45,999 5.9870
416.000 - 49,999 7.7250
$0,000 OR OVER 10. 1600

TOTAL TANDEM AXLES WEIGHED

DAWN 2« ==J3CD2002

AAIVN 22200002002

TLEXIBLE
PAVEMENT

. Q002
. 0050
.0320
.0870
- 3600
. 7960
. 0600
.3070
.8260
.5830
.$330
.2890
.1320

.0100
.0100
.0440
. 1480
. 4260
.7530
.8850
.0N20
. 2300
.5330
.8850
.2R90
. 7490
. 2690
. 1700
100

PANEL
AND PICKUP
(UNDER 1 TON)
1984 1982
0 o
0 o
0 0
0 0
0 o
0 o
0 0
0 o
o o
0 0
0 o
o o
0 [0}
0 0
23112 20072
(o} 0
(o} 0
o (o}
0 o
0 0
(o} o
o .0
(o} (o}
o o
o o
(o} o
0 o
0 o
(o} (o}
o o
o o
o (o}

2 AXLE
4 TIRE
1984 1982
(o) 1
(o) 1
o o
o o
(o) o
(o) (o)
(o) (o)
(o) (o)
(o) o
(o) (o)
(o) (o)
(o] (o)
(o) (o)
o 2
119 1136
o o
o] (o)
(o] (o]
(o] o
(o] o]
o Lo}
(o) o
o] o
(o) o
o o
(o] (o)
o (o]
o o
0 0
o o
o (o)
(o) (o)

SINGLE-UNTT TRUCKS

2 AXLE
6 TIRE

1984 1
SINGLE AX

63
647
155
386
97
23

QaQawd

1386 1

16094 14

TANDEM AXLE GROUPS

Q0000000000000 O00

[+

982
LES

53
621
168
338
99
24
2
10

CQO0OQ =»n

320

766

Q0000000000000 0O0

[+

3
OR

1984

16
131

265
t03

[A)
O-~QOuuaan

609

1327

678

AXLE
MORE

1982

332

2051

QOO0 - A

191

SINGLE-UNIT
TRUCKS
PROBABLE NO.

1984

765
7755 2
1887
5060
1351
343
55
32
92
23
(o]
14
[o]

17421

13
251
318
327
238
126
20
78
63

13

A2O0ONOO

1982

1211
7824
2157
4609

15717

342
124
70
17
o

(o)

17953
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TOTAL TANDEM AXLES COUNTED

UNDER 3,000
3.000 - 6,999
7.000 - 7,999
8,000 - 11,999
12,000 - 15,999
16,000 - 16,250
16,251 - 17,999
18.000 - 18,500
18,501 - 19,999

20.000 - 21.999

22,000 - 23,999

24.000 - 25,999

26,000 - 29,999

30,000 OR OVER

TOTAt. AXLES WEIGIIED
TOTAL AXLES COUNTFD

TOTAL VEHICLES COUNIED

. RIGID PAVEMENT, P-2 .5, N-9*
18 K EQV FOR ALl TRUCKS WEIGHED

18 K EQV PER 1000 TRUCKS WEIGHED

18 K EQV FOR ALL TRUCKS COUNTED

PERCENT DISTRIBUIION OF 18 K ENV

) FLEXIBLE PAVEMENT, P=2 .5, SN=5
18 K ENV FOR ALL TRUCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEIGHED
18 K EQV FOR ALL TRUCKS COUNTED
PERCENT DISTRIBUTION OF 18 K EQV

0000000000000 O0
Q0000000000000

[o
[o

o000
-000
[eNeNe)
[eNeoNo]

0909
coo
®oo00
ooo

Q0000000000000

o]

119

Q00000000000 = -

N

Zowno

o} o]
ALL AXLES
63 53

647 621
155 168
J86 338
97 99

6 7
17 17

4 2

2 9

7 S

1 1

0 o]

1 o]

o] o]

1386 1320

16094 14766

8047 7383

119.5 113.8
172.5 172.4
1388.0 1272.6
2.18 2.65

122.6 117.7
176.9 178.4
1423.9 1316.8

3.35 4.05

1477

1965

4282

974

KIP AXLE EQUIVALENTS

545 .1

1219.5
1187.8

1.86

368. 1
823.5
802 .1

1.89

1180

10/
165
g5
224
125

O0OO0OwWoum

714

4410

1328

133.3
619.8
823.1

1.71

105.3
489.9
650.6

2.00

1477

20376

32252

664.6
79.8
2575.8
4.05

490.7
69.0
2226.0
5.24

1180

1469
8534
2466
5165
1879

351

20312

29351

247 .1

71.4

2098.7

4.37

223.0

67.1

1970.4

6.06
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INTST RURAL
INCLUDES

12 STATIONS

AXLE LOADS IN POUNDS
AND EIGHTEEN KIP AXLE
EQUIVALENCY [TEMS

UNDER 3,000

3.000 - 6,999
7,000 - 7,999
8,000 - 11,999
12,000 - 15,999
16,000 - 18,000
18,001 - 18,500
18,501 - 20,000
20,001 - 21,939
22.000 - 23,999
24.000 - 25,999
26,000 - 29,999
30,000 OR (OVFR
TOTAL SINGLF AXLFS WEIGHFD

TOTAL

SINGIE AXLES COUNTED

UNDER 6,000
6,000 - 11,999
12,000 - 17,999
18.000 - 23,999
24,000 - 29,999
30,000 - 32,000
32,001 - 32,500
32.501 - 33,999
34,000 - 35,999
36,000 - 37,999
38,000 - 39,999
40,000 - 41,999
142,000 - 43,999
44,000 - 45,999
46,000 - 49,999
$0.000 OR OVER

TOTAL TANDEM AXLFS WEIGHFD

Dl
D2
D3

D15
D16

18 KIP AYLE

EQUIVALENCY FACTOR

RIGID rLEXIBLE
PAVEMFENT DPAVFMENT
r-2.5, r-7.5,

n-9* SN=5
0.0002 0.0002
0.00%50 0.0050
0.0260 0.0320
0.0820 0.0870
0.3410 0.3600
0.7830 0.7960
1.0650 1.0600
1.3360 1 3070
1.9260 1.8260
2.8180 2.65830
3.9760 3.5330
6.2890 5 3890
11.0950 9.1320
0.0100 0.0100
0.0100 0.0100
0.0620 0.0440
0.2530 0. 1480
0.7280 0.1260
1.3050 0.7530
1.5420 0.8R50
1.7510 1.0020
2. 1650 1.2300
2.7210 1.5330
3.3730 1.8850
4.1290 2.2890
4.9970 2.7480
5.9870 3.2690
7.72%0 A4.1700
10. 1600 5. 1000

Fl
F2
F3

Fl12
F13

OO0
W -

2
n

Glé

PART 2 OF 5

TABLE W-4
Ha4 (3] AXLE
1984 1982
1 o)
78 31
43 29
131 [f33)
31 a7
8 3
2 1
2 0
1 0
0 )
0 0
(o} 0
0 0
298 [244
3084 [2484]
0 1
o 0
) 1
1 2
0 0
0 o}
0 0
0 0
0 0
0 o
0 0
0 0
o 0
0 )
0 o
0 0

>
w

A2

>
-

*.

TRACTOR SEMI-TRAILER COMBINATIONS

4 AXLE S AXLE
OR MORE
1984 1982 1984 1982
SINGLE AXLES
ajcl 3 40 23
g2 {c2 112 912 503
88 |c3 128 376 347
372 | » [Eo8Jae  2s93 B7a6]a9
126 | * 133 639 523
201 » 26 137 11
si. 5 18 B
2| - 3 17 16
6| 5 9 15
af . ) 3 5
of: 1 1 1
o|Cl2 (o] [o] 2
o|c13 ) 1 1
718 [#2aJas 5746 5306748
7445 [fos5]as 57923 A7
TANDEM AXLE GROUPS
3]El 2 38 35
124 |E2 146 1589 1567
136 | E3 166 2040 1843
611 » 92 1900 1775
13] . 21 2087 2060
2] . 2 733 567
of ) 111 98
3. 1 297 196
1] . 2 216 141
2] . 1 91 a1
of . ) a1 9
of » ) 15 B
of . 0 17 3
of » 0 4 2
olEls 1 10 )
0 |El6 ) 8 1
345 434 9197 8346

TRACTOR
SEMI-TRAILER
COMBINAT IONS
PROBABLE NO.
1984 1982
453 247

10955]L2 6085
5148 4663

41434 | EEENE)
8070 6603
1671 1313
264 126
213 179
163 184

61 49
10 18
o 20
10 10

68452 61310
415 365

17304 16415

21974 19272

19796 18052

21173 20268
7410 5549
1119 957
3025 1921
2187 1391
938 408
413 88
151 78
171 29

40 20
101 8
81 10

AlO
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TOTAL TANDEM AXLES COUNTED

UNDER 3,000
3,000 -~ 6,999
7,000 - 7,999
8,000 - 11,999
12,000 - 15,999
16,000 - 16,250
16,251 - 17,999
18,000 - 18,500
18,501 - 19,999
20,000 - 21,999
22,000 - 23,999
24,000 - 25,999
26,000 - 29,999
30,000 OR OVER

TOTAL AXLES WEIGHED
TOTAL AXLES COUNTED

TOTAL VEHICLES COUNTED

RIGID PAVEMENT, P=2.5, D=9"
18 K EQV FOR ALL TRUCKS WEIGHED
18 K EQV PER {000 TRUCKS WEIGHED
18 K FQV FOR ALL TRUCKS COUNTED
PERCENT DISTRIBUTION OF 18 K EQV

. FLEXIBLE PAVEMENT, P-2.%, SN=S
18 K EQV FOR ALL TRUCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEIGHED
18 K EQV FOR ALL TRUCKS COUNTED
PERCENT DISTRIBUTION OF 18 K EQV

10

103%

371,

wlw
[
—

384.

0.60] Kl

38.5
384.6
398. 1
0.94

41

Q00000 ~N -

252

2565

85%

31.8
379.0
324.0

0.67

33.4
397.3
339.7

1.05

as77 3328 92711 81462
ALL AXLES

18 15 257 212

442 501 5697 4990

172 226 1591 1481

564 819 8517 8366

163 176 5719 5459

4 7 409 314

19 24 1290 835

9 11 239 127

4 6 221 129

10 5 131 52

3 ) as 15

(o) 1 14 4

0 ) 8 7

) 1 9 2

1408 1792 24140 21993

14600 13740 243344 214666

3650 3435 48568 42859
18 KIP AXLE EQUIVALENTS

[i70-0]8100 203.7 5692.7 4517.5%

482.9 4547 1181.6 1028.8

1762.4 1561.8 57385.6 44093.4

2.76 3.25 89.98 91.71

1-'100 181.3  3629.9  2948.5

138.0 404.8 753.4 671.5

1898.6  1390.3 36591.4  28779.1

3.76 4.28 86.09 88.6 1

96298

2787
62819
18267
93081
59662
4164
13284
2533
2290
1435
414
141

91

261049

$3253

5899.8
1117.8
$9632.3
93.34

3822.6
724.6
38%588.1
90.79

84831

230971

47149

4753.0
97%.5
45979.2
95.63

3163.2
647.3
30509. t
93.94
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PART 3 DF 5

INTST RURAL
INCLUDES 12 STATIONS TABLE w-4
—_—
18 KIP AXLE

EQUIVALENCY FACTOR SEMI-TRAILER TRAILER

. . SEMI-TRAILER
AXLE LOADS IN POUNDS RIGID  FLEXIBLE TRAILER
AND EIGHTEEN KIP AXLE PAVEMENT  PAVFMENT 5 AXLE 6 AXLE COMBINATIONS

EQUIVALENCY ITEMS OR MORE PROBABLE NO.
P=2.5, r-2.5,
p-a: SN-5 1984 1982 1984 1982 1984 1982
SINGLE AXLES
1INDER 3,000 0.0002 0.0002 3 o} o} (o} 28 (o)
3.000 - 6,999 0.0050  0.0050 71 o 12 ) [728]1s )
7.000 - 7,999 0.0260 0.0320 19 o 6 [o) 209 (o)
8.000 - 11,999 0.0820  0.0870 233 o 33 o 2354 o
12,000 - 15,999 0.3410  0.3600 179 ) 14 0 1749 o
16,000 - 18,000 0.7830  0.7960 62 ) 6 ) 612 o
18.001 - 18,500 1.0650  1.0600 8 ) 1 ) 80 0
18,501 - 20,000 1.3360 1 2070 15 ) ) 0 140 o
20,00} - 21,999 1.9260  1.8260 3 o 0 0 28 0
22,000 - 23,999 2.8180  2.5830 0 0 ) 0 0 0
24,000 - 25,999 3.9760  3.5330 o ) 0 0 ) o
26.000 - 79,999 6.2890  5.3890 o 0 ) o 0 0
30.000 OR OVER 11.3950 9.4320 (o) [0} (o} o} (o} (o)
TOTAL SINGLE AXLES WEIGHED 593 ) 72 )
TOTAL SINGLE AXLES COUNTED 5553 ) 375 0 5928 )
TANDEM AXLE GROUPS

UNDER 6,000 0.0100  0.0100 0 0 ) 0 o 0
6,000 - 11,999 0.0100 0 0100 0 0 2 0 1 0o
12,000 - 17,999 0.0620  0.0440 2 ) 6 ) 49 o
18,000 - 23,999 0.2530  0.1480 2 0 9 ) 66 o
24,000 - 29,999 0.7290  ©0.4260 2 0 2 ) 29 .0
30,000 - 32,000 1.3050  0.7530 0 ) 1 ) 5 )
32,001 - 32,500 1.5420  0.8850 0 0 0 0o 0 0
32,501 - 33,999 1.7510  1.0020 o o o o ) o
34,000 - 35,999 2.1650  1.2300 0 ) 1 0 5 o
36,000 - 37.999 2.7210  1.5330 0 ) ) ) o o
38,000 - 39,999 3.3730  1.8850 ) ) ) o ) 0
40,000 - 41,999 4.1290  2.2890 ) 0 ) o 0 0
42,000 - 43.999 4.9970  2.7490 o o 0 o ) )
44 000 - 45,999 5.9870 J3.2690 [0} [o} [0} (o} (o) (o}
46,000 - 49,999 . 7.7250 4 1700 o ) ) o o o
50,000 OR OQVER 10. 1600 5. 1000 (o) o} (o) [0} (o) e}
TOTAL TANDEM AXLES WEIGHED 6 o 21 (o)
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TOTALL TANDEM AXLES COUNTED

UNDER 3,000
3.000 - 6,999
7.000 - 7,999
8,000 - 11,999
12,000 - 15,999
16,000 - 16,250
16,251 - 17,999
18,000 - 18,500
18.501 - 19,999

20.000 - 21,999

22,000 - 23,999

24,000 - 25,999

26,000 - 29,999

30.000 OR QOVER

TOTAL AXLES WEIGHED

TOTAL AXLES COUNTED

TOTAL VEHICLES COUNTED

RIGID PAVEMENT, P-2.5, D=9"
18 K EQV FOR ALL TRUCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEJGHED
18 K EQV FOR ALl TRUCKS COUNTED
PERCENT DISTRIBUTION OF 18 K EQV

FLEXIBLE PAVEMENT, P-2.5, SN=5
18 K EQV FOR ALL TRUCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEIGHED
18 K EQV FOR ALL TRUCKS COUNTED

PERCENT DISTRIBUTION OF 18 K EQV

56

73
20
239
182

©

13

oooow

605

5665

1133

166.0
1371.6
1554 . 1

2.44

169.8
1403.5
1590.2

3.74

[oNeNeNeNooNoNeNoNo oo e Nol

o

(o]

109

ALL AXLES

594

99

18 KIP AXLE EQUIVALENTS

21.1
1108.2
109.7
0.17

18.4
971. 1
96. 1
0.23

Q0000000000000

o

165

6259

1232

187 .1
1349.2
1663.8

2.61

188.2

1367.8

1686.3
3.97

TO00000000000000

0900
000

©c0oo
Q00

0.0
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INTST RURAL

INCLUDES 12 STATIONS

18 KIP AXLE
EFQUIVALENCY FACIOR
AXLE LOADS 1IN POUNDS RIGID FtEXIBLE
AND FIGHTEEN KIP AXLE PAVEMENT  PAVFMENT

FQUIVALENCY JT1FMS
P=2.%, P-2.5,
D=9’ SM-5

UNDER 3,000 0.0002 0.0002
3,000 - 6£.999 0.0050 0.0050
7,000 - 7,999 0 0260 0.0320
8,000 - 11,999 0.0820 0.0870
12,000 - 15,999 0.3410 0.3600
16.000 - 18.000 0.7830 0 7960
18.001 - 18,500 1.0650 { 0600
18,501 - 20.000 1.3360 1 3070

20,00t - 21,999 1.9260 1.R260

22,000 - 23,999 2.8180 2.%830

24,000 - 25,999 3.9760 J3.5%330

26,000 - 29,999 6.2890 5.31890

30,000 OR OVER 11.3950 9.4320

TOTAL SINGLE AXILES WEIGHED

TOTAL SINGLE AXLFS CODUNTED

lINDER 6,000 0.0100 0 0100
6,000 - 11.999 0.0100 0.0100
12,000 - 17,999 0.0620 0 0440
18,000 - 23.999 0.2530 0.1480

24,000 - 29.999 0.7290 0.4260

30.000 - 32.000 {.3050 0.7%30

32,001 - 32,500 1.5420 0.8850

32,501 - 33,999 1.7510 1.0020

34,000 - 35,999 2. 1650 1.2300

36,000 - 37,999 2.7210 1.5330

38,000 - 39.998 3.3730 1 8850

140.000 - 41,999 4.1290 2.2890

42,000 - 43,999 4.9970 2.7490

144,000 - 45,999 5.9870 3.2690

46,000 - 49,999 7.1250 4.1700

$0,000 OR OVER 10. 1600 %. 1000

TOTAL TANDEM AXLES WFETGHED

PART 4 OF S

TABLE w-4
3 AXLE
1984 1982
(o) (o)
(o) (o)
o] (o]
o] ]
(o) 0
(o) o]
(o) (o)
(o) (o)
(o) (o)
(o) (o)
o] (o)
(o) 0
o] 0o
(o) (o)
(o) (o)
(o) (o)
(o) (o)
(o) o]
(o) (o)
(o) (o)
(o) (o)
(o) 0
o] o]
(o) [o]
(o) (o)
(o) (o)
(o) (o)
(o) (o]
(o) (o)
(o) (o)
0 o]
(o) (o]

1984

OCO0O00Q00000000

[o

26

[eNeNoRoReNoReoNoRoRoRoRoRoRoNo o

[o

TRUCK AND TRAILER

4 AXLE S AXLE
OR MORE
1982 1984 1982
SINGLE AXLES
(o] 1 (o)
o} 1 0
(o] o [o]
Q 1 (o)
o] 2 o
(o) ¢} (o)
o} o (o)
(o) 0 o)
(o) (o] (o)
o o] (o)
(o) (o) o
(o) ¢} (o)
o 0 ]
(o) 5 (o)
87 3 298
TANDEM AXLE GROUPS
(o) (o) (o)
(o] (o) (o)
(o) (o) (o)
(o) 2 (o)
(o) 1 (o)
(o) (o) [o]
(o) o] (o)
o ] ]
o] o] o]
(o) o] (o)
(o] (o) (o)
(o) o] (o)
(o) o] (o)
o] (o) (o)
(o) 0 (o)
(o) o] (o)

[o
w
[o

TRUCK AND
TRAILER

COMBINATIONS

PROBABLE NO.
1984 18982
(o)
Ow o
[0] (o)
1 (o)
1 0
(o) o}
(o} (o)
(o) (o)
(o) o}
(o) (o)
(o) o]
o] o}
o o]
3 o]
(o) o]
(o) o)
[¢) o]
1 (o)
1 o
o [¢)
o] (o]
0 o
o o]
o] o]
(o) o}
[¢) o]
(o) (o)
o] o)
[¢) o]
o] o]



f
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TOTAL TANDEM AXLES COUNTED 0 (o] 26 87 2 298 2

o
ALL AXLES
LINDER 3,000 (o] o (o) (o) 1 (o] o (o]
3,000 - 6,999 0o (o) (o) o 1 (o] 1 (o]
7.000 - 7,999 (o) (o) (o] 0o o (0] 0o o
8,000 - 11,999 o (o] o o] 4 0 2 (o)
12.000 - 15,999 (o] (o) (o] o 5 (o) 3 (o)
16.000 ~ 16,250 o 0 0 o o 0 0o (o)
16,251 - 17,999 (o] 0 0o (o) (o] ‘0 o (o]
18,000 - 18,500 (o] 0 o (o] o o (o] (o]
18,501 - 19,999 0 o 0 (o) 0 0o (o) (o]
20,000 - 21,999 o o (o) (o] 0o 0 (o] (o]
22.000 - 23.999 0 (o) o 0o o o] 0o o
24,000 - 25,999 (o) (o) o 0o (o) 0 0o (o)
26,000 - 29,999 (o) (o) 0 o (o) (o] o (o)
30,000 DR OVER (o) o 0o o (o) (o] 0o (o)
TOTAL AXLES WEIGHED (o) (o) 0 o 1" 0o
TOTAL AXLES COUNTED o (o) 26 87 6 298 6 (o)
TOTAL VEHICLES COUNIED 0 (o] 26 87 1 298 27 385
18 KIP AXLE EQUIVALENTS
RIGID PAVEMENT, P=2 .5, D-9*
18 K EQV FDR ALL TRUCKS WEIGHED 0.0 0.0 0.0 0.0 2.0 0.0 2.0 0.0
18 K EQV PER 1000 TRUCKS WEIGHED 0.0 0.0 0.0 0.0 1002. 1 0.0 52.2 0.0
18 K EQV FOR ALL TRUCKS COUNTED 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0
PERCENT DISTRIBUTION OF 18 K EQV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FILEXIBLE PAVEMENT, P-2 .5, SN=§
18 K EQV FOR ALL TRUCKS WEIGHED 0.0 0.0 0.0 0.0 1.5 0.0 1.5 0.0
18 K EQV PER 1000 TRUCKS WEIGHED 0.0 0.0 0.0 0.0 767 .1 0.0 38.0 0.0
18 K EQV FOR ALL TRUCKS COUNTED 0.0 0.0 0.0 0.0 0.8 0.0 0.8 0.0

PERCENT DISIRIBUTION OF 18 K EQV 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0
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P

INTST RURAI

INCLUDES

12 STATIDNS

AXLE LOADS IN POUNDS

AND EI1GHT

EEN KIP AXLE

FQUIVALENCY 1TEMS

UNDER 3,000

3,000
7.000 -
8,000 -
12,000 -
16.000 -
18,001 -
18,501 -
20,001 -
22,000 -
24,000 -
26,000 -

6.999

7.999
11,999
15,999
18,000
18,500
20,000
21,999
23,999
25,999
29,999

30,000 OR OVER

TOTAL SINGILE AXLES WEIGHED

TOTAL SINGLE AXLES COUNTED

UNDER 6,000
6,000 - 11,999
12,000 - 17,999
18,000 -~ 23,999
24,000 - 29,999
30.000 -~ 32,000
32,001 - 32,500
32.501 -~ 33,999
34,000 -~ 35,999
36,000 ~ 37.999
38,000 -~ 39,999
40,000 - 41,999
42,000 - 43,999
44,000 - 45,999
46,000 - 49,999
50,000 OR QOVFR

TOTAL. TANDEM AXLES WFIGHED

~« DIV -2 DO020000

1R KIP AXIF
FQUIVALFNCY TACTOR

RIGID
PAVFEMENT

- 0002
. 0050
.0260
.0820
.3410
.7830
.0650
.33G0
.9260
.B180
9760
. 2890
L3950

-0100
.0100
.0620
.2530
. 7280
. 3050
.5420
.7510
. 1650
.71210
.3730
. 1290
.9970
.9870
. 7250
. 1600

DNANWN=-==202022C0

NADNVY e e ==DQ0D00C 2

FLFXIBLE
PAVFMENT

. 0002
.00%0
.0320
.0RT0
. 3600
. 71960

0600

.3070
.8260

5830

.5330
.3890
.4320

.0100
.0100
.0440
. 1480
.4260
. 1530
. 8850
.0020
.2300
.5330
. B850
. 2890
.7490
.72690
. 4700
. 1000

PART 5 OF 5

TABLE w-4
TOTAL ALL
COMBINATIONS
PROBABLE NO.
1984 1982

481 247
[[1e84]Li 6085
5357 4663
43789 41813
9820 6603
2283 1313
344 126
353 179
191 184
61 a9

10 18

0 20

10 10
74383 61310
415 365
17315 16415
22023 19272
19863 18052
21203 20268
7415 §549
1119 957
3025 1921
2192 1391
938 408
a13 88
151 78
1714 29
40 20
101 8
81 10

TOTAL ALL
TRUCKS AND PERCENT HEAVIER  AXLES PER 1000
COMBINAT IONS THAN LOW WEIGHT TRUCKS AND
PROBABLE NO. INTERVAL COMBINATIONS
1984 1982 1984 1982 1984 1982
SINGLE AXLES
1246 1458|N2 100.00  100.00 - __14.36 18.96
19483]M1 [13909]|N3 98.64 98.16 P1180.91
7244 [ 6820|N4 77.42  80.61 83.49 88.70
48849 46416 N5 69.53 72.01  563.01 603.71
11171 80 16.92  [13_45]N1 128.75 106.39
2626 1655 4.15 3.13 30.27 21.53
399 154 1.29 1.04 4.60 2.00
38s 303 0.86 0.85 [Faa]q: [379a]w3
283 254 0.44 0.46 3.26 3.30
84 66 0.13 0.14 0.97 0.86
10 18 0.04 0.06 0.12 0.23
14 20 0.03 0.04 0.16 0.26
10 10 0.01 0.0t 0.12 0.13
91804  [79263]N6 100.00  100.00 0.0 0.0
TANDEM AXLE GROUPS
428 390 100.00  100.00 4.93 5.07
17566 16817 99.56  99.55 202.46 218.73
22341 19624 81.63 79.99  257.49  255.24
20190 18194 58.82  57.18 232.70 236.64
21441 204104 38.20  36.03 247.12 265.38
7541 556 1 16.31 12.30 86.91 72.33
1139 969 8.61 5.84 13.13 12.60
3103 1946 7.45 4.7 35.76 25.31
2255 1422 4.28 2.45 25.99 18.50
962 433 1.98 0.80 11.09 5.63
426 100 1.00 0.29 4.91 1.30
151 84 0.56 0.18 1.74 1.09
171 29 0.41 0.08 1.97 0.38
42 20 0.23 0.04 0.48 0.26
101 8 0.19 0.02 1.16 0.10
85 10 0.09 0.0t 0.98 0.13

RATIO
1984
1982

.972
.926
. 009
.983
.931
.202
.042
.413
. 405
. 969
.T75
.593
. 225
.861
. 188
.532

Na e aWeeeae00200
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TOTAL TANDEM AXLES COUNTED

UNDER 3,000
3,000 - 6,999
7.000 - 7,999
8.000 - 11,999
12,000 - 15,999
16,000 - 16,250
16,251 - 17,999
18,000 - 18,500
18,501 - 19,999

20.000 - 21.999

22.000 - 23,999

24,000 - 25,999

26,000 - 29,999

30,000 OR OVER

TOTAL AXLES WEIGHED
TOTAL AXLES COUNTED

TOTAL VEHICLES COUNTED

RIGID PAVEMENT, P=2.5%, D-9"
18 K EQV FOR ALL TRUGCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEIGHED
18 K EQV FOR ALL TRUCKS COUNTED
PERCENT DJISTRIBUTION OF 18 K EQV

FLEXIBLE PAVEMENT. P-2.5, SN=$§
18 K EQV FOR ALL TRUCKS WEIGHED
18 K EQV PER 1000 TRUCKS WEIGHED
18 K EQV FOR ALL TRUCKS COUNTED
PERCENT DJSTRIBUTION OF 18 K EQV

96465

2821
63587
18522
98613
. 61463
4249
13806
2622
2412
1487
419
141

91

267314

54512

6088.9
1122.5
61197.1
95.95

4012.3
738.7
40275.2
94.76

84831

2191
52884
16494
89323
55122

3129

8354

1334

1305

546
146
47
68
28

230971

47534

4753.0
967 .6
45979.2
95.63

3163.2
642.0
30509. 1
93.94

97942

3691
72017
20653

101453
63498

4461
14345
2709
2476
1601
448
143
102
93

287690

86011 100.00
ALL AXLES

3660 100.00
61418 98.72
18960 73.68
94488 66.51
57001 31.24

3238 9.17
870% 7.62
1393 2.63
1437 1.69
664 0.83
176 0.27
47 0.12
68 0.07
28 0.03

251283 100.00

[se764]r2 76885 0.0

18 KIP AXLE EQUIVALENTS

€753.5 __5000.1
734.9 625.5
[63772.9] 48077.9
100.00 100.00
4503.0 3386.2
489.8 422.5
42501.2 32479.5
100.00  100.00

100.00

000000=anC
[~
©o

100.00

.894
.039
.965
. 951
.987
.221
. 460
. 723

. 137
.256
.696
.329
.943

N=2aPNNN=2a=2=2000=0



The two illustrations on pages 5-8-22 and 5-8-23 have been provided to
show the relationship between the weight applied by the load on an axle
and the effect on the pavement. Each axle load is equated to the

number of 18,000 pound axles necessary to do the same damage to the
road surface.

5-8-21
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Road g Axle
Damage Load

ROAD DESIGN AND DAMAGE CRITERIA ARE BASED ON AXLE LOAD

Data from American Association State Highway Transportation Officials Studies (A.A.S.H.T.O.)
U.S. Government Data - Washington, D.C.. U.S.A.

SINGLE AXLE
Gross weight > > ’

on single axle
Equivalent to

Number of axles passing over road surface

("m‘\ E
\ Each axle equals
at 18,000 lbs. each %

[N
L @,.‘ 18,000 Ibs.
s p)

18,000 LBS.
- o Each axle equals 18,000 Ibs.
‘\ {rm_
ey »rr {6
S Equivalent to ‘-..,»’
30.000 LBS.
M Each axle equals 18,000 Ibs.
. i WP WG {""‘x e MG e *{See example
(63 » (O OO EYEEE oo
lg)“ E:i\:en[ to "-u;)" \“'-UA',‘ \"«4{',‘ \“'-o{',‘ “"«4{',‘ ‘""-44{),‘ \“'-uﬂ" ‘""-14",‘

42,000 LBS.

\Am-rr' Each axle equals 18,000 Ibs.

v, -
(€7 »rr (EXCHENENENE I ENEEEHE)
~ Equivalent to e S’ w2 X S R & SR W My

TANDEM AXLE
> b

Equivalent to

Gross weight
on tandem axle
36.000 LBS.

> >

Equivalent to

> > >

Equivalent to

> > >

Equivalent to

“(ﬂ»‘ S (m‘ (4 " - ¢ ,mﬁ "fb'ﬁ_‘ “, Pt ™
{ “:g‘?:‘;{;: (:{M‘:g"pie‘ga\(::rurnf\
~ . [+ s v, o . . ' [ o .» ¥
Ak ’,!\‘ PR ’,‘y'J’y“'-J,‘E J,‘{ ‘J’)‘\\‘ ‘J,v‘z 'J’v‘t‘ 'J,)‘\\‘ ‘)9
Sy 0’ PPV N -uA), TV PV st PPy 4 D PPPY | "-4}”
N (4N O P, Vigd ' - O Plddr (e
N NN N O E ENE N ENE
* % T . ATBEY & »
% J"\' )“\‘LJ)“‘\‘ Jt“\." “\.‘J“‘ Jr"“ AR Iy
R4 Py, Py ~uss? ) s Yt X st ~ns?

Number of axles passing over road surface
at 18,000 ibs. each

Each axle equals 18,000 1bs.

Eagh axle eguals 18,000 Ibs.

GEO®

Each axle equals 18,000 Ibs.

&

PPy .

Each axle equais
18,000 ibs.

R)
»

Es s LT S S S SYY X
(YN ECHYNOHYNE SR THY 3N I RN K
GIHHCHGHRINAG
e (o £ e (ENEEANE
GO O E EEHENENE)
¥ "«4»” "—u;" “"-u;”' w4 "-o)" s <, i) s’ ‘«4",



Table W-5

This table shows the number of trucks weighed in various gross weight
ranges and the probable number of trucks in each range in the traffic
stream. These figures are produced by truck type and can be shown for
each station or functional classification. An example of this table is
shown on pages 5-8-25 through 5-8-29.

On Part 5 of this table the probable numbers and the remaining figures,
which are all calculated from these numbers, are determined in the same
manner as for Table W-4. For definitions and examples of how each is
calculated, refer to the explanation of Table W-4.

5-8-24
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INTST RURAL
INCLUDES 12 STATIONS TABLE W-5

NUMBRER OF 1 OADED AND FMPIY TRUCKS AND TRUCK COMBINATIONS OF EACH TYPE OF VARIOUS TOTAL WEIGHTS

DHURING 1984 COMPARED TO CORRESPONDING DATA FOR 1982

SINGLE-UNIT TRUCKS

PANEL

GROSS OPERATING AND PICKUP 2 AXLE 2 AXLE

WEIGHT IN POUNDS (UUNDFR 1 TON) 4 TIRE 6 TIRE
19R4 1982 1984 1982 1984 1982
{INDER 3,990 0 (o] (0] 0 1 1
4,000 - 9,999 O (o] (o] i 155 147
10,000 - 13,499 (4] (o] (o] (o] 161 124
13.500 - 19,999 0 (o] (o] (o] 253 269
20,000 - 21,999 (¢) (o) (o] (o] 42 46
22,000 - 21,999 (o] (o] (o] 0 27 23
24,000 - 25,999 0 (o] (o] (o] i8 23
26.000 - 27.999 0 o] (o) (o] 17 15
28,000 - 29,999 (o} (o] (o] (o] 12 6
30,000 - 31,999 6] o] (o] 0 3 4
32,000 - 213,999 0 (o] (o] (o] 2 1
34,000 - 3%,999 [¢) o] (o] (o] (o] i
36,000 - 37,999 0 (o) (o] (o] 1 (o}
38,000 - 39,999 Q (o] o] (o] i (o]
40.000 - 44,999 (a] 0 0 (o] (o] (o}
45,000 - 49,979 [o] 0 0 (o] (o} (o}
50,000 - 54,909 0 0 (o] (o] 0 0
55.000 - 59,999 [¢] (o] (o] (o] (¢ (o]
60.000 - 64,999 Q (o] (o] (o] (o] 0
65,000 - &9,0109 0 (o] (o] (o] (o} o}
70.000 - 72,000 (o] (o) (o] (o] (o] o}
72,00t - 74,999 0 (o] (o) (o] (o} 0
75.000 - 79,999 0 (o] o] o] (o] (o}
BO.00N -~ 84,999 (4] (o] (o] (o] o] (o}
85,000 - 89,999 0 (o] (o) 0 (o] (o}
90,000 - 94,909 (o] o] (o) o o] (o}
95,000 - 99,999 0 (o] (o] (o} (o] (o}
100,000 - 104,999 0 Q (o] o] (o] (o}
105.000 - 109,999 0 (0] (o) (o] (o] (o}
110,000 0OR OVER 0 (o} 0 (o} o} o}
TOTAL VEHICLES WFIGHFD 0 (o] (o] 1 693 660
TOTAL VEHICLES COUNTED 23112 20072 119 568 8047 7383

0

1984

447

974

3 AXLE
R MORE

1982

QOO0 0000-NVULEUNANODNNNO®

215

1328

SINGLE UNIT

TRUCKS

PROBABLE NO.

1984

10
1800
1870
2992

514
351
250
238
189

74

82

37

9021

1982

12
2212
1400
3244
614
362
405
372
141
94
67
54
37
31
49
43
37
31
25
31

-
N

[eNeNoNoNoNoNoNo N}

9279
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PAGE 2 OF S

INTST RURAI
INCILLUDES 12 STATIONS TABLE wW-5
TRACTOR SEMI-TRAILER COMBINATIONS
GROSS OPFRATING 3 AXLE 4 AXLE 5 AXLE
WFIGHT IN POUNDS OR MORE
tana 1982 1984 1982 1984 1982
UNDER 3,991 0 o] 0 0 o] 0
1,000 - 9,999 0 o} 0 o o} (o)
10,000 - 13,479 Q (o) (o) 1 o} (o)
13,500 - 19,999 i 7 3 S S 3
20,000 - 21,999 10 4 9 7 12 11
22,000 - 23.999 15 5 18 26 50 34
24,000 - 25,999 7 7 26 35 81 73
26,000 - 27,999 20 1 27 43 144 173
28,000 - 29,999 A 13 33 34 236 256
30,000 - 31,999 1 12 35 39 261 244
32,000 - 33.999 5 8 36 34 204 207
34,000 - 35,999 2 5 30 41 175 156
36,000 - 37,999 6 7 27 kKB 157 119
38.000 - 139,999 2 (o) 20 35 164 137
40,000 - 14,999 7 S 42 58 424 358
45,000 - 49,999 0 o} 21 36 389 350
50,000 - 54,999 0 o} 13 15 369 382
55,000 - 69,999 o (o} 10 S 429 388
60,000 - 64,999 0 (o} 1 1 459 472
65,000 - 69,999 o} o 1 1 481 470
70,000 - 72,000 o} (o) (o) 1 219 181
72,001 - 74,999 0 [o} o} o 219 204
75,000 - 79.999 O o (o) o} 243 134
BO.000 - 84,999 o} o} o} o} 57 25
85,000 - 89,999 0 (o) 0 o} 25 12
90,000 - 94,999 0 (o) o} (o) 4 1
95,000 - 99,999 o) o} o} (o) 7 o
100,000 - 104,999 0 o} o} o} 2 1
105,000 - 109,999 o o} o o} o o]
110,000 OR OVFR 0 o} o} (o) 2 (o)
TOTAL VEHICLES WFTGHED N0 84 352 448 4818 4391
TOTAL VEHICLES COUNTED 103% 855 3650 3435 48568 42859

TRACTOR
SEMI-TRAILER
COMBINATIONS
PROBABLE NO.
1984 1982

o] (o)

o (o)

(o) 7
225 137
317 202
846 582
1159 1052
1939 2131
2804 2892
3035 2803
2481 2362
2096 1888
1925 1471
1881 1605
4782 3990
4139 3692
3855 3844
4429 3825
4637 4615
4859 4596
2208 1775
2208 199t
2450 1308
575 244
252 117
40 10
71 (o)
20 10
o} (o)

20 o}
53253 47149
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PAGE 3 OF 5

INIST RURAI
INCLUDES 12 STATIONS TABLE W-5
SEMI-TRAILER TRAILER
SEMI -TRAILER
TRAILER
GROSS OPERATING 5 AXLE 6 AXLE COMBINATIONS
WEIGHT IN POUNDS OR MORE PROBABLE NO.
1984 1982 1984 1982 1984 1982
UNDER 3,999 0 o] 0 o o} o}
4,000 - 9,999 (o] (o] (o] (o] (o] o
10,000 - 13,499 0 0 (o] o] o] o]
13,500 - 19,999 Q (o) (o) (o] (o] (o}
20,000 - 21,999 0 o] (o] (o} o 0
22.000 - 23,999 | (o) (o] (o] 10 o]
214,000 - 25,999 2 (o) (o] (o} 19 o
26,000 - 27,999 (4] (o] 0 (o] o (o}
28,000 - 29,999 2 (o} (o] (o] 19 o
30.000 -~ 131,999 (8] (o] (o] 0 o (o]
32.000 - 33,999 0 0 0 (o] (o) 0
34,000 - 135,909 a 0 1 0 35 (o)
36,000 - 27,999 0 0 (o} 0 o o
38,000 - 139,999 2 0 0 0 19 0
40,000 - 44,999 2 (o) 1 (o] 24 (o]
45,000 - 19,909 14 (o) 1 (o] 136 (o]
50,000 - 54,999 12 (o] 2 (o] 122 (o]
55.000 - 59,999 23 (o] ] (o] 220 (o]
60.000 - 64,999 17 0 5 0 185 (o}
65,000 - 69,999 24 o] 5 (o] 251 (o]
70,000 - 72,000 a (o) 1 (o] 80 o]
72,001 - 74,999 6 (o] 0 0 56 (o]
75,000 -~ 79,99q A 0 0 o 37 (o]
820,000 - A41,999 1 0 2 (o] 19 (o]
85,000 - AR9,999 o (o] (o] (o] (o] o
90.000 - 94,999 0 (o] o} (o] 0 (o]
95,000 - 99,999 (o] (o] o} (o] o] (o}
100,000 - 101,999 0 o} [o) 0 0 o]
105,000 - 109,999 0 [o] 0 (e} 0 o}
110,000 OR OVFR 0 0 0 (o] o] (o]
TOVAL VFHICLES WEIGHFD 1214 0 19 0

TATAL VEHICLES COUNTED 1133 0 99 o] 1232 0
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PAGE 4 OF 5§

INTST RURA)
TNCLUDES 12 STATIONS TABLE W-S5
TRUCK AND TRAILER
TRUCK AND
TRAILER
GROSS OPERANING 3 AXLE 4 AXLE 5 AXLE COMBINATIONS
WETGHT IN POUNDS OR MORE PROBABLE NO.
tan4 1982 1984 1982 1984 1982 1984 1982
UNDER 3,999
4,000 - 9,999
10,000 - 13,499
13.500 - 19,999

20,000 ~ 21,999
22,000 - 23,999
24,000 - 25,999
26,000 - 27,999
28,000 29,999
30,000 - 31,999
32,000 -~ 33,999
34,000 - 35,9499
36.000 - 17,999
38,000 - 39,999
40.000 - 44,999
48,000 - 49,999
50,000 - 54,999
55,000 - 659,999
60,000 -~ 64,999
65,000 - 69,999
70,000 - 72,000
72,001 - 74,999
75,000 -~ 79,999
80,000 - 84,999
85,000 - 89,999
90.000 - 94,999
a5.000 - 99,999
t00.000 - 104.999
105,000 - 109,999
10,000 OR OVER

eNeRoRoRoRoRoRoRoReoNo)

[eNeoNeNoNoReoNoNoNoNoNoNoNooNoRoRoNoNoRoRoRoRoNoNoNoNo o No o
[eXeNoRoNoNoNoRoNoRoReNoRoRo oo NoNoNoNoNe Yoo o oo o o NoXe)
[eXoNoRoRoNoRoRoNoNoRo oo oo oo oo oo No o RoRoo o Ro o o)
[eNeoNoNoNoReNeoNeoNoNoke R ge B Yo NoNoNoNeNoRe NoRoRoRoNoNoNe NoRo]
[eXeNeoNoNoNoNoNoNeoNoNoNoNoNoNoNoReoNoRoNoNeoNoNo oo o eooNo o)
loNeNoNoRoNoNeNeoNoNoNo R Yool o NeReoNoNeoNeoRoNoRvRoNeoReoNoRo
[eNeNeoNeNeNoNoNoNoNoNoNeoNoleoNoNoNo oo NoloRo oo o oo o o o)

S2CIOCO0IITIO0OZ2SCCIICC2O

TOTAL VEHICLES WEIGHFD 0

(o}
[o]
(o}
N
Q

TOTAL VEHICLFS COUNIFD (&) o} 26 87 t 298 1 o}
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INTST RURAL

INCIUDFS

12 STATIONS

GROSS OPERATING
WETGHT IN POUNDS

LINDFR

4,000
10,000
13,500
20,000
22,000
24,000
26,000
28,000
30.000
32.000
34,000
36,000
38,000
40,000
45,000
50.000
55,000
60,000
65,000

70.000 -

72.001
75,000
80,000
85,000
90.000
95,000
100. 000
105,000
110,000

TOTALL VEHICLES WELIGHED

TOTAL VEHICIFS COUNTED

33,999
35,999
37,999
39,999
14,999
49,999
54,999
59, 999
64,999
69,999
72.000
74,999
79.999
BA,999
8n,999
94,999
99,999
104,999
109, 999
OR OVFR

TOTAL ALL
COMBINATIONS
PROBARLE NO.
1984 1982

(e} (o}

(o] (o

(o] 7
225 137
317 202
A56 582
t17R 1052
1939 2131
2R237 2892
kIgh 15} 2803
248§ 2362
211 1888
1925 1471
19300 1605
1806 3990
1275 3692
39717 3844
1649 3825
AR273 4615
5110 4596
2208 1775
2264 1991
21487 1308
594 244
252 117

40 10

71 (o}

20 10

(o] (o}

20 (o)

RA4RG 47149

PAGE S5 OF S

TABLE W-5
TOTAL ALL

TRUCKS AND

COMBINATIONS

PROBABLE NO.
1984 1982
10 12
1800 2212
1870 1407
3217 3381
831 816
1207 944
1428 1457
2177 2503
3012 3033
3109 2897
2563 2429
2168 1942
1972 1508
1927 1636
4874 4039
4336 3735
4047 3881
4719 3856
4891 4640
5156 4627
2323 1787
2316 1997
2544 1308
603 244
254 117
40 10
A 0
20 10
2 0
20 o}
63507 56428

PERCENT HEAVIER
THAN LOW WEIGHT

INTERVAL
1984 1982
100.00 100.00
99.98 99 .98
97.15 96.06
94 .21 93.57
89. 14 87.57
87.83 86.13
85.93 84 .45
83.68 81.87
80.25 77.44
75.51 72.06
70.62 66.93
66.58 62.62
63.17 59.18
60.06 56.51
57.03 53.61
49 .35 46 .45
42.52 39.83
36.15 32.96
28.72 26.12
21.02 17.90
12.90 9.70
9.24 6.53
5.60 2.99
1.59 0.68
0.64 0.24
0.24 0.04
0.18 0.02
0.07 0.02
0.03 0.0
0.03 0.0
100.00 100.00

VEHICLES
PER 1000
TRUCKS AND
COMBINATIONS
1984 1982
0.2 0.2
28.3 39.2
29.4 24.9
50.7 59.9
13.1 14.5
19.0 16.7
22.5 25.8
34.3 44 .4
47.4 53.7
49.0 51.3
40.4 43.0
34 .1 34.4
311 26.7
30.3 29.0
76.7 71.6
68.3 66 .2
63.7 68.8
74.3 68.3
77.0 82.2
81.2 82.0
36.6 31.7
36.5 35.4
40. 1 23.2
9.5 4.3
4.0 2.1
0.6 0.2
1.1 0.0
0.3 0.2
0.0 0.0
0.3 0.0
0.0 0.0

RATIO
1984
1982

.740
.723
. 181
.845
. 905
136
.871
.773
.882

777

C0-0W=+N=+=2=200-+0=+=+=2=2000000-00=-00
@
N



Table W-6

Table W-6 is actually a listing showing the characteristics of the
trucks weighed during the time the truck weight survey was being
conducted wnose axle or gross weights exceeded Federal or State weight
laws. This information is useful in formulating revised weight limits
or modifying design standards on specific highway sections.

An example of this table is shown on pages 5-8-32 and 5-8-33. Each
line of the listing, representing one vehicle, is split onto two
pages. The vehicles are sorted by functional classification, vehicle
type, the percent in excess of AASHTO weight limits and the percent in
excess of the State weight limits.

Column 1 titled "Func Class" (Functional classification), column 2
titled "Vehicle Type," column 7 titled "Class Oper." (Class of
Operation), column 8 titled "Commodity Carried," and column 9 titled
“Body Type" contain the numeric codes indicated in the coding
instructions in Chapter 6. The functional classification, vehicle type
and class of operation codes and the station number (column 10) are
used to identify the location and type of truck concerned. The
commodity and body type codes indicate factors that may be contributing
to the overload.

A1} of the axle loads (columns 12-18) and spacings (columns 19-24) and
the gross weight (column 11) and total wheelbase (column 25) of each
vehicle are shown to determine where an overweight occurs. The axles
are identified by alphabetic codes as follows:

Ist axle
2nd axle
3rd axle
4th axle
bth axle
6th axle
7th axle

DDTIMOOE>
wouowonwunn

e.g., the axle spacing under the column heading "D-E" (column 22) is
the distance to the nearest tenth of a foot between the 4th and 5th
axles.

The overweight conditions for which each vehicle is examined are:

. Single Axle Overweight

. Tandem Axle Overweight

. Axle Configuration Overweight (In most cases according to the
Bridge Formula)

4. Gross Weight Overweight

wn -
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Under the column groupings "Percentage Over AASHTO Recommendations"
(columns 26-34) and "Percentage Over State Recommendations" (columns
35-43), any excesses are identified for each individual axle, the most
overweight axle grouping and the gross weight. The most overweight
axle grouping is determined by checking every grouping of axles,
including tandem axles, against the bridge formula or the
State-specified weight 1imits by number of axles. The percent of
excess for each identified overweight is indicated to the nearest tenth
of a percent.

Column 3 titled "Maximum in Excess of AASHTO" shows the greatest
percentage of excess of all the overweight conditions. For example, if
a vehicle has a single axle that is 5 percent overweight, a tandem axle
that is 10 percent overweight, and a gross weight that is 8 percent in
excess, the tandem axle's 10 percent will be shown in this column. The
same procedure is applied to determine the values for column 4 titled
"Maximum in Excess of State."

The "Type of Excess" (columns 5 and 6) indicates which overweight
condition had the highest percentage in excess. The alphabetic codes
used for these conditions are:

1. SA = Single Axle
2. AG = Axle Group (Includes Tandem Axle)
3. GW = Gross Weight

For the preceding example, since the tandem axle was determined to be
the greatest percentage in excess, the column under "AASHTO" would
contain an "AG."

5-8-31



FPARTE W G, [ TISTING SIOWING 101Al WEIGHT, AXLE LOADS., AND AXLE SPACING OF TRUCKS AND TRUCK COMBINATIONS WEIGHING IN EXCESS

——t
FUNC VENIC)IF MAXTMIM N TYrr or CLASS COMMODITY BODY STATION TOTAL AXLE LOADS AXLE SPACINGS
1 ASS TYPF FXCESS 0r FXCFSS OPFR. CARRIED TYPE wT IN 100 LBS IN FEET
AASHTIO STAILF AASHIO SIALF A 8 c 0 E r G A-B B-C C-D D-E E-F F-G
1 221000 16 5 4.0 SA SA 9 34000 21 402 339 106 233 0 o] o} 0 0O 6.1 0.0 0.0 0.0 0.0 0.0
1 221000 1.0 0.0 SA A 3 29000 52 401 368 154 214 [0} 0 o} 0 0O 12.6 0.0 0.0 0.0 0.0 0.0
1 221000 3.0 0.0 SA A 9 20000 12 401 268 62 206 (o) 0 o} 0 0 15.2 0.0 0.0 0.0 0.0 0.0
1 221000 3.0 0.0 SA A Q 20000 12 402 3t6 {10 206 0 0 o] 0 o 12.7 0.0 0.0 0.0 0.0 0.0
t 221000 1.0 0.0 SA A 9 46000 51 106 275 69 206 o} 0 o) 0 0O 146 0.0 0.0 0.0 0.0 0.0
1 22 1000 3.0 0.0 SA A 9 34000 41 309 268 62 206 0 o} o) 0 0O 16.4 0.0 0.0 0.0 0.0 0.0
1 22 1000 3.0 0.0 SA A 9 1000 41 303 328 122 206 0 O Y] 0 O 18.6 0.0 0.0 0.0 0.0 0.0
1 222000 39.% 24.6 SA SA 9 1000 11 301 397 118 279 (&) o) o) 0 o 17.2 0.0 0.0 0.0 0.0 0.0
1 222000 0.5 0.0 SA A 9 20000 42 301 279 78 201 0 0 o] 0 0O 15.8 0.0 0.0 0.0 0.0 0.0
1 221000 3A5.0 324 SA AG 9 1000 a1 404 550 100 180 270 o) o] 0 0O 15.0 4.3 0.0 0.0 0.0 0.0
1 231000 10.3 101 AG AG a 33000 34 402 192 117 195 180 o 0 0 0 13.8 4. 0.0 0.0 0.0 0.0
! 231000 9.1 9.4 AG AG 9 32000 71 315 505 133 181 1914 0 o} 0 0O 13.0 4.0 0.0 0.0 0.0 0.0
1 231000 7.6 1.6 AG AG 9 32000 21 309 527 161 181 185 o} o} o} O 16.0 4.5 0.0 0.0 0.0 0.0
1 23 1000 ¢ I 0.6 A AG a 40000 51 402 458 106 174 178 0 (o) (o) 0O 16.0 4.5 0.0 0.0 0.0 0.0
1 231000 2.9 29 AG AG 9 32000 76 309 460 110 178 172 (o) (o] o] O 18.5 4.2 0.0 0.0 0.0 0.0
| 231000 25 0.0 SA A 9 o 12 301 408 128 205 75 o) o} o} 0O 19.2 4.4 0.0 0.0 0.0 0.0
1 231Q00 1.0 0.0 SA A 9 20000 32 309 436 144 202 90 o) (o] o) O 16.9 4.1 0.0 0.0 0.0 0.0
t 241000 97,4 97 .4 AG AG Q 32000 34 312 1066 237 280 269 280 o] o} O 10.4 4.4 3.9 0.0 0.0 0.0
w | 241000 A%.A A5 R AG AG ) 11000 34 301 788 164 144 251 229 o} 0 O 12,3 45 4.4 0.0 0.0 0.0
| 1 241000 42.9 42 .9 AG AG a 29000 34 301 735 135 164 218 218 o} 0 O 12.2 4.1 4.3 0.0 0.0 0.0
qo 1 211000 40.8 10 A AG AG a 41000 32 301 770 192 192 207 {79 o) 0 o 9.5 4.3 4.8 0.0 0.0 0.0
w 1 241000 39.5 139.5 AG AG 9 14000 34 301 750 153 183 194 220 0 (o) O 10.2 4.4 4.2 0.0 0.0 0.0
N | 241000 38.) 38 3 Al AG 9 32000 34 4041 741 149 158 218 216 0 0 O 12.0 4.6 4.5 0.0 0.0 0.0
| 241000 2.5 28.5 AG AG 9 32000 32 315 639 129 73 226 211 0 0 O 11,4 3.9 4,2 0.0 0.0 0.0
f 241000 22 .R 22.8 AG AG 9 1 1000 41 301 692 148 196 126 222 o o 0 11.0 4.3 6.2 0.0 0.0 0.0
1 241000 22.2 22.2 AG AG a 11000 34 305 650 127 183 172 168 o) 0 O 12.0 4.3 4.5 0.0 0.0 0.0
1 241000 18,2 (R 2 AG AG 9 32000 76 312 668 162 156 173 177 o) o] O 142 4,3 4.5 0.0 0.0 0.0
1 241000 15.9 15 .9 . AG AG a 32000 76 401 648 152 171 173 152 0 0 O 164 46 4.5 0.0 0.0 0.0
1 241000 14.8 14,8 T AG AG ] 11000 34 305 628 170 140 159 159 0 0 0 10.4 46 4.3 0.0 0.0 0.0
1 241000 12.6  12.6 AG AG Q 40000 34 402 615 142 136 170 167 (o] 0 0 12,7 4.0 4.4 0.0 0.0 0.0
1 241000 117 11,7 AG AG 9 14000 34 402 573 95 167 163 148 o} o} 0 13.3 4.2 4.5 0.0 0.0 0.0
1 2410C0 1.7 $4.7 AG AG a 24000 21 309 560 82 180 161 137 o) @) O 15,7 4.3 4.2 0.0 0.0 0.0
| 241000 10.6  10.6 AG AG Q 32000 34 404 573 92 105 176 200 (o] o] 0O 10.6 5.3 4.3 0.0 0.0 0.0
1 241000 9.2 9.2 AG AG 9 40000 34 309 619 161 129 189 140 o) 0 0O 13.3 4.5 4,4 0.0 0.0 0.0
1 241000 Qo0 0.0 SA A a9 32000 34 301 554 153 172 11 218 o} (o) O 13.6 46 4.6 0.0 0.0 0.0
1 241000 7.0 7.0 AG AG 9 24000 34 402 566 108 129 206 123 (o] o} 0 12.7 4.3 4.4 0.0 0.0 0.0
1 241000 5.8 5 8 AG AG 9 34000 34 401 587 134 144 144 165 o} o} 0O 14.4 44 4.2 0.0 0.0 0.0
1 241000 5.7 5.7 AG AG Q 14000 34 106 592 168 121 162 141 o} o} 0O 11,9 4.5 4.3 0.0 0.0 0.0
1 241000 3.0 3.0 AG AG a 32000 21 315 6559 {118 {18 166 157 o} o 0O 1t.4 43 4.9 0.0 0.0 0.0
1 241000 2.4 0.0 AG A 9 0 34 303 135 87 87 87 174 0 (o) (o) 9.9 3.4 4.0 0.0 0.0 0.0
1 24100) 1.9 1.9 AG AG 9 32000 21 402 568 140 123 146 159 o} (o) 0O 15.5 4.1 4.f 0.0 0.0 0.0
1 242000 1.5 3.5 AG AG 2] 34000 34 402 496 53 146 174 123 (o] o} 0O 12,0 44 4.6 0.0 0.0 0.0
1 251300 166.0 136.6 SA SA 9 38000 41 402 861 64 530 108 47 112 o O t4.1 4.1 4.4 30.7 0.0 0.0
1 251300 15.6 15.6 AG AG 9 46000 41 312 820 99 168 160 171 222 o} O 12,2 4.0128.2 4.3 0.0 0.0
1 251300 14,7 14.7 AG AG a 11000 a1 404 760 80 175 175 165 165 o} 0O 11.0 4.2 17.6 4.0 0.0 0.0
1 251300 3.5 13 5 AG AG 9 39000 11 402 647 102 66 93 195 191 (o] O 10.7 4.4 25.8 4.2 0.0 0.0
! 251300 10,0 10,0 AG AG Q 20000 41 312 798 106 156 162 199 175 0 O 11.B 4.023.8 4.2 0.0 0.0
1 251300 1.6 1.5 AG AG 9 41000 41 306 751 74 163 156 176 182 o} 0O 11.4 4,523.6 9.1 0.0 0.0
1 252300 15.0 15.0 AG AG Q 41000 a1 312 691 65 149 86 177 214 (o] 0 9.7 4.032.3 4.0 0.0 0.0
{ 252300 a.n R.R AG AG q 4 1000 41 312 630 99 119 102 173 197 o o 9.5 4.030.9 4.2 0.0 0.0
COLUMN 1 2 3 4 5 6 7 8 9 10 i1 12 13 14 15 16 17 18 19 20 21 22 23 24
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Table W-7

The number and percent of overweight and 1egal weight vehicles are
summarized in this table for each functional classification, vehicle
type, and year of the data. Vehicles that violate Federal weight laws
are distinguished from those that violate State weight laws and the
number ("No") and percent ("Pt") of overweight vehicles ("All in
Excess") and legal weight vehicles (“Not in Excess") are indicated for
each. Also included are the accumulated numbers and percentages of
vehicles exceeding the weight laws by specified percentages. An
example of this table is shown on pages 5-8-35 through 5-8-37.

The columns under the title "Excess by Percent or More" are a frequency
distribution of the maximum overweight percentages by vehicle taken
from Table W-6. The five percentage categories are defined in the
following manner:

1. "5" ~ Violations exceeding the legal limit by 5 percent or more
2. "10" - Violations exceeding the legal 1imit by 10 percent or more
3. "20" - Violations exceeding the legal limit by 20 percent or more
4, "30" - VYiolations exceeding the legal 1imit by 30 percent or more
5. “50" - Violations exceeding the legal limit by 50 percent or more

Therefore, the same vehicle could exist in several of the above
categories. For example, a truck that exceeds a legal weight limit by
11 percent would be shown in both the first and second categories,
while a truck that exceeds a legal weight 1imit by 50 percent would be
shown in all of the categories. If a vehicle does not exceed the
weight 1imit by at least 5 percent, it will not be shown in this
distribution.

5-8-34
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JABLE W-7 FUNCTIONAL CLASS: PRINCIPAL ARTERIAL, INTERSTATE, RURAL
NUMRER AND ACCUMUIATIVE PERCFNIAGE OF VEHICLES NOT IN EXCESS AND IN EXCESS BY SPECIFIED PERCENTAGES
or t AW AND AASHTO RECOMMENDATIONS WEIGHED AT 12 STATIONS DURING 1982
AND AT 12 STATIONS DURING 1984

TYPF OF VEHICLF NO YR WFIGHD AASHTO RECOMMENDATIONS LAW
OR ALl NOT ALL NOT
Py IN IN EXCESS BY PERCENT OR MORE IN IN EXCESS BY PERCENT OR MORE
EXCESS FXCESS EXCESS EXCESS
5 10 20 30 50 5 10 20 30

SINGLF-UNIT TFRUCKS

PANEL AND PICKUP NO 84 (o) 0 0 0 (o) 0 0 0 ¢/ 0 0 0 o) 0
82 o 0 (o) o) 0 0 (o) o} ¢/ 0 o) o] o o)

PT B4 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A2 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 -AXLLE, 4 TIRE NO 84 0 0 (o] 0 0 o} (o] 0 0 0 o} o} (o}
/2 1 0 1 0 o . o} o] o} 0 1 o} o) o} o]

PT 84 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

: 82 100.00 0.0 100.00 0.0 0.0 0.0 0.0 0.0 0.0 100.00 0.0 0.0 0.0 0.0
2-AXLE, 6 TIRE NO 84 693 R 684 3 2 1 1 o} 2 691 1 1 1 -0
82 L3k ] A 655 1 1 0 (o) o) o} 659 o} 0 o) o)

PT 84 100.00 1.30 98.70 Q.43 Q.29 0.14 0. 14 0.0 0.29 99.7¢ 0.14 0.14 0.14 0.0

82 100,00 0.61 99,39 0.15 0.15 0.0 0. 0.0 0.0 100.00 0.0 0.0 0.0 0.0

3- AXLE, OR MORE NO 84 415 62 383 37 24 11 8 2 57 .388 34 24 1 8
82 212 23 189 15 13 9 2 0 21 191 14 12 8 2
PT 84 100.00 13.93 86.07 8.31 5.39 2.47 1.80 0.45 12.81 87.19 7.64 5.39 2.47 1.80

82 100.00 10 85 R9.15 7.08 6.13 4.25 0.94 0.0 9.91 90.09 6.60 5.66 3.77 0.94

SURTOTL SINGLF UNIT NO 84 1138 kA 1067 40 26 12 9 2 59 1079 35 25 12 8
82 872 27 845 16 14 9 2 (o) 21 851 14 12 8 2

PT 84 100.00 6.21 93.76 3.51 2.28 1.05 0.79 0.18 5.18 94.82 3.08 2.20 1.05 0.70

82 100.00 3 10 96 .90 1.83 1.61 1.03 0.23 0.0 2.41 97.59 1.61 1.38 0.92 0.23

COMBINATION
TRACTOR-SEMITRATI FR

2 AXLE TRCTIR NO 84 456 15 441 10 3 0 0 0 S 451 2 0 0 o]
82 532 9 523 4 2 2 1 1 5 527 3 1 1 1

PT 84 100.00 3.29 96,71 2.19 0.66 0.0 0.0 0. 1.10 98.90 0.44 0.0 0.0 0.0

82 100.00 1.69 98.314 0.75 0.38 0.38 0.19 0.19 0.94 99.06 0.56 0.19 0.19 0.19

3 AXLE TRCIR NO 84 1778 419 4359 251 138 51 23 7 388 4390 229 129 49 21
82 4330 2174 1056 133 54 15 7 3 243 4087 115 44 B 4

P 84 100.00 8.77 91.23 5.25 2.89 1.07 0.48 0.15 8.12 91.88 4.79 2.70 1.03 0.44

82 100.00 & 33 93.67 3.07 1.25 0.35 0.16 0.07 5.61 94.39 2.66 1.02 0.25 0.09
4 AXLE TRCIR NO B4 1 (o) 1 o) 0 0 (o) 0 0 1 0 o) (o} o)
82 2 0 2 0 (0] (o) 0o o) (o] 2 o) o] o] o)

PT 84 100.00 0.0 100.00 0.0 0.0 0.0 0.0 0.0 0.0 100.00 0.0 0.0 0.0 0.0

82 100.00 0.0 100.00 0.0 0.0 0.0 0.0 0.0 0.0 100.00 0.0 0.0 0.0 0.0
S AXLE TRCTR NO 84 o) o (0] o) (o) o} o] o) o] 0 o 0 o) o]
82 [¢) 0 o} 0 (o) 0 o 0 o] 0 o) o o) o]

PT 84 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

82 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& AXLE TRCIR NO 84 o} o (o) 0 0 (o) (o] (o) 0 (0] (0] 0 o] o
a2 0 ] (0] o) (0] (0] 0o 0 (o] 0 o) 0 0 0

PT 84 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

82 0.0 n.o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

[eNe]

[eNe]

[e N e}

[eNe]
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CHAPTER 9
Other Analyses of Truck Weight Survey Data

Introduction

Although the W-Tables cover the most commonly utilized data
relationships, there are other summaries that could be of value in
analyzing data relationships or specific data items not referenced in
the W-Tables. Several summaries have already been developed and are
generally produced for each submittal of a State's data. These tables
can be separated into two basic categories; those that provide more
detailed analysis of the vehicle classification data and those that
cover other data relationships in the truck weight data.

Other Vehicle Classification Data Analyses

Although Table W-2 provides vehicle classification counts by functional
classification, station and vehicle type group, more detailed analysis

might be needed such as the change in the counts by hour or the percent
distribution of counts by vehicle type. The tables that currently show
further analysis of the vehicle classification data are described here.

1. Annual Yehicle Count (See page 5-9-3)

This is a one-page statewide summary of the counts by functional
classification and the vehicle type categories as indicated on the
table.

2. Classification Count Summary (See pages 5-9-4 through 5-9-7)

This summary shows three separate figures for each functional
classification and vehicle type code:

a. The total count

b. The average count per station within a functional
classification

¢c. The percent distribution of the vehicle types

Eight subtotal columns are shown between the vehicle types in the
table and are defined as follows:

a. SB-TOT #1 - The number of passenger cars
(After venicle
type 062000)

b. SB-TOT #2 - The number of motorcycles and buses
(After vehicle
type 180000)

c. SB-TOT #3 - The number of cars, buses and motorcycles
(After SB-TOT #2)

5-9-1



d. SB-TOT #4 -
(After vehicle
types 240000+)

e. SB-TOT #5 -
(After vehicle
type 532200)

f. SB-TOT #6 -
(After vehicle
type 433000)

g. SB-TOT #7 -
(After SB-TOT #6)

h. SB-TOT #8 -
(After SB-TOT #7)

The number of single-unit trucks

The number of tractor/trailer combinations
Tﬁe number of truck/trailer combinations
The total number of combinations

The total number of trucks (with or
without trailers)

There are also two columns titled "OTHER® which include the

following vehicles:

a. OTHER #1 - A11 the tractor/trailer combinations that are
(Before not specifically defined in the previous
SB-TOT #5) vehicle type codes.

b. OTHER #2 - A11 the truck/trailer combinations that are not
(Before - specifically defined in the previous vehicle

SB-TOT #6) type codes.

Hourly Classification Count Summary (See pages 5-9-8 through 5-9-9)

This summary is a more detailed version of the previously-described
Classification Count Summary. Besides the counts and percent

distribution by vehicle type and functional classification, it also
provides the percentage distribution by hour for a specific vehicle

type.

The example table shows the information for only one functional

classification.
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FUNC. CLASS
01 02

ot 23112 119

QO
Y
ad
-
5%
E ]
w e
> @

07 0 0
o8 0 o)
09 0 n
1 0 0
12 0 )
14 8587 a0
16 0 0
17 ) )
19 0 0
ALL S1R6G73 272

VENWICLE TYPES

Ot PANEL *+ PICKUP S-U
02 OTIHER 4 TIRF S-U)
03 2 AX 6 TIRE SU
04 3 AX OR MORE S U
05 TRACTOR-TLR 3 AX
06 TRACTOR-TLR 4 AX
07 TRACIOR-1LR S AX +

o8

A047
1022
196

Q0200

1778

000

14643

ANNUAL

VEHICLE COUNT 1984

04 05
974 1035
479 719
130 146

0 (o)

o o

0 o]

0 o]

0 (o)
1144 132
o o

0 (o)

0 o
1737 2032

IRUCK-TtR 3 AX
TRUCK-TIR 4 AX
TRUCK-TIR & AX +
PASSENGER CAR

CYCLES

COMMERCTAL RUS
OTHFR BUS

VEHICLE TYPE

06 o7 o8 09 10 11 12 13 14 TOTAL
3650 49800 (o) 26 1 123441 809 339 135 211488
1290 10251 (o] 25 (o) 76828 837 142 118 110834
220 2405 ¢] ] o} 18045 252 10 11 26194
(o) (o] (o] o (o) (o] (o) o] (o) o}
(o) (o] o (o] (o] (o] (o] (o] (o] o]
(o] (o) (o] (o] (o) (o) (o) [0/ (o) 0O
(o] (o) (o] (o] (o) o (o) o] (o) (o]
o] o (o] (o] (o) (o] (o] [0/ (o) (o)
217 1371 (o) (o] (o) 50087 237 90 76 62748
o o o 0 o 0 o] Q o} o]
(o] (o) (o) o (o) o (o] (o] (o) (o)
(o) 0 (o] o (o] o o (o] (o] (o]
5377 63827 o} 56 1 26840t 2135 581 340 411265
FUNCTIONAL CLASSIFICATION CODES
RURAL URBAN
O1 PRINCIPAL ARTERIAL-INTERSTATE 11 PRINCIPAL ARTERIAL-INTERSTATE
02 PRINCIPAL ARTERIAL-OTHER 12 PRIN. ART.-OTHER FRWYS. & EXPWYS.
06 MINOR ARTERIAL 14 PRINCIPAL ARTERIAL-OTHER
07 MAJOR COLLECTOR 16 MINOR ARTERIAL
08 MINOR COLLECTOR 17 COLLECTOR
09 LOCAL SYSTEMS 19 LOCAL SYSTEMS

NOTE: SOURCF IS THF NUMRER-4CARDS FOR THE DATA YEAR 1984 AS OF 04/09/85
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Ot PRIN. ART.-1/R
AVG. FOR 12 STATIONS
NISIRIBUTION RBY 7%

02 PRIN. ARI.-0O/R
AVG. FOR 10 STATTONS
PISTRIRUTION RY 7%

0RIOT+OB0Q ALl O/R
AVG. FOR 3 STATIONS
DISTRIBUTION BY %

t1 PRIN, ART.-1/U
AVG. TOR 0O STATIONS
DISTRIBUTION BY %

12+14 PRIN. ART.-0/U
AVG, FOR 3 STATIONS
DISIRIBUTION BY %

16417419 AlLL O/U
AVG. FOR 0 STATIONS
DISTRIBUTION RY 7%

ALL RURAL
AVG. FOR 25 STAIIONS
DISTPIRUTION By %

ALL URBAN
AVG. FOR 3 STATIONS
DISTRIBUTION BY %

ALl FUNCTIONAL CLASSES
AVG. FOR 28 STATIONS
DISTRIBUTION BY %

[0 1T F 1 CAT1O0ON COUNT SUMMARY F OR 198 4
VEHICLE TYPES
#

071000 06 1000 072000 062000 sB-TOT 030000 150000
82,804 12,912 27,695 (o] 123,441 809 339
6.900 1,079 2,308 0 10,287 67 28
a0 15 [ ] 13.10 0.00 58.37 0.38 0.16
66.772 a,4217 7.633 0 76,828 837 142
6,577 212 763 (o} 7.683 84 14
g0 a4 a na 6.89 0.00 69.32 0.76 0.13
17,206 266 573 0 18,045 252 10
5,735 f9 191 o 6,015 84 3
65.69 1.0 2.19 0.00 68.89 0.96 0.04
0 0 0 o 0 0 0
0 0 o o o o 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
aT,911% 1.549 627 (o} 50,087 237 90
15,970 516 209 0 16,696 79 30
76.3% 2.47 1.00 0.00 79.82 0.38 0.14
0 0 0 (o} 0 0 o]
0 0 o o 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
165,782 16,601 35,901 o] 218,314 1.898 A91
6,631 665 1,436 0 8,733 76 20
471.57 4.7 10.30 0.00 62.64 0.54 0.14
47.911 1,549 €27 (o} 50,087 237 90
15,970 516 209 0 16,696 79 30
76 .35 2.7 1.00 0.00 79.82 0.38 0.14
213.69) 18, 180 36,528 0 268,401 2,135 581
7.632 619 1,305 (o} 9,586 76 21
51.96 4.42 8.88 0.00 65.26 0.52 0.14

180000
135

11
0.06
118
0.114

11

264

0.08

76

0.12

340

0.08

i#2
SB-TO71

1,283
107
0.61

1,087
110
0.99

273

1.04

0.00

403
134
0.64

0.00

2,653
106
0.76

403
134
0.64

3,056
109
0.74

#3
SB-TOT

124,724
10,394
58.97

77,925
7,793
70.31

18,318
6,106
69.93

220,967
8,839
63.40

50,490
16,830
80.46

271,457
9,695
66.01
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O1 PRIN. ART.-I/R
AVG. FOR 12 SIATIONS
DISTRIBUTION RY %

02 PRIN. ART.-D/R
AVG. FOR tO STATIONS
DISTRIRUTION BY 7%

06407+08409 ALL O/R
AVG. FOR A STATIONS
DISTRIBUTION RY 7%

11 PRIN. ART.-1/U
AVG. FOR O STATIONS
DISTRIRUTION BY %

12414 PRIN. ART.-Q/U
AVG. FOR
DISTRIBUTION BY %

164 174H19 ALL 0/U
AVG. FOR 0O STATIONS
DISTRIBUTION BY %

ALL RURAL
AVG. FOR 25 STATIONS
DISTRIRUTION 8BY %

ALL URBAN
AVG. FOR ‘3 STATIONS
DISTRIBUTION BY %

ALLL TUNCTIONAL CLASSES
AVG. FOR 28 STATIONS
DISTRIBUTION BY %

3 STATIONS,

200000

23,112
1,926
10.93

16,028
1,603
14 46

4,136
1,379
1§ .79

2¢C0

8.587
2,R62
13.6R

800

43,276
1,731
12.42

8,587
2.R62
13.68

51,863
1.R52
12.61¢

2 1000

LA
10
0.06

RS
9
0.0R

an
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0.15

o

0
0.00
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10
0.0%
0

O
.00
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0.07
a0

10
Q.08

272

0.07

220000
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671
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4,022
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3.63

796
265
3.04

o]
0
0.00

1,778

593
2.83

0.00

12,865
515
3.69

1,778

2.83

14,643
523
3.56

VEHICLE TYPES

230000
709

59
0.34
350

35
0.32
113

38
0.43

1,172
47
0.34
113

0.18

1,285

0.31

240000+

265
22
0.13

139
14
0.13

832 800 8a3

8(30

a4
SB-TOT

32,252
2,688
15.25

20,624
2,062
18.61

5,100
1.700
19.47

0
0
0.00

10,539
3,513
16 .80

0.00

57,976
2,319
16 .64

10,539
3,513
16.80

68,515
2,447
16 .66

321000
1,035
86
0.49
719
0.65
146

0.56

0.00
132

o.21

0.00

1,800
76
0.55
132

0.21

2,032

0.49

322000

3,650
304
1.73

1,290
129
1.16

220
73
0.84

5.377
192
1.31

323000

o
Q
[e N e o]

8(30 8(30 8<DO 8(30

800 8oo

8oo

331000

°
o
doo

o [@) o (]
Q c Q
OQ0O0 000 8 OO0 000 000

¢ ¢ °
8co 800 8
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8oo
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01 PRIN. ART . -1/R
AVG. FOR 12 STATIONS
NPISTRIBUTION BY %

02 PRIN. ART.-0/R
AVG. FOR 1O STATIONS
DISTRIBUTION Ry %

064+Q7+08+09 ALL 0O/R
AVG.. FOR J STATIONS
DISTRIBUTION BY %

t1 PRIN., ART. -1/U
AVG., FOR O STATIONS
DISTRIRUTION RY %

12414 PRIN. ART.-0/U
AVG. FOR A STATIONS
DISTRIBUTION BY %

16617419 ALL O/U
AVG. FOR O STATIONS
DISTRIBUTION BY 7%

ALL RURAL
AVG. FOR 25 STATIONS
DISTRIRUTION BY %

ALLL {IRBAN
AVG. FOR J STATIONS
DISTRIBUTION BY %

ALL TUNCTIONAL CLASSES
AVG. FOR 28 STATIONS
DISTRIBUTION RY %

332000

48, 156
4,013
22.717

10,008
1.001
9 01

2,310
770
A.R2

Q
0
0.00

1,317
A39
2.10

0.00

60.474
2,419
17.35

1.317
439
2.10

61,791
2,207
15.02

aznonn

412
34
0. ta

173
17
0.16

26
Q
0.10

0
o)
0,00
23

R
0.01

(o]
O
0.00

A1t
21
0.18

23

0.04

631
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n. {5

§21100

8oo 800 800 800 800 8oo

°
8oo 8oo

°
8oo

VEHICLE TYPES

521200
1,133
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0.54
4

6
0.06
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0

0
0.00
3
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0.05
0

0
0.00
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0.36
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0.32
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¢ ° ¢ ¢
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531200
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[e
o
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100

0.02

532200
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Ot PRIN. ARI, -1/R
AVG. TOR 12 STATIONS
DISIRIBRUTION BY 7%

02 PRIN. ART.-0/R
AVG. FOR 10 STATIONS
NDISTRIRUTION &Y %

0D6+07408409 AlL O/R
AVG. TOR 3 STATIONS
NISTRIRUTION BY %

11 PRIN. ART.-1/U
AVG. TOR O 3TATIONS
NISTRIRUTION BY %

12414 PRIN. ART.-0/U
AVG. FOR 2 STALIONS
NISTRIBUTION BY %

16417419 ALL D/0

AVG. FOR 0 STATTONS
NISIRIRUTION RY %
ALL RURAL

AVG. FOR 25 STATIONS
DISTRIBUTION RY %

AL URBAN
AVG. I'OR 3 STAIIONS
NISTRIRUTION RY %

ALL FUNCTIONAL CLASSFS
AVG. FOR 28 STATINNS
DISIRIBUTION BY %

422000

.00

(8]
0o
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00
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#7
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54,512
4,543
25.78

12,285
1,229
11.08

2,776
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10.60

0.00

1,720
573
2.74

0.00

69,573
2,783
19.96

1,720
573
2.74

71.293
2,546
17.34

8
SB-TOT

86,764
7,230
41.03

32,9809
3,291
29.69

7,876
2,625
30.07

0.00

12,259
4,086
19.54

[eNeNo)

127,549
5,102
36.60

12,259
4,086
19.54

139,808
4,993
33.99
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211,488
17,624
100.00

110,834
11,083
100.00

26,194
8,731
100.00

0.00

62,749
20,916
100.00

0.00

348,516
13,941
100.00

62,749
20,916
100.00

411,265
14,688
100.00
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HDOURI1 Y Clt ASSTFICATION COUNT SUMMARY
VEHICLE TYPES

071000 0K 1000 072000 062000 SB-TOT 030000

O1 PRIN. ART . -1/R R2A01 12042 27695 (o] 123441 809
COUNT FOR 12 STATINNS

NISTRIBUTION RY prl Ja. 15 6,12 13.10 .00 58 .37 .38

PCY. QF TOTAL BY HOUR 00O 2.33 .57 1.96 .00 2.07 2.72

: o1 1.89 .an 2.46 .00 1.92 2.35

02 1.R89 70 2.114 .00 1.81 2.72

03 V.07 .70 2.63 .00 1.99 1.98

[¢Z] 2.10 1 10 2.61 .00 2.3 2.97

0s 2.7 2 1 2.74 .00 2.67 J3.46

06 4.28 2 70 3.08 .00 J.84 J3.83

07 5.67 3.A8 3.37 .00 4.96 5.07

on 5.31 3.4° 4.28 .00 4.90 3.58

09 5.92 6. 29 5.88 .00 5.94 3.83

10 §.54 6.T1 7.65 .00 6. 15 $.93

11 6.28 A.13 8.28 .00 6.95 8.65

12 6.07 1 49 7.94 .00 6.64 7.29

11 .64 1 87 6.24 .00 5.34 5.44

ta 5. 19 a.n3 6.18 .00 5.79 6.55

15 5.21 7 98 6.42 .00 5.78 6.67

16 5.06 7 27 5.65 .00 5.76 3.09

17 6.43 6.37 6.67 .00 6.47 8.78

18 1.19 4.00 4.56 .00 4.46 3.21

19 3.93 3 72 3.20 .00 J3.74 5.19

20 3.179 3.2R 1.95 .00 3.32 1.36

21 J.16 2.06 1.78 .00 2.74 1.85

22 3.00 1.98 1.46 .00 2.55 2.47

23 2.29 1.51 .91 .00 1.90 .99

VEHICLE TYPES

200000 210000 220000 230000 240000 S8-707

O1 PRIN. ARI.-I/R 23119 fta 8047 709 265 32252
COUNT FOR 2 STATIONS

DISTRIBUTION BY PCT. 10.93 .06 3.80 .34 .13 15.25

PCT. OF 10TAl BY HOUR QO t.68 -00 2.29 3.10 1.51 1.85

o1 1.66 00 2.40 2.26 .75 1.84

02 1.7 A4 1.98 1.69 .00 1.88

03 2.4% 00 2.83 2.68 .00 2.52

04 2.31% 5.04 3.70 2.12 1.51 2.66

05 3. 19 t 68 J3.63 2.26 .75 3.25

06 5.64 3 36 4.51 3.53 2.64 5.28

o7 5.89 5 01 4.47 4,37 6.79 5.51

o8 5. 21 5.01 5.88 3.81 4.15 5.34

09 5.61 7.56 5.565 7.62 10.57 §.71

10 5.68 S 88 5.80 5.64 9.81 5.74

[R] 7.0 LT ) 6.85 9.45 7.17 7.03

12 7.13 3 0K 6.87 9.17 5.66 7.08

13 5.63 8 10 5.03 7.90 5.66 5.47

14 5 65 & 12 5.57 6.49 16.23 5.74

15 5.4% 3 36 5.67 5.78 4,91 5.50

1] 5 67 ? 52 6.06 4.94 7.92 5.76

17 5.R2 3.3 5.16 4.09 4.53 5.59

18 4. 14 5. 04 3.49 3.67 3.77 3.97

19 3.54 7 .56 J3.04 3.67 2.26 3.40

20 2.80 1. 20 2.5% 1.27 1.13 2.73

219 2.11 S 01 2.15 1.27 1.19 2.32

22 2 06 .00 2.60 .99 .38 2.15

21 1. 57 .00 1.91 2.26 .1% 1.66

r

0

150000

N awaNOQNOQRNYDLANAODNAANN 22N

339

321000

1035

-

NWLABWOANVAINDWAOUTADNNWONNONN =N

.49

.32
.93
.51
RE
.51
.19
.25
.28
.93
.99
.80
.77
.25
.51
.44
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.09
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.03
.87
.26
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HOURIT Y CI ASSIFICATION COUNT SUMMARY F OR 1984 PAGE 2 OF 2

VEHICLE TYPES

337000 a73000 521100 §21200 $22200 $31200 §32200 OTHERS SB-TOT 421000

O! PRIN. ART . -I/R 48156 12 (o] 1133 (o] 93 6 o 54485 (o]
COUNT FOR 12 STATIONS

DISTRIBUTION BY PCY . 22.17 .19 .00 .54 .00 .04 .00 .00 25.76 .00

PCT. OF TO1AL RY HOUR 00 4.28 t.10 .00 3.44 .00 2.15 .00 .00 4.14 .00

[o]} A4.78 1. .61 .00 4,50 .00 3.23 .00 .00 4,20 .00

02 1.09 1.16G .00 3.35% .00 6.45 .00 .00 J3.98 .00

03 3.1 1.64 .00 2.74 .00 2.15 .00 .00 3.70 .00

04 4.14 9.71 .00 4.68 .00 .00 .00 .00 4.37 .00

05 1.32 2.18 .00 4.06 .00 3.23 .00 .00 4.28 .00

06 1.56 3 15 .00 4.94 .00 3.23 .00 .00 4.68 .00

o7 A.44 A4.61 .00 5.21 .00 10.75 .00 .00 4.54 .00

on 4.27 1 RS .00 4,24 .00 7.53 33.33 .00 4.39 .00

09 A.42 A.31 .00 2.82 .00 1.08 .00 .00 4.52 .00

10 14.90 2.67 .00 6.00 .00 4.30 .00 .00 4.90 .00

1t .45 6.07 .00 4.06 .00 8.60 .00 .00 5.37 .00

12 4.39 & .07 .00 6.53 .00 12.90 .00 .00 4.51 .00

13 3.66 4.37 .00 $5.12 .00 2.15 .00 .00 3.85 .00

14 3.63 3 10 .00 4.15 .00 1.08 .00 .00 3.76 .00

15 3.90 2.18 .00 4.06 .00 .00 .00 .00 4.08 .00

16 3 90 3 10 .00 3.27 .00 6.45 .00 .00 3.93 .00

17 3.9 Rt .00 3.71 .00 3.23 50.00 .00 4.03 .00 -

18 .12 15 0% .00 2.47 .00 2.15 .00 .00 3.77 .00

19 1.29 4 13 .00 5.38 .00 14.83 .00 .00 4.27 .00

20 A4.02 1.710 .00 3.88 .00 2.18 .00 .00 3.91 .00

2t 4.01 1.70 .00 4.15 .00 1.08 .00 .00 3.82 .00

22 3.74 1.21 .00 4.77 .00 3.23 16.67 .00 3.63 .00

23 3.%3 1.46 .00 2.47 .00 1.08 .00 .00 3.36 .00

VEHICLE TYPES

422000 423000 431000 432000 433000 OTHERS S8-T0OT SB-TOT SB-TOT GR-TOT

Of PRIN. ART, -I/R 26 n [0} [0} [0} 1 27 54512 86764 211488
COUNT FOR 12 STATIONS

NISTRIBUTION RY PCT, Ot .00 .00 .00 .00 .01 25.78 41.03 100.00

PCT. OF TOTAL B8Y HOUR 00 00 .00 .00 .00 .00 .00 .00 4.14 3.29 2.57

ot .00 .00 .00 .00 .00 .00 .00 4.20 3.33 2.50

02 Nedl 00 .00 .00 .00 .00 .00 3.98 3.20 2.38

[o¢] .00 .00 .00 .00 .00 .00 .00 3.70 3.26 2.51

04 00 .00 .00 .00 .00 .00 .00 4.37 3.74 2.90

05 11.54 .00 .00 .00 .00 100.00 .81 4.29 3.90 3.19

06 11.54 .00 .00 .00 .00 .00 1.1 4.68 4.91 4.28

07 .00 .oN .00 .00 .00 .00 .00 4.53 4.90 4.94

on J.R5 .00 .00 .00 .00 .00 3.70 4.39 4.74 4.83

09 26 .92 .00 .00 .00 .00 .00 25.93 4.53 4.97 5.53

10 3.8% 00 .00 .00 .00 .00 3.70 4.90 $.21 5.77

1 .00 .00 .00 .00 .00 .00 .00 5.37 5.99 6.56

12 .00 .00 .00 .00 .00 .00 .00 4.50 5.46 6.16

13 .00 .00 .00 .00 .00 .00 .00 J3.8%5 4.45 4.97

14 .85 .00 .00 .00 .00 .00 3.70 3.76 4.50 5.26

t5 00 o0 .00 .00 .00 .00 .00 4.07 4.60 5.29

16 3.85 00 .00 .00 .00 .00 3.70 3.983 4.61 5.27

17 .00 . .00 .00 .00 .00 .00 .00 4.03 4.61 5.72

18 .00 .00 .00 .00 .00 .00 .00 3.76 3.84 4.20

19 .00 00 .00 .00 .00 .00 .00 4.27 3.96 3.84

20 AXY .00 .00 .00 .00 .00 .00 3.91 3.47 3.37

2 4 .62 a0 .00 .00 .00 .00 33.33 J3.84 3.27 2.96

22 ou 00 .00 .00 .00 .00 .00 3.63 3.08 2.76

23 .00 00 .00 .00 .00 .00 .00 3.36 2.73 2.24



Other Weight Data Analyses

There are many truck weight data relationships that could be useful
beyond tnose covered in the W-Tables. The relationships between the
weights by vehicle type and the various interview items, such as load
status or commodity carried, could provide valuable information for a
specific site or functional classification. Further analysis of
individual axle weights and axle spacings could also be of interest.

Because of requests for additional analysis, several tables have been
developed to display the information. Each of the tables represents
one State's data submittal for 1 year. A representative portion of
each table is provided here along with an explanation of its contents.

1. Violations by Vehicle Type and Commodity Group (See pages 5-9-13
through 5-9-19)

This is a 1isting of the number of vehicles weighed by the type of
commodity carried, vehicle type and functional classification. It
also indicates any violation of the weight laws by the type of
violation. The violation types are defined as follows:

a. SA = Single Axle

b. AG = Axle Group (by Bridge Formula)
C. GW = Gross Weight

d. TA = Tandem Axle

The example 1isting shows the information for one functional
classification.

2. Trucks Exceeding Legal Weight Limits by Vehicle Type at Various
Tolerances (See pages 5-9-20 and 5-9-21)

This summary provides station by station information on the
frequency of trucks exceeding the legal gross or axle weight limits
for various vehicle types. The distribution of overweight trucks
is shown in terms of the percentage of excess. For example, any
truck that is overweight will appear under the proper vehicle type
in the row titled “00." The "00" indicates that the vehicle is
greater than 0 percent overweight. The remaining rows include
those trucks that are greater than the indicated percentage
overweight. Therefore, a truck that has a gross weight or axle
weight that exceeds the legal 1imit by 10 percent with appear under
the appropriate vehicle type in all the rows from "00" to "09.*

The information for each station is printed on two separate pages;
one showing the percent tolerances of 00 to 20, and the other
showing the percent tolerances of 21 to 100. The example summary
shows only the total for all the stations of one state.
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Also shown on each table are the total number of trucks weighed at
that station and the tegal weight limits used to determine if a
truck was overweight.

Percentages of Axle Weights, Tandem Weights, and Gross Weights
Exceeding 50 Weight Categories (See page 5-9-22)

As indicated by the title, this table contains the percentage of
single axle, tandem axle, and gross weights that exceed a
particular weight for eight of the most common truck types. The
weights range from O to 100,000 pounds in 2,000 pound intervals.
Also shown are the total number of single axles, tandem groups, and
trucks for each vehicle type. The table is normally four pages
long with two vehicle types on each page.

Count of Loaded (or Unloaded) Axles by Weight Group and Vehicle
Type (See pages 5-9-23 through 5-9-26)

This is a set of two tables with one showing the frequency of
loaded axles by weight and the other showing the frequency of
unloaded axles by weight. Counts are given for each individual
axle of the most common vehicle types. The axle positions are
indicated with the following alphabetic codes:

B = 2nd axle
C = 3rd axle
D = 4th axle
E = 5th axle
F = 6th axle

The steering axle is not included in this table since it is
relatively unaffected by the presence of a load.

The weights indicated in the row headings are in thousands of
pounds and range from O to 30,000 pounds. One axle could appear in
more than one row, e.g., a 20,000 pound axle would appear in all
the rows from O to 20. All of the axles for a particular axle
position will appear in the first row since all the weights will be
greater than zero.

Weight Distribution Summary (See pages 5-9-27 and 5-9-28)

This summary determines the average gross weight and average axle
weights for each vehicle type by each load status. The average
weights are also given by specified weight intervals. In addition,
within each interval, the number of vehicles in the sample from
which the average weights are calculated, the percent of the
vehicles of a particular type that are in that interval, and the

percent distribution of the axle weights are shown. The example

represents this information for one vehicle type.
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6. Body Type Analysis (See page 5-9-29)

This is a listing of the various body types that exist for each
vehicle type based on the load status. For each body type in a
specific category, average gross and axle weights are shown along
with the number of vehicles involved in the calculation of the
average weights and the minimum and maximum gross weights of the
trucks in this sample. The example shows the information for one
vehicle type.

Each body type indicated in the body type coding instructions in
Chapter 6 will appear individually in this table except those
represented by the codes 14, 63, 79 and those greater than 88.
These codes are grouped into a category called "Al1 Other Types."

7. Average (or Minimum or Maximum) Axle Spacing by Vehicle Type (See
pages 5-9-30 through 5-9-32).

This is a set of three tables of information on axle spacings by
vehicle type. One table shows the average axle spacings for a
specific sample of vehicles and the other two tables show the
minimum or maximum axle spacings found in the same sample.

The spacings are provided to the tenth of a foot and are shown
under the axles between which they were measured in the following

manner:
A-B = Distance between 1st and 2nd axle
B-C = Distance between 2nd and 3rd axle
C-D = Distance between 3rd and 4th axle
K-L = Distance between 11th and 12th axle
L-M = Distance between 12th and 13th axle

Availability of Data and Technical Assistance from FHWA

Many types of analyses of vehicle classification and truck weight data
have been discussed in Chapters 8 and 9, however, there may still be
data relationships that were not covered in these tables or that were
not displayed in enough detail for a particular State's use.
Obviously, analysis of this data is not limited to these specific
tables. Other analysis may be performed at the State level and, if
necessary, technical assistance is available from the Highway
Statistics Division (HSD), FHWA. Also, the HSD maintains a state
master file of vehicle classification data and a state master file of
truck weight data for every year from 1966 to present. Selected states
for selected years may be drawn from the master files for the State's
use at the State's request.
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€1-6-6

VINLAT

10ONS BY VEHICLE TYPE ANO COMMODITY GROUP

NOTFE: FOR ALL VFIHCLES HAVING MULETPLE VIOIATION

S, ONLY THE VIOLATION WITH THE HIGHEST PERCENIAGF OF EXCESS WA

1984 FUNCTIONAL CLASS Of INTERSTATE RURAL
AVERAGE PERCENT OF EXCESS
W oor NUMBER WEI1GHED THAT PERCENT OF THOSE WEIGHED OVER THE STATE LIMIT FOR
VENICLF VFHICILES WERE IN VIOLATION THAT WERE IN VIOLATION THE INTERSTATE SYSTEMS
1ypr WF 1 GHFD
SA AG GW TA SA AG GW TA SA AG GW TA
SINGLE UNTT (2AXLF -GTIRE)
fARM PRODUCTS 22 ! 0o o o) 1.9 0.0 0.0 0.0 24 .6 0.0 0.0 0.0
COAL/NON-METALL IC MINERAIS 2 0 o] o] o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
roan + KINDRED PRODUCES 15 [d] [+] 0 (o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LUMBER + wWOOD PRODUCTS 16 0 0 o] o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PFTROLEUM OR COAL PROVUCTS 3 o] o [o] (o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PRIMARY METAL PRODICIS 7 0 o 0 o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MACHINERY 32 0 (o] (o] [o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MIXED FREIGHI (ALl KINDS) 13 0 o o] o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OTHER COMMODITIES 493 1 [o] o 0 0.2 0.0 0.0 0.0 4.0 0.0 0.0 0.0
TTOVAL ALL COMMODTTTFS K] 2 o o) 0 0.3 0.0 0.0 0.0 114.3 0.0 0.0 Q.0
SINGLF UNTT (3-AXIF)
FARM FRODUCTS 5 [d] 1 0 (o] 0.0 20.0 0.0 0.0 0.0 32.4 0.0 0.0
COAL/NDN -METALLIC MINERALS o 0 [o] (o] o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FOOD + KINDRED PRODUCTS 17 0 (] 0 o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LUMBER + WQOD PRONUCHS 2 0 o] [o] (o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PETROLEUM OR DAL PROVUCIS 0o 4] [o] o) (o} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PRIMARY METAL PRODUCTS 2 0 1 0 o] 0.0 50.0 0.0 0.0 0.0 10.3 0.0 0.0
MACHINERY 3 4] [o] (o} [o] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MIXED FREIGHT (AL) KINDS) 7 n (o] [o] [0} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OTHER COMMUDITIES 61 (o] 4 o] (o] 0.0 6.6 0.0 0.0 0.0 4.3 0.0 0.0
TOTAL ALL COMMONTTTFS ay 0 6 o] 0 0.0 6.2 0.0 0.0 0.0 10.0 0.0 0.0
SINGLE UNIT (4AX R MORE)
FARM PRODUCTS 1 0 1 o 0 0.0 100.0 0.0 0.0 0.0 4.5 0.0 0.0
COAL/NON-MFTALLIC MINERALS 11 0 a (o] o] 0.0 72.7 0.0 0.0 0.0 22.1 0.0 0.0
roND + XINDRED PRODUCTS 53 [o] 8 0 [o] 0.0 15.1 0.0 0.0 0.0 3.4 0.0 0.0
LUMBER + WOOD PRODUCTS [ (&} 2 [0} o] 0.0 33.3 0.0 0.0 0.0 9.3 0.0 0.0
PETROLEUM OR COAL PRODICTS 7 0 1 [o] [o] 0.0 14.3 0.0 0.0 0.0 42.9 0.0 0.0
PRIMARY MFIAL PROIMICIES 6 0 5 0 o 0.0 31.3 0.0 0.0 0.0 4.0 0.0 0.0
MACIIINERY 4 0 [0} o] (o} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MIXED FREIGHT (ALL KINDS) 13 0 1 o] o] 0.0 7.7 0.0 0.0 0.0 15.6 0.0 0.0
OTHER COMMODITIES 237 1 24 o] o} 0.4 10.1 0.0 0.0 136.6 14.3 0.0 0.0
TOTAL ALL COMMODIVTIFS 34R | 50 [+] 0 0.3 14.4 0.0 0.0 136.6 13.0 0.0 0.0
SINGILE UNIT (SHURIOTAI)
TARM PRODUCTS 28 1 2 ] [o] 3.6 7.1 0.0 0.0 24.6 18.4 0.0 0.0
COAL/NON-METAI] F€C MINFRAIS 13 n 8 o 5] 0.0 61.5 0.0 0.0 0.0 22. 1 0.0 0.0
FOOD ¢+ KINDRFD PROMICITS 115 ¥ 8 (o] o) 0.0 5.5 0.0 0.0 0.0 3.4 0.0 0.0
LUMBER + WNOD PRODUCTS 24 o] 2 o o 0.0 8.3 0.0 0.0 0.0 9.3 0.0 0.0
PETROLEUM OR COAlL PRODUCTS 10 [o] 1 o 0 0.0 10.0 0.0 0.0 0.0 42.9 0.0 0.0
PRIMARY MFTAL PROMICTS 25 0 [ 0 0 0.0 24.0 0.0 0.0 0.0 5.0 0.0 0.0
MACHINERY a9 0 ] o] o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MIXFD FREIGHT (ALI KINDS) 63 0 1 ] o] 0.0 1.6 0.0 0.0 0.0 15.6 0.0 0.0
OTHFR COMMODTTIES 791 2 28 [o] (] 0.3 1.5 0.0 0.0 70.3 12.9 0.0 0.0
TOTAL ALL COMMODITIES 1.138 R 56 o o 0.3 4.9 0.0 0.0 55.0 12.6 0.0 0.0

S TABULATED. ALSO FROM

THE DATA COLLECTFD, 1T WAS HOT POSSIRIT TO DETERMINE TF ANY OF THE VEHICLES IN EXCESS WERE OPERATING UNDER SPECIAL PERMIT.
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VFilHCL ¥
IYPF

TRACIOR ¢+ 1 TRLR (321000)

FARM PRODUCTS
COAL/NON-MFTALI 1C MINFRALS
FOnD 1 KINDRED PROIICTS
LUMBER + WOOD PRDDUCTS
PETROLEIIM OR COAL PRODUCTS
PRIMARY MF 1AL PRNODUCIS
MACHINFRY

MIXED FREIGHT (ALl KINDS)
OINFR COMMODTTIES

TOTAL ALY GCOMMODIYITFS

IRACIOR + 1 IRLR (322000)

FARM PRODUCTS

COAL/NON MFTALLIC MINERALS
TO0h + KINORED PRODUCTS
LUMBFR ¢ wWOOND PRODUCTS
PETROLEUM OR COAL PRODUCTS
PRIMARY METAL PRODUCIS
MACHINERY

MIXED FREIGIH (A1} KINDS)
QTHER COMMDDTTIES

TOTAL AL COMMODITIFS

TRACTOR + {1 1RIR (323000)

FARM PRODUCTS

COAL/NON -MEYALL IC MINERALS
FOOD ¢+ KINDRFD PRODUCTS
LUMRER ¢+ wWOOD PRODUCTS
PETROLFUM OR COAL PRODUCTS
PRIMARY ME1AL PRNODUCIS
MACHINERY

MIXED FRETIGIHT (ALL KINDS)
OTHER COMMODITIFS

TOTAL ALL COMMODILITES

IRACIOR + 1 TRIR (331000)

FARM PROMICTS

COAI /NUN-MFIALLIC MINERALIS
FOOD v KINDRED PRODUCTS
LUMRFR + wOOD PROMICIS
PETROLEUM OR COAL PRODUCTS
PRIMARY METAL PRODUCIS
MACHINERY

MIXFD) TREIGHT (AL KINDS)
OTHFR COMMODIVIFS

T0TAL ALL COMMODITIFS

VIOLATIONS BY VEHICLE TYPE AND COMMODITY GROUP
1984 FUNCTIONAL CLASS Ot INTERSTATE RURAL

AVERAGE PERCENT OF EXCESS
LA NUMBER WEIGHED THAT PERCENT OF THOSE WEIGHED OVER THE STATE LIMIT FOR

VIHITCLES WERE IN VIOLATION THAT WERE IN VIOLATION THE INTERSTATE SYSTEMS
WF TGHED
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NOTE - FOR ALL VEHIICIFES HAVING MULTIPEE VIOLATIONS, DNLY THE VIOLATION WITH THE HIGHEST PERCENTAGE OF EXCESS WAS TABULATED. ALSO FROM

THE DATA COHILFCTIED,

17 WAS NOT POSSIRIF TO DETERMINE IF ANY OF THE VFHICLES IN EXCESS WERF DPERATING UNDER SPECIAL PERMIT.
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VIOLATIONS BY VEHICLE TYPE AND COMMODITY GROUP

1984 FUNCTTONAL CLASS O1 INTERSTATE RURAL
AVERAGE PERCENT OF EXCESS
¥ OF NUMBER WEIGHED THAT PERCENT OF THOSE WEIGHED OVER THE STATE LIMIT FOR
VEHICLE VENICLES WERE IN VIOLATION THAT WERE IN VIOLATION THE INTERSTATE SYSTEMS
1YPE WE 1 GHED
SA AG GW TA SA AG Gw TA SA AG GW TA
TRACIOR ¢+ 1 TRIR (137000)
FARM pnnoucrs 110 0 10 0 (o} 0.0 9.1 0.0 0.0 0.0 9.4 0.0 0.0
COAL/NON-METALLIC MINERALS 49 0 19 (o} (o] 0.0 38.8 0.0 0.0 0.0 6.1 0.0 0.0
FOOD + KINDRED PRODUCTS 564 4 59 (o} (o} 0.7 10.5 0.0 0.0 9.0 10.0 0.0 0.0
LUMBER + WOON PRODUCTS 120 1 8 (o} 1 0.8 6.7 0.0 0.8 52.7 14.5 0.0 2.2
PETROLEUM OR COAL PROOUCTS 47 0 8 0 o] 0.0 17.0 0.0 0.0 0.0 6.1 0.0 0.0
PRIMARY MFTAL PROMUCTS 279 2 45 (o} (o} 0.7 16. 1 0.0 0.0 4.2 10.3 0.0 0.0
MAGHINERY 184 0 13 (o} 0 0.0 7.1 0.0 0.0 0.0 9.3 0.0 0.0
MIXED FREIGHT (ALt KINDS) 353 0 24 0 ] 0.0 €.8 0.0 0.0 0.0 6.1 0.0 0.0
OTHER COMMOOLTIES 3.018 ] 176 0 1 0.1 5.8 0.0 0.0 122.7 10.5 0.0 2.8
TOTAL ALL COMMOOITIES 4,724 " 362 0 2 0.2 7.7 0.0 0.0 53.4 9.8 0.0 2.5
YRACTOR + 1 TRIR (113000)
FARM PRODUCTS o 0 o 