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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accel erating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receivesthefull cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Academies
was requested by the Association to administer the research
program because of the Board’'s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmenta agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
mattersto bring the findings of research directly to thosewho arein
aposition to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projectsto fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, isintended to complement rather than to substitute for or
duplicate other highway research programs.

NOTE: The Transportation Research Board of the National Academies, the
National Research Council, the Federal Highway Administration, the American
Association of State Highway and Transportation Officials, and the individual
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FOREWORD

PREFACE
By Jon Williams
Program Director
Transportation
Research Board

Highway administrators, engineers, and researchers often face problemsfor which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution. Costly research findings may go unused, val uable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There isinformation on nearly every subject of concern to highway administrators and
engineers. Much of it derives from research or from the work of practitioners faced with
problemsin their day-to-day work. To provide a systematic meansfor assembling and eval-
uating such useful information and to make it available to the entire highway community,
the American Association of State Highway and Transportation Officials—through the
mechanism of the National Cooperative Highway Research Program—authorized the
Transportation Research Board to undertake a continuing study. This study, NCHRP Proj-
ect 20-5, “Synthesis of Information Related to Highway Problems,” searches out and syn-
thesizes useful knowledge from all available sources and prepares concise, documented
reports on specific topics. Reports from this endeavor constitute an NCHRP report series,
Synthesis of Highway Practice.

This synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems.

Weigh-in-motion (WIM) isthe process of weighing vehicletires or axles at normal road-
way speeds ranging up to 130 km/h (80 mph). WIM systems consist of sensors embedded
onto the pavement surface and a data acquisition system equipped with software capabl e of
processing sensor signalsinto weight, computing additional traffic data elements, and sum-
marizing them into various database formats. There is an urgent need for ensuring WIM
data accuracy. Thisis accomplished through routine WIM system calibration and periodic
WIM data quality control. The way these tasks are carried out varies widely between agen-
cies. This study synthesizes the state of the practice in high speed WIM system calibration.
The study is likely to be of interest to those responsible for long-term pavement perfor-
mance, pavement design, bridge design, monitoring highway usage, highway cost aloca-
tion, and enforcement of truck loads.

Two main tools were used in conducting this study—athorough review of the European
and North American literature on the subject and an on-line survey addressed to highway
and load enforcement agencies administering WIM systems in the United States. The sur-
vey was supplemented by telephone interviews

A.T. Papagiannakis, R. Quinley, and S.R. Brandt collected and synthesized the informa-
tion and wrote the report. The members of the topic panel are acknowledged on the preced-
ing page. This synthesisis an immediately useful document that records the practices that
were acceptable within the limitations of the knowledge available at the time of its prepa-
ration. Asprogressin research and practice continues, new knowledge will be added to that
now at hand.
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SUMMARY

HIGH SPEED WEIGH-IN-MOTION SYSTEM
CALIBRATION PRACTICES

The scope of this synthesis captures the state of the practice in calibrating high speed
weigh-in-motion (WIM) systems. “Practice” relates to the operational procedures used by
state agencies to evaluate the in situ performance of WIM systems in terms of their load
measuring accuracy, rather than the equipment-specific technical details used by WIM sup-
pliers and installers for obtaining these measurements. “High speed” refers to WIM sys-
tems installed on the main driving lanes of highways and includes systems used for traffic
data collection, enforcement screening, or a combination of both data collection and
enforcement.

Two main tools were used in conducting this synthesis; a thorough review of the litera-
ture on the subject and an online questionnaire addressed to highway and load enforcement
agencies administering WIM systems in the United States. The literature review covered the
following topics:

* Current standards related to WIM system calibration,

» Historic WIM calibration practices in the United States,
» Current WIM calibration practices in the United States,
» WIM-related research in the United States,

» European WIM calibration practices, and

» European WIM-related research.

The literature review presented in detail the ASTM E1318-02 standard for test truck WIM
calibration and the provisional AASHTO standard MP 14-05 for pavement smoothness
requirements in the approach to WIM systems. In addition, emphasis was given to the Euro-
pean WIM specifications developed under the Cooperation in the Field of Scientific and Tech-
nical (COST) study 323 research. The main source of historic WIM calibration practices was
the McCall and Vodrazka’s States’ Successful Practices Weigh-in-Motion Handbook pub-
lished in 1997.

The source of current WIM calibration practices was documentation provided by agencies
managing WIM systems and personal interviews with their personnel. These sources revealed
several main differences between state practices and the ASTM E1318-02 standard, as
follows:

« For on-site calibration, only one agency conformed to the standard’s use of one Class 9
and one Class 5 truck. Most agencies use a single Class 9 truck.

» A requirement that test trucks are equipped with air suspension systems on non-steering
axles is not enforced.

 Determination of calibration factors for specified speeds (for WIM systems utilizing this
feature) is not performed.

» A requirement that subsets of the WIM measurements meet the accuracy tolerances, in
addition to the entire dataset [i.e., this is a stringent requirement introduced for the post-
installation validations of WIM systems under the Long Term Pavement Performance
(LTPP) Specific Pavement Study pool fund study].

Copyright National Academy of Sciences. All rights reserved.
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Overall, review of current state WIM calibration practices revealed the following:

e Agencies recognize that on-site test truck WIM calibration needs to be complemented
by routine WIM data quality control (QC) to ensure long-term data quality. Software
for this purpose has been developed by a number of state agencies as well as the LTPP
program.

» Some agencies effectively use static load data of traffic stream vehicles as a means of
calibrating their WIM systems.

« State WIM calibration practices change and institutional knowledge is lost as agency
personnel retire and new managers with different levels of expertise and resources suc-
ceed them.

The on-line survey questionnaire was addressed to state agencies that manage WIM sys-
tems. These included departments of transportation (DOTSs) and state weight and dimension
enforcement agencies. The questions were organized into the following three main groups:

» WIM calibration using test trucks,
» WIM calibration using traffic stream trucks of known static weight, and
» WIM calibration monitoring using traffic stream data QC techniques.

In addition, background questions were included on the main type of WIM sensor tech-
nology used, and the general methodology used for initial calibration of these systems. At the
end of the questionnaire, a number of WIM inventory questions were included. Question-
naires were distributed in web format to all DOTs and enforcement agencies that use WIM
systems for screening. The actual number of questionnaires distributed was 53 (i.e., 50 states,
District of Columbia, Puerto Rico, and one extra questionnaire used by Connecticut, which
submitted separate responses for traffic data collection and research), with an additional 15
questionnaires distributed to enforcement agencies. Where necessary, the questionnaires
were followed with telephone interviews to assist responders filling out the survey and to ask
for any additional documentation available. The response rate to the questionnaire was 78%
(for those distributed to DOTSs) and 73% (for those distributed to enforcement agencies). The
main findings of the questionnaire are provided in the following table. The agencies that
responded to the questionnaire use one or more of the three calibration methods as summa-
rized here.

Traffic Data Traffic Data and Enforcement
Method Only Enforcement Only
Test Truck Only 7 0 0
Traffic Trucks Only 2 0 6
Traffic Data QC Only 4 0 1
Test Truck and Traffic Trucks 3 0 0
Test Truck and Traffic Data QC 8 3 0
Traffic Trucks and Traffic Data QC 2 1 3
All Three Methods 4 3 1
Other 6 1 0
No Response 4 0 0
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3

The majority of agencies perform test truck WIM calibrations on a routine basis at intervals
ranging from 6 to 24 months, with most doing so every 12 months. Most agencies use a single
Class 9 truck, whereas a small percentage uses two Class 9 trucks. Others use a Class 5, 6, 7,
or 10 truck, either alone or with a Class 9 truck. Although a large majority of these agencies
report considering pavement roughness, only about 25% does so objectively [i.e., 11.1% per-
form the straight edge/circular plate test described by ASTM E1318-02, 3.6% simulate this
test using software that accepts the pavement profile as input, and 14.8% simply use the Inter-
national Roughness Index (IRI)]. Even fewer agencies objectively consider the structural
condition of the foundation of the sensors. Most agencies use fixed weigh scales for obtain-
ing the static loads of test trucks, although more than 40% of agencies using WIM for both
data collection and enforcement screening use portable scales. Most agencies perform the sta-
tic measurements only once. About half of the WIM systems, regardless of application, per-
form test truck runs using the site median traffic speed, whereas the remainder uses either the
posted speed limit or multiple speeds. The majority of agencies administering dual-use WIM
systems use multiple test speeds. The majority of agencies using WIM traffic for data col-
lection only conduct 10 test runs per vehicle speed, whereas agencies using WIM for either
traffic data and enforcement or enforcement alone conduct three test runs per vehicle speed.
Responders indicated that overall, 87% of agencies carry out calibration calculations on site.
The method for computing calibration factors is equally split among agency software, ven-
dor software, and short-hand calculations. For combined-use WIM systems, the majority of
the agencies use short-hand calculations, whereas for enforcement-screening-only systems,
about two-thirds of the agencies use vendor software. The main load data elements for which
WIM errors are computed are the gross vehicle weight (GVW), the individual axle loads, and
the tandem axle loads. The majority of agencies compute calibration factors by setting the
mean GVW equal to zero, or by setting a combination of the mean GVW and the mean axle
load errors equal to zero. Few agencies compute calibration factors by minimizing the least
square errors between WIM and static axle loads through zero-intercept regression. Depend-
ing on the WIM application, up to 67% of the agencies report deriving speed-specific cali-
bration factors, although a significant percentage of them reports inputting their average
value in all speed bins after calibration.

Agencies that use traffic stream vehicles of known static weight for WIM calibration obtain
static weights largely by permanent static scales at truck inspection stations. Only about one-third
of agencies perform these calibrations on a routine basis at intervals ranging from 1 to 12 months.
Most agencies do so only when there is an indication of calibration drift. There is roughly an
equal division between the methods used for selecting the number of traffic stream vehicles
used. Where a fixed number of vehicles is specified, it varies between 1 and 100, with an
average number of 40 vehicles. Where a fixed time interval is used, it ranges between 1 and
168 hours, with the majority of agencies using data collected over a 1- to 4-hour period. The
type of vehicles included in this sample varies; the majority of agencies using WIM for traffic
data or traffic data and enforcement favor selecting vehicles in certain classes regardless of
speed, whereas the majority of agencies using WIM for enforcement screening only use a
random selection of truck classes. Axle spacing is measured mostly by manual means. The
responses to the question as to where error calculations are performed varies; some agencies
always do so at the site, whereas others do so at the office. Interestingly, enforcement agencies
are more likely to perform the error and calibration computations at the site, which is explained
by their ready access to static scale data. The actual method used for performing the calcula-
tions varies but most often vendor software is used. The most common traffic load elements
for which errors are computed are GVW, individual axle loads, and tandem axle loads. The
most commonly used approach for computing calibration factors for traffic data WIM systems
is by setting the mean GVW to zero. For traffic data and enforcement and enforcement-only
WIM systems, the most common calibration approach is to set the combined errors for GVW
and individual axle loads to zero. About 16% of the agencies that operate traffic data WIM use
regression for computing calibration factors. Most agencies do not compute multiple calibration
factors corresponding to different traffic speeds.
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Many agencies use traffic stream WIM data analysis techniques to monitor the calibration
status of WIM systems. An indication by such monitoring that the calibration of a system is
changing is used as a trigger for performing an on-site validation/re-calibration using one of
the two methods described earlier. Some agencies however use this approach as the only WIM
calibration method. The majority of agencies that operates dual-use WIM systems download
data automatically, whereas the majority of agencies that manages enforcement screening
WIM systems do so manually. The actual WIM data QC analysis frequency ranges from daily
to monthly, or it is decided on the basis of personnel availability or perceived calibration
need. It is performed by a combination of manual or automated means or a combination of
the two. Typically, an initial series of data checks is made to determine any operational prob-
lems (e.g., vehicle errors, system errors, and unclassified vehicles). With few exceptions,
almost all the agencies that responded believe that WIM data QC is capable of identifying sys-
tem operational problems. The agencies were asked which traffic stream vehicle types are used
and which of their characteristics are monitored in performing calibration monitoring. A large
majority of agencies, regardless of WIM data application, focus their traffic stream WIM data
analysis on Class 9 trucks or, more specifically, on 3S2 trucks. The most common load-related
truck properties being monitored are the following:

« Steering axle load,

Left-side/right-side wheel loads of the steering axle,
» GVW for empty versus loaded trucks, and

GVW by vehicle speed.

Interestingly, the steering axle load standard deviation (SD) and the GVW SD are monitored
mostly by agencies that manage enforcement screening WIM systems. The most common dis-
tance measure monitored is the axle spacing of the tractor tandem axles of 3S2 trucks and, less
frequently, the total wheelbase versus the sum of the axle space data. Approximately 5% of the
agencies that responded indicated that they take no further action when WIM data QC suggests
calibration drift.
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CHAPTER ONE

INTRODUCTION

Weigh-in-motion (WIM) is the process of weighing vehicle
tires or axles at normal roadway speeds ranging up to 130 km/h
(80 mph). WIM systems also are capable of measuring and
calculating various other traffic data elements, such as axle
spacing, vehicle classification, gross vehicle weight (GVW),
and equivalent single-axle loads (ESALS). WIM systems con-
sist of sensors embedded into the pavement surface and a data
acquisition system equipped with software capable of pro-
cessing sensor signals into weight, computing additional traf-
fic data elements, and summarizing them into various database
formats.

Since their inception, the performance of WIM systems in
capturing truck weight data has been the focus of considerable
investigation. There has been a multitude of reports docu-
menting WIM system calibration methods and practices in the
United States and internationally (1-3), whereas considerable
research has taken place to improve these methods (4,5).
Through this process, two standards of on-site calibration
have emerged, one developed by ASTM (6) and the other
developed by the European Cooperation in the Field of Science
and Technology (COST) 323 study (7).

Recently, the deployment of WIM systems has prolifer-
ated through initiatives such as the Long Term Pavement
Performance (LTPP) and the Commercial VVehicle Informa-
tion Systems and Networks (CVISN) programs. Addition-
ally, WIM data are being used extensively for other purposes,
such as pavement design, bridge design, monitoring highway
usage, and highway cost allocation. High-quality WIM data
are essential to these applications. The new Mechanistic-
Empirical (ME) Pavement Design Guide developed under
NCHRP Study 1-37A, for example, requires WIM data for
predicting performance in terms of the number of years it
takes for pavement distresses to become critical. Poor-quality
WIM data may lead to significant overestimation of this per-
formance period and, hence, lead to premature functional
failures. Similarly, high-quality WIM data are essential to
research. On-going bridge design research under NCHRP
Project 12-76, Protocols for Collecting and Using Traffic
Data in Bridge Design, for example, relies on WIM data to
revise design truck loading configurations for bridges. In
addition, accurate WIM data are essential in establishing the
level of pavement utilization in design-built projects, where
premature pavement failures become the subject of litigation.
These examples demonstrate the urgent need for ensuring
WIM data accuracy. This is accomplished through routine

WIM system calibration and periodic WIM data quality con-
trol (QC). The way these tasks are carried out varies widely
among agencies. The goal of this study is to synthesize the
state-of-the-practice in high-speed WIM system calibration.
Practice relates to the operational procedures used by state
agencies to evaluate the in situ performance of WIM systems
in terms of their load measuring accuracy, rather than the
equipment-specific technical details used by WIM suppliers
and installers for obtaining these measurements.

OBJECTIVES

The objective of this synthesis is to assemble state-of-the-
practice information on the methodologies used by state
agencies in evaluating and calibrating high-speed WIM sys-
tems, as well as in monitoring WIM calibration over time.
This objective was addressed through a thorough literature
review and a survey questionnaire. The literature review
covered U.S. and international sources on standards, prac-
tices, and recent research efforts on WIM calibration. The
survey questionnaire was used as the main instrument for
collecting state-of-the-art practice information from state
agencies in the United States. It was addressed to the managers
of the state agencies that administer WIM systems, including
those used for data collection and/or load limit enforcement
screening.

DEFINITIONS

The following definitions clarify some of the main terms used
throughout this report and the survey questionnaire.

High speed—highway speeds of up to 130 km/h (80 mph)
and, as such, includes permanently installed WIM sys-
tems on mainline and is used for continuous data collec-
tion or enforcement screening. Therefore, this excludes
portable WIM systems used for temporary data collec-
tion and enforcement screening WIM systems installed
on approach ramps to truck inspection stations.

WIM system refers to one controller, its computer and
associated electronics, and all roadway sensors for all
lanes for which traffic data are being processed by the
controller and at least one lane is instrumented with
weigh-in-motion sensors.

WIM site—a specific roadway location at which a WIM
system has been or will be installed. Such a site includes
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all WIM in-road components, the WIM controller and
its electronics, the power and communication facilities,
all wiring, conduits, pull boxes, and cabinets necessary
to make the WIM system functional, the pavement sec-
tion in which the roadway components are installed, and
the pavement approach and departure from the in-road
Sensors.

WIM lane—any lane that is instrumented with weigh-in-
motion sensors.

MS-WIM or multi-sensor WIM system refers to WIM
systems using multiple piezoelectric sensors.

Typel and Type Il WIM—definitions given by ASTM
E1318-02. Type | systems weigh the right- and left-
hand side axles individually, whereas Type Il systems
weigh entire axles. ASTM E1318-02 accuracy toler-
ances are more stringent for Type | systems than for
Type Il systems. Type | systems are typically equipped
with bending plates, load cell plates, or quartz piezo-
electric sensors. Type Il systems are typically equipped
with 1.8-m (6-ft) or 3.6-m (12-ft) long ceramic or poly-
mer piezoelectric sensors in various configurations.
Piezoelectric (also referred to as piezo) sensor manu-
facturers typically rate their sensors as Class 1, which
are designed for weighing, and Class 2, which are
designed to act only for axle detection.

Site assessment encompasses on-site activities preceding
either an on-site evaluation or calibration to document
that a WIM system is operational, the sensors have no
visible problems, and the pavement condition shows
no apparent deterioration.

Evaluation/validation—on-site activities related to ascer-
taining compliance of WIM systems to error tolerances.
This involves test trucks or samples of trucks from the
traffic stream. It includes on-site testing for initial sys-

tem acceptance, routine checks for calibration mainte-
nance, and conformance to warranty requirements.

Calibration involves adjusting the system’s calibration
factors by setting the mean error measurements to
zero. The data for determining such errors are typically
obtained from test trucks or traffic stream trucks of
known static weights.

Calibration factor—a user-defined value that is imple-
mented by a WIM system to convert raw sensor output
into weights.

Calibration factor speed point (also referred to as speed
“bin”)—a user-defined speed for which a weighing
sensor’s calibration factor can be entered. Certain WIM
systems provide for three or more calibration factor
speed points that allow the user to determine appropri-
ate calibration factors over a range of vehicle speed
that will best compensate for the effect of speed.

WIM calibration monitoring—data analysis that typi-
cally involves comparisons of representative traffic
stream values to known load trends (e.qg., the weight of
steering axles of five-axle semi-trailers varies within a
fairly narrow range and their gross vehicle weight
exhibits a distinct double-peak pattern).

Autocalibration—a mechanism built into WIM software
effecting automatic calibration adjustments when cer-
tain measurements fall outside prescribed limits.

Class 9 vehicles, under FHWA Scheme F, include all
five-axle vehicles consisting of two units, one of which
is a tractor or straight truck powered unit.

332 trucks are Class 9 vehicles consisting of three-axle
tractors and two-axle semi-trailers.

Class5 vehicle refers to the FHWA vehicle classification
system and encompasses all two-axle, six-tired single-
unit trucks.
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CHAPTER TWO

LITERATURE REVIEW

A thorough review of the literature was undertaken. It was
conducted utilizing the Transportation Research Informa-
tion Services(TRIS), Research in Progress, and International
Transport Research Documentation online databases. In addi-
tion, amultitude of papersfrom past proceedings of the North
American Travel Monitoring Exhibition and Conference and
thelnternational Conferenceon WIM werereviewed. Finaly,
information on current practices was obtained from existing
department of transportation (DOT) documentation and by
telephone interviews of state DOT staff. The review, which
focused on WIM calibration methods and practices, as well
as research advancements that will allow these methods and
practices to evolve, covers the following:

* Current standards related to WIM system calibration,
 Historic WIM calibration practicesin the United States,
e Current WIM calibration practicesin the United States,
* WIM-related research in the United States,

* European WIM calibration practices,

* European WIM-related research and,

* Discussion.

CURRENT STANDARDS RELATED TO
WEIGH-IN-MOTION SYSTEM CALIBRATION

Weigh-in-Motion Calibration Standard
(ASTM E1318-02)

The ASTM E1318-02 standard (6) describes test methods
for evaluating and calibrating WIM systemsusing test vehicles
of known static weights and dimensions. WIM system eval-
uation encompasses on-site activities for ascertaining com-
pliance of WIM system measurements to error tolerances.
Cadlibration involves determining “factors that will be sub-
sequently applied within WIM system calculations to corre-
late the observed vehicle speed and tire-force signalswith the
corresponding tire-load and axle-spacing valuesfor the static
vehicle.” Both evaluation and calibration require two test
trucks of known static weights and dimensions making multi-
plerunsover the WIM system sensors at prescribed speedsin
eachlane. Thisstandard allowstheuser to modify WIM system
performance requirementsthrough the equi pment procurement
process.

Thefollowing four generic typesof WIM systemsaredis-
tinguished in the ASTM E1318-02 standard on the basis of
operational and performance requirements:

* Typel hastheability to collect each axle sleft and right
load data at vehicle speedsranging from 16 to 130 km/h
(10 to 80 mph).

* Typell has the ability to collect individual axle load
data at vehicle speeds ranging from 24 to 130 km/h
(15 to 80 mph).

* Typelll hasaload enforcement screening or sorting func-
tion and operates at vehicle speeds from 16 to 130 km/h
(10 to 80 mph). They are installed on the approaches
to truck inspection stations, either on freeway lanes or
ramps, to identify trucks that are likely to be over the
legal load limits and need to be weighed statically. Itis
noted that before the E1318-00 version (i.e., E1318-94)
the standard described the speed range of Typell systems
from 24 to 80 km/h (15 to 50 mph), thus limiting their
use to in-station ramp sorting.

* Type IV, which is intended for load enforcement at
vehicle speeds up to 16 km/h (10 mph) is not yet used
in the United States.

WIM accuracy is evaluated using a minimum of two test
trucks, oneeach of FHWA Classes5 and 9, performing severa
runsover the system at each of three vehicle speeds, (i.e., min-
imum and maximum operating speeds at a site and an inter-
mediate speed). These test vehicles “shall have a suspension
type (leaf spring, air, other) that is deemed by the user to be
representative of most vehicles of their type operating at the
site” The static axle loads of all these vehicles are established
through static weighing using National Institute of Standards
and Technology certified static scales (31). Axle spacings of
the test trucks are to be measured at a resolution of 0.03 m
(0.1 ft). Static weights should be measured aminimum of three
times. Limitsare set for therangein replicate axleweight mea-
surements (e.g., static tandem-axle weight measurements
must bewithin +3% from the mean). The percent error inindi-
vidual measurements, e, is defined with reference to the static
measurements using the following equation:

e WIM —_statlcloo )

datic
where WIM and static are the measurements obtained with
the WIM system and the static scale, respectively. Calibra-
tion consists of adjusting the WIM output to achieve azero
mean for the errors. The standard does not specify the actual
measurement element(s) to be used for this computation. WIM
accuracy isdefined in terms of the probability that individual
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TABLE1

WIM SYSTEM ACCURACY TOLERANCES PER ASTM E1318-02 STANDARD (6)

Tolerance for 95% Probability of Conformity

Element Typel Typell Typelll TypelV
Wheel Load +25% —* +20% >2300 kg** +100 kg
>5,000 Ib +3001b
Axle Load +20% +30% +15% >5400 kg +200 kg
>12,000 Ib +500 b
Axle-Group Load +15% +20% +10% >11300 kg +500 kg
>25,0001b  +1,2001b
GVWwW +10% +15% +6% >27200kg  +1100 kg
>60,0001b  +2,500 Ib
Vehicle Speed +2 km/h
Axle Spacing +0.15m

*Type Il systems do not weigh individual wheels.

**|_jghter masses and associated |oads are of no interest in enforcement.

axleload measurement errors are within prescribed limits, as
shown in Table 1. Each WIM type is to meet the specified
load tolerances, provided that the pavement at the WIM site
satisfies certain smoothness requirements. The latter estab-
lishes the essential obligation of the customer in supplying a
sitethat will allow the manufacturer/vendor to install asys-
tem that can meet the prescribed tolerances. Smoothness is
specified for a length of 60 m (200 ft) upstream from the
WIM sensors and a length of 30 m (100 ft) downstream of
them. For anew installation, smoothnessis measured using a
6.1-m (20-ft) long straightedge and a0.15 m (0.5 ft) diameter,
3-mm (0.001-ft) thick circular plate. The pavement passesthe
smoothness requirement (i.e., meets the on-site acceptance
requirements) if the plate does not fit under the straightedge,
when positioned along the pavement between the edges of
thelane, asdescribed in Table 2. Before calibration, the loca-
tion and magnitude of pavement surface deviationsfrom the
smoothness requirement should be documented. After ini-
tial calibration, “aternative means of measuring the surface
smoothness of the paved roadway . . . may be used to avoid
closing thetraffic lane. Datafrom suitable inertial profiling
instruments analyzed by means of computer simulation of
the 20-ft (6-m) straightedge and circular plateis suggested.”

TABLE 2
PRESCRIBING STRAIGHTEDGE POSITIONING IN DEFINING
WIM SITE SMOOTHNESS (6)

Lane Edge Longitudinal Distance from Center of Sensors, m (ft)
Right 6,9, 13, 18, 23, 28, 33, 38, 43, 48, 53, 58, 62
(20, 30, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188, 204)
Left 6, 11, 16, 21, 26, 30, 35, 40, 45, 50, 55, 60, 65

(20, 36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196, 212)

The standard calls for calibration immediately following
an initial WIM system installation and subsequent routine
recalibrations at least annually. In addition, recalibration is
recommended when

* A systemisreinstaled;

* There are significant changes in system components,
including software and their settings;

* Thereissignificant changein site conditions; or

* There are significant changes in traffic data patterns.

It is noted that this standard does not prescribe pavement
stiffness or pavement material type requirements, although it
states that “[€]xperience has indicated that a portland cement
concrete (also called rigid) pavement structure generally retains
its surface smoothness over alonger period of time than a
bituminous (also called flexible) pavement structure under
heavy traffic at aWIM site.”

A WIM installation is deemed acceptable if it yields
measurement errors within the prescribed tolerances for
the particular WIM type. However, “the user can require
quality of performance only in proportion to the quality of
the site conditions provided.” In addition, all specified data-
collection and data-processing features of a system should
be demonstrated to function properly beforeit is accepted. A
detailed outline of the main features of the ASTM E1318-02
standard, as applicable primarily to Type | and Il WIM sys-
tems, isgiven in Appendix A.

When testing a new type of WIM system, its capabilities
are ascertained through type approval testing. This requires
testing in addition to that described previously, involving at
least 51 traffic stream vehicles of known static weight and
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dimensions (i.e., thisnumber istheresult of selecting agiven
number of vehicles from each vehicle class). For these tests,
pavement smoothness needs to be exceptional. This allows
establishing the capabilities of asystem in terms of thetoler-
ance requirements listed in Table 1.

Smoothness of Pavements at Approaches to
Weigh-In-Motion Scales (AASHTO MP 14-05)

AASHTO, in consultation with LTPP, currently is consid-
ering adopting a provisional standard known as MP 14-05
for quantifying the pavement smoothness requirements at
aWIM site (8). This standard is based on simulating WIM
measurements as the dynamic axle load estimates of afleet
of 332 trucks obtained from atwo-degree of freedom (bounce
and pitch) vehicle simulation model over a number of repre-
sentative pavement profile sections (9,29). A variety of pave-
ment smoothness indices were considered and evaluated on
the basis of their correlation with the 95th percentile tandem
axle WIM error computed according to Eqg. 1. Two pavement
smoothness indices were identified, referred to as the short-
range index (SRI) and the long-range index (LRI). They are
computed on two segments of the pavement profile, one from
—2.8mto+0.5m (—9.16 to 1.64 ft) and the other from—-25.8 m
to+3.2 m (—84.6 to 10.49 ft), where the minus/plus signs sig-
nify locations upstream and downstream from the middle of
the WIM sensor(s). Butterworth filters are applied to the pave-
ment profile in these two segments to eliminate wavelengths
outside the range of 1.6 m/cycle to 16.5 m/cycle (5.25
to 54.13 ft/cycle) and 1.1 m/cycle to 11.4 m/cycle (3.6 to
37.4 ft/cycle), respectively. The two resulting filtered profiles
are summarized in terms of their average rectified (AR) veloc-
ity (m/km) using the following:

AR= 1 SRw 2
_Nz—N1+1i§J1‘ W )

whereF; isthe elevation at profilelocation i after Butterworth
filtering, W, isaweighing function (i.e., selected as equal to
1.0 for al locations), and N; and N, are the profile location
limitsidentifying the profile range selected. The Butterworth
filtering and the AR computations are performed in the dis-
tance domain using a state-transition algorithm.

9

In addition, a Peak SRI was defined to account for the
potential localized roughness created by the installation of
the WIM sensorsthemselves. Therationaleisthat thislocal-
ized roughness needs to be considered, although it does
not affect the overall SRI for the site. The Peak SRI is
defined as the maximum SRI value for a distance ranging
from—-2.45mto 1.5 m (-8 to 4.92 ft).

These algorithmswere implemented into anonproprietary
software package available though the L TPP product deliv-
ery team. Thresholdsfor these three indices were established
through aparametric study using the error tolerancesfor WIM
Types| and Il (Table 1) asaguideline. The results are given
in Table 3 for Typel and Il WIM systems. Sites with pave-
ment roughness bel ow the lower threshold are“very likely to
produce an acceptablelevel of weighing error,” whereas sites
with pavement roughness above the upper threshold are “ very
likely to produce unacceptable levels of weighing error.” It is
recommended that a WIM site should be located on a pave-
ment for which roughnessis measured below thelower thresh-
olds given in Table 3 over alength of at least 30 m (98.4 ft)
upstream of the WIM sensors.

European Weigh-In-Motion Specification

Europeans developed WIM specifications as a result of a
multi-year study that culminated in the European COST 323
report published in 2002 (3). A summary of the standard is
given in Appendix | of the COST 323 report (7). It distin-
guishes six main WIM Classes, designated as A, B+, B, €tc.,
based of the width of the confidence interval of error toler-
ated for each of the elements being measured, as shown in
Table 4. Note that the designations A, B+, B, etc., are typi-
cally followed by the confidence interval width for the GVW
measurements in parentheses [e.g., A(5), B+(7), and so on].
Additional classes, for example, E, can be distinguished by
extrapolating the requirements for the main classes. The vehi-
cle speed requirementsin Table4 are not mandatory, although
it isrecognized that speed isused as aninput to theload com-
putation algorithms for some sensor types.

The confidence level for the specified intervals depends
on the type of reference loads and the methodol ogy used for

TABLE3
ROUGHNESS INDEX THRESHOLDS FOR WIM SITES (8)
Lower Threshold Upper Threshold
m/km (in./mi) m/km (in./mi)
Typel WIM LRI 0.5 (31.68) 2.1(133.06)
SRI 0.5 (31.68) 2.1 (133.06)
Peak short range 0.75 (47.52) 2.9 (183.744)
Typell WIM LRI 0.9 (57.02) 3.8(240.77)
SRI 1.25(79.2) 5.7 (361.2)
Peak short range 1.6 (101.38) 6.6 (418.18)
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TABLE4

WIM SYSTEM ACCURACY TOLERANCES AS PER COST 323 STANDARD (7)

Accuracy Classes and Tolerances; Confidence Interval Width & (%)

Element A(5) B+(7) B(10) C(15) D+(20) D(25) E
GVW 5 7 10 15 20 25 >25
Axle Group 7 10 13 18 23 28 >28
Single Axle 8 11 15 20 25 30 >30
Single Axle 10 14 20 25 30 35 >35
within a Group

Speed 2 10 >10
Axle Spacing 2 10 >10
Vehicle Volume 1 1 1 5 >5

WIM system evaluation. Using trucks of known static weight
allows defining four “repeatability levels’ asfollows:

* rl: Onetest truck passing several times over the WIM
system at the same speed and carrying the same weight.

* r2: Onetest tuck passing several times over the WIM
system at several speeds and loaded in several differ-
ent ways.

* R1: A small sample of test trucks, ranging from 2 to 10,
making several passes over the WIM system at several
speeds and loaded in different ways.

* R2: A large sample (i.e., 10 to 200) of traffic stream
trucks of known weight passing over the WIM system.

Furthermore, three domains of “environmental repro-
ducibility” are distinguished, depending on the time period
over which thetest truck WIM system eval uationstake place.
Therationaleisthat the properties of the pavement layers, the
smoothness, and the sensor constants may exhibit temporal
variations. These three domains are asfollows:

I: Thetest period islimited to a couple of hourswithin
aday or spread over a couple of consecutive days.
II: The test period extends at least over a full week or
several days spread over amonth.
[1l: Thetest period extendsover at |east ayear with actual
test days distributed throughout this period.

Confidence levels are defined as a function of repeatabil -
ity level, environmental reproducibility, and sample size, as
shownin Table5for environmental reproducibility levelsl, 11,
and l11. Asan example, to classify aWIM system as Type B+,
the accuracy requirement in weighing individual axlesshould
bewithin+£11% of their corresponding static values. If 20 axles
were used for thiseva uation that took place during asingleday
(i.e., environmental reproducibility of 1) and involved asingle
truck making repetitive runsat agiven speed (i.e., repeatability
level r1), the probability of conformity should be 97.2% per
Table 5; that is, only 2.8% of the errors can be outside the
+11% range.

TheWIM site conditions necessary for achieving thesetol-
erancesare prescribed in termsof rutting, deflection (absolute
and differential between left and right wheel paths), and
smoothness [International Roughness Index (IRI) and Ana-
lyzer of Longitudinal Profile], a pavement smoothness scale
not used in the United States]. Limits established in each of
these conditions define three WIM site classes (excellent,
good, and acceptable), as shown in Table 6. It should be
noted that the deflection limits apply to asphalt concrete-
surfaced pavements only. Table 7 shows the relationship
between site condition and its sufficiency in meeting the
accuracy requirements (e.g., a site classified as Type Il is
insufficient to produce Class A and B+ tolerances).

In addition to test trucks, the COST 323 standard provides
for the use of alternative reference loads for evaluating and
validating and calibrating WIM systems. These include the
following:

* Stationary loads being applied to the sensors. This
approach may befeasiblefor some WIM sites, but clearly
does not take into account the pavement roughness-
induced load excitation at aparticular WIM site.

* Impact loads, such as those that can be applied with a
falling weight deflectometer (FWD). Asfor stationary
loads, applying such loads for evaluation or calibration
may not be compatible with the dataacquisition systems
of some WIM systems.

* Test trucksinstrumented to measure dynamic axleloads.
Thisapproach allowscomputing WIM errorswith respect
to the dynamic axleloads applied to the WIM sensor, as
measured from the instrumentation on-board an instru-
mented vehicle. Instrumentation may consist of specially
designed hub-mounted transducers or axles strain gauged
in bending or shear. A number of research studies have
made use of thistechnology for estimating “true” WIM
accuracy (10,11).

The COST 323 standard recommends a number of alterna-
tive WIM calibration methods, depending on the repeatability
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TABLES
CONFIDENCE LEVELS (%) FOR WIM EVALUATION
Test Vehicle Sample Size
Conditions 10 | 20 | 30 60 120 | o
Environmental Reproducibility |
rl 95 97.2 97.9 98.4 98.7 99.2
r2 90 9.1 95.3 96.4 97.1 98.2
R1 85 90.8 92.5 94.2 95.2 97.0
R2 80 874 89.6 91.8 93.1 95.4
Environmental Reproducibility 11
rl 93.3 96.2 97 97.8 98.2 98.9
r2 87.5 92,5 93.9 95.3 96.1 97.5
R1 81.9 88.7 90.7 92.7 93.9 96.0
R2 76.6 84.9 874 90.0 915 94.3
Environmental Reproducibility 111
rl 914 95.0 96.0 97.0 97.6 98.5
r2 84.7 90.7 924 94.1 95.1 96.8
R1 78.6 86.4 88.7 911 92.5 95.0
R2 73.0 82.3 85.1 88.1 89.8 93.1

Source: Reference 7.

TABLEG6

WIM SITE CONDITION SPECIFICATIONS AS PER COST 323 STANDARD (7)

WIM Site Classes

| 1 11
Excellent Good Acceptable

Rut Depth mm (in.)
using a3 m (9.84 ft) <4(0.157) | <7(0.256) <10 (0.394)
straightedge

Semi-rigid Mean <15(5.9 <20(7.87) <30(118)
Deflection 102 mm | pavement Max Diff. L-R +3(1.18) +5(1.97) +10(3.94)
(102 in.) under All-bitumen Mean <20(7.87) | <35(13.78) | <50(19.68)
quasi-static load of pavement Max Diff. L-R +4 (1.57) +8(3.15) +12 (4.72)
131 (28.6 kips) Flexible Mean <30(11.8) | <50(19.68) | <75(29.52)

pavement Max Diff. L-R +7(2.75) +10 (3.94) +15(5.91)

Semi-rigid Mean <10(3.93) | <15(5.91) <20(7.87)
Deflection 102 mm | pavement Max Diff. L-R +2(0.78) +4 (1.57) +7 (2.75)
(10%in.) under All-bitumen Mean <15(5.91) | <25(9.84) <35(13.78)
dynamic loadof 5t | pavement Max Diff. L-R +3(1.18) +6 (2.36) +9 (3.54)
(11.02 kips) Flexible Mean <20(7.87) | <35(13.78) | <b55(21.65)

pavement Max Diff. L-R +5(1.97) +7(2.75) +10 (3.94)

IRI (m/km) 0-1.3 1326 2.64.0
Smoothness (in/mi) (0-82.49) (82.4-164.7) | (164.7-253.4)

APL (SW, MW, LW) 9-10 7-8 56
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TABLE7
WIM SITE CLASSIFICATION AND CORRESPONDING
WIM CLASSES (7)

WIM Class Excellent Good Acceptable
A + - -
B+ + - -
B + + -
C (+) + +
D+ +) +) +
D *) *) +

—=insufficient; + = sufficient; (+) = more than sufficient.

levels identified earlier and the intended application of the
traffic load data being collected. These are as follows:

1. Setting the mean error of the GVW of all thetest vehi-
cles passing over the sensorsto zero (i.e., each passis
considered a sample). This method is recommended
for rllevel calibrations.

2. Setting the ratio of the sum of WIM GVW measure-
ments divided by the sum of the static GVW of all the
test vehicles passing over the sensorsto one (i.e., each
pass is considered a sample). This method is recom-
mended only for estimating aggregate traffic loading
data (e.g., for economic impact analyses).

3. Finding the slope of the WIM GVW measurements
versus the static GVW measurements by performing
zero-intercept regression analysis (i.e., each passis
considered an observation). This method minimizes
the sum of squares of the errors. It isrecommended for
r2 and R2 level calibrations.

4. Using the method described in 1 or 2 above, but devel-
oping calibration factors by truck class. Thismethod is
deemed applicableto R1 and R2 level calibrations.

Traffic Monitoring Guide

Appendix 5-A of the Traffic Monitoring Guide (TMG) (12)
provides qualitative guidelines enhancing the procedures
described by the ASTM E1318-02 WIM calibration stan-
dard. These include the following:

e Use of more than two test vehicles for the on-site
evaluation,

* Testing of WIM performance at various speeds, and

* Testing performance under different environmental con-
ditions (i.e., usually different temperatures).

These enhancementswill improve WIM calibration depend-
ing on the following:

* The specific scale technology being used.
* The types of environmental conditions present at the
WIM site.

* Thetypeand structural capacity of the pavement, where
the WIM sensors are installed.

It is argued that using more than a few test trucks for
calibration limits the bias created from the use of a partic-
ular truck type. A common method for evaluating the extent
of bias after calibration isto examine traffic stream summary
weight dataoutput by the scale and compareit with the known
weights of trucks commonly found on the road.

The TMG aso advocates WIM system calibration moni-
toring using traffic stream data QC principles. These consist
of monitoring severa traffic stream properties over time,
including the following:

* Front axle weights (FAWS) of five-axle tractor semi-
trailer trucks;

* GVW distribution of five-axletractor semi-trailer trucks,
following the technique developed by Dahlin (13);

* Spacing of tandem axleson five-axle tractor semi-trailer
trucks; and

* Traffic volumes and distribution by classification.

1998 Long Term Pavement Performance Protocol

The LTPP protocol (14) describes a method for calibrating
WIM systems located in the vicinity of truck inspection sta-
tions equipped with static weight scales. It isbased on direct
comparisons of WIM measurements to the static axle load
of alarge number of traffic stream trucks (i.e., at least 150)
of known static weight. Where thisis not possible, the LTPP
protocol providesfor WIM system calibration using test trucks.
The recommended methodsinvolve anumber of refinements
to the ASTM E1318-02 standard (6) asfollows:

* One of the two test trucks must be a five-axle semi-
trailer (i.e., 3S2) and, preferably, be equipped with an
air suspension.

* The other test truck must have adifferent configuration
or at least adifferent suspension type.

* Three- or four-axle single-unit trucks should not be used.

* Thetest trucks must have tires with conventional high-
way tread patterns.

* The3S2vehiclemust have aGVW between 320 kN and
356 kN (72,000 Ib and 80,000 Ib).

* A minimum of 40 passes must be made (20 for each
vehicle) at highway speeds.

This protocol also suggests monitoring WIM data cali-
bration using the GVW distribution patterns of traffic stream
vehicles. This consists of periodic comparisons of the fre-
quency distribution of the GVW of 3S2 trucksto thefrequency
distribution established at a WIM site following test truck
calibration. Significant differences between these frequency
distribution patterns indicate a calibration drift. Figure 1
shows an exampl e of such adrift indicated by the shifting to
theright of the GVW peak weights of both empty and loaded
trucks.
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Percentage of Trucks
[e0)

18 26 34 42 50

13

Expected Curve 1
Calibration Drift 1

58 66 74 82 90 98

Gross Vehicle Weight (Kips)
Calibration drift using GVW for five-axletractor semi-trailer trucks.

FIGURE 1 Example of GVW frequency distribution changing patterns (14).

HISTORIC WEIGH-IN-MOTION CALIBRATION
PRACTICES IN THE UNITED STATES

Information for this section is derived from the States’ Suc-
cessful PracticesWeigh-in-Motion Handbook (15) and reflects
mid-1990s practices.

California Department of Transportation Practice

The California Department of Transportation (Caltrans) uses
avariation of the ASTM E1318-02 standard for calibrating
itsWIM systems. The major departure from this standard is

performing test truck passes at speed increments of 8 km/h
(5 mph), plotting the resulting error in GVW measurements
versus vehicle speed, and determining calibration factorsfor
up to three distinct user defined vehicle speed “points.” An
example of such aplotisFigure 2, which showsatest truck’s
GVW WIM errors before calibration. Three speed points
are selected, such as speeds of 72 km/h (45 mph), 88 km/h
(55 mph), and 104 km/h (65 mph). Two straight lines are
subjectively fitted, one providing best fit of the WIM errors
between 72 km/h (45 mph) and 88 km/h (55 mph) and the
other providing best fit of the WIM errors between 88 km/h
(55 mph) and 104 km/h (65 mph).

Site #046 — Galt Tue Feb 15, 1994
** TRUCK, CLASS 9, LANE 1 *** (#FILES = N/A)
%ERROR VS. SPEED: GROSS WEIGHT

15.0

12.0

9.0

6.0

3.0

0.0

% Error
|
w
o

45 50 55

Out of Bounds
Truck #1

60 65

Speed, MPH : WSCALRPTS.DLL v1.3.1.0

FIGURE 2 Example of GVW WIM measurement errors versus test speed.
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The slope of these lines provides calibration factors for
these two speed ranges. For the Figure 2 example, and given
typical selected calibration factor speed points of 72 km/h
(45 mph), 88 km/h (55 mph), and 104 km/h (65 mph), the
resulting adjustment factors are as follows:

* Increasethecalibration by 9% for the 72 km/h (45 mph)
speed,

* No calibration adjustment for the 88 km/h (55 mph)
speed, and

* Decreasethe calibration factor by 6% for the 104 km/h
(65 mph) speed.

For intermediate speeds in each speed range, WIM mea-
surementsare obtained through linear interpol ation. After mak-
ing these calibration factor adjustments, another set of test truck
runsis performed to verify that the adjustments have resulted
inGVW WIM errorsclosely concentrated around the 0% error
axis. Caltrans field experience has shown that this approach
resultsin lower traffic stream vehicle GVW WIM errors com-
pared with asingle calibration factor for al vehicle speeds.

Caltrans use atraffic data QC approach to monitor WIM
system performance over time. Thedata QC approachinvolves
four parts asfollow:

1. Knowledge of site characteristics,
2. “Real time” review,

3. First level datareview and,

4, Second level datareview.

Thefirst three steps ensurethat asystem isoperating properly.
The fina step, second level data review, determines if cali-
bration factor adjustments are needed and/or identifies equip-
ment idiosyncrasies or subtle malfunctions not disclosed in
thefirst level datareview. Known operating characteristics of
three traffic stream vehicle types can be used; namely, three-
axletractorswith two-axle semi-trailers(i.e., 3S2s), three-axle
single-unit truckswith two-axlefull trailers, and two-axletrac-
torswith one-axle semi-trailersand two-axlefull trailers. This
second level datareview consists of the following two steps:

1. Evaluation of GVW datato obtain
* Lane by lane comparisons and
* L oad frequency distribution patternsfocusing on the
location of the two peaks corresponding to loaded
and empty trucks.
2. Evaluation of
* Individual left and right weigh-pad output for both
consistency and relative magnitude,
* Effects of speed on the WIM weight output, and
» Axle spacing and vehicle length accuracies.

Certain key statistical elements from each review are
entered onto alog sheet that is used for the following:

* Documenting the effect of calibration factor changes
onthe WIM datafor weight, axle spacings, and vehicle
length;

* Establishing weight trends to determine seasonal varia-
tions and truck operating characteristic variations; and
* Determining whether or not calibration “drifts’ over time.

This second level data review was initially performed
using an off-the-shelf database program. Subsequently, a
program was written in Basic to perform these functions.
Finaly, a much more comprehensive software program
called the CTWIM Suite was developed in-house (16). It
can be downloaded from www.dot.ca.gov/hg/traffops/trucks/
datawim/install.htm. It accepts asinput WIM datain ASCII,
formatted according to Caltrans specifications. Although
CTWIM was designed for WIM systems with dual weigh-
pads (e.g., bending plates), it can be used for QC purposes
with data from other types of WIM systems.

Minnesota Department of Transportation Practice

TheMinnesota DOT used atest truck for initial WIM system
calibration and autocalibration to maintain their calibration
over time. Thelatter was used primarily for its bending plate
systems, as described in States’ Successful Practices Weigh-
in-Motion Handbook (15). Initial calibration is carried out
using a Class 9 test truck. Once concluded successfully, traf-
fic stream dataon Class 9 vehiclesis monitored over aweek-
long period to verify that the GVW peaks occur at the fol-
lowing reasonable locations:

* Loaded peak between 329 and 347 kN (74 and 78 kips)
and
* Unloaded peak between 125 and 133 kN (28 and 30 kips).

If these data are deemed satisfactory, they form the basis for
the autocalibration, which is based on the FAWSs of five-axle
semi-trailer trucks(i.e., Class9). Site-specific reference values
for FAW weights are established for three distinct GVW
groupsof Class9 vehicles. An example of such valuesisgiven
inTable 8.

The autocalibration routine determines the differences
between the average FAW WIM load for each GVW class
and calculates adjustment factors. Weights are assigned to
these adjustment factors as a function of the vehicle sample
size used for computing them. Theserangefrom 0.2 for asin-
gle sample to 0.95 for 100 or more samples. An example of
thisweighing procedure is shown in Table 9 (i.e., the adjust-
ment factor of +4.23% was computed by multiplying 4.7%,
the deviation from reference, by 0.90, which is the weight
factor that corresponds to a sample size of 59).

CURRENT WEIGH-IN-MOTION CALIBRATION
PRACTICES IN THE UNITED STATES

The main source of information for this section is recent
national and state documentation of WIM calibration proce-
dures, as well as personal telephone interviews of a number
of state DOTs that have lengthy experience in managing
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EXAMPLE OF AUTOCALIBRATION REFERENCE VALUES

FROM MINNESOTA DOT (15)

GVW KN (kips)

Reference FAW kN (kips)

<142 (32)
142-311 (32-70)
>311kN (70)

Percent Deviation Allowed from Reference Weight

Minimum Number of Monitoring Hours

Minimum Sample Size of Class 9 Vehicles

37.8 (85)
41.4(9.3)
46.3 (10.4)
3.5%
48
250

WIM systems. Its focus is on procedures that significantly
differ from those of the ASTM E1318-02 standard.

Long Term Pavement Performance Specific
Pavement Study Traffic Data Collection Pool
Fund Study

The objective of this pool fund study is to determine the
acceptability of the data being generated by existing WIM
systems, to accelerate the installation or replacement of new
systems, and to ensure the quality of the traffic data being
produced for the LTPP experiments known as Specific Pave-
ment Study (SPS) 1, 2, 5, 6, and 8 (17). The study is being
carried out in two phases by two different contractors. The
Phase | contractor is responsible for the evaluation of any
existing or new systems installed by a state using its own
procurement procedures, aswell asnewly installed systems
under the pooled fund study. The Phase | contractor isrespon-
siblefor the procurement, installation, and maintenance of the
new pooled fund study systems. It isanticipated that ultimately
thisstudy will resultin 9 existing and new state-installed WIM
systems and 18 new Phase I contractor-installed systems.

The ASTM E1318-02 standard’ s functional performance
requirementsfor Typel systemsishbeing used for the purposes
of this study. Certain other provisions of ASTM E1318-02
specifications are also used, enhanced by the provisions of
the LTPP protocol as described earlier under the 1998 Long
Term Pavement Performance Protocol (14). Additional refine-
ments to these procedures were made by the TRB expert task
group on LTPP traffic data collection and analysis. These
refinements are asfollows:

* A minimum of two test trucks are used, typically one
3S2 with a GVW between 338 and 356 kN (76,000 and
80,000 Ib) and another 3S2 with a GVW between 267
and 285 kN (60,000 and 64,000 Ib). The heaviest of the
two trucks must have air suspensions for both tractor
and trailer tandems.

* The ASTM E1318-2 tolerance requirements must be
met not only by the entire dataset, but al so by subsets of
this dataset grouped by speed and ambient temperature.

 Static weighing of the test trucks is conducted before
and after each set of test truck runs, and the axleweights
and the GVWs are averaged.

Evaluation takes place in two stages. In the first stage,
each test truck performsaminimum of 20 runsover the WIM
system. If achangein calibration constantsis deemed neces-
sary, the Phase | contractor in conjunction with either the
state agency or the Phase Il contractor, determines the cali-
bration factor adjustments. Regardless of whether calibration
factor adjustments were made, a second stage of testing is
undertaken involving another 20 runs of each of the two
test trucksto verify the calibration of the WIM system. For
WIM systemsinstalled by the Phase |l contractor, thiscon-
tractor is responsible for the initial evaluation/calibration.
If the performance standards are met, the system is deemed
acceptable and it is turned over to the Phase | contractor for
independent verification. If performance requirements are
not met, the Phase |l contractor is given the opportunity to
make adjustments to the calibration factors and repeat the
entiretest truck evaluation process once again. If this new set
of runsisunsuccessful, the Phase Il contractor must make any
sensor, hardware, or software replacement deemed necessary

EﬁikAEPﬁ E OF MINNESOTA DOT'SWIM AUTOCALIBRATION CALCULATIONS (16)
Sample Deviation from Adjustment Adjustment Cadlibration
GVW kN (kips) Size Reference Factor Weight Factor Adjustment
<142 (32) 59 +4.7% 0.90 +4.23% 0.958
142-311 (32-70) 112 +4.3% 0.95 +4.09% 0.959
>311 kN (70) 79 +4.8% 0.90 +4.32% 0.957
Average Adjustment — — — 0.958
Factors

Source: Reference 16.
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to correct the problem before performing anew performance
evaluation.

OnceaWIM systemisinstalled through this processand is
operational, its performance is monitored by the Phase Il con-
tractor using atwo-level review process. Thefirst level review
consists of weekly reviews of the daily data files to check a
system for proper operation and to determine the validity of
the data. The second level review consists of a monthly data
analysis of asample (typically, aminimum of seven consecu-
tive days) of 3S2 trucks in the traffic stream to monitor each
system’ smaintenance of calibration and to identify any subtle
operational problems. Severa of the 3S2 truck properties are
tracked and monitored, as shown in Table 10.

In addition to the 3S2 properties noted previously, thefol-
lowing properties are also included in the checks:

* GVW frequency distributions regardless of speed and
* GVW distributions by speed.

These propertiesare tracked and monitored by meansof graphs
and tabular distributions.

The noted propertiesfor each month’ s check are compared
with reference properties established from traffic stream data
collected over a period of one week shortly after a success-
ful evaluation/calibration of a system using test trucks as
described earlier. For the monthly sampling to be used for

TABLE 10

calibration monitoring, it isimportant that the sampling consist
of only datatruly representative of the site’ stypical truck oper-
ating characteristics. Datafrom periods of timefor which atyp-
ica conditions existed (road construction, holidays, extreme
weather, etc.) should not be used. It isalso noted that the cali-
bration monitoring procedure described earlier isnot an LTPP
requirement. It is a procedure developed by the Phase Il con-
tractor to ensure the data quality required by the contract.

NCHRP Report 509

NCHRP Report 509: Equipment for Collecting Traffic Load
Data (18) documents equipment and proceduresfor collecting
traffic load data. It describes the on-site calibration approach
using two test trucks standardized by ASTM E1318-02. Once
calibration is verified, it is recommended that the traffic pat-
terns established are used for monitoring WIM system cali-
bration over time. This WIM data QC may involve the fol-
lowing data elements:

* Distribution of loaded and unloaded GVW peaks for
the FHWA Class 9 trucks (or, potentialy, other vehicle
classes);

* Consistency of mean FAW for loaded Class 9 trucks;

* Consistency of percentage of weekday Class 9 trucks;

* Changesin the percentage of unclassified vehicles;

* Increasesin equipment’s counting errors;

» Consistency in load-relative magnitudes between right
and left wheel path weighing sensors,

EXAMPLE OF MONITORING TRAFFIC STREAM PROPERTIES OF A WIM SYSTEM (17)

AX1RT, AX1LT = Right wheel path and left wheel path loads of Axle 1 (1,000 Ib or kips), resp.

AXLE 1 =Axleload (1,000 Ib or kips).
AX SP = Axle spacing (ft).
OAL = Over axle load limit (percent).

UNEQ DET = System error messages indicating right and left weigh sensors did not detect same number of axles.
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* Consistency of tractor drive tandem axle spacings,

* Total number of vehicleswithin expected |oad ranges;
* Changesin time-of-day traffic patterns;

* Changesin hourly data volumes; and

* WIM system error diagnostic messages.

Itissuggested that thisWIM data QC processisessential and
should not be replaced by autocalibration algorithms. The
reason is that calibration drifting detected by data QC may
be indicative of problems, such as pavement deterioration
or sensor degradation, which cannot be rectified by simple
calibration factor adjustments.

Long Term Pavement Performance Weigh-In-Motion
Data Quality Control Software

This software was developed by LTPP (19). It implements a
variety of traffic data QC tests, some of which relateto WIM

data quality. Thisis conducted at two levels. The first level

involvesthe raw Card-4 and Card-7 data obtained from the
state WIM systems (i.e., they storeindividual vehicle clas-
sification and weight data, respectively). These QC tests
involve comparisons of daily summaries of the following:

e Card-4 versus Card-7 data,
* Traffic count datafor selected state vehicle classes, and
* GVW distribution datafor selected state vehicle classes.

At the conclusion of this QC level, feedback is obtained
from state DOTSs to decide whether particular discrepan-
ciesin traffic patters can be justified by known changesin
local traffic. Data that have passed the first QC review level
are converted into the FHWA vehicle classification scheme
(i.e., 13 classes) and entered into the second level of QC pro-
cessing. The data elements analyzed at this QC level depend
on the type of experiment that generated them (e.g., GPS;
SPS 1, 2, 5, and 6; and SPS-pooled fund study). In general,
it includes analysis of data summaries over a user-selected
time interval that could be monthly or annually and cover
multiple year periods. The data elements analyzed graphi-
cally include the following:

* Vehicle counts by vehicle class,
* Axleload distribution,

GVW distribution,
ESAL/vehicle, and

* Error statistics.

Clearly, these tests need to be performed by experienced
userswho must decide on the accuracy of the dataonthebasis
of the software output graphs. Data that have successfully
passed this QC processarelabeled as“level E” and uploaded
onto the Information Management System database.

Florida Department of Transportation Practice

TheFloridaDOT usestest trucksfor WIM calibration. Before
calibrating existing WIM systems, diagnostic checks are run

17

to ensurethat all the componentsfor each WIM |lane are oper-
ating properly. At least one Class 9 test truck with air tractor
and trailer suspensionsisused. Test truck runs are conducted
at preselected speeds at which calibration factors are to be
established. WIM errors versus speed are plotted to establish
calibration factors for each of these preselected speeds. In
addition, the calibration of speed and axle spacing measure-
mentsis adjusted, if necessary. During this process, commu-
nication with the test truck driver(s) is maintained by means
of CB radio or cellular phone.

Following this step, the test truck(s) are run over the WIM
system a minimum of two times at each of the calibration
speedsaswell asonce at 8 km/h (5 mph) increments between
the high and thelow preselected calibration speeds. Toisolate
the effects of speed and temperature during the calibration
session, test runs are performed in a sequence of low to high
speed, which is repeated in the same order.

The WIM GVW percent error is plotted versus vehicle
speed. This graph is analyzed to determine what adjustment
needsto be madein the calibration factor for each preselected
speed point to best reduce the overall GVW error to zero. If
necessary, additional test truck runs are made to make final
calibration factor adjustments. During initial calibration and
verification, communications software is used to chronolog-
ically record theinitial calibration factors, the WIM dataele-
mentsfor each test truck during each set of runs, any changes
made to the calibration factors between test truck run ses-
sions, the final calibration factors, etc.

The calibration of new WIM systemsissdlightly different
than the one described previously. The main differencesare
asfollow:

* No preliminary runs are made to adjust calibration
factors.

e Test truck(s) runs a minimum of three times at each
calibration factor speed point and three times at each
8 km/h (5 mph) increment between the high and low
pre-selected speeds.

* Thelow to high speed incremental run sequenceis per-
formed three times.

If, for any reason, it is necessary to make adjustmentsto
the calibration factorsfor either speed/axle spacing or weight,
then the accuracy testing truck run procedure must be con-
ducted again. Not only must the data item accuracies meet
thefunctiona performance requirementsof ASTM E1318-02,
but the percent GVW error plots must be evenly distrib-
uted around the zero error axis of the GVW versus vehicle
speed plot. Following determination that the WIM system
meets accuracy requirements, an analysis of the GVW ver-
sus speed graph is made and, if deemed appropriate, the
calibration factors are again adjusted. This procedureis per-
formed for each individual lane instrumented with WIM
Sensors.
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California Department of Transportation Practice

Personal interviews with Caltrans personnel revealed that the
methodology currently used for WIM calibrationisessentially
the same as the methodol ogy followed by the Florida DOT.

Texas Department of Transportation Practice

The documentation submitted by the Texas DOT for calibrat-
ing WIM systems using test trucks was very comprehensive.
The basic stepsinvolved are asfollows:

* Alogfileisinitialy created by the WIM system com-
munication software to record all calibration eventsin
chronological order.

* A number of test truck runsis madeto first calibrate for
speed/axle spacing measurements before commencing
runs for weight calibration.

* The initial weight calibration factors are recorded for
each speed.

* A minimum of three test truck passes is made each at
80, 96, and 112 km/h (50, 60, and 70 mph). Where nec-
essary, the test runs at 80 and 96 km/h (50 and 60 mph)
may be combined, and the runs at 112 km/h (70 mph)
may be conducted at the speed limit.

* Cadlibration factorsare computed for these distinct speeds
using plots of GVW errors versus test speed.

* All test dataare documented and acopy isleftinsidethe
WIM system cabinet.

* Finaly, thelog fileis closed.

Indiana Department of Transportation Practice

ThelndianaDOT usesadetailed WIM calibration procedure
using test trucks. The main stepsinclude the following:

* First, itisverified that the WIM system componentsare
working correctly.

* Thetest truck drivers are briefed on the details of the
test procedure to be used, including the sequence of
speeds and lanes to be used as well asthe signaling or
cell phone/radio communication methods to be used.

* |nitial test runs are intended to verify/adjust the speed/
axle spacing calibration.

* Subsequently, the overall test truck wheelbaseisverified/
adjusted.

* Then, the WIM system weight calibration by speed range
is performed asfollows:

— Initial calibrationfactorsare set using asingle pass of
atest truck;

— Thetest truck WIM dataareinserted into acdibration
Spreadshest;

— If the GVW WIM measurements are accurate, but
the FAW WIM measurements are not, the Dynamic
Compensation Factor of the WIM system is adjusted
(the Dynamic Compensation Factor is a front-axle-
specific calibration factor adjustment);

— The calibration process is concluded when both the
GVW and the FAW WIM measurements collected
for 10 consecutive test truck passes are within pre-
scribed tolerances; and

— Finaly, the calibration factors are recorded and stored
in a database.

Montana Department of Transportation Practice

The current Montana DOT WIM calibration practice applies
to systems used for main-line weight enforcement screening
for PrePass™ systems. WIM calibration is performed either
quarterly to adjust calibration drift or as needed on the basis
of the following weekly data:

* PrePass™ system rates at which vehicles are being
stopped for static weighing;

* WIM data for performing QC (i.e., based on Class 9
vehicle GVW trends, changesin the number of unclas-
sified vehicles, etc.); and

* PrePass™ static axle weight measurements.

For the latter, PrePass™ static axle load data are obtained
for 25 Class 9 vehicles of each of the WIM lanes being mon-
itored. These trucks exclude those that carry shifting cargo
(e.g., liquid tankersand livestock haulers). WIM dataare col-
lected for the same trucks, which are identified manually on
the WIM system printout to allow one-to-one comparison of
static and WIM measurements. These reports are sent to the
main office for analysis. To evaluate data and determine cal-
ibration factor adjustments, the following procedure is used
for each WIM lane:

* The WIM data and the static weight datafor each truck
sampled are entered into a spreadsheet that calculates
WIM error statistics. The tolerances are as follows:

— Average GVW errors must be within 2% and
— GVW error standard deviations must be lower
than 6%.

If the WIM GVW errors are within tolerances, there is
no need for calibration. Otherwise, the following steps are
performed:

A calibration factor correction is computed.

* Thenew calibration factor is averaged with the old cal-
ibration factor and the averageis used to replace the old
calibration factor by means of remote access (the reason
for averagingisto effect small, rather than large, changes
to system calibration).

* Thenew system calibration is verified using the same
procedure and another sample of 15 Class9traffic stream
vehicles.

Finally, if the WIM GVW error standard deviation is sig-
nificantly higher than the specified tolerance, avisua inspec-
tion of the siteisdoneto ascertain any roadway or sensor prob-
lemsand, if deemed necessary, have these problems repaired.
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New Jersey Department of Transportation Practice

The New Jersey DOT uses a single 3S2 test truck equipped
with air suspension tandems for WIM system calibration.
The test truck is driven on each WIM lane until a minimum
of five passes of consistent single-axleand GVW WIM mea-
surements are obtained. The average of the measurements of
thesefivetest runsis used asthe basis of cdlibration. The cal-
ibration is validated by a minimum of another five consec-
utive passes of atest truck and the average axle and GVW
WIM measurements are computed. The verification is sat-
isfactory if theWIM average valuesarewithin 10% of the sta-
tic weightsfor axles and within 5% of the GVW static weight.
If these tolerances are not met, the process is repeated. If
two iterations of this process prove unsuccessful, corrective
actionistaken (i.e., repair or replacement of pavement and/or
sensors) before repeating the calibration procedure.

Utah Department of Transportation Practice

Utah has 15 permanent WIM sites, which consist of 9 piezo-
electric systems (traffic datacollection) and 6 1oad cell systems
[Port of Entry (POE) applications]. POE sitesutilizeload cell
systems, and the WIM vendor performs the calibrations bi-
annually. The procedure used isto compare the static weights
from the POE’ sstatic scalefor particular truckswith their cor-
responding WIM measurements.

The traffic data collection sites use piezoelectric systems
provided by two different vendors and calibrated by the Utah
DOT. Currently, one vendor’ s systems use autocalibration,
but the other vendor’s systems do not (although the auto-
calibration feature is available). As such, two different cali-
bration procedures are used for calibrating these systems.
Both procedures use prescribed Class 9 steer axle weight
targets. Themajor differenceisthat for onevendor’ ssystems
the calibration is automatically performed unattended by the
systems, whereas for the other vendor’ s systems, a biweekly
manual procedure of processing downloaded data, determin-
ing necessary factor adjustments based on steer axle weight
criteria, and making the factor adjustmentsis used.

19

It was recommended that the procedures for systems uti-
lizing autocalibration be continued. For the systems currently
not using the available autocalibration feature, it was recom-
mended that repairs to temperature sensors and any other
needed modifications be made to the systems such that their
autocalibration features may be utilized.

WEIGH-IN-MOTION-RELATED RESEARCH
IN THE UNITED STATES

NCHRP Project 3-39(02)

On-Site Evaluation and Calibration of Weigh-in-Mation Sys-
tems, the final report for NCHRP Project 3-39(02) (4), deals
with the on-site evaluation and calibration of WIM systems. It
examinesthefeasibility of two methods, one using acombi-
nation of test trucks and vehicle simulation models, and the
other using traffic stream vehicles of known static weight
equipped with automatic vehicleidentification (AV1) systems.

Thefirst method utilized amodified version of the vehicle
simulation model VESYM (20), referred to as VESY MF,
to estimate the dynamic axle loads exerted by test trucks at
three WIM sites, each equipped with pressure cells, bending
plates, and traditional piezoelectric sensors. At each site, the
pavement roughness profile was measured using an inertial
profilometer (30). A field experiment was conducted at each
of these sites involving three test vehicles, namely a two-
axle single-unit truck, a three-axle single-unit truck, and a
3S2 truck. Each truck performed 10 replicate runs at each
of four speeds (i.e., 50, 70, 90, and 110 km/h [31, 43, 56,
and 68 mph]). The WIM measurementswere plotted for each
axle asafunction of speed, as shown in Figure 3. For agiven
speed, it was observed that individual axles produce very
precise WIM measurements as a result of their repeatable
dynamics (i.e., average coefficients of variation of 3.8%,
5.7%, and 3.8%, respectively). Efforts to predict the magni-
tude of the dynamic load of individual axles over the WIM
sensors using the vehicle simulation model were unsuccess-
ful. Instead, the vehicle simulations were used for computing
the distribution of axleload dynamics at the WIM site, given

3-axle truck; axle 2, static load=78.3 kN
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FIGURE 3 Example of pressure cell WIM measurements of an axle versus

speed (4).
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the pavement profile. Thisapproach providesarigorous con-
nection between pavement smoothness and WIM errors.

This project also devel oped an automated method for com-
paring WIM with static axle loads of traffic stream vehicles
equipped with AVI. This method is based on static load data
obtained for particular vehicles at truck inspection stations,
which are subsequently identified by the AVI as they travel
over WIM systems. The method was field-tested using the
fixed AVI facilities of the Heavy Vehicle Electronic License
Plate program on the -5 corridor in Washington State, Oregon,
and California. Software was devel oped automating the WIM
calibration cal culations. Thismethod was shown to befeasible
in calibrating WIM systems, where fixed AVI facilities are
available. It was aso shown to be feasible using transportable
AV equipment developed for this purpose. This equipment
was field-tested at two WIM siteson 1-94 in Minnesota.

Multi-Sensor Weigh-In-Motion and
Avrtificial Neural Networks

A number of studies have used multi-sensor WIM (MS-WIM)
configurations and focused on the use of statistics for improv-
ing the resulting static load estimates (21). Recent work offers
an alternative based on Artificial Neural Networks (ANN) (22).
This approach involves measuring the WIM site pavement
profile, using dynamic vehicle simulations (20) to model
dynamic axle load and “train” the ANN algorithm to yield
static axle loads. This approach was shown to significantly
improve WIM accuracy, especially where pavement rough-
ness was high. For example, WIM systems classified (see
Table 4 for COST 323 WIM class designations) as B(10) by
simply averaging the WIM reading of each of the multiple
sensors, were improved to B+(7) and in some cases to A(5)
by applying the ANN algorithm on the output of the multiple
piezoel ectric sensors.

Indiana/Purdue Study on Weigh-In-Motion Data
Quality Control

Indiana DOT and FHWA cosponsored a study to explore
innovative WIM QC methods (10). The motivation of this
study, in addition to maintaining long-term data quality, was
to more effectively manage WIM systemsacrossthe network.
Formal QC techniques were followed, including:

* Defing,

* Measure,

* Anayze,

* Improve, and

* Control and Statistical Process Control.

The following procedure describes how these techniques
were applied in conducting WIM data QC.

Two WIM system metrics are targeted, namely the axle
spacing in drive tandem axles of Class 9 trucks and the dif-

ference between the | eft-hand-side and right-hand-side wheel
loads of the steering axles of Class 9 trucks (referred to as
“left-right residual”). Clearly, the latter is applicable only to
Typel WIM systems.

The statistical properties of the first metric were estab-
lished from manufacturer data of Class 9 trucksin the United
States. These data suggest four common axle tandem spac-
ings, namely 130, 132, 137, and 149 cm (4.25, 4.33, 4.50, and
4.58 ft). These spacings are the result of standard drive axle
suspension designs; they have been fairly constant in the
past and are anticipated to remain relatively unchanged in
the future. It was concluded that 99% of the population of
axle spacings fallsin the interval between 130 and 140 cm
(4.25 and 4.58 ft) and have a weighted average of 132 cm
(4.33 ft). Asaresult, the accuracy of WIM systemsin mea-
suring vehicle speed can be tracked by the spacing of the
tandem axle of Class 9 truck tractors.

The statistical properties of the second metric were estab-
lished by extensive study of the configuration, mechanical
arrangement, and dynamics of Class 9 truck tractors, as well
as the result of the pavement cross-slope on the distribution
of wheel loads between the left- and right-hand side. It was
concluded that the latter differ lessthan 1% and hence can be
used as a QC metric for WIM systems that separately mea-
sure left and right wheel loads (i.e., Type | systems).

The report presents the methodology used for down-
loading WIM data and analyzing them according to the QC
methodol ogy described previously. The dataare downloaded
into arelational database, such as Microsoft SQL. Cubefiles
were created using the online analytical processing toolsfrom
the Microsoft SQL analysis server. These files can be viewed
aspivot tablesand pivot chartsby means of aMicrosoft Excel
connection to the analysis server database and can also be
created offline for distribution to users who do not have
online accessto the database. These analysis cubefilesallow
simple summary reporting while affording detailed datamin-
ing capabilities.

The aforementioned analysis approach can be used to gen-
erate accuracy graphs for spacing/speed and left/right weight
of Class 9 trucks. These data are used to identify WIM sys-
temsthat are grossly off calibration and allow adjusting their
calibration temporarily, until a proper calibration involving
test trucks can be undertaken. The latter is warranted if the
adjusted system generates stable data, which can be tracked
through statistical process control charts (i.e., graphsindicat-
ing the allowabl e confidenceintervalsfor the properties being
measured).

Another innovation described in this study is the use of
WIM systemsas*“ virtua weigh stations,” which allow enforce-
ment officers to view real-time truck records by means of a
wirelesslink. Vehiclesto be stopped for static weighing can
be flagged automatically or this decision can be made by the
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enforcement officers. Analysis determined that such virtual
weigh stations are approximately 55 times more effective than
static weigh stations alone in capturing overweight vehicles.

Utah Department of Transportation/Brigham Young
University Study on Weigh-In-Motion Calibration

The Utah DOT sponsored a study on WIM calibration (23)
intended to improve Utah’s commercial motor vehicle data
collection program. To accomplish these objectives several
tasks were undertaken, including the following:

* Performanceof aliteraturereview to establish the state of
the practice for commercial motor vehicle monitoring,

 Collection of WIM datafor the state of Utah,

* Analysisof the WIM data collected,

* Development of acalibration methodology for useinthe
state, and

* Suggestions and conclusions based on this research.

The literature review focused on:

* WIM history,

* Basic WIM concepts,

* WIM technologies,

* Welight data collection standards and their calibration,

* Quality assurance methods,

* TMG weight data collection, and

* Discussion of the new AASHTO Pavement Design
Guide.

The literature review conducted for this study was extensive
and each of the abovelisted topicsis discussed in some detail.

Thereport describes Utah’ s 15 permanent WIM sites, which
consist of 9 piezoel ectric systems (traffic data collection) and
6 load cell systems (POE applications), and discusses the
methods used to perform analyses of the data collected from
these sites. Each site’ smedian and spread of the data, aswell
as the extent and nature of any departure from symmetry,
were determined. The daily average steering axle weight for
Class 9 vehicles was graphed for each site. Based on known
static weight data, the average steering axleweight isexpected
to be approximately 49 kN (11,000 |b) with an acceptable site
variance of £20%. The drive tandem axle spacingsfor Class9
vehicles were aso found to be fairly constant, expected to
average approximately 132 cm (4.33 ft), which provides a
quality assurance measure for checking a WIM system’s
speed and axle spacing outputs. The acceptablerangesfor drive
tandem spacing are +15 cm (0.5 ft). The percent of overweight
trucks (Class5 and above) for each sitewasfound to be another
viable data analysis metric.

A survey was conducted of 10 stateswith regard to system
calibration procedures and methodol ogies. The report discusses
the findings for each of the 10 states. The calibration and
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validation practices currently used in Utah were al so reviewed.
Recommended procedureswere developed to bring Utah DOT
practicesin line with current WIM standards and practices
of other states.

Currently, there is no validation procedure for the piezo
systems. It was recommended that a verification process be
implemented and that it include runs with a single test truck
(predominate class at site, typically Class 9) to verify the sys-
tems’ autocalibrationson, asaminimum, an annual basis. The
recommended verification procedure included the following
steps to be taken before making test truck runs:

* Evaluatethe physical characteristics of the site, includ-
ing pavement conditions 84 m (275 ft) before and 9 m
(30 ft) after the WIM sensors.

* Check the WIM system’s components for proper opera-
tion and check for proper software settings (weigh sensor
and inductive loop thresholds, etc.).

» Usearadar gun to check speed calibration.

Thetest truck procedure, aswell asthe verification of con-
formance to performance requirements, isin general confor-
mance to the ASTM E1318-02 standard for Typell systems,
although there is some modification in the number of test
truck runs and speeds.

Quiality assurance methods are recommended to assessthe
dataquality and, in turn, WIM system performance. Included
in such assessment is the creation of the following graphs:

* Vehicle class histogram,

» Daily average Class 9 steering axle weight,

* Dally average Class 9 drive tandem axle spacing, and
* Class9 GVW histogram.

The graphs are prepared on a quarterly basis.

EUROPEAN WEIGH-IN-MOTION
CALIBRATION PRACTICES

The main source of information in this section isarecently
completed report by the Commercial Motor Vehicle Size
and Weight Enforcement scanning tour (24). It had two
WIM related objectives, namely:

* Emerging WIM technologies capable of accuracies that
will alow their direct usein enforcement applicationsand

* Novel usesor applicationsof WIM datato support pave-
ment design, bridge/structural design, traffic engineer-
ing, transportation planning efforts, or ongoing perfor-
mance monitoring and evaluation of vehicle size and
weight enforcement programs.

The Commercia Motor Vehicle Size and Weight Enforce-
ment scanning tour included six European countries (Belgium,
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France, Germany, the Netherlands, Slovenia, and Switzerland).
It produced acritical review of contemporary European prac-
ticesof WIM system utilization in enforcing commercial motor
vehicle size and weight regulations. The mgjority of these
systems use piezoel ectric sensors. Thebasic WIM calibration
standard used by these countries was developed by the COST
323 study (7). Theactual implementation of thisstandard, how-
ever, variesamong countries. The highlights of the findings of
this scanning tour are as follows:

* France operates in excess of 170 WIM stations and
relies largely on autocalibration techniques to keep
them calibrated.

* France and the Netherlands are developing MS-WIM
systems capable of detecting axle weights at highway
speeds with an accuracy rate that is sufficient for direct
load enforcement. They anticipate that, with the appro-
priate administrative changes, this goal will be reached
within the next 10 to 15 years.

* France has experimented with fiber-optic WIM sen-
sors and has made progressin isolating the sensitivity
of their output to steel in reinforced portland concrete
pavements. Detailed documentation on the theoretical
development and field performance of these sensorsis
provided in a Weigh-in-Motion of Axles and Vehicles
for Europe (WAVE) report (25).

* TheNetherlands has devel oped an instrumented vehicle
that allows WIM calibration using areference dynamic
rather than static axle loads.

* Slovenia s WIM calibration is conducted by either test
trucks or traffic stream vehicles of known axle weights
following COST 323 specifications. The pertinent docu-
mentation and WIM dataare avail able online (see http://
www.siwim.com/).

* Switzerland reports WIM system maintenance prac-
ticesthat involve annual inspections of sensorsfor wear
and actual calibration according to the COST 323 stan-
dard. Approximately 40 to 50 vehicles in excess of
3.5 metrictonsarediverted fromthelocal traffic stream
to be statically weighed. They estimate that thisrequires
approximately 15 staff for one to two days per year
(e.g., approximately 120 to 240 person-hours).

A number of innovative enforcement screening methods
are used involving digital photographic records of vehicles.
These are asfollows:

* WIM measurements and photographic records of vehi-
clesthat arelikely overloaded are transmitted to mobile
static weighing crews downstream (in Switzerland this
iscaled WIM/VID).

* Records of WIM dataand photographic records are ana-
lyzed to identify companies that habitually violate load
limits. These companies are, in turn, contacted through
the mail and given the opportunity to conform in the
future.

EUROPEAN WEIGH-IN-MOTION-RELATED
RESEARCH

Weigh-in-Motionfor Axlesand Vehiclesfor Europe (WAVE)
has been one of the most significant European WIM-related
research studies (5,11,21,26). The WAV E project had thefol-
lowing major objectives:

* Developinnovative methodsfor WIM system evaluation/
calibration (11),

* Develop innovative WIM systemswith multiple sensors
(i.e, MSWIM) (21), and

* Improve WIM data QC procedures (26).

The major innovation of the WAVE project in WIM sys-
tem calibration was an instrumented three-axle single-unit
truck developed by the Technical Research Center of Finland
(VTT). Its instrumentation consisted of strain gauges and
accelerometers installed on the vehicle axles to detect bend-
ing and vertical acceleration, respectively. The signals gen-
erated were combined into measurements of dynamic axle
loads on board the vehicle. Thistype of instrumentation was
used in the mid-1980s by the National Research Council of
Canada (NRCC) on afive-axle semi-trailer truck (32). The
VTT vehicle was used for testing WIM accuracy with respect
to dynamic, rather than static, axle loads. This approach was
successfully tested by Papagiannakis et al. using the NRCC
instrumented truck (27). The main challenge with this
approach was identifying the segment of the dynamic load
measurements that corresponded to the location where an
instrumented axle is over the WIM sensor. The importance
of synchronizing test truck dynamic load measurements and
WIM measurements is illustrated in Figure 4. This figure
shows the size of abending plate sensor; that is, about 0.3 m
(1 ft) wide, superimposed on the dynamic load measure-
ments from three passes of the drive axle of the VTT vehicle
at 80 km/h (50 mph). This figure also demonstrates that
dynamic axle loads under the same speed exhibit repeatability
in space, which explainsthe resulting lower variation in errors
for agiven speed and axle.

The study also explores the idea of developing individ-
ual calibration factors by axletype and vehicle configuration.
Thisinstrumented vehicle was also driven over an array of
16 piezoelectric WIM sensors arranged in various spacings
to examine whether these multiple sensors could improve
static load predictions.

The development of MS-WIM (21) involved numerical
simulations of the dynamic behavior of an idealized five-
axle semi-trailer truck and of alternative arrangements of
multiple sensor WIM installations. The simulation model
for the five-axle semi-trailer truck was a theoretical two-
dimensional model (i.e., pitch and bounce) that accepted
the pavement profile asinput. Similar models can be found
inthe U.S. literature (20). The dynamic axleload predictions
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FIGURE 4 WIM evaluation using the VTT instrumented vehicle (28).

were simplified through several sinusoidal functions to
describe the dominant dynamic load frequencies. Thisinfor-
mation was, in turn, used for estimating multi-sensor number
and spacing to minimize the error between WIM and static
axle loads. These results were finally field-validated using
test trucks on several multi-sensor WIM installations.

The WAVE project a so dealt with WIM dataQC (26). The
main objectives of this part of the study were to standardize
WIM data QC and storage (i.e., the EU-WIM database), as
well as to develop software that allows extraction of data
by avariety of traffic data users. It iscomprised of two parts,
a “low level” dealing with the functionality of the sensors
and electronics themselves and a “high level” dealing with
the quality of data being output and their statistics. The low-
level data QC consists of evaluating the following:

» Scalefactor; that is, the maximum registered axle load
(i.e., unusual or repesting valuesindicate that the sensor
ismalfunctioning or broken),

* Total traffic volume,

* Heavy vehicle traffic volume, and

* Status error messages, if any.

The high-level data QC is based on andlysis of WIM dataand
their statistics using criteriasuch asthe FAW and the GVW of
certain truck classes. A computer program called MAR-TINE
isused for these calculations.

DISCUSSION

Thereview of the national and international literature on WIM
system calibration standards, practice, and related research
reflects the significant effort expended in maintaining WIM
traffic dataquality. Conventionally, WIM errorsare computed
with reference to static load. As aresult, errors are largely
dependent on pavement roughness and the dynamic proper-
ties of the vehicles used for evaluating them (vehicle class,

suspension type, and speed). Another issue is that the stiff-
ness of the pavement supporting the WIM sensorsinfluences
their signal output. This is more pronounced in asphalt con-
cretesthat exhibit temperature-dependent stiffness. This prob-
lemisfurther compounded by the temperature sensitivity of
some Type || WIM sensors. Error tolerances are set in the
form of either

* Fixed confidenceintervals, given aconfidencelevel and
a prerequisite pavement roughness (empirically estab-
lished), asinthe ASTM E1318-02 standard, or

* Variable confidenceintervals, depending on the desired
confidence level, available pavement roughness (IRI)
and sample size, asin the COST 323 standard.

Inthislight, the current U.S. WIM calibration standard,
ASTM E1318-02, has the following limitations:

* |t does not consider pavement roughness as it relates
to dynamic axle loads and, hence, the magnitude of
the resulting WIM errors. The proposed AASHTO pro-
visional standard MP 14-05 addresses this limitation
through estimates of the dynamic response of asimu-
lated fleet of trucks. Thisapproach isanimprovement
over the COST 323 approach that sets empirical pave-
ment roughness limitsin terms of IRI, which is based
ontherelative displacement of the axle with respect to
the frame of a passenger car.

* It does not consider pavement stiffness in supporting
WIM sensors, which, as described earlier, isbeing con-
sidered by the COST 323 WIM standard.

* |t doesnot alow for avariable confidencelevel in estab-
lishing error tolerances (i.e., confidence intervals). The
approach taken by the COST 323 standard is more gen-
eral, inasmuch asit providesfor variableerror tolerances
asafunction of the desired confidence level.

* |t assumes that errors are normally distributed in estab-
lishing error tolerances. A Student-t distribution would
be more appropriate for WIM errors, given the small
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number of samplestypically availableduring calibration. ing the national WIM calibration standard. These include
This is the approach used by the COST 323 standard, data analysis by speed to quantify WIM system precision
whereby error toleranceis defined as afunction of sam- under replicate axle passes and to establish speed-specific
plesize. calibration factors. Finally, a number of technological inno-

* Finally, it does not include WIM data QC methods.  vations may need to be considered for the future enhance-
The latter was not one of the objectives of the ASTM ment of WIM calibration, such asthe use of instrumented test
E1318-02 standard, but it may need to be standardized. trucks and the use of traffic stream AVI-equipped trucks.
Additional discussion on future research directions, whichis

In addition to the main limitations described earlier, a  based on the results of the survey questionnaire, isincluded

number of enhancements may need to be considered in updat- in the following chapter.
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CHAPTER THREE

SURVEY QUESTIONNAIRE

The genera structure of the survey includes three main groups
of questions dealing with on-site calibration using test trucks,
calibration using traffic stream vehicles of known static
weight, and calibration monitoring using properties of the traf-
fic stream. The corresponding series of questionsin Appendix
B are 3.5, 3.6, and 3.7. The survey was structured in away that
allowed identifying the role of the agency responding; that is,
either a DOT collecting traffic data, an enforcement agency
performing load limit screening, or both. The questionnaire
was input into a proprietary web-based format that allowed
agencies to respond online. Statistics on the number of ques-

TABLE11
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tionnaires distributed and the response rate are shown in
Table 11. Of the agencies that responded to the questionnaire,
7 used WIM for both data collection and enforcement and had
acommon agency for managing these systems. The Connecti-
cut DOT submitted two responses, one for traffic data collec-
tion and another for research. Table 12 shows a summary of

agency responses by state.

Where necessary, questionnaire distribution wasfollowed
by telephoneinterviewsto assist respondersin filling out the
survey and ask for any additional documentation available.

SURVEY QUESTIONNAIRES CIRCULATED AND RESPONSES RECEIVED

DOT

Questionnaires Circulated = 53*

Enforcement Agencies

Questionnaires Circulated = 15**

No Response

Traffic data

Traffic + Enforcement

*50 States + DC + Puerto Rico
1 extrafor research by Connecticut

No Response

Enforcement Only

11

**13 States do not use WIM in enforcement,

16 had no identifiable enforcement agency
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TABLE 12
SUMMARY OF AGENCY SURVEY RESPONSE BY STATE

Traffic Data Enforcement

Alabama O O
Alaska O NA
Arizona O u]
Arkansas O NA
California** O O
Colorado O O
Connecticut oo NR
Delaware NR NC
District of Columbia NR NA
Florida O NC
Georgia O NA
Hawaii NR NC
Idaho O O
Illinois u] NA
Indiana u] NR
lowa NR NC
Kansas O NC
Kentucky NR NA
Louisiana NA O
Maine NR NC
Maryland u] O
Massachusetts O NA
Michigan** u] O
Minnesota NR NA
Mississippi u} NA
Missouri NR NC
Montana u] [}
Nebraska O O
Nevada** O u]
New Hampshire u] NA
New Jersey u] NA
New Mexico O NC
New York O NA
North Carolina NR a
North Dakota** O u]
Ohio** O O
Oklahoma O NA
Oregon** O O
Pennsylvania O NA
Puerto Rico O NA
Rhode Island O NR
South Carolina NR NC
South Dakota NR NA
Tennessee O NC
Texas u] NA
Utah O NC
Vermott** O u]
Virgina u} u]
Washington u} u]
West Virginia u} NC
Wisconsin u] NC
Wyoming O NA

** = state submited one questionaire for both traffic and enforcement systems.
O = agency responded.

NA = agency does not use WIM for this purpose.

NR = agency did not respond.

NC = no contact identified to fill survey.
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CHAPTER FOUR

MAJOR SURVEY FINDINGS

DOTsreplied asfollows when asked how they cooperate with
the enforcement agency in their state managing WIM systems:

» Six reported that they provide traffic WIM data to an
enforcement unit for enforcement planning purposes.

* One stated that it collects data from WIM systems that
are calibrated and maintained by the enforcement agency.

* Two stated that they install, calibrate, and maintain WIM
systemsfor the enforcement screening at PrePass™ sites.

* One stated its repair crews occasionally perform work
for the enforcement agency.

* Onestated that it allowsthe enforcement agency wireless
real-time accessto WIM dataduring mobile enforcement
operations.

* One stated that it provides contract plans review,
evaluation/inspection services, post-warranty mainte-
nance, and traffic data collection/analysisfor the enforce-
ment agency’sWIM systems.

* One stated that it coordinates with the enforcement
agency regarding WIM dataquality and future siteloca-
tions with high volumes of heavy trucks.

When asked how they cooperate with the DOT in their
state managing WIM systems, enforcement agencies replied
asfollows:

* Seven reported that they make WIM data from their
main line screening systems available to the DOT’s
traffic data unit.

* One stated that it provides static scale readings to the
DOT’ straffic dataunit for testing WIM systems.

Theoveral findings of the survey are presented in Appen-
dix D, whichis presented in the online version only. The sur-
vey resultsweredivided into three parts, to be made available
electronically, asfollows:

» Systemsused for traffic data collection only,

» Systemsused for both traffic data collection and enforce-
ment screening, and

» Systemsused for enforcement only.

The following tables offer a summary of the background
findings of the survey. Table 13 suggeststhat most traffic data
collection WIM systems are Type |, athough the mgjority of
the combined traffic data/lenforcement screening sites are
Typell systems. Interestingly, the majority of WIM systems
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used exclusively for enforcement screening are Type Il sys-
tems. Table 14 suggests that autocalibration is used primarily
for Typell systemsused for both data collection and enforce-
ment screening. Table 15 suggests that the majority of state
agencies, regardless of application, perform in-house post-
installation WIM system calibrations.

It should be noted, however, that not all agencies use test
trucksin post-installation calibration. Two of the 25 agencies
that reported conducting post-installation calibration use ater-
native methods. One agency uses FAW monitoring of traffic
stream vehicles, whereas another relies on autocalibration.
Table 16 showsthe method used for performing routine WIM
calibration. Note that some agenci es use more than one method
for calibration and/or monitoring the calibration over time.
Under “ Other,” agencies provided clarifications on how one or
more of the three listed methods were implemented (these are
not shown in the table).

A summary of the actual number of agencies using partic-
ular WIM calibration methodsisgivenin Table 17. It isnoted
that the majority of agencies that responded use more than
one method for WIM calibration. Only five of the agencies
reported using traffic data QC alone for this purpose.

The following sections present summaries of the survey
findings organized in three parts, asfollows:

* Test truck WIM calibration,
* Traffic stream truck WIM calibration, and
* WIM calibration through WIM data QC.

TEST TRUCK WEIGH-IN-MOTION
CALIBRATION QUESTIONS

Under this questionnaire segment, agencies were asked
guestions about how they calibrate their most common WIM
systems using test trucks. The number of agencies using test
trucksfor WIM calibration varies depending on their function,
asfollows:

* Twenty-two of the 34 agencies managing traffic data
collection WIM systems use test trucks for WIM cali-
bration. Six of these agencies reported that their most
common WIM systemsare Type |, whereasthe remain-
ing 16 reported that their most common systems are
Typell.
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TABLE 13

WHAT TYPES OF WIM SENSORS ARE USED?
WIM Sensors Typel Typell Other
Traffic Data Only 56.3% 37.5% 6.3%
Both 33.3% 55.6% 11.1%
Enforcement Only 29.4% 58.8% 11.8%

Other = Type 11, portable WIM sensors pit-embedded, single wheel

path load cells.
TABLE 14
WHAT TYPE OF SENSORS ISAUTOCALIBRATION
USED FOR?
Sensor Typel Typell Other
Traffic Data Only 14.3% 75.0% 10.7%
Both 0.0% 100.0% 0.0%
Enforcement Only 50.0% 50.0% 0.0%

* Six of the seven agencies managing traffic data and
enforcement screening WIM systems use test trucksfor
WIM calibration. Four of these agencies reported that
their most common WIM systems are Type |, whereas
one reported that its most common WIM systems are

Typell.

* Two of the 11 agencies managing enforcement-only
WIM systemsusetest trucksfor WIM calibration. Their
most common WIM systemis Typel.

TABLE 16

TABLE 15
ISPOST-INSTALLATION CALIBRATION
ALWAY S PERFORMED?
Who Doesiit?
Yes Agency Vendor
Traffic Data Only 75.8% 51.5% 33%
Both 66.7% 66.7% 33.3%
Enforcement Only 90% 23% 7%

A summary of agency responses on the methodol ogy used
to calibrate WIM systems using test trucks is are shown in
Table 18, which suggests that approximately half of the
agencies perform test truck WIM calibrations in-house, and
Table 19, which suggests that the majority of agencies does
SO on aroutine basis. A contractor/manger differs from an
on-call contractor. Theformer decideswhen on-sitecalibration
is need, whereas the latter responds to an agency request to
perform calibration. The frequency in routine calibrations
ranges from 6 months to 24 months, with the majority per-
formed at 12-month intervals, as shown in Table 20. In addi-
tion, some agencies do test truck calibrations in response to
indications of calibration or for other reasons (e.g., changes
in pavement or sensor condition).

Interestingly, although the majority of agencies using
test trucksfor WIM calibration reports considering pavement

WHICH CALIBRATION METHOD ISUSED?

Test
Trucks

Traffic
Trucks

Traffic Data
QC

Other

66.7%
33%
5.9%

Traffic Data Only
Both

Enforcement Only

33.3%
22.2%
58.9%

57%
39%
29.4%

18%
5%
5.9%

TABLE 17

WIM METHOD CALIBRATION METHOD SUMMARY

Calibration Method

Traffic Data Only

Both Enforcement Only

Test Truck Only

Traffic Trucks Only

Traffic Data QC Only

Test Truck and Traffic Trucks

Test Truck and Traffic Data QC
Traffic Trucks and Traffic Data QC
All three methods

Other

No response

7

A O BN O W BN

0

O P Wk W O O O o
O O kP W O O Fr o
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TABLE 18
WHO PERFORMS THE TEST TRUCK CALIBRATION?
On-Call Agency and
Agency Contractor Contractor/Manager Contractor
Traffic Data Only 55% 9% 27% 9%
Both 80% — — 20%
Enforcement Only 50% — — 50%
TABLE 19 TABLE 21
WHAT TRIGGERS CALIBRATION? ISSITE SMOOTHNESS CONSIDERED?
Routine Only if Tolerance
Schedule Drift Indication Other Always Not Met Never
Traffic Data Only 67% 26% 7.4% Traffic Data Only 59% 27.3% 13.6%
Both 42.8% 28.6% 28.6% Both 100% — —
Enforcement Only 50% 50% — Enforcement Only 100% — —

TABLE 20
IF CALIBRATIONS ARE DONE ROUTINELY, HOW OFTEN?

6 Months 12 Months 24 Months
Traffic Data Only 31.2% 67% 6.7%
Both — 100% —
Enforcement Only — 100% —

roughness (Table 21), only about 25% does so objectively;
11.1% do the straightedge/circular plate test described by
ASTM E1318-02, 3.6% simul ate thistest using software that
accepts as input the pavement profile and 14.8% simply use
thelRI (Table22). Even fewer agenciesconsider the structural
condition of the foundation of the sensors. Some do so indi-
rectly by studying the shape of the sensor’ sraw signal and do
so only when WIM measurements seem to be inaccurate
(Table 23).

Tables 24 to 34 give details of the actual procedure used
intest truck calibration and the cal culations used for comput-
ing calibration factors. The majority of agencies use one or
two test trucks (Table 24). Thesingletruck chosenistypicaly
aClass9. Wheretwo trucks are used, oneisaClass 9 and the
other iseither aClass 5 or 7, with only one agency reporting
using aClass 10 truck. Some agenciesusetwo Class 9 trucks.

The majority of agencies specify an air suspension type for
thetest trucks (Table 25), but thisisnot always enforced. The
majority of agenciesusesfixed weigh scalesfor obtaining the
static loads of test trucks, although morethan 40% of agencies
managing dual-use WIM use portable scales (Table 26). The
majority of agenciesweigh axle groupsrather than individual
axles (Table 27), which is probably the result of the configura-
tion of enforcement static weigh scales. Most agencies perform
the measurements only once (Table 27).

Table 28 liststhe criteriaused by agenciesin selecting test
truck speeds. About half of the WIM systems, regardl ess of
application, are calibrated using test trucks running at the
site median traffic speed. The remainder is divided between
the posted speed limit and multiple speeds. The majority of
agencies managing dual-use WIM systems use multiple test
speeds. Instructions are issued to the drivers either by means
of two-way radios or cell phones.

Although the majority of agenciesusing WIM traffic for
data collection only conduct 10 test runs per vehicle speed,
agencies using WIM for either traffic data/enforcement
or enforcement alone conduct three test runs per vehicle
speed (Table 29). The corresponding percentage of agen-
cies not turning their autocalibration off during test truck
calibration is 30% for those using WIM for data collection
only, 20% for agencies using WIM for data collection and

TABLE 22
WHAT METHOD IS USED FOR QUANTIFYING SMOOTHNESS?
Straight Profile+ Profile+ Other
Visual Edge/Circular Plate IRI LTPP Software
Traffic Data Only 66.7% 11.1% 14.8% 3.6% 3.6%
Both 40% 30% 10% 10% 10%
Enforcement Only 100% — — — —
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TABLE 23

DO YOU CONSIDER THE
STRUCTURAL CONDITION
AT THESITE?

Yes
Traffic Data Only 36%
Both 25%
Enforcement Only 0%

TABLE 24
HOW MANY TRUCKS ARE USED?

1 2
90% 10%
100% —
100%

Traffic Data Only
Both

Enforcement Only —

enforcement, and 50% for agencies using WIM for enforce-
ment only (Table 30). Respondersindicated that overal, 87%
of agencies carry out calibration calculations on site.

Table 31 shows that the calibration calculation method
for traffic dataWIM systemsis equally split between agency
software, vendor software, and short-hand calculations.
Although for dual-use WIM systems, most agencies use short-
hand calculations; for enforcement-only systems, about
two-thirds of the agencies use vendor software to carry out
the calculations.

The main load data elements for which WIM errors are
computed are the GVW, individual axleloads, and tandem
axle loads (Table 32). The majority of agencies computes
calibration factors by setting the mean GVW equal to zero
or by setting acombination of the mean GVW and the mean
axle load errors equal to zero. Few agencies compute cali-
bration factors by minimizing the least square error between
WIM and static axle loads through zero-intercept regres-
sion (Table 33). Depending on the WIM application, up to
67% of the agencies report deriving speed-specific calibra-
tion factors, although a significant percentage of agencies
input the average of these factorsin all speed bins after cal-
ibration (Table 34).

TABLE 25

TABLE 26
WHAT TYPE OF STATIC SCALESISUSED?

Portable
19%
42.9%
33%

Fixed Other
81% —
57% 14.3%
67% —

Traffic Data Only
Both

Enforcement Only

Other = Semi-portable.

TRAFFIC STREAM TRUCK WEIGH-IN-MOTION
CALIBRATION QUESTIONS

Under this questionnaire segment, agencies were asked to
respond to questionsrel ated to calibrating their most common
WIM systems utilizing traffic stream trucks of known static
weight. The total number of agencies using traffic stream
trucks of known static weight varies asfollows, depending on
their function:

* Seven of the 34 agencies managing traffic data collec-
tion WIM systems use traffic stream trucks for WIM
calibration. Four of these agencies use Type | systems,
whereas the remaining three use Type || systems.

* Four of the seven agencies managing traffic data and
enforcement screening WIM systems use traffic stream
trucks for WIM calibration. All four of these agencies
use Type | systems.

* Ten of the 11 agencies managing enforcement-only WIM
systems use traffic stream trucks for WIM calibration.
Nine of these agencies use Type | systems, whereasthe
remaining one uses Type Il systems.

Responses on the means of weighing these traffic stream
vehicles varied. Seventeen agencies use static scales (i.e.,
15 useenforcement facilitiesand 2 use portabl e scales); three
agenciesanswered “ other,” but evidently they use some known
traffic stream weight, such as the FAW of certain vehicle
classes, instead of actual weighing of vehicles statically; and
one agency did not specify the actual weighing method.

Tables 35 to 48 describe agency responses related to the
details of their WIM cdlibration procedures involving traffic
stream trucks of known static weight. Most agencies conduct
these types of calibration in-house, with the exception of
enforcement agenciesthat involve a contractor (Table 35). The
majority performs calibrations only when thereisan indication

ARE EACH TRUCK’S SUSPENSION TYPES SPECIFIED AND IF SO,
WHAT TYPES? (Typicaly refersto atruck’s tandem axle groups)

Yes* Site Rep. Leaf Spring Air
Traffic Data Only 81% 5.3% 10.5% 84.21%
Both 80% — — 100%
Enforcement Only 100% 50% 50%

*Specified but not always enforced.
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TABLE 27
WHAT STATIC WEIGHT DATA ARE RECORDED AND HOW MANY TIMES
ARE MEASURED?
Individual
Axle Groups Axles 1 2 3
Traffic DataOnly 51.6% 44.4% 87% 8.7% 4.3%
Both 57% 27% — 40% 60%
Enforcement Only 50% 25% 50% 50% —
TABLE 28
AT WHAT SPEEDS ARE THE TEST TRUCKS RUN?
Multi-Speed Multi-Speed
Median Posted Selected by Selected by
Speed at Site Speed Agency Driver
Traffic Data Only 40% 30% 25% 5%
Both 40% — 60% —
Enforcement Only 50% — — 50%
TABLE 29
MINIMUM NUMBER OF TEST RUNSBY SPEED
2 3 5 6 7 8 10 20
Traffic Data Only 6.3% 12.5% 12.5% 6.3% 6.3% 6.3% 43.8% 6.3%
Both 25% 50% — — — — — 25%
Enforcement Only — 50% — — — — — 50%
TABLE 30 TABLE 31
ISAUTOCALIBRATION TURNED OFF DURING HOW WIM ERRORS ARE COMPUTED ON-SITE
TRUCK TESTING?
Agency Software  Vendor Software  Calculator
Yes No Do Not Know
Traffic DataOnly 34.6% 30.1% 34.6%
Traffic Data Only 60% 30% 10% Both 14.3% 28.6% 71.4%
Both 80% 20% - Enforcement Only 33% 67% -
Enforcement Only 50% 50% —
TABLE 32
WHICH DATA ELEMENTS ARE ERRORS COMPUTED FOR?
Total Axle Tandem Axle Individual
Length Spacing GVW Loads Axle Loads Speed
Traffic Data Only 24% 71% 100% 43% 71% 33%
Both 50% 50% 100% 33% 50% 50%
Enforcement Only 50% 100% 100% 50% 100% 50%

Note: Percentage reflects the number of agencies reporting to calculate WIM errors for the particular data element.
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TABLE 33
WHAT FORMULA ISUSED FOR COMPUTING CALIBRATION FACTORS?

Mean Axle Mean Combination of Slope WIM
Error =0 GVW =0 Previous Two vs. Static Auto-Computed*

Traffic Data Only 9.1% 40.9% 13.6% 4.6% 22.7%
Both — 40% 20% 20% 20%
Enforcement Only — — — — 100%
*Responses to survey option Do not know (It isincorporated in an error comp utation spreadsheet).”

TABLE 34

DO YOU CALCULATE SEVERAL CALIBRATION FACTORS
DEPENDING ON SPEED?

Yes, But Average Is
Input in Each Speed
Bin
27.2%

No Yes
50% 22.7%
33% 67%

100% —

Traffic Data Only
Both

Enforcement Only

of calibration drift, which is evidently detected through WIM
data QC (Table 36). About one-third of agencies perform
these calibrations on aroutine basis (interval rangesfrom 1 to
12 months as shown in Table 37).

There is roughly an equal division between the methods
employed for selecting the number of traffic stream vehiclesto
usein performing WIM calibration (Table 38). Where afixed
number of vehiclesisspecified, it varies between 1-100, with
an average of 40 being used (Table 39). Where afixed time
interval isused, it ranges between 1 and 168 hours, with the
majority of agencies using data collected over a1- to 4-hour
period (Table 40). The type of vehiclesincluded in this sam-
plevaries, the majority of agenciesusing WIM for traffic data
or traffic data/enforcement favors selecting vehiclesin certain
classesregardless of speed, whereasthe majority of agencies
using WIM only for enforcement screening uses a random
selection of vehicle classes (Table 41). Approximately 75% of
the agencies use truck inspection station scales for obtaining
static axleloads, whereas the remaining agencies use portable
static scales.

Axlespacingismeasured for the majority of these vehicles,
mostly by manual means (Table42). Table 43 liststhe number

of agenciesthat turn off the autocalibration system in their
WIM systems. The responsesto the question regarding where
error calculations are performed vary; some agenciesdo so at
the site always, whereas others do so at the office (Table 44).
Interestingly, enforcement agencies are more likely to per-
form the error/calibration computations at the site, whichis
explained by their ready accessto static datafrom static scales
at truck inspection stations. The actual method for performing
the calculations varies; most often, vendor software is used
(Table 45). The most common load elements for which errors
are computed are GVW, individual axleload, and tandem axle
load (Table 46).

The most commonly used approach for computing cali-
bration factors for traffic data WIM systems is by setting
the mean GVW to zero. For traffic data/enforcement and
enforcement-only WIM systems, the most common calibra-
tion approach is by setting the combined errorsfor GVW and
individual axleloadsto zero. About 16% of the agenciesthat
operate traffic data WIM use regression for computing cali-
bration factors (Table 47). Most agencies do not compute
multiple calibration factors corresponding to different traffic
speeds. Only about one-quarter of the agenciesthat responded
indicated that they do compute and input speed-specific cal-
ibration factors (Table 48).

WEIGH-IN-MOTION CALIBRATION THROUGH
WEIGH-IN-MOTION DATA QUALITY
CONTROL QUESTIONS

Thetotal number of agencies using traffic stream data QC for
WIM calibration varies depending on the agency’ s function.
The survey showed

* Twenty of the 34 agencies managing traffic data collec-
tion WIM systems,

TABLE 35
WHO PERFORMS THE TRAFFIC STREAM TRUCK CALIBRATION?
On Cdll Agency and
Agency Contractor Contractor/Manager Contractor

Traffic Data Only
Both

Enforcement Only

86%
100%
22%

11%

14% —

22% 44%
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TABLE 36
WHAT TRIGGERS CALIBRATION?

Routine

Schedule Drift Indication Other
Traffic Data Only 33.3% 55.5% 11.1%
Both 50% 33.3% 16.7%
Enforcement Only 36.4% 57.1% —

* Six of the 7 agencies managing traffic dataand enforce-
ment screening WIM systems, and

 Six of the 11 agencies managing enforcement-only WIM
systems use traffic stream data QC for WIM calibration.

Theremainder of thissection and Tables49 through 59 pres-
ent asummary of agency responses on the methodol ogy used.

Most DOTSs perform their own WIM data QC-based cali-
bration; however, approximately 37% of the agencies manag-
ing enforcement screening WIM use contractors for this pur-
pose (Table 49). The mgjority of these agencies perform WIM
data QC daily or weekly (Table 50).

Most DOTs (i.e., data collection and data collection/
enforcement screening systems) download dataautomatically;
however, most agencies that manage enforcement-only WIM
systems do so manually (Table 51). The actual WIM data QC
analysis frequency ranges from daily to monthly or, alterna-

TABLE 37

33

TABLE 40
IF A FIXED TIMEINTERVAL ISUSED,
SPECIFY HOW LONG?

1lh 4h 168 h
Traffic Data Only 50% 50%
Both N/A N/A N/A
Enforcement Only 100% — —

N/A = not available.

tively, itisdecided onthe basisof personnel availability or per-
ceived cdibration need (Table 52). It is performed by manual
or automated means or a combination of the two (Table 53).
Interestingly, the mgjority of agenciesthat managetraffic data
WIM systems does so automatically, but the majority of agen-
cies that either manage dual-use or enforcement-only WIM
does so manually. Table 54 summarizesinformation on when
theactual WIM data QC is performed; for example, themajor-
ity of agencies that manage traffic data collection WIM sys-
tems perform the QC analysis during data download.

Table 55 suggests that, with few exceptions, aimost all
of the agencies that responded believe that WIM data QC is
capable of identifying system operational problems. Thelarge
majority of these agencies believe that WIM data QC detects
errorsin all of the following categories:

* Vehicleerrors,
* Systemerrors,

IF CALIBRATIONS ARE DONE ROUTINELY, HOW OFTEN?

1 Month 3 Months 6 Months 9 Months 12 Months
Traffic DataOnly 33.3% — 33.3% — 33.3%
Both 25% — 25% 25% 25%
Enforcement Only — 33.3% 67% — —
TABLE 38
HOW DO YOU SELECT THE NUMBER OF TRAFFIC STREAM VEHICLES?
Fixed Sample Sample Within Time
Size Time Interval Interval Other
Traffic Data Only 28.6% 28.6% 28.6% 14.3%
Both 50% — 50% —
Enforcement Only 44% 11.1% 22.2% 22.2%
TABLE 39
IF A FIXED NUMBER OF TRUCKS ISUSED, SPECIFY HOW MANY?
1 5 20 26 75 100
Traffic Data Only 33.3% 33.3% 33.3% — — —
Both — — 50% — 50% —
Enforcement Only — — 25% — 25% — 50%
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TABLE 41
WHAT CRITERIA ARE USED FOR SELECTING TRUCKS FROM THE
TRAFFIC STREAM?

None (Random Classand
Sample) Class Only Speed Other

Traffic Data Only 28.6% 57% 14.2% —
Both — 50% 25% 25%
Enforcement Only 55.5% 33.3% 11.1% —
Other = vehicles screened as overweight.

TABLE 42 TABLE 43

ISTHE AXLE SPACING FOR THESE TRUCKS BEING

IF AVAILABLE, ISAUTOCALIBRATION TURNED OFF
MEASURED, AND IF SO HOW?

DURING THIS PROCESS?

Yes Manually Electronically Yes No Do Not Know
Traffic Data Only 42.8% 33.3% 66.7% Traffic Data Only 100% — —
Both 75%* 100% — Both 100% — —
Enforcement Only 66%* 33.3% 66.7% Enforcement Only 56% 11% 33%
*Not for 100% of trucks.
TABLE 44

ARE THE COMPUTATIONS PERFORMED ON-SITE?

Yes, Only for Additional

Always Sampling Never
Traffic Data Only 42.8% 28.6% 28.6%
Both 50% — 50%
Enforcement Only 89% 11% —
TABLE 45
HOW ARE WIM ERRORS COMPUTED ON-SITE?
Agency Software Vendor Software Calculator
Traffic Data Only 22.2% 44.4% 33.3%
Both 33.3% — 67%
Enforcement Only 15.4% 53.8% 30.7%
TABLE 46
WHICH DATA ELEMENTS ARE ERRORS COMPUTED FOR?
Total Axle Tandem Axle Individual
Length Spacing GVwW Loads Axle Loads Speed
Traffic DataOnly 14% 29% 100% 14% 71% 14%
Both 25% 75% 100% 75% 100% 25%
Enforcement Only 22% 56% 100% 56% 78% 33%

Note: Percentage reflects the number of agencies reporting to calculate WIM errors for the particular data element.

J\'IA\H?AL'II'EI?SRM ULA ISUSED FOR COMPUTING CALIBRATION FACTORS?
Mean Axle Mean Combination of  Slope WIM vs. Auto-
Error =0 GVW =0 Previous Two Static computed*
Traffic Data Only 16.7% 50% 16.7% 16.7% —
Both 25% 25% 50% — —
Enforcement Only — 22.2% 44.4% — 33.3%

*Responses to survey option “Do not know (It isincorporated in an error computation spreadsheet).”

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

TABLE 48

35

DO YOU CALCULATE SEVERAL CALIBRATION FACTORS DEPENDING

ON SPEED?

Yes, But Averageis|Inputin

No Yes Each Speed Bin
Traffic Data Only 57.1% 28.6% 14.3%
Both 75% 25% —
Enforcement Only 62.5% 25% 12.5%

TABLE 49
WHO PERFORMS WIM DATA QC CALIBRATION?
On Cdll
Agency Contactor Contractor/Manager
Traffic Data Only 90% — 10%
Both 100% — —
Enforcement Only 62.5% 25% 12.5%

TABLE S50
HOW OFTEN ISTHE WIM DATA BEING DOWNLOADED?

Daily Weekly Monthly Other
Traffic Data Only 57.9% 31.6% — 10.5%
Both 83.3% — 16.7% —
Enforcement Only 33.3% 33.3% 16.7% 16.7%

Other = Depends on traffic volumes or personnel availability (e.g., some do so bi-weekly).

TABLE51
HOW ISTHE WIM DATA BEING DOWNLOADED?

Manually Automatically Combination
Traffic Data Only 31.6% 63.1% 5.3%
Both 16.7% 66.7% 16.7%

Enforcement Only 66.7% 33.3% —

* Unclassified vehicles,
* Bad class counts, and
* Bad vehicle counts.

Unclassified vehicles and bad class counts were the opera-
tional problems checked most frequently for traffic data WIM
systems. Vehicle errors, systemserrors, and unclassified vehi-
cles were the operational errors checked most frequently for
dua-use WIM systems. Vehicle errors were the operationa

error checked by all the agencies operating enforcement screen-
ing only WIM systems. For calibration monitoring using traf-
fic stream WIM data, most agencies, regardiess of WIM data
application, focus their analysis on Class 9 trucks or, more
specifically, on only the 3S2 configuration (Table 56). Table 57
liststhetraffic stream truck properties being monitored and the
percentage of agencies by WIM data application using them.
The most common load-related truck properties being moni-
tored are the steering axle load average, the left-side/right-side
wheel loads of the steering axle, the GVW for empty versus
loaded trucks and the GVW by vehicle speed. Interestingly, the
steering axle load SD and the GVW SD are monitored mostly
by agenciesthat manage enforcement screening WIM systems.
Thisislikely in responseto the need for setting the appropriate
load screening thresholds. Table 57 also shows that the most
common distance measure being monitored isthe axle spacing
of the tractor tandem axles (for 3S2 trucks) and less frequently
the total wheelbase versus the sum of the axle space data.

TABLE 52
HOW OFTEN ISWIM DATA QC BEING PERFORMED?

Daily Weekly Monthly Other
Traffic Data Only 21% 36.8% 26.3% 15.6%
Both 25% 25% 50% —
Enforcement Only 33.3% 33.3% 16.7% 16.7%

Other = Depends on the traffic data element being analyzed (e.g., GVW distributions are
checked monthly). Sometimes triggered by field observations or decided by field personnel.
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TABLE 53 TABLE54

HOW ISTHE WIM DATA ANALY SIS BEING PERFORMED? WHEN ISTHE WIM DATA ANALY SIS PERFORMED?
Manually Automatically Combination At Time of Download Separate Step

Traffic Data Only 26.3% 47.3% 26.3% Traffic Data Only 67.7% 32.3%

Both 50% 16.7% 33.4% Both 33% 67%

Enforcement Only 50% 16.7% 33.4% Enforcement Only 50% 50%

Table 58 summarizes the responses regarding agency
actions when WIM data QC indicates calibration “drift.”
Only 5% of the agenciesthat use WIM for traffic data collec-
tion suggest that they take no action. The remaining agencies
responded that they do take action in the form of an on-site
calibration or by performing remote calibration adjustments.
The latter are presumably based on the traffic stream data
being monitored. A small percentage of these agenciesuse a
combination of these approaches (i.e., attempt to deal with the
problem remotely and, if unsuccessful, perform an on-site
calibration). Table 59 suggeststhat most agencieskeep records
of the calibration adjustments they effect.

SUMMARY OF AGENCY OPINIONS

Thissection summarizesthe results of particular survey ques-
tions related to the opinions of the responders on their WIM
system operation and performance.

Figure 5 describes the responders’ opinions of the WIM
dataquality being generated for traffic data purposes, Figure 6
provides similar information from responders at agencies
that use WIM for both traffic dataand enforcement purposes,
and Figure 7 illustrates the responses from agencies that use
WIM for enforcement purposes only.

Additional comments on the data quality of the Type |
systemsincluded the following:

* Bending plate systems no longer used owing to their
reguiring constant maintenance and their data being no
better than that from Type Il systems.

* Assumes data must be adequate, given that “FHWA is
not complaining.”

* WIM data are “not being used.”

Additional comments on the data quality of the Type Il
systemsinclude the following:

* Volume and classification data adequate, but weight
data are borderline; and

» Accuracy isadequatefor planning and pavement design
purposes if proper data validation, maintenance proce-
dures, and calibration schedules are followed.

Figure 8 summarizesthe commentsfrom 52 respondersthat
encompass all WIM functions when asked what their WIM
priorities would be if they were given additional resources.
Additional comments provided in response to this question
included the following:

* Need more personnel, both in field and office, but will
not happen unless FHWA mandates that states must
fully staff their traffic data collection programs.

* Average WIM GVW and loading data have not
changed in 22 years; focus should be more on classifi-
cation data to tell us how many trucks there are using
routes.

* Eliminate WIM data collection.

* Would like to upgrade many of the Type Il systems to
Typel.

* Sitesbeginning to fail after 7 years.

Figure 9 summarizes the opinions of responders who
only manage traffic data WIM systems, when asked what
the main factors are that hinder WIM calibration. Other
factors cited include that WIM systems are not a priority
and that there are problems with the logistics of test truck
calibration on Interstate highways. The following sugges-
tions were offered for resolving the issues hindering WIM
calibration:

-I;AOBE;%,SASI DENTIFY MOST OPERATIONAL PROBLEMS? IF SO, WHICH ONES?
Vehicle System Unclassified Bad Class Bad Vehicle
Yes Errors Errors Vehicles Counts Counts
Traffic Data Only 84% 69% 69% 88% 88% 75%
Both 100% 83% 83% 83% 67% 67%
Enforcement Only 100% 100% 83% 83% 67% 50%

Note: Percentage reflects the number of agenciesindicating that WIM data QA detects the particular problem.
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TABLE 56 TABLE 59
WHICH TRAFFIC STREAM VEHICLE TYPES ARE USED DO YOU KEEP RECORDS OF CALIBRATION
FOR CALIBRATION MONITORING? FACTOR ADJUSTMENTS?

3S2 Only All Class 9s Other Yes No
Traffic Data Only 26.3% 73.7% — Traffic DataOnly 63.1% 36.9%
Both 16.7% 66.7% 16.7% Both 100% —_
Enforcement Only 16.7% 66.7% 16.7% Enforcement Only 80% 20%

* Acquire resources (funding, qualified personnel,
time);

* Perform more data analysis tuned to the characteristics
of each WIM site and itstraffic;

* Replace existing AC pavement with PCC pavement for
WIM sensor installations;

* Use smoother and more wear-resistant pavements,

* Ensureroadway meets ASTM smoothness specifications
beforeinstalling WIM;

* Employ more weight enforcement to lessen road
deterioration;

* Install WIM system equipment properly;

* Set autocalibration parameters properly and monitor the
operation;

e Develop new sensor materials not affected by
temperature;

TABLES7

* Develop sensor technology not dependent on auto-
calibration schemes but reasonably priced and easy to
install;

* Develop better groutsfor resealing piezoel ectric sensors;
and

 Utilize at least two calibration test trucks.

The following suggestions were offered by responders
dealing with WIM traffic datain relation to the urgent tech-
nical needs question (where not otherwise noted the number
of respondersisone):

* Ensure controller/electronics reliability, reduction of
power consumption, compactness (three responders);
— Incorporate MIL-SPEC housing designs and
— Increasedatastoragecapacity for lower cost controllers.

WHICH TRAFFIC STREAM VEHICLE PROPERTIES ARE ANALYZED

FOR CALIBRATION MONITORING?

Data Element Traffic Data Only Both Enforcement Only
Vehicle Length vs. Axle Spacing 42% 17% 33%
Other Axle Spacing Property 26% 33% 50%
Tractor Tandem Axle Spacing 53% 33% 83%
Steering Axle L/R Wheel Load Comparisons 5% 67% 33%
Steering Axle Load Average 95% 100% 67%
Steering Axle Load SD 32% — 83%
GVW Empty vs. Loaded 47% 50% 17%
GVW Average by Speed 32% 50% 33%
Other GVW Property 26% — 17%
GVW SD 32% 33% 100%
Note: Percentage reflects the number of agencies that monitor the listed data element.

TABLE 58

WHAT ACTION ISTAKEN IF QC INDICATES CALIBRATION “DRIFT"?

On-Site Remote Calibration
Evaluation Adjustments No Action Other

Traffic Data Only 57.9% 21% 5.3% 15.8%

Both 16.7% 66.7% — 16.7%

Enforcement Only 33.3% 50% — 16.7%

Other = Depends on site (e.g., try remote adjustment first and if unsuccessful, perform on-site evaluation).
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Type |l

0,
14% B More than adequate

M Generally adequate
B Marginal
O Inadequate

H Very inadequate

43%

0O No opinion

Type ll

B More than adequate
25% M Generally adequate
B Marginal

O Inadequate

B Very inadequate

50% O No opinion

FIGURE 5 Rating WIM data quality; traffic data collection
purposes.

Modernize and make more user friendly software for

both on-site and office needs (two responders);

— Have vendors perform software upgradesin response
to customers' needs and

— Update to Windows versions.

Improve communication techniques for remote data

retrieval (i.e., thisshould be done by vendorsin response

to customers’ needs) (two responders).

Extend sensor reliability and life (five responders);

— Perform moremetallurgy studies considering thelarge
volume of truck traffic to eval uate optimum materials
to be used,

— Refine bending plate strain gauges in areas of adhe-
sion and failure, and

— Hold joint venture studies between states and
vendors.

Develop more accurate sensors (three responders).

Develop accurate sensor that is less costly (two

responders).

Improve Type |l sensors, and consider fiber optic

SeNsors.

Develop sensor that is consistent and easier to install.

Use non-intrusive systems or methods to get out of the

road.

Type l

B More than adequate
I Generally adequate
B Marginal

O Inadequate

B Very inadequate

O No opinion

Type ll

B More than adequate

0%

M Generally adequate

B Marginal

O Inadequate

67% B Very inadequate

O No opinion

FIGURE 6 Rating WIM data quality; both traffic and
enforcement purposes.

Compare accuracy differences between quartz piezo-

electric and bending plate sensors;

— Perform study of the two sensor types at the same
location in anorthern tier state and

— Perform better autocalibration handling of pavement
temperature (three responders).

Develop better pavements in which to install sensors

(two responders).

Use better epoxy (three responders).

Create understanding of how calibration test vehicles

relate to the traffic stream.

Create understanding of how pavement roughnessrelates

to WIM accuracy.

Calibrate without use of test trucks;

— Field-test simulation programs.

Attain knowledge of the accuracy needs of the different

data user groups.

Create effective database to retrieve, QC, and process

the data (two responders).

Use better methods to check data based upon actual

vehicle configurations.

Attain better understanding of the limitations of the data

and educate the states on such limitations.

Find best methods of sharing data among the states.
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0%

87%

0%

100%

FIGURE 7 Rating WIM data quality; enforcement only purposes.

* Find best methods of sharing data among traffic data
collection and enforcement entities to improve both

13%

operations.

* |dentify and standardize best calibration practices, as

Type l

Type Il

performed by this study.

* Create diagnostic guidelines for calibration of WIM

B More than adequate
M Generally adequate
B Marginal

O Inadequate

B Very inadequate

O No opinion

B More than adequate

M Generally adequate

B Marginal

O Inadequate

B Very inadequate

0O No opinion

sites from centralized office location.

28%

39

Interestingly, one of the responders commented “. . . if
FHWA truly believes that this data is important, then they
need to work with state legislatures to make sure that ade-
guate staff is obtained, not only to collect and process data,
but to aid in the advancement of data collection tools and
methods.”

The following suggestions regarding urgent technical
needswere offered by responders dealing with WIM systems
used in enforcement:

e Use WIM as Virtual Weigh Stations to monitor known
bypass routes.

* Remove obstacles in state procurement system, which
isthe higgest hindrance.

* Provide better installation and calibration guidelines
(i.e., develop guidelines based on production grade data,
not research data).

* Improve pavement smoothness quality.

 Create methods to repair or rehab pavement in which
sensors have been installed, without effecting deterio-
ration in WIM data quality.

e Lessen mix-ups on identification of prescreened
vehicles.

Some additional comments offered included thefollowing:

* Sitemaintenanceiscrucial in obtaining consistent WIM
system performance, regardless of type.

* Running the entire program in-house givesamuch more
controlled and consistent product.

* Only do the absolute minimum WIM data collection.

* Piezo WIM data accuracy can be improved by the
following method of modifying vendor’s autocalibra-
tion software.

— Modify temperature binning to 40 binswith 2-degree
incrementsin lieu of 30 binswith 5-degreeincrements
and

B Add more WIM sites

H Replace exisiting with
newer technlogy

B Intensify calibraton
monitoring

[0 Do more test truck
calibrations

FIGURE 8 WIM related priorities, given additional resources.
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6%

17%

9%

m Funding

o Lack of qualified personnel

OTime

O Resources (undefined)

BWIM sensors installed in

poor pavement

B WIM sensor accuracy
affected by environment

| WIM system equipment

FIGURE 9 Factors hindering WIM calibration.

— Modify weight limits of autocalibration vehicle type
to exclude vehicles exhibiting partial weights.

Percentage of WIM errors changes with temperature

change (Typell systems).

Autocalibration feature of vendor’s piezoelectric WIM

system is accurate.

Accuracy of theWIM systemisonly asgood asthe qual-

ity of the pavement—the agency’s road maintenance

department needs to be a partner in the maintenance of

aWIM site.

Selection of WIM sitelocation isimportant—data qual -

ity lessenswhen siteislocated wheretraffic ischanging

lanes.

* Although consideration has been given to the use of cal-
ibration test vehicles on several occasions, it has never
appeared to be practical or cost-effective.

INVENTORY

The end of the survey questionnaire provided responding
agencieswith the opportunity to describe the type and number
of WIM systems currently operational in their jurisdictions.
These questions were optional and, as a result, not all agen-
ciesresponded. The WIM system inventory for agenciesthat
responded is provided in Appendix C (web version only).
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CHAPTER FIVE

CONCLUSIONS

The agencies that responded to the questionnaire use one or
more of the three calibration methods described; namely, by
means of test trucks, traffic stream vehicles of known static
weight, and weigh-in-motion (WIM) traffic data quality con-
trol (QC). A summary of the fraction of agencies that use par-
ticular WIM calibration methods is given by WIM application
in Table 60.

Most agencies perform test truck WIM calibrations on a
routine basis at intervals ranging from 6 to 24 months, with
the majority of them doing so every 12 months. Most agen-
cies use a single Class 9 test truck. Others use a Class 5, 6,
7, or 10 truck, either by itself or with a Class 9 truck.
Although the majority of these agencies report considering
pavement roughness, only about 25% does so objectively
(i.e., 11.1% perform the straightedge/circular plate test
described by ASTM E1318-02, 3.6% simulate this test using
software that accepts the pavement profile as input, and 14.8%
simply use the International Roughness Index). Even fewer
agencies objectively consider the structural condition of the
foundation of the sensors. Most agencies use fixed weigh
scales for obtaining the static loads of test trucks; however,
more than 40% of agencies using WIM for both data collec-
tion and enforcement screening use portable scales. Most
agencies perform the static measurements only once. About
half of the WIM systems, regardless of application, perform
test truck runs using the site median traffic speed, whereas
the remainder use either the posted speed limit or multiple
speeds. The majority of agencies administering dual-use
WIM systems use multiple test speeds. Most agencies using
WIM for traffic data collection only conduct ten test runs per
vehicle speed, but agencies using WIM for either traffic data/
enforcement or enforcement alone conduct three test runs
per vehicle speed. Responders indicated that overall 87% of
agencies carry out calibration calculations on site. The
method for computing calibration factors is equally split
between agency software, vendor software, and short-hand
calculations. For combined-use WIM systems, most agen-
cies use short-hand calculations, but for enforcement-only
screening systems, about two-thirds of the agencies use
vendor software. The main load data elements for which
WIM errors are computed are gross vehicle weight (GVW),
the individual axle loads, and the tandem axle loads. Most
agencies compute calibration factors by setting the mean
GVW equal to zero, or by setting a combination of the mean
GVW and the mean axle load errors equal to zero. Few agen-
cies compute calibration factors by minimizing the least

41

square errors between WIM and static axle loads through
zero-intercept regression. Depending on the WIM applica-
tion, up to 67% of the agencies reported deriving speed-
specific calibration factors, although a significant percent-
age reported inputting their average value in all speed bins
after calibration.

Agencies that use traffic stream vehicles of known static
weight for WIM calibration obtain static weights largely by
permanent static scales at truck inspection stations. Only about
one-third of agencies perform these calibrations on a routine
basis at intervals ranging from 1 to 12 months. The majority
does so only when there is an indication of calibration drift.
There is roughly an equal division between the methods used
for selecting the number of traffic stream vehicles used.
Where a fixed number of vehicles is specified, it varies
between 1 and 100, with the majority of agencies using
50 vehicles. Where a fixed time interval is used, it ranges
between 1 and 168 hours, with the majority of agencies using
data collected over a period of from 1 to 4 hours. The type of
vehicles included in this sample varies; most agencies using
WIM for traffic data or traffic data/enforcement favor select-
ing vehicles in certain classes regardless of speed, but most
agencies using WIM for enforcement-only screening use a
random selection of vehicle classes. Axle spacing is measured
mostly by manual means. The responses to the questions on
where error calculations are performed vary; some agencies
always do so at the site, others do so at the office. Interest-
ingly, enforcement agencies are more likely to perform the
error/calibration computations at the site, which is explained
by their ready access to static scale data. The actual method
for performing the calculations varies; however, most often
vendor software is used. The most common traffic elements
for which errors are computed are GVW, individual axle
loads, and tandem axle loads. The most commonly used
approach for computing calibration factors for traffic data
WIM systems is by setting the mean GVW to zero. For traffic
data/enforcement and enforcement only WIM systems, the
most common calibration approach is by setting the combined
errors for the GVW and individual axle loads to zero. About
16% of the agencies that operate traffic data WIM use regres-
sion for computing calibration factors. Most agencies do not
compute multiple calibration factors corresponding to different
traffic speeds.

Monitoring of the traffic stream WIM data is used by many
agencies as a means of detecting WIM calibration status and,
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TABLE 60

SUMMARY OF WIM CALIBRATION METHODOLOGY USED BY APPLICATION

Method Traffic Data Only Both Enforcement Only
Test Truck Only 22/34 (65%) 7134 (21%) 20 of 34 (59%)
Traffic Stream Trucks of Known Weight Only 6/7 (86%) 417 (57%) 6 of 7 (86%)
WIM Data QC Only 2/11 (18%) 10/11 (91%) 6 of 11 (55%)

as aresult, is used as the trigger for more detailed on-site cali-
bration by the other two on-site methods previously described.
As shown in Table 60, some agencies use this approach as the
only WIM calibration method. Agencies that operate dual-use
WIM systems download data automatically, but most agencies
that manage enforcement-only screening WIM systems do so
manually. The actual WIM data QC analysis frequency ranges
from daily to monthly, or it is decided on the basis of person-
nel availability or perceived calibration need. It is performed
by manual or automated means, or a combination of the two.
With few exceptions, almost all of the agencies that responded
believe that WIM data QC are capable of identifying system
operational problems (e.g., vehicle errors, system errors, and
unclassified vehicles). Most agencies, regardless of WIM data
application, focus their traffic stream WIM data analysis for
the purpose of calibration monitoring on either Class 9 trucks
or, more specifically, the 3S2 configuration. The most com-
mon load-related truck properties being monitored are the
steering axle load, the left-side/right-side wheel loads of the
steering axle, GVW for empty versus loaded trucks, and GVW
by vehicle speed. Interestingly, the steering axle load standard
deviation (SD) and the GVW SD are monitored primarily by
agencies that manage enforcement-only screening WIM sys-
tems. The most common distance measure being monitored is
the axle spacing of the tractor tandem axles of 3S2 trucks and,
less frequently, the total wheelbase versus the sum of the axle
space data. As shown in Table 58 in chapter four, which sum-
marizes the responses of agencies regarding their actions when
WIM data QC indicates calibration drift, approximately 5% of

the agencies that use WIM for traffic data collection suggest
that they take no action.

In concluding this synthesis, the following future research
needs and suggestions are made:

» There is aneed to field test the AASHTO MP 14-05 pro-
visional standard to ensure that the pavement smooth-
ness levels specified can reliably differentiate between
suitable and unsuitable WIM sites.

» For Type | WIM systems, there is a need to test the effec-
tiveness of the speed-specific calibration approach in
reducing in-service traffic WIM errors in GVW and axle
load measurements. This issue needs to be studied in
terms of the vehicle class and suspension type of the test
trucks and the dominant vehicle class and suspension
type of the in-service truck traffic.

» There is a need for research to develop software stan-
dardizing the WIM system calibration process involving
test trucks. This software, developed in coordination
with WIM vendors, will facilitate and homogenize on-
site WIM system calibration.

» Research is needed to establish simplified WIM data
QC criteria for triggering test truck WIM calibration.

* Finally, it is suggested to study the potential for provid-
ing a system to train and certify WIM technicians. This
could be organized along the lines of the AASHTO R18
accreditation process, which covers a variety of labora-
tory testing procedures.
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APPENDIX A
ASTM E 1318-02 Type | WIM System Specification Outline

EQUIPMENT

Sect 4. Classification
[0 System designed for use with local electrical power
o 110V, ac, 60-Hz in North America
s Optional- battery backup
o Optional- system completely battery-powered
[0 Vendor supplied lightning protection for affected system components
[ User selectable units of measurement
= US
o Sl. units

4.1.1 Typel WIM System
[0 System covers one or more lanes
1 Accommodates highway vehicles moving at speeds from 10 and 80 mph
[0 For each vehicle processed, system shall produce following required dataitems:

Required Data ltems
Whesl load *
Axleload
Axle-group load
Gross-vehicle weight
Speed *
Center-to-center spacing between axles *
Vehicle class (via axle arrangement)
Site identification code *
Lane and direction of travel *
Date and time of passage *
Sequential vehicle record number *
Wheelbase (front-most to rear-most axle)
Equivalent single-axle loads (ESALS)
Violation code
* Dataitems temporarily stored on-

site
[ Data processed by on-site controller such that all required dataitems can be
displayed in alphanumeric form for immediate review
s May be accomplished by connecting a portable computer to on-site WIM
controller
v Vendor furnished and supported as part of WIM system equipment

[0 Required dataitemsidentified with “*” shall be temporarily stored on-site
s Provision for user to define vehicles for which data to be stored:

v All vehicles

v Vehicleswith a user defined threshold value for either:
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x front-axle load
% front-wheel load

1 Provision for user selection of option to have system generate axle load data using
only left or right wheel weigh sensor(s)
L1 Provision for user entry of selected vehicle violation limits and tolerances:
s Wheel loads
o Axleloads
s Axle-group (including bridge-formula grouping) loads
o Gross-vehicle weights
o Speed
[J Provision for user to determine whether or not the system will prepare selected
dataitems for display and recording
s Useof feature shall not inhibit system’s receiving and processing data
[0 System provides for rapid and efficient transfer of required data items identified
above with “*” to files made available on a compatible host computer at aremote
location
o Host computer for specific site
v User specifies either:
% user furnished
% vendor furnished
v User specifies:
% appropriate time schedule
x dataformat
[0 Vendor furnish, document, and support software for use on host computer for
processing the data items transferred from the on-site WIM system controller such
that all required data elements can be displayed in alphanumeric form for
immediate review and subsequent use by the host computer user; same software
provided on the portable computer for use when it is connected directly to on-site
controller
1 On-site system controller options:

s Option1
v" Presentation of a hard-copy of all dataitems produced by the
system
s Option 2

v Presentation of a hard-copy of all dataitems produced by the
system and provide means for counting
v Counting and recording vehicle counts
% by hour
x by lane
o uptoamaximum of ten lanes
o including lanes without WIM sensors
s Option 3
v Recorded hourly by lane
x vehicle count
% vehicle classification (via axle arrangement)
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% gpeed measurements

Sect 5. Performance Requirements

5.1 Accuracy
LI WIM system to be capable of performing all required functions within the

following accuracy:

Tolerance for 95%
Dataltem Probability of Conformity

e  Wheel Load +/- 25%

e Axle-Load +/- 20 %

e Axle-Group Load +/-15%

e Gross-Vehicle Weight +/-10%

e  Speed +/- 1 mph (2km/h)
e Axle-Spacing +/- 0.5 ft (0.15 m)

[0 Required accuracy should be maintained for ambient air temperatures at the WIM
site from -20 to 120°F (-28 to 50°C)
= User shall specify at time of procurement the range of temperatures
within which the WIM system must operate properly
[J Vendor shall supply evidence that proposed system is capable of compliance
1 After computation of these data items, no digit shall be retained less than:
= 100 Ib (50 kg) for load or weight
s 1 mph (2 km/h) for speed
o 0.1ft(0.03 m) for axle spacing

5.2 Vehicle Class
[0 Vehicles shal be classified according to axle arrangement
[J Vendor shall incorporate software within each system for using the available
WIM-system axle-count and axle-spacing information for estimating FHWA
Vehicle Types described in TMG
s Axle-spacing values used for this process shall be associated with each
vehicle classified via the software
s Thevalues shall be:
v" madereadily available to the user
v easily modifiable by means provided to the user

0 FHWA Vehicle Type to be indicated by the 2-Digit Code as follows:
2-Digit  Brief Description
Code

01 Motorcycles

02 Passenger Cars

03 Other Two-Axle, Four-Tire Single Unit
Vehicles

04 Buses

05 Two-Axle, Six-Tire, Single Unit Trucks

06 Three-Axle, Single Unit Trucks

07 Four-or-More Axle Single Unit Trucks

08 Four-or-Less Axle Single Trailer
Trucks

09 Five-Axle Single Trailer Trucks
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10 Six-or-More Axle Single Trailer Trucks

11 Five-or-Less Axle Multi-Trailer Trucks

12 Six-Axle Multi-Trailer Trucks

13 Seven-or-More Axle Multi-Trailer
Trucks

I Inaddition to the FHWA Vehicle Types 01 through 15, the system shall also
provide:
o A user-defined Vehicle Type Code 14 for application by the user
s A Vehicle Type Code 15 shall be applied to any vehicle that the software
failsto assign to one of the types described

5.3 Site Identification Code
[ Provisions shall be made for entering, displaying, and recording a ten-character
alphanumeric site identification number

5.4 Lane and Direction Code

[ Each vehicle processed shall be assigned alane and direction-of-traffic code

[0 Shall consist of a number beginning with 1 for the right-hand northbound or
eastbound traffic lane and continuing until all lanesin that direction of travel have
been numbered

[0 The next sequential number shall be assigned to the lanes in the opposite direction
of travel beginning with the left-hand and continuing until all lanes have been
numbered

0 Provision shall be made for 12 numbers in the code

5.5 Date
L1 Date of passage shall be indicated numerically in each vehicle processed
[0 Date format(s) used by system shall be
o Clearly documented
= Defaulted to generally accepted format in the country of use
v United States, typically MM/DD/Y'Y
x MM isthe month
x DD isthe day
x YY istheyear

5.6 Time
[0 Time of passage shall be indicated numerically in each vehicle processed in the
format hh:mm:ss
s hhtheishour beginning with 00 at midnight and continuing through 23
s mm isthe minute
s ssisthe second

5.7 Vehicle Record Number
[0 System shall provide sequential-numbering (user adjustable) for each recorded
vehicular data set
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5.8 Wheelbase
I System shall compute wheelbase as the sum of all axles spacings between centers
of the front-most and the rear-most on the vehicle or combination that have tires
in contact with the road surface at time of weighing
= Vaue rounded before displaying or recording
v' Integer value in feet, or
v Nearest 0.1 m
59ESALS
[0 System shall compute Equivalent Single-Axle Loads (ESALS) using AASHTO
axle load equivalency factors
s For single, tandem, and triple axles
o For flexible or rigid pavements
v User selected
[J System shall compute total ESALsfor each vehicle or vehicle combination
o Dataprepared for display as part of each vehicle record
o Displayed value rounded to two significant digits following decimal
o Presented in following format:
v' FESAL = for flexible pavements
% user adjustable parameters for serviceability and value for
structural number
v' RESAL =for rigid pavements
% user adjustable parameters for serviceability and value for
thickness of dab
v Refer to actual Standard Specification document for details on
requirements pertaining to ESALs

5.10 Violations
] System shall determine vehicle violation(s) in accordance with all user-set
parameters
[0 A 2-character violation code shall be used for each detected violation and shall be
included in the displayed data (see following example):

Violation Code
Whesl Load WL
Axle Load AL
Axle-Group Load AG

Gross-Vehicle Weight GV

Bridge-Formula Load BF

Over Speed oS

Under Speed us

1 Provision for user to define up to 15 violation codes

1 Optional- user specified feature(s) calling attention to any dataitemsin violation
of user-set limits, such as flashing, underlining, bold facing, or audio

5.11 Acceleration
[0 Non-applicableto Typel system

5.12 User-Assignable Code
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[0 Provision to allow manual entry of user-assignable three-digit code into any
vehicular data set prior to recording

5.13 Tire-Force Sensor
[0 Magnitude of the signal to be the same (within tolerance) for a given applied tire
force regardless of the lateral position of the tire(s) within the lane
s 5.13.1 Vendor shall certify the testing and performance of every sensor
prior to installation (refer to actual Standard Specification document for
details on this requirement)

USER REQUIREMENTS and TYPE-APPROVAL TESTING

The Specifications include “ Site Conditions’ under 6.1 and “ Type-Approval Test” under
7.2. The provisions of these sections are not included in this version of the checkoff list
(other than the “Calculation” provisions of 7.2.7 referenced under 7.5 and 7.6).

Unless a user contemplating procurement of WIM system equipment has thorough
knowledge of the performance of available equipment which may otherwise appear to
meet procurement specifications, such user should fully evaluate the provisions of 6.1
and 7.2 for inclusion in the equipment procurement specifications. Attention is directed to
6.4.1, Implications of a Type-Approval Test, which notes that if aWIM equipment
vendor does not provide evidence of previous type-approval testing, the user will not be
assured of the capability of the system and shall either require conduct of a Type-
approval Test (expenses to be negotiated) wherein the user shall provide appropriate site
conditions (see 6.1), or reach an agreement with the vendor before the on-site acceptance
test begins as to the specific, quantified tolerance values that will be acceptable if the site
conditions provided by the user do not meet or exceed those given in 6.1.

CALIBRATION AND ON-SITE ACCEPTANCE TESTING

Sect 7 Test Methods for WIM System Performance

7.1.1 Apparatus for Weighing Static Vehicles
O All weighing apparatus shall be certified as meeting the applicable maintenance
tolerance specified in NIST Handbook 44 within 30 days prior to use
0 When system required to meet accuracy requirements for wheel loads, the
corresponding reference tire-load values shall be determined with either:
s Wheel-load weighers
v" Required minimum number of wheel-load weighersis 2
v Preferred minimum number of wheel-load weighersis 6
v" Must meet the respective tolerance specification of NIST
Handbook 44
o Axle-load scale or multi-platform vehicle scale that has approaches and
aprons adjacent to the load-receiving platforms
v Refer to actual Standard Specification document for details on
reguirements pertaining to wheel weighing
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[0 When Type | system exempted from meeting accuracy requirement for wheel
loads, reference tire-load values shall be obtained by using either:
s Axle-load scale
o Multi-platform vehicle scales
o Portable axle-load weighers
o A pair of wheel-load weighers
v" Must meet the respective tolerance specification of NIST
Handbook 44

7.1.2 Use of Apparatus for Weighing Static Vehicles
[0 Tire-pavement contact surfaces of all tires on the vehicle being weighed shall be
within 0.25 in. (6 mm) of a plane passing through the load-receiving surface(s) of
the weighing device (s) when any tire-load measurement is made
s Maximum slope of this plane from horizontal shall be 2 %
[0 When system required to meet accuracy requirements for wheel loads, wheel and
axle load measured simultaneously using a pair of wheel-load weighers.
0 When Type | system exempted from meeting accuracy requirements for wheel-
loads:
o Axle-load shall be determined by positioning each axle to be weighed
either ssmultaneously or successively on either:
v' An axle-load scale(s)
v" A multi-platform vehicle scale
v A portable axle-load weigher(s)
v A pair(s) of wheel-load weighers
s Axle-group load shall be determined by either:
v Positioning all axlesin the group simultaneously on the required
number of weighing devices (preferred method)
v’ Successively positioning each axle in the group on a pair of wheel-
load weighers or on an axle-load weighing device
[J Gross-vehicle weight shall be the total weight of the vehicle determined by single-
draft weighing on avehicle scale and/or the sum of all wheel loads or axle loads
for the vehicle
[0 Refer to actual Standard Specification document for details on requirements
pertaining to weighing

7.1.3 Procedure for Weighing and Measuring Test Vehicles to Obtain Reference Values
Two test vehicles (see 7.5.3) are used. The following procedure shall be applied for
obtaining reference load, weight, and axle-spacing values for each of the static test
vehicles:

[J 7.1.3.1 Measure the center-to-center spacing between successive axles on each
test vehicle and record these data to the nearest 0.1 ft (0.03 m) as axle spacing
reference values

0 7.1.3.2 Weigh each test vehicle aminimum of three times, with brakes released,
asdescribedin 7.1.1 and 7.1.2 to measure tire loads for the wheel(s) on each end
of every axle on the static vehicle

Copyright National Academy of Sciences. All rights reserved.

51


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

52

= Move the vehicle completely away from scale or weigher before
beginning a new set of tire-load measurements
s Always approach weighing devices from the same direction for weighing
s Sum the applicabletire loads to determine wheel, axle, and tandem-axle
loads as well as gross-vehicle weight each time the vehicle isweighed
] 7.1.3.3 For all wheel load, axle-load, tandem-axle-load, and gross-vehicle weight
values that resulted from weighing each test vehicle three or more times,
calculate:
s arithmetic mean
o difference, in percent, from the mean of each individual value used in
calculating the respective mean
[ 7.1.3.4 Compare percent differences from the mean to the following specified
limits for each applicable load or weight value for each test vehicle:
o Gross-vehicleweight = +/- 2%

s Tandem-axleload =+/-3%
s Axleload =+/- 4%
s Whed load =+/- 5%
L 7.1.3.51f any of the measured or calculated load or weight values exceed the
specified range

= Correct deficienciesin the reference-value weighing process
s Weigh each test vehicle a minimum of three more times
] 7.1.3.6 Repeat 7.1.3.5 until the weighing process yields reference-value | oads and
weights that are within the specified range
[ 7.1.3.7 For reference-value loads and weights against which to compare WIM-
system estimates, use the calculated arithmetic mean value that resulted from
successfully weighing each test vehicle three or more timesfor:
s Whedl load
o Axle-load
s Tandem-axle-load
s Gross-vehicle weight

7.5 Cdlibration Procedure

7.5.1 Scope
[0 Recommended for inclusion in every On-Site Acceptance Test (see 7.6)

[0 Shall be conducted by user with cooperation of vendor (or authorized rep)
[0 Requiresthat two loaded, pre-weighed and measured (see 7.1.3) test vehicles each
make multiple runs over WIM-system sensors
s Eachlane
s Specified speeds

7.5.3 Test Unit for Calibration L oading
[ Test unit shall comprise two loaded, pre-weighed, and measured test vehicles that
will make multiple runs over the WIM-system in each lane at prescribed speeds
s OneClass05
o OneClass 09
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@ Suspension types deemed by user to be representative of most vehicles of
thelir type operating at the site

v Ledf spring
v Air
v' Other

o Loaded to at least 90% of their respective registered gross-vehicle weight
v Non-shifting load
v' Approximately-symmetric (side-to-side) load

s Excellent mechanical condition

o Specia careto ensure that tires on test vehiclesin excellent condition
v Preferably dynamically balanced
v Inflated to recommended pressures

[0 Reference-value weighing and measurement of the two test vehicles shall bein
accordance with 7.1.3

7.5.4 Site Conditions
[0 Beforeinitial calibration begins, the existing site conditions (see 6.1) in each lane
instrumented with WIM sensors shall be described quantitatively and made a
matter of permanent record
o Estimates of the location and magnitude of each observed pavement
surface deviation not meeting smoothness requirement
[0 Record time and approximate ambient air temperature
s Beginning of the calibration process
o During the calibration process
s End of the calibration process

7.5.5 Procedure
The following steps are involved in the on-site calibration process for each instrumented
lane:
[0 7.5.5.1 Adjust all WIM-system settings to either
s Vendor’'s recommendations
o Best estimate of the proper setting based upon previous experience

[0 7.5.5.2 Measure the speed of each test vehicle every time it passes over the WIM-
system sensors using method acceptable to both user (or rep) and vendor
o Calibrated radar speed meter
v Cadlibrated by the method recommended by its vendor within 30
days prior to use
Wheel base/time
o Other
[0 7.5.5.3 Using approved traffic control procedures and other reasonable saf ety
precautions
s Each test vehicle to make a series of three or more runs over the WIM-
system sensors at the minimum and maximum speed specified by the user
between 10 and 80 mph (16 and 130 km/h)
v' Maximum specified speed to be less than legal speed limit at site

o
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v These two speeds should differ by at least 20 mph (30 km/h)
v" These two speeds should be above and below the average speed of
the vehicles operating at the site
o Each test truck to pass over the sensors three more times at an
intermediate speed that is representative of the prevailing truck traffic at
the site
s At each speed
v One or more runs made with the test vehicle tires near the left-hand
lane edge
v One or more runs made with the test vehicle tires near the right-
hand lane edge
v All other runs made with the test vehicle approximately centered in
the lane
o Record al data, and note the vehicle record number for every run of each
test vehicle

0 7.5.5.4 Calculate

o thedifference in the WIM-system estimate and the respective reference
value, expressed in percent (see 7.2.7), for the two test vehicles for each:

Speed

Whesel-load

Axle-load

Tandem-axle load

Gross-vehicle-weight

Axle-spacing

= A mean value for the differences for each set of values (if applicable, at
each speed set point)

[0 7.5.5.5 Make necessary changes to the WIM-system settings that will adjust the
mean value of the respective differences for each value to approximately zero (if
applicable, at each speed set point)

o |n accordance with vendor’ s recommendations

AN NN NN

7.6 On-site Acceptance Test

7.6.1 Scope
[ Provides means for determining whether or not an installed new or modified WIM

system meets or exceeds specified functional and performance requirements

[0 Definesfor the user and the vendor the test method that will be applied for
evaluation

[0 Requires user to quantify and document site conditions that exist when test is
conducted

O Usestwo test vehicles for the test loading unit

7.6.3 Procedure

Test shall be conducted on-site by user (or rep), in cooperation with the vendor,
immediately after a WIM system has been installed or modified. The following steps are
required for each instrumented lane:
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[0 7.6.3.1 Calibrate WIM-system and install WIM-system settings
o Cadlibrate and install WIM-system settings per 7.5
s Use another calibration procedure as agreed upon in advance by both user
and vendor
[0 7.6.3.2 With settings agreed upon by both user and vendor installed on WIM
system
s Each of the two test trucks
v' Makes five or more runs over the sensors at an attempted speed
approximately 5 mph (8 km/h) less than the maximum speed and
makes five or more additional runs at an attempted speed
approximately 5 mph (8 km/h) greater than the minimum speed
x  Maximum and minimum speeds those used during
calibration
x At each speed
o One or more runs made with test vehicle tires near
left-hand lane edge
o One or more runs made with test vehicle tires near
right-hand lane edge
o Other runs made with test vehicle approximately
centered in lane
s Measure the speed of each test vehicle every time it passes over the WIM-
system sensors using method acceptable to both user and vendor
v Cadlibrated radar speed meter
x  Calibrated by the method recommended by its vendor
within 30 days prior to use
% Wheelbase/time
x  Other
o Record al data, and note the vehicle record number for every run of each
test vehicle

7.6.4 Calculation
[J Caculate percent difference (error) of WIM dataitems (7.2.7) for 20 or more runs
of the test vehicles
o Five or moreruns at two speeds by two vehicles
[0 Compare the functions and performance of the WIM system with all specification
requirements, including speed and axle spacing
s Section 4 for Type | functions
o Section 5 for Type | performance tolerances

7.6.5 Interpretation of Test Results and Report
Declare that the WIM-system was dysfunctional or inaccurate if either:
1 Any specified data-collection feature, data-processing feature, or option of the
Type | system described in Section 4 is not demonstrated to function properly
[0 Morethan 5 % of calculated differences for any applicable data item resulting
from all passes of the two test vehicles exceeded the Type | tolerance specified in
Section 5.
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APPENDIX B

Survey Questionnaire

NCHRP Synthesis 38-10 Survey of High Speed
WIM System Calibration Practices

Background:

Since their inception, the performance of weigh-in-motion (WIM) systems in effectively
capturing truck weight data has been the focus of considerable investigation. Recently, the
deployment of WIM systems has proliferated through initiatives such as the LTPP and the
Commercial Vehicle Information Systems and Networks (CVISN) programs. Proper
calibration is essential in achieving adequate WIM system performance and ensuring the
quality of obtained data. This is becoming paramount in meeting the functional demands of
public agencies and the trucking industry alike.

Objective:

The purpose of this Synthesis is to assemble state-of-the-practice information on the actual
methodologies State agencies use in evaluating and calibrating their high speed WIM
systems as well as monitoring the calibration of these systems over time. The survey
guestionnaire that follows is intended to collect this information. It is addressed to the
manager of State agencies in charge of WIM used either for data collection or
enforcement. We expect that some states will submit two surveys one for WIM used in
traffic data collection and one for WIM used in enforcement screening.

Definition of terms:

High Speed refers to highway speeds (i.e., up to 80 mph) and as such includes WIM
systems installed on mainline and utilized for data collection or enforcement screening, (i.e.,
it excludes enforcement screening WIM systems installed on approach ramps to truck
inspection stations).

WIM System refers to one controller, its computer and associated electronics, and all
roadway sensors for all lanes for which traffic data is being processed by the controller
and at least one lane is instrumented with weigh-in-motion sensors.

WIM Lane refers to any lane which is instrumented with weigh-in-motion sensors.

Type | and Type Il WIM refer to the definitions given by ASTM E1318-02. Type | systems
weigh individually the right and left-hand side axles, while Type Il systems weigh whole
axles. ASTM E1318-02 accuracy tolerances are more stringent for Type | than for Type II
systems. Type | systems are typically equipped with bending plates, load cell plates or
quartz sensors. Type Il systems are typically equipped with 6" or 12" piezoelectric sensors
in various configurations.

Site Assessment encompasses on-site activities preceding either an on-site evaluation or

calibration to ensure that the WIM system is operational, the sensors have no visible
problems and the pavement shows no signs of significant distress.
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Evaluation/Validation refers to the on-site activities related to ascertaining compliance of
WIM systems to error tolerances. It involves test trucks or samples of trucks from the traffic
stream. It includes on-site testing for initial system acceptance, routine checks for
calibration maintenance, and conformance to warranty requirements.

Calibration involves adjusting the system’s constant by setting the mean error
measurements to zero. Calibration data is typically obtained from test trucks or traffic
stream trucks of known static weights.

WIM Calibration Monitoring is a data analysis that typically involves comparisons of
representative traffic stream values to known load trends, (e.g., the weight of steering axles
of 5-axle semi-trailers varies within a fairly narrow range and their gross vehicle weight
exhibits a distinct double-peak pattern).

Auto-calibration is a mechanism built into WIM software effecting automatic calibration
adjustments when certain measurements fall outside prescribed limits.

INSTRUCTIONS: Fill in the survey starting below. In the
guestions you will be asked to type in or click

on responses. Each time you click on the Next Page button
your responses are automatically saved. You can change
your responses by paging back using the Previous Page
button and reentering a response. (NOTE: Do NOT use your
web browser's back and forward arrow buttons.) You can
exit the WebSurveyor website at any time and your
responses will be saved, allowing you to return to it later. If
you complete part of the survey and want someone else to
complete another section, you can do so by forwarding the
email with the link to them and they will be able to access
your partially completed survey using the same UniquelD
and password.

NOTE: Once you click on the Submit Survey button at the end
the survey, you can no longer edit nor see your responses.

To avoid having difficulty paging forward and backward
through he survey it is advisable that you clear your cache
before you complete this survey. Your cache is the temporary
internet files folder. In Windows Explorer go

to Tools/Internet Options/General and then delete

Temporary Internet files.
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Estimated time to complete survey: 1to 1.5 hours

Part 1: PRIMARY RESPONDENT'S INFORMATION

We assume that multiple parties will be contributing to this survey
but only want the name and contact information for the primary
state department/division/agency person responsible for completing
this survey listed here.

Name:

Title:

Agency:
|

Unit/Department/Division:

Mailing Address including city, state and zip:

Phone (please include extension, if any):

e-mail;
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Is there another unit(department/division/agency) in your State
managing high speed WIM systems used for a different
purpose (i.e., data collection versus enforcement)?

EjNo
[

Yes

If Yes, please provide a contact name and information (address,
phone, email) for the other unit below. We will send them a
separate survey to complete.

Please comment below on whether your unit cooperates with that
other unit and how:

Part 2: DESCRIBE YOUR WIM PROGRAM

2.1 What are the WIM systems for which your unit is
primarily responsible used for?

r

r
r

Traffic Data Collection Only
Enforcement Screening Only

Traffic Data Collection and Enforcement Screening
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2.2 Which types of WIM systems have been installed by/for
your unit?

Type |
Type Il
Other (please specify)

If you selected other, please specify:

2.3 Is auto-calibration typically utilized by your systems
during routine data collection?

e
e

No - Itis not used in our systems

Yes

Additional comments:

If Yes, for which system types? Check all that apply.

Not Applicable - Do not use auto-calibration.
Type |
Type Il

I R I

Other (please specify)

If you selected other, please specify:

Additional comments:
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Part 3: WIM SYSTEM CALIBRATION PRACTICES
AND PROCEDURES

3.1 Isapost-installation system calibration always performed?

r
r

Yes

No (click on next page to skip to 3.4)

Additional comments:

3.2 Who performs this post-installation calibration? Check all
that apply.

In-House Staff
WIM Vendor

Other contractor

1 1 1 7

Other (please specify)

If you selected other, please specify:

Additional comments:

3.3 Is the post installation calibration procedure any
different than the routine calibration?

C No
C Yes: highlight the major DIFFERENCES in comment field below

Additional comments:
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3.4 Which methods do you use for the evaluation/calibration
of high speed WIM systems throughout their lives? Check all
that apply.

On-site evaluation/calibration using test trucks
On-site evaluation/recalibration using traffic stream vehicles of known weights

Calibration monitoring through quality control analysis of traffic stream data

171 71 7

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5 WIM On-Site Evaluation/Calibration Procedures Using
Test Trucks

NOTE: The majority of the questions under 3.5 relate to the general
provisions of the ASTM Standard E1318-02 and the LTPP WIM
System Calibration Protocol. They are intended to determine which
parts of these standards your unit may be using.

Do you perform on-site evaluation/calibration using test
trucks?

e
C

Yes

No (click on next page to skip to 3.6)
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In the series of questions under 3.5 please describe the procedure
you use for the MOST COMMON WIM type in your unit
(department/division/agency).

What is the most common WIM type in your unit for which
test trucks are used for calibration?

e
e
e

Type |
Type Il
Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.1 Who conducts these on-site evaluation/calibration activities
using test trucks? Check all that apply.

In-House Staff
Outsourcing to an external on call contractor

Outsourcing to an external contractor that manages evaluation/calibration activities

Additional Comments:

If you are outsourcing WIM calibration, you may want to ask for the
contractor's assistance in responding to the following questions.

3.5.2 What is the criterion you use to initiate test-truck WIM
calibration? Check all that apply.

It is routinely scheduled

Itis carried out only when calibration monitoring using traffic stream vehicles of known
weight or traffic data indicates a calibration drift.

Other (specify in Comments)

If routinely scheduled, specify typical interval (months):
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Additional comments:

3.5.3 Do you have procedures for conducting diagnostic tests to
ensure proper operation of the WIM system prior to committing to a
complete on-site evaluation and/or calibration?

EjNo
[

Yes

If Yes, how are these diagnostic tests conducted? Check all that
apply.

Not Applicable - Do not conduct diagnostic tests
From the office by performing system diagnostics and/or data analyses

At the site by performing system diagnostics and real-time monitoring

1 71 71 7

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.4 Do you have procedures for inspecting the condition of the
WIM sensors?

EjNo
[

Yes

If Yes, on which of the following do you perform a visual inspection?
Check all that apply.

Not Applicable - Do not have procedures for sensor inspection.
Physical damage to sensor

Proper levelling of sensors with pavement surface

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

Secure attachment of sensors to pavement surface and/or frame

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.5 When conducting test-truck WIM calibrations, do you consider
the pavement smoothness at the WIM site?

e
e
e

No - Not Considered
Considered only when system fails to meet accuracy tolerances.

Yes, always considered.

Additional comments:

In cases where the pavement smoothness is considered which
methods are used? Check all that apply.

Not Applicable - Pavement smoothness not considered.
Visual Inspection

An inertial profilometer to obtain IRI

An inertial profilometer to simulate straight-edge/pack test
Other profile-based method

Physical straight-edge/pack test

[ R N R D R R

Other (please specify)

If you selected other, please specify:

Additional comments:
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3.5.6 In conducting WIM calibrations with test trucks, do you
consider the structural condition (deflection) of the pavement
supporting the WIM sensors?

e
e

No

Yes, please highlight method in Comments.

Additional comments:

3.5.7 How are test trucks procured? Check all that apply.

Agency owned
Rented from trucking firm by Agency

Rented from trucking firm by WIM vendor or other contractor

I R I

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.8 How many test trucks are used by class or type?

FHWA Class or Type ‘

Number

FHWA Class or Type ‘

Number

FHWA Class or Type ‘

Number

FHWA Class or Type ‘

Number

Additional comments ( If more than 4 types are used _|
please indicate the type(s) and number(s) here): |
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3.5.9 Do you specify the suspension type of these test trucks?

EjNo
[

Yes

Additional comments:

If Yes, which types are specified? Check all that apply.

Not Applicable - Types not specified.
Air
Leaf Spring

Representative of the suspension types at the WIM site

B R N R

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.10 What is your test truck loading criteria?

r
r
e

Loaded to 90% to 100% of their legal load limit
Loaded to reflect the local truck population loadings at the WIM site

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.11 Please provide the following details on static weighing in
conjunction with WIM calibration using test trucks.

Do you require that static scales be certified?
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EjNo
'@

Yes

Additional comments:

Which types of static scales do you use? Check all that apply.

Fixed
Portable

Other (please specify)

If you selected other, please specify:

Which static weights are obtained? Check all that apply.

Individual wheel/wheel sets for left and right wheel path
Individual axles

Axle groups

I R I

Other (please specify)

If you selected other, please specify:

How many times is each static weight measured?

Additional comments regarding static weight practices:

3.5.12 Are the axle spacings for each test truck measured?

EjNo
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C

Yes

Additional comments:

3.5.13 Are the test truck speeds measured as they cross the
sensors?

e
e
C

No
Yes, at least for the first few passes

Yes, for every pass

Additional comments:

3.5.14 How is test truck speed measured?

e
e

C Speed itself not measured, but WIM speed is verified by comparing WIM axle spacings
to the measured axle spacings.

C

Not Applicable - Test truck speeds are neither measured nor their WIM speeds verified.

By using a calibrated radar speed meter.

By another method. Please specify in comment field below.

Additional comments:

3.5.15 At what speeds do the test trucks run?

Single speed set at posted speed limit
Single speed set at median speed of truck traffic stream

Multiple speeds selected randomly by the driver

Multiple speeds selected by agency within a range (specify range in Comments)

r

Other (specify in Comments)

Additional comments:
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3.5.16 Is there a minimum number of test truck runs required at
each speed?

r
r

No

Yes
If Yes, please specify the minimum number of runs:

Number of runs for each speed.

Additional comments:

3.5.17 Are the test truck drivers given specific instructions as to the
desired lane and speed for each run?

r

e
r

No
No, but they are advised to alter lanes and speeds within the ranges specified above.

Yes

Additional comments:

If Yes, by what means are the instructions given? Check all that

Not Applicable

B
[ .
CB radios or cell phones
L Check-off lists

B

Other (please specify)
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If you selected other, please specify:

Additional comments:

3.5.18 Is the system auto-calibration turned off during test truck
runs?

e
e
e
e

Not Applicable - Auto-calibration not available.
No
Yes

Do Not Know

Additional comments:

3.5.19 How is the test truck data being recorded during WIM
calibration testing?

Manual real-time recording of test truck WIM record numbers and WIM measurements.

Electronic (computer printout or file) real-time recording of test truck WIM record
numbers and WIM measurements.

Real-time test truck WIM record numbers recorded only, while WIM measurements are
retrieved later from system's datafiles for off-site processing.

Other (please specify)

If you selected other, please specify:

Additional comments:

If test truck data is manually recorded, what method is used?

Not Applicable - Do not manually record.
Pencil/Paper

Direct Computer Keyboard Entry

1 71 71

Other (please specify)
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If you selected other, please specify:

Additional comments:

3.5.20 When performing on-site calibration using test trucks are the
WIM error computations performed on-site?

e
e

C Yes, only if it is evident that additional sampling of traffic steam trucks may be
needed.

Never

Yes, always

Additional comments:

3.5.21 During on-site calibration using test trucks how are the WIM
error computations carried out?

Manually, with hand-held calculator
Using a spreadsheet or other analysis program supplied by a vendor

Using a spreadsheet or other analysis program developed by your Agency

1 71 71 7

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.22 During on-site calibration using test trucks what error
formula is used?

e
e

The percent difference between WIM measurement and the corresponding static value.

Other (please specify)

If you selected other, please specify:
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Additional comments:

3.5.23 For which of the following measurements are WIM errors computed
during on-site calibration using test trucks? Check all that apply.

Speed

Wheel load and/or axle load
Tandem axle load

Gross vehicle weight

Axle spacing

Overall vehicle length

171 71 71T 71 1T

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.24 Are test trucks ever run for the sole purpose of determining
WIM system accuracy tolerance pass/fail (e.g. new site acceptance,
warranty, etc.)?

r

C Yes, but under a fail situation vendor/contractor may use test truck data to recalibrate
system

C
[

No, calibration (or recalibration) is always done in conjunction with accuracy validation

Yes, but under a fail situation vendor/contractor must recalibrate using own trucks

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.25 During on-site calibration using test trucks, what method is
used to compute the calibration factors?

r

By setting the mean of the axle load arithmetic errors to zero
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By setting the mean error of the GVW to zero
By combining the two methods above

By setting the slope of the WIM versus static axle load measurements to zero

Do Not Know ( It is incorporated in the error computation spreadsheet)

r

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.26 During on-site evaluation using test trucks do you compute
calibration factors for two or more speed points?

C Yes, our systems provide for two or more speed point factor entries and we do compute
factors for each by analyzing data by speed.

C No, although our systems provide for two or more speed point factor entries a single
factor is computed and used for all speed points.

e
e

No, our systems provide for only a single factor.

Other (please specify)

If you selected other, please specify:

Additional comments:

3.5.27 What remedial action is taken for WIM systems that fail to
meet accuracy tolerances during test truck testing?

C

C A site evaluation is undertaken to ascertain roughness and structural condition, as
described earlier under 3.5.5 and 3.5.6

e
e

System is summarily abandoned or removed

System remains in use, but the data is used only for specific purposes

Other (please specify)

If you selected other, please specify:
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Additional comments:

What is the use of the data being generated by WIM systems that fail to
meet accuracy tolerances?

Not Applicable- sites evaluated and/or abandoned or removed
Count/Classification

Applications requiring only low quality weight estimates

1 71 71 7

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6 WIM On-Site Evaluation/Calibration Using Traffic Stream
Trucks of Known Weight

NOTE: In this section we are referring to on-site evaluation/
calibration by sampling trucks from the traffic stream for which you
are able to obtain static weights.

Do you perform on-site evaluation/calibration using traffic stream
trucks of known weights?

r
r

Yes

No (click on next page to skip to 3.7)

In the series of questions under 3.6 please describe the procedure
you use for the MOST COMMON WIM type in your
unit(department/division/agency).

What is the most common WIM type in your unit for which traffic
stream trucks of known weight are used for calibration?

r
r

Type |
Type ll
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C Other (please specify)

If you selected other, please specify:

3.6.1 Who conducts these on-site evaluation/calibration activities
using traffic stream trucks of known weight? Check all that apply.

In-House Staff
Outsourcing to an external on-call contractor

Outsourcing to an external contractor that manages evaluation/calibration activities.

Additional Comments:

If you are outsourcing WIM calibration, you may want to ask for the
contractor's assistance in responding to the following questions.

3.6.2 What is the criterion you use to initiate WIM calibration using
traffic stream trucks of known weight? Check all that apply.

It is routinely scheduled

It is carried out only when calibration monitoring using traffic data indicates a
calibration drift.

Other (specify in Comments)

If routinely scheduled, specify typical interval (months):

Additional comments:
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3.6.3 How do you select the number of traffic stream trucks of
known weight to be included in the sample?

r

A fixed number of trucks is selected.
All the trucks in a given time interval are selected.

Some of the trucks in a given time interval are selected.

nnn

Other (specify in Comments)

If a fixed number of trucks are selected, specify the number.

If all of the trucks in a given time interval are selected, specify the
time interval (in hours).

If some of the trucks in a given time interval are selected, specify
the number and interval:

Number of Trucks

Time Interval (in hours) ‘

Additional comments:

3.6.4 What are the criteria used for selecting the type of traffic
stream trucks of known weight to include in the sample?

-
c
-
c

No particular criteria, i.e. sample is random
Selecting specific truck classes, regardless of speed. Specify classes in Comments.
Selecting specific truck classes by speed. Specify classes and speeds in Comments.

Other (please specify)

If you selected other, please specify:

Additional comments:
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3.6.5 How is the static weight of these traffic stream
trucks obtained?

C

e
e

Using portable scales
Utilizing a nearby static enforcement facility.

Other (please specify)

If you selected other, please specify:

Additional comments:

If using a weight enforcement facility, how is the static weight of
the traffic stream trucks recorded?

e
e
e

Not Applicable - Weight enforcement facility not used.
Automatically

Manually

Additional comments:

3.6.6 Do you measure the axle spacing for these traffic stream
trucks?

e
e
e

No
Yes

Other (please specify)

If you selected other, please specify:

Additional comments:

If Yes, how do you measure the axle spacing?

C

Not Applicable - Axle spacing not measured.
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e
C
e

Manually
Electronically

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.7 Is the system auto-calibration turned off during traffic stream
truck runs?

e
e
e
e

Not Applicable - Auto-calibration not available.
No
Yes

Do Not Know.

Additional comments:

3.6.8 How is the WIM data of the sampled traffic stream trucks of
known weight recorded?

Manual real-time recording of test truck WIM record numbers and WIM measurements.

Electronic (printout or file) real-time recording of test truck WIM record numbers and
WIM measurements.

Real-time test truck WIM record numbers recording only, while WIM measurements are
retrieved later from system's data files for off-site processing.

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.9 Are the on-site calibration using traffic stream trucks of known
weight WIM error computations performed on-site?
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»
C

C Yes, only if it is evident that additional sampling of traffic stream trucks may be
needed

Never

Yes, always

Additional comments:

3.6.10 During on-site calibration using traffic stream trucks of
known weight how are the WIM error computations carried out?

Manually, with hand-held calculator
Using a spreadsheet or other analysis program supplied by a vendor

Using a spreadsheet or other analysis program developed by your Agency

I .

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.11 For which of the following measurements are WIM errors
computed? Check all that apply.

Speed

Wheel load and/or axle load
Tandem axle load

Gross vehicle weight

Axle spacing

Overall vehicle length

[ I R R RN R

Other (please specify)

If you selected other, please specify:

Additional comments:
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3.6.12 Are traffic stream trucks of known weight ever sampled for
the sole purpose of determining WIM system accuracy tolerance
pass/fail (e.g. new site acceptance, warranty, etc.)?

-
-
c
c

No, calibration (or recalibration) is always done in conjunction with accuracy validation
Yes, but when "fail" vendor/contractor may use test truck data to recalibrate system
Yes, but when "fail* vendor/contractor must recalibrate using own trucks

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.13 During on-site calibration using traffic stream trucks of
known weight, what method is used to compute the calibration
factors?

e

By setting the mean of the axle load arithmetic errors to zero
By setting the mean error of the GVW to zero
By combining the two methods above

By setting the slope of the WIM versus static axle load measurements to zero

nononn

Do Not Know ( It is incorporated in the error computation spreadsheet)

@

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.14 During on-site calibration using traffic stream trucks of
known weight do you compute calibration factors for two or more
speed points?

C Yes, our systems provide for two or more speed point factor entries and we do compute
factors for each by analyzing data by speed.
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C No, although our systems provide for two or more speed point factor entries a single
factor is computed and used for all speed points.

e
e

No, our systems provide for only a single factor.

Other (please specify)

If you selected other, please specify:

Additional comments:

3.6.15 What remedial action is taken for WIM systems that fail to
meet accuracy tolerances during traffic stream truck evaluation?

System is summarily abandoned or removed

A site evaluation is undertaken to ascertain roughness and structural condition, as
described in 3.5.5 and 3.5.6

On-site evaluation using test trucks is undertaken, as described in 3.5

System remains in use, but the data is used only for specific purposes

L Other (please specify)

If you selected other, please specify:

Additional comments:

What is data from systems that remain in use but fail to meet
accuracy tolerances used for?

Not Applicable-Sites evaluated and/or abandoned or removed.
Count/Classification

Applications requiring only low quality weight estimates

1 71 71

Other (please specify)

If you selected other, please specify:
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Additional comments:

3.7 WIM Calibration Monitoring Using Traffic Stream WIM
Data

Do you use WIM calibration monitoring using traffic stream WIM
data to monitor your WIM systems?

e
e

Yes

No (click on next page to skip to Part 4)

Additional comments:

3.7.1 Who conducts WIM calibration monitoring using traffic stream
WIM data? Check all that apply.

In-House Staff
Outsourcing to an external on-call contractor

Outsourcing to an external contractor that manages evaluation/calibration activities.

Additional comments:

If you are outsourcing WIM calibration, you may want to ask for the
contractor's assistance in responding to the following questions.

3.7.2 Typically, how often are your systems' data files downloaded?

C Daily

Weekly
Monthly

nnn

Other (please specify)
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If you selected other, please specify:

Additional comments:

3.7.3 How are your systems' data files downloaded?

e
e
e

Manually - utilizing communications software or via the internet
Automatically - utilizing proprietary auto-polling software

Other (please specify)

If you selected other, please specify:

Additional comments:

3.7.4 How often do you perform checks of the WIM data?

e
e
e
e

Daily

Weekly

Monthly

Other (please specify)

If you selected other, please specify:

Additional comments:

3.7.5 How is your WIM data analysis performed?

C Manually, using judgment to detect departure of known traffic stream properties from
their expected ranges

C Automatically, using software to perform these tests (e.g. commercial or in-house
developed software)

C Other (please specify)
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If you selected other, please specify:

Additional comments:

If your data analysis is performed automatically using software,
when is it carried out?

e
r
r

Not Applicable - Not automatic
As an integral part of the download

As a separate step

Additional comments:

3.7.6 In your opinion, do the analyses of your WIM data identify
most system operational problems and atypical traffic
characteristics?

EjNo
[

Yes

Additional comments:

If Yes, which types of system operational problems and/or atypical
traffic characteristics are identified? Check all that apply.

Not Applicable

Missing or atypical vehicle counts by hour

Atypical class counts and/or distributions

Large number or percentage of unclassified vehicles

Large number of system error flags (e.g. loop not triggered)

Large number of vehicle record flags (e.g. possible axle or wheel weighing errors)

[ R I R R R

Other (please specify)
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If you selected other, please specify:

Additional comments:

3.7.7 Which traffic stream vehicle types are utilized for calibration
monitoring? Check all that apply.

B All FHWA Class 9's

3S2 Only

Other (please specify)

If you selected other, please specify:

Additional comments:

3.7.8 Which characteristics are monitored through WIM calibration
monitoring using traffic stream WIM data? Check all that apply.

GVW average by speed

GVW standard deviations

GVW graph and/or listing of empty vs. loaded distributions
Other GVW property

Steering axle weight average

Steering axle weight standard deviations

Steering axle left/right wheel weights

Other steering axle property

Tractor tandem axle spacing

Other axle spacing property

Overall vehicle lengths vs. overall axle spacing

[ [ A R R R R N R DR B B

Other (please specify)

If you selected other, please specify:
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Additional comments:

3.7.9 If the monitoring of traffic stream characteristics indicates a
system is experiencing calibration "drift" what action is taken?

-
-
c
c

No action is taken.
Calibration factors are adjusted from the office by remote access
On-site evaluation/calibration as described earlier is triggered

Other (please specify)

If you selected other, please specify:

Additional comments:

3.7.10 If calibration factors are adjusted from the office, do you
check the effect on the traffic characteristics described in

3.7.8? Those characteristics included: (GVW Average, GVW Average by
speed, Steering axle weight average, etc.).

-
c
c
c

Not Applicable - Calibration factors NOT adjusted from office
No, Never
Yes, Always

Sometimes. Please note in Comments field when it is checked.

Additional comments:

3.7.11 Do you keep records of WIM calibration factor adjustments?

EjNo
[

Yes

Additional comments:

If Yes, how are records kept?
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Not Applicable - Records not kept.
Automatically through the WIM system software

Manually

Additional comments:

Part 4: YOUR OPINION

4.1 In your opinion, are your Type | traffic data systems
generating data of adequate quality to meet the
requirements for the intended purposes?

r

Not Applicable - Not responsible for any Type | systems used for traffic data
More than adequate quality

Generally adequate quality

Of marginal or borderline quality

Inadequate quality

Very inadequate quality - please give main reasons in Comments.

oononnnon

No Opinion

Additional comments:

4.2 In your opinion, are your Type I main line enforcement
screening and/or sorting systems effective?

C Not applicable - Not responsible for any Type | systems used for enforcement screening
and/or sorting

More than effective

Generally effective

Of marginal or borderline effectiveness
Ineffective

Very ineffective - Please give main reasons in Comments.

onononnn

No opinion

Additional comments:
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4.3 In your opinion, are your Type Il traffic data systems
generating data of adequate quality to meet the
requirements for the intended purposes?

r

ononononnon

Not Applicable - Not responsible for any Type Il systems used for traffic data
More than adequate quality

Generally adequate quality

Of marginal or borderline quality

Inadequate quality

Very inadequate quality - please give main reasons in Comments.

No Opinion

Additional comments:

4.4 In your opinion, are your Type Il main line enforcement
screening and/or sorting systems effective?

e

Not applicable - Not responsible for any Type |l systems used for enforcement screening

and/or sorting

anononnn

More than effective

Generally effective

Of marginal or borderline effectiveness

Ineffective

Very ineffective - Please give main reasons in Comments.

No opinion

Additional comments:

4.5 In your opinion, given additional resources for high
speed WIM traffic data collection and enforcement, which of

the following would your unit consider? Check all that apply.

Install additional WIM systems

Install newer and better technology WIM systems to replace current ones
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Perform more intensive system diagnostics and calibration monitoring

Perform more on-site system calibrations

Additional comments:

4.6 In your opinion, what is the main factor hindering proper
WIM calibration and how could it be solved?

4.7 In your opinion, what are the most urgent WIM technical
needs at present and what studies need to be conducted to
address them?

Please provide any additional comments you may want to
share about high speed WIM calibration.
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Part 5: INVENTORY OF WIM SYSTEMS

This last part of the questionnaire is optional. Itis
an inventory of WIM systems in your state.

Do you want to complete it?

r
r

Yes

No (click next page to skip to end of survey)

INVENTORY OF TYPE | WIM SYSTEMS

5.1 Approximately how many Type | WIM systems are
currently in use by your unit for the following purposes:

Please put in a "0" if you have no systems that fall into a category
or you are not responsible for those systems.

Dual Use - A Single WIM System Used for Both Traffic Data Collection AND
Enforcement Screening

Approximate number of Type | WIM Systems

Approximate Number of Type | WIM Lanes

Sensor Type(s) ‘

Single Use - Traffic Data Collection ONLY

Approximate Number of Type | WIM Systems

Approximate Number of Type | WIM Lanes

Sensor Type(s) ‘

Single Use - Enforcement Screening ONLY
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Approximate Number of Type | WIM Systems

Approximate Number of Type | WIM Lanes

Sensor Type(s) ‘

INVENTORY OF TYPE Il WIM SYSTEMS

5.2 Approximately how many Type Il WIM systems are
currently in use by your unit for the following purposes:

Please put in a "0" if you have no systems that fall into a category
or you are not responsible for those systems.

Dual Use - A Single WIM System Used for Both Traffic Data Collection AND
Enforcement Screening

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s) ‘

Single Use - Traffic Data Collection ONLY

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s) ‘

Single Use - Enforcement Screening ONLY

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s) ‘

Thank you again for your time and effort in completing this survey.
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APPENDIX C
WIM Inventory

Copyright National Academy of Sciences. All rights reserved.

93


http://www.nap.edu/23062

‘panIasal s)ybu |y "S22ualIds Jo Awapeay [euonen 1ybuAdod

TYPE | SYSTEMS

Traffic Data
Systems

Sensor Type(s)

Enforcement
Systems

Sensor Type(s)

TYPE Il SYSTEMS

Dual Use Systems

Sensor Type(s)

Traffic Data

Sensor Type(s)

Enforcement
Systems

Sensor Type(s)

(T) Traffic Unit declined to provide info  (R) Research Unit info only

(E) Enforcement Unit declined to
provide info
* Appears to be a duplication of "Dual Use" counts

BP: Bending Plate

QZ: Quartz Piezo

LC: Load Cell

PZ: Conventional Piezo
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TYPE | SYSTEMS

Sensor Type(s)

Traffic Data
Systems

Sensor Type(s)

Enforcement
Systems

Sensor Type(s)

TYPE Il SYSTEMS

Dual Use Systems

Sensor Type(s)

Traffic Data
Systems

Sensor Type(s)

Enforcement

Sensor Type(s)

(T) Traffic Unit declined to provide info  (R) Research Unit info only
(E) Enforcement Unit declined to
provide info

BP: Bending Plate

QZ: Quartz Piezo

LC: Load Cell

PZ: Conventional Piezo
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TYPE | SYSTEMS

Sensor Type(s)

Traffic Data
Systems

Sensor Type(s)

Enforcement

Sensor Type(s)

TYPE || SYSTEMS

Dual Use Systems

Sensor Type(s)

Traffic Data
Systems

Sensor Type(s)

Enforcement

Sensor Type(s)

(T) Traffic Unit declined to provide
info (R) Research Unit info only BP: Bending Plate LC: Load Cell

(E) Enforcement Unit declined to provide info QZ: Quartz Piezo PZ: Conventional Piezo
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APPENDIX D
Aggregate Survey Results (All High-Speed WIM Applications)
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Survey Results
& Analysis

for

NCHRP Synthesis 38-10 Survey of High Speed WIM
System Calibration Practices

Saturday, June 2, 2007

Powered by:

http://www.websurveyor.com/
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Executive Summary

This report contains a detailed statistical analysis of the results to the survey titted NCHRP Synthesis 38-10 Survey of High
Speed WIM System Calibration Practices. The results analysis includes answers from all respondents who took the survey in
the 76 day period from Friday, March 16, 2007 to Wednesday, May 30, 2007. 11 completed responses were received to the
survey during this time.
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Survey Results & Analysis

Survey: NCHRP Synthesis 38-10 Survey of High Speed WIM System Calibration Practices

Author: T. Papagiannakis and R. Quinley

Filter: (In question "13) 2.1 What are the WIM systems for which your unit is primaril..." the respondent selected
"Enforcement Screening Only")

Responses Received: 11

Is there another unit (department/division/agency) in your State managing high speed WIM systems used for a
different purpose (i.e., data collection versus enforcement)?
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Please comment below on whether your unit cooperates with that other unit and how:

Not known

MT-Enforcement: Motor Carrier Services Division receives enformenent reports from Planning Division for all WIM systems
statewide. Planning Division maintains all MDT piezo-based WIM systems, three of which are use for weigh station bypass.
MCS Division maintains all Bender-plate WIM systems used for weigh station bypass.

CO-Enf: Sites for Enforcement and Data collection have been shared to compare new technologies as well as to fulfill other
uses such as traffic monitoring for incident detection and public information

WA-ENf: Yes we cooperate together. Some of the CVISN WIM sites give data to the Transportation Data Collection
information system.

NC-Enf: This unit provides us raw data for interpetation and use in enforcement operations.

AZ-Enf: Yes but cooperation has been very limited. They have had little to no interest so far in sharing info with us or from
us.

ID-Enf: Work in partnership when need arises

2.1 What are the WIM systems for which your unit is primarily responsible used for?
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2.2 Which types of WIM systems have been installed by/for your unit?

Other Responses:
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2.3 Is auto-calibration typically utilized by your systems during routine data collection?

Comment Responses:
MT-Enforcement: The bender-plates are not temperature sensitive.

AZ-Enf: Also annual calibration by service techs.
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If Yes, for which system types? Check all that apply.

Other Responses:

Comment Responses:
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3.1 Is a post-installation system calibration always performed?

Comment Responses:
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3.2 Who performs this post-installation calibration? Check all that apply.

Other Responses:
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Additional comments:

MT-Enforcement: Since the bender-plate systems used by MCS are for high-speed screening in conjuction with AVI
(PrePass), in house and vendor staff collect WIM information from 26 type 9, non-liquid, not livestock loads per lane. A scale
officers weighs each vehicles axle groups using the static platform scale and records the weights with corresponding WIM
record. Using this information, calibration factors are determined and entered into the recorder. Another sample of WIM and
corresponding static weight records are collected to verify calibration. This process continues until calibration is achieved and

verified.
AZ-Enf: IRD installed and maintains all of our sites at this time.

3.3 Is the post installation calibration procedure any different than the routine calibration?
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Additional comments:

AL-Enf: We have known weight trucks with 2 different axle configurations and run them continuously over the WIM until
calibrated

WA-Enforcement: We use a known truck, a calibration truck, with known weights and known axle distances during the post
installation calibration versus n-trucks from the highway.

AZ-Enf: Only to the extent we test and retest it several times at the initial installation calibration acceptance stage.

3.4 Which methods do you use for the evaluation/calibration of high speed WIM systems throughout their lives?
Check all that apply.

Other Responses:

Comment Responses:

MD-Enf: PrePass tag comparison method (weights on static scales compared to weights on WIM)

MT-Enf: Using weight distribution graphs produced from data collected from each WIM recorder, MCS can observe loaded
and unloaded peaks to montor system changes or drifts. We also monitor prepass data for pull ins.

CO-Enf: Port Operators track truck weights periodically and call when a pattern of either overweight or under weight
vehicles appear

AZ-Enf: Annual test required. Also use self calabration and monitering of system on regular basis
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3.5 WIM On-Site Evaluation/Calibration Procedures Using Test Trucks NOTE: The majority of the questions under
3.5 relate to the general provisions of the ASTM Standard E1318-02 and the LTPP WIM System Calibration
Protocol. They are intended to determine which parts of these standards your unit may be using. Do you perform
on-site evaluation/calibration using test trucks?
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In the series of questions under 3.5 please describe the procedure you use for the MOST COMMON WIM type in

your unit (department/division/agency). What is the most common WIM type in your unit for which test trucks
are used for calibration?

Other Responses:

Comment Responses:
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3.5.1 Who conducts these on-site evaluation/calibration activities using test trucks? Check all that apply.
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Additional Comments:

AZ-Enf: Use both. IRD is primary contractor.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.5.2 What is the criterion you use to initiate test-truck WIM calibration? Check all that
apply.
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If routinely scheduled, specify typical interval (months):
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Additional comments:

AZ-Enf: Annual testing with constant on-line monitering by IRD for system review.

3.5.3 Do you have procedures for conducting diagnostic tests to ensure proper operation of the WIM system
prior to committing to a complete on-site evaluation and/or calibration?
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If Yes, how are these diagnostic tests conducted? Check all that apply.

Other Responses:

Comment Responses:
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3.5.4 Do you have procedures for inspecting the condition of the WIM sensors?
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If Yes, on which of the following do you perform a visual inspection? Check all that apply.

Other Responses:

Comment Responses:
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3.5.5 When conducting test-truck WIM calibrations, do you consider the pavement smoothness at the WIM site?

Comment Responses:
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In cases where the pavement smoothness is considered which methods are used? Check all that apply.

Other Responses:

Comment Responses:
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3.5.6 In conducting WIM calibrations with test trucks, do you consider the structural condition (deflection) of
the pavement supporting the WIM sensors?

Comment Responses:
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3.5.7 How are test trucks procured? Check all that apply.

Other Responses:

Comment Responses:
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3.5.8 How many test trucks are used by class or type?

FHWA FHWA FHWA FHWA than 4 ypes are used plonss
Class or | Number| Class or | Number | Class or | Number | Class or | Number indicate the type(s) and number
Type Type Type Type (s) here):
9 E |
9 B L B

Additional comments (If more than 4 types are used please indicate the type(s) and number(s) here):(3.5.8
How many test trucks are used by class or type?)

3.5.9 Do you specify the suspension type of these test trucks?

Comment Responses:
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If Yes, which types are specified? Check all that apply.

Other Responses:

Comment Responses:
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3.5.10 What is your test truck loading criteria?

Other Responses:
WA-Enf: We vary the weight depending on the test performed

Comment Responses:
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3.5.11 Please provide the following details on static weighing in conjunction with WIM calibration using test
trucks. Do you require that static scales be certified?

Comment Responses:
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Which types of static scales do you use? Check all that apply.

Other Responses:
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Which static weights are obtained? Check all that apply.

Other Responses:
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How many times is each static weight measured?
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Additional comments regarding static weight practices:

AZ-Enf: We check them twice to insure accuracy

3.5.12 Are the axle spacings for each test truck measured?

Comment Responses:
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3.5.13 Are the test truck speeds measured as they cross the sensors?

Comment Responses:
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3.5.14 How is test truck speed measured?

Comment Responses:
AZ-Enf: Careful operators of vehicles
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3.5.15 At what speeds do the test trucks run?

Comment Responses:
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3.5.16 Is there a minimum number of test truck runs required at each speed?
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If Yes, please specify the minimum number of runs:
Number of runs for each speed.

20
3

Additional comments:

3.5.17 Are the test truck drivers given specific instructions as to the desired lane and speed for each run?
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Additional comments:

If Yes, by what means are the instructions given? Check all that apply.

Other Responses:
AZ-Enf: Verbal instructions

Comment Responses:
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3.5.18 Is the system auto-calibration turned off during test truck runs?

Comment Responses:
AZ-Enf: We test once without.
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3.5.19 How is the test truck data being recorded during WIM calibration testing?

Other Responses:

Comment Responses:
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If test truck data is manually recorded, what method is used?

Other Responses:

Comment Responses:

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

139

3.5.20 When performing on-site calibration using test trucks are the WIM error computations performed on-
site?

Comment Responses:
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3.5.21 During on-site calibration using test trucks how are the WIM error computations carried out?

Other Responses:

Comment Responses:
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3.5.22 During on-site calibration using test trucks what error formula is used?

Other Responses:

Comment Responses:
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3.5.23 For which of the following measurements are WIM errors computed during on-site calibration using test
trucks? Check all that apply.

Other Responses:

Comment Responses:
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3.5.24 Are test trucks ever run for the sole purpose of determining WIM system accuracy tolerance pass/fail
(e.g. new site acceptance, warranty, etc.)?

Other Responses:

Comment Responses:
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3.5.25 During on-site calibration using test trucks, what method is used to compute the calibration factors?

Other Responses:

Comment Responses:
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3.5.26 During on-site evaluation using test trucks do you compute calibration factors for two or more speed
points?

Other Responses:

Comment Responses:
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3.5.27 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during test truck
testing?

Other Responses:
|AZ-Enf: Repair as needed

Comment Responses:
|AZ-Enf: Problems identifed and resolved. What ever it takes.
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What is the use of the data being generated by WIM systems that fail to meet accuracy tolerances?

Other Responses:

Comment Responses:
AZ-Enf: Repair as needed.
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3.6 WIM On-Site Evaluation/Calibration Using Traffic Stream Trucks of Known Weight NOTE: In this section we
are referring to on-site evaluation/calibration by sampling trucks from the traffic stream for which you are able
to obtain static weights. Do you perform on-site evaluation/calibration using traffic stream trucks of known
weights?
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In the series of questions under 3.6 please describe the procedure you use for the MOST COMMON WIM type in
your unit (department/division/agency). What is the most common WIM type in your unit for which traffic
stream trucks of known weight are used for calibration?

Other Responses:
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3.6.1 Who conducts these on-site evaluation/calibration activities using traffic stream trucks of known weight?
Check all that apply.
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Additional Comments:
LA-Enforcement: WIM Vendor technician(IRD)

CO-Enf: Port Operators collect data when time permits.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.6.2 What is the criterion you use to initiate WIM calibration using traffic stream trucks of

known weight? Check all that apply.
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If routinely scheduled, specify typical interval (months):
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Additional comments:

CO-Enf: A check of the WIM system is done if the Static Scale has been serviced or calibrated. The WIM system is checked if
it has been serviced to the static scale.

AZ-Enf: POE staff does this when something alerts them there may be a problem.

3.6.3 How do you select the number of traffic stream trucks of known weight to be included in the sample?
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If a fixed number of trucks are selected, specify the number.
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If all of the trucks in a given time interval are selected, specify the time interval (in hours).
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If some of the trucks in a given time interval are selected, specify the number and interval:

Number of Trucks |Time Interval (in hours)

10 1
10

Additional comments:

See 3.6.1 for explanation

LA-Enforcement: This is determined by how busy the scale operators, amount of traffic volume, etc.

CO-Enf: Site specific due to varying truck volumes. 3 to 5 trucks are checked then an adjustment is made if needed. This
continues until consistancy is found in the WIM system. Allowances are made for trucks that are not called in to be weighed
or cannot be tracked because the truck pulled over prior to the scale.

AZ-Enf: Done until staff is satisfied system is operational and within standards. If not refered to IRD for correction.

3.6.4 What are the criteria used for selecting the type of traffic stream trucks of known weight to include in the
sample?

Other Responses:

Comment Responses:

MT-Enf: Type 9 vehicles; non-liquid/non-livestock loads.
CO-Enf: Trucks under 56,000 gross are discouraged unless vary low volumes exist
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3.6.5 How is the static weight of these traffic stream trucks obtained?

Other Responses:

Comment Responses:
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If using a weight enforcement facility, how is the static weight of the traffic stream trucks recorded?

Comment Responses:

MT-Enf: Using the PrePass system print-out reports for specific vehicles, the weigh station officer identifies the vehicle and
records the axle group weights obtained from the static scale on the PrePass WIM printout.

COENf: If operators are available computer printouts are done on WIM and Static Scale records.
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3.6.6 Do you measure the axle spacing for these traffic stream trucks?

Other Responses:
VA-Enf: The first 20 vehicles

CO-Enf: Only if a Port Operator request or notices a problem.

Comment Responses:

Co-Enf: Unless an Port Operator has a specific problem with axle spacing the standard 4.5' between tandoms and 10.9'
between split axles is used. | has been found that axle spacings are vary accurate and don't tend to drift.
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If Yes, how do you measure the axle spacing?

Other Responses:

Comment Responses:
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3.6.7 Is the system auto-calibration turned off during traffic stream truck runs?

Comment Responses:
Co-Enf: Auto-callibration is available but not used.
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3.6.8 How is the WIM data of the sampled traffic stream trucks of known weight recorded?

Other Responses:

Comment Responses:

MT-Enf: PrePass system allows the printout of WIM information for all vehicles, transpondered or not.
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3.6.9 Are the on-site calibration using traffic stream trucks of known weight WIM error computations performed
on-site?

Comment Responses:
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3.6.10 During on-site calibration using traffic stream trucks of known weight how are the WIM error
computations carried out?

Other Responses:
CO-Enf: A spreadsheet has been used if requested by another agency for comparision

Comment Responses:
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3.6.11 For which of the following measurements are WIM errors computed? Check all that apply.

Other Responses:

Comment Responses:
Co-Enf: Axle Spacing, Speed, and Overall vehicle length are noted only.
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3.6.12 Are traffic stream trucks of known weight ever sampled for the sole purpose of determining WIM system
accuracy tolerance pass/fail (e.g. new site acceptance, warranty, etc.)?

Other Responses:

Comment Responses:
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3.6.13 During on-site calibration using traffic stream trucks of known weight, what method is used to compute
the calibration factors?

Other Responses:

Comment Responses:
Co-Enf: GVW is used first then Axle loads are compared to fine tune the system
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3.6.14 During on-site calibration using traffic stream trucks of known weight do you compute calibration factors
for two or more speed points?

Other Responses:

Comment Responses:

MT-Enf: The majority of our traffic stream travels within one speed group.

Co-Enf: If problems arise Speed is checked and an adjustement is made. To date all calibration factors remain the same.
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3.6.15 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during traffic stream
truck evaluation?

Other Responses:
AL-Enf: We schedule a re-calibration but continue to use system

Comment Responses:
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What is data from systems that remain in use but fail to meet accuracy tolerances used for?

Other Responses:

Comment Responses:

Each WIM system is evaluated, problem isolated and corrected. As system meet their life-cycle, the department will
evaluate and if warranted, deploy new technology to improve operations.

AZ-Enf: Site repaired
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3.7 WIM Calibration Monitoring Using Traffic Stream WIM Data Do you use WIM calibration monitoring using
traffic stream WIM data to monitor your WIM systems?

Comment Responses:
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3.7.1 Who conducts WIM calibration monitoring using traffic stream WIM data? Check all that apply.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

173

Additional comments:

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.7.2 Typically, how often are your systems' data files downloaded?

Other Responses:
AZ-Enf: Bi-weekly

Comment Responses:
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3.7.3 How are your systems' data files downloaded?

Other Responses:

Comment Responses:

MT-Enf: For bender--plate sites, manual polling is conducted; for quartz piezo sites, auto-polling proprietary software is
used.
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3.7.4 How often do you perform checks of the WIM data?

Other Responses:

Comment Responses:

MT-Enf: Reviewed when officers at weigh scale location notify HQ of weight differences between the WIM system and Static
Scales.
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3.7.5 How is your WIM data analysis performed?

Other Responses:

Comment Responses:

MT-Enf: Manual review of weigh distribution graphs looking at loaded and unloaded peaks. We also look at the Prepass
information. (# of pullins and the reason for pullins)
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If your data analysis is performed automatically using software, when is it carried out?

Comment Responses:
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3.7.6 In your opinion, do the analyses of your WIM data identify most system operational problems and atypical
traffic characteristics?

Comment Responses:
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If Yes, which types of system operational problems and/or atypical traffic characteristics are identified? Check
all that apply.

Other Responses:
speed of vehicles monitored

Comment Responses:
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3.7.7 Which traffic stream vehicle types are utilized for calibration monitoring? Check all that apply.

Other Responses:
|AL-Enf: 2 axle vehicle, tridem 3 axle dump truck, 5 axle lowboy

Comment Responses:
|MT-Enf: Non-liquid/non-livestock loads. |
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3.7.8 Which characteristics are monitored through WIM calibration monitoring using traffic stream WIM data?
Check all that apply.

Other Responses:
AZ-Enf: Axle, Group, Bridge, and gross weights.

Comment Responses:
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3.7.9 If the monitoring of traffic stream characteristics indicates a system is experiencing calibration "drift"
what action is taken?

Other Responses:

Comment Responses:

MT-Enf: HQ notifies the Captain in charge of the weigh scale and officers collect the WIM and Static information; mail or fax
information to HQ. If needed, factors are computed and entered into the recorder via telephone/modem communications.

AZ-Enf: On site if necessary to resolve issues.
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3.7.10 If calibration factors are adjusted from the office, do you check the effect on the traffic characteristics
described in 3.7.8? Those characteristics included: (GVW Average, GVW Average by speed, Steering axle weight
average, etc.). To view a complete list click on Previous Page below.

Comment Resporses:
MT-Enf: Yes additional data is collected after each adjustment.
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3.7.11 Do you keep records of WIM calibration factor adjustments?

Comment Responses:
AZ-Enf: Contractor keeps info for future use.

ID-Enf: The contractor does
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If Yes, how are records kept?

Comment Responses:
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Part 4: YOUR OPINION 4.1 In your opinion, are your Type | traffic data systems generating data of
adequate quality to meet the requirements for the intended purposes?
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Additional comments:

4.2 In your opinion, are your Type | main line enforcement screening and/or sorting systems effective?
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Additional comments:

4.3 In your opinion, are your Type |l traffic data systems generating data of adequate quality to meet the
requirements for the intended purposes?
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Additional comments:

MT-Enforcement: MCS uses bender-plate and piezo quartz screening WIM systems; both are Type 1.

4.4 In your opinion, are your Type Il main line enforcement screening and/or sorting systems effective?
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Additional comments:

CO-Enf: The type Il systems are for Axle Counts in the adjacent lane only, not used for weight enforcement

4.5 In your opinion, given additional resources for high speed WIM traffic data collection and enforcement,
which of the following would your unit consider? Check all that apply.
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Additional comments:

4.6 In your opinion, what is the main factor hindering proper WIM calibration and how could it be solved?

MD-Enforcement: Incompatible WIM systems with static scale systems (ie, one scale vendor's WIM does not work with
another scale vendor's static scale). No reliable data available on WIM system deployed elsewhere by dominant scale vendor
for our state.

VA-Enforcement: Resources and Time.

LA-Enforcement: It would be hard to get a more accurate figure without bringing the trucks in off the interstate at a slower and
more controlled speed

AL-Enf: Roughness of the roadway, Humidity and Temperature

CO-Enf: WIM calibration is not a problem. Maintenance of the Sites on Busy highways is difficult. Servicing the systems must
be done at night in most areas. Calibration can occur any time and does not disrupt the travelling public. Calibration can be
done remotely if the Port Operators provide the data via fax or email.

NC-Enf: Manufacturer poor response time for repairs causes unnecessary down time.

AZ-Enforcement: Mostly funding to cover testing.

ID-Enf: Too many variables concerning the locations, vehicle types can lead to inaccurate calibrations and sorting.

4.7 In your opinion, what are the most urgent WIM technical needs at present and what studies need to be
conducted to address them?

MD-Enforcement: WIM deployment for Virtual Weigh Stations to monitor known bypass locations. Studies have been
conducted to determine which areas/roads to target. The state procurement system is the biggest hindrance to deploy these
in a timely fashion. Technical needs - better installation and calibration guidelines from research community based on
production grade data, not research data.

MT-Enforcement: Montana State University, on behalf of MDT has studied bender-plate vs. conventional piezo systems at
same location; findings indicate both systems provided similar accuracy. Recommend similar comparison study of quartz
piezo and bender-plate systems in northern tier state.

VA-Enforcement: Quality of pavement smoothness.

LA-Enforcement: Cars Stealing the trucks signal showing the truck is running scale

AL-Enf: Keep up with technology in regards to accuracy and durability

CO-Enf: Many WIM systems out live the road surfaces. Many times road surfaces are repaired without thought given to the
WIM system and therefore making the WIM system inaffective and sometimes useless. Proper installation combined with
proper maintenance of both road surface and WIM system can provide many years of service. Colorado has scales still
operational that were installed in 1991 thru 1994. The road surface has been replaced but the system is still operational.

NC-Enf: These units are used as a screening device and meets our present need.

AZ-Enforcement: Improve technology

Please provide any additional comments you may want to share about high speed WIM calibration.

CO-Enf: Many times a system is installed but the Road Maintenance department are not informed until they see something

in the road. | feel the Road Maintenance department needs to be active in maintaining the system as the accuracy of the WIM
system is only as good as the Road Surface leading up to the System. If the Road surface has been damaged or deteriorated
then the WIM accuracy does the same.

Part 5: INVENTORY OF WIM SYSTEMS This last part of the questionnaire is optional. Itis an inventory of WIM
systems in your state. Do you want to complete it?
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Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate number of Type | WIM Approximate Number of Type | WIM Sensor Type(s)
Systems Lanes
1 MD-Enf: Kistler Digital Quartz
Sensor
MT-Enf: Bender Plate and Quartz
7 13 i
Piezo
0
16 LA-Enforcement: IRD SLC, Piezo
14 56 Bending plate
0 0
11 11 WA-Enf: SLC
3 2 NC-Enf: IRD
0 0
6 8 AZ-Enf: Electronic load cell
0 0

Single Use - Traffic Data Collection ONLY

Approximate Number of Type | WIM Systems

Approximate Number of Type | WIM Lanes

Sensor Type(s)

NC-Enf: IRD

o) foll Noll F N ol ol ol Noll Noi Noi Nol

o) foll Holl I o) ol ol fol Noil Noi Noi No)

Single Use - Enforcement Screening ONLY

Approximate Number of Type | WIM Approximate Number of Type | WIM Sensor Type(s)
Systems Lanes
0 0 see dual use above
7 11 MT-Enf: Bender Plate and Quartz
Piezo
14 14 VA-Enf: IRD single load cells
Copyright National Academy of Sciences. All rights

reserved.
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13 15 CO-Enf: Single Load Cells
11 11 WA: Enf: SLC

0 0

0 0

0 0

2 2 ID-Enf: IRD load cell systems

Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s)

AZ-Enf: Peizo

[«N BVl Foll ol Joll ol foll Foll foll Noi No)

(=3 §NE ol ol fol Jol foll ol ol Nol No)

Single Use - Traffic Data Collection ONLY

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s)

OoO|jo|jo|jojojo|jo|jojo|o|o

oOjo|jo|jojo|jo|jo|o]jojo|o

Single Use - Enforcement Screening ONLY

Approximate Number of Type Il WIM Systems

Approximate Number of Type Il WIM Lanes

Sensor Type(s)

0

0

0

0
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o
o

11 11 CO-Enf: Piezo Electric
0

oO|jojo|jo|o
oOjojo|o|o
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Survey Results
& Analysis

for

NCHRP Synthesis 38-10 Survey of High Speed WIM
System Calibration Practices

Saturday, June 2, 2007

Powered by:

http://www.websurveyor.com/
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Executive Summary

This report contains a detailed statistical analysis of the results to the survey titted NCHRP Synthesis 38-10 Survey of High
Speed WIM System Calibration Practices. The results analysis includes answers from all respondents who took the survey in
the 76 day period from Friday, March 16, 2007 to Wednesday, May 30, 2007. 7 completed responses were received to the
survey during this time.
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Survey Results & Analysis

Survey: NCHRP Synthesis 38-10 Survey of High Speed WIM System Calibration Practices

Author: T. Papagiannakis and R. Quinley

Filter: (In question "13) 2.1 What are the WIM systems for which your unit is primaril..." the respondent selected "Data and
Enforcement")

Responses Received: 7

Is there another unit (department/division/agency) in your State managing high speed WIM systems used for a
different purpose (i.e., data collection versus enforcement)?
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Please comment below on whether your unit cooperates with that other unit and how:

OH: In regards to commercial vehicle enforcement, we have two locations on I-75 that are "Pre-Pass" sites. They provide
WIM data for prescreening to our enforcement scales.

ND: Yes we cooperate with our Highway Patrol. The Planning and Programming Division supplies HP with data/graphs of
overloaded trucks by site/hour of day/day of week as well as monthly and yearly summations

2.2 Which types of WIM systems have been installed by/for your unit?

Other Responses:

CA: We use piezo electric sensors at our WIM sites but only for classification.
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2.3 Is auto-calibration typically utilized by your systems during routine data collection?

Comment Responses:
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If Yes, for which system types? Check all that apply.

Other Responses:

Comment Responses:
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3.1 s a post-installation system calibration always performed?

Comment Responses:
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3.2 Who performs this post-installation calibration? Check all that apply.

Other Responses:
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Additional comments:

3.3 Is the post installation calibration procedure any different than the routine calibration?
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Additional comments:

3.4 Which methods do you use for the evaluation/calibration of high speed WIM systems throughout their lives?
Check all that apply.

Other Responses:
|ND: monitor front axle, drive tandem and GVW |

Comment Responses:
|ND: also monitor temp sensor performance |
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3.5 WIM On-Site Evaluation/Calibration Procedures Using Test Trucks NOTE: The majority of the questions under
3.5 relate to the general provisions of the ASTM Standard E1318-02 and the LTPP WIM System Calibration

Protocol. They are intended to determine which parts of these standards your unit may be using. Do you perform
on-site evaluation/calibration using test trucks?
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In the series of questions under 3.5 please describe the procedure you use for the MOST COMMON WIM type in
your unit (department/division/agency). What is the most common WIM type in your unit for which test trucks
are used for calibration?

Other Responses:

Comment Responses:
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3.5.1 Who conducts these on-site evaluation/calibration activities using test trucks? Check all that apply.
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Additional Comments:

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions.3.5.2 What is the criterion you use to initiate test-truck WIM calibration? Check all that
apply.
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If routinely scheduled, specify typical interval (months):
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Additional comments:

MI: Sensor or equipment changes

VT: During Summer months on sites with solid installation in the road.

3.5.3 Do you have procedures for conducting diagnostic tests to ensure proper operation of the WIM system
prior to committing to a complete on-site evaluation and/or calibration?
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If Yes, how are these diagnostic tests conducted? Check all that apply.

Other Responses:

Comment Responses:
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3.5.4 Do you have procedures for inspecting the condition of the WIM sensors?
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If Yes, on which of the following do you perform a visual inspection? Check all that apply.

Other Responses:
NV: Electronic testing for capacitance and impedence

MI: Condition of surrounding pavement

VT: Oscilliscope testing

Comment Responses:
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3.5.5 When conducting test-truck WIM calibrations, do you consider the pavement smoothness at the WIM site?

Comment Responses:
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In cases where the pavement smoothness is considered which methods are used? Check all that apply.

Other Responses:
MI: Watching for any truck bounce

Comment Responses:
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3.5.6 In conducting WIM calibrations with test trucks, do you consider the structural condition (deflection) of
the pavement supporting the WIM sensors?

Comment Responses:
CA: Typically not since almost all of our sites are installed in PCC.

NV: Visual inspection
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3.5.7 How are test trucks procured? Check all that apply.

Other Responses:

Comment Responses:
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3.5.8 How many test trucks are used by class or type?

FHWA FHWA FHWA FHWA ihan 4 1ypes are used plonss
Class or | Number | Class or | Number | Class or | Number | Class or | Number indicate the type(s) and number
Type Type Type Type (s) here):
9
type 9 1
FHWA
1
class 9
9
9

Additional comments (If more than 4 types are used please indicate the type(s) and number(s) here):(3.5.8
How many test trucks are used by class or type?)

3.5.9 Do you specify the suspension type of these test trucks?

Comment Responses:
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If Yes, which types are specified? Check all that apply.

Other Responses:

Comment Responses:
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3.5.10 What is your test truck loading criteria?

Other Responses:

Comment Responses:
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3.5.11 Please provide the following details on static weighing in conjunction with WIM calibration using test
trucks. Do you require that static scales be certified?

Comment Responses:
ND: All permanent and portable static weigh stations/scales are certified

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

223

Which types of static scales do you use? Check all that apply.

Other Responses:
semi-portable platform scales
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Which static weights are obtained? Check all that apply.

Other Responses:
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How many times is each static weight measured?
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Additional comments regarding static weight practices:

ND: Once prior to each site calibration and upon refueling of truck

MI: We do 2 weights minimum. If there is any discrepancy between the 2 then we will do a 3rd and even a 4th. Some of the
time our weights are done by the local Motor Carrier and then compared to the static permanent scales.

3.5.12 Are the axle spacings for each test truck measured?

Comment Resporses:
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3.5.13 Are the test truck speeds measured as they cross the sensors?

Comment Responses:
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3.5.14 How is test truck speed measured?

Comment Responses:

MI: We use a laser speed gun and also by comparing WIM axle spacings to the measured axle spacings

VT: WIM readout
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3.5.15 At what speeds do the test trucks run?

Comment Responses:
ND: posted speed limit, 5 or 10 mph above and below posted speed limit depending on type of roadway classification

MI: We run 3 speeds. The speed limit and 10 MPH above and below.
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3.5.16 Is there a minimum number of test truck runs required at each speed?
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If Yes, please specify the minimum number of runs:
Number of runs for each speed.
2

20

Additional comments:

MI: 3 runs are done for an initial calibration then 3 runs minimum are done at each speed in the calibration stage and then
also in the verification stage.

3.5.17 Are the test truck drivers given specific instructions as to the desired lane and speed for each run?
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Additional comments:

If Yes, by what means are the instructionsgiven? Check all that apply.

Other Responses:
ND: hand held 2-way radios or cell phone

VT: Verbal direction pre-test run

Comment Responses:
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3.5.18 Is the system auto-calibration turned off during test truck runs?

Comment Responses:
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3.5.19 How is the test truck data being recorded during WIM calibration testing?

Other Responses:

Comment Responses:

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

235

If test truck data is manually recorded, what method is used?

Other Responses:

Comment Responses:
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3.5.20 When performing on-site calibration using test trucks are the WIM error computations performed on-
site?

Comment Responses:
Multiple WIM vendors are used, so the response is for the PEEK ADR units.
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3.5.21 During on-site calibration using test trucks how are the WIM error computations carried out?

Other Responses:

Comment Responses:
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3.5.22 During on-site calibration using test trucks what error formula is used?

Other Responses:

Comment Responses:
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3.5.23 For which of the following measurements are WIM errors computed during on-site calibration using test
trucks? Check all that apply.

Other Responses:

speed, wheel load and /or axle load, tandem axle load, axle spacing, overall vehicle length are all monitored and compared
to static measurements

Comment Responses:
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3.5.24 Are test trucks ever run for the sole purpose of determining WIM system accuracy tolerance pass/fail
(e.g. new site acceptance, warranty, etc.)?

Other Responses:

LTPP method

Comment Responses:
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3.5.25 During on-site calibration using test trucks, what method is used to compute the calibration factors?

Other Responses:
VT: We use the same factor for each weight group

Comment Responses:
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3.5.26 During on-site evaluation using test trucks do you compute calibration factors for two or more speed
points?

Other Responses:

Comment Responses:
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3.5.27 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during test truck
testing?

Other Responses:
NDDOT is early in its WIM program development and we have not had this situation occur to date

Comment Responses:
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What is the use of the data being generated by WIM systems that fail to meet accuracy tolerances?

Other Responses:
ND: Haven't had to make this determination yet

Comment Responses:
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3.6 WIM On-Site Evaluation/Calibration Using Traffic Stream Trucks of Known Weight NOTE: In this section we
are referring to on-site evaluation/calibration by sampling trucks from the traffic stream for which you are able
to obtain static weights. Do you perform on-site evaluation/calibration using traffic stream trucks of known

weights?
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In the series of questions under 3.6 please describe the procedure you use for the MOST COMMON WIM type in
your unit (department/division/agency). What is the most common WIM type in your unit for which traffic
stream trucks of known weight are used for calibration?

Other Responses:
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3.6.1 Who conducts these on-site evaluation/calibration activities using traffic stream trucks of known weight?
Check all that apply.
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Additional Comments:

MI: We do this with the help of Motor Carrier. They stop and weight trucks from the traffic stream and we then use those
numbers to calibrate. It's rare we use this system any more.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.6.2 What is the criterion you use to initiate WIM calibration using traffic stream trucks of

known weight? Check all that apply.
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If routinely scheduled, specify typical interval (months):
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Additional comments:

CA: Typically 6 month intervals are optimal, but lack of time and personnel forces some delays.

NV: We schedule a verification of calibration factors on an annual basis. As we monitor the performance of the WIM system
throughout the year a determination is made if the system has demonstrated calibration drift. If the system has not

demonstrated any drift the calibration may be postponed until the following year. This determination is made with available
resources in mind, which are always at a premium.

MI: This is done more at the wants/needs of Motor Carrier.

3.6.3 How do you select the number of traffic stream trucks of known weight to be included in the sample?
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If a fixed number of trucks are selected, specify the number.
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If all of the trucks in a given time interval are selected, specify the time interval (in hours).
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If some of the trucks in a given time interval are selected, specify the number and interval:

Number of Trucks |Time Interval (in hours)

20 |

Additional comments:
MI: It varies with what Motor Carrier is able to weigh. Generally it will be at least 20 trucks

OR: Initial calibration uses a 50-truck sample. Follow-up calibration (6-month intervals) uses a 20-truck sample

3.6.4 What are the criteria used for selecting the type of traffic stream trucks of known weight to include in the

sample?

Other Responses:

MI: It's usually trucks that are suspected of being near or over weight. Or that might have some other sort of violation.

Comment Responses:

CA: Typically class 9 trucks.
NV: 332000 type 9.
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3.6.5 How is the static weight of these traffic stream trucks obtained?

Other Responses:
CA: Most steering axles are of similar weight, we use established estimates as a baseline.

Comment Responses:
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If using a weight enforcement facility, how is the static weight of the traffic stream trucks recorded?

Comment Responses:
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3.6.6 Do you measure the axle spacing for these traffic stream trucks?

Other Responses:
NV: Only for ten percent of the sample

Comment Responses:
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If Yes, how do you measure the axle spacing?

Other Responses:

Comment Responses:
CA: Axle spacing between the #2 and #3 axle is typically 4.3-4.4 feet
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3.6.7 Is the system auto-calibration turned off during traffic stream truck runs?

Comment Responses:
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3.6.8 How is the WIM data of the sampled traffic stream trucks of known weight recorded?

Other Responses:

Comment Responses:
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3.6.9 Are the on-site calibration using traffic stream trucks of known weight WIM error computations performed
on-site?

Comment Responses:
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3.6.10 During on-site calibration using traffic stream trucks of known weight how are the WIM error
computations carried out?

Other Responses:

Comment Responses:
CA: Traffic Stream data is calculated in the office.
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3.6.11 For which of the following measurements are WIM errors computed? Check all that apply.

Other Responses:

Comment Responses:
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3.6.12 Are traffic stream trucks of known weight ever sampled for the sole purpose of determining WIM system
accuracy tolerance pass/fail (e.g. new site acceptance, warranty, etc.)?

Other Responses:

Comment Responses:
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3.6.13 During on-site calibration using traffic stream trucks of known weight, what method is used to compute
the calibration factors?

Other Responses:

Comment Responses:
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3.6.14 During on-site calibration using traffic stream trucks of known weight do you compute calibration factors
for two or more speed points?

Other Responses:
CA: Traffic stream data is utilized in the office and calibration factors are adjusted from the office.

Comment Responses:
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3.6.15 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during traffic stream
truck evaluation?

Other Responses:
OR: action is taken to correct the problem

Comment Responses:
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What is data from systems that remain in use but fail to meet accuracy tolerances used for?

Other Responses:

Comment Responses:
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3.7 WIM Calibration Monitoring Using Traffic Stream WIM Data Do you use WIM calibration monitoring using
traffic stream WIM data to monitor your WIM systems?

Comment Responses:
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3.7.1 Who conducts WIM calibration monitoring using traffic stream WIM data? Check all that apply.
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Additional comments:

OH: Generally check the weights of empty class 9 vehicles as compared to 35,000 Ibs.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.7.2 Typically, how often are your systems' data files downloaded?

Other Responses:

Comment Responses:

California utilizes a validation server which downloads data daily from most sites. Other sites are downloaded weekly.
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3.7.3 How are your systems' data files downloaded?

Other Responses:
|CA: Combinations of auto downloads and manual, the bulk of our sites are downloaded automatically.

Comment Responses:

|MI: Automatically - utilizing in house written auto-polling software
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3.7.4 How often do you perform checks of the WIM data?

Other Responses:

Comment Responses:
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3.7.5 How is your WIM data analysis performed?

Other Responses:

CA: Some criteria of data analysis is automated, but others require user judgement. Site specific knowledge is needed at
some sites.

manually, however in-house software has been created to assist in this task by compiling the data into graphs etc

MI: Both manualy and automaticaly

Comment Responses:
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If your data analysis is performed automatically using software, when is it carried out?

Comment Responses:
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3.7.6 In your opinion, do the analyses of your WIM data identify most system operational problems and atypical
traffic characteristics?

Comment Responses:
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If Yes, which types of system operational problems and/or atypical traffic characteristics are identified? Check
all that apply.

Other Responses:
some of these checks have not been developed yet but are currently being developed in-house

Comment Responses:
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3.7.7 Which traffic stream vehicle types are utilized for calibration monitoring? Check all that apply.

Other Responses:
MI: We use most vehicles to a certain degree to monitor the basic system but only class 9s for actual calibration

Comment Responses:
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3.7.8 Which characteristics are monitored through WIM calibration monitoring using traffic stream WIM data?
Check all that apply.

Other Responses:

Comment Responses:
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3.7.9 If the monitoring of traffic stream characteristics indicates a system is experiencing calibration "drift"
what action is taken?

Other Responses:

MI: It's a judgement call. If it's a very minor drift we may adjust it from the office, but it would generally trigger the site for
calibration.

Comment Responses:
OH: Target weights are modified.
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3.7.10 If calibration factors are adjusted from the office, do you check the effect on the traffic characteristics

described in 3.7.8? Those characteristics included: (GVW Average, GVW Average by speed, Steering axle weight
average, etc.). To view a complete list click on Previous Page below.

Comment Responses:
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3.7.11 Do you keep records of WIM calibration factor adjustments?

Comment Responses:

OH: We do neglect to record the changes.
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If Yes, how are records kept?

Comment Responses:

MI: We keep both a hard (paper) copy and an electronic copy.
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Part 4: YOUR OPINION 4.1 In your opinion, are your Type | traffic data systems generating data of
adequate quality to meet the requirements for the intended purposes?
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Additional comments:

4.2 In your opinion, are your Type | main line enforcement screening and/or sorting systems effective?
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Additional comments:

OH: If used in conjunction with enforcement, they are considered a very successful failure.

4.3 In your opinion, are your Type |l traffic data systems generating data of adequate quality to meet the
requirements for the intended purposes?
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Additional comments:

California does not use Type Il systems for weight.

No type Il systems

4.4 In your opinion, are your Type Il main line enforcement screening and/or sorting systems effective?
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Additional comments:

CA: There will be problems with using data from a Type Il source, data of poor quality should not be considered for this use.

No type Il systems

MI: We do not use any Type |l systems for enforcement or sorting.

4.5 In your opinion, given additional resources for high speed WIM traffic data collection and enforcement,
which of the following would your unit consider? Check all that apply.
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Additional comments:

OH: Eliminate WIM data collection.

MI: We would like to upgrade many of our type Il to type |

4.6 In your opinion, what is the main factor hindering proper WIM calibration and how could it be solved?

CA: Funding and lack of personnel is a major issue hindering proper WIM calibration. Field calibrations are very time
consuming and expensive, funding increases are needed and qualified staff needs to be available.

NV: Acquiring the test vehicles which are very expensive. The only way to solve the problem is to identify additional funding.

ND: Manpower/time constraints/funding. NDDOT will try to keep calibration procedure in-house

MI: VERY time and resource consuming.

VT: Weather and pavement quality related issues.

OR: N/A

4.7 In your opinion, what are the most urgent WIM technical needs at present and what studies need to be
conducted to address them?

CA: Controller stability and sensor life. WIM controllers are a very expensive item and the reliability of these units is
somewhat variable. Concerns regarding their housing and components comes into question. Housing elements are subject to
extreme temperatures and insects/rodents. Secure mil-spec housing designs should be incorporated. WIM sensors are prone
to failure, partly due to the large volume of trucks. Knowing these forces, more metallugy studies may be needed to done to

evaluate the optimum materials to be used. Sensor strain gauges in bending plates may need refinement in the areas of
adhesion and failure.

NV: | would say this study is the most urgent techical need. Best calibration practices need to be identified and
standardized.

ND: Obtaining more consistent, well calibrated high speed dynamic weights for Highway Patrol useage and design criteria
uses. More technical manuals made available by the vendor

MI: Find an accurate sensor that is not so costly.

VT: Cost effective sensors that are consistent and easier to install.

OR: N/A

Please provide any additional comments you may want to share about high speed WIM calibration.
OH: Only do the absolute minimum WIM data collection.
OR: N/A

Part 5: INVENTORY OF WIM SYSTEMS This last part of the questionnaire is optional. It is an inventory of WIM
systems in your state. Do you want to complete it?
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Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate g;g:g;rsof Type | WIM Approximate thg;]tézr of Type | WIM Sensor Type(s)
6 16 CA: Bending Plates
1 4 NV: Quartz Kistler and bending
plate
12 0 ND: Kistler Quartz Piezo
20 80 MI: Quartz Bending Plate
0 0
22 24 OR: Single Load Cell

Single Use - Traffic Data Collection ONLY

Approximate Number of Type | WIM
Systems

Approximate Number of Type | WIM
Lanes

Sensor Type(s)

CA: Bending Plates on 100 and 1

101 412 Kistler
NV: Quartz Kistler and bending
5 20
plate
0 0
13 52 MI: Quartz Bending Plate

Single Use - Enforcement Screening ONLY

Approximate Number of Type | WIM Systems Approximate Number of Type | WIM Lanes Sensor Type(s)
28 60 CA: Bending Plates
0 0

0 0

0 0

0 0

0 0

Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate Number of Type Il WIM
Systems

Lanes

Approximate Number of Type Il WIM

Sensor Type(s)

24

96

MI: Piezo

17

46

VT: Class 1 RoadTrax
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BL

Single Use - Traffic Data Collection ONLY
Approximate Number of Type Il WIM Systems Approximate Number of Type Il WIM Lanes Sensor Type(s)

0 0
0 0
0 0
24 96 MI: Piezo

Single Use - Enforcement Screening ONLY

Approximate Number of Type Il WIM Systems Approximate Number of Type Il WIM Lanes Sensor Type(s)

(e} ol foll foi ol Ne)
(e} ol foil foi ol No)

Generated: 6/2/2007 4:02:16 PM
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Survey Results
& Analysis

for

NCHRP Synthesis 38-10 Survey of High Speed WIM
System Calibration Practices

Saturday, June 2, 2007

Powered by:

http://www.websurveyor.com/
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Executive Summary

This report contains a detailed statistical analysis of the results to the survey titted NCHRP Synthesis 38-10 Survey of High
Speed WIM System Calibration Practices. The results analysis includes answers from all respondents who took the survey in
the 76 day period from Friday, March 16, 2007 to Wednesday, May 30, 2007. 34 completed responses were received to the
survey during this time.
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Survey Results & Analysis

Survey: NCHRP Synthesis 38-10 Survey of High Speed WIM System Calibration Practices
Author: T. Papagiannakis and R. Quinley

Filter: (In question "13) 2.1 What are the WIM systems for which your unit is primaril..." the respondent selected "Data")
Responses Received: 34

Is there another unit (department/division/agency) in your State managing high speed WIM systems used for a
different purpose (i.e., data collection versus enforcement)?
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Please comment below on whether your unit cooperates with that other unit and how:

FL: Motor Carrier Compliance (our enforcement office) also has installed a number of WIM systems at their fixed scale
locations. They use their WIM systems for pre-pass and screening. Motor Carrier puts their screening WIM data into an FTP
site, and | download that data routinely. | consider the Motor Carrier WIM data to be biased, because overweight trucks can
easily avoid the fixed weigh stations, but it has been interesting to compare their data to my own.

CT-R: We cooperate with these units as needed and as requested. We are responsible for LTPP data collection and research
studies involving evaluation of WIM technologies.

MT-Traffic: My unit (Traffic Data Collection) installs, calibrates and maintains the Kistler sensor based WIM systems used for
some of Motor Carrier Services Pre-Pass systems. In addition, we collect data from bender plate WIM systems that are
calibrated and maintained by Motor Carrier Services. These bender plate WIM systems are used with some of Motor Carrier
Systems' Pre-Pass sites. We also provide portable WIM data to Motor Carrier Services for enforcement purposes.

NE-Traffic WIM test vs static scales

NM-Traffic: Port of Entries have some high-speed WIMS

WA-Traffic: Our repair crew occasionally does work for the CVISN section.

NJ: We are currently at the planning stage of upgrading some of our WIM systems to be used for "Virtual Weigh Stations" .
None of the sites have been upgraded to Virtual Weigh Station yet, so currently no WIM system is being used for
enforcement.

VA-Traffic: The two agencies cooperate as follows: The DOT, which is responsible for traffic data collection, allows the DMV
to wirelessly connect to some of their WIMs during mobile enforcement operations. The DMV, which is responsible for
enforcement, shares the traffic data collected at their WIMs with the DOT.

NY: Passenger & Freight Safety Division is responsible for a pilot project that includes the installation of commericial vehicle
electronic screening equipment. Included in this project is three types of WIM equipment; piezo electric (NYS standard),
quartz piezos and load cells. The three types of WIM equipment will be evaluated as part of this project with additional
commercial vehicle screening sites installed in subsequent years. The three types of WIM equipment will be installed in the
east bound driving lane, however the remaining three lanes include our standard piezo electric, so this will be a fully
functioning WIM site for NYSDOT. Our relationship with Passenger & Freight Safety includes reviewing all contract plans, site
evaluation/inspection, maintenance of the site after the warranty period expires, and traffic data collection and analysis.

MS: Corespondence between planning and law enforcement occurs to discuss quality of WIM data and potential WIM sites
in the future. New software is being purchased, Transmetric in which more coordination will occur. Law enforcement is
primarily concerned with heavy trucks and axle spacings.

MA: tentative plans for future cooperation

AZ-LTPP: Internal consultations.

AL-Traffic: The data collected from the enforcement systems are stored on our file server. We generate 3-card and C-cards
from these files for our use.

UT: | borrow and archive their data

CT-Traffic: We use research for portable calibration. They rent trucks for their LTTP calibration we take part in it.

Yes

AK: We provide truck weight data to Division of MSCVE Commerical Enforcement for secondary enforcement. MSCVE is
going to deploy CVISN using the 3 of the planning WIM sites in the near future.

KS: We send them data summaries annually

ID-Traffic: Yes, we work together informally exchanging information on equipment and results.

NH: No Cooperation

2.1 What are the WIM systems for which your unit is primarily responsible used for?
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2.2 Which types of WIM systems have been installed by/for your unit?

Other Responses:
MT-Traffic: Portable WIM, which is set up in a Type | configuration, but only weighs the right-hand side of the vehicle.

MS: We have 15 operational Type Il BL sites and 1 operational Type | Bending Plate Site.
UT: Type IlI

IN-Traffic: Single Load Cell, Piezo, DOS O/S

ID-Traffic: IRD and ECM permanent systems - channelized and BL sensors.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

298

2.3 Is auto-calibration typically utilized by your systems during routine data collection?

Comment Responses:
MT-Traffic: Kistler-based Type | systems do not use auto-calibration.

MS: Our system has the capability of auto-calibrating, but this function is turned off.

UT: | do it manually weekly when able

TX: Thermocoax Sensors Only
Auto calibration is the ONLY calibration done.
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If Yes, for which system types? Check all that apply.

Other Responses:

CT-R: Earlier work on evaluating WIM used systems that needed autocalibration to function. For that reason we have
installed quartz sensors at LTPP sites and do not use autocalibration.

MT-Traffic: Portable WIM uses auto-calibration.

IN-Traffic: Only for piezo sensors

ID-Traffic: Both IRD and ECM permanent systems use auto calibration.

Comment Responses:
MT-Traffic: Portable WIM data is collected only for Motor Carrier Sevices as an aid to enforcement.
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3.1 Is a post-installation system calibration always performed?

Comment Responses:

MT-Traffic: Post-installation calibration is performed on the Type Il systems after they have seen at least 2 weeks of traffic
with the default calibration factors in place.

NJ: 3 stage system calibration

AL-Traffic: We let the system autocal and make adjustments while on site. Then check the weights from the office for the
next week or so.

ID-Traffic: Based on first axle weights from traffic stream -- NOT vehicle of known weight.
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3.2 Who performs this post-installation calibration? Check all that apply.

Other Responses:

CT-R: We traditionally have the WIM vendor conduct the initial calibration, but have an in-house staff person present for all
aspects of the process.
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Additional comments:

NJ: Vendor performs hardware testing and initial calibration. Then, two weeks of data is then analyzed in-house before final
acceptance.

AK: IRD employs a subcontract to complete calibrate (2X year spring and fall) and maintenance in AK. The sub was previously
employed by IRD.

3.3 Is the post installation calibration procedure any different than the routine calibration?
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Additional comments:

WA-Traffic: Using traffic stream instead of known weigh truck.

AK: Only a single class type is used...type9.

TX: Calibration of Speed and Axle Spacing, Vehicle Length, and Front Axle

3.4 Which methods do you use for the evaluation/calibration of high speed WIM systems throughout their lives?
Check all that apply.

Other Responses:
CT-R: Have used all three and combinations of. Primary basis: multiple test trucks.
MA: Only using auto-calibration feature Peek Traffic ADR 2000.

AL-Traffic: We perodically check the steering axle weights of loaded class nine trucks
UT: Post collection calibration

TN: Counters self-calibrate with known number of trucks.

IL: IL none

NH: We only calibrate with trucks when new sensors are installed.

Comment Responses:
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MT-Traffic: Known traffic stream evaluation is only conducted if the site is located near a scale house (such as a Pre-Pass
WIM site). Currently, this is only on Type | systems (Kistler sensors)

NJ: Calibartion with test truck once every 2 years and adjusted as needed based on WIM Calibration Monitoring of 5-axle
semi trailers.

AL-Traffic: Ideally the systems would be checked each year on site using a class 9 of known weight. But we currently lack
the manpower to do this.

In NH we do not run calibration trucks on a regular basis over the lifetime of the sensors. Auto calibration is the only
calibration done.
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3.5 WIM On-Site Evaluation/Calibration Procedures Using Test Trucks NOTE: The majority of the questions under
3.5 relate to the general provisions of the ASTM Standard E1318-02 and the LTPP WIM System Calibration
Protocol. They are intended to determine which parts of these standards your unit may be using. Do you perform
on-site evaluation/calibration using test trucks?
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In the series of questions under 3.5 please describe the procedure you use for the MOST COMMON WIM type in

your unit (department/division/agency). What is the most common WIM type in your unit for which test trucks
are used for calibration?

Other Responses:

IN-Traffic: Piezo, then SLC

Comment Responses:

NJ: We only used loaded 5-Axle Single Trailer Trucks for calibration

We have one type | bending plate site in which a test truck is utilized as well.
TX: We are trying to get away from Thermocoax sensors
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3.5.1 Who conducts these on-site evaluation/calibration activities using test trucks? Check all that apply.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

308

Additional Comments:

NJ: The initial calibration is done by contractor/vendor included in the installation and then by in-house staff every 2 years.

NY: Staff include those from Traffic Monitoring Section, NYSDOT Residency closest to the WIM site, and NYS Troopers to
statically weigh the test vehicle.

AK: Contract with WIM vendor for maintenance and calibration. Will try to meet with contactor.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.5.2 What is the criterion you use to initiate test-truck WIM calibration? Check all that

apply.
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If routinely scheduled, specify typicalinterval (months):
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Additional comments:

FL: My WIM systems are calibrated whenever they are first installed; whenever any major component is replaced; and
whenever the data indicates a drift in GVW distribution; the average steering axle weight of a large sample (more than 100)
of class 9 trucks falls outside the range of 9000 - 12000 pounds; or the average drive axle spacing falls outside a 4.1 - 4.3
foot range. And two of my LTPP WIM sites are calibrated annually by FHWA as part of the pooled fund project.

MT-Traffic: We typically calibrate each site twice per year, once in the spring and once in the fall. Calibration in Montana is
somewhat weather dependent. Data from each site is monitored and reviewed on a weekly basis for error trends or changes
in traffic stream makeup (QA/QC checks) using reports generated by our traffic data processing software. Monthly calibration
graphs are generated and evaulated for drift and truck weight characteristics as well. Additional calibration (outside of the
scheduled calibration) may be performed on a system that has had sensorsor electronics replaced, or exhibits problems that
requires the test truck for evaluation.

AR-Traffic: AHTD plans to begin routine calibration (bi-annual) of WIMs in late summer/fall of 2007.

NJ: We maintained over 60 WIM sites and tried to calibrate each site as often as as possible, when electronics are replaced
or there is calibration drift.

VA-Traffic: This typically has been about twice per year

NY: All WIM sites are calibrated on an annual basis, except for sites such as 1-495 in Queens that has traffic volumes that
are too high to allow for a safe manual calibration of the system.

AK: 6 months is the ideal but not less than 5 months or greater than 7.

KS: scheduled annually, not always done

TX: 12 months for Bending plate and 6 months for coax

3.5.3 Do you have procedures for conducting diagnostic tests to ensure proper operation of the WIM system
prior to committing to a complete on-site evaluation and/or calibration?
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If Yes, how are these diagnostic tests conducted? Check all that apply.

Other Responses:
CT-R: Check sensor output, check reasonableness of data.

PA: Vendor calls site to diagnose the counter

RI: real time viewing of traffic

AK: scope traces are evaluated,

Comment Responses:

MT-Traffic: Sites to be calibrated need to be running "normally” a minimum of 2 weeks prior to calibration, or they get
scheduled at a later time.

PA: Data can be analyzed from the office

AK:...an "as recieved" 5 pass test preceeds baseline tuning followed by the optimization tuning before the final 10 pass
test.
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3.5.4 Do you have procedures for inspecting the condition of the WIM sensors?
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If Yes, on which of the following do you perform a visual inspection? Check all that apply.

Other Responses:
CT-R: meter at cabinet for sensor output

NJ: Sensor connectors to the electronics

WY-Traffic: Oscilloscope Measurements

OK: Digitaly Measure Sensor's outputs

Comment Responses:

MT-Traf: Other checks are performed as well including inspection of pull boxes, conduit, and wiring along with the condition
of the cabinet and solar panel (if applicable). We also inspect the roadway for visual signs of decay or topography changes.

NJ: Visual inspection of loops and sensors is performed every site visit

AK: twice annual mounting hardware checks are conducted.
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3.5.5 When conducting test-truck WIM calibrations, do you consider the pavement smoothness at the WIM site?

Comment Responses:
MT-Traffic: We make note of any visual damage and get a verbal report from the test truck driver as well.

AK: 330' concrete pads, that were correctly profiled upon installed are used at all sites...the long studded tire season here
does cause degredation i.e. wheel rutting, common to asphalt elsewhere requires the addition of grout builup to maintain

KS: Most type-Il were placed to fit SHRP sites

TX: | consider this critical
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In cases where the pavement smoothness is considered which methods are used? Check all that apply.

Other Responses:
MT-Traffic: We watch not only our test truck, but other types of trucks as well.

OK: Calibrations factors are unstable

Comment Responses:
VA-Traffic: We use the LTPP WIM Smoothness Software to get the LRI and SRI

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

317

3.5.6 In conducting WIM calibrations with test trucks, do you consider the structural condition (deflection) of
the pavement supporting the WIM sensors?

Comment Responses:
CT-R: So not have FWD, consider deflection when selecting site based on pavement structure.

MT-Traffic: We capture sensor wave form output using the test truck on a storage oscilloscope. Wave form analysis, along
with road construction data, allow us to assess structural condition.

We mainly look for signal noise coming from the WIM sensor that may be caused by a bad supporting structure for the WIM
Sensors.

NY: Visual

MS: Our WIM sites are chosen in locations where the pavement conditions are the best. If there is rutting in the pavement
it can cause a truck to bounce and give inaccurate readings. If it is consistantly a problem the WIM site will be moved.

PA: Stored in the WIM system

AK: Portland cement pads provide consistency at all temperatures.

GA: Asphalt or Concrete

TX: Research Project
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3.5.7 How are test trucks procured? Check all that apply.

Other Responses:

CT-R: Post-installation sometimes aquired by vendor, all other calibrations, DOT rents with operator. Negotiates who
supplies load.

NJ: Using trucks owned by other state agency.

RI: Installation contractor provides test truck as specified in the contract

Comment Responses:

NJ: Calibration can only be done during Saturdays when trucks are not in use. NJDOT pays only the driver overtime and
gas used.

NY: Trucks are provided by the Resident Engineer at the NYSDOT Residency closest to the WIM site.
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3.5.8 How many test trucks are used by class or type?
FHWA '2?;!? F&'ZZ? FCT;/Z': Additional comments ( If more than 4
Class or | Number or Number or Number or Number | types are used please indicate the type (s)
Type Type Type Type and number(s) here):

9 1
CT-R: Over the years we have used many
different configurations. Most recently we
have used on box (5 axle) moving van,
loaded with steel tiles. And one dump truck

9 2 eveny loaded with tiles. We found it critical to
the calibration to rent at least one of the
same vehicles (not type- exact vehicle) from
the previous calibration to baseline if the
change is from the test truck or individual
vehicles.

9 1

9 1

Class9 |1

Class9 |1

10 1
NY: Class 9 Lowboy with a dump truck filled

Class9 |1 with half a load on t.

9 1

Scheme 1

F Type 9

vc 9 1

Class9 |1

9 2

9 1

9 1

9 1

9 1

type 9 1

9 1

6 1

9 1

Type 9 |1 |Type 5 |1 |

FHWA Class or Type (3.5.8 How many test trucks are used by class or type?)
FHWA Class or Type
9
9
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9

9

Class 9

Class 9

10

Class 9

9

Scheme F Type 9

vc 9
Class 9

ojlojOo|lo|o

type 9
9

6

9

Type 9

Number (3.5.8 How many test trucks are used by class or type?)
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FHWA Class or Type (3.5.8 How many test trucks are used by class or type?)
FHWA Class or Type

Type 5

Number (3.5.8 How many test trucks are used by class or type?)
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Additional comments (If more than 4 types are used please indicate the type(s) and number(s) here): (3.5.8
How many test trucks are used by class or type?)

CT-R: Over the years we have used many different configurations. Most recently we have used on box (5 axle) moving van,
loaded with steel tiles. And one dump truck eveny loaded with tiles. We found it critical to the calibration to rent at least one
of the same vehicles (not type- exact vehicle) from the previous calibration to baseline if the change is fromthe test truck or
individual vehicles.

NY: Class 9 Lowboy with a dump truck filled with half a load on it.

3.5.9 Do you specify the suspension type of these test trucks?

Comment Responses:

MD-Traffic: Don't specify but it always an air suspension

AK: leaf springs are prevalent to the general population
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If Yes, which types are specified? Check all that apply.

Other Responses:

CT-R: Often what you specifiy and what arrives at the site differ. Some vehicles are fully air-ride others say they are airride
but it is on the trailer only. So you need to further specify.

Comment Responses:
NJ: Air suspension is preferred but not always used.

MS: Air ride trucks are used to help minimize the bounce that might be encountered.
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3.5.10 What is your test truck loading criteria?

Other Responses:

CT-R: Fully loaded best they can. Often this is in the 60-70,000 Ibs range. They tend to not load too full to save gas if they
are rented on a contract hourly rate. The fuller load provides a stable vehicle. Have tried different loadings for research

VA-Traffic: Lowboy trailer with heavy piece of construction equipment, typically a loader or grader. GVW has been 63 to 75
KIPs.

NY: Loaded to approximately 80,000 Ibs.
WV: 70,000 to 80,000

Comment Responses:
NJ: Axles configured with no bridge violation
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3.5.11 Please provide the following details on static weighing in conjunction with WIM calibration using test
trucks. Do you require that static scales be certified?

Comment Responses:
MT-Traffic: Certification is the responsibility of Motor Carrier Services

WYV Do not use static scales

MS: Our truck is weighed at MDOT truck scale facilities or at certified truck stops.

KS: Grain Elevator scales are common
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Which types of static scales do you use? Check all that apply.

Other Responses:
CT-R: Full-vehicle. This is important- some fixed, but the vehicle is on grade. Also require off brake.
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Which static weights are obtained? Check all that apply.

Other Responses:
FL: Also GVWT

CT-R: Roll on scale, therefore try to get by axle, but is more practical by axle group.
NJ: Front axle and GVW only
NY: Individual wheel/wheel sets are obtained and axle weights are calculated for each axle.
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How many times is each static weight measured?
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Additional comments regarding static weight practices:

MT-Traffic: Static weight is taken at the nearest scale house as often as is possible. In Montana, there are many more WIM
systems than there are static scales sites, and many of those static scale sites are not manned 24/7. We weigh the truck as

often as possible over the six week period in the spring, and the six week period in the fall, that comprises our calibration
time.

VA-Traffic: This is done by a mobile enforcement crew using their established procedures. All wheels/wheel sets are weighed
simultaneously on level ground with brakes locked. This uses 12 portable scales for a 6 axle tractor trailer.

MS: Our test truck is also weighed at MDOT truck scales when calibration sites are in close proximities.

AK: the second weight check will exclude the last weigh pad.

OK: Once before each WIM site is calibrated.

3.5.12 Are the axle spacings for each test truck measured?

Comment Responses:
NY: Distances between the test vehicles axles are measured in feet

MS: Axle spacing is looked at on a daily basis for the WIM sites as a QA/QC. If any spacings are out of tolerance, it is
looked at immediately. However, at the time it is not a requirement during calibration with test trucks.
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3.5.13 Are the test truck speeds measured as they cross the sensors?

Comment Responses:
MT-Traffic: We record WIM speed on every pass. It is verifed against the axle spacing.
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3.5.14 How is test truck speed measured?

Comment Responses:

CT-R: All are checked during the post-installation, after that WIM speeds are compared to truck speedometers, lengths are
checked and if something is really off, usually there is a breakdown.

NJ: Speed is also check using radar speed gun.

NY: Speed is recorded from the counter display on a laptop computer that is connected to the site through our TRAFMAN
software.

WV: Speed of test truck

GA: Speedometer in test truck
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3.5.15 At what speeds do the test trucks run?

Comment Responses:
CT-R: At other location, 2 lane rural- uses posted speedlimit (35)

MT-Traffic: Speed limits in Montana are different for trucks than for other vehicles. We run as close to the posted speeds as
we can. Some WIM sites are located in areas where the truck cannot reach the posted speed limit (due to road

topography).
WV: 50-55 for lower speed roads and 65-70 for high speed roads

KS: Prevailing speed, or as fast as able. Avoid acceleration over scale
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3.5.16 Is there a minimum number of test truck runs required at each speed?
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If Yes, please specify the minimum number of runs:

Number of runs for each speed.
3

5

6

10

5

10

10

20

10
10
10

10

Number of runs for each speed. (If Yes, please specify the minimum number of runs:)
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Additional comments:

MT-Traffic: One pass is made in each lane to take raw sensor output data on the oscilloscope. Five passes are made in each
lane to record the WIM data that will be used to determine calibration factors for the system.

NJ: 5 runs or or more until enough consistent weight is obtained.

MS: The seven runs have to be consecutive and withing tolerance.

AK: 10 passes after optimum cal factor is identified.

KS: | would stop with 4 if the weights are within the readout precision.

3.5.17 Are the test truck drivers given specific instructions as to the desired lane and speed for each run?
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Additional comments:

MT-Traffic: The driver and the site tech talk ahead of each calibration to determine the lane order. The speed is based on
the truck speed limit for that roadway, if possible.

AK: Consistant speed across the array (whatever speed hey are carrying) must be maintained.

If Yes, by what means are the instructions given? Check all that apply.

Other Responses:

CT-R: State provided radios- asked to alter lanes and speeds, but specific instructions are given depending upon outcome
and needs at time of calibration.

NY: Meeting with driver and directions given prior to testing

RI: visual signals

WY-Traffic: Precalibration Meeting

TX: hand held radios

Comment Responses:
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3.5.18 Is the system auto-calibration turned off during test truck runs?

Comment Responses:
MT-Traffic: The Kistler based systems do not have auto-calibration enabled at all.

NJ: Off only during initial calibration.

KS: test truck is not an auto-calibrate class
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3.5.19 How is the test truck data being recorded during WIM calibration testing?

Other Responses:
CT-R: both manual and computer output on dotmatrix in field.

RI: Unknown- you may want to check with IRD to find out what their proceedure is

Comment Responses:
NJ: Each sensor is calibrated independently
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If test truck data is manually recorded, what method is used?

Other Responses:
write in book, if time input into spreadsheet in field, otherwise in office post-calibration.

AK: click and paste through wireless connection through to laptop.

TX: Log File matching manual recordings

Comment Responses:

MT-Traffic: We use a form that is designed specifically for WIM calibration. We also capture the electronic data that is
shown on our laptop screens in a separate file from any of the other WIM files.

RI: infomation entered into an Excel Spreadsheet
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3.5.20 When performing on-site calibration using test trucks are the WIM error computations performed on-
site?

Comment Responses:

CT-R: We always try to, unless problems encountered when time does not permit and it is known that additional runs will
be conducted next day.

MT-Traffic: On-site calculations are performed on Kistler bases systems only.

VA-Traffic: This is usually done the next day in the office

Unknown- Check with IRD

AK: Required to produce an optimum cal factor.
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3.5.21 During on-site calibration using test trucks how are the WIM error computations carried out?

Other Responses:
GA: Using a spreadsheet or other analysis program supplied by contractor

Comment Responses:

MT-Traffic: Manual computation is done on Type | Kistler systems only. Spreadsheet analysis is done in the office for all
other sites.
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3.5.22 During on-site calibration using test trucks what error formula is used?

Other Responses:
|PA: WIM measurement vs weigh sheet measurement

Comment Responses:

|MT-Traffic: This is used for manual calibration only. Many other factors are considered when using spreadsheet analysis.
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3.5.23 For which of the following measurements are WIM errors computed during on-site calibration using test
trucks? Check all that apply.

Other Responses:

Primarily Gross Vehicle Weight, check if other items look okay,-if time allows other items are calculated. If not adjustable,
time not spent on-site.

KS: Classification - analog for spacing error

Comment Responses:

MT-Traffic: Speed and length are checked during the calibration. Gross weight errors are looked at separately during the
office analysis process.
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3.5.24 Are test trucks ever run for the sole purpose of determining WIM system accuracy tolerance pass/fail
(e.g. new site acceptance, warranty, etc.)?

Other Responses:

Comment Responses:
MT-Traffic: In most cases we do combine calibration with accurracy validation, but not always.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

347

3.5.25 During on-site calibration using test trucks, what method is used to compute the calibration factors?

Other Responses:

CT-R: Or close to- using what seems most reasonable based on the truck consistency- zero is sometimes too precise for
these measurements.

MT-Traffic: The factors are calculated using an in-house designed spreadsheet that incorporates many parameters to
determine calibration factors.

Comment Responses:
MT-Traffic: The prime factor is based on the mean error of GVW, but many other parameters influence the final factor(s). |
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3.5.26 During on-site evaluation using test trucks do you compute calibration factors for two or more speed
points?

Other Responses:

CT-R: Tests show that weights are not dependent on speed- may have capability of factors for multiple speeds, but test
results did not show needed.

Comment Responses:

MT-Traffic: We run at posted truck speed limits when possible. Montana posts lower speeds for trucks than for other
vehicles on all roads.

RI: Unknown - check with IRD
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3.5.27 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during test truck
testing?

Other Responses:
CT-R: Try to determine cause of failure, see if vehicle dependent or if any remedies are feasible.

MT-An immediate site evaluation is conducted. The site is re-scheduled for calibration as soon as the problem is fixed.

PA: Electrical tests/site conditions evaluated

Comment Responses:

Sites are evaluated structurally, and using data analysis on traffic stream data. If shown to be out of spec, and there is no
way to correct the problem structurally, the site may be shut down.

WA-Traffic: site may be downgraded to a classification only format

NJ: Site is downgraded to Classification/Counting station.

RI: Depends on what is causing the problem

If the problem is sensors, they will be replaced.
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What is the use of the data being generated by WIM systems that fail to meet accuracy tolerances?

Other Responses:

CT-R: Viewed with caution, depending upon site and issues. Different if did not meet inital accuracy versus changed over

time. Only one lane installed, where data weight data extremely suspect. Still used for count/ trucks vs small vehicle for
class.

NJ: speed monitoring

PA: Site is repaired

Comment Responses:

Count class data is monitored for consistency and historical accuracy. If error rates become too high, the site is shut down.
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3.6 WIM On-Site Evaluation/Calibration Using Traffic Stream Trucks of Known Weight NOTE: In this section we
are referring to on-site evaluation/calibration by sampling trucks from the traffic stream for which you are able
to obtain static weights. Do you perform on-site evaluation/calibration using traffic stream trucks of known

weights?
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In the series of questions under 3.6 please describe the procedure you use for the MOST COMMON WIM type in
your unit (department/division/agency). What is the most common WIM type in your unit for which traffic
stream trucks of known weight are used for calibration?

Other Responses:

We currently run all but two Type | sites as the WIM part of Pre-Pass systems. We only use traffic stream data to confirm
our test truck calibration.
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3.6.1 Who conducts these on-site evaluation/calibration activities using traffic stream trucks of known weight?
Check all that apply.
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Additional Comments:

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the

following questions. 3.6.2 What is the criterion you use to initiate WIM calibration using traffic stream trucks of
known weight? Check all that apply.
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If routinely scheduled, specify typical interval (months):
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Additional comments:

MT-Traffic: We only use traffic stream trucks to adjust calibration when we have evidence of drift, or when we want to

confirm our test truck calibration. This is only conducted at the Pre-Pass WIM sites, as they are the only ones close enough
to a static scale to use the traffic stream method. All of the Pre-Pass sites are Type |I.

VA-Traffic: This is usually done about every 6 months.

CT-Traffic: We talk to different motor cariers about the loads that they carry.
TX: 12 months bending plate 6 months coax

3.6.3 How do you select the number of traffic stream trucks of known weight to be included in the sample?
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If a fixed number of trucks are selected, specify the number.
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If all of the trucks in a given time interval are selected, specify the time interval (in hours).
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If some of the trucks in a given time interval are selected, specify the number and interval:

Number of Trucks |Time Interval (in hours)

50 [1
10 [1

Additional comments:

MT-Traffic: The number of trucks used depends on the volume of trucks at the site. High volume sites would not use every
truck. Low volume sites will yield a small number of trucks, even after 4 hours. We may take more than 4 hours if the truck
volume is judged to be too low.

Agencies cal truck

3.6.4 What are the criteria used for selecting the type of traffic stream trucks of known weight to include in the
sample?

Other Responses:
UT: Slow <55 Medium Fast >70
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CT-Traffic: Class 9"s

Comment Responses:
NM-Traffic: empty flatbed class 9

Classes 9 and 10

Classes 6 and 9
TX: We look at type 9, typical truck class
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3.6.5 How is the static weight of these traffic stream trucks obtained?

Other Responses:
NM-Traffic: front axle weight

CT-Traffic: Talked with different companies about their loads

Comment Responses:
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If using a weight enforcement facility, how is the static weight of the traffic stream trucks recorded?

Comment Responses:
Data is relayed via radio or phone between the scale house and the WIM site.
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3.6.6 Do you measure the axle spacing for these traffic stream trucks?

Other Responses:

Comment Responses:
TX: agency cal truck
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If Yes, how do you measure the axle spacing?

Other Responses:

Comment Responses:
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3.6.7 Is the system auto-calibration turned off during traffic stream truck runs?

Comment Responses:

This type of testing is performed only on Kistler based systems at this time. We do not run auto-calibration with Kistler
systems.
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3.6.8 How is the WIM data of the sampled traffic stream trucks of known weight recorded?

Other Responses:

Comment Responses:

We use a form designed specifically for this purpose, along with capturing the data real-time on our laptop computers.
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3.6.9 Are the on-site calibration using traffic stream trucks of known weight WIM error computations performed
on-site?

Comment Responses:

If adjustments are needed, additional samples will be taken after the adjustments are made. This applies to Kistler systems
only.

VA-Traffic: This is done the next day in the office
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3.6.10 During on-site calibration using traffic stream trucks of known weight how are the WIM error
computations carried out?

Other Responses:
GA: Using a spreadsheet or other analysis program supplied by contractor

Comment Responses:
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3.6.11 For which of the following measurements are WIM errors computed? Check all that apply.

Other Responses:

Comment Responses:
Traffic stream calibration is only used to correct drift or verify the GVW portion of normal test truck calibration procedures.
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3.6.12 Are traffic stream trucks of known weight ever sampled for the sole purpose of determining WIM system
accuracy tolerance pass/fail (e.g. new site acceptance, warranty, etc.)?

Other Responses:

Comment Responses:

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/23062

High-Speed Weigh-in-Motion System Calibration Practices

371

3.6.13 During on-site calibration using traffic stream trucks of known weight, what method is used to compute
the calibration factors?

Other Responses:
|CT-Traffic: Auto cal & weight factor adjustment

Comment Responses:
|More emphasis is usually given to GVW than to axle weights, but axle weights are considered as well.
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3.6.14 During on-site calibration using traffic stream trucks of known weight do you compute calibration factors
for two or more speed points?

Other Responses:

Comment Responses:
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3.6.15 What remedial action is taken for WIM systems that fail to meet accuracy tolerances during traffic stream
truck evaluation?

Other Responses:
We use a test truck to obtain a structural evaluation as well as a weight evaluation to obtain overall system performance.

UT: Post collection Calibration

Comment Responses:

If the system cannot be corrected, WIM data will no longer be collected. If the errors are too high, then the site will be shut
down.
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What is data from systems that remain in use but fail to meet accuracy tolerances used for?

Other Responses:

Comment Responses:
If the site cannot provide accurate count/class data, it will be shut down.
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3.7 WIM Calibration Monitoring Using Traffic Stream WIM Data Do you use WIM calibration monitoring using
traffic stream WIM data to monitor your WIM systems?

Comment Responses:
WIM data is processed through our office and monitored by both the office and field staff.

AL-Traffic: We perodically check the steering axle weights of loaded class nine trucks

KS: For peizos only.
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3.7.1 Who conducts WIM calibration monitoring using traffic stream WIM data? Check all that apply.
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Additional comments:
MT-Traffic: In-house monitoring is conducted by both data analysis and field staff. Calibration data is processed using

software developed specifically for us to perform that task.

If you are outsourcing WIM calibration, you may want to ask for the contractor's assistance in responding to the
following questions. 3.7.2 Typically, how often are your systems' data files downloaded?

Other Responses:

CT-R: At times when we had more personnel, it was weekly. Try to download monthly- except at sites if modems are

working. If not working, how time permits.

Every other day.

Comment Responses:

MT-Traffic: Higher volume sites may be downloaded as often as 3 times per week.
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3.7.3 How are your systems' data files downloaded?

Other Responses:

FL: Automatically using custom polling software.

CT-R: Used to use autopoll- don't recall why we stopped, but only have a few sites. At sites where there are
modem/telephone issues, visit site with laptop for field download.

Comment Responses:
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3.7.4 How often do you perform checks of the WIM data?

Other Responses:

FL: QC edits automatically run against daily file.

CT-R: When had more personnel and Department had a cooperative education program, was able to do weekly checks.
Currently backlogged.

WY-Traffic: Class/Count Daily, Weight Weekly

Comment Responses:
MT-Traffic: Data is reviewed weekly for a number of parameters. Calibration graphs are generated monthly.

WA-Traffic: Or whenever data personal show possible problems they have noticed from their graphs or observations.

NJ: Visual class check weekly and weight analysis monthly.
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3.7.5 How is your WIM data analysis performed?

Other Responses:
FL: Realtime traffic stream data and sensor d...

CT-R: Both manual and automated practices are utilized.

SC: In house program

WY-Traffic: Combination of both manual and automatic.

ID-Traffic: Both manually and also using automatically produced reports.

Comment Responses:

MT-Traffic: Data is also analyzed manually if any problems are found with the automatic process, and to make sure the
automatic process is checking all that it should be.

ID-Traffic: This would be a good question to allow an answer of "both". We use both manual judgement, plus we pay close
attention to our automatically produced reports.
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If your data analysis is performed automatically using software, when is it carried out?

Comment Responses:
FL: Both actually, although the nightly QC edi...

MT-Traffic: We have custom software for this procedure.

WI-Traffic: Tests are performed Using TRADAS that validate the file and identifies anomalies.
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3.7.6 In your opinion, do the analyses of your WIM data identify most system operational problems and atypical
traffic characteristics?

Comment Responses:
MT-Traffic: Our custom software was designed, and is being upgraded as needed, to perform these functions.

UT: Congestion doesn't show up well
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If Yes, which types of system operational problems and/or atypical traffic characteristics are identified? Check
all that apply.

Other Responses:

CT-R:Series of checks begin with file size, include the checked items above, as well as, Front Axle weight distributions for
unloaded and GVW distributions for Class 9 vehicles. Finally the data is run through the LTPP data checks that includes
graph

MT-Traffic: Software also can generate error tracking graphs so months and years of historical operation can be viewed.
WI-Traffic: Data file integrity

Comment Responses:

ID-Traffic: Sensor and loop related problems are most common -- sensor misses for various reasons are detected and
corrected using a combination of manual observations and report analysis.
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3.7.7 Which traffic stream vehicle types are utilized for calibration monitoring? Check all that apply.

Other Responses:

CT-R: Have monitored subsets of Class 9's, but only for investigations.

Comment Responses:

WI-Traffic: FHWA 9 for initial. If detalil is desired we drill down to just 3S-2

NJ: 3s2 with front axle weight bet 8-12K and GVW bet 30-85K

ID-Traffic: Empty 3S2 flatbeds are good observations. Front axles of 3S2's are also helpful. Other visable loads can be
compared based on experience.
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3.7.8 Which characteristics are monitored through WIM calibration monitoring using traffic stream WIM data?
Check all that apply.

Other Responses:
CT-R: others only on limited investigations---

MT-Traffic: This data is also monitored for vehicles that may not meet our current classification table definitions, and need
to have new definitions added.

GVW Average

Comment Responses:
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3.7.9 If the monitoring of traffic stream characteristics indicates a system is experiencing calibration "drift"
what action is taken?

Other Responses:

CT-R: Only case where that was not the case when there had been recent changes to software- check factors are correct
and software was not changed.

MT-Traffic: It depends on the site. Office adjustment with post-adjustment data monitoring may be sufficient. If not, on-site
calibration procedures may be executed.

adjust or replace manually

PA: Vendor notifies that a site visit may be required

Comment Responses:

NJ: Calibration with test vehicle is scheduled.

VA-Traffic: Data that has been affected by a known amount of calibration drift is post-processed to bring it back into line.

ID-Traffic: Factors are also adjusted directly at the site.
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3.7.10 If calibration factors are adjusted from the office, do you check the effect on the traffic characteristics
described in 3.7.8? Those characteristics included: (GVW Average, GVW Average by speed, Steering axle weight
average, etc.). To view a complete list click on Previous Page below.

Comment Responses:
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3.7.11 Do you keep records of WIM calibration factor adjustments?

Comment Responses:

MT-Traffic: Any adjustments made are recorded in a spreadsheet, and history for each site is maintained

WI-Traffic: Records of initial calibration are kept.
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If Yes, how are records kept?

Comment Responses:
Database calibration factor tables, and paper copies.

MT-Traffic: Factors are recorded in spreadsheets for each site every time new factors are calculated, or if factors are
changed for drift adjustment.

Date and factors are recorded
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Part 4: YOUR OPINION 4.1 In your opinion, are your Type | traffic data systems generating data of
adequate quality to meet the requirements for the intended purposes?
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Additional comments:

MT-Traffic: The Kistler based systems generate good quality data. The two Type | systems that use MSI-BL type sensors
generate adequate data.

NJ: Used to maintain 4 bending plate sites and required constant maintenance which cannot be done. Data are no better
than Type Il sites.

RI: Our data must be adaquate, | have heard of no complaints from FHWA-Washington.
IL: We are not using the data, so it would be difficult to determine the quality.
TX: Very satisified with bending plate data

4.2 In your opinion, are your Type | main line enforcement screening and/or sorting systems effective?
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Additional comments:

MT-Traffic: That information should be obtained from Dennis Hult at Motor Carrier Services.

IL: We are not using the data, so it would be difficult to determine the effectiveness.

4.3 In your opinion, are your Type |l traffic data systems generating data of adequate quality to meet the
requirements for the intended purposes?
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Additional comments:

AR-Traffic: Volume and classification data are adequate, but weight data is borderline.

AL-Traffic: If proper data validation, maintenance procedures and calibration schedules are followed, the accuracy is
adequate for planning and pavement design purposes.

TX: Not very satisifed with the coax sensors. Texas is trying hard to get away from these.

4.4 In your opinion, are your Type Il main line enforcement screening and/or sorting systems effective?
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Additional comments:

MT-Traffic: Again, that information can be obtained from Dennis Hult at Motor Carrier Services. Traffic Data Collection does
not maintain any Type Il systems that are used as part of enforcement screening.

NJ: Just in a process of starting the program.

4.5 In your opinion, given additional resources for high speed WIM traffic data collection and enforcement,
which of the following would your unit consider? Check all that apply.
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Additional comments:

MT-Traffic: Our biggest need is more in-house personnel, both in the field and in the office. Unless FHWA can mandate that
States must fully staff their traffic data collection programs, none of this can occur for us.

WiI-Traffic: Before | would consider major expansion of WIM | would focus on Classification data. In 22 years of looking at
WIM data there has been very little change in average GVW or Loading. | don't see where more will tell us what we don't
already know about truck loading. It is more important for us to know how many trucks are utilizing routes.

MA: Imbedded axel sensors (type | piezos) frequently fail due to a variety of reasons. (epoxy/grout deterioration, improper
installation procedures, etc...)

UT: Our sites have been in uses for 7 years and are beginning to fail. | would like to replace with quartz

AK: Staffing and timely processing of the data is very important.

KS: Replace old sites that are inadequate

TX: To follow the TMG guidelines, Texas has developed a plan to install WIM site per truck group and functional class of
roadways

4.6 In your opinion, what is the main factor hindering proper WIM calibration and how could it be solved?

FL: Time & money and qualified personnel--need more of each.

CT-Research: Resources and Priorities hinder proper WIM calibration. We use the Quartz Sensors and they do not need as
much calibration adjustments if they are function as designed. This is still dependent upon the roadway structure.
Calibration is labor intensive and takes people and money. If the cost can be shown to be worthwhile by the need for
accurate data for the applicatons, then the priority can be supported. That is why this survey needs to include how the data
are used so that calibration can be economically justified. In addition, if there were more cost and less labor intensive
techniques of achieving the same goals, it may become more realistic to calibrate many WIM sites.

MT-Traffic: More data analysis (using computers and software) so systems can be fine-tuned to their specific environment
(make up and volume of traffic stream, speed, road condition, temperature, etc.)

WiI-Traffic: Money.

AR-Traffic: Inadequate resources to adequately perform calibration; additional funding would solve this problem. Sensors
are not capable of producing accurate data over temperature variations (often over one day). Don't know how to solve this
problem. Pavement type (superpave, mostly) leads to site failure; rutting is also a problem. This could be corrected by
replacing asphalt with concrete at WIM sites, but again, run into funding problems.

NM-Traffic: budget,having a class 9 solely for calibration

WA-Traffic: To me, the main factor in achieving good WIM data is to first do a quality installation. If sensors are not installed
for optimum operational characteristics your data quality will be inconistant. Also equally important is to set your Auto-
calibration correctly. Pay special attention to the temperature curve, and your speed bins. It is not the matter of how many
times you calibrate the sites with the known weigh trucks, in another words, if you don't set your systems right, you can
calibrate your systems with known weigh trucks once a month, but you still end up with bad data.

NJ: The effect of temperature change. Develop new sensors materials that are not affected by temperature change.

VA-Traffic: Vehicle dynamics caused by rough pavement and calibration drift due to pavement wear. This could be solved by
having smoother, more wear resistant pavement.

NY: Excessive traffic volumes - no opinion on how to solve it
SC: Cost of test trucks

WYV: Additional of second test truck and pavenment smoothness.

MD-Traffic: WIM sensors that are suseptable to environmental variances in flexible pavements.

MS: The main factor MDOT is faced with is maintenance issues with the equipment.

PA: Road deterioration is an issue; more weight enforcement could help with this issue.

MA: Insufficient staff, time, and funding to calibrate the WIM sites. A vehicle (FHWA Scheme F - Type 9) of known weight
should make a minimal of five runs per lane to ensure accuracy.
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AZ-LTPP: outdated systems, expensive to replace, not-user-friendly vendor software packages.

RI: Money and Manpower

AL-Traffic: Lack of qualified personnel.

UT: Temperature drift

CO-Traffic: Maintenance of piezo grout (better grouts for re sealing piezos)Condition of roadway surface.

WY-Traffic: Autocalibration using characteristic vehicles from the traffic stream is marginal when used on many rural
roadways. Solution- sensor technology not dependent on autocalibration schemes, reasonably priced with easy installation.

CT-Traffic: Limited resources

IN-Traffic: Road smoothness. Older sites were never properly smoothed during initial road construction. Ensure road meets
ASTM smoothness specs before WIM installation.

AK: Not reviewing the data on a daily basis to identify problems quickly.

GA: Resources and inexperienced personnel

KS: Site conditions. Pavement problems. Need concrete at every site, and long stretches without curves or cross-roads.
Staff requirements make the site visits inconvenient.

OK: Money. More money.

ID-Traffic: Time, staff, budget requirements for a test vehicle of known weight -- with minumum of ten passes per each lane
-- distant turn around at many sites -- this would take us most of the summer.

TX: Equipment cost, and road conditions

NH: Logistics of runing a test truck on the interstate system - turning around, changing lanes, police escort, etc.

4.7 In your opinion, what are the most urgent WIM technical needs at present and what studies need to be
conducted to address them?

FL: I think we know what to do and how to do it, and which equipment works well. What | need are better pavements into
which the WIM sensors can be installed.

CT-Research: We need to understand how the test vehicles relate to the traffic stream to better understand the data quality
or assumed quality. We need to know how to relate pavement roughness to the WIM accuracy for how our pavements are
actually built. The AASHTO provisional protocols are helpful but unrealistic to many pavement structures. It would be great if
we could calibrate without using test trucks- perhaps through simulation programs that have been field tested. We need to
know the accuracy needs of the many different data users to know what is really needed. We need nonintrusive systems or
methods to "get out of the road." We need better methods to check data based on the actual vehicle configurations. We
need to understand the limitation of the data and educate States on the limitation of data. We need to find best methods of
sharing data between states and traffic data collection and law enforcement to improve both operations.

MT-Traffic: Better, more reliable sensors. Better epoxy. Modernize the electronics to reduce power consumption and
footprint. Improve communication techniques for retrieving data. Temperature of road (sensors) factored into auto-
calibration routines for systems using sensors that are temperature sensitive. Better software for both office and field
operations. Software needs to be modernized to work with today's operating systems, and it needs to be more user friendly,
especially for those users who are not technically inclined. Sensor and epoxy studies should be a joint venture between
states and vendors. Softare and communications upgrades should be performed by the vendors in response to their
customers' needs. Factoring in temperature as part of maintainingcalibration on temperature sensitive sensors could also be
a joint venture with states. Joint studies (vendors and states)have one major drawback--time. Since it appears that most
states are understaffed in their traffic data collection areas, participation from a state standpoint would be nearly impossible
to do. Once again, if FHWA truly believes that this data is important, then they need to work with state legislatures to make
sure that adequate staff is obtained, not only to collect and process data, but to aid in the advancement of data collection
tools and methods.

WiI-Traffic: | believe that there is too much money already being thrown at WIM and the same questions that were debated
20 years ago are still the same ones today.

NM-Traffic: making the BL piezos last longer regardless of what kind of traffic

WA-Traffic: As you all know, BL piezos are temperature and speed sensitive. I've talked to IRD to expand their temperature
and speed bins, but they said there was limitation to the DOS operating system's memory. If all of us can pitch in some
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money to pay for IRD to develope their WIM software in Windows that would be a plus.

NJ: Develop more accurate sensors.

VA-Traffic: Smoother, more wear resistant pavement. Sensors with reduced sensitivity to rutting. Lower cost sensors.
NY: N/A

SC: Sensor accuracy. Temperature and so called "auto cal" corrections to WIM data.

WV: Difficulties exist with calibration of small trucks(Duals-class 5's) or less.
MD-Traffic: Not sure

PA: Updating to a Windows based software. PennDOT is looking intoacquiring a new version of WIM Windows based analysis
software from IRD called I-analyze which can be used for all PennDOT's WIM sites.

MA: Mass Highway does not utilize telemetry to poll data. We currently use Peek ADR2000's with a maximum of 8 megs
storage. This limits us to three to four week studies.

RIDOT has no full time AVC/WIM people. | look at wim data when/if | have the time to.

UT: | need beter access to my sites. The POE sites are being eleminated and one of my eight WIM sites has no power, and
none are on the net.

CO-Traffic: Better grouts for piezos and for CDOT better accuracy out of our roadway sensors.

WY-Traffic: From a Type Il WIM perspective sensors are still the weak link. | feel fiber optics may hold promise and warrant
increased study.

CT-Traffic: Limited resources

IN-Traffic: Constant and regular data monitoring to ensure consistent data.

AK: A good database to retrieve, qc and process the data.

GA: Technological improvement

OK: More reliable automated data collection and analyses software.

ID-Traffic: Diagnostic guidelines for calibration of WIM sites from centralized office location.

TX: Selection of roadways. Types of ACP versus CRC to support WIM systems

NH: Sensors and installation methods that last.

Please provide any additional comments you may want to share about high speed WIM calibration.

MT-Traffic: We have found, here in Montana, that not only is regular calibration important, site maintenance is also a crucial
factor in obtaining consistent performance from a WIM site, reguardless of its Type. And running the entire program in-
house gives us a much more controlled and consistent product.

NM-Traffic: manufacturing better piezo's to last at least 5 years

WA-Traffic: I've made some modification to the IRD WIM software in order to get a tigher curve: 1- Expand the temperature
curve to 40 bins with 2 degree increment instead of 30 bins 5 degree increment. 2- Changed the weigh limit of the Auto-
calibration type so the system does not include trucks run off the fog line or crossing the center line in the Auto-calibration
process.

NJ: Percentage of errors changes with temperature change. Properly calibarted system verified in the morning will have a
significant error in the afternoon? Does test truck calibration really makes that much difference?

PA: We try to have a minimum of 7 passes per calibration. Most times there are 10 pases.

MA: Auto Cal. feature of ADR2000's is accurate. Calibration is done on steering axle, target value of 10 kips, auto cal set to
adjust or compensate after 25 vehicles.

IN-Traffic: Location of site should play an important part. Sites near on/off ramps or area's where traffic is changing lanes
more than usual has an affect on data.

ID-Traffic: We have considered the test vehicle procedures on several occasions -- even trying to estimate cost and time
involved. It has never appeared practical or cost effective for us.
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Part 5: INVENTORY OF WIM SYSTEMS This last part of the questionnaire is optional. Itis an inventory of WIM
systems in your state. Do you want to complete it?
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Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate g;gg:;rsof Type | WIM Approximate NE;?]bezr of Type | WIM Sensor Type(s)
0
3 Kistler
0
0 0 0
0
0
0 0
3 10 VA-Traffic: Quartz Piezo
0 0
0 0
0 0
1 4 MS: Bending Plate
0 0
0 0
0 0 0
3 3 UT: Load cells
0 0
0 0
6 AK: bending plate and 2 load
Cell
0 0
0 0 0
0 0
0 0
0 0
0 0

Single Use - Traffic Data Collection ONLY

Approximate g;ggr(re‘rsof Type | WIM Approxm\e;\t”eMNlt_JErlr;lt;ir of Type | Sensor Type(s)
7 22 FL: Bending Plate
5 CT-R: Quartz
2 MSI-BL sensors
1 4 WI-Traffic: PAT bending plate
0 0
3 12
1 2

Copyright National Academy of Sciences.

All rights reserved.



http://www.nap.edu/23062

400

0 0

4 10 VA-T_raffic: 8 Lanes Quartz Piezo, 2 Lanes
Bending Plate

22

0 0

0 0

0 0

0 0

0 0

11 22 AZ-LTPP: B/Plate & Piezo Sensors

0 0

0 0

0 0

0 0

2 3 KS: Ceramic, Bending Plate

0 0 0

0 0

18 40 ID-Traffic: Channel Type | and BL

12 48 TX: bending plate

0 0

Single Use - Enforcement Screening ONLY

Approximate Number of Type | WIM Systems Approximate Number of Type | WIM Lanes Sensor Type(s)
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
0 0
0 0
C o] p y r i g h t N a t i
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e} ol ol Hoil Holl ol No
e} ol foll ol Holl ol Ne

Dual Use - A Single WIM System Used for Both Traffic Data Collection AND Enforcement Screening

Approximate Number of Type Il WIM Systems Approximate Number of Type Il WIM Lanes Sensor Type(s)
0 0
0
0
0 0 0
0 0
0 0
0 0
0 0
0 0
12 44 SC: piezo
0 0
15 4 MS: BL
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
Single Use - Traffic Data Collection ONLY
Approximate Number of Type Il WIM Approximate Number of Type II Sensor Type(s)
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Systems WIM Lanes
34 20 Elé:r:ni?cdmgezpolate, Quartz Piezo,
24 66 ECM encapsulated sensors
10 30 WI-Traffic: Piezo
54 174 piezoele(_:tric (linguine-type) and
Quartz piezo
13 48
32 90
65 260
0 0
0 0
0 0
6 6 MD-Traffic: BL Piezo sensor
0 0
8 9 PA: kistler-loop-kistler
12 30 MA: Piezo, Loop Piezo
7 7 AZ LTPP: Piezo
9 56 UT: Piezo
16 62
9 22 WY-Traffic: Piezoelectric
0 0
17 KS: piezo-cable
30 2 TN: Diamond Traffic Piezos
20 76 OK: Piezo
0
16 TX: piezo
18 NH: Piezoelectric

Single Use - Enforcement Screening ONLY

Approximate Number of Type Il WIM Systems Approximate Number of Type Il WIM Lanes Sensor Type(s)
0 0
0
0 0 0
0 0
0 0
0 0
0 0
0 0
p r I t N a t
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(el Holl Foll (ol ol ol ol ol fol | foll ol foi Noil Nol

(o} foll ol (ol Jol fol fol | fol ol | Nol Jol ol ol N

Approximate Number of Type Il WIM Systems (Single Use - Enforcement Screening ONLY)
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Abbreviations used without definitions in TRB publications:

AAAE American Association of Airport Executives

AASHO American Association of State Highway Officials

AASHTO American Association of State Highway and Transportation Officials

ACI-NA Airports Council International-North America

ACRP Airport Cooperative Research Program

ADA Americans with Disabilities Act

APTA American Public Transportation Association

ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

ATA Air Transport Association

ATA American Trucking Associations

CTAA Community Transportation Association of America

CTBSSP Commercial Truck and Bus Safety Synthesis Program

DHS Department of Homeland Security

DOE Department of Energy

EPA Environmental Protection Agency

FAA Federal Aviation Administration

FHWA Federal Highway Administration

FMCSA Federal Motor Carrier Safety Administration

FRA Federal Railroad Administration

FTA Federal Transit Administration

IEEE Institute of Electrical and Electronics Engineers

ISTEA Intermodal Surface Transportation Efficiency Act of 1991

ITE Institute of Transportation Engineers

NASA National Aeronautics and Space Administration

NASAO National Association of State Aviation Officials

NCFRP National Cooperative Freight Research Program

NCHRP National Cooperative Highway Research Program

NHTSA National Highway Traffic Safety Administration

NTSB National Transportation Safety Board

SAE Society of Automotive Engineers

SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (2005)

TCRP Transit Cooperative Research Program

TEA-21 Transportation Equity Act for the 21st Century (1998)

TRB Transportation Research Board

TSA Transportation Security Administration

U.S.DOT United States Department of Transportation
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