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DefinitionsDefinitions

♦♦ DiagnosticsDiagnostics
♦♦ CalibrationCalibration
♦♦ AutocalibrationAutocalibration
♦♦ Field Verification TestingField Verification Testing
♦♦ System Data AnalysisSystem Data Analysis
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DiagnosticsDiagnostics
   The comparison of on-site traffic   The comparison of on-site traffic

observations with �real time� WIMobservations with �real time� WIM
output, the thorough review of the WIMoutput, the thorough review of the WIM
data, and the utilization of the WIMdata, and the utilization of the WIM
system�s diagnostic features to insuresystem�s diagnostic features to insure
that all system components are workingthat all system components are working
correctlycorrectly
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CalibrationCalibration
  The utilization of test trucks with  The utilization of test trucks with

known axle weights and axleknown axle weights and axle
spacings to determine adjustmentsspacings to determine adjustments
to a WIM system�s �calibrationto a WIM system�s �calibration
factors� such that the WIM weightsfactors� such that the WIM weights
accurately estimate static weightsaccurately estimate static weights
and the WIM spacings match thoseand the WIM spacings match those
of the test trucksof the test trucks
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AutocalibrationAutocalibration

  WIM system feature which, in  WIM system feature which, in
theory, maintains a system intheory, maintains a system in
constant calibration asconstant calibration as
environmental and roadwayenvironmental and roadway
conditions changeconditions change
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Field Verification TestingField Verification Testing

   The utilization of test trucks with   The utilization of test trucks with
known axle weights and axleknown axle weights and axle
spacings to determine whether orspacings to determine whether or
not a WIM system�s accuracy isnot a WIM system�s accuracy is
in conformance with functionalin conformance with functional
requirementsrequirements
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System Data AnalysisSystem Data Analysis

  The analysis of downloaded WIM data  The analysis of downloaded WIM data
for the purpose of monitoring properfor the purpose of monitoring proper
functioning of WIM systemfunctioning of WIM system
components and the monitoring ofcomponents and the monitoring of
system accuracysystem accuracy
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WIM System Types ConsideredWIM System Types Considered

♦♦ Bending PlateBending Plate
♦♦ Ceramic (Traditional) PiezoCeramic (Traditional) Piezo
♦♦ Load CellLoad Cell
♦♦ Quartz PiezoQuartz Piezo
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System AccuracySystem Accuracy
Verification ScenariosVerification Scenarios

   Existing and newly installed WIM   Existing and newly installed WIM
systems will have same accuracysystems will have same accuracy
requirements and same testingrequirements and same testing
procedures, regardless of system type.procedures, regardless of system type.

   During field testing, any autocalibration   During field testing, any autocalibration
feature of the system shall be set to itsfeature of the system shall be set to its
�normal� operating mode.�normal� operating mode.
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System Accuracy StandardsSystem Accuracy Standards

♦♦ ElementsElements

Single axlesSingle axles
Tandem axlesTandem axles
Gross vehicle weightsGross vehicle weights
Vehicle speedVehicle speed
Axle spacing, lengthAxle spacing, length

♦♦ 95 Percent Confidence95 Percent Confidence
Limit of ErrorLimit of Error
±20 percent±20 percent
±15 percent±15 percent
±10 percent±10 percent
 ±1 mph [2 km/h] ±1 mph [2 km/h]
 ±0.5 feet [150 mm] ±0.5 feet [150 mm]
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System Accuracy StandardsSystem Accuracy Standards

♦♦ Over a speed range coveringOver a speed range covering
80% of the truck traffic stream80% of the truck traffic stream

♦♦ Over a temperature range thatOver a temperature range that
covers the 15th to 85th percentilecovers the 15th to 85th percentile
pavement temperatures in thepavement temperatures in the
course of a yearcourse of a year
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Test Truck- CalibrationTest Truck- Calibration

♦♦ Calibration Session- WIM system�sCalibration Session- WIM system�s
factors are adjusted so that the testfactors are adjusted so that the test
trucks� WIM weights best estimate thetrucks� WIM weights best estimate the
trucks� static weightstrucks� static weights
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Test Truck- VerificationTest Truck- Verification

♦♦ Verification Session- Test trucks� WIMVerification Session- Test trucks� WIM
weights are statistically compared withweights are statistically compared with
their static weights to determine if errortheir static weights to determine if error
is within allowable tolerancesis within allowable tolerances
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Pre-Test Data ReviewPre-Test Data Review
♦♦ Prior to bringing out test truck, checkPrior to bringing out test truck, check

minimum of one day�s data for:minimum of one day�s data for:
++ proper equipment operationproper equipment operation
++ proper classificationproper classification
++ reasonableness of weights andreasonableness of weights and

spacingsspacings
++ operating speeds of trucksoperating speeds of trucks
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Examples of pre test data reportsExamples of pre test data reports

♦♦ Invalid weight measurementsInvalid weight measurements
♦♦ Class by hour distributionsClass by hour distributions
♦♦ Speed by hour distributionsSpeed by hour distributions
♦♦ Gross weight distributionsGross weight distributions
♦♦ Weight & axle spacing distributionsWeight & axle spacing distributions

by speedby speed
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Test Truck ProceduresTest Truck Procedures
♦♦ SelectionSelection
♦♦ EquipmentEquipment
♦♦ MeasurementsMeasurements
♦♦ OperationOperation
♦♦ Speed CriteriaSpeed Criteria
♦♦ Temperature CriteriaTemperature Criteria
♦♦ Data CollectionData Collection
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Test Truck- SelectionTest Truck- Selection

♦♦ Two truck minimum; different loadingsTwo truck minimum; different loadings
and configurationsand configurations

♦♦ One 3S2 with air suspensions loaded asOne 3S2 with air suspensions loaded as
close to 80,000 lbs as possibleclose to 80,000 lbs as possible

♦♦ Second 3S2 at < 70,000 lbs, or aSecond 3S2 at < 70,000 lbs, or a
configuration matching predominantconfiguration matching predominant
truck operating through sitetruck operating through site
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Test Truck- EquipmentTest Truck- Equipment

♦♦ Suspensions in good conditionSuspensions in good condition
♦♦ Conventional tires at properConventional tires at proper

inflationinflation
♦♦ Loads stable (no liquid loads)Loads stable (no liquid loads)
♦♦ Start with full fuel tanksStart with full fuel tanks
♦♦ CB radioCB radio
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Test Truck- MeasurementsTest Truck- Measurements

Record :Record :
♦♦ Certified weights for gross weightCertified weights for gross weight

and each axle/axle group beforeand each axle/axle group before
and after testing sessionand after testing session

♦♦ Measured axle spacingsMeasured axle spacings
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Test Truck- OperationTest Truck- Operation
♦♦ Use safe turnaround pointsUse safe turnaround points
♦♦ Stay in center of lane thru siteStay in center of lane thru site
♦♦ Attempt to attain speed as requestedAttempt to attain speed as requested

by data collection crew via CBby data collection crew via CB
♦♦ Maintain constant speed (noMaintain constant speed (no

acceleration or deceleration) thru siteacceleration or deceleration) thru site
♦♦ Report approach and speed via CBReport approach and speed via CB

(make no transmission through site)(make no transmission through site)
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Test Truck- Speed Range CriteriaTest Truck- Speed Range Criteria

  Test truck runs to cover same speed  Test truck runs to cover same speed
range as that encompassed by +/- 80%range as that encompassed by +/- 80%
of the truck traffic streamof the truck traffic stream
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Test Truck- Speed CriteriaTest Truck- Speed Criteria

♦♦ Minimum of 3 �speed points�Minimum of 3 �speed points�
♦♦ Minimum of 15 mph spread betweenMinimum of 15 mph spread between

highest and lowest speed pointshighest and lowest speed points
♦♦ Maximum of 15 mph between speed pointsMaximum of 15 mph between speed points
♦♦ Minimum of 2 passes each truck eachMinimum of 2 passes each truck each

speed pointspeed point
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Test Truck- Temperature CriteriaTest Truck- Temperature Criteria

  The test truck run pattern as described under  The test truck run pattern as described under
�speed criteria� shall be repeated as many�speed criteria� shall be repeated as many
times as is feasible during a session in ordertimes as is feasible during a session in order
to encompass the greatest range of pavementto encompass the greatest range of pavement
temperatures expected for a 24 hour period.temperatures expected for a 24 hour period.
One or more additional verification sessionsOne or more additional verification sessions
will be necessary to cover seasonal variationswill be necessary to cover seasonal variations
of environmental conditions.of environmental conditions.
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Test Truck- WIM Data RecordingTest Truck- WIM Data Recording
♦♦ Record existing calibration factors inRecord existing calibration factors in

effect for test sessioneffect for test session
♦♦ Record WIM �real time� display forRecord WIM �real time� display for

each truck run:each truck run:
++ Vehicle record numberVehicle record number
++ SpeedSpeed
++ Axle weights & Gross weightAxle weights & Gross weight
++ Axle spacingsAxle spacings
++ Temperature (if available)Temperature (if available)
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Test Truck- Data RecordingTest Truck- Data Recording

  In addition to recording the WIM data for  In addition to recording the WIM data for
each test truck pass, the followingeach test truck pass, the following
should also be recorded :should also be recorded :

♦♦ The actual speed of the truckThe actual speed of the truck
♦♦ The actual temperature of the pavementThe actual temperature of the pavement
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Examples of data recordingsExamples of data recordings

♦♦ calibration factorscalibration factors
♦♦ columnar tabulationcolumnar tabulation
♦♦ graphing gross weight �error by speed�graphing gross weight �error by speed�

++ single trucksingle truck
++ two truckstwo trucks
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Examples of data captureExamples of data capture

♦♦ Real time- to �log� file or printerReal time- to �log� file or printer
♦♦ Individual vehicle records storedIndividual vehicle records stored

in system filesin system files
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Use of Test Truck DataUse of Test Truck Data

♦♦ For calibration of WIM systemFor calibration of WIM system
♦♦ For verification of systemFor verification of system

performance requirementsperformance requirements



LTPP serving your need for durable pavements

Test Truck Data Analysis-Test Truck Data Analysis-
Weight CalibrationWeight Calibration

  The analyst uses the plots of the �error by  The analyst uses the plots of the �error by
speed� graphs to determine properspeed� graphs to determine proper
adjustments to the system�s weightadjustments to the system�s weight
scaling factors so that the system bestscaling factors so that the system best
estimates static weights.  The analystestimates static weights.  The analyst
should consider patterns of individualshould consider patterns of individual
axle and/or wheel weights as well as theaxle and/or wheel weights as well as the
calibration features of the system to bestcalibration features of the system to best
utilize the test truck data.utilize the test truck data.
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Test Truck Data Analysis-Test Truck Data Analysis-
Performance VerificationPerformance Verification

  Allowable percentage of error statistics  Allowable percentage of error statistics
determined for :determined for :

♦♦ Overall system accuracy- data from allOverall system accuracy- data from all
test truck runs usedtest truck runs used

♦♦ Specialized testsSpecialized tests
++ Speed- data from each designated speedSpeed- data from each designated speed

range used as a subsetrange used as a subset
++ Temperature- data from each designatedTemperature- data from each designated

temperature range used as a subsettemperature range used as a subset
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Test Truck Data Analysis-Test Truck Data Analysis-
Performance VerificationPerformance Verification

  Acceptance based upon allowable  Acceptance based upon allowable
percentage of error for :percentage of error for :
++ steer axlesteer axle
++ single axles other than steer axlesingle axles other than steer axle
++ all tandem axlesall tandem axles
++ GVWGVW
++ axle spacingsaxle spacings
++ speedspeed
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Statistical MethodsStatistical Methods

♦♦ For the total population the normalFor the total population the normal
distribution is used (x distribution is used (x ±± 1.96* 1.96*σσ))

♦♦ Analysis of temperature and speedAnalysis of temperature and speed
subsets will use Student�s t-statisticsubsets will use Student�s t-statistic
due to small sample size for (x due to small sample size for (x ±±  tt * *σσ))
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Example CalculationExample Calculation
                                                                        MMeeaassuurreedd                            WWIIMM                      WWIIMM
                                                                SSttaattiicc  WWeeiigghhttss                          XX                                    σσσσσσσσ
SSiinnggllee  AAxxllee                                  1122..00                                                  1111..66                            00..22
TTaannddeemmss  11  ++  22                      5588..88                                                  5566..44                            11..88
GGrroossss                                                    7700..88                                                  6688..55                            11..55

                                                                        RRaannggee              PPeerrcceenntt  XX  ==  ±±±±±±±±  11..9966**σσσσσσσσ
SSiinnggllee  AAxxllee                                  99..66  ��  1144..44            ±±±±±±±±2200        1111..44  ��  1111..88
TTaannddeemmss  11  ++  22                  5500..00  ��  6677..66            ±±±±±±±±1155        5522..99  ��  5599..99
GGrroossss                                                6633..77  ��  7777..99            ±±±±±±±±1100      6655..66  ��  7711..44
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Consequences of VerificationConsequences of Verification
FailureFailure

♦♦ Determine if failure is due to test truckDetermine if failure is due to test truck
characteristicscharacteristics

♦♦ Determine if equipment is out ofDetermine if equipment is out of
calibrationcalibration

♦♦ Determine if failure is due to pavementDetermine if failure is due to pavement
conditionsconditions

♦♦ Consult with FHWA on next step(s)Consult with FHWA on next step(s)


