Verification of Accuracy of LTPP SPSWIM Sites

Background Materia for the Presentation by Richard Quinley, CALTRANS

The Long-Term Pavement Performance Program (L TPP) has intengfied its efforts to obtain sufficient
quantities of research quadity loading data at a number of Specific Pavement Studies (SPS) Sites. As
one part of this effort, the FHWA has consulted with the Transportation Research Board LTPP Traffic
Expert Task Group on amethodology to check the calibration of weigh-in-motion equipment. LTPP
recognizes that there are multiple methodologies to actudly calibrate WIM equipment, however, as with
al other LTPP equipment protocols, a sngle methodology is being sdected for verifying equipment
cdibration on anationd bass. This provides a common reference for data users as to the quality
standards expected of the data they have been provided.

The methodology selected and the software referenced are included for participant reference.
Individuas wishing to provide comments or obtain updates and any revisons to the currently selected

methodology should contact Larry Wiser, Traffic Lead for the FHWA LTPP Team, at 202-493-3079
or viae-mall at larry.wiser@fhwa.dot.gov.
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WIM Equipment Verification Procedure For LTPP SPS Sites

This document provides guidelines for verifying the accuracy of weigh-in-motion (WIM) systemsfor
collecting LTPP traffic dataat SPS 1, 2, 5, and 6 Stes. It provides a performance specification that
must be met by al WIM systemns purchased by either state highway agencies (SHAS) or the Federd
Highway Adminigration’s Long-Term Pavement Performance Program Divison (FHWA-LTPP).

The verification process congsts of two parts, field data collection and ongoing office review of
collected data. This document only discusses the field tests required to certify that a WIM system
performs with the accuracy required by the LTPPtests. The office procedures reviewing the data
collected from the WIM system are discussed in the report “ Office Tests for Monitoring WIM Data
from LTPP SPS Test Sites”

I ntroduction

Theintent of the LTPP SPS WIM data collection effort is to improve the quaity and rdiability of the
WIM data collected at the most important LTPP test Stes. LTPP has decided that a central contractor
will be responsible for collection and processing of data WIM dataat LTPP SPSsites 1, 2, 5, and 6.
However, the equipment used to collect these data will not-adways be the same. In some cases, the
equipment will be purchased and installed under specifications provided by FHWA-LTPP. In other
cases, the SHA will have dready installed a WIM scale, and the scale may not be the same asthose
selected with the FHWA-L TPP equipment specification. To ensure that high qudity data will be
collected under this program, al WIM devices used for this program will be required to meet
performance specifications for data accuracy and réliability. Both types of scdes (FHWA-LTPP
provided or SHA provided) must meet the same performance specifications. These specifications are
presented below.

System Performance Requirements

The LTPP program requires that WIM scale systems used to collect data under the LTPP SPStraffic
loading data collection program meet accuracy and reliability standards smilar to those listed in ASTM
E-1318 for Type | scale systems. The criteria adopted by L TPP are given below in Table 1.

Table 1 -- WIM System Toler ances

SPS-1, -2, -5, and -6 Sites 95 Percent Confidence Limit of Error
Sngle axles + 20 percent
Tandem axles + 15 percent
Gross vehicle weights + 10 percent
Vehidespeed + 1 mph | 2 knvhr]
Axleqaa:ing_; Ieng_;th + 0.5 ft [150 mm]

! Note: there are cases where the state highway agencies (SHA) will continue to perform these tasks. However,

the SHA must be able to meet all of the guidelines and instructions set forth in this document.
2 Thesetolerances are taken from ASTM standard E1318-94.
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Because collection of accurate traffic loading rates throughout the year is necessary to provide the
loading rates needed for SPStest section research, the WIM systems used in this effort must meet the
ASTM criteriadl year long. Higtoricaly, many WIM systems have had problems accurately weighing
vehicles when environmenta conditions have changed from those that were present when the equipment
was last calibrated. Changes in pavement strength at the scale location (often caused by changesin
pavement temperature or moisture content) are known to cause problems with WIM system sensor
accuracy. Because vehicle dynamics change with vehicle speed, it is dso necessary to ensure that the
WIM systems are able to accurately weigh trucks at the variety of speeds truckswill travel at each
scaeste.

All WIM systems currently on the market use one or more “cdibration factors’ as part of the process
for converting axle sensor information into axle and vehicle weight estimates. These“caibration
factors’ areincreased if the scale under-estimates static weights or decreased if the scale over-
edimates gtatic weights. In addition, many sales use an “auto-calibration” process that adjusts scae
cdibration based on monitored inputs. These adjustments are designed to take into account changing
sengtivity of the scale sensors and dectronics to changing environmenta conditions and the aging
Sensors.

The god of the verification specification is to prove that the scale system will produce accurate vehicle
weights under expected highway operating and environmenta conditions. This includes proving that the
scale system does not produce outpuits that are biased by temperature and/or vehicle speed and that the
cdibration factors are correctly set.

The recommended scale performance verification processinvolves weighing trucks of known weight
with the WIM scale, and then comparing the WIM system’ s measurements with the known weights.
The conditions under which vehicles are weighed by the WIM system are controlled to demondrate
that the system operates accurately under the mgority of conditions expected to occur during LTPP
data collection. During testing, the scale should be operated in its “norma” manner. That is, if auto-
cdibration settings are normaly “on™ then they should dso be“on” during the verification tests.

The primary verification testing can be done with a minimum of two test trucks. Once ascde system
has proved to be unaffected by vehicle speed and temperature over the course of ayear, it isaso
permissible to verify scale calibration by comparing the saticadly measured weights of vehicles pulled
from the traffic Stream a datic scaleswith WIM system welights for those same trucks. Note that this
document describes only the use of test vehicles.

Qutline of Performance Testing Procedure

The scde accuracy tests are designed to verify the performance of the scale as temperature and vehicle
gpeed vary. The test plan requires the test trucks to make multiple passes over the scale sensors during
asngleday. Passesare made at different speeds and on days during the year when the highest daily
temperature variaions are likely to be found a the test Ste. Statisticd tests are performed to examine
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system accuracy for both the entire data collection period and for subsets of the data that represent
particular environmenta or operationd conditions.

The accuracy and reliability of data produced by the scale are computed by comparing the measured
axle weights collected under these varying conditions with the known weight characterigtics of the test
vehicles. These basic test runs are then repeated two or three times during the year to make sure that
the scale works accurately during the expected environmental conditions a that site

Equipment Needed

A minimum of two test trucks are required to perform the scale verification tests. These two vehicles
should not have the same loading and/or configuration. One of the test vehicles should be a 32
(tractor, semi-trailer) with an air sugpenson system on dl tandem axles. The air suspension should be
in good condition. This vehicle should be loaded to approximately 80,000 pounds with aload that will
not shift during the caibration test runs.

The second vehicle to be used in the calibration may be either a second 3S2 with a lighter load (less
than 70,000 pounds) or atruck of an entirdly different axle configuration. A good choice for the
second vehicle is whatever vehicle configurationis supplying alarge percentage of the axle loads to the
SPStest pavement. Three- or four-axle single unit dump trucks should not be used for cdibration
checking® unless they are amgjor component of the traffic load experienced at that site. The second
test truck should aso be loaded to near itslegd limit (unlessitis a 3S2, as dated earlier), and should
aso have a suspension in good condition (air bag suspensions are preferred, but are not required for
this second vehicle)

If more than two test vehicles are used, the third vehicle may be configured and loaded as desired,
athough the use of three- or four-axle single-unit dump trucksis still discouraged, and dl trucks should
have suspenson systems in excellent working condition.

The loads on al test trucks should be stable. For example, the loads should not be liquids (water) that
shift within atank. Such shifting causes the axle weights to vary with time and reduces the accuracy of
thetests. If natura resource materials are used to load the test trucks, these loads should be covered to
prevent adverse weather from adding to the weight of the load.

3 Additional runs may also be required, if concerns about the accuracy of the scale under different temperature

conditions are not fully resolved by theinitial tests, or if calibration drift is detected by routine quality assurance
tests.

Conventional dump trucks tend to have unusual suspension characteristics. These characteristics result in
inappropriate calibration settings. Therefore, they should not be used for most calibration efforts. Where these
trucks make up the majority of heavy vehicleson agiven roadway, it may be appropriateto use such avehicleasone
of the calibration trucks (along with the 3S2). If thisisthe case, consult with the TSSC before selecting vehiclesto
be used in the calibration check.
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Thetrucks' tires should have a conventiond highway tread pattern, not an off-road pattern, asa
“knobby” tread can cause unusua sensor readings from some WIM systems. After being loaded and
with full fuel tanks, both test trucks should proceed to a certified commercid scae® to have their axle
weights measured. This information should be written down and passed adong to the WIM data
collection crew. This process should be repegted at the end of the testing session.

Lagt, the axle spacings (from centerline to centerline of each tire) should be measured for each test
vehicle and reported to the WIM data collection staff.

In addition to the test trucks, the cdibration team requires at |east three radios, an infrared thermometer
for measuring pavement temperature, and a computer for collecting the WIM data. A radar (or laser)
gun for collecting vehicle speedsis dso important.® (Suitable substitutions to these devices are
acceptable, so long as the data collection requirements are met.)

Staff Needed

A minimum of four taff people are needed for this effort. Two staff collect dataat the WIM system.
The remaining staff drive the test trucks.

Basic Procedures

Test Truck Operation

Once the test trucks have been weighed at a calibrated, certified static scale that meets Handbook 447
specifications, they should make repeated passes over the WIM scale. The test trucks should initidly
operate at the mode (most commeon) speed of traffic currently using the roadway. The test trucks
should move at a constant speed when they crossthe scae (i.e., they should not be accelerating or
decelerating), and they should be as centered.in the lane as possible when crossing the scae. In most
cases, this means that the test trucks will drive a continuous loop around the scale. After traveling over
the scale, they should proceed to the next safe location where they can turn around. They should then
pass back past the scale and proceed to the next safe location to turn around again. Once atruck has
turned around and is accelerating back on the main roadway, the driver should radio ahead to the data
collection crew to provide an estimated time for crossing the scae. This adlows the data collection crew
to prepare for the truck’ sarrival.

5 The state weighing certification for that scale should be current, and the accuracy of that scale should have been
checked within the last year. Thetest trucks can also be weighed for these tests with a state weight enforcement
scale.

& Other independent, calibrated, speed measuring devices can also be used, so long as the tests of measured
vehicle speed specified can be accomplished.

" Specifications, Tolerances and Other Technical Requirements for Weighing and Measuring Devices: As
Adopted by the 83d National Conference on Weights and Measures, 1998
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When gpproaching the WIM scale, drivers should hold the vehicle speed steady. After crossing the
WIM scde, they should report to the collection crew the speed at which they were moving as they
crossed the site. (This radio contact should take place after they have completely crossed the scale, as
radio system broadcasts can cause interference with the WIM system outputs, causing false readings.)

Vehicle passes must be made at a variety of speeds. The speed range to be tested should include the
gpeeds at which roughly 80 percent of the truck traffic at that Ste travel when they crossthe scale. At
least three different speeds should be used. If more than 40 miles per hour separate the highest speed
from the lowest speed to be tested, four different speeds should be tested. /A minimum of a 15-mph
spread should exist between the highest and lowest speed to be tested.

Test runs should be made starting at the fastest speed selected for each test vehicle. The second run
for each vehicle should be at the next dower test speed, with this pattern continuing until one run has
been performed at each test speed. Then, the highest test speed should be used again. Thisrotating
pattern of speeds should continue until the end of the data collection effort. As many test runsas
possible should be performed.

If congestion or other factors limit the ability of a driver to make a specific test run at a given speed, the
driver should attempt to make that run at the next dower speed, while kegping a constant speed as the
test truck passes over the scale. When the intended speed can not be maintained, the driver should
attempt to make the next test run a the originaly intended speed.

Data Collection at the WIM Scae

For each vehicle pass, the field data collection staff should record the WIM system’s output for axle
welights and axle spacings. Each test vehicle's actua speed when crossing the sensor should aso be
obtained for comparison with the WIM system’s outpui.

The following data from the WIM system should be obtained:

. the axle weights of the test trucks as they pass over the scale
. the gpacings between axles on the test trucks
. the speed of the test trucks

. the sequence number of the test run®

. the temperature at the time of the test run (if not part of the system outputs will need to
be obtained by other methods)

. the date of the test run

. the time of thetest run

. the calibration factor used by the WIM scae.

8 Thisisthe reference number used by the WIM system software to indicate this particular weight record. It may
aso be called the “record number” or “WIM assigned vehicle number.”
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These measured test truck attributes can be obtained by smply reading the vaues off of the WIM scde
display screen.® These data should also be stored permanently and retrieved later for confirmation that
the hand entry at the Site was correct. (Some WIM systems also alow these data to be printed to a
portable printer or written to an ASCII filefor later retrieval.) Where differencesin system recorded
and observer recorded weights occur (that is the screen of the computer on-site rounds up a value that
is carried to more sgnificant digits in the main WIM system record), the main WIM system record
should be used in the andlysis effort.

While the test runs are being started, the data collection crews should use the radar gun'® to determine
whether the WIM system is correctly measuring traffic speeds. The data collection crew should dso
observe the measured tandem axle spacings of the drive tandems on 3S2 vehicles. If the vehicle's
gpeed is correct (within 1 mph), and if the observed drive tandem spacing is approximately 4.4 feet,
then test runs can begin. If ether of these values are incorrect, the scale may not be operating
correctly, and the sca€ s input variables should be adjusted.

Once the crew has established that the scale system is correctly measuring vehicle speed, additiona
speed data do not have to be collected other than for the test vehicles.” However; the data collection
gtaff should continue to enter speed vaues output by the WIM system into the Excel spreadshest, since
this maintains the record of vehicle performance needed to andyze scde cdibration under different
vehicle operating speeds and environmenta conditions.

Analysis of the WIM Data

Once the data have been collected in the field, the statistics must be computed to determine whether the
WIM site meets the accuracy Standards set by LTPP. The basic satistic required for thistest isthe
percentage of error for each of the variables measured. The percentages of errors computed from the
data collected for each run are then used to compute a series of summary gatistics. These summary
datidtics are then used to determine whether the scae is sufficiently accurate for LTPP use,

Overall System Accuracy Tests

Thisfirst set of tests requires datafrom dl of the test runs performed at the Site. It provides agenerd
overview of system performance, given al of the environmental and vehicle speed conditions that were
present during the testing. To perform these tests, the analyst should calculate the mean and standard
deviation of the percentage of errorsfor the following variables:

. the front axle weights of the test trucks
. al tandem axles
. al non-front axle Sngle axles

®  AnExcel spreadsheet (WIM 2TRUCK) has been provided by FHWA-L TPPto assist in recording and analyzing the
data collected.
10 Or other calibrated, independent speed measurement system, with an accuracy of better than +0.25 mph.
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. GVWs
. axle spacings
. vehicle speeds.

For each of these vadues, the andyst should compute the absolute va ues of the mean, plus or minus two
gandard deviations. The actud formulais given below. Sdect the larger of

ABS (X + 1.96s)or ABS (X —1.96 )

This vaue (for each variable) should then be compared with the values shown in Table 2. If any of
these vaues exceeds the value in Table 2, the WIM system has failed the basic accuracy statistic for
thistest. If the largest of these absolute values is smdler than the valuesin Table 1, the system passes
the basic accuracy test.

Table2--WIM System Tolerances™

For SPS-1, -2, -5, and -6 Sites ABS(X £1.96s)
should be lessthan these values
S ng_;le axles 20 percent
Tandem axles 15 percent
Gross vehicle weights 10 percent
Vehicle speed 1 mph [ 2 km/hr]
Axlespa:inglilgth 0.5 ft [150 mm]
where:

X = mean vaue of the error for each Satistic
s = the standard deviation of that error

Specialized Tests — Sensitivity to Speed

The scale being tested may pass the generd accuracy test discussed above, but still may not be able to
accurately measure the weights of vehicles traveling at different speeds. Another set of analyses
examines the sengtivity of the scde system to changesin vehicle gpeed.

To perform this test, the test runs should be sorted by vehicle speed so that the data are grouped by the
gpeed a which the test runs were performed. If three different test speeds were used (e.g., 65 mph, 55
mph, and 45 mph), three different accuracy computations will need to be made. Each speed andys's
would consst of asummary of errorsfor al test truck runs performed at the speed in question. For
each group of test vehicle runs, the mean and standard deviation of the percent error of each of the
collected variables should be computed.

1 Thesetolerances are taken from ASTM standard E1318-94
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Because only asubset of test runsis performed at each speed range, there are fewer data points for this
test than for the genera performance test discussed above. To maintain confidence that the results of
the test are il within the desired level of confidence, it is necessary to use the Students' t ditribution,
rather than the normd digtribution in the statistical test. (Note, when the number of observations being
tested reaches 30, these two tests become identical. Thiswill occur for tandem axles when 15 3S2 test
runs have been made, since each 3S2 has two sets of tandem axles)

The formula used to compute the test Satistic is Smilar to that shown above, only instead of using the
vaue 1.96, the critical value of t isused for a = 0.025. (These vaues are given in the appendix.)
While the computation of the test Satistic changes to account for the smdler sample Size, the criteriafor
passing the test do not change. These vaues are shown in Teble 3.

Table 3 --WIM System Tolerances™

For SPS-1, -2, -5 and -6 Sites ABS(X £(t*s))
should belessthan these value

Sngle axles 20 percent

Tandem axles 15 percent

Gross vehide weights 10 percent

Vehicle speed 1 mph [ 2 km/hr]
AxIespadng&qgth 0.5 ft [150 mm]

where:

X = mean vaue of the error for each datistic

s = the standard deviation of that error

t = the Students' t atistic for a = 0.025 and n-1 degrees of freedom

n = the number of samples avallable for that particular satistic under the conditions
being tested.

Ladtly, in addition to the Students. t test discussed above, a plot of percent measurement error versus
vehicle speed should be created for each of thetest varidbles. An andysis of this plot will dso indicate
if and how speed effects weight measurements.

Specialized Tests — Sensitivity to Temperature

A third set of tests examines the sengtivity of the scae system to changes in pavement temperature and
subsequent changes in pavement performance. To perform these tests, the test runs should be sorted
and grouped by temperature range. Because the field test can not control actua pavement
temperatures, the grouping process is not as structured as the tests for speed senstivity discussed
above.

2 Thesetolerances are taken from ASTM standard E1318-94
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The recommended grouping process splits the day’ stest runsinto three groups. Take the highest and
lowest temperatures measured during the tests. The difference in these measurements gives the range
of temperatures observed. Divide the range by three. Thisvaue will alow you to split the observed
temperatures into three even range groups, cool, moderate, and warm, where “cool” is the lowest third
(from minimum temperature to minimum plus one third the range), and “warm” is the highest (from
maximum temperature to maximum minus one third the range.)

Specific test groups are then created by sorting test runs into each of these three test groups based on
the pavement temperatures measured at the time of the test run.

For each group, the mean and standard deviation of the percentage of error for each of the test
variables should be computed. These vaues are then used as input to the Students' t based test
discussed above. The formulaand vaues shown in Table 3 are again used to determine whether the
errors measured by the field test fal within acceptable tolerance levels.

In addition to the basic datidtica tests, the analyst should look for specific trends. For example, the
scae may fal within acceptable error tolerances but show amarked bias toward extremely hot
temperatures. Such aresult would indicate that additional testing may be needed at higher temperature
ranges. Such testing would then be scheduled when hotter temperatures are expected. Aswith the
gpeed sengtivity tests, this can be accomplished by plotting percent error againgt pavement
temperature,

Vehicle Classification Data Collection and Testing

The vehicle classfication agorithm to be used a each LTPP test Site should be supplied by the SHA
responsible for the operation of the roadway at that Ste. The SHA should have performed a complete
multi-hour test and eval uation of that classification agorithm to ensure that it accurately classfies trucks
in that state.

The on-gte test that is described below is not designed to fully test the algorithm. Insteed, it is designed
to ensure that the ingtalled equipment is functioning correctly and that no mistakes have been made in
the ingdlation of a previoudy approved dgorithm on that particular set of data collection eectronics.
Thefidd test involves manualy classfying vehicles crossng the WIM scale and comparing those
classfications with the scale output. FHWA-LTPP has provided a spreadshest
(CLASSMACRO.XLS) to hdp with thisandyss.

To perform the andys's, the data collector must enter classifications as vehicles cross the scale, and
then enter the classfications reported by the WIM system for those same vehicles. The spreadshest
provided compares these two data entries and tabulates any classfication errors.

To use this spreadshect, open the file and then save it under a different name. Then hold the control
key and type the letter “m.” This starts the data collection macro. For each vehicle observed, type the
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classfication of that vehicle and pressthe ENTER key. Then type the WIM system’s classification for
that vehicle and pressthe ENTER key again. Continue this process until data collection is complete.

While performing the data collection, the staff should look for specific types of errorsthat may be
occurring, both to make sure that only limited errors are present and to identify specific limitationsin the
vehicle classfication adgorithm being used. For example, many automeatic classification schemes have
problems correctly differentiating among specific vehicle types because their axle spacing characterigtics
aresmilar. Consequently, the data collection crew should examine how well' specific types of vehicles
are dassfied, induding the following:

. recregtiona vehicles
. passenger vehicles (and pick-ups) pulling light trailers
. long tractor semi-trailer combinations.

The classification data collection process can be performed when other calibration tasks are not being
performed. Thus, it is not necessary for the data collection staff person to classify al vehicles crossng
the scale during any given time period. (For example, the daff person can classify vehicles until the test
truck approaches, stop classfying to asss in the data collection associated with the test truck run, and
then return to classifying vehicles when the test truck has passed.) It is necessary, however, to enter
both the manua classfication and the WIM system’s classification for each vehicle observed.

Vehicle dassfication should continue as long as the data collection crew is on Site and are not
otherwise busy. When the data collection task has been completed, “cancel” the macro’s execution.
The macro saves and closes the spreadsheet. To observe the results of the data collection, open the
oreadsheet. Summary error datistics are displayed a the bottom of the data collection matrix.

The classfier is consdered to be working acceptably when
1) no more that 2 percent of the vehicles recorded are reported as “unclassfied” by the
WIM scae
2) the number of dassfication errorsinvolving truck classificationsisless than 2 percent.

Selection of Days During the Year for Testing

Because temperature affects different scale sysems differently, as aresult of the mechanica properties
of the weight sensors themsdlves and the interaction of those sensors with the pavement in which they
are located, it is necessary to test each WIM system under different environmenta conditions. To
messure the effects of different environmenta conditions on scale performance, the calibration of each
scale that passesthe firgt verification test must be verified under more than one set of environmenta
conditions. Tests should be performed in the spring, summer, and winter, as these are times when

. pavement strength varies as aresult of different temperature and moisture conditions
. temperature variations (highs, lows, and maximum differences between highs and lows)
differ agnificantly.
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Three data collection sessons are anticipated for the first year of scale operation a most sites. Where
environmenta conditions do not change significantly during the year, aminimum of two caibration
verification sessons should be performed each year. Once tests have proved that a given scae system
(asingdled) accurately accounts for environmenta and highway operating conditions, only two
cdibration verification tests are required each year.®

FHWA-LTPP isresponsble for selecting the days on which field testing will take place. These days
will be sdlected on the basis of available environmental data and consultation with the SHA. Days will
be sdlected when early morning temperatures are expected to be significantly different from
temperatures found in the late afternoon. The intent isto alow callection of data during a single day
when pavement temperatures (and consequently pavement strength) vary during the day.

Seasond differences in temperature variation and moisture will be accounted for by collecting deta
during different times of the year.

18 However, if the office monitoring process suggests calibration drift, additional system calibration will be required.
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Appendix - Sample Size Versus Accetpable Standard Deviation

The number of test runs affects the confidence that results from the test results obtained. The smple
datistical tests presented in this paper assume anormd distribution of errors and independence in the
measurement of those errors. Nether of these assumptionsistrue. However, by developing atesting
program that requires changing speeds (which change the effect of vehicle dynamics), temperatures
(which affect pavement profile and strength), and different suspension types (through the use of more
than one test vehicle), LTPP has crested atest Stuation with alimited number of test vehiclesthat is
likely to contain a grester degree of variation than would be found with a purdly random sample of
trucks. Therefore, the use of these statistical formulations is considered to be an acceptably
conservative approach.

However, when the statistical tests are gpplied to subsets of the test data, the sample size involved can
be quite small. Asareault, the Students' t didtribution has to be used rather than the norma distribution
for satigtica tests. Note that the sample size used to determine the gppropriate number of degrees of
freedom will change with each variable tested. Thisisbecause the test procedure assumes that each
axle group is an independent measure of performance. Thus, if four test runs are made with 3S2

trucks, the sample size for the GVW test will befour, but the sample size for the tandem axle test will

be eight.

The Students' t datidtic for a 95 percent confidence interva is afunction of the sasmple size. The
appropriate vaue for t isgiven in the table below.

Values of Students' t Statistic for Different Sample Sizes™

Sample Size t
12 2.201
14 2.160
16 2.131
18 2.110
20 2.093
22 2.080
24 2.069
26 2.060
28 2.052
30 2.045

3lor g_]reater 1.960

14 Taken from Introduction to Probability and Statistics, 4" Edition, by William Mendenhall, 1975, Duxbury Press.
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Notes
Number of Test Runs Required

A minimum of 36 test runs are required. Four test runs are needed at each of three test speeds within
each of three temperature ranges (4 x 3 x 3 =36). However thisis an absolute minimum.. Additiond
test runs are encouraged whenever possible,

If two test trucks can not make the required 36 runs during one day. of testing, elther a second day of
testing must be performed or additiona test trucks should be used. Both methods for obtaining these
test runs are acceptable. The total number of test vehicles to be used can be determined prior to the
tests by determining the route each test vehicle will follow and cd culeting the time required to make one
“circuit” of that route. Thisfigure can be used to determine the maximum number of runs each test
vehicle can make during the time period for which that vehicle is available.

Additiond runs may aso be necessary if conditions at the Site prevent some scheduled runs from being
performed at the desired speeds or if traffic conditions cause improper weights to be obtained (for
example the test vehicle must brake to avoid another vehicle while approaching the scae sensors). In
addition, someflexibility is dlowed in the orderin which runs of different gpeeds are made. The intent
issmply to obtain a sufficient number of runs at each goeed and within each temperature range.

To obtain awide temperature variation, it may be necessary to collect data for more than 8 hours per
day. Given the cos of bringing test vehicles and personnel to aWIM gite, it is often less expensive to
extend a single day’ stesting than it is to schedule tests for more than one day. FHWA-LTPP and the
SHA shouldconsult prior to the scheduling of the field tests on the timing and duration of those tests.

Calibration Condition Prior to Testing

Each Weigh-in-Motion system to be tested should be calibrated prior to the verification tests discussed
in this document. For systems that require temperature adjustments to their cdibration factors, a
complete set of (calibrated) temperature adjustments should be in-place prior to the start of verification
testing and/or the start of data collection for LTPP purposes. (It is permissible for agtate to cdibrate
the'scde using these same basic procedures immediately prior to the Sart of the verification tests.)

Consequences of Failing the Verification Tests

No single remedy or consequence is appropriate for al stes where the verification tests described in
this document show that the WIM system’ s outputs are not reliable.

In those cases where a Single minor adjustments to the existing scae cdibration factors can be shown to
place the WIM scalein proper calibration, those adjustments, (if agreed to by both the state highway
agency and the LTPP) will be made and the scale will be consdered to have passed the cdlibration
verification tests. However, where more than one adjustment is needed (for example, the scale appears

-13-



L TPP SPS Calibration Check Specification
DRAFT August 21, 2000

to be temperature sengtive, and more than one temperature adjustment needs to be made), additiona
testing (calibration efforts under different environmental conditions) on the part of the state highway
agency may be required, and L TPP reserves the right to require retesting of the scae to determine if
data are sufficiently accurate for LTPP usage.

Where the scale passes some but not al tests (e.g., the scale passes the GVW and single axle load
tests, but not the tandem axle load tests), LTPP will consult with its technica experts (including the
Traffic ETG) before deciding whether to accept or regject use of that scale. Included.in this decision will
be an andysis of pavement conditions at that Site, as well as other mitigating circumsiances.

Where tests results indicate that the current scale is not sufficiently accurate and asimple calibration
adjustment does not bring the scale back into cdibration, LTPP will work with the State to determine
the appropriate course of action. This could include, replacement of the scale sensors, modification of
the pavement containing the sensors (e.g., grinding), or other improvements suggested by the LTPP, the
date highway agency, or consultants advising these organizations.

Temperature Measurement

Because not al test Sites are expected to be equipped with accurate pavement temperature sensors,
pavement temperature readings must be collected at each ste throughout the testing process. These
temperatures will be used to estimate pavement temperature using a process previoudy adopted by
LTPP. Where pavement temperature readings from the WIM scae are aso available, these readings
should dso be obtained for usein the andysis effort.

Lack of Temperature Variation

While every effort will be made to select a day when pavement temperatures will vary widely during the
testing procedure, it is possible that during the selected test day(s) little temperature variation will occur.
Successful tests taken under these “less than desired” conditions will till be consdered “vdidation” of
the scal€' s calibration. However, it is expected that additiona tests focusing on the sca€ s temperature
sengtivity will be conducted at that Site as quickly as practical, given the available project budget and
staff scheduling.

Definition of the Term “ Scale”

In this document, the term “sca€’ is assumed to include dl components involved in the collection of
vehicle weight data, unless otherwise specificadly sated. The term “scale’ is assumed to be
synonymous with “Scae Sysem.” Theterm “scaé€’ is not redtricted in meaning to those components
(sensors) that physicaly measure axle forces. It includes sensors, the eectronics and software that
interpret sensor signal's, and converts that data into estimates of axle weights.
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