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1 Executive Summary

A visit was made to the Kansas 0200 site on April 17 to 18, 2007 for the purposes of
conducting a validation of the WIM system located on I-70 at 1 mile west of the
Chapman interchange. The SPS-2 is located in the righthand, westbound lane of a four-
lane divided facility. The LTPP lane is the only lane that is instrumented at this site. The
validation procedures were in accordance with LTPP’s SPS WIM Data Collection Guide
dated August 21, 2001.

This site was installed as part of a relocation of the abandoned site located approximately
400 feet west of this site. This is the second validation visit to this location, the first
occurring October 31 and November 1, 2006. The site was installed as part of Phase 2 of
the Pooled Fund Study on June 6 to 8, 2006 by IRD.

This site demonstrates the ability to produce research quality loading data under
the observed conditions. The classification data is also of research quality.

The site is instrumented with bending plate WIM Sensors and iSINC electronics. It is
installed in portland cement concrete, 400 feet long.

The validation used the following trucks:

1) 5-axle tractor-trailer with a tractor having an air suspension and trailer with a
standard rear tandem and air suspension loaded to 78,590 Ibs., the “golden”
truck.

2) 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and a tapered leaf suspension loaded to 66,510
Ibs., the “partial” truck.

The validation speeds ranged from 54 to 70 miles per hour. The pavement temperatures
ranged from 52 to 94 degrees Fahrenheit. The desired speed range was achieved during
this validation. The desired 30 degree Fahrenheit temperature range was achieved.

Table 1-1 Post-Validation results — 200200 — 18-Apr-2007

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error

Steering axles +20 percent -0.3+£10.7% Pass

Tandem axles +15 percent 0.6 +9.2% Pass

GVW +10 percent 0.5+6.3% Pass

Speed +1 mph [2 km/hr] 0.1 +£0.8 mph Pass

Axle spacing + 0.5 ft [150mm] -0.1 +£0.1 ft Pass

The pavement condition appeared satisfactory for conducting a performance evaluation.
There were no distresses observed that would influence truck motions significantly. A
visual survey determined that there is no discernable bouncing or avoidance by trucks in
the sensor area.
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Profile data for this site was collected by the Regional Support Contract on June 5, 2006.
As we have noted above, installation activities began on June 6, 2006, therefore the
profile data collected was not utilized in the preparation of this report, as the scales were
not installed at the time of its collection.

If this site had been evaluated using ASTM E-1318-02 it would have met the conditions
for a Type I site exclusive of wheel loads. LTPP does not validate WIM performance
with respect to wheel loads.

Table 1-2 Results Based on ASTM E-1318-02 Test Procedures

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 100% Pass
Axle Groups + 15% 100% Pass
GVW +10% 100% Pass

This site needs five years of data to meet the goal of five years of research quality data.
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2 Corrective Actions Recommended

The cable conduit from the leading WIM sensor and loop sensor is broken at the point
where the shoulder meets the grade as shown in Figure 2-1. The conduit needs to be
replaced to prevent damage to the sensor lead-ins.

A i

Figure 2-1 - Broken Conduit at 200200 — 17-Apr-2007

The trench for the conduit leading from the roadside pull box to the cabinet has collapsed.
As shown in Figure 2-2. The trench needs to be filled and compacted.

Figure 2-2 - Collapsed Conduit Trench - 200200 - 17-Apr-2007
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No other corrective actions are required at this time.

3 Post Calibration Analysis

This final analysis is based on test runs conducted April 18, 2007 during the morning and
afternoon hours at test site 200200 on 1-70. This SPS-2 site is at milepost 287.5 on the
westbound, righthand of a four-lane divided facility. No auto-calibration was used during
test runs. The two trucks used for the calibration and for the subsequent validation
included:

1. 5-axle tractor-trailer with a tractor having an air suspension and trailer with a
standard rear tandem and air suspension loaded to 78,590 Ibs., the “golden”
truck.

2. 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and a tapered leaf suspension loaded to 66,510
Ibs., the partial truck.

Each truck made a total of 20 passes over the WIM scale at speeds ranging from
approximately 54 to 70 miles per hour. The desired speed range was achieved during this
validation. Pavement surface temperatures were recorded during the test runs ranging
from about 52 to 94 degrees Fahrenheit. The desired 30 degree Fahrenheit temperature
range was achieved. The computed values of 95% confidence limits of each statistic for
the total population are in Table 3-1.

As shown in Table 3-1, this site meets all of the performance criteria for research quality
data.

Table 3-1 Post-Validation Results — 200200 — 18-Apr-2007

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error

Steering axles +20 percent -0.3+£10.7% Pass

Tandem axles +15 percent 0.6 +9.2% Pass

GVW +10 percent 0.5+6.3% Pass

Speed +1 mph [2 km/hr] 0.1 £0.8 mph Pass

Axle spacing + 0.5 ft [150mm] -0.1 £0.1 ft Pass

The sunny weather conditions during the entire testing period resulted in a wide range of
pavement temperatures. The runs were also conducted at various speeds to determine the
effects of these variables on the performance of the WIM scale. To investigate these
effects, the dataset was split into three speed groups and three temperature groups. The
distribution of runs by speed and temperature is illustrated in Figure 3-1. The figure
indicates that the desired distribution of speed and temperature combinations was
achieved for this set of validation runs.

The three speed groups were divided as follows: Low speed — 54 to 59 mph, Medium
speed — 60 to 67 mph and High speed — 68+ mph. The three temperature groups were
created by splitting the runs between those at 52 to 64 degrees Fahrenheit for Low
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temperature, 65 to 79 degrees Fahrenheit for Medium temperature and 80 to 94 degrees
Fahrenheit for High temperature.

Speed versus Temperature Combinations
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Figure 3-1 Post-Validation Speed-Temperature Distribution — 200200 — 18-Apr-2007

A series of graphs was developed to investigate visually any sign of a relationship
between speed or temperature and the scale performance. Figure 3-2 shows the GVW
Percent Error vs. Speed graph for the population as a whole.

From the figure, it appears that the equipment estimates GVW reasonably at lower speeds
and the increasingly overestimates GVW as speed increases. Variability in error appears
to be consistent over the entire speed range.
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Figure 3-2 Post-validation GVW Percent Error vs. Speed — 200200 — 18-Apr-2007

Figure 3-3 shows the shows a lack of a relationship between temperature and GVW
percentage error.

GVW Errors by Temperature
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Figure 3-3 Post-Validation GVW Percent Error vs. Temperature — 200200 — 18-
Apr-2007

Figure 3-4 shows the relationship between the drive tandem spacing errors in feet and
speeds. This graph is used as a potential indicator of classification errors due to failure to
correctly identify spacings on a vehicle. Since the most common reference value is the
drive tandem on a Class 9 vehicle, this is the spacing evaluated and plotted for
validations. The graph indicates that the errors in tandem spacings for the test trucks
were not affected by changes in speed. Variability in spacing error is greater at the lower
speeds. The speeds at which this variability exists are below the 15" percentile speed for
the site. The errors are expected to have minimal impact on classification distributions.
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Drive Tandem Spacing vs. Radar Speed
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Figure 3-4 Post-Validation Spacing vs. Speed — 200200 — 18-Apr-2007

3.1 Temperature-based Analysis

The three temperature groups were created by splitting the runs between those at 52 to 64
degrees Fahrenheit for Low temperature, 65 to 79 degrees Fahrenheit for Medium
temperature and 80 to 94 degrees Fahrenheit for High temperature.

Table 3-2 Post-Validation Results by Temperature Bin — 200200 — 18-Apr-2007

Element 95% Low Medium High
Limit Temperature | Temperature | Temperature
52 to 64 °F 65 to 79 °F 80 to 94 °F

Steering axles | +20 % -1.2 £10% -2+11.4% 1.1+£11.7%
Tandem axles | +15% 1.4 +8.9% -0.1 £9.6% 0.7+9.7%
GVW +10 % 1.1+7.2% -0.5+6.7% 0.8 +6.8%
Speed +1mph [-0.1 £0.8 mph| 0.2 £0.9 mph | 0.1 £0.9 mph

Axle spacing | +05ft | 01 +0.1 ft | 01 £02 ft | -0.1 0.1 fi

From Table 3-2, it appears that the equipment estimates all weights with reasonable
accuracy at all temperatures. Individually, variability in error for each weight group
appears to be consistent throughout the entire temperature range.

Figure 3-5 is the distribution of GVW Errors versus Temperature by Truck graph.
From the figure, it appears that GVW mean error is not particularly affected by
temperature. Variability appears to be slightly less at the lower temperatures, although
this may be driven by the lower number of samples at those temperatures.
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GVW Errors vs. Temperature by Truck
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Figure 3-5 Post-Validation GVW Percent Error vs. Temperature by Truck — 200200
—18-Apr-2007

Figure 3-6 shows the relation between steering axle errors and temperature. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

From the figure, it can be seen that the equipment estimates steering axle weights with
reasonable accuracy throughout the temperature range. Variability in steering axle error
appears to be lesser at the lower temperatures.
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Steering Axle Errors vs. Temperature
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Figure 3-6 Post-Validation Steering Axle Error vs. Temperature by Group — 200200
—18-Apr-2007
3.2 Speed-based Analysis

The three speed groups were divided using 54 to 59 mph for Low speed, 60 to 67 mph for
Medium speed and 68+ mph for High speed.

Table 3-3 Post-Validation Results by Speed Bin — 200200 — 18-Apr-2007

Element 95% Low Medium High

Limit Speed Speed Speed

54 t0 59 mph | 60 to 67 mph 68+ mph

Steering axles | +20 % 1.7+7.2% -2.8+£12.2% 1.0+£12.2%
Tandem axles | +15% -0.3+8.2% 0.5+9.8% 1.7 £10.3%
GVW +10 % 0.0 £ 6.6% 0.0 £6.2% 1.6 + 8.0%
Speed +1mph [0.2 £0.8 mph| 0.0 £0.8 mph [0.1 £1.2 mph
Axle spacing +05ft | 0.0 £0.2 ft -0.1 0.1 ft | -0.1 £0.0 ft

From Table 3-3, it can be seen that the equipment tends to estimate all weights with
reasonable accuracy at all speeds. Variability in error for all weights generally increases
as speed increases.

Figure 3-7 illustrates the ability of the equipment to estimate GVW with reasonable
accuracy at the lower speeds, and then appears to have the tendency to increasingly
overestimate GVW as speed increases. Both trucks appear to demonstrate the same
speed trends. Variability in error appears to be slightly greater at the higher speeds. The
overestimation is occurring near the 85" percentile speed.
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GVW Errors vs. Speed
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Figure 3-7 Post-Validation GVW Percent Error vs. Speed by Truck — 200200 — 18-
Apr-2007

Figure 3-8 shows the relation between steering axle errors and speed. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for auto-
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

From the figure, it appears that the WIM equipment overestimates steering axle weights
at the lower speeds and underestimates steering axle weights at the medium and higher
speeds. The variability of error by truck seems to be greater at the medium and high
speeds when compared with the lower speeds.
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Steering Axle Errors vs. Speed
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Figure 3-8 Post-Validation Steering Axle Percent Error vs. Speed by Group —
200200 — 18-Apr-2007

3.3 Classification Validation

This LTPP installed site uses the FHWA 13-bin classification scheme and the LTPP
classification algorithm. Classification 15 has been added to define unclassified vehicles.

The classification validation is intended to find gross errors in vehicle classification, not
to validate the installed algorithm. A sample of 100 trucks was collected at the site.
Video was also taken at the site to provide ground truth for the evaluation. Based on a
100 percent sample it was determined that there are 0 percent unknown vehicles and 0
percent unclassified vehicles.

The second check is the ability of the algorithm to correctly distinguish between truck
classes with no more than 2% errors in such classifications. Table 3-4 has the
classification error rates by class. The overall misclassification rate is O percent.

Table 3-4 Truck Misclassification Percentages for 200200 — 18-Apr-2007

Class Percent Class Percent Class Percent
Error Error Error
4 N/A 5 0 6 0
7 N/A
8 0 9 0 10 0
11 0 12 0 13 N/A

The misclassification percentage is computed as the probability that a pair containing the
class of interest does NOT include a match. Thus if there are eight pairs of observations
with at least one Class 9 and only six of them are matches, the error rate is 25 percent.
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The percent error and the mean differences reported below do not represent the same
statistic. It is possible to have error rates greater than 0 with a mean difference of zero.

Table 3-5 Truck Classification Mean Differences for 200200 — 18-Apr-2007

Class Mean Class Mean Class Mean
Difference Difference Difference
4 N/A 5 0 6 0
4 N/A
8 0 9 0 10 0
11 0 12 0 13 N/A

These error rates are normalized to represent how many vehicles of the class are expected
to be over or under-counted for every hundred of that class observed by the equipment.
Thus a value of 0 means the class is identified correctly on average. A number between
-1 and —-100 indicates at least that number of vehicles either missed or not assigned to
the class by the equipment. It is not possible to miss more than all of them or one
hundred out of one hundred. Numbers 1 or larger indicate at least how many more
vehicles are assigned to the class than the actual “hundred observed”. Classes marked
Unknown are those identified by the equipment but no vehicles of the type were seen by
the observer. There is no way to tell how many vehicles of that type might actually exist.
N/A means no vehicles of the class were recorded by either the equipment or the
observer.

3.4 Evaluation by ASTM E-1318 Criteria

The ASTM E-1318 criteria for a successful validation of Type I sites is 95% of the
observed errors within the limits for allowable errors for each of the relevant statistics. If
this site had been evaluated using ASTM E-1318-02 it would have met the conditions for
a Type | site exclusive of wheel loads. LTPP does not validate WIM performance with
respect to wheel loads.

Table 3-6 Results of Validation Using ASTM E-1318-02 Criteria

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 100% Pass
Axle Groups + 15% 100% Pass
GVW +10% 100% Pass

4 Pavement Discussion
The pavement condition did not appear to influence truck movement across the sensors.

4.1 Profile Analysis

Profile data collected after the site installation does not exist. A site visit to collect
profile data has not been scheduled yet. An amended report will be submitted when the
data is available.
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4.2 Distress Survey and Any Applicable Photos

During a visual survey of the pavement no distresses that would influence truck
movement across the WIM scales were noted.

4.3 Vehicle-pavement Interaction Discussion

A visual observation of the trucks as they approach, traverse and leave the sensor area did
not indicate any visible motion of the trucks that would affect the performance of the
WIM scales. Trucks appear to track down the wheel path and daylight cannot be seen
between the tires of any of the sensors for the equipment.

5 Equipment Discussion

The traffic monitoring equipment at this location includes bending plate and iSINC.
These sensors are installed in a staggered configuration in a portland cement concrete
pavement about 400 ft in length.

All equipment and sensors were installed from June 6 to June 8, 2006 as part of the SPS
WIM Phase Il contract.

5.1 Pre-Evaluation Diagnostics

A complete electronic and electrical check of all system components including in-road
sensors, electrical power, and telephone service were performed immediately prior to the
evaluation. All sensors and system components were found to be within operating
parameters. As with the prior validation, the trailing loop gave low resistive values
between the loop wires and the cable shield; however, the loop appears to working

properly.

The “ghost” axle problem experienced during the last validation was again noted during
this validation. Consultation with the manufacturer’s installation representative resulted
in adjusting (raising) the system threshold setting. This adjustment was performed after
the first four trucks runs and appeared to eliminate the problem.

A complete visual inspection of all WIM system and support components was also
conducted. The cable conduit from the leading sensors has been damaged and needs to
be repaired. All other components appeared to be in good physical condition.

5.2 Calibration Process

The equipment required one iteration of the calibration process between the initial 40
runs and the final 40 runs due to failure of steering axle errors to meet the definitions of
research quality data.

5.2.1 Calibration Iteration 1

For this equipment, there are 5 speed designated weight compensation factors that are
adjusted to directly affect the weight reported by the WIM equipment. To reduce
overestimation of weights these factors are reduced by the same percentage of the
overestimation. If the weights are underestimated, these factors are increased by the
same percentage as the mean error.
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For this equipment, the final system compensation factors from the last validation were:

55 mph - 3570
60 mph — 3680
65 mph — 3720
70 mph - 3755
75 mph - 3700

At some time between the last validation visit and this visit these factors were raised 6%,
and resulted in the following preliminary compensation factors for this visit:

55 mph - 3784
60 mph — 3901
65 mph — 3943
70 mph - 3980
75 mph — 3922

The results of the Pre-Validation from April 17, 2007 are illustrated in Figure 5-1. As
shown, the equipment demonstrated a tendency to underestimate GVW at medium and
high speeds. Scatter appeared to be greater at the medium and high speeds.

GVW Errors by Speed Group
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Figure 5-1 — Pre-validation GVW Percent Error vs. Speed — 200200 — 17-Apr-2007

Based on the results from the Pre-Validation of April 17, 2007, which produced an error
range of -10.0% to +5.0%, the compensation factors were adjusted as follows:

= 55 mph - not changed at 3784
= 60 mph - increased 2.0% to 3979
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Changes were made by the Validation Task Leader. Results of the Calibration
verification are shown in Table 5-1 and Figure 5-2.

Table 5-1 Calibration Iteration 1 Results — 200200 — 04-Apr-2007 (9:20:00 AM)

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent -2.0 +10.2% Pass
Tandem axles +15 percent 1.4 +£8.9% Pass
GVvw +10 percent 1.0+ 7.3% Pass
Speed +1 mph -0.1 £0.8 mph Pass
Axle spacing +0.5ft -0.1 £0.1 ft Pass
GVW Errors by Speed
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Figure 5-2 Calibration Iteration 1 GVW Percent Error vs. Speed Group — 200200 -
04-Apr-2007 (9:20:00 AM)

After the first calibration, it was determined that the system was estimating all weights
reasonably well and so further calibration was not deemed necessary. Thirty additional
test runs were conducted to complete the requirement of forty post-validation runs.

5.3 Summary of Traffic Sheet 16s

This site has validation information from previous visits as well as the current one in the
tables below. Table 5-2 has the information for the Pavement Performance database table
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TRF_CALIBRATION_AVC for Sheet 16s submitted prior to this validation as well as
the information for the current visit.

Table 5-2 Classification Validation History — 200200 — 18-Apr-2007

Date Method Mean Difference Percent
Class 9 Class 8 Other 1 Other 2 | Unclassified
04/18/07 Manual 0.0 0.0 0.0
04/17/07 Manual -1.2 0.0 0.0
11/01/06 Manual 1.2 0.0 0.0
10/31/06 Manual 3.0 22.2 0.0

Table 5-3 has the information for the Pavement Performance database table
TRF_CALIBRATION_WIM for Sheet 16s submitted prior to this validation as well as
the information for the current visit.

Table 5-3 Weight Validation History — 200200 — 18-Apr-2007

Date Method Mean Error and (SD
GVW Single Axles Tandem Axles
04/18/07 | Test Trucks 0.5(3.1) -0.3 (5.3) 0.6 (4.6)
04/17/07 | Test Trucks -1.5(3.9) -3.0 (8.7) -1.2 (5.5)
11/01/06 | Test Trucks -1.6 (2.3) -4.8 (3.8) -1.1 (2.9)
10/31/06 | Test Trucks -1.2 (3.2) -3.8 (4.7) -1.8 (6.7)

5.4 Projected Maintenance/Replacement Requirements
There are no corrective maintenance actions required at this site at this time.

Under a separate LTPP contract, this site is to be visited semi-annually for routine
preventive equipment diagnostics and inspection. Annual validations are also
anticipated.

6 Pre-Validation Analysis

This pre-validation analysis is based on test runs conducted April 17, 2007 during the
morning and afternoon hours at 200200 on 1 mile west of the Chapman interchange. This
SPS-2 site is at milepost 287.5 on 1-70 in the westbound, righthand of a four-lane divided
facility. No auto-calibration was used during test runs. The two trucks used for initial
validation included:

1. 5-axle tractor semi-trailer combination with a tractor having an air suspension
and trailer with standard rear tandem and an air suspension loaded to 79,370
Ibs.

2. 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and a tapered leaf suspension loaded to 66,770
Ibs., the “partial” truck.
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For the initial validation each truck made a total of 20 passes over the WIM scale at
speeds ranging from approximately 53 to 70 miles per hour. The desired speed range was
achieved during this validation. Surface temperatures were recorded during the test runs
ranging from about 52 to 72 degrees Fahrenheit. The desired 30 degree Fahrenheit
temperature range was not achieved. The computed values of 95% confidence limits of
each statistic for the total population are in Table 6-1.

As shown in Table 6-1, the site did not meet the requirements for steering axle or speed
accuracies. It was determined that a calibration was necessary to bring the system within
tolerances.

Table 6-1 Pre-Validation Results — 200200 — 17-Apr-2007

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error

Steering axles +20 percent -3.0+17.5% Fail

Tandem axles +15 percent -1.2 £10.9% Pass

GVW +10 percent -1.5+7.9% Pass

Speed +1 mph [2 km/hr] -0.3 £1.1 mph Fail

Axle spacing + 0.5 ft [150mm] -0.1 £0.1 ft Pass

The test runs were conducted primarily during the mid-morning to late afternoon hours.
Full cloud cover during the entire test period resulted in a narrow range of pavement
temperatures. The runs were also conducted at various speeds to determine the effects of
these variables on the performance of the WIM scale. To investigate these effects, the
dataset was split into three speed groups and two temperature groups. The distribution of
runs within these groupings is illustrated in Figure 6-1. The figure indicates that the
desired distribution of speed and temperature combinations was not achieved for this set
of validation runs.

The three speed groups were divided into 53 to 59 mph for Low speed, 60 to 67 mph for
Medium speed and 68+ mph for High speed. The two temperature groups were created
by splitting the runs between those at 52 to 65 degrees Fahrenheit for Low temperature
and 66 to 72 degrees Fahrenheit for High temperature.
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Speed versus Temperature Combinations
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Figure 6-1 Pre-Validation Speed-Temperature Distribution — 200200 — 17-Apr-2007

A series of graphs was developed to investigate visually for any sign of any relationship
between speed or temperature and the scale performance.

Figure 6-2 shows the GVW Percent Error vs. Speed graph for the population as a whole.
The figure illustrates the tendency for the equipment to overestimate GVW at low speeds
and underestimate GVW at medium and high speeds. Variability appears greater at the

medium and high speeds.
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Figure 6-2 Pre-validation GVW Percent Error vs. Speed — 200200 — 17-Apr-2007



Validation Report — Kansas SPS-2 MACTEC Ref. 6420060018 Task No. 2.86
Assessment, Calibration and Performance Evaluation 5/4/2007
of LTPP SPS Weigh-in-Motion (WIM) Sites page 19
Figure 6-3 shows the relationship between temperature and GVW percentage error. From
the figure, it appears that the GVW is measured reasonably accurately over the entire

temperature range. Variability in error appears slightly greater at the higher end of the
temperatures range.

GVW Errors by Temperature
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Figure 6-3 Pre-Validation GVW Percent Error vs. Temperature — 200200 — 17-Apr-
2007

Figure 6-4 shows the relationship between the drive tandem spacing errors in feet and
speeds. This graph is used as a potential indicator of classification errors due to failure to
correctly identify spacings on a vehicle. Since the most common reference value is the
drive tandem on a Class 9 vehicle, this is the spacing evaluated and plotted for
validations. The graph indicates that the errors in tandem spacings for the test trucks were
not affected by changes in speed. Variability in spacing error is greater at the lower
speeds.
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Drive Tandem Spacing vs. Radar Speed

0.1 @
0.05
0 o — ‘

= 50 55 60 65 70 75
=~ -0.05
o
5
o 01— 0000 0 00600 00 0@ | |osSpeedspace
£
g_ 0.15

0.2 L o L 3 o { N 3

0.25

-0.3 o @

-0.35

Speed (mph)

Figure 6-4 Pre-Validation Spacing vs. Speed - 200200 — 17-Apr-2007

6.1 Temperature-based Analysis

The two temperature groups were created by splitting the runs between those at 52 to 65
degrees Fahrenheit for Low temperature and 66 to 72 degrees Fahrenheit for High
temperature.

Table 6-2 Pre-Validation Results by Temperature Bin — 200200 — 17-Apr-2007

Element 95% Low High
Limit Temperature Temperature
52 to 65 °F 66 to 72 °F
Steering axles +20 % -1.1+£17.9% -4.1 £ 18.2%
Tandem axles +15 % -1.0 £ 8.4% -1.3+12.3%
GVW +10 % -1.0 + 7.5% -1.8 + 8.6%
Speed +1 mph -0.5 £1.1 mph -0.2 £1.2 mph
Axle spacing +05ft -0.1 £0.2 ft -0.1 £0.1 ft

From Table 6-2, it can be seen that all weights are underestimated consistently
throughout the entire temperature range. Variability appears to be greater at the high end
of the temperature range for all weights.

Figure 6-5 shows the distribution of GVW Errors versus Temperature by Truck.

The equipment appears to produce a slight underestimation of GVW for the golden truck
(squares) over the observed temperature range. For the partial truck (diamonds), the
equipment appears to estimate with reasonable accuracy at the lower temperatures, and
underestimate at the higher temperatures. The variability in error for both trucks appears
to be similar over the entire temperature range.
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GVW Errors vs. Temperature by Truck
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Figure 6-5 Pre-Validation GVW Percent Error vs. Temperature by Truck — 200200
—17-Apr-2007

Figure 6-6 shows the relation between steering axle errors and temperature. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for auto-
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

The figure shows that steering axle weights are generally overestimated by the equipment
at the lower end of the temperature range, and underestimated at the higher end of the
temperature range. Variability in error appears to be greater at the higher end of the
temperature range when compared to lower end.
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Figure 6-6 Pre-Validation Steering Axle Error vs. Temperature by Group — 200200
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6.2 Speed-based Analysis

The speed groups were divided as follows: Low speed — 53 to 59 mph, Medium speed —
60 to 67 mph and High speed — 68+ mph.

Table 6-3 Pre-Validation Results by Speed Bin — 200200 — 17-Apr-2007

Element 95% Low Medium High

Limit Speed Speed Speed

53 to 59 mph 60 to 67 mph 68+ mph

Steering axles | +20 % 0.5+ 14.5% -2.6 £ 15.6% -7.6 £ 23.3%
Tandem axles | +15% 0.3+6.5% -2.3+11.5% -1.5+14.5%
GVW +10 % 0.3+5.2% -2.4+9.4% -2.6 £ 9.6%
Speed +1mph | -0.2 £0.9 mph | -04 1.4 mph | -0.3 £1.4 mph
Axle spacing +0.5ft -0.1 £0.2 ft -0.1 £0.1 ft -0.1 £0.1 ft

From Table 6-3, it can be seen that the underestimation and variability in error for all
weights generally increases as speed increases.

Figure 6-7 illustrates the tendency of the equipment to overestimate GVW for both trucks
at low speeds and underestimate GVW for both trucks at medium and high speeds.
Variability in GVW error appears to be greater at medium and high speeds when
compared with low speeds.
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GVW Errors vs. Speed
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Figure 6-7 Pre-Validation GVW Percent Error vs. Speed Group - 200200 -17-Apr-
2007

Figure 6-8 shows the relation between steering axle errors and speed. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

From the figure, it appears that the equipment generally overestimates steering axle
weights at lower speeds, and then increasingly underestimates steering axle weights as
speed increases. Variability in steering axle error appears to be reasonably consistent
throughout the entire speed range.
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Steering Axle Errors vs. Speed
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Figure 6-8 Pre-Validation Steering Axle Percent Error vs. Speed Group - 200200 —
17-Apr-2007

6.3 Classification Validation

This LTPP installed site uses the FHWA 13-bin classification scheme and the LTPP
classification algorithm. Classification 15 has been added to define unclassified vehicles.

The classification validation is intended to find gross errors in vehicle classification, not
to validate the installed algorithm. A sample of 100 was collected at the site. The
classification identification is to identify gross errors in classification, not validate the
classification algorithm. Video was taken at the site to provide ground truth for the
evaluation. Based on a 100 percent sample it was determined that there are O percent
unknown vehicles and 0 percent unclassified vehicles.

The second check is the ability of the algorithm to correctly distinguish between truck
classes with no more than 2% errors in such classifications. Table 6-4 has the
classification error rates by class. The overall misclassification rate is 2 percent.

Table 6-4 Truck Misclassification Percentages for 200200 — 17-Apr-2007

Class Percent Class Percent Class Percent
Error Error Error
4 N/A 5 6 N/A
7 N/A
8 0 9 1 10 N/A
11 14 12 0 13 N/A

The misclassification percentage is computed as the probability that a pair containing the
class of interest does NOT include a match. Thus if there are eight pairs of observations
with at least one Class 9 and only six of them are matches, the error rate is 25 percent.
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The percent error and the mean differences reported below do not represent the same
statistic. It is possible to have error rates greater than 0 with a mean difference of zero.

Table 6-5 Truck Classification Mean Differences for 200200 — 17-Apr-2007

Class Mean Class Mean Class Mean
Difference Difference Difference
4 N/A 5 6 N/A
4 N/A
8 0 9 -1 10 N/A
11 17 12 N/A 13 0

These error rates are normalized to represent how many vehicles of the class are expected
to be over- or under-counted for every hundred of that class observed by the equipment.
Thus a value of 0 means the class is identified correctly on average. A number between
-1 and —-100 indicates at least that number of vehicles either missed or not assigned to
the class by the equipment. It is not possible to miss more than all of them or one
hundred out of one hundred. Numbers 1 or larger indicate at least how many more
vehicles are assigned to the class than the actual “hundred observed”. Classes marked
Unknown are those identified by the equipment but no vehicles of the type were seen the
observer. There is no way to tell how many vehicles of that type might actually exist.
N/A means no vehicles of the class were recorded by either the equipment or the
observer. The misclassifications of the class 9 and 11 trucks were due to an equipment
malfunction where “ghost” axles were being detected as valid axles by the equipment.
The malfunction was rectified prior to performing the post-validation classification study.
Assistance was provided by the manufacturer’s installer remotely. The threshold level of
the system was raised which prevented the system from identifying signal ringing as
valid axle hits. This adjustment was made prior to completing the pre-validation runs.
The actual reporting of “ghost” axles cannot be determined on the basis of this
information.

6.4 Evaluation by ASTM E-1318 Criteria

The ASTM E-1318 criteria for a successful validation of Type I sites is 95% of the
observed errors within the limits for allowable errors for each of the relevant statistics. If
this site had been evaluated using ASTM E-1318-02 it would not have met the conditions
for a Type I site exclusive of wheel loads. LTPP does not validate WIM performance
with respect to wheel loads.

Table 6-6 Results of Validation Using ASTM E-1318-02 Criteria

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 92.5% Fail
Axle Groups + 15% 98.8% Pass
GVW +10% 95% Pass
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The last validation for this site was done October 31 to November 1, 2006. It was the
first validation of the site. The site was producing research quality data. Figure 6-9
shows the GVW Percent Error vs. Speed for the post validation runs. The site was
validated with two trucks. The “Golden” truck was loaded to 77,290 Ibs. The “partial”

truck which had an air suspension on both tandems was loaded to 64,850 Ibs.
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Figure 6-9 Last Validation GVW Percent Error vs. Speed — 200200 — 31-Oct-2006

Table 6-7 shows the overall results from the last validation. It should be noted that will
the bias was essentially the same, the variability of the errors nearly doubled from the

previous Visit.

Table 6-7 Last Validation Final Results — 200200 — 31-Oct-2006

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error

Steering axles +20 percent -4.8+7.7% Pass

Tandem axles +15 percent -1.1£5.8% Pass

Gross vehicle weights +10 percent -1.6 £4.6% Pass

Speed +1 mph [2 km/hr] 0.0 £1.4 mph Fail

Axle spacing + 0.5 ft [150 mm] 0.0 £0.1 ft Pass

Table 6-8 has the results at the end of the last validation by temperature. Cloudy weather
conditions resulted in a very narrow range of temperatures during that test period.
Through the current validation the equipment has been observed at temperatures from 52

to 94 degrees Fahrenheit.
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Table 6-8 Last Validation Results by Temperature Bin — 200200 — 31-Oct-2006

Element 95% Medium
Limit Temperature
48 to 61 °F
Steering axles +20 % -4.8+7.7%
Tandem axles +15 % -1.1 +5.8%
GVW +10 % -1.6 +4.6%
Speed +1 mph 0.0 £1.4 mph
Axle spacing +0.5ft 0.0 £0.1 ft

Table 6-9 has the results of the prior post validation by speed groups. It can be seen that
the equipment estimated tandem axle weights and GVW reasonably well at the lower
speeds. For steering axles, the equipment tends to underestimate the weights at all
speeds, and by a higher degree at medium and high speeds. Variability in tandem axle
weight and GVW errors increases as speed increases. Steering axle variability is slightly
greater at medium and high speeds when compared with low speeds.

Table 6-9 Last Validation Results by Speed Bin — 200200 — 31-Oct-2006

Element 95% Low Medium High
Limit Speed Speed Speed
mph Mph mph
Steering axles +20 % -2.9+6% -7.7 £8.3% -4.4+£7.4%
Tandem axles +15 % 0.2+4.3% -1.7 £5.8% -2+27.1%
GVW +10 % -0.3+2.7% -2.6 +3.7% -2.4 +6.3%
Speed +1 mph 0.1 £1.3mph | -0.2 £1.6 mph | 0.1 £1.7 mph
Axle spacing +0.5ft 0.0 £0.2 ft 0.0 £0.1 ft -0.1 £0.1 ft

7 Data Availability and Quality

As of April 17, 2007 this site does not have at least 5 years of research quality data.
Research quality data is defined to be at least 210 days in a year of data of known
calibration meeting LTPP’s precision requirements.

Data that has validation information available has been reviewed in light of the patterns
present in the two weeks immediately following a validation/calibration activity. A
determination of research quality data is based on the consistency with the validation
pattern. Data that follows consistent and rational patterns in the absence of calibration
information may be considered nominally of research quality pending validation
information with which to compare it. Data that is inconsistent with expected patterns
and has no supporting validation information is not considered research quality.
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The amount and coverage for the site is shown in Table 7-1. The value for months is a
measure of the seasonal variation in the data. The indicator of coverage indicates
whether day of week variation has been accounted for on an annual basis. As can be seen
from the table none of the years have a sufficient quantity to be considered complete
years of data. Together with the previously gathered calibration information it can be
seen that at least 5 additional years of research quality data are needed to meet the goal of
a minimum of 5 years of research weight data.

Table 7-1 Amount of Traffic Data Available 200200 — 17-Apr-2007

Year | Classification | Months | Coverage Weight Months | Coverage
Days Days

1992 191 9 Full Week 79 4 Full Week

1993 70 5 Full Week 51 4 Full Week

1994 104 4 Full Week 4 1 Weekdays
and

weekend

days

GVW graphs and characteristics associated with them are used as data screening tools.
As a result classes constituting more that ten percent of the truck population are
considered major sub-groups whose evaluation characteristics should be identified for use
in screening. The typical values to be used for reviewing incoming data after a validation
are determined starting with data from the day after the completion of a validation.

Class 9s and 