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1 Executive Summary

This is the final validation report and reflects profile data collected by the Regional
Support Contractor on July 19, 2007. Other than the update to this Executive
Summary and Section 4.1 - Profile Analysis, there is no material change in this
report from the Preliminary Validation Report submitted on July 26, 2007.

A visit was made to the Washington 0200 on July 11 to 12, 2007 for the purposes of
conducting a validation of the WIM system located on US 395, approximately 2 miles
south of 1-90, near Ritzville. The SPS-2 is located in the righthand, northbound lane of a
four-lane divided facility. The posted speed limit for trucks at this location is 60 mph.
The LTPP lane is one of four lanes instrumented at this site. Both of the northbound
lanes are instrumented with quartz piezo WIM sensors. Both of the southbound lanes are
instrumented with piezo classification sensors. The validation procedures were in
accordance with LTPP’s SPS WIM Data Collection Guide dated August 21, 2001.

The site was installed on March 1998 by the agency. This is the second validation visit to
this location.

This site meets all LTPP precision requirements except speed which is not
considered sufficient to disqualify the site as having research quality data. The
classification data is of research quality for Traffic Monitoring Guide Classes.

The site is instrumented with quartz piezo WIM sensors and IRD 1068 electronics. It is
installed in portland cement concrete.

The validation used the following trucks:
1) 5-axle tractor-trailer with a tractor having an air suspension and a trailer with
a standard rear tandem and an air suspension loaded to 70,120 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 3 tapered steel leaf suspension loaded to
60,240 Ibs., the “partial” truck.

The validation speeds ranged from 48 to 60 miles per hour. The pavement temperatures
ranged from 101 to 126 degrees Fahrenheit. The desired speed range was achieved
during this validation. The desired 30 degree Fahrenheit temperature range was not
achieved.
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Table 1-1 Post-Validation results — 530200 — 12-Jul-2007
SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent 0.6 +11.2% Pass
Tandem axles +15 percent -1.2+£5.7% Pass
GVvw +10 percent -1.0+4.7% Pass
Speed +1 mph [2 km/hr] 0.1 £1.0 mph Fail
Axle spacing + 0.5 ft [150mm] 0.0 £0.1 ft Pass

Reviewed: bko

Prepared: djw

The pavement condition appeared to be 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.

Based on profile data collected at this site July 19, 2007 WIMIndex values have been
computed. Nine of the values fall below the lower threshold values while the remaining
fall within the threshold boundaries. Given the current condition of the scale at this
review, the roughness does not appear to be a factor in the performance of the scale.

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

Prepared: djw

This site needs five years of data to meet the goal of five years of research quality
data.

Reviewed: bko
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2 Corrective Actions Recommended
No corrective actions are required at this site at this time.

In the seven and a half months since the last validation the site has drifted from producing
research quality data to not producing research quality at the time of this validation.
Given the nearly 100 degree Fahrenheit difference in temperature between the two
validations and the temperature response of the equipment, this is perhaps not
unexpected. It is recommended that the next validation be scheduled for a period when
the potential temperatures are only somewhat above freezing.

3 Post Calibration Analysis

This final analysis is based on test runs conducted July 12, 2007 during the late morning
to early evening hours at test site 530200 on US 395. This SPS-2 site is located at
milepost 93.0 on the northbound, 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 70,120 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 3 tapered steel leaf suspension loaded to
60,240 Ibs., the “partial” truck.

Each truck made a total of 20 passes over the WIM scale at speeds ranging from
approximately 48 to 60 miles per hour. The desired speed range was achieved during this
validation. Pavement surface temperatures were recorded during the test runs ranging
from about 101 to 126 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 3-1.

As shown in Table 3-1, this site passed all of the performance criteria for weight and
spacing.

Table 3-1 Post-Validation Results — 530200 — 12-Jul-2007

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

Steering axles +20 percent 0.6+11.2% Pass

Tandem axles +15 percent -1.2£5.7% Pass

GVvw +10 percent -1.0+4.7% Pass

Speed +1 mph [2 km/hr] 0.1 £1.0 mph Fail

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

Prepared: djw Reviewed: bko
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The test runs were conducted primarily during the late morning to early evening hours
under partly sunny weather conditions, resulting in a 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 not achieved for this set of
validation runs.

The three speed groups were divided as follows: Low speed — 48 to 51 mph, Medium
speed — 52 to 56 mph and High speed — 57 + mph. The three temperature groups were
created by splitting the runs between those at 101 to 110 degrees Fahrenheit for Low
temperature, 111 to 119 degrees Fahrenheit for Medium temperature and 120 to 126
degrees Fahrenheit for High temperature.

Speed versus Temperature Combinations
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Figure 3-1 Post-Validation Speed-Temperature Distribution — 530200 — 12-Jul-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 fairly accurately and
consistently throughout the entire speed range. Variability in error appears to be fairly
consistent over the entire speed range.
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Figure 3-2 Post-validation GVW Percent Error vs. Speed — 530200 — 12-Jul-2007

Figure 3-3 shows the relationship between temperature and GVW percentage error.
From the figure, it can be seen that the equipment presents a slight downward trend in
weights as temperature increases.
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Figure 3-3 Post-Validation GVW Percent Error vs. Temperature — 530200 — 12-Jul-
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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.
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Figure 3-4 Post-Validation Spacing vs. Speed — 530200 — 12-Jul-2007

3.1 Temperature-based Analysis

The three temperature groups were created by splitting the runs between those at 101 to
110 degrees Fahrenheit for Low temperature, 111 to 119 degrees Fahrenheit for Medium
temperature and 120 to 126 degrees Fahrenheit for High temperature.

Table 3-2 Post-Validation Results by Temperature Bin — 530200 — 12-Jul-2007

Element 95% Low Medium High
Limit Temperature | Temperature | Temperature
101 - 110 °F 111 - 119 °F 120 - 126 °F
Steering axles | +20 % 2.1+13.0% -0.6 £ 9.8% -0.1+13.1%
Tandem axles | +15% -1.0+£6.7% -0.4+4.8% -24+5.3%
GVW +10 % -0.6 + 6.2% -0.6 + 3.4% -21+4.1%
Speed +1mph | 0.1 £1.4 mph | 0.1 £0.8 mph | -0.1 £0.7 mph
Axle spacing +0.5ft 0.0 £0.1 ft 0.0 £0.1 ft 0.0 £0.1 ft
Prepared: djw Reviewed: bko

From Table 3-2, it appears that with the exception of steering axle weights at the lower
temperatures the equipment generally underestimates all weights. The variability in
weight errors appears to be higher at the lower temperatures.
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Figure 3-5 is the distribution of GVW Errors versus Temperature by Truck graph.

From the figure, it appears that mean GVVW error for both the Golden truck (squares) and
the Partial truck (diamonds) appear to go from an accurate estimation at the lower end of
the range, to a slight underestimation at the upper end of the range.
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Figure 3-5 Post-Validation GVW Percent Error vs. Temperature by Truck — 530200
- 12-Jul-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 estimation of Steering axle weights is fairly
accurate over the entire temperature range. Variability in error appears to be higher at the
lower and upper ends of the temperature range.
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Figure 3-6 Post-Validation Steering Axle Error vs. Temperature by Group — 530200
- 12-Jul-2007

3.2 Speed-based Analysis

The three speed groups were divided using 48 to 51 mph for Low speed, 52 to 56 mph for
Medium speed and 57+ mph for High speed.

Table 3-3 Post-Validation Results by Speed Bin — 530200 — 12-Jul-2007

Element 95% Low Medium High

Limit Speed Speed Speed

48 to 51 mph | 52 to 56 mph 57+ mph

Steering axles | +20 % 1.4+ 10.7% 0.5+8.1% 0.0 + 16%
Tandem axles | +15 % -0.7 £ 5.5% -1.7 £ 6.9% -1.2+5.3%
GVW +10 % -0.4 + 3.9% -1.5+6.2% -1.0 + 5%
Speed +1mph | 0.1 £1.0 mph | 0.0 £1.3 mph | 0.1 +1.0 mph
Axle spacing + 0.5 ft 0.0 £0.1 ft 0.0 £0.1 ft 0.0 £0.1 ft

Prepared: djw

Reviewed: bko

From Table 3-3, it can be seen that the equipment tends to estimate all weights fairly
consistently throughout the entire speed range. Variability in weight error also appear to
be reasonably consistent although steering axle error variability is much greater at the
higher speeds when compared with low and medium speeds.

Figure 3-7 illustrates the tendency for the system to estimate GVW at all speeds with
reasonable accuracy for the population as a whole and for each truck when observed
individually. Variability in GVW error is also reasonably consistent over the entire speed
range, excluding the affects of the outliers.
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GVW Errors vs. Speed
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Figure 3-7 Post-Validation GVW Percent Error vs. Speed by Truck — 530200 — 12-
Jul-2007

Figure 3-8 shows the relationship 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 estimates steering axle weights fairly
consistently at all speeds but with high variability at the higher and lower speeds.
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Figure 3-8 Post-Validation Steering Axle Percent Error vs. Speed by Group -
530200 — 12-Jul-2007

3.3 Classification VValidation

This site uses the FHWA 13-bin classification scheme and the LTPP classification
algorithm, mod 3. Classification 15 has been added to account for 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 100 trucks was collected at
the site. 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 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 .0 percent.

Table 3-4 Truck Misclassification Percentages for 530200 — 12-Jul-2007

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

Prepared: djw

Reviewed: bko

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
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with at least one Class 9 and only six of them are matches, the error rate is 25 percent.
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 530200 — 12-Jul-2007

Class Mean Class Mean Class Mean
Difference Difference Difference
4 N/A 5 N/A 6 0
7 N/A
8 0 9 0 10 0
11 0 12 N/A 13 N/A
Prepared: djw Reviewed: bko

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 (UNK) 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 I 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
Prepared: djw Reviewed: bko

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

4.1 Profile Analysis

The WIM site is a section of pavement that is 305 meters long with the WIM scale
located at 274.5 meters from the beginning of the test section. An ICC profiler was used
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to collect longitudinal profiles of the test section with a sampling interval of 25
millimeters.

Profile data collected at the SPS WIM location by Nichols Consulting Engineers on July
19, 2007 were processed through the LTPP SPS WIM Index software, version 1.1. This
WIM scale is installed on a rigid pavement.

A total of 8 profiler passes were conducted over the WIM site. Since the issuance of the
LTPP directive on collection of longitudinal profile data for SPS WIM sections, the
requirements have been a minimum of 3 passes in the center of the lane and one shifted
to each side. For this site the RSC has completed 4 passes at the center of the lane, 2
passes shifted to the left side of the lane, and 2 passes shifted to the right side of the lane.
Shifts to the sides of the lanes were made such that data were collected as close to the
lane edges as was safely possible. For each profiler pass, profiles were recorded under
the left wheel path (LWP) and the right wheel path (RWP).

The SPS WIM Index software was developed with four different indices: LRI, SRI, Peak
LRI and Peak SRI. The LRI incorporates the pavement profile starting 25.8 m prior to
the scale and ending 3.2 m after the scale in the direction of travel. The SRI incorporates
a shorter section of pavement profile beginning 2.74 m prior to the WIM scale and ending
0.46 m after the scale. The LRI and SRI are the index values for the actual location of
the WIM scale. Peak LRI is the highest value of LRI, within 30 m prior to the scale.
Peak SRI indicates the highest value of SRI that is located between 2.45 m prior to the
scale and 1.5 m after the scale. Also, a range for each of the indices was developed to
provide the smoothness criteria. The ranges are shown in Table 4-1. When all of the
values are below the lower thresholds, it is presumed unlikely that pavement smoothness
will significantly influence sensor output. When one or more values exceed an upper
threshold there is a reasonable expectation that the pavement smoothness will influence
the outcome of the validation. When all values are below the upper threshold but not all
below the lower threshold, the pavement smoothness may or may not influence the
validation outcome.

Table 4-1 Thresholds for WIM Index Values

Index Lower Threshold Upper Threshold
(m/km) (m/km)
LRI 0.50 2.1
SRI 0.50 2.1
Peak LRI 0.50 2.1
Peak SRI 0.75 2.9
Prepared: bx Checked: als

Table 4-2 shows the computed index for all 8 profiler passes for this WIM site values for
the profile completed within a year of the current site validation. The average values over
the passes in each path were also calculated when three or more passes were completed.
These are shown in the right most column of the table. Values above the upper index
limits are presented in bold while values below the lower index limits are presented in

italics.
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Table 4-2 WIM Index Values - 530200 —19-Jul-2007
Profiler Passes Pass1 | Pass2 | Pass3 | Pass4 | Pass5 | Ave.
LRI (m/km) 0.884 1.135 1.155 | 1.017 1.048
L\WP SRI (m/km) 0.455 1.198 1.214 | 0.962 0.957
Peak LRI (m/km) | 0.964 1.181 1.197 | 1.044 1.096
Center Peak SRI (m/km) 1.060 1.318 1.404 | 1.040 1.205
LRI (m/km) 0.955 1.052 1.203 | 1.016 1.056
RWP SRI (m/km) 0.515 0.516 | 0.492 | 0.590 0.528
Peak LRI (m/km) | 1.277 1.227 1.280 | 1.285 1.267
Peak SRI (m/km) 0.615 0.729 | 0.669 | 0.706 0.680
LRI (m/km) 0.956 0.950
L\WP SRI (m/km) 0.548 0.636
Peak LRI (m/km) | 1.069 1.082
Left Peak SRI (m/km) 1.139 1.097
Shift LRI (m/km) 1.001 0.987
RWP SRI (m/km) 0.892 0.657
Peak LRI (m/km) | 1.079 | 1.088
Peak SRI (m/km) 0.977 0.794
LRI (m/km) 0.873 0.852
L\WP SRI (m/km) 0.614 | 0.651
Peak LRI (m/km) | 0.878 0.909
Right Peak SRI (m/km) 0.746 0.668
Shift LRI (m/km) 1.095 0.931
RWP SRI (m/km) 0.670 0.535
Peak LRI (m/km) | 1.432 1.072
Peak SRI (m/km) | 0.851 | 0.647

Prepared: als

Checked: bko

From Table 4-2 it can be seen that nine (9) values are below the lower threshold values
with the remaining values falling between the two limits. These values indicate that the
roughness at the site may or may not interfere with the ability to calibrate the scale.

Given the current condition of the scale at this review, the roughness does not appear to
be a factor in the performance of the scale.

Table 4-3 shows the computed index values for the prior site validation for all 8 profiler
passes for this WIM site. The average values over the passes in each path were also
calculated when three or more passes were completed. These are shown in the right most
column of the table. Values above the upper index limits are presented in bold while
values below the lower index limits are presented in italics.

From Table 4-3 it can be seen that 2 values are above the upper threshold values
indicating that it is likely that the pavement roughness could interfere with ability to
calibrate this scale
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Table 4-3 WIM Index Values - 530200 —7-Jun-2006
Profiler Passes Pass1 | Pass2 | Pass3 | Pass4 | Pass5 | Ave.
LRI (m/km) 1.139 1.181 1.151 | 1.130 1.150
L\WP SRI (m/km) 0.616 | 0.888 | 0.715 | 0.853 0.768
Peak LRI (m/km) | 1.303 1.275 | 1.279 | 1.211 1.267
Center Peak SRI (m/km) 1.110 1.202 | 0.910 | 1.041 1.066
LRI (m/km) 1.185 1.172 1.249 | 1.201 1.202
RWP SRI (m/km) 1.409 1.385 | 1.403 | 1.659 1.464
Peak LRI (m/km) | 1.206 1.225 | 1.270 | 1.258 1.240
Peak SRI (m/km) 1.410 1.457 | 1.466 | 1.671 1.501
LRI (m/km) 1.076 | 0.865
L\WP SRI (m/km) 1.049 1.074
Peak LRI (m/km) | 1.108 1.011
Left Peak SRI (m/km) 1.213 1.262
Shift LRI (m/km) 0.913 1.063
RWP SRI (m/km) 0.972 1.408
Peak LRI (m/km) | 0.962 | 1.075
Peak SRI (m/km) 1.251 1.725
LRI (m/km) 0.956 | 0.850
L\WP SRI (m/km) 1.032 | 0.606
Peak LRI (m/km) | 1.062 | 0.929
Right Peak SRI (m/km) | 1.250 | 0.796
Shift LRI (m/km) 2.109 1.183
RWP SRI (m/km) 1.490 1.707
Peak LRI (m/km) | 2.175 | 1.231
Peak SRI (m/km) | 2.318 | 1.762

Prepared: bx Checked: als

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. A moderate number of trucks appeared to track down the right side of the
lane, none of which appeared to avoid the WIM sensors. 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 quartz piezo WIM sensors and
an IRD 1068 controller. These sensors are installed in a portland cement concrete
pavement.
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There were no changes in basic equipment operating condition since the validation on
November 29, 2006.

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.

5.2 Calibration Process

The equipment required one-iteration of the calibration process between the initial 40
runs and the final 40 runs.

5.2.1 Calibration Iteration 1

For this equipment, there is a series of temperature designated weight compensation bin
factors that affect all weight estimations by the equipment. All temperature
compensation factors 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.

For this equipment, all temperature compensation factors were originally set at 1000,
which resulted in no changes to the weights at all temperatures.

The results of the Pre-Validation from July 11, 2007 are illustrated in Figure 5-2. As
shown, the equipment demonstrated a tendency to increasingly overestimate GVW as
temperature increases. Scatter appeared to be fairly consistent at all speeds, with only a
few outliers.
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GVW Errors by Temperature
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Figure 5-1 — Calibration Iteration 1 GVW Percent Error vs. Temperature — 530200
—12-Jul-2007

As a result of the pre-validation temperature trend, all temperature compensation factors
between O degrees and 140 degrees Fahrenheit were linearly decreased by 2% for each
bin beginning with 12% at 140 degrees (1000 to 880) to 0 % at 0 degrees.

The results of the first iteration using the new temperature compensation factors are
shown in Table 5-1 and Figure 5-1.

Table 5-1 Calibration Iteration 1 Results — 530200 — 12-Jul-2007 (10:10 AM)

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

Steering axles +20 percent -2.5+£12.1% Pass

Tandem axles +15 percent -1.1+5.1% Pass

GVW +10 percent -1.3+52% Pass

Speed +1 mph 0.2 £1 mph Fail

Axle spacing + 0.5 ft 0.0 £0.1 ft Pass
Prepared: djw Reviewed: bko

Figure 5-2 shows that the temperature factor changes did not in influence the relationship
of GVW errors with speed.
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Figure 5-2 — Calibration Iteration 1 GVW Percent Error vs. Speed — 530200 — 12-
Jul-2007 (10:10 AM)

5.3 Summary of Traffic Sheet 165

This site has validation information from previous visits as well as the current one in the
tables below. Table 5-2 has the information found in 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 — 530200 — 12-Jul-2007

Date Method Mean Difference Percent
Class 9 Class 8 Other 1 Other 2 | Unclassified
12-Jul-07 Manual 0 0 0.0
11-Jul-07 Manual 0 0 0.0
29-Nov-06 | Manual 0 -50 1.0
28-Nov-06 | Manual 0 -50 1.0
24-May-06 | Manual -2 -17 0.7
Prepared: djw Reviewed: bko

Table 5-3 has the information found in TRF_CALIBRATION_W!IM for Sheet 16s
submitted prior to this validation as well as the information for the current visit.




Validation Report — «State» SPS-«SPS_Experiment»
Assessment, Calibration and Performance Evaluation
of LTPP SPS Weigh-in-Motion (WIM) Sites

Table 5-3 Weight Validation History — 530200 — 12-Jul-2007

MACTEC Ref. «ProjectNumber» Task No. «Task_number»

7/26/2007
page 18

Date Method Mean Error and (SD)
GVW Single Axles Tandem Axles

Test

12-u-07 | Lo 1.0 (2.3) 0.6 (5.5) 1.2 (2.9)

11-Jul-07 | et 11.7 (2.5) 6.2 (6.6) 127 (32)
Trucks

20-Nov-06 | ot 0.3 (3.2) 3.7 (5.7) 1.2 (4.2)
Trucks

28-Nov-06 | ot 6 (4.2) -12.9 (3.6) 45 (5.9)
Trucks

18-Jan-06 | _ ¢St -3.6 (1.6) 3.1(2.4) 4.9 (2.4)
Trucks

06-May-04 | _ &t 1.9 (1.4) 1.3 (7.4) 25(L1)
Trucks

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

6 Pre-Validation Analysis

This pre-validation analysis is based on test runs conducted July 11, 2007 in the
afternoon and the following morning at 530200 on 2 miles south of 1-90, near Ritzville.
This SPS-2 site is at milepost 93.0 on US 395 in the northbound, righthand of a four-lane
divided facility. No auto-calibration was used during test runs. The two trucks used for

initial validation included:

Prepared: djw

Reviewed: bko

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 70,450

Ibs., the “golden” truck.

2. 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandemand a 3 tapered steel leaf suspension loaded to

59,910 Ibs., the “partial” truck.

For the initial validation each truck made a total of 20 passes over the WIM scale at
speeds ranging from approximately 45 to 60 miles per hour. The desired speed range was
achieved during this validation. Pavement surface temperatures were recorded during the
test runs ranging from about 84 to 140degrees 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 6-1.
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As shown in Table 6-1, this site failed all of the performance criteria for weight except
Steering axles. A calibration of the equipment was determined to be required in order to
bring the weights to within LTPP specification for research quality data.

Table 6-1 Pre-Validation Results — 530200 — 11-Jul-2007

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

Steering axles +20 percent 6.2 +13.3% Pass

Tandem axles +15 percent 12.7 +6.4% Fail

GVW +10 percent 11.7 +5.0% Fail

Speed +1 mph [2 km/hr] 0.0 £1.1 mph Fail

Axle spacing + 0.5 ft [150mm] 0.0 £0.1 ft Pass
Prepared: djw Reviewed: bko

The test runs were conducted primarily during the evening and early morning hours,
resulting in a very 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 three 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 achieved for this set of validation runs.

The three speed groups were divided into 45 to 52 mph for Low speed, 53 to 56 mph for
Medium speed and 57+ mph for High speed. The three temperature groups were created
by splitting the runs between those at 84 to 119 degrees Fahrenheit for Low temperature,
120 to 129 degrees Fahrenheit for Medium temperature and 130 to 140 degrees
Fahrenheit for High temperature.

Speed versus Temperature Combinations
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Figure 6-1 Pre-Validation Speed-Temperature Distribution — 530200 — 11-Jul-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 all speeds.
Variability appears to remain fairly consistent over the entire speed range.
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Figure 6-2 Pre-validation GVW Percent Error vs. Speed — 530200 — 11-Jul-2007

Figure 6-3 shows the relationship between temperature and GVW percentage error. As
can be seen in the figure, the equipment demonstrates the tendency to increasingly
overestimate GVW as the temperature increases.
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Figure 6-3 Pre-Validation GVW Percent Error vs. Temperature — 530200 — 11-Jul-

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.
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Figure 6-4 Pre-Validation Spacing vs. Speed - 530200 — 11-Jul-2007



Validation Report — «State» SPS-«SPS_Experiment» MACTEC Ref. «ProjectNumber» Task No. «Task_number»
Assessment, Calibration and Performance Evaluation 7126/2007
of LTPP SPS Weigh-in-Motion (WIM) Sites page 22

6.1 Temperature-based Analysis

The three temperature groups were created by splitting the runs between those at 84 to
119 degrees Fahrenheit for Low temperature, 120 to 129 degrees Fahrenheit for Medium
temperature and 130 to 140 degrees Fahrenheit for High temperature.

Table 6-2 Pre-Validation Results by Temperature Bin — 530200 — 11-Jul-2007

Element 95% Low Medium High
Limit Temperature | Temperature | Temperature
84-119 °F 120-129 °F 130-140 °F

Steering axles | +20 % 5.3+ 18.0% 7.9+ 10.3% 4.9 +16.4%
Tandem axles | +15 % 10.1 + 3.2% 12.6 + 6.5% 14.0 + 6.4%

GVW +10 % 9.4 + 4.4% 11.9+4.8% 12.6 £ 4.9%

Speed +1mph | 0.3 £1.1 mph | 0.0 £0.7 mph | -0.2 £1.5 mph

Axle spacing +0.5ft 0.0 £0.1 ft 0.0 £0.1 ft 0.0 £0.1 ft
Prepared: djw Reviewed: bko

From Table 6-2, it appears that the equipment overestimates all weights. The variability
in tandem axle and GVW errors appear to be reasonably consistent over the entire
temperature range although the variability in steering axle error appears to be much
greater at the lower and upper temperatures.

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

The equipment appears to overestimate all weights at all temperatures for the population
as awhole. The tendency for the equipment to increasingly overestimate GVW as the
temperature increases is apparent for both trucks. The variability in error for both trucks
also appears to be similar throughout the entire temperature range.
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Figure 6-5 Pre-Validation GVW Percent Error vs. Temperature by Truck — 530200
—11-Jul-2007
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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
consistently overestimated by the equipment over the temperature range.
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Figure 6-6 Pre-Validation Steering Axle Error vs. Temperature by Group — 530200
—11-Jul-2007

6.2 Speed-based Analysis

The speed groups were divided as follows: Low speed — 45 to 52 mph, Medium speed —
53 to 56 mph and High speed — 57+ mph.

Table 6-3 Pre-Validation Results by Speed Bin — 530200 — 11-Jul-2007

Element 95% Low Medium High
Limit Speed Speed Speed
4510 52 mph | 53 to 56 mph 57+ mph
Steering axles | +20 % 5.3+ 16.5% 6.6 £ 10.9% 7.1+14.3%
Tandem axles | +15% 125+ 7.3% 13.0 £ 6.3% 125+ 6.2%
GVW +10 % 11.4 £5.6% 12.1£6.3% 11.7 £ 4.4%
Speed +1mph | 0.1 £0.9 mph [-0.3 £1.8 mph | 0.1 +0.6 mph
Axle spacing + 0.5 ft 0.0 £0.1 ft 0.0 £0.1 ft 0.0 £0.1 ft

From Table 6-3, it can be seen that the overestimation of all weights appears to be
reasonably consistent over the entire speed range. Variability in errors for all weights
also appears to be reasonably consistent throughout the entire speed range.
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Figure 6-7 illustrates the tendency of the equipment to overestimate GVW for both trucks
at all speeds.
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Figure 6-7 Pre-Validation GVW Percent Error vs. Speed Group - 530200 -11-Jul-
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.
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Figure 6-8 Pre-Validation Steering Axle Percent Error vs. Speed Group - 530200 —

11-Jul-2007

From the figure, it appears that the equipment overestimates steering axle weights at all
speeds. Variability in error appears to be greater at the lower speeds.

6.3 Classification Validation

This site uses the FHWA 13-bin classification scheme and the LTPP classification
algorithm, mod 3. Classification 15 has been added to account for unclassified vehicles.

The classification validation is intended to find gross errors in vehicle classification, not
to validate the installed algorithm. A sample of 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 0 percent.

Table 6-4 Truck Misclassification Percentages for 530200 — 11-Jul-2007

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

Prepared: djw

Reviewed: bko
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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 a re matches, the error rate is 25 percent.
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 530200 — 11-Jul-2007

Class Mean Class Mean Class Mean
Difference Difference Difference
4 N/A 5 N/A 6 0
7 N/A
8 N/A 9 0 10 0
11 0 12 N/A 13 N/A
Prepared: djw Reviewed: bko

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 (UNK) 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.

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% 100% Pass
Axle Groups + 15% 72.5% Fail
GVW +10% 25% Fail
Prepared: djw Reviewed: bko

6.5 Prior Validations

The last validation for this site was performed on November 29, 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 75,840 Ibs. The “partial” truck which had
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air suspension on the tractor tandem and steel tapered leaf suspension on the trailer
tandem was loaded to 67,720 Ibs.

GVW Errors by Speed Group
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Figure 6-9 Last Validation GVW Percent Error vs. Speed — 530200 — 29-Nov-2006

Table 6-7 shows the overall results from the last validation. In the seven and a half
months since the last validation the site has drifted from producing research quality data
to not producing research quality at the time of the validation. Given the nearly 100
degree Fahrenheit difference in temperature between the two validations and the
temperature response of the equipment, this is perhaps not unexpected.

Table 6-7 Last Validation Final Results — 530200 — 29-Nov-2006

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

Steering axles +20 percent -3.7+11.5% Pass

Tandem axles +15 percent 1.2 +£8.4% Pass

Gross vehicle weights +10 percent 0.3 +6.4% Pass

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

Axle spacing + 0.5 ft [150 mm] 0.0 £0.1 ft Pass
Prepared: djw Reviewed: bko

Table 6-8 has the results at the end of the last validation by temperature. Temperatures at
this site during testing hours remained very low, without much increase throughout the
day. Through this validation the equipment has been observed at temperature from 14 to
140 degrees Fahrenheit.
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Table 6-8 Last Validation Results by Temperature Bin — 530200 — 29-Nov-2006

Element 95% Medium
Limit Temperature
16 - 29°F
Steering axles +20 % -3.7+11.5%
Tandem axles +15 % 1.2 + 8.4%
GVW +10% 0.3+6.4%
Speed +1 mph 0.0 £0.0 mph
Axle spacing +0.5ft 0.0 £0.1 ft

Prepared: djw

Table 6-9 has the results of the prior post validation by speed groups.
Table 6-9 Last Validation Results by Speed Bin — 530200 — 29-Nov-2006

Reviewed: bko

Element 95% Low Medium High

Limit Speed Speed Speed

46 — 51 mph 52 - 58 mph 59+ mph

Steering axles +20 % -3.4+12% -25+12.8% -5.1+12.5%
Tandem axles +15 % 1.1+9.5% 1.9+7.2% 0.5+9.1%
GVW +10 % 0.3+8.8% 1.1+5.1% -0.6 + 6.0%
Speed +1mph | 0.0 £0.0 mph| 0.0 £0.0 mph 0.0 £0.0 mph
Axle spacing + 0.5 ft 0.0 £0.1 ft 0.0 £0.1 ft 0.0 £0.1 ft

7 Data Availability and Quality

As of July 11, 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.

Prepared: djw

Reviewed: bko

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.

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, year 1999, and years 2002 through 2005 have a sufficient quantity to be
considered complete years of classification data and years 2003 through 2005 have a
sufficient quantity to be considered complete years of weight data. Together with the
previously gathered calibration information 5 additional years of research quality data are
needed to meet the goal of a minimum of 5 years of research weight data.
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Table 7-1 Amount of Traffic Data Available 530200 — 11-Jul-2007
Year | Classification | Months | Coverage | Weight Months | Coverage
Days Days
1997 |30 1 Full Week | 28 1 Full Week
1998 | 160 7 Full Week | 141 6 Full Week
1999 | 216 10 Full Week | 173 6 Full Week
2000 | 161 10 Full Week | 152 5 Full Week
2001 | 135 5 Full Week | 172 6 Full Week
2002 | 297 10 Full Week | 117 4 Full Week
2003 | 358 12 Full Week | 242 8 Full Week
2004 | 301 11 Full Week | 237 8 Full Week
2005 | 267 9 Full Week | 273 9 Full Week
Prepared: djw Reviewed: bko

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 5s, 9s and 10s constitute more than 10 percent of the truck population. Based on
the data collected from the end of the last calibration iteration the following are the
expected values for these populations. The precise values to be used in data review will
need to be determined by the RSC on receipt of the first 14 days of data after the
successful validation. For sites that do not meet LTPP precision requirements, this period
may still be used as a starting point from which to track scale changes.

Table 7-2 is generated with a column for every vehicle class 4 or higher that represents
10 percent or more of the truck (class 4-20) population. In creating Table 7-2 the
following definitions are used:

o Class 9 overweights are defined as the percentage of vehicles greater than 88,000
pounds

o Class 9 underweights are defined as the percentage of vehicles less than 20,000
pounds.

o Class 9 unloaded peak is the bin less than 44,000 pounds with the greatest percentage
of trucks.

o Class 9 loaded peak is the bin 60,000 pounds or larger with the greatest percentage of
trucks.

o For all other trucks the typical axle configuration is used to determine the maximum
allowable weight based on 18,000 pounds for single axles and 34,000 pounds for
tandem axles. A ten percent cushion above that maximum is used to set the
overweight threshold.

o For all other trucks in the absence of site specific information the computation of
under weights assumes the power unit weighs 10,000 pounds and each axle on a
trailer 5,000 pounds. Ninety percent of the total for the unloaded configuration is the
value below which a truck is considered under weight.
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o Forall trucks other than class 9s that have a bi-modal distribution the unloaded peak
is defined to be in a bin less than or equal to half of the allowable maximum weight.

o Forall trucks other than class 9s that have a bi-modal distribution the loaded peak is
defined to be in a bin greater than or equal to half of the allowable maximum weight.

There may be more than one bin identified for the unloaded or loaded peak due to the
small sample size collected after validation. Where only one peak exists, the peak rather
than a loaded or unloaded peak is identified. This may happen with single unit trucks. It
IS not expected to occur with combination vehicles.

Table 7-2 GVW Characteristics of Major sub-groups of Trucks — 530200 — 12-Jul-
2007

Characteristic Class 5 Class 9 Class 10
Percentage Overweights Unknown 0.0% 0.0%
Percentage Underweights Unknown 0.0% 0.5%
Unloaded Peak 44 Kips 44 Kips
Loaded Peak 76 Kips 92 Kips
Peak 12 Kips

Prepared: djw Reviewed: bko

The expected percentage of unclassified vehicles is 1.2%. This is based on the
percentage of unclassified vehicles in the post-validation data download.

The graphical screening comparison figures are found in
Figure 7-2 through Figure 7-5. These are based on data collected immediately after the
validation and may not be wholly representative of the population at the site. They should
however provide a sense of the statistics expected when SPS comparison data is
computed for the post-validation Sheet 16.
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Figure 7-1 Expected GVW Distribution Class 5 — 530200 — 12-Jul-2007
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Figure 7-2 Expected GVW Distribution Class 9 — 530200 — 12-Jul-2007
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Figure 7-3 Expected GVW Distribution Class 10 — 530200 — 12-Jul-2007
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Figure 7-4 Expected Vehicle Distribution — 530200 — 12-Jul-2007
Speed Distribution For Trucks
= = — 0
0 30 40 50 60 70 80 90 100 110

Prepared: diw
Checked: hka

Speed (mph)

\-I-Speed Percentage \

Figure 7-5 Expected Speed Distribution — 530200 — 12-Jul-2007

8 Data Sheets

The following is a listing of data sheets incorporated in Appendix A.

Sheet 19 — Truck 1 — 3S2 loaded air suspension (7 pages)
Sheet 19 — Truck 2 — 3S2 partially loaded (6 pages)
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Sheet 20 — Speed and Classification verification — Pre-Validation (2 pages)
Sheet 20 — Speed and Classification verification — Post-Validation (2 pages)

Sheet 21 — Pre-Validation (3 pages)
Sheet 21 — Calibration Iteration 1 — (1 page)
Sheet 21 — Post-Validation (2 pages)

Calibration Iteration 1 Worksheets — (1 page)
Test Truck Photographs (6 pages)
LTPP Mod 3 Classification Scheme (1 page)

Final System Parameters (1 page)

9 Updated Handout Guide and Sheet 17

A copy of the handout has been included following this page. It includes a current Sheet
17 with all applicable maps and photographs. There are no significant changes in the
information provided.

10 Updated Sheet 18

A current Sheet 18 indicating the contacts, conditions for assessments and evaluations
has been attached following the updated handout guide.

11 Traffic Sheet 16(s)

Sheet 16s for the Pre-Validation and Post-Validation conditions are attached following
the current Sheet 18 information at the very end of the report.



APPENDIX A



Sheet 19 * STATE CODE £3
LTPP Traffic Data * SPS PROJECT ID R
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PARTI
1.* FHWA Class gi\' 2.F Nurﬁber of Axles S

AXLES -units - lbs/ 100s Ibs /kg

3. Empty Truck 4.* Pre-Test Average  5.* Post-Test Average
Axle Weight Loaded Axle Loaded Axle

Weight (day ) Weight {(day )

A (05O 105 K0y
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C [3583 Yl
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E L0 20 WalO

F
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Day ﬁ_

*b) Average Pre-Test Loaded weight

7. a) Empty GVW )

*c) Post Test Loaded Weight

*d) Difference Post Test — Pre-test
GEOMETRY
8 a) * Tractor Cab Style - Cab Over Engine /@ b) * Sleeper Cab?
9. a) * Make: b) * Model:

10.* Trailer Load Distribution Description:

Wivoe F
AR GGe E BTRo
Gt - SG - 2 L4 S

Number of weight days

6.* Measured
Directly or
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11. a) Tractor Tare Weight (units):
b). Trailer Tare Weight (units):
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12.* Axle Spacing —units  m / feet and inches / feet and tenths

AtoB {2 % BtoC 9.3 CtoD T
DtoE 2 H.1 EtoF 9,
Wheelbased (measured A to last) Computed E:, 7) . ¥
13. *Kingpin Offset From Axle B (units) AT ?
( + is to the rear)
SUSPENSION
Axle 14, Tire Size 15.* Suspension Description (leaf, air, no. of leaves, taper or flat leaf, etc.)
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16. Cold Tire Pressures (psi) — from right to left

Steering Axle Axle B Axle C Axle D Axle E
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Table 1. Axle and GVW computations - pre-test
Axle A Axle B Axle C Axle D Axle E GVW
1 p o1 0 JE O IV o \Y 1V G
-1 - -111 -1V
AR A IERE
X1 O
Avg,
Table 2. Raw Axle and GVW measurements
Axles Meas. | Pre-test Post-test
Weight Weight
A [
A+B I
A+B+C I
A+B+C+D I\Y
A+B+C+D+E(]) V
B+C+D+E VI
C+D+E VI
D+E VHI
E X
A+B+C+D+E(@®2) X
A+B+C+D+E(3) X
Table 3. Axle and GVW computations - post -test
Axle A Axle B Axle C Axle D Axle E GVW
| ) I b 1T o A% g |V o v B
-1 11 -I11 -IV

- \ 7
O A MR M R I L
_ X1 &

{ "Avg.
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Table 7. Raw data - Axle scales — post-test
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Sheet 19 * STATE _CODE 53
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Day '
7.2 *b) Average Pre-Test Loaded weight 1 elef e iy
*c) Post Test Loaded Weight 4G T2 T »E‘Efi}l
*d) Difference Post Test — Pre-test Uy b
Table 5.2. Raw data — Axle scales — pre-test
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Table 6.2. Raw data — Axle scales —
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
i
2
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Table 7.2 Raw data — Axle scales — post-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
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7.3 *b) Average Pre-Test Loaded weight
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Table 5.3. Raw data — Axle scales — pre-test
Pass Axle A Axle B Axle C Axle D Axle E Axie F GVW
1
2
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Average
Table 6.3, Raw data — Axle scales —
Pass Axle A Axie B Axle C Axle D Axle B Axle GVW
I
2
3
Average
Table 7.3. Raw data — Axle scales — post-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1
2
3
Average o
Measured By Verified By Weight date
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16. Cold Tire Pressures (psi) — from right to left
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*CALIBRATION TEST TRUCK # Z * DATE R
Rev. 08/31/01
PART I
Table 1. Axle and GVW computations - pre-test
Axle A Axle B Axle C Axle D Axle E GVW
I I ol M g IV o1V o |V &
-1 -1 -111 -IV
Wl oole | o | o e ™ | o]f o
X1 ()
Avg.
Table 2. Raw Axle and GVW measurements
Axles Meas. | Pre-test Post-test
Weight Weight
A 1
A+B il
A+B+C 131
" A+B+C+D v
A+B+C+D+E() v
B+C+D+E VI
C+D+E VI
D+E VIl
E X

A+B+C+D+E(2) X

A+B+C+D+E(3) |XI

Table 3. Axle and GVW computations - post -test

Axle A Axle B Axle C Axle D Axle E GVW
1 5 I o m 0 v A V A v &
-1 -1 -1 -V
Y% 0 VI o | VI- & | V- 0 1 IX J X
VI Vi VIII IX Y,
XI Y,
(Avg,
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Sheet 19 *STATE CODE 53
LTPP Traffic Data * SPS PROJECT ID L ow
*CALIBRATION TEST TRUCK # & *DATE “Felf e
. Rev. 08/31/01
Table 4 . Axle and GVW computations -
Axle A Axle B Axle C Axle D Axle E GVW
I " I o I 0 v o |V o A% o
-1 -1 -1 -IV
SRR AR EE
X1 v
Avg, oo
Day ' PRI
Table 5. Raw data — Axle scales — pre-test - 5 ?z*
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1 2180 | V¥eso | \bes0 | broso 120850 o150
5 8% o 13 Lo VA Lo tLodo Loso 60 1o
3 %1% 0 E1PEXe b e AT Vloba il o
' Average 1% 0 | V6%e | \363%0 | 1Z06e V1 W LoT
| 006> 60T
Table 6. Raw data — Axle scales -
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1
2
3
Average
Table 7. Raw data — Axle scales — post-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1 Gudo | 3o 13800 efe VLo Sbee
2
3
Average LAGIETe Sy (4% 20 V2 . ot g 591 WO
Measured By B34 Verified By % e Weight date 21187
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LTPP Traffic Data * SPS PROJECT ID Greo
*CALIBRATION TEST TRUCK # ‘- * DATE CE e Ve o
__Rev. 08/31/01
Day &
7.2 *b) Average Pre-Test Loaded weight L¥ oo
*c) Post Test Loaded Weight 5950
*d) Difference Post Test — Pre-test - M o
Table 5.2. Raw data — Axle scales — pre-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1 NGl B64C | \3e90 |2oto {201 © LoLol
2 G0l 9 STo R TG PRI Lol O
3 G 64g 151G P51 (L6356 o 50 ¢ 5€¢
Average ol 0 [y el 3.'25'@65 12002 17000 ©oevT]
13705 e boss 7
Table 6.2. Raw data — Axle scales
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
11
2
3
Average
Table 7.2 Raw data — Axle scales — post-test
Pass AxleA | AxieB  |AxleC | AxleD | AxleE | AxleF GVW
1 ‘éga{,m}, ig'%”‘é 5 VAR O VLot o (2870 TG00
2
3
Average 85 VST Vi Lo L2TY O (LOTT O 9% o
Measured By @f\\@ Verified By ;%MM ) Weight date €71~ #9377
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*CALIBRATION TEST TRUCK # *DATE P bl = OF

Rev, 08/31/0]
Day __
7.3 *b) Average Pre-Test Loaded weight
*c) Post Test Loaded Weight
*d) Difference Post Test - Pre-test

Table 5.3. Raw data — Axle scales — pre-test
Pass Axle A Axle B Axle C Axle D Axle B Axle F GVW
1
2
3
Average
Table 6.3. Raw data — Axle scales -
Pass Axle A Axie B Axle C Axle D Axle E Axie F GVW
i
2
3
Average
Table 7.3. Raw data — Axle scales — post-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1
2
3
Average
Measured By Veritied By Weightdate
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Speed and Classification Checks * | of* ¢ * DATE % vy M re e
Rev. 08/31/2001.... |
WIM WIM WIM Obs. Obs WIM WIM WIM Obs. Obs
speed class Record | Speed | Class speed | class Record | Speed | Class
Ll | o 1398 e | g les | \o lspe | bs | 1o
i | & 1289 (a9 b2 | 4 lwes | g | 9
(o0 | % =lel | (02 | 4 £9 | A Lzd | S99 |
X | 9 Ay | ef g | ge |9 G | s' | 9
G | 4 4\S | @d | 5 Lok | w13 | by i
bZl1o 1428 D WO | 6o |5 lted | 0 |9
| A 434 | x| g Lo | 8 lege | 7 9
S A KAl sh | e Loy e Jemy by |9
<4 A laqs 4 9 ez | e 2 | 3
ol b del Ly | G b2 | 2 Toy | b | o
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- Recorded by {ﬁ\; Aoiza Direction 8% Lane { Time from jaxs to 12 i




Sheet 20

* STATE CODE

LTPP Traffic Data *SPS PROJECT ID o2 % ;
Speed and Classification Checks * 2 of* 3. | * DATE e/ Lt /2re ey
Rev. 08/31/2001....
WIM WIM WIM Obs. Cbs WIM WIM WIM Obs. Obs
speed class Record | Speed Class speed class Record | Speed | Class
{5 ) s
o | &&z 6o | i L;@ @; s
&> 94 @A | p2. | 9 et |9 : s
ot 9 & oo | 2 ¢ Lozl 4 LS 18 ez | 4
o | W 951 | el by (< V2 182) | (< | 12
ey vy [Fie | s vy 5 | = s &S | 9
(2 9 qed | @8 | 9 ST - TR S B W
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speed class Record | Speed | Class speed class Record | Speed | Class
ey |19 g 1Ga | 9 e | 1o oo | 59 | o
d | 2 | b1 Lo o | 9 o998 ) | 4
S8 | 4 lead 4 il A oo | by | 9
o] 4 kg0 “ @ | A |weT | o 9
<9 | 4 AR = o 4 unt | Go 4
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Se e 9uel P 9 6o | a  liws | @0 | 9
a9 | F 1980 Pg | e | #8111 1339 | Lo |y
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Validation Process Guidelines
Assessment, Calibration and Performance Evaluation

MACTEC Ref. 6420060018

6/28:2007

of LTPP SPS Weigh-in-Motion (WIM) Sites page 8 of 18
3.11.2. lteration 1
" Start Factors —
Speed Factor Sensor 1 Sensor 2 Sensor 3 Sensor 4
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TEST VEHICLE PHOTOGRAPHS FOR

SPS WIM VALIDATION

Visit Date: July 11, 2007
STATE: WA

SHRP ID: 0200
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Photo 2 - 530200 _Truck_1 Trailer_2007_07_12.jpg

6420060018_SPSWIM_TO_19 53 2.89_0200_Truck_Photos.doc Page 2 of 6
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ETG LTPP CLASS SCHEME, MOD 3

Class Vehicle Type No. Spacing 1 Spacing 2 Spacing 3 Spacing 4 Spacing 5 Spacing 6 Spacing 7 Spacing 8 Gross Axle 1
Axles Weight Weight
Min-Max Min *
i Motoreycle 2 1,00-5.99 §.10-3.680
2 Passenger Car 2 6.00-10.10 1.00-7.99
3 Other (Pickup/Van) 2 10.11-23.00 1.06-7.99
4 Bus 2 23.10-40.00 12.00 >
5 2D Single Unit 2 6.00-23.09 8.00 > 2.5
2 Car w/ 1 Axle Trailer 3 6.00-10.10 6.00-25.00 1.06-11.99
3 Other w/ 1 Axle Trailer 3 10.11-23.09 6.00-25.00 ~1,00-11.99
4 Bus 3 23.10-40.00 3.00-7.00 20.00 >
5 2D w/ 1 Axie Trailer 3 6.00-23.09 6.30-30.00 12.00-19.99 2.5
6 3 Axie Single Unit 3 6.00-23.09 2.50-6.29 12.00 > 3.5
8 Semi, 281 3 6.00-23.09 11.00-45.00 20.00 > 3.5
2. | Carw/2 Axle Trailer 4 6.00-10.10 6.00-30.00 1.00-11.99 1.00-11.99
3 Other w/ 2 Axle Trailer 4 10.11-23.09 6.00-30.00 1.09-11.99 1.00-11.99
5 2D w/ 2 Axle Trailer 4 6.00-26.00 6.30-40.00 1.00-20.06 12.00-19.99 2.5
7 4 Axle Single Unit 4 6.00-23.09 2.50-6.29 2.50-12.9% 12.00 > 35
8 Semi, 381 4 6.00-26.00 2.50-6.29 13.00-50.00 20.00 > 5.0
8 Semi, 252 4 6.00-26.00 8.00-45.00 2.50-20.G0 . 20.00 > 3.5
3 Other w/ 3 Axle Trailer 5 10.11-23.09 6.00-25.00 1.08-11.99 1.00-11.99 1.00-11.99
5 2D w/ 3 Axle Frailer 5 6.00-23.09 6.30-35.00 1.00-25.00 1.00-11.99 12.00-19.99 2.5
7 5 Axle Single Unit 5 6.00-23.09 2.30-6.29 2.50-6.29 2.50-6.30 12.00 > 3.5
9 Semi, 382 5 6.00-30.00 2.50-6.29 6.30-65.00 2.50-11.99 20.60 > 5.0
9 Truck+FullTrailer {3-2) 5 6.00-30.00 2.50-6.29 6.30-50.00 12.00-27.00 20.00> 3.5
9 Semi, 283 5 6.00-30.00 16.00-45.00 2.50-6.30 2.50-6.30 20.00 > 3.5
i1 SemitFull Trailer, 2512 5 6.00-30.00 11.00-26.00 6.00-20.00 11.00-26.00 20.00 > 3.5
10 Semi, 3583 6 6.00-26.00 2.50-6.30 6.10-50.00 2.50-11.99 2.50-10.99 24.00 > 5.0
12 SemitFull Trailer, 3512 6 6.00-26.00 2.50-6.30 11.00-26.00 6.00-24.00 11.60-26.00 20.00 > 5.0
13 7 Axle Multi’s 7 6.00-45.00 3.00-45.00 3.00-45.00 3.00-45.080 3.00-45.00 3.00-45.00 20.00 > 5.0
i3 8 Axle Multi's 8 6.00-45.00 3.00-45.00 3.00-45.00 3.00-45.00 3.00-45.00 3.060-45.00 | 3.00-45.00 20.00 > 5.0
13 9 Axle Multi’s 9 6.00-45.00 3.00-45.00 3.00-45.60 3.00-45.00 3.00-45.00 3.00-45.00 | 3.00-45.00 | 3.00-45.00 | 20.00> 5.6

Spacings in feet
Weights in kips (Lbs/1000)

* Suggested Axle 1 minimum weight threshold if allowed by WIM system’s class algorithm programming




System Operating Parameters

Washington SPS-2

Validation Visit — 29 November 2006

Loop separation: From leading edge to leading edge is: 264"
Axle separation is: 120"

Leading edge of the first loop to the first axie sensor; 107"
Leading edge of the first loop 1o the second axie sensor: 227"

Calibration factor for sensor #1:
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Calibration factor for sensor #2: .
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