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1.0 INTRODUCTION

In the Long Term Pavement Performance (LTPP) Program, profile data at General Pavement
Studies (GPS) and Specific Pavement Studies (SPS) sections are collected by four regional
contractors. Each Regional Support Contractor (RSC) uses an International Cybernetics
Corporation (ICC) MDR 4083 inertial profiler to collect profile data. These profilers are
equipped with three laser sensors that collect data along the left and right wheel paths, and along
the center of the lane. Profile data are collected at 25 mm intervals along each of these paths.

After completion of data collection, the ProQual software is used to compute profile data at 150
mm intervals along the left and right wheel paths. This computation is performed using a 300
mm moving average on the profile data collected at 25 mm intervals. After quality assurance
checks, these data are uploaded to the LTPP database. The profile data collected at 25 mm
intervals are stored at the regional offices.

A comparison test between the four ICC profilers used by the LTPP Regional Support
Contractors was performed from July 14 to 17, 2003. The comparison test was performed at the
Mn/Road facility in Albertville, Minnesota. This was the first comparison of the four LTPP ICC
profilers since they went into operation in August 2002. The K. J. Law T-6600 profiler that is
operated by the North Central RSC also took part in the comparison test. This profiler is
equipped with three infrared sensors and collects data along the left and right wheel paths, and
along the center of the lane.

The profiler comparison was carried out using the procedures described in LTPP Directive P-19,
Annual Inter-Regional Profiler Comparison Tests. Five test sections were used for profile
testing and one test section was used to evaluate the accuracy of the Distance Measuring
Instrument (DMI).

The purpose of the profiler comparison test was to: (1) evaluate the static accuracy of the height
sensors in the profilers, (2) evaluate the results from the bounce test, (3) evaluate the accuracy of
the DM, (4) compare International Roughness Index (IRI) values obtained by the LTPP
profilers with those from the Dipstick, (5) compare the IRI values between the four profilers, and
(6) compare the profiles obtained by the profilers. One test section was profiled at different
speeds by an ICC profiler and the K. J. Law profiler to evaluate the effect of speed on the IRI
and profile.

After completion of the comparison test, each RSC summarized the results obtained for their
profiler during the comparison test, and forwarded the results to the Federal Highway
Administration (FHWA) and its Technical Support Services Contractor (TSSC). This report
summarizes the activities that were conducted during the comparison test and presents the results
of the inter-regional comparison between the LTPP profilers.



2.0 TEST PLAN AND TEST SECTIONS

2.1 Test Plan

The following tests were carried out during the profiler comparison:

1.

Static height sensor test: This test was performed to evaluate the precision and bias of the
profiler height sensors in the static mode.

Bounce test: The static and dynamic bounce test IRI values of the profilers were compared
using the results from this test.

DMI test: This test was performed to evaluate the precision and bias of the DMI.

Profiling of sections: Five test sections were profiled for the comparison test. Dipstick
measurements were also obtained at those test sections. The IRI values obtained by the
profilers were compared with the IRI values obtained from the Dipstick. The IRI values were
also used to evaluate the repeatability of the profilers and to compare IRI values between the
profilers. The profile data were used to evaluate the repeatability of the profilers, and to
compare profiles obtained by the different profilers.

Evaluate effect of speed on profile and IRI: One test section was profiled with an ICC profiler
and the K. J. Law profiler at different speeds to evaluate the effect of speed on profile and IRI.

2.2 Test Sections

One test section was established for DMI testing and five test sections were established for
profile testing. The DMI section was established on the low volume loop at Mn/Road. Two of
the profile test sections were surfaced with asphalt concrete (AC), while the other two sections
were portland cement concrete (PCC) surfaced. The remaining profile test section had a chip
seal. All profile test sections were 152.4 m long. Table 2.1 lists the test sections that were used as
profile sections.

Table 2.1. Profile test sections.

Test Surface Location Roughness
Section Type
1 AC Mn/Road Low Volume Loop Smooth
2 AC Mn/Road Mainline Rough
3 PCC Mn/Road Low Volume Loop Smooth
4 PCC Mn/Road Low Volume Loop |Medium Rough
5 Chip Seal |Access Road to Mn/Road Office Rough




The following is a brief description of the characteristics of the test sections.

Section 1 (Smooth AC): The inside lane of cell 29 in the Mn/Road low volume loop was used as
section 1. This section had several low to moderate severity transverse cracks. A few localized
areas of low severity alligator cracking were also located within the section. In addition, this
section had low severity rutting.

Section 2 (Rough AC): This test section encompassed a portion of cells 17 and 18 of the
Mn/Road mainline. The test section was located in the outside lane. Transverse cracks were
located throughout the test section. Most of these cracks had been repaired with a patching
material.

Section 3 (Smooth PCC): This test section encompassed a portion of cells 36 and 37 in the
Mn/Road low volume loop. The test section was located in the outside lane. There were no
distresses within the test section.

Section 4 (Medium Rough PCC): This test section encompassed a portion of cells 38 and 39 in
the Mn/Road low volume loop. The test section was located in the inside lane. There were no
distresses within the test section except for a moderate severity transverse crack on one slab.
Section 5 (Chip Seal): This section was located on the road outside the entrance gate to the

Mn/Road facility. A few low to medium severity transverse cracks were located within the test
section.

3.0 STATIC HEIGHT SENSOR TEST

3.1 Overview

The purpose of performing the static height sensor test is to evaluate the precision and bias of the
profiler height sensors in the static mode. The specified requirements are that the bias be within
0.25 mm and that precision be less than 0.125 mm (see Directive P-19).

3.2 Test Procedure

The static height sensor test was performed on each height sensor in the ICC profilers using the
following procedure.

1. Measure distance from the ground to the glass face of the height sensor, and record the
reading for each height sensor.

2. Drive the vehicle so that all four tires rest on support blocks. The height of each support
block should be 76 mm.



3. Place a calibration base plate on the ground under each laser sensor. Place a calibration
surface plate on top of each base plate. Let computer take at least 500 readings.

4. Place a block on each base plate such that the 25 mm side of the block is vertical. Place a
calibration surface plate on top of each block. Let computer take at least 500 readings and
then record value shown for ‘Dif Ht” on the computer screen for each sensor.

5. Repeat steps 3 and 4 for block heights of 50 mm, 75 mm and 100 mm. For the 100 mm block
height, place two blocks on top of each other such that the 50 mm sides are vertical to get a
block height of 200 mm.

6. Repeat steps 3 through 5 four more times and record readings.

The sensors in the K. J. Law profiler were calibrated prior to performing the height sensor test.
The laser sensors in the ICC profilers cannot be calibrated by the user. The height sensor test on
the K. J. Law profiler was performed for three block heights (i.e., 25 mm, 50 mm and 75 mm).
The height sensors in the K. J. Law profiler have a lower measuring range than the sensors in the
ICC profilers, and hence the sensor test at 100 mm cannot be performed on the K. J. Law
profiler.

3.3 Test Results

The data obtained from the static height sensor test are included in Appendix A. The bias and
precision of each height sensor for heights corresponding to 25 mm, 50 mm, 75 mm and 100 mm
were computed from the data included in Appendix A. (Results for the K. J. Law profiler show
values for the three block positions of 25 mm, 50 mm and 75 mm). For example, at the 25 mm
block position, the bias of the height sensor is the difference between the average of the five
readings obtained from the five repeat tests and 25 mm, while the precision of the height sensor
is the standard deviation of the heights obtained at this position for the five tests.

Tables 3.1 and 3.2, respectively, present the bias and precision values for the three height sensors
in each profiler corresponding to the 25 mm, 50 mm, 75 mm and 100 mm heights. (Results for
the K. J. Law profiler show values for the three block positions of 25 mm, 50 mm and 75 mm).
These results are also presented in figures 3.1 and 3.2 for bias and precision, respectively.

The LTPP specified criteria are that the bias of the sensors be within 0.25-mm and that the
precision (standard deviation) of the sensors be less than 0.125-mm (see Directive P-19).

The following sensors did not meet the specified bias criterion of + 0.25 mm: (1) North Central
center sensor at 25 mm, (2) North Central left sensor at 75 mm, (3) Southern left sensor at 100
mm, (4) Southern center sensor at 75 mm, (5) Southern right sensor at 75 mm, and (6) Western
center sensor at 50 mm, 75 mm and 100 mm.



Table 3.1. Bias values from static height sensor test.

Position | Sensor Region
North | North | Southern | Western | K. J. Law
Atlantic | Central
25 mm Left 0.00 0.12 0.11 0.16 -0.01
Center | -0.06 0.37 -0.14 -0.07 0.01
Right | -0.08 | 0.14 0.08 0.07 -0.01
50 mm Left -0.04 | 0.14 0.03 0.09 0.01
Center | -0.18 0.20 -0.01 -0.34 0.05
Right | -0.12 | 0.07 0.03 -0.06 0.11
75 mm Left 0.05 0.26 0.16 0.08 -0.12
Center | -0.10 0.12 0.42 -0.48 0.11
Right 0.05 0.06 0.26 0.00 0.12
100 mm | Left 0.06 0.24 0.28 0.13 N/A
Center | 0.18 0.18 0.12 -0.74 N/A
Right 0.21 0.07 0.09 -0.11 N/A

Note: Measurements at 100 mm not performed for the K.J. Law profiler.

Table 3.2. Precision values from static height sensor test.

Position | Sensor Region
North | North | Southern|Western | K. J. Law
Atlantic | Central
25 mm Left 0.045 | 0.031 | 0.049 0.055 0.054
Center | 0.186 | 0.024 | 0.471 0.029 0.124
Right | 0.450 | 0.040 | 0.144 | 0.053 | 0.051
50 mm Left 0.021 | 0.006 | 0.123 0.054 0.084
Center | 0.121 | 0.021 | 0.132 0.081 0.153
Right | 0.144 | 0.047 | 0.030 0.069 0.088
75 mm Left 0.423 | 0.028 | 0.050 0.035 0.042
Center | 0.153 | 0.024 | 0.516 0.070 0.126
Right | 0.165 | 0.022 | 0.401 0.072 0.081
100 mm | Left 0.145 | 0.059 | 0.116 0.023 N/A
Center | 0.059 | 0.036 | 0.146 0.049 N/A
Right | 0.037 | 0.070 | 0.056 0.050 N/A

Note: Measurements at 100 mm not performed for the K.J. Law profiler.



LEFT SENSOR - BIAS

B25 mm
mal mm
875 mm
@100 mm

Bias {mm)

e
b2 TN NI W D N TR SN
1

CENTER SENSOR - BIAS

B 25 mm
W50 mm
B 75 mm
=100 mm

Eias (mm)

Do 0
[ NN SV RN o RN NO FURN NS
|

RIGHT SENSOR - BIAS

B/ 25 mm
W50 mm
B 75 mm
100 mm
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SO - Southern, WE — Western).
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The following sensors did not meet the specified precision criterion of 0.125 mm: (1) North
Atlantic center sensor at 25 mm and 75 mm, (2) North Atlantic right sensor at 25 mm, 50 mm,
and 75 mm, (3) North Atlantic left sensor at 75 mm and 100 mm, (4) Southern center sensor at
25 mm, 50 mm, 75 mm, and 100 mm, (5) Southern right sensor at 25 mm and 75 mm, and (6)
K.J. Law center sensor at 50 mm and 75 mm.

The Western RSC was aware that the center sensor in their profiler had a problem prior to
performing the height sensor test. They had been in contact with ICC to obtain a replacement
sensor for the center sensor. The blocks used for the test on the North Atlantic profiler had a
mark made with a felt pen on the blocks so that the operator could center the blocks during
testing. These marks may have affected the readings that were obtained.

Each RSC was also requested to measure the distance from the ground to the sensor glass of the
height sensor (when the vehicle was off the blocks). These results are presented in table 3.3.

Table 3.3. Distance from ground to sensor glass.

Profiler Distance From Ground to Sensor Glass (mm)

Left Center Right

Sensor Sensor Sensor
North Atlantic - ICC 323 327 326
North Central - ICC 318 321 319
Southern - ICC 325 323 323
Western - ICC 321 326 330
K.J. Law 247 250 260

According to the LTPP Manual for Profile Measurements (hereafter referred to as the Profile
Manual), the distance from the ground to the glass face of the height sensor should be 325 + 5
mm for the ICC profilers. The value indicated in the Profile Manual was provided by ICC. All
three sensors in the North Atlantic, Southern and Western profilers were within the specified
limit. In the North Central profiler, the center sensor was within the limit, but the left and right
sensors were below the manufacturer specified lower limit by 2 mm and 1 mm, respectively.
These values are very small and are unlikely to have an impact on the quality of the data
collected by the sensors.

3.4 Repeat Testing

Because several sensors failed the bias and precision criterion, the FHWA requested each RSC
to repeat the height sensor test on their ICC profiler. Possible causes for the height sensor not
passing the static test criteria could have been movements occurring in the vehicle when the test
was been conducted, or marks on blocks that were used for testing.



Each RSC performed the repeat static height sensor test at their facility. In order to eliminate any
effect of vehicle movement on the test results, the vehicle was placed on jacks before conducting
the test. The blocks that were used for the test were cleaned prior to performing the test. The
center sensor in the Western profiler had been replaced when the repeat test was performed. The
data obtained from the repeat test are included in Appendix B.

Tables 3.4 and 3.5, respectively, present the bias and precision values for the three height sensors
in each profiler corresponding to the 25 mm, 50 mm, 75 mm and 100 mm heights. These results
are also presented in figures 3.3 and 3.4 for bias and precision, respectively. The LTPP specified
criteria are that the bias of the sensors be within 0.25-mm and that the precision (standard
deviation) of the sensors be less than 0.125-mm (see Directive P-19).

All sensors in all four profilers met the precision criterion. All sensors in all four profilers met
the bias criterion except for the center sensor of the North Central profiler at the 25 mm position.
At the 25 mm position the bias of the center sensor was 0.27 mm, which was 0.02 mm outside
the tolerance.

3.5 Summary

Results from the static height sensor test that was performed on the profilers at Mn/Road
indicated several cases where the sensors failed the bias and precision criteria. The cause for the
failure of these criteria may have been movements that occurred in the vehicle when the test was
performed, as well as marks that were present on the blocks that were used for the test. When
performing the static height sensor test, the operator must make sure that no movements are
induced on the vehicle as such movements will affect test results. The operator should be very
careful when using the keyboard to not induce any movement in the vehicle, and also not lean on
the vehicle during the test as such conditions can affect test results.

Each RSC repeated the height sensor test at their facility. The vehicle was placed on jacks when
performing this test to eliminate any vehicle movement during the test. In addition, a clean set of
blocks was used to perform the test. All sensors in all profilers passed the precision criterion
when the test was repeated. All sensors in all profilers, except for the center sensor in the North
Central profiler at the 25 mm position met the bias criterion when the test was repeated. At the
25 mm position, the North Central profiler had a bias value of 0.27 mm, which was 0.02 mm
outside the specified tolerance.

4.0 COMPARISON OF BOUNCE TEST RESULTS

A bounce test was performed on all profilers prior to profile data collection. The bounce test
consists of a static test and a dynamic bounce test. The static test is performed to evaluate the
noise in the sensors. In this test, the bounce test procedures are followed, but no motion is
induced on the vehicle. During the dynamic bounce test, a bouncing motion is induced on the
profiler. The profile recorded during the static test and dynamic bounce test is used to compute



Table 3.4. Bias values from repeat static height sensor test.
Position | Sensor Region

North | North | Southern | Western
Atlantic | Central
25mm | Left 0.248 | 0.006 | 0.087 0.094
Center | -0.020 | 0.270 | -0.022 | -0.034
Right | 0.120 | 0.079 | 0.150 0.000
50mm | Left 0.094 | -0.075| 0.106 | -0.003
Center | -0.055 | 0.129 | -0.024 | -0.110
Right | 0.128 | -0.066 | 0.059 | -0.004
75mm | Left | -0.020 | -0.011 | 0.206 0.019
Center | -0.116 | 0.056 | -0.101 | -0.138
Right | 0.137 | -0.047 | 0.032 | -0.089
100 mm | Left | -0.133 | 0.014 | 0.214 | -0.030
Center | -0.064 | -0.004 | -0.134 | -0.139
Right | 0.163 | -0.120 | 0.068 | -0.121

Table 3.5. Precision values from repeat static height sensor test.

Position | Sensor Region

North | North | Southern | Western
Atlantic | Central
25 mm Left 0.032 | 0.016 | 0.036 0.062
Center | 0.050 | 0.018 | 0.094 0.055
Right | 0.029 | 0.025 | 0.041 0.024
50 mm Left 0.051 | 0.043 | 0.006 0.039
Center | 0.031 | 0.032 | 0.072 0.058
Right | 0.025 | 0.044 | 0.032 0.047
75 mm Left 0.017 | 0.084 | 0.028 0.019
Center | 0.034 | 0.007 0.050 0.021
Right | 0.021 | 0.019 | 0.044 0.026
100 mm | Left 0.029 | 0.040 | 0.030 0.054
Center | 0.032 | 0.032 | 0.049 0.022
Right | 0.021 | 0.027 | 0.064 0.048
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Figure 3.3. Bias values from repeat static height sensor test (NA — North Atlantic, NC — North
Central, SO — Southern, WE — Western).
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an IRI value for each test. Table 4.1 presents the IRI values from the static and dynamic bounce
test as well as the difference in IRI value between the dynamic and static tests for the five
profilers. If a region submitted IRI values from the bounce tests performed on more than one
day, the averaged IRI values are presented in table 4.1. According to the criteria presented in the
LTPP Profile Manual, the static test IRI value should be less than 0.08 m/km, while the
difference in IRI value between the dynamic bounce and static test should be less than 0.10
m/km. None of the sensors for which bounce test values were submitted failed the bounce test
criteria.

Table 4.1. IRI values from bounce test.

Profiler IRI Value (m/km)
Static Test Dynamic Test Dynamic - Static

Left | Center | Right | Left | Center | Right | Left | Center | Right
North Atlantic |0.02| N/A | 0.04 |0.03] N/A | 0.05 |0.01| N/A | 0.01
North Central |0.03| 0.03 | 0.07 |0.07| 0.07 | 0.09 |0.04| 0.04 | 0.02
Southern 0.06] N/A | 0.05 |0.08] N/A | 0.07 |0.02] N/A | 0.02
Western 0.05| 0.05 | 0.05 |0.10| 0.10 | 0.11 |0.05| 0.05 | 0.06

K.J. Law 0.05] N/A | 0.05 |0.08] N/A | 0.08 |0.03] N/A | 0.03
N/A: The center sensor IRI is not displayed for K. J. Law profiler. The center
sensor

IRI values were not submitted for North Atlantic and Southern profilers

5.0 EVALUATION OF DMI TEST RESULTS

5.1 Overview

The purpose of the DMI test is to evaluate the bias and precision of the DMI in the profilers. The
specified criteria are that the DMI bias be within 0.05% of the distance and that DMI precision
be less than 0.025% of the distance (see Directive P19). A 304.8 m long section was laid out as
the DM section. For a 304.8 m long test section, the bias and precision values are 0.152 m and
0.076 m, respectively.

5.2 Test Procedure

All profilers calibrated their DMI at the DMI section prior to obtaining profile measurements.
Immediately after the DMI was calibrated, each profiler performed six runs on the DMI section
and recorded the distance measured between the start and the end of the section. The tire
pressure during each DMI run was also recorded. After profiling all test sections, each profiler
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again performed six repeat runs on the DMI section and recorded the distance between the start
and end of the section. The purpose of obtaining the second set of measurements was to evaluate
the stability of the DMI over time. The K. J. Law profiler used a 305 m length for calibration and
DMI testing, as a length of 304.8 m could not be entered into the software.

5.3 Test Results

Table 5.1 presents the results obtained from the DMI testing that was conducted immediately
after calibrating the DMI. Table 5.1 presents the tire pressure before and after testing, the air
temperature before and after testing, the DMI reading for each run, average of DMI readings,
and the standard deviation of DMI readings. Table 5.1 also indicates whether or not the profiler
met the bias and precision criterion.

Table 5.1. Results of DMI tests performed immediately after calibration.

Description Region
North North | Southern | Western | K.J.Law
Atlantic | Central

DMI Reading - Run 1 (m) 304.776 | 304.842 | 304.761 | 304.691 | 304.990
DMI Reading - Run 2 (m) 304.629 | 304.783 | 304.741 | 304.731 | 305.000
DMI Reading - Run 3 (m) 304.629 | 304.803 | 304.701 | 304.711 | 305.010
DMI Reading - Run 4 (m) 304.609 | 304.744 | 304.662 | 304.691 | 305.000
DMI Reading - Run 5 (m) 304.570 | 304.744 | 304.682 | 304.672 | 305.000
DMI Reading - Run 6 (m) 304.511 | 304.744 | 304.682 | 304.652 | 305.000
Average 304.62 | 304.78 | 304.70 | 304.69 | 305.00
Length of Section (m) 304.80 | 304.80 | 304.80 304.80 | 305.00
Bias (m) -0.18 -0.02 -0.10 -0.11 0.00
Standard Deviation (m) 0.09 0.04 0.04 0.03 0.01
Bias Criterion Satisfied? No Yes Yes Yes Yes
Precision Criterion Satisfied? No Yes Yes Yes Yes
Left rear tire pressure before test (psi) 80 81 82.5 82 66
Left rear tire pressure after test (psi) 82 82 81.5 80 67
Right rear tire pressure before test (psi) 80 82 82 80 65
Right rear tire pressure after test (psi) 82 82 81.5 82 66
Before Measurements - Air Temp. (°C) 25.6 N/A 27.0 24.5 19.6
After Measurements - Air Temp. (°C) 25.1 N/A 26.3 24.5 19.4

All profilers except for the North Atlantic one passed both the bias and the precision criterion.
The North Atlantic profiler failed both the bias and precision criterion. An evaluation of the DMI
readings obtained by the North Atlantic profiler showed that they decreased as the testing
progressed. The tire pressure of the rear tires in the North Atlantic profiler was 2 psi higher at the
end of the test, which indicates the tires were probably not warmed-up sufficiently when the
DMI was calibrated. The reason why the North Atlantic profiler failed both the bias and
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precision criterion is most likely because the tires of the profiler were not sufficiently warmed-up
when the DMI was calibrated.

After completing the DMI test, the operator of the North Atlantic profiler realized that the DMI
did not meet the bias and precision criterion and recalibrated the DMI. However, as the profiler
was experiencing some problems with the battery charging system, the operator did not have
sufficient time to perform the DMI test after the DMI was recalibrated.

The purpose of obtaining measurements at the DMI section after the test sections were profiled
was to evaluate the stability of the DMI over time. Table 5.2 presents the results obtained from
the DM testing that was performed after the profilers completed data collection at the five
profile test sections.

Table 5.2. Results of DMI tests performed after profiling the test sections.

Description Region
North North | Southern | Western | K.J. Law
Atlantic | Central

DMI Reading - Run 1 (m) 304.844 | 304.881 | 305.156 | 304.868 | 305.03
DMI Reading - Run 2 (m) 304.805 | 304.881 | 305.117 | 304.829 | 305.02
DMI Reading - Run 3 (m) 304.766 | 304.822 | 305.057 | 304.789 | 305.05
DMI Reading - Run 4 (m) 304.746 | 304.822 | 305.057 | 304.789 | 305.02
DMI Reading - Run 5 (m) 304.766 | 304.842 | 305.057 | 304.750 | 305.01
DMI Reading - Run 6 (m) 304.707 | 304.822 | 305.038 | 304.711 | 305.00
Average 304.77 | 304.85 | 305.08 | 304.79 | 305.02
Length of Section (m) 304.80 | 304.80 | 304.80 | 304.80 | 305.00
Bias (m) -0.03 0.05 0.28 -0.01 0.02
Standard Deviation (m) 0.05 0.03 0.05 0.06 0.02
Bias Criterion Satisfied? Yes Yes No Yes Yes
Precision Criterion Satisfied? Yes Yes No Yes Yes
Left rear tire pressure before test (psi) 82 81 82 82 64.5
Left rear tire pressure after test (psi) 82 81 82 80 65
Right rear tire pressure before test (psi) 82 82 82 82 65
Right rear tire pressure after test (psi) 82 82 82 82 64
Before Measurements - Air Temp. (°C) 22.3 N/A 26.7 22.4 17.2
After Measurements - Air Temp. (°C) 22.2 N/A 26.4 22.3 17.1

All profilers except for the Southern one passed both the bias and precision criterion for the
DMI. The Southern profiler failed both the bias and precision criterion. The DMI readings
obtained by the Southern profiler showed that the DMI readings decreased as repeat runs were
obtained. Again, the probable cause for this is that the tires in the profiler were not warmed-up
sufficiently when testing was performed. As indicated previously, after the North Atlantic
profiler failed the pre-testing DMI test, the operator recalibrated the DMI. Therefore, the North
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Atlantic profiler was able to meet both the bias and the precision criterion when the DMI test
was performed after the test sections were profiled.

In order to verify that the DMI in the North Atlantic profiler was functioning properly, the
FHWA requested the North Atlantic RSC to repeat the DMI test. The North Atlantic profiler
repeated the test at a test site in their region that was 300 m in length. The DMI readings
obtained for the six runs after the DMI was calibrated were: 300.077, 299.960, 299.960, 299.979,
299.920 and 299.999 m. Based on these readings the bias and the precision of the DMI were
0.017 m and 0.053 m respectively. Both the bias and precision were within the specified
criterion.

5.4 Summary

For the DMI test that was performed immediately after calibration, all four profilers met the
specified bias and precision criterion, except for the North Atlantic profiler. The DMI readings
obtained by the profiler decreased as repeat runs were obtained. This was probably caused by
tires in the profiler not being sufficiently warmed-up when the DMI was calibrated.

All profilers met the specified DMI bias and precision criterion for post-profile DMI testing
except for the Southern profiler. The DMI readings obtained by this profiler decreased as repeat
runs were obtained. It appears that the tires in the Southern profiler were not sufficiently
warmed-up when the post-profile DMI test was performed. The North Atlantic profiler
recalibrated the DMI when the operator realized the profiler failed the pre-profiling DMI test.
That is the reason why the profiler was able to pass the post-profile DMI test although it failed
the pre-profile DMI test.

The North Atlantic profiler repeated the DMI test at a location in their region. The profiler was
able to meet both the DMI bias and precision criterion during this test.

6.0 COMPARISON OF IRI VALUES AND PROFILES

6.1 Overview

This section describes the following: (1) data collection activities that were carried out at the test
sections, (2) IRI values obtained from Dipstick measurements, (3) evaluation of repeatability of
IRI values obtained by the profilers, (4) comparison of IRI obtained by the profilers with IRI
obtained from Dipstick measurements, (5) evaluation of point-to-point repeatability of profile
data, (6) evaluation of repeatability of profile data by a visual review of profile plots containing
the repeat profile runs collected by a profiler at a test section, and (7) comparison of profile data
collected by the different profilers. An overall discussion of the results obtained from the
analyses that were carried out on the profile data are described at the end of the section. In the
tables and graphs presented in this section, the following notations are used for the profilers: NA
- North Atlantic, NC — North Central, SO — Southern, WE —Western, and Law — K. J. Law.
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6.2 Data Collection

Five test sections were used for the profiler comparison. Dipstick measurements were obtained
along both wheel paths at each test section following the procedures described in the Profile
Manual. Dipstick measurements on PCC sections were obtained in the afternoon to eliminate the
effect of temperature related curling on profile measurements. Table 6.1 presents the following
information for each test section: regional contractor who performed Dipstick measurements,
Dipstick model used for testing, date of testing, and start and end time for testing.

Table 6.1. Dipstick testing at test sections.

Section Region Dipstick Used For Date of | Start End
Number | Performing Measurements Testing | Time Time
Measurements
1 Southern  [Southern — Model 2000 7/15/03 | 9:35 11:17
2 Northern  |North Atlantic - Model 2000 7/15/03 | 16:25 | 18:05
3 Western  |Western - Model 1500 7/15/03 | 14:24 | 15:35
4 Southern  [Southern — Model 2000 7/15/03 | 14:31 | 15:31
5 Western  |Western - Model 1500 7/15/03 | 11:30 | 12:51

All five test sections were profiled by the four LTPP ICC profilers and the LTPP K. J. Law
profiler. The test sections were profiled using the procedures outlined in the Profile Manual.
Profile measurements on PCC sections were obtained in the afternoon to eliminate the effect of
temperature related curling on profile measurements. Data processing was performed using the
current version of the ProQual software. Each region selected five profile runs for each test
section for the IRI comparison, and submitted the IRI values to FHWA and the TSSC. Table 6.2
shows the profile runs that were selected by the regions for the IRl comparison.

Table 6.2. Profile runs selected for analysis.

Region Runs Selected for Analysis
Test Section
1 2 3 4 5
North Atlantic 2, 3,4,5,6 4,5,6,7,81,2,4,5,6 2,3,4,5,6 3,4,5,6,7
North Central 4,5,6,7,8 2,5,7,8,91,4,5,6,8 4,6,7,8,91,5,6,7,8
Southern 2,4,6,8913,6,7,8913,46,7,81,3,4,5,612,3,6,7,9
Western 3,4,6,8,912,4,58,93,45,693456,85,6,7,8,9
K. J. Law 3,4,5,6,712,3,6,7,83,45,6,823,4891[1,4,6,7,8
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6.3 IRl From Dipstick Measurements

The RSC that collected the Dipstick data also entered them into ProQual and computed IRI
values for the left and the right wheel paths. The Dipstick elevation data were also analyzed
using the Roadruf program to compute IRI. A comparison of IRI values obtained from ProQual
and Roadruf showed that there were some minor differences in the IRI values. Table 6.3 presents
the IRI values computed from the Dipstick measurements.

Table 6.3. IRI values from Dipstick Measurements.

Section Dipstick IRI (m/km)
Number Left Wheel Path Right Wheel Path
ProQual Roadruf ProQual Roadruf

1 N/A 1.170 N/A 1.811
2 2.876 2.797 2.867 2.791
3 0.898 0.880 0.995 0.991
4 1.351 1.320 1.675 1.644
5 2.292 2.235 2.695 2.628

The difference in IRI values between ProQual and Roadruf ranged from 0.004 to 0.079 m/km,
with the IRI value from ProQual being greater than the one from Roadruf in all cases. A
comparison of IRI values obtained using ProQual and Roadruf for profiler data showed the
values were similar. When ProQual computes IRI for Dipstick data, it first applies a filter that
has an upper wavelength cut-off of 100 m, and then it uses the filtered data to compute the IRI
value. When Roadruf computes IRI for Dipstick data, the program uses the Dipstick elevation
profile to compute IRI. The filtering of the Dipstick data that is performed by ProQual may be
the cause for the difference in Dipstick IRI values between Roadruf and ProQual. The IRI values
computed from Roadruf were used as the reference IRI in the data analysis.

6.4 Analysis of IRI Values

The IRI values computed from profile measurements were used to perform the following
analyses.

1. Evaluate repeatability of IRI values obtained by the profilers.

2. Compare Dipstick IRI with profiler IRI.

3. Compare IRI values obtained by the four profilers at the five test sections.

6.4.1 Repeatability of IRI Values

The left and right wheel path IRI values obtained by the profilers for the profile runs selected at

the test sections (see table 6.2) are presented in Appendix C. These five IRI values were used to
compute the standard deviation of the IRI for the left and right wheel paths at each test section.
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The computed standard deviations are shown in table 6.4. The IRI standard deviations for the left
and right wheel paths are shown graphically in figures 6.1 and 6.2, respectively.

The precision criterion for IRI indicated in Directive P-19 is that the IRI standard deviation from
multiple runs at a section should be less than 0.04 m/km. This criterion was not met for the
following cases: (1) North Central — left wheel path of section 2 and 4, (2) K. J. Law — left wheel
path of section 5, (3) all profilers except for North Central — right wheel path of section 1, and
(4) all profilers — right wheel path of section 2.

At section 2, the North Central profiler had an IRI standard deviation of 0.042 m/km for the left
wheel path. Two other ICC profilers, North Atlantic and Western, had IRI standard deviations of
0.034 m/km and 0.039 m/km, respectively. This indicates the left wheel path of site 2 has
features that can cause an IRI standard deviation close to 0.40 m/km to occur. The IRI standard
deviation of the North Central profiler was close to the values obtained by the North Atlantic and
Western profilers, and was over the specified criterion by 0.02 m/km. The reason for this profiler
to not meet the specified criterion is attributed to variations in the wheel paths followed by the
profiler for the repeat runs.

At section 4, the North Central profiler had an IR standard deviation of 0.042 m/km, which was
0.02 m/km above the specified criterion. At section 5, the K. J. Law profiler had an IRI standard
deviation of 0.061 m/km, which was 0.021 m/km above the specified criterion. For both these
cases, the cause for the IRI standard deviation being above the specified criterion is not clear,
and needs further investigation.

At section 2, all profilers failed to meet the IRI standard deviation criterion along the right wheel
path, while at section 1 all profilers except for the North Central profiler failed the criterion
along the right wheel path. Distresses were present along the right wheel path at sections 1 and 4,
and variability in the paths profiled by the profilers was the likely cause for the profilers to fail
the specified criterion. When distresses are present on the wheel path, variations in the path
followed by the profiler during different runs can result in variations in the features that are
recorded in the profile. This in turn will result in variations in IRI values between the runs, and
contribute to a higher standard deviation of IRI.

6.4.2 Comparison of IRI Values

The left and right wheel path IRI values of the five runs that were used for analysis for the test
sections for all profilers are presented in Appendix C. The average IRI value for each profiler at
each test section computed from the IRI values of the five runs is shown in table 6.5. This table
also includes the Dipstick IRI at each section. The IRI values are shown graphically for the left
and right wheel paths in figures 6.3 and 6.4, respectively.
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Table 6.4. Standard deviation of IRI.

Wheel Path Profiler Standard Deviation of IRl (m/km)
Test Section
1 2 3 4 5
NA - ICC 0.02 0.03 0.01 0.03 0.02
Left NC - ICC 0.01 0.04 0.01 0.04 0.02
SO -ICC 0.02 0.02 0.01 0.03 0.03
WE - ICC 0.01 0.04 0.01 0.01 0.04
K.J. Law 0.02 0.03 0.01 0.01 0.06
NA -ICC 0.07 0.11 0.02 0.02 0.02
Right NC - ICC 0.01 0.13 0.01 0.01 0.03
SO -ICC 0.07 0.08 0.02 0.03 0.04
WE - ICC 0.08 0.09 0.01 0.01 0.03
KJ. Law 0.04 0.08 0.02 0.02 0.03

Note: NA - North Atlantic, NC - North Central, SO - Southern, WE - Western
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Table 6.5. Average IRI values.

Wheel | Profiler Average IRl (m/km)
Path Test Section
1 2 3 4 5
Dipstick | 1.170 | 2.797 | 0.880 | 1.320 | 2.235
NA-ICC| 1.269 | 2.762 | 0.925 | 1.451 | 2.249
NC-ICC| 1.256 | 2.753 | 0.925 | 1.569 | 2.149
Left |SO-ICC| 1.286 | 2.780 | 0.926 | 1.452 | 2.147
WE -ICC| 1.283 | 2.751 | 0.907 | 1.431 | 2.201
K.J.Law | 1.307 | 2.749 | 0.943 1.471 | 2.248
Dipstick | 1.811 | 2.791 | 0.991 | 1.644 | 2.628
NA-ICC| 1.682 | 2.814 | 0.982 | 1.699 | 2.540
NC-ICC| 1.734 | 3.013 | 1.024 | 1.723 | 2.540
Right |SO-ICC| 1688 | 2.616 | 0.964 | 1.671 | 2.544
WE -ICC| 1.656 | 2539 | 0.973 | 1.712 | 2.500
KJ.Law | 1.636 | 2.462 | 0.958 | 1.698 | 2.437

Note: Dipstick IRI obtained from a single run, NA - North Atlantic,
NC - North Central, SO - Southern, WE - Western
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The difference between the average profiler IRI value and the reference IRI value obtained from
the Dipstick (i.e., average profiler IRl — Dipstick IRI) at each test section for each wheel path are
shown in table 6.6. These values for the left and right wheel paths are presented graphically in
figures 6.5 and 6.6, respectively.

Directive P-19 indicates the difference between the Dipstick IRI and profiler IRI should be
within + 0.16 m/km. This criterion was not met for the following cases: (1) section 1 and section
5 - K. J. Law, right wheel path, (2) section 4 — North Central, left wheel path. (3) section 2 —
right wheel path, all profilers except for North Atlantic.

At sections 1 and 5, along the right wheel path, the K. J. Law profiler obtained IRI values that
were less than the Dipstick IRI by 0.18 m/km and 0.19 m/km, respectively. The cause for the
discrepancy is not apparent and needs further investigation. At section 4, along the left wheel
path, the North Central profiler obtained an IRI that was 0.25 m/km greater than the IRI from the
Dipstick. There are differences in magnitudes of profile features present on the profiles obtained
by the Dipstick and the North Central profiler along the left wheel path at section 4 that is likely
to be the cause for the difference in IRI. The probable cause is that the North Central profiler
followed a path that was different than the path that was measured by the Dipstick. Further
investigation is needed to look into this issue.

At section 2, along the right wheel path, all profilers except for the North Atlantic profiler failed
the specified criterion for difference in IRI with the Dipstick IRI. The Southern, Western, and
K. J. Law profiler obtained IRI values that were lower than the Dipstick IRI by 0.18 m/km, 0.25
m/km, and 0.33 m/km, respectively. However, the North Central profiler obtained an IRI that
was 0.22 m/km higher than the Dipstick IRI. Comparison of profiles from the Dipstick and the
profilers indicated the same features were present in all profiles, but the magnitudes of the
features were different, which resulted in differences in IRI. Further investigation is needed to
look into this issue.

At some sections, all five profilers showed a positive bias in IRl when compared to the Dipstick
IRI, while at other sections all five profilers showed a negative bias. Further investigation is
needed to identify the reason for this behavior.

6.5 Evaluation of Profiles
6.5.1 Overview

Three types of analyses were performed to evaluate the profile data collected by the profilers. In
the first analysis, the point-to-point repeatability of each profiler along the left and right wheel
path at each section was evaluated. In the second analysis, a visual review was performed on
overlaid profile plots that showed the replicate profile runs collected by a profiler at each section
to evaluate the repeatability of the profilers. In the third analysis, one profile was selected from
each profiler at each test section, and the profiles for the left and right wheel paths were
compared between the profilers.
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Table 6.6. Difference between profiler and Dipstick IRI.

Wheel | Profiler Avg. Profiler IRI - Dipstick IRI (m/km)
Path Site
1 2 3 4 5

NA-ICC| 0.10 -0.03 0.04 0.13 0.01
NC-ICC| 0.09 -0.04 0.05 0.25 -0.09
Left |SO-ICC| 0.12 -0.02 0.05 0.13 -0.09
WE-ICC| 0.11 -0.05 0.03 0.11 -0.03
KJ.Law | 0.14 -0.05 0.06 0.15 0.01
NA-ICC| -0.13 0.02 -0.01 0.05 -0.09
NC-ICC| -0.08 0.22 0.03 0.08 -0.09
Right |SO-ICC| -0.12 -0.18 -0.03 0.03 -0.08
WE -ICC| -0.15 -0.25 -0.02 0.07 -0.13
KJ. Law | -0.18 -0.33 -0.03 0.05 -0.19

NA - North Atlantic, NC - North Central, SO - Southern, WE —
Western
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Figure 6.5. Difference between profiler and Dipstick IRI, left wheel path.
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Figure 6.6. Difference between profiler and Dipstick IRI, right wheel path.
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6.5.2 Point to Point Repeatability of Profile Data

The point-to-point repeatability of profile data collected by each profiler along the left and right
wheel paths was performed using the averaged data files generated by ProQual. ProQual
processes the 25 mm data collected by the profilers by applying a 300 mm moving average on
the data, and saving the data at 150 mm intervals. Files for upload to the LTPP database that
contain the 150 mm data are generated by ProQual. These files do not contain the center path
profile, hence the point-to-point repeatability was not computed for the center path. For a
specific section, the five profiler runs whose IRI values were used in the IRl comparison study
(see table 6.2) were used in the point-to-point repeatability analysis. The following procedure
was used to compute the point-to-point repeatability of a profiler for a specific path (i.e., left and
right wheel paths) at each section.

1. Ateach longitudinal interval, compute the standard deviation of the elevation values using
the data from the five runs. For example, the first data point corresponds to data collected at
station 0. The elevation values recorded for the five runs at this station are used to compute
the standard deviation. The next data point is recorded at 150 mm. The elevations recorded at
a distance of 150 mm are then used to compute the standard deviation. This process is
repeated for all data recording intervals.

2. Compute the average of the standard deviation values. This average value is referred to as the
point-to-point repeatability of the profile.

Table 6.7 presents the point-to-point repeatability values for the profilers along the left and right
wheel paths at each test section. A lower profile repeatability is indicated with higher point-to-
point repeatability values. These values are shown graphically in figure 6.7 and 6.8 for the left
and right wheel paths, respectively. The point-to-point repeatability values do not necessarily
reflect the ability of the profiler to obtain repeatable profiles. The point-to-point repeatability is
also affected by the ability of the profiler driver to follow a consistent path during the repeat runs
that are performed at a section.

Along the left wheel path, the Southern ICC profiler and the K. J. Law profiler showed the
highest point-to-point repeatability values (i.e., poorest repeatability). When the four ICC
profilers were considered, the Southern profiler had the highest point-to-point repeatability at all
five sections along the left wheel path. Along the right wheel path, the K. J. Law profiler had the
highest point-to-point repeatability value at all sections except for section 5. When the ICC
profilers were compared along the right wheel path, the Southern profiler had the highest value
at three out of the five sections.

Past studies with LTPP data have indicated that the point-to-point repeatability on a test section
with an IRI of less than 1.4 m/km is usually less than 0.5 mm, while on test sections with an IRI
greater than 2.4 m/km, the point-to-point repeatability can be as high as 0.80 mm. The point-to-
point repeatability value obtained at a pavement section will also depend on the distresses present
along the wheel paths of the pavement section. When the North Atlantic, North Central and
Western ICC profilers were considered, point-to-point repeatability values higher than 0.50 mm
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Table 6.7. Point-to-point repeatability values.

Wheel Profiler Point-To-Point Repeatability (mm)
Path Test Section
1 2 3 4 5
NA-ICC| 051 0.34 0.15 0.20 0.25
NC-ICC| 0.22 0.26 0.17 0.22 0.36
Left SO-ICC| 0.85 0.88 0.52 0.75 1.44
WE -ICC| 0.36 0.53 0.21 0.38 0.80
KJ.Law | 1.20 1.21 0.48 0.94 1.06
NA-ICC| 0.56 0.44 0.15 0.18 0.26
NC-ICC| 0.28 0.30 0.18 0.30 0.46
Right SO-ICC| 0.73 0.28 0.40 0.24 2.08
WE -ICC| 0.45 0.34 0.21 0.44 0.43
KJ.Law | 0.95 1.37 0.51 0.77 1.03

NA - North Atlantic, NC - North Central, WE - Western, SO - Southern
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were noted for the following cases: (1) North Atlantic profiler, section 1 — left wheel path (value
of 0.51) and section 1 — right wheel path (value of 0.56), and (2) Western Profiler: section 2 —
left wheel path (value of 0.53) and section 5 — left wheel path (value of 0.80). The Southern
profiler had values in excess of 0.50 along left wheel path at all sections, and had the highest
value along the left wheel path at all five test sections. The Southern profiler also had point-to-
point repeatability values in excess of 0.50 mm along the right wheel path at two sections
(section 1 a value of 0.73 and section 5 a value of 2.08). The K. J. Law profiler had values in
excess of 0.50 along the left and right wheel paths at all sections except for the left wheel path of
section 3.

This analysis clearly indicates the Southern ICC profiler was showing lower profile repeatability
when compared to the other three ICC profilers along the left wheel path.

6.5.3 Comparison of Replicate Profile Runs Collected by Each Profiler

A visual observation of the multiple profile run plots at each section for each profiler was
performed to evaluate the repeatability of profile data. This evaluation was performed separately
for the left, right and center sensor data. Appendix D contains the overlaid profile plots for all
profilers along the left and right wheel paths at all test sections. Separate plots are presented for
each profiler. The five profile runs shown on each plot are the profile runs that were used in the
IRI evaluation. A review of these plots indicate the following: (1) generally the North Atlantic,
North Central and Western ICC profilers are showing good profile repeatability along both
wheel paths, (2) repeatability of the K. J. Law profile runs is much less than the repeatability of
the North Atlantic, North Central and Western ICC profilers along both wheel paths, (3)
repeatability of the Southern profiler runs along the left wheel path is much less than the
repeatability of the other three ICC profilers, (4) the Southern profiler exhibits lower profile
repeatability when compared to the other ICC profilers at sections 1 and 5 along the right wheel
path.

Although the Southern ICC profiler showed poor profile repeatability when compared to the
other three ICC profilers, the IRI values obtained by the Southern profiler were comparable to
the IRI values obtained by the other three profilers. This indicates the differences in the profiles
between the replicate runs for the Southern profiler are occurring for longer wavelengths, which
are outside the range of wavelengths that influence the IRI.

Appendix E contains the overlaid profile plots for the center path at all sections. Separate plots
are presented for each profiler. A review of these plots indicated the center sensors in all
profilers showed good repeatability at all test sections except for the center sensor in the
Southern profiler at sections 1 and 3.

6.5.4 Comparison of Profiles Between Profilers

A representative profile for each ICC profiler was selected for each section by evaluating the

five replicate profile runs available at a test section. Thereafter, these profiles were overlaid
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separately for the left and the right wheel paths to compare the profile plots of the four ICC
profilers. The profiles from the K. J. Law profiler were not used in this evaluation as a previous
study indicated there were differences between profiles collected by the ICC and K. J. Law
profilers. The differences in the profiles between the two profilers were caused because of
differences in the long wavelengths. Appendix F contains the overlaid profile plots from the four
ICC profilers as well as offset profile plots for these profilers. The overlaid profile plots indicate
reasonable agreement in profiles between the four ICC profilers, with no profiler showing a
profile shape that is not in agreement with the rest of the profilers. The offset plots show that all
four profilers appear to be capturing similar profile features present on the pavement.

6.5.5 Profile Repeatability of Southern Profiler

The profiles collected by the Southern ICC profiler during the profiler comparison test were less
repeatable than the profiles collected by the other three ICC profilers. This may have been
caused by incorrect operation of the profiler by the profiler operator or it may be related to a
problem with the profiler. The Southern RSC hired a new profiler operator shortly after the
Mn/Road test was conducted. A set of profile data collected by the new profiler operator at GPS
sections in the Southern Region was evaluated to determine if the poor repeatability of the
Southern profiler at the Mn/Road test was caused by the way the profiler was operated. Table 6.8
shows the GPS sections that were used in this evaluation.

Table 6.8. GPS Sites in Southern region used to evaluate profile repeatability.

GPS Description IRI (m/km)

Site Left Right Average
Number Wheel Path | Wheel Path
404154 Smooth AC 1.07 1.21 1.08
404165 Rough AC 2.37 2.71 2.36
404155 Smooth PCC 1.00 0.90 1.01
133020 | Medium Rough PCC 1.41 1.39 1.46
486179 Chip Seal 1.79 1.61 1.76

The procedure described in section 6.5.2 was followed to compute the point-to-point
repeatability of the profile data for the sections shown in table 6.8. Table 6.9 presents the
computed point-to-point repeatability values for the GPS sections.

The point-to-point repeatability values shown in table 6.9 are comparable with the values
obtained by the other three ICC profilers at Mn/Road test sections that had similar IRI values.
Appendix G presents the overlaid profile plots for the five sites shown in table 6.9. For each site
separate plots are shown for the left, center and right paths. A visual review of the profile plots
indicated that the Southern ICC profiler was exhibiting good repeatability of profiles along all
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three paths at all five sites. The level of repeatability observed in these plots appears to be
similar to that exhibited by the other three ICC profilers at Mn/Road.

Table 6.9. Point to point repeatability values for GPS sections.

GPS Description IRl (m/km) Point to Point Repeatability (mm)

Site Left Right Left Right
Number Wheel Path Wheel Path Wheel Path Wheel Path
404154 Smooth AC 1.07 1.21 0.17 0.12
404165 Rough AC 2.37 2.71 0.38 0.55
404155 Smooth PCC 1.00 0.90 0.18 0.12
133020 | Medium Rough PCC 1.41 1.39 0.25 0.22
486179 Chip Seal 1.79 1.61 0.68 0.19

This investigation indicated that the lower profile repeatability of the Southern RSC profiler at
the Mn Road test was likely due to problems with operational procedures (e.g., insufficient lead
in) that were followed by the profiler operator.

6.6 Summary
Repeatability of IRI Values

The precision criterion for IRI indicated in Directive P-19 is that the IRI standard deviation from
multiple runs at a section should be less than 0.04 m/km. This criterion was met for all cases
except for the following: (1) all profilers except for North Central — right wheel path of section 1,
(2) all profilers — right wheel path of section 2, (3) North Central — left wheel path of section 2
and 4, (4) K. J. Law — left wheel path of section 5,

Distresses were present along the right wheel path at sections 1 and 4, and variability in the paths
profiled by the profilers was the likely cause for the profilers to fail the specified criterion at
these two sites. At section 2, the North Central profiler had an IRI standard deviation of 0.042
m/km for the left wheel path, which was just above the specified criterion. The cause for the
profiler not being able to meet the specified criterion is attributed to variations in the profile
path.

At section 4, the North Central profiler had an IRI standard deviation of 0.042 m/km, which was
0.02 m/km above the specified criterion, while at section 5, the K. J. Law profiler had an IRI
standard deviation of 0.061 m/km, which was 0.021 m/km above the specified criterion. For both
these cases, the cause for the IRI standard deviation being above the specified criterion is not
clear, and needs further investigation.
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Comparison of IRI Values

Good agreement between profiler IRl and Dipstick IRI was obtained for the majority of the
cases. Directive P-19 indicates the difference between the Dipstick IRI and profiler IRI should
be within + 0.16 m/km. This criterion was met for all cases except for the following: (1) section
1 and section 5 — K. J. Law, right wheel path, (2) section 4 — North Central, left wheel path. (3)
section 2 — right wheel path, all profilers except for North Atlantic.

At sections 1 and 5, along the right wheel path, the K. J. Law profiler obtained IRI values that
were less than the Dipstick IRI by 0.18 m/km and 0.19 m/km, respectively. These values are just
above the specified criterion.

At section 4, along the left wheel path, the North Central profiler obtained an IRI that was 0.25
m/km greater than the IRI from the Dipstick. There are differences in magnitudes of profile
features present on the profiles obtained by the Dipstick and the North Central profiler that is
likely to be the cause for the difference in IRI. Further investigation is needed to look into this
issue.

At section 2, along the right wheel path, all profilers except for the North Atlantic profiler failed
the specified criterion for difference in IRl with the Dipstick IRI. Pavement distresses were
present along the right wheel path at section 2. Comparison of profiles from the Dipstick and the
profilers indicated the generally the same features were present in all profiles, but the
magnitudes of some features were different, which resulted in differences in IRI. Further
investigation is needed to look into this issue.

Comparison of Profiles

The K. J. Law profiler and the Southern ICC profiler showed much higher variability in replicate
profiles collected along the left wheel path at all sections when compared to the data collected by
the other three ICC profilers. Along the right wheel path, the K. J. Law profiler showed much
higher variability in replicate profiles when compared to the ICC profilers. Comparison of right
wheel path data for the ICC profilers indicated that the Southern ICC profiler showed the highest
variability at three sections. A visual examination of the profile data plots along the center path
indicated that all profilers seemed to be showing similar repeatability, except that at sections 1
and 3 the Southern profiler showed poor repeatability when compared to the other profilers.

A comparison of profiles obtained by the four ICC profilers at the five test sections indicated all
four profilers are capturing similar profile features. A profile feature that appeared in any ICC
profiler was also present on the profiles collected by the other ICC profilers.

The Southern RSC hired a new profiler operator shortly after the Mn/Road tests were completed.
The data collected by that operator at five GPS sections were evaluated to investigate the
repeatability of the Southern profiler. This investigation indicated that the Southern profiler was
obtaining repeatable data that were comparable to the data obtained by the other three ICC
profilers at the Mn/Road test sections. The poor repeatability of the Southern profiler at the
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Mn/Road test sections is attributed to incorrect operational procedures that were followed by the
profiler operator.

7.0 EFFECT OF TEST SPEED ON IRl AND PROFILE

An experiment was performed using the Southern ICC profiler and the K. J. Law profiler to
investigate the effect of test speed on IRI and profile. This experiment was performed at test
section 1. Each profiler obtained profile measurements at this test section at test speeds of 35
km/h, 50 km/h, 65 km/h, 80 km/h, 95 km/h and 110 km/h, with two runs being performed at each
test speed. Tables 7.1 and 7.2 show the IRI values that were obtained for the Southern ICC
profiler and the K. J. Law profilers, respectively.

A t-test was performed to investigate if the mean IRI value obtained from profiles collected at
test speeds of 35 km/h, 50 km/h, 65 km/h, 95 km/h and 110 km/h for each profiler was different
from the mean IRI value obtained by that profiler when the section was tested at a speed of 80
km/h. The mean IRI value for the test speed of 80 km/h was obtained from the five profiler runs
that were conducted at this section during the comparison test (see Table 6.5). The t-test was
conducted separately for the left and right wheel path IRI for the Southern ICC profiler as well
as the K. J. Law profiler using the first set of data collected for the speed test. The t-test indicated
there was no difference in the IRI values for both profilers along both wheel paths (at o = 0.05).

8.0 CONCLUSIONS

The results from the profiler comparison study and subsequent testing indicated that the four ICC
profilers that are currently collecting data for the LTPP program are performing satisfactorily.

A discussion of the results obtained form each of the analysis performed on the data are
presented next.

Static Height Sensor Test Results:

Results from the static height sensor test conducted during the profiler comparison indicated
there were several cases where the sensors in the profilers failed to meet the specified bias
criterion (bias within £ 0.25 mm) and the precision criterion (precision < 0.125 mm). The cause
for the failure of these criteria may have been due to movements that occurred in the vehicle
when the test was performed, as well as marks that were present on the blocks that were used for
the testing of one profiler.
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Table 7.1. IRI values for Southern ICC profiler from speed test.

Profiler IRI (m/km)
Speed First Set of Runs Second Set of Runs
(km/h) Left Right Left Right
Wheel Path|Wheel Path|Wheel Path|Wheel Path
35 1.34 1.53 1.32 1.72
50 1.29 1.73 1.27 1.75
65 1.30 1.71 1.29 1.75
80 1.30 1.64 1.29 1.74
95 1.28 1.59 1.29 1.63
110 1.33 1.58 1.29 1.69
Average 1.30 1.63 1.29 1.71
Std. Dev.| 0.024 0.078 0.018 0.046

Table 7.2. IRI values for K. J. Law profiler from speed test.

Profiler IRI (m/km)
Speed First Set of Runs Second Set of Runs
(km/h) Left Right Left Right
Wheel Path|Wheel Path|Wheel Path|Wheel Path
35 1.27 1.69 1.29 1.72
50 1.25 1.74 1.24 1.76
65 1.29 1.69 1.31 1.70
80 1.30 1.72 1.27 1.72
95 1.34 1.58 1.32 1.64
110 1.30 1.66 1.28 1.70
Average 1.29 1.68 1.28 1.71
Std. Dev.| 0.031 0.056 0.034 0.040
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After the Mn/Road test, each RSC repeated the height sensor test on their profiler at their
facility. The vehicle was placed on jacks when performing this test to eliminate any vehicle
movement during the test. In addition, a clean set of blocks was used to perform the test. All
sensors in all profilers passed the precision criterion when the test was repeated. All sensors in
all profilers, except for the center sensor in the North Central profiler at the 25 mm position met
the bias criterion when the test was repeated. At the 25 mm position, the center sensor in the
North Central profiler had a bias value of 0.27 mm, which was 0.02 mm outside the specified
tolerance. As the data from the center sensor are not stored in the LTPP database, and as the
sensor was out of the specified tolerance at only one position by 0.02 mm, it does not raise any
serous concerns about the data collected by this profiler. However, the North Central RSC
should keep track of the performance of this sensor during the monthly sensor calibration check,
and if further deterioration in the sensor is noted ICC should be contacted to resolve this issue.

Bounce Test Results

The left and right sensors of the four ICC profilers as well as the K. J. Law profiler met the
bounce test criteria that are specified in the Profile Manual. These criteria are that the IRI from
the static test be less than 0.08 m/km, and the difference between the dynamic bounce test and
the static test be less than 0.10 m/km.

DMI Test Results

Results from the DMI test that was performed immediately after calibration of the DMI indicated
that the ICC profilers from the North Central, Southern and Western regions, and the K. J. Law
profiler passed the DMI bias and precision criterion. The North Atlantic profiler failed both the
bias and the precision criterion because the tires in the profiler were not sufficiently warmed up
when the test was conducted. The North Atlantic profiler subsequently conducted another DMI
test, and met both the DMI bias and precision criterion.

Precision of IRI

Overall, all profilers appear to be obtaining repeatable IRI values. The data did not indicate that
a particular profiler was behaving differently than the other profilers as far as IRI repeatability is
concerned. The precision criterion for IRI indicated in Directive P-19 is that the IRI standard
deviation from multiple runs at a section should be less than 0.04 m/km. However, if distresses
are present along the wheel path, sometimes this criterion cannot be met because even a slight
shift in the path profiled can have a significant impact on the IRI.

The IRI precision criterion was met for all cases except for the following few cases: (1) all
profilers except for North Central — right wheel path of section 1, (2) all profilers — right wheel
path of section 2, (3) North Central — left wheel path of section 2 and 4, (4) K. J. Law — left
wheel path of section 5.
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Distresses were present along the right wheel path at sections 1 and 4, and variability in the paths
profiled by the profilers was the likely cause for the profilers to fail the specified criterion at
these two sites. At section 2, the North Central profiler had an IRI standard deviation of 0.04
m/km for the left wheel path, which was just above the specified criterion, and the cause for the
profiler not being able to meet the specified criterion is attributed to variations in the profile
path.

At section 4, the North Central profiler had an IRI standard deviation of 0.04 m/km, which was
0.02 m/km above the specified criterion, while at section 5, the K. J. Law profiler had an IRI
standard deviation of 0.06 m/km, which was 0.02 m/km above the specified criterion. In both
cases, the cause for the IRI standard deviation being above the specified criterion is not clear,
and needs further investigation.

Comparison Profiler and Dipstick IRI Values

Good agreement between profiler IRl and Dipstick IRI was obtained for the majority of the
cases. Directive P-19 indicates the difference between the Dipstick IRI and profiler IRI should
be within + 0.16 m/km. This criterion was met for all cases except for the following: (1) section
1 and section 5 — K. J. Law, right wheel path, (2) section 4 — North Central, left wheel path. (3)
section 2 — right wheel path, all profilers except for North Atlantic.

At section 2, along the right wheel path, all profilers except for the North Atlantic profiler failed
the specified criterion for difference in IRI with the Dipstick IRI. Pavement distresses were
present along the right wheel path at section 2. The cause for the failure of the specified criterion
may be because of the differences in the way downward features on the pavement are measured
by the Dipstick and the laser sensors. The dipstick has a footpad of 32 mm that can bridge over
distresses, while the 1 mm diameter laser sensor will record such features. In addition the
Dipstick has a sampling interval of 304.8 mm when compared to 25 mm for profilers, which can
also have an impact on the IRI.

At section 4, along the left wheel path, the North Central profiler obtained an IRI that was 0.25
m/km greater than the IRI from the Dipstick. There are differences in magnitudes of profile
features present on the profiles obtained by the Dipstick and the North Central profiler that is
likely to be the cause for the difference in IRI. This may have been caused because the profiler
followed a path different from the path that was measured with the Dipstick.

At sections 1 and 5, along the right wheel path, the K. J. Law profiler obtained IRI values that

were less than the Dipstick IRI by 0.18 m/km and 0.19 m/km, respectively. The cause for the
discrepancy is not apparent and needs further investigation.
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Profile Repeatability and Comparison of Profiles

An evaluation of the profile data collected by the North Central, North Atlantic and Western ICC
profilers indicated profile data collected by these profilers generally have a similar repeatability.
The K. J. Law profiler as well as the Southern ICC profiler showed much higher variability in
profile data along the two wheel paths when compared to the other three ICC profilers.

A comparison of profiles obtained by the four ICC profilers at the five test sections indicated all
four profilers are capturing similar profile features. A profile feature that appeared in any ICC
profiler was also present on the profiles collected by the other ICC profilers.

The Southern RSC hired a new profiler operator shortly after the Mn/Road tests were completed.
The data collected by the new operator at five GPS sections were evaluated to investigate the
repeatability of the Southern profiler. This investigation indicated that the Southern profiler was
obtaining repeatable data that was comparable to the data obtained by the other three ICC
profilers at the Mn/Road test sections. The poor profile repeatability obtained by the Southern
profiler at the Mn/Road test sections may have been caused by problems with operational
procedures (e.g., insufficient lead in, not maintaining a constant speed) that were followed by the
profiler operator.

Collection of Data at Different Speeds

Collection of profiles at different speeds (35 km/h, 50 km/h, 65 km/h, 80 km/h, 95 km/h and 110
km/h) was performed by the K. J. Law and Southern ICC profilers. The analysis of the data
indicated the IRI value did not appear to be influenced by the speed of testing over the tested
speed range.

9.0 RECOMMENDATIONS FOR FURTHER STUDIES

These recommendations are presented for investigating some of the observations that were noted
during this data analysis.

1. At some sections the difference between profiler and Dipstick IRl was greater than the 0.16
m/km criterion that is specified in LTPP Directive P-19. Usually, such cases occurred on
sections that had pavement distresses along the wheel paths. These differences may be
related to differences in the way downward features on a pavement are captured by the
profiler and the Dipstick. The Dipstick has a footpad diameter of 32 mm that can bridge over
cracks, while the laser sensors in the profiler can measure the depth of a crack. In addition,
there are differences in the sampling interval between the profiler and the Dipstick that can
also contribute to differences in IRI. Further study is needed to investigate the cause of the
difference in IRI between the profiler and the Dipstick at sections that had an IRI difference
that was greeter than the 0.16 m/km tolerance specified in Directive P-19.
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2. At some sections, all five profilers showed a positive bias in IRl when compared to the
Dipstick IRI, while at other sections all five profilers showed a negative bias. Further
investigation is needed to identify the reason for this behavior.
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