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EXECUTIVE SUMMARY

Construction cycle 5 (CC5), built in the National Airport Pavement Test Facility (NAPTF), was
designed to evaluate the performance of flexible pavements under simulated aircraft loads. The
primary objective of the experiment was to investigate the interaction of closely spaced multiple-
wheel landing gear on pavement performance. The secondary objective was to study the
performance of crushed quarry screenings conforming to FAA P-154 and a dense graded aggregate
(DGA) meeting New Jersey highway specifications.

The experiment included 4 test items designed into 12 sections; 6 sections on the north and 6
sections on the south of the pavement centerline. The test sections were built with 2 different
subbase thicknesses, 2 different subbase materials and were trafficked with four different gear
configurations. One of the gear configurations included six wheels. Two gear configurations
included ten-wheel with different spacing between wheels. The last gear configuration was also
ten-wheel simulating the Antonov aircraft. The test design included three different wheel loading
levels. Table E.1 presents these variations of the test sections.

Table E1. Test Design Summary.

Test Items
Sl Gear configuration Subbase Subbase Thickness Loading Level
g Material (inches) g
LFC1-NW six-wheel P-154 34 50-70k Ibs.
LFC1-NE ten-wheel P-154 34 50-70K Ibs.
(narrow spacing)
LFC2-NW ten-wheel P-154 38 50-70K Ibs.
(narrow spacing)
LFC2-NE six-wheel P-154 38 50-70k Ibs.
LFC3-N six-wheel DGA 38 59-70k Ibs.
LFC4-N six-wheel DGA 34 59-70k Ibs.
LFC1-SW ten-wheel P-154 34 70k Ibs.
(wide spacing)
LFC1-SE six-wheel P-154 34 70k Ibs.
LFC2-SW ten-wheel P-154 38 70k Ibs.
(wide spacing)
LFC2-SE six-wheel P-154 38 70k Ibs.
LFC3-S ten-wheel P-154 38 70K Ibs.
(Antonov)
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Test Items

Sections . . Subbase Subbase Thickness .
Gear configuration . - Loading Level
Material (inches)
ten-wheel
LFC4-S (Antonov) P-154 34 70K Ibs.

An enormous amount of data was collected during testing from 2008 to 2012. This report intended
to analyze the transverse profile of the test sections to calculate the rut depth progression
concurrent with pavement loadings.

This study evaluated the availability of the profile data for this testing cycle. Over the course of
CC5 testing, the FAA implemented 3 different profilers. Testing started with trafficking north
sections, and transverse profiles were collected using an FAA profiler that was 21 feet long. The
challenge with using this profiler was that it was too short to capture the entire 30 foot width of
the sections in one run. So additional profiles, called center profiles and extension profiles, were
taken and were stitched to the original profiles. This profiler was retired after 71 wanders (4,686
passes).

Then, the FAA implemented a 30-foot Profiler. Although this profiler could capture the entire
width of the sections, additional profiles were needed since upheavals were rising around the
centerline and into the south sections when loading with the ten-wheel gear. These profiles, too,
were stitched to the original profiles for a complete profile analysis.

In 2012, the FAA implemented a 66 foot profiler which could capture the width of the entire test
pavement (south and north) in one run. A reference line was tested prior to every profile
measurement. This reference profile was used to adjust the measured profile for beam curvature
of the 66-foot profiler. These reference profiles were used to infer that temperature induced beam
curvature does not appear to significantly impact measurements of 21 and 30-foot profilers.

Three software programs were created to process data from each profiler. The study identified the
suitable version of the programs and used them for processing. VVarious naming conventions were
used throughout the experiment for the profiles. The profile names usually include the cumulative
pass number, transverse line profiled and other details that allow recognition of the profile.

A series of post traffic testing, select sections were trenched to characterize the deformation of
each pavement layer as a result of traffic. Surface profiles obtained from trenched sections were
compared with the last processed profile of test sections to validate the processing of the measured
profiles. Profiles from trenched sections and processed profiles were generally in good agreement.

Two methods were used in this study to calculate the rut depth: baseline method and straightedge
method. The baseline method calculates the rut depth with respect to the profile initially measured
in each section. The straightedge method calculates the rut depth by implementing an imaginary
straightedge placed on upheavals. In both methods, the maximum rut depth associated with the
cumulative traffic pass was recorded. While the maximum rut depth in baseline method is easily
obtained by subtracting the initial profile from the subsequent profiles, a MATLAB script was
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developed to implement the straightedge method. One advantage of the straightedge method over
the baseline method is that it incorporates the presence and the development of the upheavals in
calculating the rut depth, while baseline method is only concerned with the depth of rut with
respect to the original surface elevation. The rut depth results indicate the following:

When other factors were similar, higher rut depth was observed in sections with thinner
subbase. The effect of subbase thickness is pronounced as the number of cumulative passes
increase. This was the case when comparing LFC1-NW with LFC2-NE, LFC1-NE with
LFC2-NW as well as LFC3-N with LFC4-N.

When other factors were the same, sections loaded with six-wheel gear initially
demonstrated higher rut depth than sections loaded with ten-wheel gear. The difference
decreased and ultimately reversed as sections loaded with ten-wheel gear had final rut
depth higher than sections loaded with six-wheel gear. This is illustrated when comparing
LFC1-NW with LFC1-NE as well as when comparing LFC2-NW and LFC2-NW.

When other factors were the same, section that was built according to the P-154
specifications had lower rut values than the section built with dense graded aggregate. This
is demonstrated by comparing section LFC3-N built with DGA subbase and section LFC2-
NE built with P-154 subbase.

Wheel load levels play a significant role in rut depth progression. Expectedly, sections
loaded with heavier loads had deeper rutting. This is the case when comparing LFC1-NW
with LFC1-SE. Even though the number of passes on LFC1-NW was almost twice as
much, its final rut depth is about 35% less than LFC1-SE. Testing of the north sections was
conducted fairly soon after the pavement was constructed. Testing of the south sections
was conducted two to four years after construction. In comparison of the performance of
the north and the south sections, aging is a factor that’s not quantified in this study. In
general however it is expected that aging contributes to lower rut depth progression.
Sections loaded with Antonov gear configuration initially developed higher rut depth than
sections loaded with narrow and wide ten-wheel gear configurations, when other factors
remained the same using the straightedge method. After about 6,000 passes, the trend was
reversed. This was the case when comparing LFC3-S and LFC4-S with LFC2-SW and
LFC1-SW, respectively.
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1 INTRODUCTION

A new set of pavement sections was built in the National Airport Pavement Test Facility (NAPTF)
as part of the construction cycle 5 (CC5) to conduct full-scale testing on flexible pavement in 2008.
The performance of various flexible pavement sections was evaluated under simulated aircraft
loads using different non-destructive devices and embedded sensors. An enormous amount of data
was accumulated during four years of testing which required further analysis to examine the main
objectives of CC5 experiment. In pursuit of the primary objectives of the experiment, transverse
profiles were measured to monitor the pavement surface rutting as the pavement sections were
trafficked. This report documents and summarizes the profile data collection effort and presents
findings from investigation of the challenges encountered in processing the data. The goal of this
study was to determine the following:

1. Methods/equipment previously used for profile data collection;
Methods/software programs previously used for data processing;
Specific locations and dates of profiles collected:;

File naming conventions and definitions of terms used,

Rut depth computation;

Unrecoverable or unusable data;

Update the database tables and its explanatory contents

2 TEST DESIGN

The main objective of the CC5 experiment was to investigate the interaction of closely spaced
multiple-wheel landing gear on pavement performance. The test sections were trafficked with four
gear configurations; one with a six-wheel gear, two with ten-wheel gears, and another with
Antonov ten-wheel gear. The secondary objective was to study the performance of two subbase
materials; crushed quarry screenings conforming to FAA P-154 and a dense graded aggregate
(DGA) meeting New Jersey highway specifications.

No g~ owd

The experiment was designed with test items designated as LFC1, LFC2, LFC3 and LFC4 as
shown in Figure 1. Test items LFC1 and LFC2 were further split into four sections entitled as
northeast (NE), northwest (NW), southeast (SE) and southwest (SW). LFCL1 sections had the same
pavement structure but each were loaded with a different combination of gear load levels and
configuration. This was the case for LFC2 sections as well.

Test items LFC3 and LFC4 were split into 2 sections designated as north and south. North sections
were constructed with DGA subbase and south sections were constructed with screening subbase
material. Also, north and south sections were loaded with different gear configurations.

The subbase in sections LFC2 and LFC3 was 38 inches while it was 34 inches in sections LFC1
and LFC4. The design of LFC3 and LFC4 sections allow for comparison of subbase types and
thicknesses as well as gear configurations. All test sections had the same surface and base material
and thickness.
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Figure 1. CC5 Test Items Layout.!

3 TRAFFICKING AND WANDER PATTERN

Four landing gear configurations were used for trafficking the test items; one six-wheel landing
gear, two ten-wheel landing gears and another ten-wheel gear resembling Antonov aircraft gear.
Figure 2 depicts Test Area 1. A pavement centerline that divides the test items into north and south
sections is shown. The figure depicts one of the ten-wheel gear configurations used in CC5. As
shown, the axles are 12 feet apart. This gear configuration is designated as ten-wheel with wide
spacing. The figure also depicts the six-wheel gear configuration. As shown, the wander zone of
the wide spacing ten-wheel gear extends on both sides of the centerline in the Test Area 1. Figure
3 depicts the narrow spacing ten-wheel configuration. As shown, the axles are 9 feet apart.

Figure 4 depicts the wander pattern of the sample sections that are loaded with the narrow spacing
ten-wheel gear on one side and six-wheel gear on the other side with 9 track positions within the
wander zones. Figure 5 presents the wander pattern for a sample of sections that were loaded with
six-wheel gears on both sides. Similarly, there are 9 track positions within the wander zones on
both sides. Each wander contained 66 passes on the sections.

1 Song, 1., “Traffic Test Plan for Construction Cycle 5”, FAA staff weekly meeting, June 2012,
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2 FAA \Website: http://www.airporttech.tc.faa.gov/Airport-Pavement/National-Airport-Pavement-Test-Facility-
INAPTF-Databases/Construction-Cycle-5/Test-Plan/Gear-Configuration
3 FAA Website: http://www.airporttech.tc.faa.gov/Airport-Pavement/National-Airport-Pavement-Test-Facility-
INAPTF-Databases/Construction-Cycle-5/Test-Plan/Gear-Configuration
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Sections were tested over a four year period between 2008 and 2012. The trafficking started in
August 2008 on the north sections. Sections LFC1-NW, LFC2-NE, LFC3-N and LFC4-N were
loaded with the six-wheel landing gear configuration as shown in Figure 6. Sections LFC1-NE and
LFC2-NW were loaded with the narrow spaced ten-wheel gear configuration. Initially the wheel
loads were 50klbs. for sections LFC1 and LFC2, and 59,000 pounds (59k Ibs.) for sections LFC3
and LFC4. The loads were increased to 58k Ibs. after 7,920 passes on LFC1 and LFC2 sections.
Trafficking paused in November 2008 when 12,540 passes were made on the north test sections.

Trafficking resumed in September 2009 using wheel loads of 58k Ibs. for 396 passes, then the
wheel load was increased to 65k Ibs. Trafficking with 65k Ibs. wheel loading continued to the
completion of 18,612 passes on the north sections. Wheel loading was increased to 70k Ibs. until
a total of 22,572 passes were completed on the north sections. The trafficking continued on section
LFC1-NW to accomplish 27,918 total passes and on section LFC1-NE to accomplish 28,312 total
passes. Trafficking was concluded on the north sections in October 2009.

Sections LFC1-SW and LFC2-SW were loaded with wide spaced ten-wheel gear and sections
LFC1-SE and LFC2-SE were loaded with six-wheel gear. LFC3-S and LFCA4-S were loaded with
Antonov aircraft gear configuration of ten wheels.

The trafficking on the south side started with sections LFC1-SW and LFC1-SE in July 2010 with
70k Ibs. wheel loading. LFC1-SE and LFC1-SW were trafficked until 10,560 and 12,936 passes
were made respectively which concluded testing of these sections in August 2010.

Trafficking of sections LFC3-S and LFCA4-S began in September 2010 with the ten-wheel Antonov
gear configuration. The wheel loads were initially 60k Ibs. and were increased shortly thereafter
to 65Kk Ibs. and ultimately to 70k Ibs. until a total of 12,804 passes were made. Testing was paused
in November 2010 and was resumed in August 2012. LFC3-S and LFC4-S were initially trafficked
with a wander (66 passes) of 60k wheel loading and a second wander of 65k 1bs. loading, bringing
the cumulative pass count to 12,936. The wheel loading was then increased to 70k Ibs. and the
sections were trafficked to a cumulative total of 19,890 passes. Testing of these sections concluded
in October 2012.

Trafficking of sections LFC2-SW and LFC2-SE began in August 2012 with one wander of 60k
Ibs. and one wander of 65k Ibs. wheel loading. The wheel loading was then increased to 70k Ibs.
and 8,646 total passes were made to conclude the testing in October 2012.

Tables 1 and 2 provide a summary of traffic information on the north and south sections,
respectively. Tire pressure was maintained at 243 psi for the entire testing period.
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Figure 6. Gear Configurations of CC5 Test Sections.!

Table 1. Summary of Trafficking on North Sections in 2008 and 2009

Date Cumulapve Gear Configuration and Loading (in thousand Ibs.)
Traffic
LFC-
LFC-1NE
2NW (10 LFC- LFC-3N | LFC-4N
From To From | To FC IR (e | 2NE (6 (6 (6
(6 wheels) narrow
. narrow wheels) wheels) wheels)
spacing) .
spacing)
8/14/08 | 10/3/08 | O 7920 50 50 50 50 59 59
10/7/08 | 11/7/08 | 7920 | 12540 58 58 58 58 59 59
9/1/09 | 9/2/09 | 12659 | 13038 fviggf)t 58 58 58 58 58
9/3/09 | 9/4/09 13038 | 13530 ?Vigf)'l 65 65 65 65 65
9/8/09 | 9/23/09 | 13530 | 18612 65 65 65 65 65 65
9/24/09 | 10/6/09 | 18612 | 22572 70 70 70 70 70 70

*Ten-wheel configuration was used on the section by mistake. It was corrected after 871 passes were made.




Table 2. Summary of Trafficking on South Sections in 2010 and 2012

Date Cumula_t|ve Gear Configuration and Loading (1000 Ibs.)
Traffic
LFC-1 LFC-2
LFC-1 LFC-2
Sw (10 SW (10 LFC-3S LFC-4S
From TO From TO wheels SE (6 wheels SE (6 (Antonov) (Antonov)
wide wheels) wide wheels)
spacing) spacing)
7/12/10 8/9/10 0 10560 70 70 0 0 0 0
8/9/10 8/11/10 10560 12936 0 70 0 0 0 0
9/15/10 9/15/10 0 66 0 0 0 0 60 60
9/16/10 9/15/10 66 132 0 0 0 0 65 65
9/17/10 | 11/15/10 0 12804 0 0 0 0 70 70
8/21/12 | 10/18/12 | 12804 19890 0 0 70 70 70 70
10/22/12 | 10/26/12 | 20196 21450 70 0 0 0 0 0

4 TRANSVERSE PROFILE MEASURMENTS

Pavement permanent deformation (rutting) was monitored by performing transverse profile
measurements. Figure 7 depicts the test plan for profile measurements. Profile measurements were
performed concurrent with trafficking of the sections. According to the test plan, transverse
profiles were collected along 3 lines in each section for a total of 18 lines for the entire experiment.
Figure 7 depicts the transverse lines and the numbers associated with them. The transverse profiles
on the middle line of each section, shown as either line 2 or 5, were analyzed to calculate the rut
depth. The Figure also presents the years in which sections were tested. The details of profile
testing on each section is provided in the following sections.
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Figure 7. Transverse Profile Data Collection Plan.®

4.1 TRANSVERSE PROFILERS USED

Over the course of CC5 testing, the FAA implemented 3 different profilers. Transverse profiles
were initially measured using an FAA profiler that was 21 feet long. This profiler was only used
on the north sections and was retired on September 9, 2008 after 4,686 passes were made. The
program used in association with this profiler generated profile files with *.dat extension. The
obvious challenge with using this profiler was that it was too short and unable to capture the entire
30 feet width of the pavement in one run.

After September 9, 2008 a new profiler was used that was 30 feet long. The change was made
concurrent with profile measurements after 5,016 passes were made. This profiler was used in
2009 and 2010 as well. The program used in association with this profiler generated profile files
with *.bin extension.

These profilers were equipped with a non-contact vertical displacement transducer to monitor the
vertical displacement of the pavement, as well as a distance measuring instrument (DMI). A
pavement profile constitutes DMI measurements from the edge of the pavement and the vertical
displacement measurements from the transducer. The supporting points of the transverse profiler
were placed on the pavement surface. As such, the vertical reference points for transverse profiles
were a function of the pavement surface condition. A signal acquisition box was assembled onto
the profiler to collect and store the profile data.

5 FAA Website: http://www.airporttech.tc.faa.gov/Airport-Pavement/National-Airport-Pavement-Test-Facility-
INAPTF-Databases/Construction-Cycle-5/Painting-Plan



In 2012, a new transverse profiler was adopted by the FAA. The new profiler was 66 feet long and
captured the entire width of both south and north test sections in every run. The profiler was
installed on a truss that ran on the rail system used for supporting and guiding the NAPTF test
vehicle. The rail is made of steel and the truss structure is made of aluminum. The supporting
points of the transverse profiler were located on the rail, which allowed maintaining the same
vertical reference points for all the transverse profiles. The profile measurements were not
impacted by the surface condition such as depression and upheavals because of using the fixed end
points.

The profiler was operated by moving an infrared laser to measure the vertical displacement, and
an incremental rotary encoder is used as a DMI on a trolley rolling along the steel flange of an
aluminum truss type beam. Different coefficients of thermal expansion between the steel and
aluminum at the top and bottom of the profiler can impact the curvature of the profiler. Depending
on the ambient temperature, this can lead to an increase or decrease to the sagging shape of the
profiler as shown in Figure 8 (Song, 1., et al, 2012)°. A stable concrete surface at station 300 outside
of the loading area was designated as the reference line. The referenced line was surveyed to
provide an accurate surface to use as a datum and a profile of the reference line was taken prior to
each profile measurement. The reference profiles allow to adjust the measured profile for the beam
curvature induced by temperature. This profiler also generated profile files with *.bin extension.

Steel

= Aluminum

v

Ground

Figure 8. Temperature Induced Profiler Beam Curvature.®

4.2 TRANSVERSE PROFILE DATA PROCESSING PROGRAMS

A series of software programs were developed by the FAA for processing the collected profile
data. Each software program was designed to process the profile data from one of the three
profilers. Different versions of each program were available. The following programs were
deemed suitable for data processing of each profiler:

e “CC5Profiles” for FAA’s 21-foot profiler
o “Profile30_text” for FAA’s 30-foot profiler

¢ Song, I., R. Aponte and G. Hayhoe, “Rut Depth Measurement Method and Analysis at FAA’s
National Airport Pavement Test Facility”, Electrical Measuring Instruments and Measurements,
2012, pp133-139.



e “CC5LFC 234”for FAA’s 66-foot profiler

The “CC5Profiles” program reads the profile data files that are in *.dat format. To process the
data, the program sets the starting point of the profile to zero elevation and then rotates the profile
to achieve zero elevation for the end point as well. Since the two ends of the 21-foot profiler sit on
the pavement surface, the profile measurements become a function of the surface elevation.
Surface elevations change as the pavement is trafficked, therefore, the rotation of the profile is
necessary to compensate for these changes in elevation of the end points. The rotation is
accomplished by using a typical linear transformation matrix as shown in Equation 1 (Song, I., et
al, 2012)®. The transformation matrix T rotates each point of the profile by an angle 8 in clockwise
or counterclockwise direction. The angle 6 is determined as the Arctangent of an imaginary
straight line connecting the start and end points of the profile.
cosf —sin6

r= (sinH cos6 ) D
A processed profile using this program is presented in Figure 9, as a sample. The horizontal axis
is the offset from the pavement centerline toward north and the vertical axis represents the
pavement surface profile. As shown, the processed profile from the 21-foot profiler starts and ends
at zero. One challenge faced using this program was its inability to export the profile to a *.txt
format.
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| Select Dir =] ;::l‘r Humher of nutput data pointa ot 00984 0 apacing = 2. 561
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o~
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Figure 9. Sample Processed Profile using FAA’s 21-foot profiler.
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The “Profile30_text” program was used for processing the profile data in *.bin format. The
analysis procedure used in this program is similar to the “CC5Profiles” program. The program
rotates the measured profile and produces the processed profile. Figure 10 presents a screenshot
of a processed profile. As shown, the profile is 30 feet wide. The processed profiles using the
“Profile30_text” program also start from zero and end at zero.

The user is given the option to change the filter to designate the cutoff frequency of the surface
profile in either program. The program also provides an option to select the sample rate of profile
data points in the output file. The “Profile30_text” program gives an option to export the profile
data to a *.txt format.
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Figure 10. Sample Processed Profile using FAA’s 30-foot Profiler.

Figure 11 presents a screen shot of “CC5 LFC 2 3 4” program representing a profile taken with
the 66 foot long profiler. The horizontal axis represents the entire pavement section width from
the south edge to the north edge and the vertical axis represents the surface profile. Since the
supporting ends of the 66 foot profiler were fixed, the vertical coordinates of the start and end
points of the profiles did not change as the pavement was trafficked. Processing the profiles from
this profiler did not require the rotation.
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Figure 11. Sample Processed Profile using FAA’s 66-foot Profiler.

4.3 TRANSVERSE PROFILE DATA

This section presents the details of transverse profiles taken on each section of CC5 test items. It
includes the type, date and location of each profile as well as the devices used for measurements.
The conventions used for naming the transverse profiles are also discussed in this section. The
complete profile data information is documented in Appendix A.

4.3.1 FAA’s 21-foot profiler Data

The transverse profile measurement started on the north sections using the FAA’s old 21-foot
profiler. These profiles were not long enough to cover the whole width of the north sections
therefore measurements were initially taken with an offset from the centerline towards the north
to capture the trafficked portion of the sections’ width. These profiles are called “original profiles”
in this report.

As the pavement sections were trafficked, upheavals gradually formed outside of the wheel track
areas. Two upheavals were formed in all sections. Upheavals were farther apart in sections loaded
with ten-wheel gear. In these sections, one of the upheavals was formed in close proximity to the
centerline while the other was located within the section on the north side. Although original
profiles captured both upheavals in sections loaded with six-wheel gear, they did not in sections

12



loaded with ten-wheel gears. To produce a more complete profile, additional profiles were taken
in conjunction with the original profiles on these sections (LFC1-NE and LFC2-NW). These
additional profiles are called “center profiles” in this report.

The original profiles were taken with an approximate offset of 2.4 feet north of centerline for the
sections loaded with six-wheel gear and approximately 6.4 feet north of the centerline for the
sections loaded with ten-wheel gear. The center profiles were taken approximately 7 feet south of
the centerline toward the north direction as shown in Figure 12.

The following is an example of the naming conventions used for profiles collected by the 21-foot
profiler on north sections:

e (01NEZ2_4686.DAT: Original profile on section LFC1-NE line 2 after 4,686 passes
e (01INE2C_4686.DAT: Center profile on section LFC1-NE line 2 after 4,686 passes
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Figure 12. Original and Center Profiles Measured of North Sections Using 21-foot Profiler.

As noted before, the 21-foot profiler was used up to the completion of the 71 wander (4,686
passes). Figure 13 is a screenshot from the software presenting a sample of the processed original
and center profiles. Since center profiles and original profiles overlap for several feet, it is expected
that a portion of the right side of center profile will overlap with a portion of the left side of the
original profile. Since both of these profiles are rotated by the software to set each end at zero, the
center profile should be rotated again in order to match the overlapping portion of the profiles.

It is worth noting that the left portion of the center profile is on the south sections which were not
trafficked yet and is expected to be relatively level. This can provide a visual sense of the profile
rotation that has taken place.
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Figure 13. Original and Center Profiles of Section LFC1-NE Using 21-foot Profiler after 4,686
Passes.

4.3.2 FAA’s 30-foot Profiler Data

Transverse profile measurements continued on the north sections using the FAA’s 30 foot long
profiler after 5,016 passes on 9/9/2008 until 28,446 passes on 10/16/2009. The original profiles
measured the entire 30 feet width of the sections. All profile measurements started from the
pavement centerline toward the north edge. Additional profiles were collected on all north sections
using the 30-foot profiler. These profiles are called “extension profiles” in this report. Figure 14
presents a schematic of extension profiles along with the original and center profiles. As shown,
extension profiles start at approximately 4.5 feet south of the pavement centerline.
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Figure 14. Extension Profiles Taken along Original and Center Profiles on North Sections Using
30-foot Profiler.

In all north sections, extension profiles were taken in conjunction with the original profiles on the
middle lines (line 2 or 5). Extension profiles are available after 5,518 passes to 12,144 passes. To
differentiate the extension profiles from the original profiles, an extra dash “-” is used in profile
naming. As an example:

e 01nw2_6402.bin: Original profile on section LFC1-NW line 2 after 6,402 passes
e 01lnw-2_6402: Extension profile on section LFC1-NW line 2 after 6,402 passes

Figure 15 depicts a sample of original and extension profiles taken on LFC1-NW section.
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Figure 15. Sample Original and Extension Profiles Taken after 6,402 Passes on Section LFC1-
NW Using 30-foot Profiler.

In LFC1-NE and LFC2-NW sections, center profiles were also taken after 5,016 passes along with
the original profiles starting at approximately 15 feet offset south of the centerline. The center and
extension profiles were measured to capture the south upheavals that were formed around the
centerline. The following is an example of the naming conventions used for profiles:

e 01ne2_6402.bin: Original profile on section LFC1-NE line 2 after 6,402 passes
e (01lne-2_6402.bin: Extension profile on section LFC1-NE line 2 after 6,402 passes
e 01ne2c_6402.bin: Center profile on section LFC1-NE line 2 after 6,402 passes

Figure 16 depicts the processed original, extension and center profiles for the example profile.
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Figure 16. Sample Original, Extension and Center Profiles after 6,402 Passes on Section LFC1-
NE using 30-foot Profiler.

Transverse profile measurements continued in 2009 on the north sections using the FAA’s 30-foot
profiler. The naming convention assigned to the profiles taken after 15,114 passes in 2009 does
not include the cumulative pass numbers, as it did previously. Instead, the file name includes the
pass number since the beginning of 2009 trafficking. For example, the file “01nw2_3234.bin”
corresponds to the profile measurement after 3,234 passes were made in 2009 on Section LFC1-
NW.

The 30-foot profiler was also used for transverse profile measurements on LFC1-SW, LFC1-SE,
LFC3-S and LFC4-S sections in 2010. The profile testing was done on lines 1 to 3 of LFC1-SW,
LFC3-S and LFC4-S sections, and lines 4 to 6 of LFC1-SE section. Figure 17 depicts the location
of transverse profiles taken on the middle lines of south sections using the 30-foot profiler in 2010.
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The following presents the details of profiles taken on the sections on the south side.

LFC1-SW: The profile testing started with a pre-traffic measurement on 7/8/2010 and continued
until 10,560 passes were made on 8/9/2010. Three sets of profiles were taken as the pavement
section was trafficked. The original profiles were taken from the south edge to the centerline. After
the completion of 6™ wander and appearance of the upheavals around the pavement centerline as
a result of the ten-wheel gear configuration, the extension profiles were taken in addition to the
original profiles from an approximate 8 foot offset from the south edge. Also, center profiles were
taken from pass 2,904 until the conclusion of testing from an approximate 17 foot offset from the
south edge towards the north.

Figure 18 is a screenshot of the software presenting a sample of the processed original, extension
and center profiles. The conventions used for naming sample profile data files on section LFC1-
SW are as follows:

e 02_02904_0.3,0.4,0.5.bin: Original profile on line 2 after 2,904 passes
e (02N_02904_0.2,0.3,0.3.bin: Extension profile on line 2 after 2,904 passes
e (02NN_02904_0.6,0.7,0.8.bin: Center profile on line 2 after 2,904 passes
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Figure 18. Sample Original, Extension and Center Profiles Taken after 2,904 Passes on Section
LFC1-SW.

LFC1-SE: The profile testing started with a pre-traffic measurement on 7/8/2010 and concluded
with 12,936 passes on 8/11/2010. The original profiles were taken from the south edge to the north
direction. Extension profiles were also taken after 8,250 passes along with the original profiles
from an approximate 8 feet offset from the south edge. Figure 19 is a screenshot of the software
presenting a sample processed original and extension profiles taken on LFC1-SE. The naming
conventions used for sample profile data files on section LFC1-SE are as follows:

e 05 08250 0.1,0.2,0.2.bin: Original profile on line 5 after 8,250 passes
e (05N_08250 0.7,0.8,0.8.bin: Extension profile on line 5 after 8,250 passes
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Figure 19. Sample Original and Extension Profiles after 8,250 Passes on Section LFC1-SE.

LFC3-S and LFCA4-S: The profile testing started with a pre-traffic measurement on 9/15/2010 to
12,804 passes on 11/15/2010. The original profiles were taken from the south edge towards the
north. The original profiles were sufficient to capture the upheavals that were formed within the
south sections as a result of the Antonov gear configuration. The naming conventions used for
sample profiles on these sections are as follows:

e 02_10890.bin: Original profile on line 2 (within section LFC3-S) after 10,890 passes
e (05 10890.bin: Original profile on line 5 (within section LFCA4-S) after 10,890 passes
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4.3.3 FAA’s 66-foot profiler Data

Transverse profile measurements were performed on the south sections in 2012 using the FAA’s
66 foot long profiler from the south edge going north. This profiler was long enough to capture
south and north sections in every run. A fixed line was designated as a reference and its profile
was taken prior to each profile measurement to account for the beam curvature of the profiler. The
effect of beam curvature is adjusted by subtracting every point of the measured profile from the
reference line profile. Profiles were measured on lines 1 to 3 of sections LFC2-SW, LFC3-S and
LFC4-S, and lines 4 to 6 of section LFC2-SE. Figure 20 depicts the location of transverse profiles
taken on the middle lines of south sections using the 66-foot profiler in 2012 testing.
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Figure 20. Measured Profiles on Middle Line of Sections Tested in 2012 using 66-foot Profiler.

The following discusses the details of profiles taken on south sections in 2012.

Sections LFC2-SW and LFC2-SE: Profile testing started with a pre-traffic measurement on
LFC2-S sections on 8/16/2012 and concluded after 8,646 passes on 10/26/2012. Figure 21 shows
the measured profile as well as the adjusted profile corrected by reference line profile for a sample
profile taken after 8,454 passes on section LFC2-SW. This section was loaded with a ten-wheel
gear resulting in the north upheaval formed around the pavement centerline. The 33 foot to 66 foot
offset in Figure 21 is the profile of the section LFC2-NW.

Figure 22 shows the measured profile, reference line profile and adjusted profile taken after 8,454
passes on section LFC2-SE. Section LFC2-SE was loaded with a six-wheel gear configuration,
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thus both upheavals were formed within the section LFC2-SE. The 33 foot to 66 foot offset in
Figure 22 is the profile of the section LFC2-NE.

It is worth mentioning that 2 inches of the surface asphalt layer was milled off on sections LFC2-
SW and LFC2-SE prior to the profile measurement. The effects of surface milling can be observed
at the 6.5 foot and 41.5 foot offsets from the south edge in Figures 21 and 22.

The naming conventions used for profiles of sections LFC2-SW and LFC2-SE are presented by
the following samples:

o LFC2-S-2_8454.bin: 66 foot profile on line 2 (sections LFC2-NW and LFC2-SW) after
8,454 passes

e LFC2-S-5 8454.bin: 66 foot profile on line 5 (sections LFC2-NE and LFC2-SE) after
8,454 passes

LFC2 SW & NW

70

Surface Profiles, Inch
I

Reference Line Profile

----- Measured Profile

Adjusted Profile
-10

Offset from South Edge, ft

Figure 21. Sample Measured and Adjusted Profiles on Sections LFC2-SW and LFC2-NW after
8,454 Passes.
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Figure 22. Sample Measured and Adjusted Profile on Sections LFC2-SE and LFC2-NE after
8,454 Passes.

Sections LFC3-S and LFC4-S: Trafficking of LFC3-S and LFCA4-S sections continued in 2012
and another 6,738 passes were made. Transverse profiles were taken prior to trafficking on
8/16/2012 until the conclusion of the testing on 10/18/2012. The naming conventions used for
profiles on LFC3-S and LFC4-S are presented by the following examples:

e LFC3-2_6738.bin: 66 foot profile on line 2 (sections LFC3-N and LFC3-S) after 6,738
passes

e LFC4-2_6738.bin: 66 foot profile on line 2 (sections LFC4-N and LFC4-S) after 6,738
passes
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5 RUT DEPTH ANALYSIS

Two methods are used in this study to calculate the rut depth: baseline method and straightedge
method. The baseline method calculates the rut depth with respect to the profile that was measured
at the beginning of the testing. The straightedge method calculates the rut by implementing an
imaginary straightedge placed on upheavals. The following sections explain in more detail the
methods implemented for the analysis.

5.1 BASELINE METHOD

In this method, surface rut is measured from a fixed baseline profile. The pavement profiles before
trafficking are used as baseline profiles, and the rut depth for any subsequent profile measurement
is calculated as the maximum difference between the measured profile and the baseline. Figure 23
illustrates the calculation of rut depth using the baseline method.

30 35

Max Rut Depth Baseline
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e

Profile after X pass

Surface Profile, Inch
%)

Distance, ft

Figure 23. Maximum Rut Depth Calculation Using Baseline Method.

Implementing the baseline method encountered some challenges, and some assumptions had to be
made. The following identifies some of the main challenges:

e Since the FAA’s 21 foot and 30-foot profilers were placed on the pavement surface being
tested, the elevation of the profilers’ ends varied during the testing. This is particularly
problematic for sections trafficked by the ten-wheel gear. In sections subjected to six-
wheel gear, pavement profile was largely impacted around the middle of the section and
the edges were relatively intact. However, the profile of the sections trafficked by the ten-
wheel gear were impacted throughout the width of the section.
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e The FAA’s 21 feet and 30-foot Profilers were installed on a truss that could be impacted
by the beam’s weight and temperature. To avoid the impact, a reference profile outside
of the loading area could have been taken concurrent with every profile measurement.
Reference line was not tested for these profilers and no record of temperature was
collected. As is explained in Section 5.4 of this report, it was deemed that the effect of
beam curvature for these shorter profilers is negligible.

e As was discussed previously, sections in the north side were tested with both 21 and 30-
foot profilers. Specifically in baseline method, this becomes more challenging since the
initial profiles were measured with the 21-foot profiler which did not cover the whole 30
foot width of the sections.

The baseline method is inherently based on the comparison of the profiles as the testing progresses.
This method is suitable if the testing is controlled with the pavement loading as the only factor
affecting the pavement profile. However, the complexity inflicted by implementing 2 profilers
with different lengths as well as the stitching process of profiles are factors that could affect the
accuracy of the test results.

5.2 STRAIGHTEDGE METHOD

In the straightedge method, the maximum deflection between the profile and an imaginary
straightedge that connects the upheavals is measured as the rut depth, as shown in Figure 24. In
this method, the calculation of rut depth in each profile is independent of other profiles, and the
impact of upheavals can also be accounted for in the calculation of rut depth. This could be viewed
as an advantage over baseline method since baseline method is indifferent to the creation and
elevation of the upheavals. This is particularly important in sections where upheavals grew higher
than other sections. However, the challenge with the straightedge method implemented is that for
some of the profiles, the imaginary line that connects the upheavals passes through the pavement.
While the effect of this is small in many of the profiles analyzed, the impact could rise depending
on the shape of the profile and the location of the upheaval.

To do the analysis, a MATLAB script, presented in Appendix B, was developed that calculates the
rut depth based on this method.
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Figure 24. Maximum Rut Depth Calculation Using Straightedge Method.

5.3 PROFILE DATASTITCHING

As a result of trafficking, two upheavals emerged on the pavement surface in all sections. The
upheavals were farther apart in sections tested with ten-wheel gears. In these sections, one of the
upheavals formed closer to the pavement centerline. As was explained earlier, to record pavement
profiles with both upheavals, extension and/or center profiles were taken in addition to the original
profiles when using 21 and 30-foot profilers. Therefore, to obtain a complete transverse profile
that includes the upheavals, the center or extension profiles were stitched to the original profiles.
The stitching process involved finding the overlapping area of two profiles and slightly adjusting
for different sections. The stitching was achieved in multiple steps. The following presents the
steps required to stitch 21 foot or 30 foot original and center/extension profiles in two examples:

Example 1: 21 foot Profile stitching from LFC1-NE

Step 1. Plot the processed original and center profiles obtained from the software, as shown in
Figure 25. Both profiles are 21 feet long. They both start and end to zero.
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Profile Stitching - Step 1

Original Profile = = = = Center Profile

Figure 25 - Step 1 of 21-foot Original and Center Profiles Stitching.

Step 2. Shift the center profile according to the offset from the centerline. Since the offset was not
exact and slightly varied from measurement to measurement, the shift for every testing must be
fine-tuned visually. Then, as shown in Figure 26, the profile is moved vertically to set the
beginning point of overlapped area to zero.

Profile Stitching - Step 2

2

1.5

-2

Original Profile = = = = Center Profile

Figure 26. Step 2 of 21-foot Original and Center Profiles Stitching.
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Step 3. Rotate the original profile in clockwise direction to match the shifted center profile as
shown in Figure 27.

Profile Stitching - Step 3
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Figure 27. Step 3 of 21-foot Original and Center Profiles Stitching.

Step 4. Create the stitched profile using the center profile and the rotated original profile as shown
in Figure 28.

Profile Stitching - Step 4
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1

-15

-2
— Stitched Profile

Figure 28. Step 4 of 21-foot Original and Center Profiles Stitching.
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Step 5. Shift the stitched profile so the left upheaval is within a few feet of the centerline as shown
in Figure 29.

Profile Stitching - Step 5

0.5

30

—— Stitched Profile

Figure 29. Step 5 of 21-foot Original and Center Profiles Stitching.

Step 6. Rotate the stitched profile to set the ends to zero, as shown in Figure 30.

Profile Stitching - Step 6

30

Final Profile

— — Stitched Profile

Figure 30. Step 6 of 21-foot Original and Center Profiles Stitching.
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Example 2: 30 foot Profile stitching from LFC1-SW

Step 1. Plot the original and extension profiles. Both profiles are 30 feet long and start and end at
zero, as shown in Figure 31.

Profile Stitching - Step 1

Original Profile = = = = Extension Profile

Figure 31. Step 1 of 30-foot Original and Extension Profiles Stitching.

Step 2. Shift the extension profile according to the measurement offset from the centerline
(approximately 7.9 feet for this section). Since the offset was not exact and slightly varied from
measurement to measurement, the shift for every testing must be fine-tuned visually. Then, as
shown in Figure 32, the extension profile is moved vertically to set the beginning point of
overlapped area to the elevation of the matching point on the original profile.

Profile Stitching - Step 2

40

Original Profile = = = Extension Profile

Figure 32. Step 2 of 30-foot Original and Extension Profiles Stitching.
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Step 3. Rotate the shifted extension profile from step 2 to match the original profile, as shown in
Figure 33. The stitched profile is formed at this step, which consists of approximately 7.9 feet of
the original profile and the rotated extension profile.

Profile Stitching - Step 3

Original Profile = = = Extension Profile Rotated Extension Profile

Figure 33. Step 3 of 30-foot Original and Extension Profiles Stitching.

Step 4. Rotate the stitched profile to set the end point to zero, as shown in Figure 34. The rotated
profile is the final stitched profile that is used to calculate the rut depth.

Profile Stitching - Step 4

40

Final Stitched Profile

= = = Stitched Profile

Figure 34. Step 4 of 30-foot Original and Extension Profiles Stitching.
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54 CORRECTION FOR PROFILERS BEAM CURVATURE

The profilers are built with a steel rail and an aluminum truss structure. Different coefficients of
thermal expansion between the top steel rail and bottom aluminum truss structure of the profilers’
beam can lead to a sagging shape due to the change in ambient temperature (Song, 1., et al, 2012)°.
This thermally induced profiler beam curvature can impact the rut depth analysis, if not adjusted,
since the profile measurements were taken at different temperatures. Reference profile lines were
taken during 2012 testing when implementing the 66-foot profiler, however no reference profiles
were taken with the shorter profilers. This section attempts to quantify the beam curvature of the
66-foot profiler and tries to draw conclusion for the shorter profilers.

Figure 35 presents the reference profiles taken with the 66-foot profiler. It confirms the fact that
even though the reference line is constant, the measured profiles change over time. This change is
attributed to the changing temperature. In the absence of recorded temperature in the facility, the
average temperature on testing dates from the Atlantic City airport was considered as the ambient
temperature and was obtained from publically available sources for the days of testing. Ambient
temperature varied from 48°F to 79°F during these tests. The last reference profile measured
happened to be taken in a day with the lowest temperature (48°F). This profile demonstrated the
smallest curvature. The maximum difference between this profile and other profiles are regarded
as the maximum beam curvature.

Figure 36 presents the calculated maximum beam curvature versus average daily temperature of
the weather station at the airport. The horizontal axis represents the corresponding relative ambient
temperature of each test with respect to the lowest temperature (48°F). The vertical axis represents
the maximum beam curvature. As shown, the maximum beam curvature increased with the relative
temperature. The coefficient of determination, R?, between the measured beam curvature and the
relative temperature is 0.61 by linear regression curve fitting. The linear model indicates that a
31°F change in ambient temperature could result in 0.27 inches of beam curvature for the 66-foot
profiler.
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The maximum temperature variation was 16°F during 2008 testing using 21-foot profiler. The
variation was 35°F during 2008 and 2009 testing and 13°F during 2010 testing when using the 30-
foot profiler, as presented in Figure 37.

5/6/13
10/18/12

4/1/12 21 ft. Profiler (2008)
9/14/11 30 ft. Profiler (2008 and 2009)
30 ft. Profiler (2010)
2/26/11 66 ft. Profiler (2012)
8/10/10

1/22/10
716/09
12/18/08
6/1/08

11/14/07
40 45 50 55 60 65 70 75 80 85 90

Average Daily Temperature, °F

Testing Dates

Figure 37. Variation of Average Daily Temperature per Profiler Testing Period.

The curvature of the profiler beam is due to different thermal expansion coefficients of the
aluminum and steel used in the construction of the profiler (Song, 1., et al, 2012)°. Since the steel
rail and aluminum truss have the same length, L, the relative elongation as a result of relative
temperature, AT, is computed as equation 2:

01 = (Asteer — Aa) X L X AT (2)

Where a is the coefficient of thermal expansion. Relative temperature AT is measured from a
reference temperature. As shown in the equation, & linearly depends on the length of the profiler
as well as the change in ambient temperature.

The change in temperature for the 21-foot profiler during testing was 16°F which is about half the
temperature variation of the 66-foot profiler. Also, its length is about a third of the 66-foot profiler.
As a result, maximum & of this profiler is estimated to be about one sixth of the 66-foot profiler.
Assuming that &7 is linearly related to the curvature of the beam, the maximum curvature of the
21-foot profiler induced by temperature is calculated as 0.045 inches (0.27 inches divided by 6).
Similarly, for the 30-foot profiler, the maximum curvature induced by temperature is 0.14 inches.
Since the majority of the measurements were conducted in temperatures in between minimum and
maximum temperatures, it can be concluded that the temperature induced beam curvature for
shorter profilers does not seem to have a drastic impact on the validity of the measurements.
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6 VALIDATION OF FINAL MEASURED PROFILES WITH TRENCH

DATA

A series of post traffic trenching tests were conducted on selected areas of CC5 sections to
characterize the deformation of each pavement layer as a result of traffic. As part of this effort,
transverse profiles were taken to measure the elevation of each layer of rutted pavement (P-401,
P-209, P-154 and subgrade layers) from a reference line as shown in Figure 38. The pavement
profile was measured at six-inch interval along the width of each pavement section. Figure 39

shows the trench locations on each section.

Figure 38. Trenched Pavement and Post-Traffic Profile Measurements
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The objective of this section is to validate the profile analysis results presented in this report with
regard to the post traffic trench data. The pavement surface profile obtained from the last profile
measurement on each section is compared with the trenching data. The detailed comparison study
for each section is provided in the following sections.

6.1 LFC1WEST SECTIONS (LFC1-NW AND LFC1-SW)

Figure 40 illustrates the deformation of pavement layers from trench data. The vertical axis
represents the surface elevation of each layer from a reference line and the horizontal axis
represents the offset from the centerline. The positive and negative offset represent the south
(LFC1-SW) and north sections (LFC1-NW), respectively.

The last profile taken on sections LFC1-NW and LFC1-SW are used to compare with the pavement
surface elevation from trench data. Figure 41 shows the last profile taken on section LFC1-NW
(01nw2_15906) which is the processed profile obtained from the software. As mentioned in prior
sections, the elevation of the start and end points were forced to zero as part of the software
processing. Figure 42 shows the stitched profile on section LFC1-SW after 10,560 passes. The
stitched profile was used to compare with the trench data on the south section

A series of transformation steps are required for the measured profile to match the trench profile.
The measured profile must first be mirrored and then shifted in the horizontal and vertical
directions to match the offset and elevation of the trench profile.

Figure 43 illustrates how the final measured profile compares with the trench profile and how the
processed profiles are in agreement with the trench data for both the north and south sections. This
validates the profile data collection as well as the stitching procedure used on section LFC1-SW.
From the measured profiles, it was evident that the ten-wheel gear trafficking of the south side
formed an upheaval around the centerline and well into the north section. This is verified with the
profile from the trench data.
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LFC1-NW&SW Trench Profiles
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Figure 40. Pavement Layers Profiles from Trench Data on Section LFC1 West.
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Figure 41. Last Profile Measurement on Section LFC1-NW.
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Figure 42. Last Profile Measurement on Section LFC1-SW.
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Figure 43. Comparison of Processed Transverse Profile on Section LFC1 West with Trench
Data.
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6.2 LFC1EAST SECTIONS (LFC1-NE AND LFC1-SE)

Figure 44 illustrates the profile of pavement layers from trench data for LFC1 east sections. To
prepare the profile of the north section (LFC1-NE) for comparison with the trench data, the
following steps were taken:

e Last original and center profiles were stitched.
e Stitched profile was mirrored.
e Mirrored profile was shifted by a 25 foot offset.

To prepare the profile of the south section (LFC1-SE) for comparison with the trench data, the
following steps were taken, as illustrated in Figure 45:

e Last extension profile (05 12936 0.0,0.1,0.2.bin) was processed by the software.
e Processed profile was mirrored.

e Mirrored profile was shifted by a 25 foot offset.

e Shifted profile was rotated counterclockwise to match the trench profile.

Figure 46 presents the processed and stitched profiles of LFC1 east sections alongside the profile
from the trench data. This Figure shows a very good agreement between the processed profiles of
the south side and the trench data. Also, the processed profile on the north section is in good
agreement with trench data. However, as shown in the Figure, the tail of the processed profile
from the north side does not follow the trench data when it extends into the south side. This is
because the south section had not been trafficked yet when the last profile on the north section was
taken.
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Figure 46. Comparison of Processed Transverse Profile of Section LFC1 East with Trench Data.

6.3 LFC2 WEST SECTIONS (LFC2-NW AND LFC2-SW)

Figure 47 illustrates the profile of pavement layers from trench data for section LFC2 west. A
portion of this section was milled at a depth of 2 inches prior to trafficking on the south side as
shown in Figure 48.

As mentioned in prior sections, the north section was tested with the 30-foot profiler in 2008 and
2009. The LFC2 section was tested in 2012 using the 66-foot profiler, which covers the entire
north and south sections. Therefore, the 2012 data was used to make the comparison with the
trench profile as shown in Figure 48. The profile on the north section follows the trench profile.
The profile on the south section is consistent with the trench data except the area near the
centerline. The discrepancy could be due to the milling of the top asphalt layer near the centerline.
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As another validation, it is possible to compare the last measurement of the 30-foot profiler on the
LFC2-NW section with the measurement of the 66-foot profiler. As shown in Figure 49, the
profiles match closely except for the area from about 30 to 41 foot offset from centerline. The
difference between the profiles is due to milling of the sections after testing on LFC2-NW was
completed. The consistency between these profiles further proves the correctness of the analysis.

70

Surface Profile, Inch
A

-6 LFC2 West (66 ft.
- Profiler)

O I I it M AR e LFC2-NW (30 ft. Profiler)
-9

Offset from South Edge, ft

Figure 49. Comparison of 30-foot and 66-foot Profiler Measurements on Section LFC2-NW.

6.4 LFC2EAST SECTIONS (LFC2-NE AND LFC2-SE)

Figure 50 illustrates the profile of pavement layers from trench data for section LFC2 east. A
portion of this section was also milled prior to trafficking on the south side as shown in Figure 51.
Since the final profiles on these sections were collected using the 66-foot profiler in 2012, it was
used to compare the measured profile with the trench data. Figure 52 reveals that the profile
measurement is consistent with the trench profile.
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As another validation, it is possible to compare the last measurement of the 30-foot profiler on the
LFC2-NE section with the measurement of the 66-foot profiler. As shown in Figure 52, profiles
match closely except for the area from about 35 to 41 foot offset from centerline. The difference
between the profiles is due to milling of the sections after testing on LFC2-NE was completed.
The consistency between these profiles further proves the correctness of the analysis.
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Figure 52. Comparison of 30-foot and 66-foot Profiler Measurements on Section LFC2-NE.

6.5 LFC3SECTIONS (LFC3-N AND LFC-S)

Figure 53 illustrates the profile of pavement layers from trench data for section LFC3. The 2012
profile data was used to make the comparison with the trench profile. Figure 54 reveals that the
profile measurement is consistent with the trench profile.

As another validation, it is possible to compare the last measurement of the 30-foot profiler on the
LFC3-N section with the measurement of the 66-foot profiler. As shown in Figure 55, profiles
match closely except for the area from about 35 to 41 foot offset from centerline. The difference
between the profiles is due to milling of the sections for high tire pressure testing after testing on
LFC3-N was completed. The consistency between these profiles is further evidence that the profile
analysis on this section was done correctly.

45



' HTP TEST |
-5 AREA
-10 b — ~ \ ) s
N 3 "
5.15 N - \.—/--—————--—\\J L=
- N 4
~ - T d -~ ~
q:) N - - S~
5 -20 - A
— — — — S~

8 \ N — ~ [ . Ll
c -25 —
()
_
& 30 _ :
2 Six-Whee Six‘Wheel Path
= .35 Path (DGA) (P-154)
(@]
e
w40 | e P-401 Top
c
2 P-209 Top
S o4 =P
g GA/
~ — e DGA/P-154
w 50 1 Top

-55

-60 A Y, G I PP S S e R

-65

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

Offset from Centerline, feet

Figure 53. Pavement Layers Profiles from Trench Data on Section LFC3.

L

[8)

£

)

o=

[e]

S

o

(]

[8)

©

‘€

5 -13

(7]
-14 A
-15

Offset from centerline, ft
Trench Profile =----- LFC3-N & LFC3-S

Figure 54.Comparison of Processed Transverse Profile of Section LFC3 with Trench Data.

46



70

LFC3 (66 feet Profiler)

Surface Profile, Inch

----- LFC3-N (30 feet
Profiler)

Offset from South Edge, ft

Figure 55. Comparison of 30-foot and 66-foot Profiler Measurements on Section LFC3-N.

6.6 LFC4 SECTIONS (LFC4-S AND LFC4-N)

Figure 56 illustrates the profile of pavement layers from trench data for section LFC4. The 2012
profile data was used to make the comparison with the trench profile. Figure 57 indicates that the
profile measurement is consistent with the trench profile.

As another validation, it is possible to compare the last measurement of the 30-foot profiler on the
LFC4-N section with the measurement of the 66-foot profiler. As shown in Figure 58, profiles
match closely except for the area from about 35 to 41 feet offset from centerline due to high
pressure testing and milling of the sections after testing on LFC4-N was completed. The
consistency between these profiles can be viewed as further confirmation of the correctness of the
analysis on this section.
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Figure 58. Comparison of 30-foot and 66-foot Profiler Measurements on Section LFC4-N.

7 TRANSVERSE PROFILE ANALYSIS

In this section, details of profile data processing as well as rut depth calculation are provided for
each CC5 test item.

7.1 SECTION LFC1-NW

The original profiles data from the 2008 and 2009 testing on the midline (line 2) of LFC1-NW
section are used to calculate the rut depth using both the baseline and straightedge methods. As
mentioned before, LFC1-NW was planned to be loaded with six-wheel gear configuration.
However, this section was loaded with ten-wheel gear configuration by mistake on September 1
through 4, 2009 when the testing resumed after it was paused for 10 months, as inferred from the
traffic logs and traffic tables. The incorrect gear configuration was applied for 871 passes. The
ten-wheel gear impacted the surface rut of the LFC1-NW section near the centerline. Figure 59
compares the last profile taken in 2008 (01nw2_12276.bin) and the first profile taken in 2009
(01nw2_12936.bin) on September 2. Pavement rut as high as 0.6 inches occurred at approximately
7 feet from the centerline as a result of 660 passes of ten-wheel gear configuration.
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Figure 59. Impact of Wrong Gear Loading on Profile of Section LFC1-NW.

Figures 60 and 61 illustrate the processed original profiles on line 2 as the pavement section was
trafficked using the 21 foot and 30-foot profilers, respectively. The 21-foot profiler was used from
the beginning of the test until 4,686 passes were made. The 30-foot profiler was used afterward
until the conclusion of testing. It is worth noting again that the software forces the beginning and
ending of the profiles to zero by rotating the collected profile. As such, zero on the vertical axis of
these figures should not be interpreted as pavement surface.
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Figure 60. Rut Depth Progression Measured with 21-foot Profiler on Section LFC1-NW Line 2
(0 to 4,686 Passes).
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Figure 61. Rut Depth Progression Measured with 30-foot Profiler on Section LFC1-NW Line 2
(from 5,016 to 28,446 passes).
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As discussed before, use of two different profilers (21 foot and 30 foot) posed a challenge in
calculating the rut depth based on baseline method for this section and all other north sections.
The last profile measured with the 21-foot profiler after 4,868 passes (01NW2_4686.DAT) and
the first profile measured with the 30-foot profiler after 5,016 passes (0INW2_5016.bin) are
plotted in Figure 62. The Figure demonstrates the difference between the two profiles. In plotting
this Figure, profile 0INW2_4686.DAT was shifted approximately 2.8 feet to the right to match
the offset of profile 01INW2_5016.bin. For the purpose of this analysis, it was assumed that the
elevation of the upheavals would not change as a result of 330 passes (from 4,686 to 5,016 passes).
Taking this into consideration, the profile from 01INW2_5016.bin was shifted down to overlap the
upheavals from the two profiles. The maximum difference between the two profiles is 0.35 inches.
Although these passes are the cause for some portion of the rut progression, the change in devices
and their measurements probably contributed to the rut measurement as well.

To implement the baseline method for rut calculation, the maximum 21-foot profiler rut depths
were calculated for the profiles measured with the 21-foot profiler using the first profile as the
baseline. Then the first profile measured by the 30-foot profiler was designated as the baseline for
the profiles measured by this profiler, and the maximum rut depths were calculated. These rut
depths were added to the maximum rut calculated for the last profile measured by the 21-foot
profiler and were added by 0.35 inches.

To calculate the rut depth for this section, only the original profiles were used since the extension
profiles did not provide any additional information needed for rut depth calculation.

Surface Profile, Inch

Offset from Centerline to North Direction, ft

- — =21 ft. Profiler (4686 Passes)

30 ft. Profiler (5016 Passes)

Figure 62. Comparison of Last 21-foot Profile and First 30-foot Profile on Section LFC1-NW
Line 2.

Figure 63 presents the progression of maximum rut depth per number of passes using the baseline
and straightedge methods. Except for some instances, the rut depth increased gradually with the
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passes. A drop in rut depth can be observed at the beginning of 2009 testing when the rut depth is
calculated using the straightedge method. This is attributed to the change in upheaval elevation as
a result of incorrect ten-wheel gear loading that made 871 passes. The summary of calculated rut
depth for each pass is provided in Appendix C.
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Figure 63. Accumulation of Pavement Surface Rut, Section LFC1-NW.

7.2 SECTION LFC1-NE

LFC1-NE section was loaded with ten-wheel landing gear, thus the south upheaval was formed
outside the wheel track and inside the south section. The south upheaval could not be captured
with the original profiles therefore, the original and center profiles were stitched to form profiles
that capture both upheavals. The stitched profiles for all 2008 and 2009 data were used to calculate
the rut depth. The pre-traffic profile measurement using the 21-foot profiler was used as the
baseline when implementing the baseline method. Figures 64 and 65 present the progress of
pavement surface rut using the stitched profiles measured by the 21 foot and 30-foot profilers,
respectively.

Similar steps described in section LFC1-NW were taken to make the connection between the last
profile from the 21-foot profiler (after 4,686 passes) and the first profile from the 30-foot profiler
(after 5,016 passes) as shown in Figure 66. To plot this Figure, the stitched 21 foot profile was
first shifted approximately 0.78 feet to the right and 0.16 inches down to match the offset and
elevation of the left upheaval of the 30 foot stitched profile and then rotated in clockwise direction
to match the right upheavals. The maximum difference between the two profiles was calculated to
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be 0.72 inches as a result of five wanders. A similar approach was used to calculate the rut depth
of 30 foot profiles as was explained earlier for section LFC1-NW.

LFC1-NE Stitched Profiles (21 ft. Profiler - 2008)

30

Surface Profile, Inch

-1.5

Distance, ft

Figure 64. Rut Depth Progression Measured with 21-foot Profiler on Section LFC1-NE Line 2.
(from Start to 4,686 Passes)
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Figure 65. Rut Depth Progression Measured with 30-foot profiler on Section LFC1-NE Line 2.
(From 5,016 to 28,446 Passes).
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Figure 66. Comparison of Last 21-foot Stitched Profile and First 30-foot Stitched Profile on
Section LFC1_NE.

Figure 67 presents the maximum rut depth per number of passes calculated using both the baseline
and straightedge methods. The rut depth calculated from both methods are comparable prior to
4,686 passes. This was concurrent with the implementation of the 30-foot profiler. Even though
the rut values from both methods followed the same trend, the baseline method calculated larger
rut depth values after 4,686 passes. One reason for this constant difference between the two
methods is due to the assumptions that were made when comparing the last 21 foot profile and the
first 30 foot profile in implementing the baseline method as was presented in Figure 66.
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Figure 67. Accumulation of Pavement Surface Rut, Section LFC1-NE.

7.3 SECTION LFC2-NW

This section was loaded with ten-wheel gear. The south upheaval could not be captured with the
original profiles therefore, thus the original and center profiles were stitched to form profiles that
capture both upheavals. The stitched profiles capture the upheaval that was formed around the
centerline as a result of ten-wheel gear configuration as well as the north upheaval that was formed
around 20 feet north of the centerline The stitched profiles for all 2008 and 2009 data were used
to calculate the rut depth. The pre-traffic profile measurement using the 21-foot profiler was used
as the baseline when implementing the baseline method. Figures 68 and 69 present the progress of
pavement surface rut using the stitched profiles measured by the 21 foot and 30-foot profilers,
respectively.

The last 21 foot stitched profile and the first 30 foot stitched profile are illustrated in Figure 70. In
plotting this figure, the stitched 21 foot profile was first shifted about 1.1 feet to the right and 0.16
inch down to match the offset and elevation of left upheaval of the 30 foot stitched profile and then
rotated in clockwise direction to match the right upheavals. The maximum difference between the
two profiles was calculated to be 0.74 inches as a result of five wanders. Similar approach was
used to calculate the rut depth of 30 foot profiles as was explained earlier for section LFC1-NW.
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Figure 68. Rut Depth Progression of Stitched Profiles Using 21-foot profiler on Section LFC2-
NW Line 2 (From Start to 4,686 Passes).
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Figure 69. Rut Depth Progression Using 30-foot Profiler on Section LFC2-NW line 2 (From
5,016 to 28,446 Passes).
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Figure 70. Last 21-foot Stitched Profile and First 30-foot Stitched Profile on Section LFC2-NW.

Figure 71 presents the maximum rut depth of section LFC2-NW per number of passes calculated
using the baseline and straightedge methods. The rut depth increased gradually as it was trafficked.
The change in rut depth slowed after 23,000 passes were made. It is observed that the rut depth
calculated using both methods followed the same trend. However, the baseline method calculated
larger rut depth values than the straightedge method after 4,686 passes were made.
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Figure 71. Accumulation of Pavement Surface Rut, Section LFC2-NW

7.4 SECTION LFC2-NE

This section was trafficked with six-wheel gear. Therefore, the original profiles were long enough
to capture both upheavals and were used to calculate the rut depth using the baseline and
straightedge methods. The pre-traffic profile measurement using the 21-foot profiler was
considered as the baseline. Figures 78 and 79 show the progress of rutting using the original 21
foot and 30 foot profiles, respectively.

The last 21 foot profile (02NE2_4686.DAT) and the first 30 foot profile (02NE2_5016.bin) are
shown in Figure 80. In plotting this Figure, the 21 foot profile 02NW2_4686.DAT was shifted
about 2.9 feet to the right and 0.6 inches down to match the offset and upheavals of
01INE2_5016.bin profile. The maximum difference between the two profiles was measured 0.32
inches as a result of five wanders.

60



LFC2-NE Original Profiles (21 ft. Profiler - 2008)

0.5

-0.5

Surface Profile, Inches

-1.5

Distance, ft

Figure 72. Rut Depth Progression Measured with 21-foot Profiler on Section LFC2-NE Line 2
(From Start to 4,686 Passes).
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Figure 73. Rut Depth Progression Measured with 30-foot Profiler on Section LFC2-NE Line 2
(From 5,016 to 28,446 Passes).
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Figure 74. Last 21-foot Profile and First 30-foot Profile on Section LFC2-NE.

Figure 81 presents the maximum rut depth of section LFC2-NE per number of passes calculated
using the baseline and straightedge methods. The straightedge method calculated larger rut depth
values than the baseline method on section LFC2-NE. This is an indication of the impact of
upheavals in rut depth calculation, which were not accounted for when using the baseline method.
Similar to section LFC2-NW, the progress of rut depth slowed after 23,000 passes were made.
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Figure 75. Accumulation of Pavement Surface Rut, Section LFC2-NE

7.5 SECTIONS LFC3-N AND LFC4-N

Sections LFC3-N and LFC4-N were trafficked with six-wheel gear. The original profiles captured
both upheavals, thus they were used to calculate the rut depth using the baseline and the
straightedge methods. The software program developed for profile data processing of the 21-foot
profiler (CC5Profiles) does not export profile data. As a result, all the profiles were plotted in the
software to illustrate the progression of the rut depth as shown in Figures 82 and 83 for these
sections. The maximum rut depth of the last 21 foot profile (after 4,686 passes) is measured as
2.73 and 3.26 inches for LFC3-N and LFC4-N sections, respectively, when using the baseline
method.

The first profiles taken with the 30-foot profiler on section LFC3-N (03n2_5016.bin) and section
LFC4-N (04n2_5016.bin) were designated as the baseline for the consecutive profiles and the rut
depths were calculated accordingly. The final rut depths for the 30 foot profiles were determined
by adding 2.73 and 3.26 inches to the calculated rut depths for LFC3-N and LFC4-N sections,
respectively.
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Figure 76. Progression of Rut Depth Using 21-foot Profiler on Section LFC3-N line 2 (From

Start to 4,686 Passes).
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Figure 77. Progression of Rut Depth Using 21-foot Profiler on Section LFC4-N Line 2 (From
Start to 4,686 Passes).
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Figures 84 and 85 illustrate the progress of rut depth for LFC3-N and LFC4-N sections,
respectively, using the original 30 foot profile data.

LFC3-N Original Profiles (30 ft. Profiler - 2008 & 2009)

Surface Profile, Inches

Distance, ft

Figure 78. Progression of Rut Depth Using 30-foot Profiler on Section LFC3-N Line 2 (From
5,016 to 28,446 Passes).
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Figure 79. Progression of Rut Depth Using 30-foot Profiler on Section LFC4-N Line 2 (From
5,016 to 28,446 Passes).
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Figures 86 and 87 present the maximum rut depth of section LFC3-N and LFC4-N, respectively,
per number of passes calculated using the baseline and straightedge methods. The straightedge
method calculated larger rut than the baseline method in both sections.
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Figure 80. Accumulation of Pavement Surface Rut, Section LFC3-N
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Figure 81. Accumulation of Pavement Surface Rut, Section LFC4-N
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7.6 SECTION LFC1-SW

Section LFC1-SW was trafficked with ten-wheel gear. The original profiles were 30 feet long and
were used to calculate the rut depth using the baseline method. The pre-traffic profile was
considered as the baseline.

One of the upheavals of this section was formed beyond the wheel track and into the north section
as a result of ten-wheel gear configuration. Therefore, the original 30 foot profiles could not
capture this upheaval. As such, the original and extension profiles were stitched to form profiles
that capture both upheavals. The stitched profiles were used to calculate the rut depth
implementing the straightedge method. The rut depths were not calculated for profiles prior to 396
passes since the extension profiles were not collected.

Figures 88 and 89 show the progress of pavement surface rutting using the original profiles and
stitched profiles, respectively.

LFC1-SW Original Profile (30 ft. Profiler - 2010)

Surface Profile, Inch
W

Offset from south edge, ft

Figure 82. Rut Depth Progression Using 30-foot Profiler on Section LFC1-SW Line 2 (From
Start to 10,560 passes).
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LFC1-SW Stitched Profiles (30 ft. Profiler - 2010)
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Figure 83. Rut Depth Progression Illustrated by Stitched Profiles on Section LFC1-SW Line 2
(From 396 to 10,560 Passes).

Figure 90 presents the maximum rut depth of section LFC1-SW per number of passes calculated
using both the baseline and straightedge methods. The straightedge method calculated rut depths
larger than the baseline method.

LFC1-SW

O Rr N W b U1 OO N

Maximum Rut Depth, Inches

0 2000 4000 6000 8000 10000 12000
Number of Passes

Baseline Mthod = = =Straightedge Method

Figure 84. Accumulation of Pavement Surface Rut, Section LFC1-SW
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7.7 SECTION LFC1-SE

Section LFC1-SE was loaded with six-wheel landing gear, as such the original profiles were
sufficient to capture both upheavals and were used to calculate the rut depth using both baseline
and straightedge methods. Figure 91 illustrates the progress of the rut depth as the pavement was
trafficked.

LFC1-SE Original Profiles (30 ft. Profiler - 2010)
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Figure 85. Rut Depth Progression Using 30-foot Profiler on Section LFC1-SE Line 5 (From Start
to 12,936 passes).

Figure 92 presents the maximum rut depth of section LFC1-SE as a function of number of passes
calculated using both the baseline and straightedge methods. The straightedge method calculated
larger rut values than the baseline method after 8,000 passes.
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Figure 86. Accumulation of Pavement Surface Rut, Section LFC1-SE

7.8 SECTION LFC2-SW

Section LFC2-SW was loaded with ten-wheel landing gear, thus the upheavals were formed
beyond the centerline and onto the north section. This section was tested using the 66-foot profiler
that captured the entire width of the test pavement on south and north sides. A reference line was
profiled prior to every testing on the section. The reference profile allowed for correction of the
beam curvature by subtracting the measured profile from the reference profile. The resulting
profiles are referred to as adjusted profiles. The adjusted surface profiles were used to calculate
the rut depth using both the baseline and straightedge methods. The pre-traffic profile was used as
baseline. Figure 93 shows the progress of rut depth up to the completion of the test at 8,646 passes.
The profile discontinuity at around 7 feet and around the centerline is due to milling of the asphalt
surface.
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LFC2-SW & LFC2-NW
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Figure 87. Progression of Rut Depth using 66-foot Profiler on Section LFC2-SW Line 2 (8,646
Passes).

Figure 94 presents the maximum rut depth of section LFC2-SW per passes calculated using both
the baseline and straightedge methods. The straightedge method calculated smaller rut than the
baseline method.
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Figure 88. Accumulation of Pavement Surface Rut, Section LFC2-SW

71



7.9 SECTION LFC2-SE

Section LFC2-SE was loaded with six-wheel landing gear, thus the upheavals were formed within
the south section. This section was also tested using the 66-foot profiler that captured the entire
width of the test pavement on south and north sides. Similarly, the profiles were adjusted using the
reference line profile. The adjusted surface profiles were used to calculate the rut depth using both
the baseline and straightedge methods. The pre-traffic profile was used as the baseline.

Figure 95 shows the progress of pavement surface rut up to the completion of the test at 8,646
passes. Figure 96 presents the maximum rut depth of section LFC2-SE per number of passes
calculated using both the baseline and straightedge methods. In this section, the straightedge
method also calculated smaller rut values than the baseline method.

LFC2 SE & NE
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Figure 89. Progress of Rut Depth from Start to 8,454 Passes Made on Section LFC2-SE Line 5.
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Figure 90. Accumulation of Pavement Surface Rut, Section LFC2-SE

7.10 SECTION LFC3-S AND SECTION LFC4-S

As mentioned earlier, these two sections were loaded with Antonov gear configuration. The profile
testing started in 2010 on LFC3-S and LFCA4-S sections using the 30-foot profiler until 12,804
passes were made. The profile measurement continued in 2012 using the 66 foot long profiler from
the south edge going north. These sections were loaded for additional 7,086 passes in 2012.

The pre-traffic profile in 2010 was assigned as the baseline for the 2010 profiles in calculating the
rut depth using the baseline method. The first profile taken before the application of traffic in 2012
was also considered as the baseline for the subsequent 2012 profiles when calculating the rut depth
using the baseline method. Because the pavement section was not loaded between the last profile
measurement in 2010 and the first profile measurement in 2012, the 2012 rut depth relative to the
2012 baseline can be added to the rut depth of the last profile in 2010 to obtain the final rut depth.

Figures 97 and 98 show the progress of pavement surface rut in 2010 up to the completion of
12,804 passes for sections LFC3-S and LFC4-S, respectively. Figures 99 and 100 show the
progress of pavement surface rut in 2012 testing up to the completion of additional 6,738 passes
in this year on sections LFC3-S and LFC4-S, respectively.
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LFC3-S (2010 Testing)

Surface Profile, Inch

Offset from south edge, ft

Figure 91. Progress of Rut Depth Using 30-foot profiler on Section LFC3-S Line 2 (From Start
to 12,804 Passes).

LFC4-S (2010 Testing)
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Figure 92. Progress of Rut Depth using 30-foot Profiler on Section LFC4-S Line 5 (From Start to
12,804 Passes).
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LFC3-S & LFC3-N
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Surface Profile, Inches
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Figure 93. Progress of Rut Depth Using 66-foot Profiler on Section LFC3-S Line 2 (From 12,804
to 21,258 Passes).

LFC4-S & LFC4-N
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Figure 94. Progress of Rut Depth Using 66-foot profiler on Section LFC4-S Line 5 (From
12,804 to 21,258 Passes).

Figure 101 presents the maximum rut depth of LFC3-S section per pass calculated using both the
baseline and straightedge methods. The rut depth increased by trafficking up until approximately
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10,000 passes were made. The accumulation of rut slowed after 10,000 passes when using
straightedge method. The baseline method shows half an inch increase in rut depth when the 2012
trafficking started on LFC3-S section until 15,000 passed were made. The rut depth increased an
additional 0.15 inches from 15,000 passes until the end of the testing (19,542 passes).
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Figure 95. Accumulation of Pavement Surface Rut, Section LFC3-S

Figure 102 presents the maximum rut depth of LFC4-S section per number of passes calculated
using both the baseline and straightedge methods. The rut depth increased gradually as the
pavement was trafficked using both baseline and straightedge methods. The pavement rut occurred
in LFC4-S section is larger than LFC3-S. This can be attributed to the thicker subbase layer in
LFC3-S section than LFC4-S section.
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Figure 96. Accumulation of Pavement Surface Rut, Section LFC4-S

8 RUT DEPTH ANALYSIS FINDINGS

Figures 103 through 106 compare the accumulation of rut depth over the testing period for all the
CC5 north and south sections using the baseline and straightedge methods, respectively. The test
design encompassed sections with different structure that were loaded with different gear
configurations and load levels. Comparisons were made on relevant sections. The followings are
some observations from the rut depth analysis:
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Figure 97. Accumulation of Surface Rut on North Sections Using Baseline Method.
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Figure 98. Accumulation of Surface Rut on North Sections Using Straightedge Method.
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Figure 99. Accumulation of Surface Rut on South Sections Using Baseline Method.
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Figure 100. Accumulation of Surface Rut on South Sections Using Straightedge Method.

Impact of subbase thickness: LFC1-NW and LFC2-NE were both trafficked with six-
wheel gear and similar wheel loading levels, however the subbase was 4 inches thicker in
LFC2-NE. The surface rut of LFC1-NW section is larger than LFC2-NE section as shown
in Figure 107. The larger rut depth values on section LFC1-NW became more pronounced
as the number of passes increased. Also, LFC1-NE and LFC2-NW were both loaded with
ten-wheel gear and similar wheel loading levels; however, LFC2-NW was 4 inches thicker
than LFC1-NE. As a result, higher rut depths were observed on LFC1-NE. Similar
observation were made when comparing the rut depth values of LFC3-N and LFC4-N
sections.
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Figure 101. Impact of Subbase Layer Thickness on Rut Depth

Impact of gear configuration: The impact of gear configuration is more pronounced when
using the rut depth values from the straightedge method. When thicknesses and wheel
loading levels were the same, sections loaded with six-wheel gear initially demonstrated
higher rut depth than sections loaded with ten-wheel gear. The difference decreased and
ultimately sections loaded with ten-wheel illustrated higher rut depths. This is apparent
when comparing LFC1-NW and LFC1-NE as well as when comparing LFC2-NW and
LFC2-NW as shown in Figure 108. The difference in rut depth started to widen after about
15,000 passes were made.
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Figure 102. Impact of Gear Configuration on Rut Depth
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The impact of Antonov gear configuration on rut depth is examined by comparing LFC3-
S and LFC4-S sections loaded with Antonov ten-wheel gear and sections loaded with the
other ten-wheel gear. The pavement structure and wheel loading levels were the same on

sections LFC3-S and LFC2-SW as well as sections LFC4-S and LFC1-SW. Sections

LFC3-S and LFC4-S initially demonstrated higher rut depth than section LFC2-SW and
LFC1-SW, respectively, until about 6,000 passes were made. After 6,000 passes, sections
LFC3-S and LFCA4-S demonstrated higher rut depth as shown in Figures 109 and 110.
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Figure 103. Impact of Antonov Gear Configuration on Rut Depth; LFC2-SW vs. LFC3-S.
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Figure 104. Impact of Antonov Gear Configuration on Rut Depth; LFC1-SW vs. LFCA4-S.

The impact of axle spacing on rut depth is examined by comparing LFC1-NE section
loaded with narrow spacing ten-wheel gears and LFC1-SW section loaded with wide
spacing ten-wheel gears. Section LFC1-SW demonstrated higher rut depth than section
LFC1-NE as a result of 10,560 passes, as shown in Figure 105. This comparison is cautious
because the load level in section LFC1-SW (70k Ibs.) was higher than that in section LFC1-
NE (50K Ibs.).

10
9
4
< 8
(8]
=
= 7
<
o 6
a
= O
&
4
S
g 3 —e— LFC1-NE (Narrow Spacing 10-
%, Wheel)
©
S LFC1-SW (Wide spacing 10-
1 wheel)
0 4
0 5000 10000 15000 20000 25000 30000

Number of Passes

Figure 105. Impact of Axle Spacing on Rut Depth; LFC1-NE vs. LFC1-SW.
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Impact of subbase type: LFC3-N section that was built on the NJ DGA subbase
demonstrated larger rut values than LFC2-NE section that had similar load condition (six-
wheel) and subbase thickness but different subbase type (crushed quarry), as shown in
Figure 111.
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Figure 106. Impact of Subbase Type on Rut Depth

Impact of Wheel Loads: LFC1-NW and LFC1-SE have similar structure and were loaded
with six-wheel gears. Section LFC1-NW was loaded with 50k Ibs., then 58Kk Ibs. 65k Ibs.
and ultimately 70k Ibs. wheel loads for a total of 27,918 passes. Section LFC1-SE was
loaded with 70k Ibs. wheel loads and 12,936 passes were made on this section. As shown
in Figure 112, the rut depth accumulated as a result of heavier loads on section LFC1-SE
was greater than that of section LFC1-NW even though the number passes made on LFC1-
NW was greater.
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Figure 107. Impact of Wheel Loads on Rut Depth
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9 SUMMARY AND CONCLUSIONS
9.1 ACHIEVEMENTS

This study reviewed CC5 profile data from various sources, including: the contents of “Profile”
table on the CC5 online FAA database; available Excel and Word documents and charts whether
currently posted to the FAA website or stored on various servers. Daily notes and facility notes
were used to understand and find answers when needed. Profile data files in *.dat and *.bin
formats were identified. The study also identified profile data analysis computer programs and
spreadsheets that were used to process or analyze the profile data. This report also documented
profile naming conventions that were used throughout the testing.

The study determined methods and profilers used for data collection as well as methods and
programs used for data analysis. The report identified the specific locations and dates of all
profiles collected. The study processed the profile and presented the detailed data that can be
used to update the FAA database tables, and to update explanatory content in the database.

The report also documented challenges faced in using and analyzing the profilers’ data. In
analyzing the data, 2 methods were employed. Results from both methods were compared in
computing rut depth for each test section.

9.2 CHALLENGES

The study faced many challenges. Several of them rooted in the implementation of two profilers
that were not long enough to profile the entire width of the test sections. To compensate for this,
multiple runs of profile had to be collected. These profiles needed to be stitched later which
proved difficult. Profiles had to be rotated and shifted one by one to find the best possible
overlap between common areas of the profiles. It also involved some level of subjectivity. There
was no documentation to identify the offset of starting points of original and additional profiles.
The short profilers were placed on pavement surface that was subjected to loading. The elevation
of profilers was a function of surface condition that varied during testing period. As such, the
profiles were not measured from a fixed reference line. Also, profilers were subjected to
curvature as a result of their weight and temperature variation throughout testing. No reference
line was designated to correct measurements for profilers beam curvature. All these challenges
were resolved by the implementation of the 66-foot profiler.

Another challenge was the use of ambiguous naming conventions for the profiles. The naming of
original profiles and the additional profiles was not uniform and changed over the testing period
and between sections. Furthermore, there was no documentation that explained the naming
conventions. This created ambiguities that could only be resolved after several trials and errors,
then digesting what was contained in each profile.

The experiment design had a documented testing plan which evolved over time. The evolution
of the testing plan was not properly documented. Several changes were found in pieces after
making references to daily and personnel notes.
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Parts of the sections surfaces were milled while the testing was ongoing. Also, as a result of a
mistake, one section was loaded with the wrong gear configuration for many wanders. The study
discovered this after searching for explanation of an anomaly in measured profiles of the section.
The finding was later confirmed from traffic logs.

Also, the wheel track of the ten-wheel gear was so wide that the effect of loading extended to the
centerline and over to the adjacent sections. This complicated isolating the effect of loading in
design sections.

9.3 CCS5ONLINE DATABASE

It is recommended that besides this report, the following data be uploaded to the online FAA
database:

CC5 Test design

Description of the profilers used and their usage on test items

Description of the software programs developed and their usage

A table including profile data availability

Description of all profile data that includes the profiler used, their location, date of
collection and the corresponding pass number

Profiles in *.dat and *bin formats and their corresponding text files that contain the
profile

Description of stitching process implemented as well as stitched profiles and their sources
as Excel files

Trench data used to validate the processing of the profiles

A description of the analysis methods used for calculating the rutting depth

The MATLAB script that was used to calculate the rut depth based on straightedge
method
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