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Presenter
Presentation Notes
Hello and welcome to this presentation about a case study on monitoring pavement surface macro-texture.
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Presenter
Presentation Notes
Here is the outline of my presentation today.
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Macro-Texture
 a surface friction component
 splash and spray
 friction at higher speeds

Value in Texture Testing
 safety evaluation
 guide friction testing
 evaluation of noise
 surface types and patches

Macro-Texture

TRL (2001)

Presenter
Presentation Notes
Pavement surface texture is comprised of two major components that provide friction, macro-texture mostly providing hysteresis, and micro-texture contributing to adhesionPavement surface macro-texture and the tire grooves provide channels for water flow and avoid splash and spray or hydroplaningThe importance of measuring texture is mainly because friction is a major safety concern on the highway pavements The benefit of using laser based texture data collection at highway speeds is the reduction in safety concerns and the savings in time and money in evaluation of areas of concern for friction. Collected macro-texture data can be used to identify locations where skid resistance testing is required to determine surface friction with higher reliability.Texture data should be maintained in conjunction with skid data as they both contribute to safety evaluations. The 3D graph, developed by the UK Transport Research Laboratory, demonstrates how the rate of accidents is related to both skid resistance and texture depth. In addition, macro-texture data can be used in evaluation of noise and in identifying different surface types and patches for automated surveys.
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Test Method: ASTM E1845 
 laser profiler
 highway speeds
mean profile depth (MPD)

Texture changes over time
 traffic abrasion
 oxidation of asphalt surfaces
 particles clogging surface
 surface mix 
 surface distresses 
 surface treatment

Longitudinal Macro-Texture

Presenter
Presentation Notes
Macro-texture is typically recorded longitudinally according to the ASTM E1845 standard:By measuring the mean profile depth of paved surfaces with a laser profiler at highway speedsTexture testing should be done every couple of years because it changes with time. Many factors affect macro-texture:Traffic abrasionWeather or climatic conditions (oxidation and rainfall), Particles clogging the surfaceThe surface properties relating to the original mix designaggregates (average least dimension, gradation, angularity, permeability, chemical properties)binder (cement/water ratio, use of additives)Tinning in concrete pavementsSurface Distresses such asflushingravelingSurface Treatmentscrack sealantFog sealsChip seals	Surface cleaning
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Longitudinal vs Transverse

 Longitudinal texture depends on vehicle wander
 Transverse texture: an area as opposed to a line

area line

Transverse longitudinal

Laurent et al. 2008

Presenter
Presentation Notes
However, there are 2 options for collecting macro-texture data:1. High frequency lasers to measure MPD along pavement length: Selcom 62.5 kHz laser2. LCMS sensors to calculate transverse full lane width texture measured in 5 AASHTO zones. The Pavemetrics software provides the transverse MPD based on a digital simulation of the stationary sand patch method. Unlike the high-frequency point laser measuring texture depth along a longitudinal line, the macro-texture depth measured along the pavement width will not depend on vehicle wander.For more information on how the transverse MPD is calculated, you can refer to the literature provided by Laurent et al.Both options provide high reliability and lower operations cost and safety risks compared to the locked wheel friction testing. Therefore, several agencies are interested in using macro-texture data to limit the amount of friction testing.
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Long-Term Pavement Performance (LTPP) Program

LTPP Data

Presenter
Presentation Notes
The long-term pavement performance (LTPP) program has been collecting the longitudinal macro-texture data using the highway-speed laser profilers since 2013.
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Longitudinal vs Transverse

LTPP Section 48-0802 in Texas
open-graded aggregate seal coat in 2011
Longitudinal Macro-Texture: LTPP 5 runs @0.1m
Transverse Macro-Texture: ARAN LCMS 1 run @1m

Presenter
Presentation Notes
LTPP section 48-0802 in  Texas was used for demonstration. This section received an open-graded aggregate seal coat in 2011. Latest manual distress survey showed 17 transverse cracks with a total length of 50 meters. There was 72 meters of longitudinal non-wheelpath cracking and 1 square meters of alligator cracking area.In this study, the LTPP data was used for evaluation of longitudinal macro-texture. This data has been recorded during 5 runs at every 0.1 meters along section length.Also, data from ARAN vehicles equipped with the LCMS system were collected on a few LTPP test sections to evaluate transverse macro-texture. This data was recorded at every 1 meter intervals.
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Longitudinal MPD – Multiple Runs
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Presenter
Presentation Notes
This graph shows the detrended (normalized to have a mean of 0 and std of 1) longitudinal MPD values recorded at every 0.1m for the left wheel path on this LTPP section (48-0802). The difference between the 5 runs is visually evident from this picture. This difference could be because a different linear path has been followed during each run and the texture depth is significantly affected by the presence of cracks. However, the precision of height measurements are 0.25mm at low speeds and this value increases at higher speeds. Therefore, noise in the data could be the reason for these differences.Previous study of LTPP macro-texture data (Rohan Perera and Larry Wiser) has indicated that further investigation of  high-frequency laser noise, spike detection, the low-pass filters used to calculate MPD, speed dependency of MPD, and the cracks causing outliers is required.
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Longitudinal RMS – Multiple Runs
Le

ft 
W

he
el

 P
at

h 
R

M
S 

(m
m

)

Station (m)Run Number

Presenter
Presentation Notes
This graph shows the longitudinal RMS values recorded at every 0.1m for the left wheel path on this LTPP section (48-0802). The difference between the 5 runs is much less pronounced compared to the differences in the MPD profiles. The RMS indicator seems to be more robust as compared to the MPD.
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Multiple Longitudinal Runs

Presenter
Presentation Notes
An outlier is an observation that is numerically distant from the rest of the data. When reviewing a boxplot, an outlier is defined as a data point that is located outside the fences (“whiskers”) of the boxplot. In this graph, the boxes show the median in the middle and the upper and lower quartiles. The whiskers are at 1.5 times the interquartile range above the upper quartile and bellow the lower quartile. The interquartile range = Q3 – Q1These outliers could be attributed to noise, or the surface cracks, or the vehicle wander from run to run. Further investigation is needed to confirm.
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Longitudinal MPD – Multiple Runs

MPD (mm)

MPD (mm)

Presenter
Presentation Notes
This figure shows the correlation matrix among the 5 LTPP runs of longitudinal MPD measurements at every 0.1 meters along the length of the test section.It can be seen that the correlations are insignificant. This was expected as the noise in the data is significantly affecting the measured MPD.The bar charts in the figure demonstrate the distribution of the measured MPD values at each run. Again, it can be seen that the distribution of the measured texture depth along multiple runs can be different from one another.
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Longitudinal RMS – Multiple Runs

RMS (mm)

RMS (mm)

Presenter
Presentation Notes
This figure shows the correlation matrix among the 5 LTPP runs of longitudinal RMS measurements at every 0.1 meters along the length of the test section.It can be seen that the correlations are in fact significant. This was expected as the RMS index shows the variation in texture depth and it is less affected by the noise in the data.The bar charts in the figure demonstrate the distribution of the measured RMS values at each run. Again, it can be seen that the distribution of the variation in texture depth along multiple runs are similar to one another.It can be concluded that when collecting longitudinal macro-texture data, RMS is a more robust factor that is less affected by noise or vehicle wander as opposed to MPD. 
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Transverse MPD

Station (m)Zone Number

Presenter
Presentation Notes
3D graph of MPD for each of the transverse 5 zones at 1m intervals along the length of the pavement .



www.fugro.com14

Transverse RMS

Station (m)Zone Number

Presenter
Presentation Notes
3D graph of RMS for each of the transverse 5 zones at 1m intervals along the length of the pavement . It can be seen that the difference in macro-texture of the 5 transverse zones is more pronounced in RMS compared to MPD.
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Transverse Macro-Texture

Left WP Right WP Left WP Right WP

Presenter
Presentation Notes
Here, you can see the box plot graph of the transverse MPD and RMS data in the 5 transverse zones. Again, it can be seen that the RMS parameter is a better indicator of the differences in macro-texture between the wheel paths and other areas of the pavement surface. The lower RMS in the wheel paths could be an indication of surface abrasion by passing traffic and a potential resulting less friction compared to other surface areas.In this graph, the boxes show the median in the middle and the upper and lower quartiles. The whiskers are at 1.5 times the interquartile range above the upper quartile and bellow the lower quartile. The interquartile range = Q3 – Q1
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Longitudinal vs Transverse MPD

Transverse 
MPD (mm)

Longitudinal 
MPD (mm)

Longitudinal 
MPD (mm)

Transverse 
MPD (mm)

Presenter
Presentation Notes
This figure demonstrates the correlation between the longitudinal and transverse MPD of the left wheel path. The longitudinal MPD is the average of the 5 runs.Each point on the graph represents the transverse texture measured at 1 meter intervals and the corresponding longitudinal texture over a 0.1m length at the closest location.The correlation is insignificant and the distributions are different than one another. This means that the transverse texture data is different in nature than the longitudinal texture data.
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Longitudinal vs Transverse RMS

Transverse 
RMS (mm)

Longitudinal 
RMS (mm)

Longitudinal 
RMS (mm)

Transverse 
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Presenter
Presentation Notes
This figure demonstrates the correlation between the longitudinal and transverse RMS of the left wheel path. The longitudinal RMS is the average of the 5 runs.Again, the correlation is insignificant and the distributions are different than one another. This means that the longitudinal macro-texture data cannot capture all of the information in the transverse texture data.
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MPD and RMS

MPD represents µ of texture distribution
RMS represents б in texture distribution
Both are needed to explain the distribution

Lower RMS

Higher RMS

Presenter
Presentation Notes
MPD represents the mean of the texture distribution, while RMS represents the standard deviation of the texture distribution.AT THE VERY LEAST, BOTH of these parameters are required to explain the texture distribution over a certain pavement surface area.As shown in this example figure, two texture profiles could have the same mean profile depth (MPD), but different RMS values result in a different macro-texture profile.
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Transverse Macro-Texture Index

Combine MPD and RMS information:

Relative transverse CoV of left wheel path:

Relative transverse CoV of right wheel path:

Wheel path macro-texture benchmarked to the center
Potentially indicating traffic abrasion

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿(%) = 100 ×
𝑅𝑅𝑅𝑅𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿

𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐿𝐿𝐿𝐿(%) = 100 ×
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐿𝐿𝐿𝐿

𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶

𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑅𝑅𝑅𝑅𝑅𝑅
𝑅𝑅𝑀𝑀𝑀𝑀

Presenter
Presentation Notes
Since the longitudinal texture data cannot capture the texture of the full lane width, we decided to come up with a transverse texture index.Since both MPD and RMS information are required to explain the texture distribution, we combined them in the form of coefficient of variation, which is calculated as the ratio of RMS divided by MPD.Here are indices for the relative transverse CoV of the wheel paths (AASHTO zones 2 and 4) compared to the center zone (AASHTO zone 3). We decided to disregard zones 1 and 5 due to the extreme variation in the data.This index benchmarks the macro-texture of the wheel paths (which are affected by traffic abrasion as it was demonstrated in the RMS box plots) to the macro-texture of the mid-lane (which is only affected by weathering).As the pavement wheel paths get further polished by the traffic, the relative transverse texture of the wheel paths decreases compared to the center texture. Therefore,  when this relative index decreases below a certain percentage, that pavement area is of concern and there is a need for friction testing. This threshold needs to be determined through further investigation and correlation with friction measurements.
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Transverse Macro-Texture Index
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Presenter
Presentation Notes
This graph shows the proposed index along the length of the LTPP test section for the left and right wheel paths. As was the case in the transverse RMS box plot, the transverse macro-texture of the wheel paths seems to be less than the center (percentages less than 100) which could be an indication of traffic abrasion.
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Conclusions and Recommendations

Longitudinal RMS is more robust compared to MPD
Study of noise, spikes, filters, speed, outliers is needed
Transverse RMS highlights the difference between 

wheel paths and other surface areas better than MPD
Longitudinal texture data cannot capture all of the 

transverse macro-texture information
Transverse macro-texture index combines MPD and 

RMS and benchmarks the texture of the wheel paths to 
the center, indicating traffic abrasion

Further investigation of relative texture index, friction, 
and micro-texture is needed
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Statistical Parameters of Longitudinal Runs

LMPD2 AVG STD MAX MIN MED LRMS2 AVG STD MAX MIN MED

Run1 2.03 0.50 5.70 1.16 2.02 Run1 16.44 3.06 24.01 8.22 16.58

Run2 2.08 0.43 3.81 1.10 2.04 Run2 15.69 2.83 24.36 9.21 15.58

Run3 2.08 0.43 3.70 1.34 2.03 Run3 16.68 3.24 24.08 9.77 16.98

Run4 1.92 0.43 3.23 1.16 1.85 Run4 16.87 3.73 25.21 7.00 17.55

Run5 2.12 0.38 3.54 1.39 2.09 Run5 15.81 3.32 24.79 9.00 15.87

AVG 2.05 0.44 4.00 1.23 2.01 AVG 16.30 3.23 24.49 8.64 16.51

LMPD4 AVG STD MAX MIN MED LRMS4 AVG STD MAX MIN MED

Run1 2.17 0.69 8.84 1.18 2.08 Run1 11.97 3.12 18.17 5.16 11.87

Run2 2.24 0.43 4.12 1.53 2.21 Run2 11.44 3.21 19.75 5.02 11.23

Run3 2.20 0.39 3.14 1.28 2.18 Run3 10.01 3.03 17.83 3.28 10.17

Run4 2.17 0.41 3.78 1.30 2.10 Run4 11.54 3.61 20.40 3.40 11.64

Run5 2.16 0.42 3.96 1.13 2.15 Run5 9.84 3.49 16.89 1.96 9.99

AVG 2.19 0.47 4.77 1.28 2.14 AVG 10.96 3.29 18.61 3.76 10.98
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Statistical Parameters of Transverse Run

TMPD AVG STD MAX MIN MED

Zone1 2.44 0.20 2.93 1.96 2.42

Zone2 1.97 0.17 2.40 1.55 1.95

Zone3 1.87 0.10 2.12 1.68 1.87

Zone4 1.89 0.12 2.12 1.65 1.91

Zone5 1.84 0.08 2.06 1.58 1.84

AVG 2.00 0.13 2.33 1.69 2.00

TRMS AVG STD MAX MIN MED

Zone1 6.35 1.29 9.28 2.98 6.24

Zone2 2.35 0.34 3.28 1.60 2.35

Zone3 3.91 0.64 5.32 2.92 3.81

Zone4 2.02 0.27 2.66 1.55 1.95

Zone5 3.78 0.70 4.88 2.31 3.87

AVG 3.68 0.65 5.08 2.27 3.64
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