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Presenter
Presentation Notes
Work relating pavement surfaces and skid resistanceMs. Zahir is the predominant researcher, writer, and presentation developer under the guidance of Dr. Mustaque Hossain at Kansas State University.I am the guy who gets to travel, give talks, and pay for the work using the Kansas Department of Transportation’s purse.



Presentation Organization

- Introduction
- Problem Statement
- Objective
- Tests Performed
- Results and Discussions
- Conclusions

Presenter
Presentation Notes
What I am going to present (following what was provided by Ms. Zahir).



Introduction

- Good pavement condition is an essential prerequisite for a safer
highway

- Road surface friction minimizes skidding and reduces roadway
crashes

- Skid resistance highly depends on the pavement texture characteristics

- Estimation of texture characteristics could give useful information
about the condition of the roadway

Presenter
Presentation Notes
Safety = GoodGood pavement surface reduces Bad stuffTexture is part of what makes a surface good.With about 10,000 centerline miles of highways in Kansas, how do we get useful information about the pavement surface from a safety perspective?



Problem Statement

- ASTM Locked Wheel Skid Trailer (LWST) is universally used
for determining friction characteristics

- LWST measures pavement skid number

- Driving speed should be 40 mile/hour or 55 mile/hour

- Maintaining speed is difficult especially on some curves and
ramps

Presenter
Presentation Notes
We use a locked wheel skid trailer in Kansas as part of our surface friction adequacy program.The problem is that the test uses up tires, requires lots of water, and is hard to do in the places we probably need the data most (curves, intersection approaches, ramps, etc.).ASK ABOUT 40 MILE/HOUR? Problem Statement:  How can we get more/better/cheaper information about the adequacy of the pavement surface to meet safety needs?



Problem Statement

- 3-D Laser Crack Measurement System (LCMS) can be a viable
alternative to LWST in some locations

- LCMS measures Mean Texture Depth (MTD) of pavements

- LCMS offered the possibility to measure pavement texture more
precisely

Presenter
Presentation Notes
Because we already have a pavement management data collection system that includes 3-D data for cracking purposes, we started looking at the output as a tool for determining pavement surface texture as an indicator of surface friction.Mean Texture Depth is one of the outputs from the system, so we had the data (lots of it!)So a couple of questions arose.  One was could we get the texture information and two was if understood what it was telling us.



Objectives

- To assess whether skid resistance on different KDOT highways can be
assessed using LCMS measurements

- To find a suitable correlation between skid number and texture depth

- To replace the traditional ASTM skid trailer by LCMS for routine skid
monitoring

Presenter
Presentation Notes
ASK IF I CAN SUBSTITUTE MY OBJECTIVES:Assess viability of using LCMS/MTDs as an indicator of surface friction problem locationsTry to correlate skid number and MTD on Kansas HighwaysDetermine the appropriate use of both systems for obtaining the data we need.



Test Sections

Four KDOT (Kansas Department of Transportation) Highways
were selected for investigation

- K-18 Westbound/ I-70 Westbound On-Ramp (Geary County)

- K-177 Southbound/ I-70 Westbound On-Ramp (Geary County)

- I-70 Westbound Off-Ramp/ K-177 Northbound (Geary County)

- K-87 (North of K-9, Nemaha County)

Presenter
Presentation Notes
As part of other ongoing work, we had a few test locations that happened to be near the researcher’s residence so we selected them as test sections.  The first three of these locations had crash histories that indicated possible surface problems.  They also happen to be on ramps and were being treated with high surface friction surfaces.  The fourth location was a road that was closed while a bridge was being replaced and we took advantage of their traffic control to get the information we wanted.



Equipment used for Data Collection

Pavement friction and texture data were collected using four
different instruments:

- ASTM Locked Wheel Skid Trailer (LWST)

- 3-D Laser Crack Measurement System (LCMS)

- Circular Texture Meter (CTM)

- Dynamic Friction Tester (DFT)

Presenter
Presentation Notes
Because this was a research project, we tried to get a lot of information to help us.  We requested a loan of a CTM and DFT from FHWA to go along with our skid trailer and LCMS.  This way we could compare several different devices to help us learn.



Locked Wheel Skid Trailer

- Measures steady state friction force

- A locked wheel is dragged under constant load at a constant speed
over a wet pavement

- Friction is determined from resulting force and reported as Skid
Number (SN)

- Higher SN represents greater skid resistance

Presenter
Presentation Notes
The locked wheel skid trailer is pretty common for measuring this stuff.  It basically sprays water in front of a wheel on the trailer being pulled at a constant speed, locks that wheel up and compares the force trying to keep the wheel turning to the force on the wheel on the other side of the trailer that does not have the breaking force.  



Locked Wheel Skid Trailer

- Ribbed and Smooth tires
are used for measuring
friction

- Operated at near highway
speed

- Can measure large
sections of roadway
without lane closures

Presenter
Presentation Notes
Here is a picture of our system.  Note that it is up on jacks as they are changing tires.  The system can be run with either a smooth tire or a ribbed tire.  One of the benefits of this system is that we operate at either 40 mph or 55 mph and in either case do not require traffic control as we collect the data on our highways.



Laser Crack Measurement System

- Use of high speed camera, custom optics and laser line projectors

- Acquire both 2-D images and high-resolution 3-D profiles of the road

- Can be operated under all types of lighting condition

- Various pavement types can be measured at survey speed

- Data analysis software analyze all collected data

Presenter
Presentation Notes
KDOT already collects pavement condition data with an LCMS.  This system collects a lot of information at once including both 2 and 3-D profiles of the road surface.  In essence, it collects intensity images (like a picture) and elevations at about 4000 points across the pavement continuously.  These elevations or range images provide surface texture data.  The advantages here are that the data is available across our highway network and is taken at highway speeds.MAY  WANT TO ADD A SLIDE WITH SAMPLE IMAGES.



KDOT Laser Crack Measurement System

Presenter
Presentation Notes
This is a picture of our LCMS (and profiler) vehicle. 



Circular Texture Meter

- Laser-based device for measuring Mean Profile Depth (MPD) at a
static location

- There is a Charged Couple Device (CCD) laser sensor in the bottom of
the instrument

Presenter
Presentation Notes
One of the loaner instruments we used is the CTM.  It provides an elevation profile like the LCMS, but it does it only for the circle it makes when it sweeps its arm around.  It gets the MPD using different parts of the circle.



Circular Texture Meter (CTM)

- Measures the profile of a circle having 35.12 inch circumference

- Divides the circumference into eight segments

- Average Mean Profile Depth (MPD) is determined for each of the
segments

- Reported MPD is the average of all eight segment depths

Presenter
Presentation Notes
The advantage of this device is that you get a nice repeatable measurement of the texture.  The bad thing is that it is a static test and it only tells you about that one spot.



Dynamic Friction Tester (DFT)

- Measures frictional characteristics of roadway
- For Friction Number (FN) calculation, needs to put over the same area
where CT Meter measurement was taken

-The disk at the bottom of the machine consists of 3 rubber slider

Presenter
Presentation Notes
The other loaner piece of equipment is the DFT.  The DFT is a contact measurement of friction like the locked wheel.  This time, a motor spins up a plate and then drops the plate to the surface where 3 rubber sliders then drag against the surface.  The torque on the shaft generated by the drag is measured in this case.



Dynamic Friction Tester

- During rotation, the disk measures the torque generated

- Torque is monitored and recorded at 20,40, 60 and 80 km/hr

- Both CT meter and DF tester readings are required to calculate the
Friction Number

Presenter
Presentation Notes
By combining the CT and DF tester readings, you can compute a Friction Number.   So, we have 4 means of trying to get the information.  However, that last statement about needing to combine the results of the CT and DF is very telling.  That is, measuring the surface texture alone may not be enough to tell you how well a vehicle will stop on the surface.  Likewise, measuring the friction alone like the little rubber pads spinning against the surface is not enough.  Those who are more knowledgeable than I, would start into a discussion of macro and micro texture at this point….COULD ALSO TALK ABOUT RIBBED VS SMOOTH AT THIS POINT AS A SEGWAY 



K-18 WB to I-70 WB

Presenter
Presentation Notes
The first location we will talk about is K-18 WB to I-70 WB ramp.  Which is shown here after the HFS was applied.  Note the skid marks!  Also note that the surface used to be asphalt here and just beyond the arrow became concrete prior to the HFS.



Pavemen
t Type

3D laser MTD (mm) Skid Number (Before 
HFS)

Skid Number (After 
HFS) Pavement 

Type

3D laser MTD (mm)

Section Before HFS 
(June 2014)

After HFS 
(April 
2015)

Grooved 
Tire (Jun 

2014)

Smooth 
Tire (Jun 

2014)

Grooved 
Tire (Apr 

2015)

Smooth 
Tire (Apr 

2015)
Section

Before 
HFS (June 

2014)

After HFS 
(April 
2015)

Asphalt

F 00001 0.8094 1.0798

40.16 33.65 78.54 71.27

Concrete

F 00019 0.6222 0.9629
F 00002 0.8864 1.0828 F 00020 0.6702 0.9884
F 00003 0.9001 1.1359 F 00021 0.5781 1.0068
F 00004 0.7963 1.0332 F 00022 0.6246 1.0298
F 00005 0.8089 1.0127 F 00023 0.7085 1.0421
F 00006 0.8055 0.9989 F 00024 0.7181 1.0308
F 00007 0.7808 1.0037 F 00025 0.7046 1.0813
F 00008 0.9467 1.0099 F 00026 0.6937 1.0828
F 00009 0.9044 0.9307

Result

Mean 0.67 1.03
F 00010 0.8331 0.8978 SD 0.048 0.039

F 00011 0.8458 0.9821 COV 
(%) 7.16 3.82

F 00012 0.8665 0.9793

Result

Mean 0.85 1.01
SD 0.050 0.063

COV (%) 5.86 6.20

Results and Discussions
K-18 Westbound I-70 Westbound On Ramp (HFS placed in Sep, 2014)

Presenter
Presentation Notes
So, like all good studies, we started comparing stuff.  In this case, we have a ramp where an HFS was added in September of 2014.  Since we knew this was coming, we did before and after testing with the devices we had available.  This busy slide shows before and after MTDs from the LCMS on the asphalt part of the ramp on the left (note that these are frame based, so values for about every 22 feet – ARE THESE THE AVERAGE OF THE FIVE ZONES OR A PARTICULAR ZONE?  DO WE KNOW WHERE WITHIN THE 22 FEET THE MTD IS MEASURED? ARE THE SKID NUMBERS ON THE ASPHALT OR CONCRETE?The middle section is the average skid values for ribbed and smooth tires before and after.  And finally, on the right are the MTDs from the LCMS on the concrete part of the ramp.  MAY NEED TO STUDY THIS A BIT MORE BEFORE THE PRESENTATION!So the important information here is that the MTDs from the asphalt part averaged 0.85 mm before the treatment and 1.01 mm after.This compares to skid numbers of 40.15 and 33.65 for ribbed and smooth skid before the HFS and78.54 and 71.27 after.



Results and Discussions
K-18 Westbound I-70 Westbound On Ramp (HFS placed in Sep, 2014)

Pavement 
Type

3-D laser MTD (mm) ASTM Locked Wheel Skid Trailer SN
Skid Number (Before HFS) Skid Number (After HFS)

Section Before HFS 
(June 2014)

After HFS 
(April 2015)

Grooved Tire 
(Jun 2014)

Smooth Tire 
(Jun 2014)

Grooved Tire 
(Apr 2015)

Smooth 
Tire (Apr 

2015)

Concrete

F 00018 0.6528

40.16 33.65 78.54 71.27

F 00019 0.6222 0.9629
F 00020 0.6702 0.9884
F 00021 0.5781 1.0068
F 00022 0.6246 1.0298
F 00023 0.7085 1.0421
F 00024 0.7181 1.0308
F 00025 0.7046 1.0813
F 00026 0.6937 1.0828

Result
Mean 0.66 1.03

SD 0.045 0.039
COV (%) 6.79 3.82

Presenter
Presentation Notes
This slide shows the same data for the concrete portion of the ramp prior to the HFS as the last slide.  Note that the SNs are the same as they were taken on one or the other surface but applied to both (right or wrong).  So the important information here is that the MTDs from the concrete part averaged 0.66 mm before the treatment and 1.03 mm after.This compares to skid numbers of 40.15 and 33.65 for ribbed and smooth skid before the HFS and78.54 and 71.27 after (the same SNs as on the asphalt because they didn’t measure it on both).



Results and Discussions
K-18 Westbound I-70 Westbound On Ramp (HFS placed in Sep, 2014)

Pavement Type
Section         CTM MPD 

(mm)
Pavement Type

Section         CTM MPD 
(mm)

(20 ft c/c) After HFS     
(April 2015) (20 ft c/c) After HFS     

(April 2015)

Asphalt

1 1.44

Concrete

1 0.99
2 1.26 2 0.92
3 1.35 3 1.06
4 1.25 4 1.29
5 1.49 5 1.22
6 1.28 6 1.09
7 1.19 7 1.04
8 1.29 8 1.01
9 1.21 9 1.22

10 1.12
11 1.18

Result
Mean 1.29 Mean 1.09

SD 0.076 SD 0.117
COV (%) 5.91 COV (%) 10.67

Presenter
Presentation Notes
We also have CTM MPDs at this location on both the asphalt and concrete.The asphalt average was 1.29 and concrete was 1.09 after the HFS.  Can also note that the SDs are reasonably small for both pavement types as seen in the next slide tool



Results and Discussions
K-18 Westbound I-70 Westbound On Ramp (HFS placed in Sep, 2014)

Presenter
Presentation Notes
This slide simply shows that the MTDs and MPDs are pretty similar.



K-177 SB to I-70 WB Ramp

Presenter
Presentation Notes
This is another of our test locations where an HFS was planned.  The shot on the left is before; right is after.  Again we had two pavement types in the before with asphalt in the lane and the ramp in concrete.



Results and Discussions
K-177 Southbound and I-70 Westbound On- Ramp (HFS placed in Sep, 2014)

Pavement 
Type

3-D laser MTD (mm) Skid Number (Before 
HFS)

Skid Number (After 
HFS) Pavement 

Type

3-D laser MTD (mm)

Section Before HFS 
(June 2014)

After HFS 
(April 
2015)

Grooved 
Tire (Jun 

2014)

Smooth 
Tire (Jun 

2014)

Grooved 
Tire (Apr 

2015)

Smooth 
Tire (Apr 

2015)
Section Before HFS 

(June 2014)

After HFS 
(April 
2015)

Asphalt

F 00001 1.1169 1.0828

43.39 32.4 82.02 65.12

Concrete

F 00012 0.8534 1.0359
F 00002 1.1296 0.9117 F 00013 0.8716 1.1763
F 00003 1.0925 0.8994 F 00014 0.6294 1.0993
F 00004 1.1945 0.8759 F 00015 0.6414 1.0191
F 00005 1.1639 0.8909 F 00016 0.6043
F 00006 1.0878 0.8757 F 00017 0.5566
F 00007 1.1635 0.8478 F 00018 0.4638
F 00008 1.1164 0.9094

Result
Mean 0.66 1.08

F 00009 1.08 0.9483 SD 0.139 0.062
F 00010 1.1245 0.9163 COV (%) 21.1 5.71
F 00011 1.0134 0.9803

Result
Mean 1.12 0.92

SD 0.047 0.061
COV (%) 4.2 6.66

Presenter
Presentation Notes
Same kinds of stuff.  This time the MTDs were 1.12 before and 0.92 after for the asphalt part.The MTDS on the concrete part were 0.66 and 1.08.The skid data (wherever it was taken) was 43.39, 32.4 for ribbed, smooth before the HFS and 82.02, 65.12 after.



Results and Discussions
K-177 Southbound and I-70 Westbound On- Ramp (HFS placed in Sep, 2014)

Pavement Type Section        
(20 ft c/c)

CTM MPD (mm) DFT (μ) FN
After HFS     (April 2015) After HFS     (April 2015) After HFS     (April 2015)

Asphalt

1 1.26
2 1.27
3 1.25
4 1.22
5 1.34
6 1.18
7 1.23
8 1.28
9 1.23
10 1.29 0.86 54.4
11 1.31 0.86 54.6
12 1.26 0.79 50.3
13 1.39 0.91 58
14 1.49 0.9 58.5

Result
Mean 1.29 0.86 55.16

SD 0.076 0.042 2.957
COV (%) 5.91 4.89 5.36

Presenter
Presentation Notes
For this location after the treatment we were able to get MPDs from the CTM and mus from the DFT.  This allowed us to compute friction numbers.  On the asphalt piece, these values were 1.29mm avg CTM MPD and 0.86 units? for a mu value from the DFT.  Using XXXX we got an FN of 55.16.



Results and Discussions
K-177 Southbound and I-70 Westbound On- Ramp (HFS placed in Sep, 2014)

Presenter
Presentation Notes
Since we had numerous measurements from both the LCMS and CTM along the new HFS, we could compare those two measures at nearly the same locations.  The chart shows that they at least are not dramatically different.



I-70WB to K-1777 NB Ramp

Presenter
Presentation Notes
This one really started it all.  This ramp has a history of slide off accidents.  The left again shows before the treatment was applied and the right is after.  As with the others, part is concrete and part is asphalt.  The asphalt starts at about the very right edge of the images.



Results and Discussions
I-70 Westbound and K-177 Northbound Off- Ramp (HFS placed in Sep, 2014)

Pavement 
Type

3D laser MTD (mm) Skid Number (Before 
HFS)

Pavement 
Type

3D laser MTD (mm)

Section Before HFS 
(June 2014)

After HFS 
(April 2015)

Grooved 
Tire (Jun 

2014)

Smooth 
Tire (Jun 

2014)
Section Before HFS 

(June 2014)
After HFS 

(April 2015)

Asphalt

F 00011 0.8013 1.0776

43.53 31.7 Concrete

F 00001 0.4980 0.9274
F 00012 0.9038 1.0401 F 00002 0.5584 1.0342
F 00013 1.1639 1.0570 F 00003 0.7757 1.0447
F 00014 1.1841 1.0773 F 00004 0.6228 0.9779
F 00015 1.2460 1.1626 F 00005 0.6259 1.0433
F 00016 1.2231 1.1694 F 00006 0.7397 1.0480
F 00017 1.1029 1.1947 F 00007 0.7529 1.0426
F 00018 1.0939 1.5823 F 00008 0.6439
F 00019 1.0427 1.4853 F 00009 0.6551

Result
Mean 1.08 1.21 F 00010 0.6481

SD 0.14 0.184
Result

Mean 0.65 1.02
COV (%) 12.91 15.29 SD 0.082 0.043

COV (%) 12.58 4.23

Presenter
Presentation Notes
Again, lots of numbers, but the ones I will call out are 1.08, 1.21, 0.65, 1.02, 43.53 and 31.7 (note after were negative SNs…)



Results and Discussions
I-70 Westbound and K-177 Northbound Off- Ramp (HFS placed in Sep, 2014)

Pavement Type Section       
(20 ft c/c)

CTM MPD 
(mm) DFT (μ) FN Pavement 

Type
Section      
(20 ft c/c)

CTM MPD 
(mm)

After HFS     
(April 2015)

After HFS     
(April 2015)

After HFS  
(April 2015)

After HFS     
(April 2015)

Asphalt

1 1.35

Concrete

1 1.43
2 1.25 2 1.17
3 1.15 3 1.48
4 1.05 4 1.41
5 1.05 5 1.27
6 1.25 6 1.49
7 1.33 7 1.46
8 1.3 0.84 53.4 8 1.4
9 1.33 0.81 52 9 1.32
10 1.24 0.79 50.1 10 1.58

Result
Mean 1.23 0.81 51.83

Result
Mean 1.40

SD 0.106 0.021 1.352 SD 0.113
COV (%) 8.58 2.53 2.61 COV (%) 8.07

Presenter
Presentation Notes
This slide shows the MPD and mu values and the computed FNs for the asphalt and MPDs for the concrete original surface locations.



Results and Discussions
I-70 Westbound and K-177 Northbound Off- Ramp (HFS placed in Sep, 2014)

Presenter
Presentation Notes
The MTDs and MPDs were plotted to check that they were similar again.  



K-87

Presenter
Presentation Notes
This is our fourth site.  This was a closed road, so we could play a bit more without worrying about traffic.  Note the marks showing where skid was run earlier (red lines and arrow).  And where the CTM and DFT were run (yellow box and arrow).



Results and Discussions
K-87 (With Chip Seal surface)

Surface Type Section
3D laser MTD 

(mm) (Jul 
2015)

Skid Number Section       CTM MPD 
(mm) DFT (μ) FN

Grooved Tire 
(Jul 2015)

Smooth Tire 
(Jul 2015) (25 ft c/c) (Jul 2015) (Jul 2015) (Jul 2015)

Chip Seal

F00001 1.226

68.37 58.5

1 1.56 0.69 47
F00002 1.252 2 1.43
F00003 1.182 3 1.44 0.69 46
F00004 1.206 4 1.46
F00005 1.211 5 1.48 0.73 49
F00006 1.167 6 1.47
F00007 1.238 7 1.57
F00013 1.267 13 1.64
F00014 1.25 14 1.47
F00015 1.264 15 1.52
F00016 1.237 16 1.42 0.71 47
F00017 1.236 17 1.46
F00018 1.236 18 1.39 0.76 50
F00019 1.243 19 1.57
F00020 1.17 20 1.48 0.79 52

Result
Mean 1.22 68.37 58.5 Mean 1.5 0.73 48.5

SD 0.031 5.354 0.4 SD 0.076 0.037 2.062
COV (%) 2.5 7.83 0.68 COV (%) 5.06 5.04 4.25

Presenter
Presentation Notes
Again, lots of numbers, but note the mean line.  



Results and Discussions
K-87 (With Chip Seal surface)

Presenter
Presentation Notes
Once again, we plotted the MTD from the LCMS and the MPD from the CTM together to see how they compared.  Again, there is not a lot of variation here.



Results and Discussions
Relationship between Skid Number and Texture Depth
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Presenter
Presentation Notes
So, MTD/MPD and SN are not easily related, but we have not given up.



Conclusions

-We are still evaluating using the LCMS data (MTDs) to determine if
surface friction (based on texture) is adequate.

-We continue to compare texture depth and µ values to the SNs and
MTDs that we are already collecting.

-We will still collect locked wheel skid data and LCMS (MTDs) while
we learn if/how we can be more efficient in our collection.

- More roadway surface characteristics need to be analyzed to develop a
valid correlation between MTD and SN

Presenter
Presentation Notes
Need more research (as all research concludes)Last one is that Ms. Zahir will be doing more laboratory research where she will create different surfaces or surfaces that use different materials and perform the CTM and/or DFT tests to see if she can predict their surface friction performance based on these devices.
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Presenter
Presentation Notes
If time permits, I will show this slide and talk about the fact that it contains all the MTD data from 2014 for over 11,500 miles of highway.  What it shows is the volume of pavement surfaces of that age (blue column) and then the MTD values for those surfaces.  The box gives the mean +/- one standard deviation.  The lines extend from the box to the max and min values.  Thus the location of the center of the box tells you the mean MTD value for pavement surfaces of that age.  The size of the box tells you how much variability in MTD you have for that age surfaces.  
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Presenter
Presentation Notes
This chart also contains all the zone 2 MTD values from 2014 LCMS data collection across all highways in Kansas.  What we are playing with here is the different surface types (regardless of age).  What we can learn here is which surface types seem to perform well or not based on the min, max, avg+stdev, avg-stdev, and amount of that surface type.  Clearly, these can be evaluated in a lot more detail, but we have the detailed data available.  
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Presenter
Presentation Notes
2014 Skid data by age of surface where MTD data was also available for 2014.  Note the 0s are due to the last surface year taken from the 2015 database so projects occurred on these locations probably after we collected the skid data.
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Presentation Notes
2014 Skid data by type of surface where MTD data was also available for 2014.
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