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This studycreatesvariousnew texturesand

examines /monitorsthem over time with a

litany of standard testsSimultaneously and

Subsequently certaianalytic initiativesare

performed towardgdeployment of newand

improvementof current Practices




PAVEMENT STRUCTURE VS FUNCTION

\\

Structural
Requirements :
Functional
ACarry traffic loads without Requirements
excessive deflection or distress A Provide safety$kid resistande
A Provide a sure foundation for A Providedrainage (against
the road structure Hydroplaning)
A Respond to environmental A Exhibit minimum visibility
fluctuation without falling apart impairment Eplash and Spray

A Provide a comfortable riding
surface Ride comfor}
A Adequate surfaceeflectance
A Be relatively Quiet (NOISE)
<
Functional requirements tend to trigger rehab and replacement. Noise
Increases the clockwise moment




LESSONS FROM HISTORY

44 BC Ban on Carts in Daytime By
Gaius Julius Ceasar
Cause: Tirei Pavement noise
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2040 Years Have not Diminished but accentuated the Importance of Tire
Pavement Noise

Concrete Pavements

http://www.lrrb.org/detail.aspx?product
o id=2224e: Tire Pavement Noise

The greatest lesson from History is that we have not learned fistor



OBJECTIVES

ADemystify oVariabl eb
of this puzzle

Contribution of Variables to Surface
Characteristics
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We are Subject to the whims of Frequency Domains
Irrespective ofDomain (Tactile, Spatial, Time) of Interes



FOURIER EXPANSION OF BASIC TEXTURE TYPES
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v TIRE PAVEMENT SURFACE FUNDAMENTALS

Land Area
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Pavement Smoothness Macrotexture  Sroove

IRI (Mega texture)
\ , Direction /

-Orientation (Spikiness)

E Asperity Interval
FRICTION Microtexture

SOUND ABSORPTION
TEXTURE PAVEMENT SMOOTHNESS AND TIRE PAVEMENT INTERACTION
NOISE (TPIN) ARE FUNDAMENTAL TO TIRE PAVEMENT INTERACTION




CREATING CONCRETE SURFACE TYPES

Torf Dragging Process Broom Dragging Process

Exposed Aggregate Retarder Application and Subsequent Brushing



SOME BASIC TEXTURE TYPES EXAMINED

TEXTURETYPE PICTURE FEATURES
General Features | _Lﬁi"“"l‘;'-i Groovdepth = Depth
R j:l—l_L—':H:l— Groov&Vidth = Groove

s O

rity lnterwal

Groone

Asperity Interval= Asperity Interva

Longitudinal Turf Drag

Cells 13, 32, 52, 54, 60, %+

61,62 and 63

Transverdéne

Cells12, 36, 37 (TSt and o

Inside)38and96

LongitudinaBroonDrag
MnROADCell14

Groove Width 2 mm
Groove Depthl mm
Asperity IntervaR

Groove Width 5 mm
Groove Depthl.5 mm

Asperity Interv@ll8mmAverage

Transverssroonbrag
MnROADCelI53

Groove Width 2 mm
Groove Depthl mm

GroovaVidtho 2 ,3mm
Groove Depthl;1.5mm
Asperity Interv@mm

TEXTURES ACHIEVED IN PLASTIC STATE




SOME BASIC TEXTURE TYPES EXAMINED (CONTD

TEXTURETYPE PICTURE GEOMETRIC FEATURES

Exposedggregate e  Groove Width 10 mm

MnROADCell72 e  Groove Depfh2 mm

e  Asperity IntervdBmm

Conventional Diamond ° Groove WidtB 3.75 mm
Grind
MnROAD Cells 5, 8, 37

(TS3) and 71 (Passing i

e  Groove Depthl.2 mm
e  Asperity Interv@b

o Groove Width : 3mabmm
e  Groovddepth 3mA25mm

RollerCompacted
Concrete (MNnROAD Cells

5&6 SH.) e  Asperity Interval 1Z5mm

SEMI-HARDENED CONCRETE AND HARDENED CONCRETE
TEXTURING



SOME BASIC TEXTURE TYPES EXAMINED (CONTD

Pervious Overlay Used CA70 with 18 to 21 percent porosity.

Cell 39

Longitudinal Tine

in deep ti | e Pretextured with Astro Turf Dra
Cell 6 June 2011 118 in deep tnes g

e Tine at %inch Interval
e 1/8 inch tine depth

% % % Y% (%um)

| f——e— |

-




ROUTINE & SPECIAL TESTS IN THIS STUDY

Routine and nofroutine surface characteristics tests are
conducted on the new textures are briefly described.

e¢On Board Sound Intensity (OBSI) AASHTO TRY6

Output: Pavement Noise

eSound Absorption (ASTM E)50 Modified for In-situ Testing).
Output: Sound Absorption Coefficient

A MeanProfile Depth (ASTM-£157) ProductMPD

Out Put : MPD

MPARSER (Analytic Softwar€utput: Texture wavelength,

Texture Orientation



TIRE PAVEMENTPAVEMENT TEXTURE
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MEAN PROFILE DEPTHASTM E 2157 is the average depth of texture
measured by the circular track meter. It is similar to mean texture depth

measured by the Sand Volumetric Technique (ASTRBE)
ASPIKINESS: Statistical Measure of Pointedness of the Asperities

ANAVELENGTH: Characteristic Interval between Repeating Texture Asperities /Patter
ADIRECTION: Direction of Parallel texture patterns (Longitudinal/ Transverse)




Wheelpaths
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TIREEPAVEMENT NOISE GENERATION MECHANISMS VS SURFACE FEAT!

Generation Description Explanatory or Analogous Sound Associated Variable
Source
Phenomenon
Tread block impact | Tread blocks impact pavement as tire rolls Hammer. 4A@O000A $EOAAOQEIT off
Air compression Rarefaction in trailing edge Whistle Texture AEOAAOGET T 0 p@dsitd O
relief.
Helmholtz resonator Narrow necked bottle Asperity interval~Helmholz resonance
Horn Effect due to tire geometry Bullhorn Texture direction, texture orientation
Tire Resonance Sound similar to tapping a balloon Balloon effect(in vehicle noise) | OA |/ OEAT OAORT T AT OAE
Acceleration Acceleration records a force due to circular | Particle acceleration , I TCEOOAET Al AEOAAOQEI
motion at constant speed 00T Of 6
Stick Slip, snap Rhythmic making and breaking of contact with | Basket ball shoes squeaking; | -OA T OEAT OAQEI 101 AOO
partial suction. Hysteresis in tire contact Plunger effect
Pipe Resonance Air is compressed in a transverse tine which | Organ Pipe Longitudinal COET AET ¢ o1 AGO
acts as a pipe. This is more pronoundeacross
an unsealed joint
Clap Phenomena Air is compressed and not relieved quick Clapping of hands Porous pavements, Longitudinal texture

enough

relieve air compression




TIRE PAVEMENT INTERACTION NOISE IS A SIGNIFICANT

Sound level (dBA)
80
Overall Vehicle Noise
Vehicle Crossover Speed (mph) i N .
type Cruising Accelerating
Cars 10-25 20-30
75 Trucks 35-50 > 50
Tire-Pavement -~ /eredynamic
L Noise -« Noise
70 + 3
i. ,
P 1 _ ”
-,
_.l'

65 T 3

Crossover Propulsion

Speed Noise

R . }
60 | | ! Sapdberg & Ejsmont 2002
15 30 45 60 75

Speed (mph)
| TPIN IS THE MOST IMPORTANT ROAD NOISE SOURCE




TIREEPAVEMENT NOISE GENERATION MECHANISMS

Radial vibrations

< Hammer Mechanism due tQ
radial vibration

Radial Tread Block Acceleration

Hammer  _,. o -
Radial block | i
_ ._acceleration ! texturing
Miniature accelerometer
Adhesion™

7] Stick Snap
e i —

N R SR
“ T A T8
i e i

S s il
T & e

_— Clapper:As Air Gets Pumped out of the Contact Area

Amsliﬁcation effect by the horr

Horn: Tire Road Geometry serve:

Stick-slip (tangendal motions)

High Frequency squeals
Courtesy: SQDH Purdue university as An Am p“ﬂer



ROUTINE & SPECIAL TESTS IN THIS STUDY

eFriction using Lock wheel Skid Tester ASTM® Ribbed Tire &
Smooth Tire ASTM E501 Output: FN (Ribbed) FN Smooth
ePavement Smoothness using Lightweight Profiler ASTM E 950
Output: International Roughness index (IR1), RN

ePavement Smoothness using Pathways Surface Van ASTM E950
Output: International Roughness index (IR1), RN, Rut Depth, Faultir

ARolling Resistanc&®olling Resistance



ROUTINE & SPECIAL TESTS IN THIS STUDY

eFriction using Lock wheel Skid Tester ASTM® Ribbed Tire &
Smooth Tire ASTM E501 Output: FN (Ribbed) FN Smooth
ePavement Smoothness using Lightweight Profiler ASTM E 950
Output: International Roughness index (IR1), RN

ePavement Smoothness using Pathways Surface Van ASTM E950
Output: International Roughness index (IR1), RN, Rut Depth, Faultir

ARolling Resistanc®©utput:RollingResistance



Click on the bution below to select a CTM data file.

ROUTINE & SPECIAL TESTS IN THIS STUDY

& ispla
Qﬁcmﬁ Warzr3 & Print ;it‘t

20

Ave: 122(19%) [2.08]

EECADD At - Collac

MPD Micro &
Macrotexture

2- |0 dat

The results will be saved in a new file in the same folder as the original file,

Parse Data from
CTM File

2100

2000 \ m

1500

1800

1700

1600

1500
263 183 303 33 43 363 383

Slope Spectral Density (ffcycle)

103

1E-04

1E-0B

1E-06

17
01 1 10 100 1000 10000

Wave Length (ffcycle)

—— PIEDNEL: Elev]

MacrotextureVariables
Wavelength& Orientation

e) Mega & Gigatexture IRI
RN. PSD




ANALYTIC INITIATIVES IN THIS STUDY

SPECIFIC ANALYTIC INITIATIVES
oFRICTION IMPROVEMENT STUDIES
Paper (Izevbekhal 2011) Effect of Transverse Direction on Dr
textures Paper submitted to TRB July
Frictional Adequacy of Drag Textures (Nelson 2011) Mn/DOT
Report
sWET WEATHER ACCIDENT STUDIES
Mn DOT Report (Izevbekhai & Watson) 2008
«SOUND ABSORPTION RELATIONSHIPS
Analysis Completed, SA is not an OBSI Predictor



ANALYTICEXAMPLES IN THIS STUDY
A TEXTURE CONSTRUCTION
2008 Texture (UDG, LT Construction Report (Task 2) Izevbekhe
(2009) Documents construction and initial testing of new Turf
Drag, Broom Drag, Diamond Grind and Pervious Surface
2010 Texture (EA, UDG, CDG) Construction Report
Akkari (2011) 2 Lift Concrete EA finish Repo
oEVALUATION OF INNOVATIVE TEXTURE
Paper On Exposed aggregate Performance Izevbekhai & Akkari

Submitted to ASTM Performance Conference. Oct 2011.



ANALYTICEXAMPLES IN THIS STUDY

TEXTURE CONSTRUCTION REPORTS

A 2008 Texture Construction Report (MPR 6021 Task 2)
|Izevbekhai (2009) Documents construction and initial testing o
new Turf Drag, Broom Drag, Diamond Grind and Pervious
Surface.

A 2010 2-Lift Concrete and exposed aggreg&tenstruction

EVALUATION OF INNOVATIVE TEXTURE
A Paper On ExposetliggregatePerformance Izevbekhai & Akka
Submitted to ASTM Performance Conference. Oct 2011.

ANOMALOUS RIDE OBSERVATION

A Paper submitted to TRB 2011describes textures were point

laserdata are anomalous.



ANALYTIC EXAMPLES IN THIS STUDY
SAWTOOTH MODELS OF OPTIMUM REHAB PERFORMANCE:

A Study in progress examines texture degradation and rehab
Induced Saw tooth model

PERFORMANCE/TIME HISTORY

A Produced Performance time History to be used for time series
analysis

DATA BASE POPULATION

A Populates data base for TNM and relevant surface based tools
PARAMETER FRAGMENTAT&DORRELATION
A OBSI in component frequencies and Friction fragmented into

Hysteresis anédhesion. IRl & RN compared.



[EXTURE ORIENTATION
Sku = ——f Y3 (x)dx

1l
Where Rq is - J, Y2 (x)dx

Skewness comes in tfi@m of "negativeskewness / texturedr "positive
skewness / texture'depending on whether datpoints (Probability Function of
Spikinesspare skewed to the left (negative skew) or to the right (positive skew)
of the data average.

Due to 3rd Order, Texture Orientation was more successful with Skewness than
with Kurtosis. This wa®aradoxical.

|Izevbekhai, Khazanovichnd Voller 2011 Validated
Effect of texture spikiness Izevbekhai & Voller 2011 Validated



COMPARI SON TO WU & NAGI S AREA RATI
Cell Cell 54 13 7 8|71 (DL) 40 Cell 72
STRIP
Texture Non- Turf | IDG CDG UDG TT EXP. AG
Textured
r=0.13
R=ASP =0.25
B B=12mm | B=3mm B=12*1.2 mm | B=18mm R=0.25
. : Ih Sine h=4mm h=3mm h=4mm h=4mm
. - wave G=3mm G=3mm G=3mm G=6 mm
G
Area (A) P|2. 47 23L 121 25.4L 32L
Projected Area (An) 15) 2 U 12L 3L 14.4L 18L
1.35
MPD/RMS (A/An) 1| 122 1.9 4 1.598 1.78
e 5th
Quant. Classification * 7th 6th 2nd Most Pos | 4th 3rd
o L 4th
Quantitative Classification *) 7th 1st 5th 2nd 6th 3rd
Conventional Classification 4th
b 7th 1st 6th 2nd 5th 3rd

* Wu & Nagi

** |zevbekh@iSpikiness Equatign
*** IndustryQualitalitative Acceptance

O



COMPARISON TMc GhEe & FLINTSH MPD/RMS RATIO

Cell Cell54 STRIR 13 7 8 71 (DL) 40 72
Texture Untextured Turf IDG CDG UDG TT EXP A
Skewness -0.00003 -0.5225 -1.0009 -0.0089 -1.559 -2.384 0.15
MPD 0.16 0.47 0.63 1.52 1.07 0.26 0.8
RMS 0.09 0.22 0.68 0.63 1.71 0.18 1.20
MPD/RMS 0.563 0.468 1.079 0.414 1.598 0.692 0.67
Quant_ Classificatiori Pos Pos Neutr al Pos Neg Pos Pos
(McGhee et al)
Quantitative Classification Neutral Pos Neg Neutral Neg Neg Pos
(Izevbekhai **)
Conventional Neutral Pos Neg Positive Neg Neg Positive
Classificationt** (weak)

* McGhee et al

** |zevbekh@8dnSpikiness)
Industry Qualitative Acceptance




TEXTURE ORIENTATION EXAMPLES

2010 Measurements of Skewness

Road Cell(s) Lane Texture Type Skewness Texture Spikiness Conventional
LVR 37 na Duluth 2010 Grind -1.45 Negative Negative
LVR 37 na Innovative (2007 ) Grind -0.71 Negative Negative
LVR 37 na Conventional Grind 0.60 Positive Positive
LVR 36 na Transverse Tine -0.34 Negative Negative
LVR 32 na Turf Drag * -0.34 Negative Positive// Neutral
Mainline | 60-61-62-63 Passing Turf Drag* -0.01 Negative Positive// Neutral
Mainline 9 Passing Innovative (2008) Grind -1.36 Negative Negative
Mainline 8 Passing Conventional Grind 0.19 Positive Positive
Mainline 7 Passing Innovative (2007) Grind -0.78 Negative Negative
LVR 39 na Pervious Concrete Overlay -0.83 Negative Negative
LVR 85 na Pervious Full Depth Concrete -0.84 Negative Negative
LVR 86 na Pervious Full Depth Asphalt -0.86 Negative Negative
LVR 87 na Transverse tine 0.02 Positive Negative
LVR 88 na Pervious (Asphalt) -0.75 Negative Negative
LVR 89 na Pervious (Full Depth) Concrete -0.86 Negative Negative
Mainline 72 Drive Exposed Aggregate 0.43 Positive Positive
Mainline 72 Passing Exposed Aggregate 0.36 Positive Positive
Mainline 71 Drive (2010) Ultimate Grind -1.42 Negative Negative
Mainline 71 Passing Conventional Grind 0.24 Positive Positive
Mainline 70 Passing Asphalt -0.46 Negative Negative
LVR 38 na Transverse Tine -1.15 Negative Negative

* The textures are so worn out that aggregate loss indentationgerponderntover the turf drag asperities resulting in unusual but weak negative texture




IMPROVING FRICTION THROUGH HYSTERESIS

Pagssure (P) > Deformed Tire

Adhesion coefficient

f=——=—

Hysteresis F, E. T Adhesion F,

ai
—

Consider the free body diagram above.

If A is actual contact area,

Q is volume of finite deformed rubber element
An is nominal Area

S = Interface shear strength

D= Energy dissipated per unit volume.

P = pressure of the rubber block, b is rubber sliding

Hysteresis Component

Bykeeping the
deformed tire volume
and deformation energ
constant the hysteresis
component can be
normalized into

wherethe An is projected area
and A is the asperity area

distance and w is normalload

Product: Bald Tire friction of Box car Ribbed tire friction of Box Cars




1YSTERESIS PHENOMENA ON PAVEMENT SURFACES

At the tire-pavement contact friction can be analyzed by identifying 3

components.: Adhesion, Hysteresis and Wear.

Transient deformation of tire over macrotexture aspetrities results in energy
dissipation, subsequent low pressures, and suction. This component of friction
referred to as OHysteresi so [ f pr o,
models of tirepavement friction with respect to time traffic and environmental

exposure.



SOMEPERFORMANCE OVER TIME CURVES

Cell 5 - Traditional Grind
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Cell 62 - AstroTurf Drag
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FRICTION TIME CURVES

80 Friction - Cell 61 -0 Friction - Cell 7
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FRICTION TIME CURVES

Friction - Cell 53 Friction - Cell 71
60 495
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DUE DILIGENCE: What of IRl & RN?

Gaun for Profile \M‘C |“l\' D| Gain for Profile \!H[\‘ IHQ\'){

il RN R

[0

(10

(5

” om0 0000l oo -~ * T - B TR S
00} 0] | 1) 0.0} 0] l ()

Wave Number (cycles m) Wave Number (cycles m)




DUE DILIGENCE: What of IRl & RN?
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LISA Cell 14 ~ Longitudinal Broom Drag

LISACell 71 - 2 Types Diamond Grinding
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LISACell 13 - Turf Drag
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DUE DILIGENCE: What of IRl & RN?

LISACell 89 - Pervious
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DUE DILIGENCE: What of IRl & RN?



