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Most Common ““Ride Quality Index”
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Tire-Pavement Interaction — the fine red line
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Texture, smoothness, faulting,
curvature, waves, tenting, dips,
humps, cross-slope, rutting,
pumping rate...

Quarter-car model for IRI.



Our tires interact with
the exposed aggregate
tips and texture grooves
to mobilize friction



Friction Demand
Requires Torque =
Contact patch force, F



Highway Drivers rely on tread-texture interaction at “mild” torque and lateral force levels.

Deeper texture can better shed
hydroplaning water



Advanced texture scanning laser by MDOT
year 2000

* 0.04 mm elevation sample spacing

e 200 mm sample length



Digital “ Sieve Analysis”
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Digital “ Sieve Analysis”
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We don’t want any waves here

Need proper macro-texture
for hydroplaning resistance
and to get up between tread
blocks

Need proper micro-texture
for rubber friction interaction
on the macro texture



The Tire Engineer






Vibration Intensity

FEM Back-calculated Tire Properties from NAH

“input point mobility”

Bolton (Purdue Univ.) plot of data for a Passenger Car Tire



Byrum, 10-18-2006
Individual Tread Blocks

Tread Contact Modg

\
Primary Sidewall Mode——,
Frequency
Harmonics of A-55
300 Hz 1,000 Hz 2,700 Hz

What do these Tire-Modes sound like???












Our Focus Here-
Wheel path abrasion
loss of texture/polish
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INVESTIGATION OF SLIPPERY CONDITION OF STONE SAND Late 1940s

CONCRETE PAVEMENT First friction studies

At the request of the Maintenance Division, and with their cooperation,
an investigation has been made to determine the extent and cause of the un-
usually slippery-when-wet condition of certain concrete pavement projects
located on US-2 andmyS-Al in the Upper Peninsula.

Project F 52-25, C6 on US-41 at Carp River Hill in Marguette was reported
to be very sglippery when wet. In July, 1948 steps were taken by the Mainten-
ance Divisi&n to correct the condition by surface treatments.

On July 23, 1948, E. S. Anderson, Acting Tietrict Maintenance Fngineer,
reported to the Department that accidents due to skidding on wet concrete
pavement were beginning to occur st an slarming rate on US-2, especially in

the vicinity of Isabella, Manistique and Gulliver.



Friction
coefficients ranging from 0.35 to 0.20 with an average of 0.28. This is

below the minimum value of 0.4 recommended by thé American Association of
State Highway officials for safe driving under ell conditions. This point
is fully discussed further on in the text. No definite correlation between
pavement age, construction procedure or brand of cement is indicated. Tests
on concrete using natural sand gave results ranging from 0.77 to 0.35, or an

averesge of 0.50. A more complete account of each skidding test area follows:

AASHO had “recommended friction limits” by the late 1940’s .... u > 0.40 Ib/Ib






Determination of Coefficient of Sliding Frictién

The skid resistance of a pavement surface can be readily determined by
the principle that the work done by the external forces acting on a riéid
body in any displacement is equal to the chenge in the kinetic eneégy éf the |
body in the same displacement. This principle may be expressed by the egua- -
tion:

Fo. S=1/2%v2 (1)
where F . Svequals work and 1/2~g v2 equals the kinetic energy of a body when
F = frictional resistance force in pounds,
S = displacement of body in feet,
W ='#eight of body in pounds,
g = 32.2 acceleration of gravity, and

v = veloclty of body in feet per second.



by changing (v) in feet per second to miles per hour, substituting 32.3 for g,

and cancelling the we%ght (w), the formula becomes

v
= 38
where f = coefficient of sliding friction,

V = velocity of vehicle in miles per hour, and

S = stopping distance in feet

Late 1940s AASHO Standard Method
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Late 1940s



ROAD SURFACE FRICTION
FROM THE STANDPOINT OF
Forward to 1956 AUTOMOTIVE AND HIGHWAY ENGINEERS

Cars are getting Faster!
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ROAD SURFACE FRICTION FROM THE STANDPOINT OF
AUTOMOTIVE AND HIGHWAY ENGINEERS

Engineers in the automotive industry are as much concerned as the highway
engineers in the problem of maintaining high and consistent road surface friction
characteristics on our highways. Nothing is so important for the safe, effective use of
our highway system, and it is the opinion of the authors that a joint effort to determine
the reasons for poor friction characteristics and to develop solutions is a matter of
paramount importance.

In the discussion, we are concerned primarily with the decrease in wet friction
characteristics which results from a polishing action of the components of the pavement
surface as a fundamental cause. The problem related to contamination of the surface
by traffic slick or other factors is considered supplementary, however important it
may be.

It is evident to the eye and by feel that the aggregate in pavement surfaces does
develop a high degree of polish in many instances. This is almost certainly the result
of inherent characteristics of the pneumatic tires as successive segments pass through
the contact area.



Figure 3—Test car being towed by tank truck with
water control valve.

LW

Buick Torque Tube Driveshaft

Figure 5—Buick torque tube with strain gauges in-
stalled under protective cover.

Figure 4—Strain indicating meter mounted in the
front seat compartment and portable
radio used for communication with the
test operators in the tow truck.
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Figure 6—Incipient and sliding coefficients of fric-
tion observed on the 40 mph lane of the
Proving Ground Test Track—Bituminous
concrete surface.



Mid 1950s Standard:

Coefficient of friction is defined as:

Fg _ 6
/o Fy - £k Fg Buick Torque-Tube in a towed instrumented car

With known constant values of Fg, Hy, and Ly, with this vehicle, the coefficient of friction
is calculated for values of tractive force (Fg) indicated by stress observations. Figure 28
shows the coefficient of friction as a function of the tractive force.

)

AW!I is also a “Tractive Force

1.0 —

COEF OF FRICTION

ol

0 400 800 1200 1600 2000
TRACTIVE FORCE - LBS

Figure 27 —Force diagram of car.

Figure 28— Calibration curve for coefficient of friction
from tractive force readings.



. Skid sg er. -
Late 1950’s — First “Skid Trailer” set-up

Figure 4. Skid cycle control panel, Figure 5. Cycle control cams and motor
oscillograph, and strain analyzer.

drive,
. ) P— =

Electronic signal processin N

@, Figure 1. MSHD skid testing equipment.

Figure 3. Typical skidding trace on wet
bituminous concrete. 30 m.p.h.
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Late 1950’s — First Texture/Friction Loss Studies
early “polishing curves” with “wear/traffic” factor



RELATIVE SKID RESISTANCE OF PAVEMENT SURFACES

The World wakes up

—

BASED ON MICHIGAN'S EXPERIENCE

E. A. Finney and M. G. Brown

A paper to be presented at the
First International Skid Prevention Conference
September 8-12, 1958
University of Virginia
Charlottesville, Virginia

Report No. 295
Research Laboratory Division
Office of Testing and Research

Research Project 54 G-74
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Comparing the old method to the new — the correlation equations

COEFFICIENT OF FRICTION BY TRAILER METHOD
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Figure 21. Friction relationships: Trailer and stopping distance methods at different speeds.
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The Start of the Skid Trailer World — MDOT/GM lead the way



SIGNAL NOISE FROM PAVEMENT TEXTURE,
TIRE TREAD, INSTRUMENTATION, ETC.

SLIDING FRICTION VALUE
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Figure 10. Typical record of skid test cycle (controlled lock mode, maximum rate of braking).
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Mid 1960s

The “British Pendulum”



American Qil Test Pads and Locations FIGURE 13

AWI uses the 2-4-6 pattern like this

UNTORQUED OR
FREE WHEEL

TORQUED
WHEEL

&HEEL PATH

izPAVEMENT ¢

SKID TEST SITES ARE NUMBERED @D TO ®
PERIODIC TRAFFIC EFFECTS MEASURED AT 0,®,@ AND ®

PAVEMENT LOCATIONS FOR PORTABLE SKID TESTER MEASUREMENTS



Mid 1960s

PORTABLE HIGH SPEED SKID
‘RESISTANCE TESTER INSTRUMENT/



Mid 1960s

The MDOT AWI lab
friction tester is
obviously based on this
early bicycle tire testing
system concept

INSTRUMENTATION FOR HIGH SPEED
POWER CONSUMPTION DETERMINATIONS



Mid 1960s

The MDOT AW!I uses a
similar slider-rack and
electronic signal from a
horizontal load cell

SLIDER LOAD OSCILLOGRAMS
FOR 30 MPH TESTER SPEED
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1970s

THE MICHIGAN DEPARTMENT OF TRANSPORTATION
CIRCULAR WEAR TRACK—RESULTS OF
PRELIMINARY AGGREGATE POLISHING TESTS

First Progress Report

R. W. Muethel

Research Laboratory Section
Testing and Research Division
Research Project 71 C-13
(Phase 2)

Research Report No. R-1098

The First MDOT Wear Track AWI Study Report



The Official Justification for the AWI System and Wear Track Procedure

In 1965 the Department's Standard Specifications for Road and Bridge
Construction were revised to include a ban on the use of crushed limestone
in the wearing course of bituminous concrete (4.12) mixes, and a 70 per-
cent carbonate limit on crushed gravel forthese mixes. These restrictions,
however, resulted in severe aggregate supply problems, particularly in
the northern lower peninsula where local aggregates are primarily high-
carbonate gravels and quarried carbonates.
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In 1971 the
producers to evaluate the ban on using crushed limestone in the wearing
course of bituminous concrete (4.12) mixes, and the 70 percent carbonate
limit on crushed gravel for these mixes. The study, titled "Study of Ag-
gregate and Mix Requirements for Durable and Skid Resistant Bituminous
Mixtures'" (Research Project 71 C-13), included the design and construc-
tion of a circular wear track under Phase 2, for the study of the effect of
simulated traffic polish on various aggregates for use in bituminous pave-

ments.



Construction of the wear track was completed in 1974 and the first ex-
perimental polishing tests were scheduled. A total of eight series of tests
were completed between 1974 and 1977 at which time the wear track was
dismantled for relocation in the Department's new Testing and Research
Laboratory building. Reconstruction of the wear track at the new labhora-
tory location was completed in 1978.



1970s The “friction value” device

The “polishing” device



1970s L. T. Oehler -2- October 14, 1977

force - 2

force -1 A

LOAD, LBS.

~ e -

TIME—»

Figure 1. Typical wheel stopping forces obtained from static skid tester.

Load cell traces recorded using paper roll/pen system









INITIAL PEAK FORCE, LBS.

STATIC SKID TESTER POLISHING VALUES
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Figure A-4.

WHEEL PASSES, MILLIONS

Wear track test series No. 4.
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Figure 4. Examples of wear track polishing.
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DYNAMIC SKID (TREADED TIRE)
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trailers in the 1970s
Figure 2. Correlation study: GM Unit skid test vs. static wheel.



“Petrographic” AWI for
Mixed sand/gravel pits

Uses geologic pick
technique to separate
sample into groups, then an
equation to back-predict
AWI

COMPOSITION OF SAMPLE
WEAR TRACK CALCULATED
ROCK TYPE PERCENT AW AWI
IGNEQUS/METAMORPHIC 21.3 370 78 .8
SEDIMENTARY
Carbonates 73.2 250 183 .0
Sandstone 3.4 490 16.7
Siltstone 0.0 475 0.0
Shale 0.0 335 0.0
Clay Ironstone 0.0 275 0.0
Chert 2.1 345 7.2
Weighted Sample AWI . . . . . 285.7
Uncrushed Particles, % . . . . . . . . . . . . . 34
AWI Reduction based on uncrushed
Reduction in Percent . . ( O.' 2.6 . X. 3.4. ) ..... 8.8
260

Adjusted AWI

-------
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Figure 1. Least square linear regression line for carbonate rock

content vs. correlated friction coefficients.









Earliest MDOT Aggregate Durability Spec | could find

Engineers were already separating out “limestone” from other rock types



\ Hardness in  Hardness Re- Hardness

\Toughness Toughness Relative Wear : : ‘Units of U. S. calculated to  from
Rock Drop Test  Relative, - Deval Test Rock . Dept. Agri.  Moh Scale Table 1.
in Cms. Ls.—=1 Ls.=1 Chert . : 19.4 6.95 6.95
Diabase .............. 25 2.8 2.28 STt ' . g
Basalt ... ... ..o ) 20 2.9 1.80 Quartzite ..... I 18.9 ' 6.77 6.63
Feldspathic quartzite .. 20 2.2 1.73 Hornblende granite ...... 18.6 6.67 it
. : ~ Feldspathic .quartzite. ... 18.5 6.63 6.10
Pyroxene quartzite ... 19 2.1 1.73 ; : e
Amphibolite .......... 19 2.1 1.80 gfgggze --------------- ig-g g-gg g-gz
iabase ....... 9 1 198 = Granite ............... . 2 .
ﬁf,t;f,'ﬁ‘t'e dl.a‘lfa.s.e ........ }9 3_1 1.35 Fresh diabase .......... 18.3 6.55 6.04
Andesite ............. 18- 2.0 . 128 Augite syenite ........ . 18.3 6.55 ‘oo
Altered basalt ........ 18 2.0 1.66 Diorite ................ 18.2 6.52 6.26
Diorite ............ . 17 1.9 1.66 Trachyte .............. 18.1 6.48 6.33
Slate  ........cieannnn 17 1.9 1.14 Syenite ................ 18.0 6.45 6.30
Quartzite ............ 17 1.9 1.51 Biotite granite ......... . 179 6.41 6.49
Hornblende schist ..... 16 1.8 1.14 Basalt ................. 17.8 6.38 6.09
Augite svenite ........ 15 1.7 151 Granite gneiss ......... 17.7 6.34 6.51
Gabbro .............. 14 1.6 1.66 Gabbro ............... . 17.7 6.34 6.14
Calcareous sandstone .. 14 1.6 1.20 - Hornblende gneiss ....... 17.6 6.30 5.80
Hornblende gneiss ..... 14 - 1.6 1.35 Amphibolite ........... 17.5 6.27 5.82
Chlorite schist ....... 14 1.6 1.16 Andesite .............. 17.0 6.09 6.17
Hornblende granite ... 13 1.4 1.31 Hornblende schist ....... 17.0 6.09 5.60
Feldspathic sandstone.. 13 1.4 0.81 Mica schist ............ 169 6.05 5.20
Granite ........ e 12 13 P Biotite gneiss .......... 16.1 5.95 5.92
Perdoite UL 0 T2 1B Gl i andsione 1L 158 566 5
Biotite SChlSt ......... 11 1.2 1.09 Ch]OI‘lt-e schist 15.4 5.52
Sandstone .......... - 10 11 el Slate ..................  15.0 5.38 - .
Granite gneiss ........ 1 1 o Dolomite .............. 14.9 5.34 .
Biotite granite ....... 9 1.1 0.93 Scispathic sandstone ... 148 >-23 cis
Limestone ............ 9 1.0 1.00 P:;]i d?) toitrzjee """"""" 142 5 09 608
g?{}:’;{:tenéi;s """"" g })g 33(15 Limestone ............. 14.1 5.05 3.70
Marble = roveen ool 6 0.7 0.88 "Marble ................ 18.1 4.69 3.20

A loose specification, just had to meet “typical values”
and not be unusually soft or flaky



INITIAL PEAK FORCE, LBS.

STATIC SKID TESTER POLISHING VALUES

O
o
o

400

300

200

100

1920 to 1980, from there to here in 60 years

System in use for 45 years now

A top-end system that uses ASTM test tires for everything =
. '
""--._.. P —
—— —-.-—""? ~— T —
N e o R
‘_‘ '. e — — — —_— e — —_— — - ———— — —— _.___';:
% . S —— ) e—— o . N ] . ) .9 .
" \\\ — .lt.___._-—— ————
, L)
\
S ey e e O O e S O S OO O 260
% \ *— ~. . e
. = \ — '—'."-. TT—e .""—'—-.
-~“’— '-..'.___,._— ~ —
————————— gy == .__————_——-'—,\—:-——————————————————-‘-‘-—.-nm‘.—__—‘_—_f:_—- 220
B e T \ ..d——"-.\ —
il @ttt - - . —
,-.__-;‘&.\.______ — ..‘_-‘..
S g T @
LEGEND: .
— s — SHALEY LIMESTONE & SILTSTONE, WELDUM, 21-54
— — — — CONTROL GRAVEL, GREEN OAK, 47-3
— e SANDY LIMESTONE, PRODUCED, GLANCY, 6-23
—  SANDY DOL., FRANCE, 58-2
—n e DOL., FRANCE, WATERVILLE, OHIO —
——————— DOL. & CALC. DOL., MICH, STONE, 58-3
e 1+ e LIMESTONE, PRESQUE ISLE, 71-47
----------- CONTROL LIMESTONE, INLAND, 75-5
1 | | | i | |
0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

WHEEL PASSES, MILLIONS

Figure A-4. Wear track test series No. 4.



EUROPE: MicroDeval Abrasion, LA Abrasion with Polished Stone Value (PSV)



EUROPE: Polished Stone Value (PSV)

The “British Wheel” Polisher



The “British Pendulum”






Indiana DOT — Modified European Standard

































