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IRI Units = L/L  Suspension Movement per Mile

Most Common “Ride Quality Index”

Profile z = f(x)

IRI
The “Golden Car” Settings:

1980’s Chevy Sedan,
Over-damped to limit 
response length



IRI = Accumulated shock absorber stroke per mile



Ride Quality

Pavement Quality;
Texture, smoothness, faulting, 
curvature, waves, tenting, dips, 
humps, cross-slope, rutting, 
pumping rate…

Response =

Inputs =

Tire-Pavement Interaction – the fine red line



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



Friction Demand
Requires Torque =
Contact patch force, F



Deeper texture can better shed 
hydroplaning water

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



Advanced texture scanning laser by MDOT 
year 2000
• 0.04 mm elevation sample spacing
• 200 mm sample length
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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

We don’t want any waves here



The Tire Engineer





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

FEM Back-calculated Tire Properties from NAH

“input point mobility”
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Primary Sidewall Mode

Tread Contact Mode

Individual Tread Blocks 

Frequency

Harmonics of A-55

300 Hz 1,000 Hz 2,700 Hz

What do these Tire-Modes sound like??? 

Byrum, 10-18-2006









Our Focus Here-
Wheel path abrasion 
loss of texture/polish





Late 1940s
First friction studies



AASHO had “recommended friction limits” by the late 1940’s  …. μ ≥ 0.40 lb/lb

Friction







Late 1940s AASHO Standard Method



Late 1940s



Late 1940s



Forward to 1956

Cars are getting Faster!

GM/MDOT Team





Buick Torque Tube Driveshaft good repeatability



Mid 1950s Standard:

Buick Torque-Tube in a towed instrumented car

AWI is also a “Tractive Force”



Late 1950’s – First “Skid Trailer” set-up

Electronic signal processing



Surface Wear/Traffic Factor

HMA
HMA
PCC

Late 1950’s – First Texture/Friction Loss Studies
early “polishing curves” with “wear/traffic” factor



The World wakes up



Comparing the old method to the new – the correlation equations



The Start of the Skid Trailer World – MDOT/GM lead the way







The genius inspiration 
seed for the MDOT wear 
track and AWI procedure

Big Oil - 1965



Mid 1960s



The “British Pendulum”

Mid 1960s



American Oil Test Pads and Locations

AWI uses the 2-4-6 pattern like this



Mid 1960s



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

Mid 1960s



The MDOT AWI uses a 
similar slider-rack and 
electronic signal from a 
horizontal load cell

Mid 1960s



Early Polishing “Curves”
3,500,000 passes

Mid 1960s



The First MDOT Wear Track AWI Study Report

1970s



The Official Justification for the AWI System and Wear Track Procedure





1970s

paper roll/pen system

The “polishing” device

The “friction value” device



1970s

Load cell traces recorded using paper roll/pen system

force - 2

force - 1







260

220



SN40

0.20 = Fh/Fv
= 180/Fv

Fv ≈ 900 lb

Dynamic Force



Polishing carbonate (new to old)

Non-Polishing carbonate (new to old)

Before the switch to K.J. Law skid 
trailers in the 1970s

AWI

Hard Sandstone (new to old)



“Petrographic” AWI for
Mixed sand/gravel pits

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









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

Earliest MDOT Aggregate Durability Spec I could find



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



260

220

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



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






















