
Modeling Asphalt Pavement 
Characteristics to Reduce Noise
What Was the Need?
For communities close to highways, traffic noise is a com-
mon concern. While sound barriers can help reduce the 
noise level, they can be very expensive to construct and 
are only partially effective. A more economical approach 
is to reduce the volume of at least part of highway noise at 
its source, where the moving vehicle tires meet the pave-
ment. 

Reducing tire-pavement noise requires building quieter 
pavement surfaces. To do so, researchers need to under-
stand how various properties of pavement surfaces— 
including texture, friction, stiffness and temperature— 
affect noise levels. While MnDOT has made recent strides 
in understanding these relationships for concrete pave-
ments, research was needed to develop mathematical 
models of these relationships for asphalt pavements.

What Was Our Goal?
The objective of this investigation was to develop a model to predict on-board sound 
intensity for hot-mix asphalt pavements. OBSI is a method for collecting tire-pavement 
noise data in which microphones are placed on vehicles near the point of contact 
between tire and pavement. Since the noise is measured near the source, the impacts of 
climatic conditions on the propagation of sound are reduced. Developing such a model 
would help engineers to design quieter asphalt pavements.

What Did We Do?
Researchers created models to predict the tire-pavement noise of asphalt pavements by 
analyzing noise and physical property data collected from 25 asphalt-surfaced roadway 
test sections at Minnesota’s MnROAD pavement research facility. These test sections 
were constructed mainly in 2007 and 2008 using a variety of materials, mixtures and 
layer thicknesses. Sections included a fairly wide range of surface types, including dense-
graded asphalt, porous asphalt, and various kinds of overlays and surface treatments 
(4.75 mm surfaces, ultrathin wearing courses and chip seals). Since their construction, 
an extensive amount of data for these sections has been collected, including measure-
ments of noise, friction, surface texture, ride quality, temperature, distress and structural 
capacity. 

To develop the noise models, researchers began by identifying those pavement surface 
and material characteristics that had significant effects on tire-pavement noise. They also 
determined how seasonal variations in temperature and moisture affected these charac-
teristics. Pavement parameters explored included temperature, age, stiffness, texture 
(as measured using two different kinds of laser profiler), sound absorption and friction. 

What Did We Learn?
Researchers found that temperature, texture and friction all had significant effects on 
various frequencies of tire-pavement noise. Also significant was the combined effect of 
temperature and stiffness.  
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LRRB PROJECT COST:
$50,000

The models developed in 

this project will help to 

design asphalt pavements 

that reduce tire-pavement 

noise. This is a more 

economical solution than 

the current use of noise 

barriers, which cost millions 

of dollars per mile. 

RESEARCH 
SERVICES 

& LIBRARY
O F F I C E  O F  T R A N S P O R T A T I O N 

S Y S T E M  M A N A G E M E N T

mailto:Gregory.D.Johnson@state.mn.us
mailto:Bruce.Holdhusen@state.mn.us
http://www.wsdot.wa.gov/Environment/Air/Noisefaq.htm
http://www.wsdot.wa.gov/Environment/Air/Noisefaq.htm
http://www.research.dot.state.mn.us
http://www.research.dot.state.mn.us
http://www.research.dot.state.mn.us
http://www.research.dot.state.mn.us
http://www.lrrb.org


The models developed predict the effects of these variables on sound intensity levels 
for both the leading and trailing edges of tires. These models were provided as spread-
sheets and allow texture data inputs from either of the two types of laser profilers used: 
RoboTex and the circular track meter. These instruments use lasers to develop detailed 
three-dimensional maps of pavement surface textures. 

Users can input three to four values into models: texture, air temperature, surface modu-
lus (a measure of stiffness) and—when circular track meter data is used for the texture 
metric—the time between the texture measurement and the noise determination. 
Changing these inputs results in automatic changes in predicted tire-pavement noise. 
Researchers found that for most pavement test cells, the models predicted the overall 
OBSI level to an accuracy of within 1.5 decibels.

The models are applicable to a wide range of asphalt surfaces and showed that for a 
low-noise pavement, a smooth surface with a low stiffness is preferable. Higher tem-
peratures, which decrease pavement stiffness, can also lower noise levels, although this 
effect is less pronounced for stiffer materials. Researchers found that for MnROAD test 
cells, ultrathin wearing courses were among the stiffer materials and produced some of 
the higher noise levels. Sections with chip or surface seals had higher texture and also 
higher noise levels, while warm mix asphalt and lower traffic volume mixtures tended 
to have lower stiffness values and lower noise. The models also show that noise tends to 
increase as pavements age. 

What’s Next?
Because the models used in this study were developed for the types of asphalt surfaces 
tested at MnROAD and the test data that was available, applying them to other surface 
types or using different input variables would require validating and possibly revising 
them. The models are configured in such a way that such refinements to the data or test 
procedures can be easily incorporated.

This study is part of an ongoing, comprehensive effort to develop quieter pavements, 
which will also involve attempting to modify the Federal Highway Administration’s 
Traffic Noise Model to allow consideration of quieter pavement surfaces in predicting 
overall traffic noise. These predictions are used to evaluate locations for noise barrier 
installation.
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www.mndot.gov/research This Technical Summary pertains to the LRRB-produced Report 2014-07, “Hot Mix Asphalt Surface 
Characteristics Related to Ride, Texture, Friction, Noise and Durability,” published February 2014. 
The full report can be accessed at http://www.lrrb.org/PDF/201407.pdf. 

The models developed in this project allow the use of data from either RoboTex (left) or the circular 
track meter (right), devices that use lasers to analyze pavement surface texture.

“Installing and 
maintaining noise walls is 
not cheap. Quieter asphalt 
pavements would provide 
a more cost-effective 
solution.”

—Greg Johnson,
Assistant Bituminous 
Engineer, MnDOT 
Bituminous Engineering 
Unit

“The approach used in 
this project was very 
powerful and is something 
that should be applied to 
different locations and 
asphalt mixes.”

—Rebecca McDaniel,
Superpave Center 
Technical Director, Purdue 
University Lyles School of 
Civil Engineering
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