
Study Suggests 70 Percent RAP for 
Minnesota Gravel Road Surfaces 
What Was the Need?
Gravel roads offer a cost-effective option for road depart-
ments that wish to avoid the expense of asphalt and con-
crete roads in rural or low traffic areas. However, about an 
inch of gravel is lost from these roadways each year. 
Aggregate resources are diminishing, and gravel and 
crushed rock aggregate is growing increasingly expensive.

Gravel also generates dust that can reduce visibility, affect 
road performance and result in complaints from nearby 
homeowners. 

Recycled asphalt pavement (RAP) can be an effective 
component of new asphalt pavement mixtures. Many ag-
gregate producers stockpile RAP that has been broken into 
the size of aggregate. But not all RAP works well mixed in 
asphalt, and some aggregate yards are too far from pave-
ment projects to economically use RAP in pavement. 

Road agencies frequently use RAP in gravel roads. The 
asphalt content in RAP can bind with dust from crushed 
rock or gravel, helping manage fugitive dust. A recent study in Wyoming found that 
using RAP in new gravel surface applications at less than 50 percent of the aggregate 
resulted in good road performance and kept dust to a minimum. 

What Was Our Goal?
In light of the findings from the Wyoming study, researchers sought to determine the 
optimal level of RAP in an aggregate mixture for Minnesota gravel road surfaces. These 
new applications would offer good driving stability while also controlling fugitive dust. 

What Did We Do?
Research began with a review of the literature on RAP as an aggregate component of 
surface, base and subbase layers, as well as a survey of Minnesota counties on their ex-
perience with these mixtures. 

In the lab, the research team tested three RAP materials and virgin aggregate from two 
Minnesota locations in various RAP content levels for strength and compression. Inves-
tigators then compared the economic feasibility of 100 percent virgin aggregate use to 
50 percent virgin and 50 percent RAP aggregate mixtures on a 1-mile aggregate road, 
including annual grading and eventual regraveling in the estimations.  

Research in the field focused primarily on six 1,000-foot gravel road test sections: four 
sections in Goodhue County using 15, 30, 45 and 60 percent RAP content, and two 
sections in Carlton County using 30 and 50 percent RAP. The studies entailed all-virgin 
aggregate control sections, and installations were made over roads with various sub-
grade soils that presented a variety of properties. Sites were tested for elasticity, bearing 
strength and fugitive dust generation. 

A secondary field study focused on RAP contents of 50, 70 and 80 percent in 3-inch 
surface courses for three test sections and one control section in Goodhue County. Sites 
were tested for elasticity, strength, dust generation, ride quality and surface aggregate 
looseness over time, and some lab tests were conducted.
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A researcher scrapes a gravel 
road surface with a modified 
garden hoe to measure loose 

aggregate levels.

In lab and field testing, 

researchers examined 

mixtures of RAP and 

aggregate for new gravel 

road surface layers. Results 

suggested that mixtures 

with 70 percent RAP content 

can reduce dust generation 

and after a year of service 

can match all-aggregate 

gravel road performance 

with a smoother ride. 
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What Did We Learn?
Previous research indicated that RAP can help reduce fugitive dust, offers value as 
surface courses, and can reduce moisture susceptibility of gravel roads in cold or wet 
locations. 

Lab mixtures with 30 percent RAP consistently produced high compressive strength val-
ues, and higher RAP levels generally correlated inversely with bearing strength. Improve-
ments in dust reduction were limited until RAP levels exceeded 50 percent. 

Economic analysis determined that a 50/50 percent mix of RAP and aggregate would 
cost 1.5 percent more than an all-virgin aggregate surface course in terms of construc-
tion and maintenance, but potential reductions in dust generation, surface aggregate loss 
and regraveling after three years of service may produce savings from RAP use. 

Results from field testing defied clear recommendations on optimal RAP content. Gener-
ally, higher RAP content offered greater elasticity and lower levels of loose aggregate 
initially, but these benefits fell to equal or below non-RAP levels after a year. Higher RAP 
correlated with reduced dust generation, but again fell over the first year of service. In 
secondary testing, initial dust generation was lower with the 50 percent mixture than 
the others, but after a year was lowest with the 70 percent mixture. 

Ultimately, researchers found that after a year, during which fugitive dust production 
was reduced, the performance of a 70 percent RAP content aggregate surface course 
was most like a virgin aggregate surface course and offered a smoother driving surface. 

What’s Next?
While this research did not develop a definitive recommendation for an optimal RAP 
content in surface courses for aggregate roads, it did produce useful data on perfor-
mance. The study did encourage a general sense that 70 percent RAP content for surface 
courses of approximately 2 inches may be effective and warrants systematic study for a 
three-year period.

This Technical Summary pertains to Report 2019-11, “Optimal RAP Content for 
Minnesota Gravel Roads,” published March 2019. The full report can be accessed 
at http://mndot.gov/research/reports/2019/201911.pdf.  

Mounds of RAP at a gravel pit in Carlton County offer road agencies an alternative to 
natural gravel and crushed aggregate for gravel roads. But RAP has to be used in the 
right proportion with gravel. 

“These findings provide 
another tool in the toolbox. 
They will be most useful 
to engineers who haven’t 
used RAP in gravel roads 
and to county engineers 
who have a RAP resource.”

—Joel Ulring,
Pavement Engineer, 
MnDOT State Aid for 
Local Transportation

“The 70 percent RAP 
mixture seemed to be 
about the best 
combination. We put RAP 
down in fall 2017, and 
by the next summer, it 
was working much like a 
regular gravel road.”

—Charles Jahren,
Professor, Iowa State 
University Department 
of Civil, Construction 
and Environmental 
Engineering
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