
Putting Research into Practice: Improving 
Subgrade Test Rolling
What Was the Need?
Before constructing upper pavement layers, crews evalu-
ate the firmness of the subgrade soils that will serve as 
the foundation. One method for evaluating firmness is 
to tow a two-wheeled trailer of a certain weight over the 
soil and measure the depth of the resulting tire marks. If 
these ruts exceed a depth specified by MnDOT, then the 
soil may not have been compacted enough to adequately 
support the pavement for its expected service life. Weak 
subgrades can lead to premature pavement rutting, crack-
ing and other damage. 

The traditional test has a number of limitations. The 
weight of MnDOT’s current test rollers makes them 
impossible to use on projects that cannot support large loads, typically those with 
compacted layers of less than 30 inches or where utilities are near the ground surface. 
Such rollers have also been difficult to mobilize since they must be transported from 
site to site on a flatbed trailer. To be used with mechanistic empirical design, the test 
roller requires a quantitative method for accurately relating wheel penetration to the 
mechanical properties of soils.

To address these problems and improve test rolling equipment and procedures, 
MnDOT recently completed a project in which researchers created a mathematical 
model of the relationship between test roller measurements and soil strength. At the 
end of this project, more research was needed to further validate this model in the field 
and to implement its recommendations for improving rolling procedures. These recom-
mendations included creating a more mobile and adaptable automated test roller system 
as well as a specification for using this system that accounted for variations in the thick-
ness and type of subgrade soils.

What Was Our Goal?
The overall purpose of this implementation project was to develop a new test rolling 
system and an associated construction test specification that can be used by MnDOT to 
approve compacted subgrades on construction projects.

What Did We Implement?
This project implemented recommendations from MnDOT Project 2008-08, “Develop-
ment of Improved Test Rolling Methods for Roadway Embankment Construction,” in 
which researchers created a theoretical model for predicting mechanical soil proper-
ties from test roller penetration, taking into account such variables as wheel load, type 
and geometry.

How Did We Do It?
Researchers began by making modifications to this model, and then used it to estimate 
allowable sinkage, or the depth to which tires of a given geometry and weight can sink 
into subgrades of varying soil types before indicating that they need to be reworked, 
recompacted and retested. They also conducted an analysis correlating sinkage depths 
within allowable limits to density and other soil properties, and to the expected perfor-
mance of the final pavement structure. 
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Researchers then developed a prototype system for a dump truck-mounted test roller 
with two ultrasonic sensors on the front axle to measure soil deflections. This system 
also includes GPS for correlating deflections and roller position, and software and 
hardware for collecting and displaying this data, which can be used in future pave-
ment performance monitoring and maintenance. Based on MnDOT recommendations, 
researchers modified this prototype and field-tested it on several pilot projects. 

Finally, researchers used their analysis of allowable sinkage and expected performance 
to develop a construction specification for the new roller system that accounts for 
variations in roller weights and soil types.

What Was the Impact?
The rolling system developed for this project can be used on a wider variety of subgrade 
types and depths than the previous system and is also safer, allowing for a more flexible 
testing program overall. 

Draft specifications for using this system incorporate the analysis on allowable sinkage, 
which researchers determined to be from 0.6 to 0.9 inches for a granular material to be 
covered by stabilizing aggregate, and 0.4 to 0.6 inches for all other materials. The analy-
sis of effects of compaction on pavement performance produced a model that shows 
how sinkage depth is correlated with an expected reduction in subgrade stiffness, and 
how this reduction in stiffness is correlated to a decrease in pavement performance. Re-
sults showed that expected rutting damage had a roughly linear relationship to reduced 
stiffness. For instance, a subgrade that has been compacted to 85 percent of its optimum 
will produce a pavement with a 12 percent to 15 percent increase in rutting.

What’s Next?
Researchers recommend additional verification and validation of the test roller system 
and deflection model on future grading projects with various materials and axle weights. 
They also compiled a list of recommended improvements to the system based on pilot 
project use.

Produced by CTC & Associates for: 
Minnesota Department  

of Transportation Research Services 
MS 330, First Floor 

395 John Ireland Blvd. 
St. Paul, MN  55155-1899

(651) 366-3780  
www.research.dot.state.mn.us

This Technical Summary pertains to Report 2011-15, “Development of New Test Roller Equipment 
and Construction Specifications for Subgrade Compaction Acceptance,” published June 2011. The 
full report can be accessed at http://www.lrrb.org/PDF/201115.pdf.

The research being implemented via this project can be found mainly in the LRRB-produced Report 
2008-08, “Development of Improved Test Rolling Methods for Roadway Embankment Construction,” 
published February 2008. This report can be accessed at http://www.lrrb.org/PDF/200808.pdf.

The new roller system includes hardware components that can be installed on dump trucks: 
two sonic sensors, which are held by brackets on truck axles; a GPS antenna and cable; and a data 
collection box used to collect test roller information. 

“The results of this project 
will allow us to design 
pavements more efficiently 
by taking better account 
of the condition of the 
subgrade and its projected 
effect on pavement service 
life, and modifying designs 
accordingly.”

—Aaron Budge,
Associate Professor and 
Chair, Minnesota State 
University, Mankato, 
Department of 
Mechanical and Civil 
Engineering

“The new test rolling 
system allows subgrades 
to be evaluated 
continuously rather than 
spot-checked at intervals, 
allowing earlier 
identification of problem 
areas.”

—Terry Beaudry,
Aggregate, Base and 
Grading Engineer, MnDOT 
Office of Materials & Road 
Research
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