
Research in Progress: Evaluating 
New Technologies for Soil Moisture 
Measurement
What Was the Need?
During road construction, workers use rollers to compact 
subgrade soils to a density that will adequately support 
upper pavement layers. Optimizing compaction requires 
knowing the moisture content of soils and keeping water 
content as close as possible to the optimum moisture 
at which a compacted soil will reach its maximum den-
sity, which imparts stiffness and strength. To determine 
this optimum value, engineers typically use a laboratory 
method called the Proctor compaction test, or AASHTO 
T99, in which soil samples with varying moisture levels 
are compacted and measured for density. To compare the 
moisture content and density of soils in the field to this 
optimum, MnDOT uses the sand cone test.

However, drying and weighing samples in both of these 
tests, called the gravimetric method, is labor-intensive and especially inconvenient in the 
field. Consequently, many state departments of transportation make field measurements 
using the nuclear density gauge, which determines density by measuring the amount of 
radiation a material reflects and moisture content by measuring the amount of radiation 
reflected by the hydrogen atoms in the water molecules of a material. 

While the nuclear density gauge is a more convenient field testing method than the sand 
cone test, its use involves potentially dangerous nuclear materials and numerous regula-
tory and training constraints. Consequently, MnDOT does not use this device, the FHWA 
has been trying to phase out its use, and other state DOTs are looking for viable alterna-
tives. One such alternative is the DOT600—a portable soil moisture measurement tech-
nology, developed by Campbell Scientific at the request of MnDOT, that can be used in 
both the laboratory and the field.

What Is Our Goal?
The goal of this project was to compare the accuracy and effectiveness of the DOT600 
for measuring soil moisture content to that of existing MnDOT procedures.

What Have We Done?
To operate the DOT600, soil samples are sifted into a cylindrical measurement cham-
ber, compressed by a measured force and weighed. The device determines sample wa-
ter content by measuring the oscillation frequency of the electromagnetic field created 
by the wave guides.  The oscillation frequency is dependent on the dielectric permittiv-
ity of the moist soil in the sample chamber.

Using 270 soil specimens from 62 different soil samples, researchers compared 
DOT600 measurements to those taken using the standard Proctor laboratory tests. 
After each DOT600 test, operators also used a pocket penetrometer to measure the 
consistency of the soil and approximate its unconfined compressive strength. Research-
ers also documented observations by DOT600 operators on its ease of use.
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The DOT600 is highly portable, 
easy to use and efficient.
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This project is addressing 

a pressing need by MnDOT 

and other DOTs for a soil 

moisture measurement 

device that is less 

labor-intensive and more 

cost-effective than current 

methods, and has less 

regulatory and training 

constraints than nuclear 

methods.
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What Have We Learned?
Results show that the DOT600 has the potential to be a workable and accurate replace-
ment for MnDOT’s current methods for measuring soil moisture. Comparisons of opti-
mum moisture content using the DOT600’s measurement of electrical properties—ex-
pressed as a percentage of the optimum target value for the period—are consistent with 
current optimum soil moisture content determined by the standard Proctor test. 

Also, where the optimum gravimetric moisture value determined by the Proctor test 
varies considerably between soil types, the DOT600’s optimum period seems far less 
variable. DOT600 results also correlate well to lightweight deflectometer deflections (a 
measure of soil stiffness) and suction (a measure of the energy state of soil water via the 
molecular forces that hold water molecules in the pores between soil particles). 

With further development to make it rugged enough for regular field use, the DOT600 
could meet a pressing need by MnDOT and other DOTs for a soil moisture measurement 
device that is less labor-intensive than the sand cone and Proctor tests but safer than the 
nuclear density gauge. State DOTs nationwide are actively looking for such a solution.

What’s Next?
In a second phase of this project, MnDOT will continue to evaluate the DOT600 as well 
as other technologies for measuring soil moisture, including a heat dissipation sensor 
and a water potential meter. Researchers will develop draft specifications for using these 
methods; describe their advantages and disadvantages; and evaluate their accuracy, pre-
cision, cost, rapidity and ruggedness during field operations.
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The DOT600’s measurement of field and optimum soil moisture content using electrical proper-
ties (measured as period) may be an accurate and workable replacement for existing methods, 
which compare field moisture measurements to an optimum gravimetric moisture level deter-
mined by the Proctor test.

“This project showed that 
the DOT600 can produce 
reasonably good 
measurements over a 
wide range of 
Minnesota soil types and 
is well worth further 
investigation and 
investment.”

—John Siekmeier,
MnDOT Senior Research 
Engineer

“The DOT600 has the 
potential to be a 
cost-effective replacement 
not just for the sand cone 
and nuclear density gauge 
field tests, but also for the 
Proctor laboratory test.”

—Dan Warzala,
Research Project 
Coordinator, MnDOT 
Research Services
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