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ABSTRACT 

MnROAD was built in the early 1990s and has seen approximately 13 years of traffic and environmental 
loadings.  As MnROAD enters Phase II of its existence several research projects were initiated that 
necessitated the reconstruction of pavement test sections in 2007.  One research study plans to test various 
configurations of heavy farm equipment (manure tankers in particular) and assess the resulting damage in 
comparison to a typical 80,000 lb truck.  A second study plans to stabilize a full-depth reclamation base 
material with off-spec fly ash and compare its performance to both a non-stabilized FDR and a 
conventional aggregate base.  The third study is a field validation of previous laboratory work on 
polyphosphoric acid modified asphalt binders.  The final study is a field validation of an innovative 
diamond grinding pattern for concrete pavements developed by Purdue University. 

These projects are the result of partnerships between the Minnesota Department of Transportation 
and private industry (Bloom Consultants, Innophos, MTE Services, DuPont, Paragon Technical Services, 
American Concrete Paving Association, International Grinding and Grooving Association, and the 
Professional Nutrient Applicators Association of Wisconsin), government agencies (Federal Highway 
Administration, Department of Energy, and the Minnesota Local Road Research Board), and other state 
DOTs (Texas, Wisconsin, and Iowa) through the Transportation Pooled Fund Program. 

This paper highlights the construction experiences on these projects as well as early results of 
field performance (including non-destructive testing) and instrumentation response to traffic and 
environmental loads.  The test sections will continue to be monitored over time as the research studies 
progress.   
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INTRODUCTION 

The Minnesota Road Research Project (MnROAD) was constructed by the Minnesota Department of 
Transportation (Mn/DOT) in 1990-1993 as a full-scale accelerated pavement testing facility, with traffic 
opening in 1994.  Located near Albertville, Minnesota (40 miles northwest of St. Paul-Minneapolis), 
MnROAD is one of the most sophisticated, independently operated pavement test facilities of its type in 
the world.  Its design incorporates thousands of electronic in-ground sensors and an extensive data 
collection system that provide opportunities to study how traffic loadings and environmental conditions 
affect pavement materials and performance over time.  MnROAD consists of two unique road segments 
located parallel to Interstate 94: 

• A 3.5-mile Mainline interstate roadway carrying “live” traffic averaging 28,500 vehicles per day with 
12.7 % trucks.  

• A 2.5-mile closed-loop Low Volume Road carrying a MnROAD-operated 18-wheel, 5-axle, 80,000-
lb tractor-semi-trailer to simulate the conditions of rural roads. 

Over time, many of the test sections (cells) have deteriorated to the point of very little remaining 
service life.  At the same time, some cells have fulfilled their research need and are of little remaining 
value as a research tool.  Finally, several new research opportunities have come along, often with a 
number of research partners, that required new test sections to be constructed.  These factors converged at 
MnROAD in 2007, resulting in the construction of eight new hot mix asphalt (HMA) cells along with the 
rehabilitation of three existing Portland cement concrete (PCC) cells. 
 
RESEARCH PROJECT BACKGROUND 

A brief background of each project involving test section construction at MnROAD in 2007 is included 
below.  More detailed information is included in references (1-2). 
 
Acid Modified Binder Study 

Polyphosphoric acid (PPA) has been used for many years to stiffen paving grade asphalt binders. 
Specifically, this type of additive has improved the pavement performance at high temperatures (i.e., 
rutting) without adversely affecting the low temperature properties (i.e., low temperature cracking).  More 
recently PPA has been used to stiffen asphalts that may be marginal on certain laboratory tests, and 
particularly so in the case of polymer modified binders.  It was found more cost effective to add a small 
amount of acid, which could readily be dispersed in the binder rather than mill in additional quantities of 
more expensive polymer.  This process would ultimately save costs for the contractor and therefore the 
owner-agency (3).  The Federal Highway Administration, Office of Infrastructure, is completing a 
laboratory project to address the risks and benefits associated with the use of polyphosphoric acid as an 
asphalt modifier.  This lab study aims clearly identify which grades can and cannot be used and the 
pitfalls associated with the use of polyphosphoric acid with certain antistrip compounds, such as amines 
and lime as well as asphalt binders from differing sources.  The MnROAD study will build upon the 
findings of this study and conduct a field trial to assess the performance of PPA mixes over a 5 year 
period.  This study is a joint venture between public agencies and private industry, as shown in Table 1. 
 The field trial consists of four Low Volume Road cells to study the performance of asphalt 
mixtures modified with polyphosphoric acid.  The HMA mix designation was SPWEB340C, which 
indicates a 12.5 mm Superpave mix, Traffic Level 3 (1-3 Million ESALs), 4.0% design air voids, and PG 
58-34 binder.  No RAP was allowed in the mix, the quantity of limestone aggregates was limited to 10%, 
and hydrated lime was added at 1%.  A liquid phosphate ester antistrip (Innovalt W) was added to each 
binder material at 0.5%.  The cells include the following binder materials:  

• 0.75% PPA only (Cell 33)  

• 0.3% PPA + 1.0% SBS polymer (Cell 34)  

• 2.0% SBS polymer only (Cell 35) 

• 0.3% PPA + 1.1% Elvaloy polymer (Cell 78 – shared with Fly Ash Study) 
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Fly Ash Study 

High carbon fly ash is one of the by-products of burning coal in power generating facilities.  Fly ash 
produced from power plants operated to reduce NOx and SOx emissions will produce ash that does not 
meet Mn/DOT specifications for concrete mixtures.  The resulting cementitious high carbon fly ash has 
self-hardening properties in the presence of moisture, similar to Class C fly ash, but cannot be used in 
concrete since the high carbon content absorbs air in the concrete and affects durability.  However, 
laboratory testing has shown high carbon fly ash to be a viable stabilizing material for base layers (4-5).  

While laboratory testing of base materials stabilized with high carbon fly ash has proved 
promising, field performance of this material needs to be validated.  Therefore, a project was developed to 
install a test section at the MnROAD facility with fly ash stabilized aggregate base for long term 
monitoring of engineering and environmental characteristics.  These include stiffness, strength, freeze-
thaw durability, leaching, and the changes in these properties over time.  The stabilized base will be 
compared to two control sections, one being a non-stabilized 50-50 blend of reclaimed HMA and 
aggregate base, and the other being a traditional crushed stone aggregate base.  This study is a partnership 
between Mn/DOT and Bloom Consultants, LLC of Milwaukee, WI.  This work is a portion of Phase II of 
a fly ash stabilization project performed by Bloom Consultants, LLC and is sponsored by the U.S. 
Department of Energy.  Phase II is a $750,000 project entitled Use of High Carbon Fly Ash to Stabilize 
Recycled Pavement as Base Course.   

The fly ash used in this study was produced by the combustion of coal at the Riverside electric 
power plant in North Minneapolis.  Fly ash from the Riverside 8 plant is Class C high calcium high 
carbon cementitious ash but slightly off specification for use as a construction material in Mn/DOT 
concrete mixtures.  The fly ash used at MnROAD facility has been fully characterized chemically as 
required by the Minnesota Pollution Control Agency permit.  To fulfill the environmental monitoring 
requirements, one 10 foot by 10 foot lysimeter was installed in the subgrade of each cell for the collection 
and channeling of leachate from the road base to a collection point off the shoulder.   
 
Farm Equipment Study 

Over the past few decades, there have been significant changes in both farm size and farm equipment. 
Combined with a regulatory emphasis that has encouraged farmers to store manure as a liquid and apply it 
in a short time frame, the farm equipment industry has responded by producing larger and larger manure 
hauling and application equipment.  The shift to larger and heavier equipment has occurred at a faster rate 
than both pavement design technology and the state regulatory approach to larger farm equipment.  
Innovations such as steer able axles, flotation tires, and tire design changes are not reflected in state DOT 
regulations (6-9).   

A field study was developed to determine pavement response under various types of agricultural 
equipment, to compare this response to that produced by a typical 5-axle tractor-trailer, and to calibrate 
the analytical models for prediction of relative damage caused by heavy farm equipment.  Based on these 
results, it may be possible to provide recommendations on tire and axle configurations that would reduce 
pavement damage from agricultural equipment.  In addition, this study will provide basic information for 
use by the state transportation agencies for potential legislative uses.  This research will allow policy and 
design decisions to be driven by direct experimental results rather than by models that may not have been 
validated for the types of loadings and tire configurations of current and evolving agricultural equipment. 

This project was initiated as a pooled fund study, with contributions from Mn/DOT, Minnesota 
Local Road Research Board, Iowa DOT, Illinois DOT, and the Professional Nutrient Applicators 
Association of Wisconsin (PNAAW).  The PNAAW has enlisted the support (both cash and in-kind) of 
several private industries and associations as shown in Table 2. 
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Diamond Grinding Study 

One option is for rehabilitating Portland cement concrete pavements without the need to restore or 
increase structural capacity is to diamond grind the surface.  This process removes much of the pavement 
roughness and restores surface texture and friction.  With an increased awareness of pavement surface 
characteristics it was expedient to re-examine how the diamond grinding process can be improved to 
enhance quietness, safety, and ride comfort.  This problem led to collaboration with the Institute for Safe, 
Quiet, and Durable Highways (SQDH) at Purdue University, Federal Highway Administration (FHWA), 
American Concrete Paving Association (ACPA), and the International Grinding and Grooving 
Association (IGGA) towards a laboratory development of a quieter grinding configuration.  It was 
determined that a field study at MnROAD would create an opportunity to validate the Purdue laboratory 
results.   

This study was put forth as a pooled fund study with participation from Mn/DOT, Texas DOT, 
and FHWA.  ACPA and IGGA agreed to perform the diamond grinding as an in-kind match.  Mn/DOT 
made two cells available on the MnROAD Mainline (Cells 7 and 8) for this study, as well as a proof-of-
concept on the Low Volume Road (Cell 37) to increase the comfort level of performing unconventional 
grind before proceeding to the Mainline.  The proof of concept grinding was performed on Cell 37 during 
the week of June 18, 2007.  The mainline Cells 7 and 8 grinding was done by Diamond Services Inc. at 
their expense during the week of October 18, 2007.  A conventional grinding configuration was applied 
on Cell 8, and an innovative “flush grind with grooving” method was applied on Cell 7. 

 
2007 MNROAD CELLS 

Pavement Design 

“Typical” pavement designs for low volume roads in Minnesota were chosen for the MnROAD test 
sections (see Figure 1).  Being somewhat constrained by existing conditions, the pavement structural and 
geometrical designs were based on normal county road type designs.  An analysis with MnPAVE, 
Mn/DOT’s mechanistic-empirical HMA pavement design procedure (10), shows that each of the 
pavement sections has a 5 to 10 year design life, which is within the parameters of each study. 
 
Construction Observations 

The test sections were constructed over a four-month period during the summer/fall of 2007.  MnROAD 
was no different than any other construction project in terms of both successes and challenges.  A brief 
summary of the construction is provided in the following sections.  Eventually all of the cells were 
constructed successfully, and the MnROAD truck resumed traffic loadings in November 2007. 
 
Cells 7-8 

The diamond grinding operations on the Mainline went smoothly.  The weather was cold and rainy, which 
was somewhat unpleasant for the researchers and construction personnel, but it actually aided the 
grinding efforts by reducing the amount of water needed.  
 
Cells 33-35 

The polyphosphoric acid used to modify the asphalt binders had no effect on the construction operations.  
The PPA and antistrip agent were blended by the asphalt supplier, so no additional steps were needed at 
the hot mix plant.  The plant did have to add 1% mineral filler, which was done through their typical 
mineral filler feed with no problems.  The placement and compaction of each of the PPA mixtures was 
similar to that of a “typical” modified asphalt binder, with volumetric properties well within the range of 
typical mixtures in Minnesota. 
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Cells 77-79 

The biggest difficulty in constructing the fly ash section was getting a specific piece of equipment (vane 
feeder truck) to spread the fly ash at the prescribed amount.  The contractor had to bring in a truck from 
the other side of Lake Michigan.  The contractor also only had one truck to transport the fly ash from the 
plant to the job site, which caused some delay throughout the day.  A vibratory padfoot roller was 
necessary for compaction, and the motor grader needed to be on top of things to get the material bladed 
quickly.  MnROAD experienced an extraordinary amount of rain over the summer, and the fly ash 
stabilized section was able to support the hot mix trucks during paving operations while the non-stabilized 
sections were not.  In fact Cells 77-78 had to be re-graded (aggregate base removed, chisel plow used to 
dry out the subgrade) in order to provide a stable platform to pave on. 
 
Cells 83-84 

Overall, the construction of the Farm Road went quite well.  The rainfall caused the aggregate base and 
subgrade to become softer, but the materials were still strong enough to support construction equipment.  
The contractor had to do a small amount of extra grading in the ditches and on the backslopes in order to 
get the water to drain away from the pavement sections.  The only challenging part was avoiding the 
strain gauges during HMA paving.  The gauges were placed in an array two feet wide, so the HMA trucks 
had to use caution while backing up to the paver, and the paver had to move to one side of the roadway 
and extend the wings in order to pave the proper width. 
 
Instrumentation 

Instrumentation was installed in each of the cells to measure pavement material responses to 
environmental and traffic loadings.  Table 3 has a list of all the sensors installed during construction.  For 
more information on the sensor installations and related lessons learned see references (1). 
 
EARLY MNROAD PERFORMANCE DATA 

Initial field reviews of the pavement sections show that all the cells are smooth with no cracks and 
negligible rutting.  Since Cells 83 and 84 are in the MnROAD Stockpile Area and are loaded only twice 
each year, the performance data for those cells is collected on a different schedule than the other 
MnROAD cells.  The sections below describe early field performance results in more detail. 
 
Field Performance Data 

Falling Weight Deflectometer Testing 

Falling Weight Deflectometer (FWD) data was collected with a Dynatest trailer on the subgrade (when 
available), aggregate base, and HMA pavement layers during and after construction.  The FWD data is 
stored in the MnROAD database for future analysis by researchers.  Table 4 shows forward-calculated 
stiffness values for each of the cells based on the method described by Stubstad et al (11).  The data was 
collected in late fall (October 3 for Cells 33-35, October 31 for Cells 77-79, and November 1 for Cells 83-
84) shortly after HMA paving on each cell.   The layer stiffness values are quite consistent across Cells 
33-35, reflecting similar structures, materials, and construction histories among those cells.  However, the 
other groups of cells show more variability.  The air temperature was about 15°F warmer in early October 
than in early November, which likely accounts for the softer HMA stiffness values in Cells 33-35.  Cell 
78 exhibited significantly lower subgrade and base stiffness values, in part due to the moisture that 
infiltrated the subgrade during construction.  Cell 79 showed relatively high stiffness values for all three 
pavement layers, which is likely due to the fly ash stabilized base.  Cell 84 has a thicker pavement 
structure than Cell 83, which could be one reason that all three layers in Cell 84 were stiffer than in Cell 
83. 
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Initial Rutting Data 

Initial rut testing on the newly-constructed HMA cells was performed in the fall of 2007 before the cells 
were opened to traffic loading.  Rut measurements were recorded with the MnROAD Automated Laser 
Profile System (ALPS) (12).  The results are shown in Table 5, including minimum, maximum, and 
average rut depths in two lanes of each cell.  The data indicates that there is very little rutting present in 
the cells, and any rutting that does exist is a result of construction traffic. 
 
Ride Quality Data 

Table 6 shows the ride quality data for the newly-constructed cells.  The ride data is reported as the 
International Roughness Index (IRI) in units of m/km.  Ride measurements were recorded on the Low 
Volume Road using the Mn/DOT-owned Pathways Van and on the Mainline with the AMES Lightweight 
Inertial Surface Analyzer (LISA).  All of the HMA cells on the Low Volume Road are relatively smooth 
and consistent with one another. 
 The table also includes ride quality measurements before and after diamond grinding on Cells 7 
and 8.  Both grinding applications improved the ride quality by over 33%, confirming that diamond 
grinding is an excellent way to restore the functional integrity of a concrete pavement.   
 
Skid Resistance Data 

Post-construction friction data is shown in Table 7.  Mn/DOT collected the friction data using a Dynatest 
1295 Pavement Friction Tester according to ASTM-E274.  All of the data is well above the level 
considered a “good” friction number.  Cell 7 actually exhibited a slightly lower friction number after the 
innovative grinding application, while the traditional grinding method produced a higher friction number 
on Cell 8.   
 
Tire-Pavement Noise Data 

One of the motivations for performing the diamond grinding at MnROAD was to measure the tire-
pavement noise characteristics of the innovative grinding method developed at Purdue University.  Tire-
pavement noise was measured on several cells using On-Board Sound Intensity (OBSI) technology. OBSI 
captures the tire-pavement interaction noise using a set of sophisticated microphones mounted near the 
contact patch (13).  Table 8 contains the OBSI results.  The conventional grinding on Cell 8 actually 
increased the noise level by about 2 dBA.  However, the innovative grinding on Cell 7 decreased the 
noise level by about 3 dBA and produced the quietest concrete surface textures ever constructed in the 
U.S.A. (14).  Cells 33-35 were also measured for their noise characteristics.  Those cells had extremely 
quiet pavement surfaces, each less than 98 dBA.   
 
Instrumentation Response Data 

A sampling of data collected from in-ground instrumentation in selected cells is provided in the following 
sections.  This data only shows a snapshot of the type of data that is available from the cells constructed 
in 2007.  All of the sensor data being collected is stored in the MnROAD database for further analysis by 
pavement researchers. 
 
Thermocouples 

Thermocouples collect temperature data at various depths throughout the pavement structure.  This data is 
extremely important to pavement researchers in a number of ways.  Temperature gradients within the 
bound surface layer are helpful in characterizing stiffness, propensity for thermal cracking, and aging 
characteristics of HMA pavements, they can explain curling and warping and joint movements within 
PCC pavements, and they are critical in the design of composite pavements.  Temperature data can also 
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be used in concert with moisture data to describe freeze-thaw and other behaviors in aggregate base and 
subgrade layers. 
 Figure 2 shows a portion of thermocouple data collected during January-February 2008 from 
various pavement layers in Cell 79.  The graph shows several large temperature drops in a short period of 
time as well as extended time periods at low temperatures.  The coldest temperature that the top of the 
HMA pavement saw over the winter was -21°C, while the bottom of the HMA layer only dropped to -
18°C at that same time.  For a PG 58-34 asphalt binder, there should be no thermal cracking initiated due 
to these pavement temperatures.  As the depth of pavement layer increases, the temperature becomes 
more moderate.  In addition, the largest temperature swings are at the surface of the pavement while in the 
subgrade the temperature changes much more slowly. 
 
ECH2O Sensors 

Figure 3 shows a plot of volumetric water content in Cell 78 measured with the ECH2O sensors.  During 
the winter months the moisture content near the surface of the base layer is quite low, while the moisture 
content increases deeper in the pavement structure.  There is a significant decrease in moisture content at 
the base/subgrade interface during late January.  This roughly corresponds to the temperature plot in 
Figure 2, which shows a prolonged cold snap during this same time.  The moisture content in Cells 77-79 
in particular will be monitored closely throughout the study, both in terms of relative stiffness 
characteristics due the differences in moisture content and in terms of leachate collected in the lysimeters 
for contaminant testing. 
 
HMA Strain Gauges 

CTL strain gauges were placed in the wheelpath of each cell at the bottom of the asphalt pavement layer.  
They are orientated in the longitudinal, transverse, and (in the case of Cells 83-84) 45° directions.  The 
pavement strain in this location is critical for fatigue damage analysis according to mechanistic-empirical 
design procedures, and it will be examined especially closely for the Farm Equipment Study.  Figure 4 
shows longitudinal strain data under the MnROAD 80,000 lb truck for three cells on the Low Volume 
Road.  Data was collected in December 2007 when the asphalt layer was quite stiff, resulting in rather low 
strains.  One might expect the strains to increase considerably during the summer months when the 
asphalt stiffness is lower, thereby possibly causing fatigue damage in the cells.  The figure shows that 
Cell 35 exhibits slightly more dynamic strain than Cell 34, likely due to the different additives used to 
modify the asphalt binders in these cells.  Cell 79 shows an impulse for the steer axle that was 
significantly higher than the other two cells, but then the trailer axles were significantly lower.  This plot 
indicates both the differences in pavement performance that can be observed from instrumentation and the 
occasional challenges associated with interpreting strain data. 
 
Dynamic Pressure Cells 

Vertical pressure at the base/subgrade interface is a traditional indicator of subgrade rutting.  Figure 5 
shows dynamic pressure data collected at the bottom of the base layers in Cells 77-79 under the 
MnROAD 80,000 lb truck.  This plot quite clearly shows the differences in base materials in these three 
cells, and it also follows the FWD stiffness data shown in Table 4.  Cell 78 carried the highest pressure, 
which indicates that the Class 6 aggregate base material is the weakest of the three materials used in this 
study.  The blend of aggregate base and reclaimed HMA led to a slightly higher stiffness in Cell 77.  As 
expected, the fly ash stabilized base in Cell 79 was significantly stiffer than the other two cells and 
resulted in the lowest pressure readings. 
 
SUMMARY 

This paper presents a summary of the research and construction activities undertaken at MnROAD in 
2007.  Several important lessons were learned including: 
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• Partnerships between Mn/DOT and other entities ultimately made all of this work possible.  
MnROAD would not have been able to develop the research projects or fund the test section 
construction without significant contributions from our partners. 

• Oversight by Mn/DOT of the Contractor’s construction activities is not to be taken lightly.  
Weather played a large role in some of the difficulties encountered during construction, but some 
of the problems could have been avoided with more attention to detail by the inspectors. 

• Overall the construction experiences with each of the pavement materials were positive.  The 
PPA modified binders behaved similar to “typical” HMA mixtures during laydown and 
compaction operations.  The fly ash stabilization provided adequate stiffness in the base material 
and made it possible to pave on when the non-stabilized base materials were considerably softer. 

• The falling-weight deflectometer and other devices can be used to gather important field 
performance data of pavement test sections.  For example, the lightweight profiler was used at 
MnROAD to quantify the improvement in ride quality obtained after diamond grinding the 
concrete pavement surface. 

• In-ground instrumentation is an invaluable tool in determining a pavement’s response to 
environmental and traffic loading.  For example, asphalt strain data collected under heavy traffic 
loads can both highlight relative differences in performance between pavement test sections and 
be used to calibrate mechanistic-empirical pavement design procedures. 
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TABLE 1  Acid Study Partners 

Partner Contribution 

Minnesota Department of Transportation 
Overall project management and administration; design, 

construction, QC/QA and performance testing; MnROAD 
operations, performance monitoring, and reporting 

Federal Highway Administration 
Asphalt binder and mixture performance testing; $150,000 
for MnROAD instrumentation, monitoring, reporting, and 

general operations 

MTE Services, Inc. 
Asphalt blending and transport; asphalt binder and mixture 

performance testing  

Innophos, Inc. 
$75,000 for MnROAD construction; advice and guidance on 

the proper inclusion of PPA 

Marathon Petroleum Company, LLC Supply of neat PG xx-34 binder 

DuPont Support MTE’s costs of binder production 

Paragon Technical Services, Inc. Support MTE with PPA + SBS blend 

ICL Performance Products LP PPA supply and funding 

Western Research Institute Chemical analysis of asphalt binders and mixtures 
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TABLE 2  PNAAW Industry Partners 

Organization Cash In-Kind 

Professional Nutrient Applicators 
Association of Wisconsin 

$10,000 $5000 labor on site, equipment transport 

John Deere  
1 180 hp tractor, 1 250 hp tractor, total 240 

hours per year 

Professional Dairy Producers of 
Wisconsin 

$500  

Husky Farm Equipment $2500 $2500 equipment, transport 

Minnesota Custom Manure 
Applicators Association 

 $5000 labor on site, equipment transport 

Michelin Tire  $20,000 in tires, changing services 

Harlon Oil  Diesel fuel for tractors 

Midwest Manure Applicator 
Association (Ohio) 

 Technical and logistical support 
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TABLE 3  Instrumentation Installed During Construction 

Sensor Description Manufacturer 
Total # of 

Sensors 
Sensor Locations 

Thermocouple 
Measures temperature of 

pavement layers at various 
depths 

Omega 
Type TX 

144 
one 16-TC tree in each of 

8 cells 
(Cell 83 has 2 TC trees) 

ECH2O Probe 

Measures volumetric water 
content, electrical 
conductivity, and 

temperature 

Decagon ECH2O TE 63 
one 8-EC tree in each of 8 

cells 

Time Domain 
Reflectometer 

Measures volumetric water 
content from 0% to 

saturation 

Campbell 
TDR 100 

8 one 8-TDR tree in Cell 83 

Lysimeter 
10 m x 10m 3-layer 

geosynthetic to collect 
leachate from base layer 

Homemade 3 
one lysimeter in each of 

Cells 77-79 

Loop Detector 
Detects truck and activates 

dynamic gauges 
Never-Fail 

Inductive Loop 
10 

one loop in each of Cells 
33-35 & 77-79, two loops 

in each of Cells 83-84 

Soil Compression 
Gauge 

Measures 3-D displacement 
at middle of base layer 

Vishay Micro-
Measurements 

LVDT 
6 

one X-Y-Z group in each 
of Cells 83-84 

Soil Compression 
Gauge 

Measures 2-D displacement 
(X-Y) at middle of base 

layer 
CTL Potentiometer 6 

one X-Y group in each of 
Cells 77-79 

Dynamic 
Pressure Cell 

Measures normal stress at 
base/subgrade interface 

Geokon 3500 24 
3 PK sensors in each of 8 

cells 

Asphalt Dynamic 
Strain Gauge 

Measures transverse or 
longitudinal strain at the 
bottom of HMA layer 

CTL 
ASG-152 

72 

3 longitudinal & 3 
transverse sensors in each 
of Cells 33-35 & 77-79; 6 
longitudinal, 6 transverse, 

& 6 @ 45° in each of 
Cells 83-84 
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TABLE 4  Falling Weight Deflectometer Data from MnROAD Cells 

 Average Stiffness, MPa Coefficient of Variation 

Cell Subgrade Base HMA Subgrade Base HMA 

33 56.4 147.9 1331.3 15.1% 15.1% 13.7% 

34 52.3 137.4 1250.8 11.2% 11.2% 17.7% 

35 58.5 153.6 1380.3 15.2% 15.2% 12.2% 

77 52.3 114.3 2222.1 24.9% 24.9% 32.4% 

78 41.9 91.6 1972.2 28.8% 28.8% 17.3% 

79 63.7 139.1 3996.8 14.5% 14.5% 32.8% 

83 57.9 126.4 2606.3 25.2% 25.2% 31.0% 

84 73.8 170.1 3203.1 18.8% 18.8% 39.5% 
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TABLE 5  MnROAD Post-Construction Rutting Data (inches) 

Cell Lane Max Min Average 

80k 0.05 0 0.02 
33 

102k 0.09 0 0.03 

80k 0.07 0 0.02 
34 

102k 0.07 0 0.02 

80k 0.07 0 0.03 
35 

102k 0.13 0 0.03 

80k 0.10 0 0.04 
77 

102k 0.21 0.003 0.08 

80k 0.10 0 0.03 
78 

102k 0.12 0.001 0.04 

80k 0.06 0 0.02 
79 

102k 0.08 0 0.04 

WB 0.14 0.005 0.06 
83 

EB 0.09 0 0.04 

WB 0.14 0.001 0.04 
84 

EB 0.10 0 0.04 
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TABLE 6  MnROAD Post-Construction IRI Data (m/km) 

Cell Lane IRI, m/km 

80K 1.31 
33 

102K 1.14 

80K 1.40 
34 

102K 1.22 

80K 1.56 
35 

102K 1.09 

80K 1.55 
77 

102K 1.47 

80K 1.36 
78 

102K 1.34 

80K 2.05 
79 

102K 1.88 

Driving 1.19 7 Pre- 
Grind Passing 1.55 

Driving 0.76 7 Post- 
Grind Passing 1.03 

Driving 1.80 8 Pre- 
Grind Passing 1.86 

Driving 1.17 8 Post- 
Grind Passing 1.14 
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TABLE 7  MnROAD Post-Construction Friction Data 

Cell Lane 
Friction 

Number 

33 80K 70.4 

34 80K 68.8 

35 80K 69.8 

77 80K 54.1 

78 80K 51.6 

79 80K 64.5 

Driving 59.5 7 Pre- 
Grind Passing 59.4 

Driving 54.2 7 Post- 
Grind Passing 48.4 

Driving 48.0 8 Pre- 
Grind Passing 47.0 

Driving 83.1 8 Post- 
Grind Passing 63.9 
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TABLE 8  MnROAD On-Board Sound Intensity (Noise) Data 

Cell Lane OBSI, dBA 

33 102K 97.4 

34 102K 97.8 

35 102K 97.7 

Driving 101.9 7 Pre- 
Grind Passing 102.5 

Driving 98.7 7 Post- 
Grind Passing 98.9 

Driving 100.7 8 Pre- 
Grind Passing 101.5 

Driving 103.3 8 Post- 
Grind Passing 103.3 
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FIGURE 1  MnROAD 2007 Test Section Layout. 
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FIGURE 2  Thermocouple Data (Cell 79). 
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FIGURE 3  ECH2O Data (Cell 78). 
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FIGURE 4  Dynamic Longitudinal Strain Data at Bottom of HMA Layer (Cells 34, 35, 79). 
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FIGURE 5  Dynamic Pressure Data at Bottom of Base Layer (Cells 77-79). 
 


