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• MnROAD Background

• MnROAD Data and Availability

• Analysis Examples from MnROAD

• Discussion on other technologies 
used by others?



MnROAD Background

• MnROAD Owned and Operated by Minnesota DOT

• HMA and PCC Research

• 30 Years of Long-Term Customer Service
o Minnesota Department of Transportation
o Minnesota Local Road Research Board
o SHRP II / NCHRP / FHWA / Partnerships
o Pooled Funds Efforts (States) / Industry

• Major Experiments
o Phase I (1994-2006)
o Phase II (2007-2016)
o Phase III (2017-2022) – NRRA/NCAT
o Phase IV (2022) – NRRA/NCAT



National Road Research Alliance
and MnROAD Partnerships

• NRRA Phase-I (Feb 2016 – Feb 2021)
o 13 Government Agencies 
o 60+ Associate Members
o 40 Projects & Research @ ~$4,700,000

o 21 Different Contractors

• Organizational Structure
o Executive Committee (2 representatives)
o 5 Technical Teams (HMA, PCC, ICT, PM, Geotechnical)
o Monthly Research Pays off Seminars

• NRRA Phase-II (Jan 2021 – Dec 2025)
o Pooled Fund Approved - TPF-5(466)
o NRRA and Veta being combined (2 States for Veta only)
o ~5 million dollars towards NRRA directed research 
o MnDOT utilize 5 million for 2022 MnROAD construction

• NCAT Partnership



MnROAD- Minnesota Road Research Facility

mndot.gov

MnROAD I 94 Mainline

I 94 eastbound 
to Minneapolis

MnROAD Low 
Volume Road

MnROAD Site 
Office and 
Operations

MnROAD I 94 Original 
westbound (1972)

I 94 westbound 
to St. Cloud



MnROAD Research Resources 

• Experienced Technical Staff 
• 19 Road Research 
• 7 MnROAD Operations

• Safe/Accessible Work Zone
• Pavement Database

(Long Term Data ~ 30 years data)

• Lab Testing
• Performance Monitoring
• Sensors

• Data Collection Network
• 8,500+ Sensors Installed
• Static and Dynamic Data
• Weather Data
• Traffic Data

6



Typical Frost Data / Sensors / Seasonal Monitoring

• Weather Stations (2)
• Thermal Couples

• 12 mm to 2400 mm depth (1/2 inch to 8 feet)
• Many layers and materials

• Moisture Gauges
• Ground Water
• Frost Pins Surveys
• Seasonal Ride Data

(Limitations to our current measurements for 
both research and our MnDOT pavement 

management data collection)
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Shape Array Accelerometer(SAA) Sensors

✓ ShapeArray is an integrated measuring tool that measures deformation in soil

and structures in real time. The instrument can be used horizontally- to

monitor settlement or heave, vertically to monitor lateral deformation, and in

an arc to monitor changes in convergence (for example, in tunnels, Sewers).

Different applications

▪ In-situ monitoring of unstable slopes 

▪ Monitoring of civil engineering structures

(Tunnels, retaining walls, dams, and buildings )

▪ Monitoring of mines and excavations 

▪ Measuring drill-hole shape 

▪ Laboratory research

Bora Cetin Ph.D. 
Associate Professor 
Michigan State University
cetinbor@msu.edu

Raul Velasquez P.E. Ph.D.
MnDOT Geomechanics 
Research Engineer
Raul.Velasquez@state.mn.us

mailto:cetinbor@msu.edu
mailto:Raul.Velasquez@state.mn.us
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Practical Application-Asphalt Pavement 
(2022 MnROAD Wicking Geotextile Application)

Figure. Deflection of subgrade in test 

and control Section obtained from SAA

(Biswas et. al. 2022)

Figure. Section details and instrumentation

(Biswas et. al. 2022)



MnROAD Data Availability

• MnROAD Website
• http://www.dot.state.mn.us/mnroad/
• Descriptions of data collected
• Some sensor data at this time

• InfoPave MnROAD Website
• LTPP tied online system
• https://infopave.fhwa.dot.gov/Mnroad/index
• Locate sections, data types, view data, 

downloads
• Sensors to be added in 2022 and other 

improvements

• Email MnDOT Staff
• Custom data requests
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MnROAD is a publicly funded facility all 
our data is available to the public

http://www.dot.state.mn.us/mnroad/
https://infopave.fhwa.dot.gov/Mnroad/index


MnROAD ME Designs Impacts

• Flexible – MnPAVE
(Major Inputs into PavementME)

• Rigid – MnPAVE Rigid
• Concrete Overlay of Asphalt 



MnROAD Data and PMS Objekt Comparison

Benjamin Worel
Minnesota Department of Transportation

Tomas Winnerholt
TRAFIKVERKET

Objective
• Use MnROAD Data
• Verify PMS Objekt
• Future use in MnDOT 

design software
• Move beyond 30” and 

36” frost free design 
criteria MnDOT uses



Past MnROAD Frost Heave Efforts
• Measured using rod and level measurements
• MnROAD Environmental Factors that Affect Ride -

http://www.mrr.dot.state.mn.us/research/pdf/2006MRRDOC014.pdf

– 2006 ASCE Cold Regions Paper

• Effects of Pavement Design on Frost Heave at MnROAD
– University of Minnesota / MnDOT
– HMA and PCC Inpacts
– 2009 TRB Paper #: 09-318

4 years data (two shown)
Variable every year
Very little heave

• Clay 1.1”  (3 cm)
• Sand .3 to .5” (1 cm)

http://www.mrr.dot.state.mn.us/research/pdf/2006MRRDOC014.pdf


Seasonal Load Limits
Spring Restrictions / Winter Overloads

Spring Thaw

MnROAD Models
Thawing Index

Monitoring Sites Installed around the State

MnDOT Website



NRRA Project - Recycled Bases at MnROAD

Bora Cetin Ph.D. 
Associate Professor
Department of Civil & Environmental Engineering 
Michigan State University
Email: cetinbor@msu.edu

Raul Velasquez P.E. Ph.D.
Geomechanics Research Engineer
MnDOT Office of Materials & Road Research
Email: Raul.Velasquez@state.mn.us

➢ This project is funded by National Road Research Alliance (NRRA). Grant # 1003320-2, 
Report #  NRRA202103

mailto:cetinbor@msu.edu
mailto:Raul.Velasquez@state.mn.us


• Recycled concrete aggregate (RCA) 

• Old & failed rigid pavements

• Demolished structures

• Recycled asphalt pavement (RAP) 

• Old & failed asphalt pavement 

surfaces

• Test and Monitor Performance of 

RAB under unique environmental 

conditions at MnROAD

Motivation



Performance Monitoring of RAB Cells

• Soil temperature and moisture monitoring

– Temperature profiles

– VWC profiles

– Annual frost penetration depths

– F-T periods

• FWD tests

• Frost heave & thaw settlement

• Rutting

• IRI

• Other pavement distresses



MnROAD RAB Cells
Freeze-Thaw Performance

Thawing periods 
were higher for 

RCAs



MnROAD RAB Cells 
Freeze-Thaw Performance

Higher frost 
penetration depths 

for Limestone



MnROAD RAB Cells 
Freeze-Thaw Performance Strength
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Environmental Impacts on the Performance of 
Pavement Foundation Layers-Phase I

Principal Investigator:

Bora Cetin, Ph.D.
Co-Principal Investigator:

Kristen Cetin, Ph.D.

Tuncer Edil, Ph.D.

Research Team:

Debrudra Mitra

Department of Civil and Environmental Engineering

Michigan State University
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https://porthawkesburyreporter.com/spring-weight-restrictions-partially-lifted/https://myferndalenews.com/frost-boils-reason-emergency-road-restrictions_55759/

Freezing Thaw Weakening

PotholesRuttingIce Lensing Frost Boil

PROBLEM STATEMENT

https://porthawkesburyreporter.com/spring-weight-restrictions-partially-lifted/
https://myferndalenews.com/frost-boils-reason-emergency-road-restrictions_55759/
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(1) Clean and pre-process the soil & weather data

(2) Develop a data-driven model that uses weather data as input to: 

• Predict the soil temperature and certain depths

• Predict the  number of freeze thaw cycles at certain depths and start/end time, and 
duration of cycles over time

(3) Create a tool to provide soil temperature and number/duration of freeze-thaw cycles 
that implements the model 

Objective of this Study:
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The tool has been developed in Excel to predict for a user-specified depth:

1. Soil temperature

2. Number of freeze-thaw cycles

3. Starting time of freezing and thawing 

4. Duration of the cycles

2021 Final Report - NRRA: Environmental Impacts on the Performance of Pavement Foundation Layers (state.mn.us)

Debugging checks have also been implemented in the tool to provide the 
user some information about the input data and possible errors.

Tool Development: 2021 Summary

https://researchprojects.dot.state.mn.us/projectpages/pages/projectDetails.jsf?id=23299&type=CONTRACT&jftfdi=&jffi=projectDetails%3Fid%3D23299%26type%3DCONTRACT


❑ Using MnDOT’s Road Doctor / GPR to measure & monitor moisture 

fluctuations in unbound aggregate layers of in-service pavements
o To establish proper windows for Spring Load Restriction and Winter Load Increase

o Establish proper traffic opening time for roads affected by flooding

o Assess the drainage capacities of pavements

o Identify locations with poor drainage 

o Provide continuous moisture profiles (not spot measurements)

Using GPR to Monitor Moisture in Base Agg of In-Service Pavements



❑ Performed GPR surveys on several MN Road cells instrumented with moisture gauge

❑ Extracted moisture indicators from the GPR data 
o Found excellent match between GPR-based and in-place moisture readings

o Found interesting insights on the effectiveness and limitations of GPR for investigating pavements with different 

drainage and moisture retaining capabilities

Using GPR to Monitor Moisture in Base Agg of In-Service Pavements



❑ Developed a systematic and rapid testing methodology for evaluating and characterizing pavements affected 

by tenting

Evaluation of Pavements Affected by Pavement Tenting (Crack-

Heaving): Integrated, Multi-Sensor Non-Destructive Testing



❑ Comparison of sections affected by tenting

Evaluation of Pavements Affected by Pavement Tenting (Crack-

Heaving): Integrated, Multi-Sensor Non-Destructive Testing

Infrared thermal camera

Section  A on  US169 exhibiting little
tenting 

Section B on US169 exhibiting extreme
tenting 

IRI smoothness GPR – Moisture Damage Index 

(Roadscanner)



❑ Linked together surface and subsurface measurements provided a wider picture of the factors contributing to 

the formation of tented cracks

Evaluation of Pavements Affected by Pavement Tenting (Crack-

Heaving): Integrated, Multi-Sensor Non-Destructive Testing



Discussion

• New sensor ideas?
• New monitoring ideas?


