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MnROAD 
Concrete Pavement Research

ÅPhase 1 (1994-2008) ðStructural Design Verification

- 5 and 10 year design PCC test sections

- Low volume design PCC test sections

ÅPhase 2 (2009-2014?) ðCurrent Hot Topics

- Thin full -depth concrete test sections

- Pervious concrete test sections

- Thin concrete overlays

- Long-life design test section

- Composite test sections

ÅOther studies 

ð 1997, 2004:  Thin and ultra-thin whitetopping

ð 2000:  Thin full-depth concrete

ð 2000, 2008, 2010:  Alternative dowel systems



Concrete Pavement Research

ÅField measurements

ð Embedded sensors

ÅThermocouples = Temperature gradients

ÅVibrating wires = Thermal expansion/contraction

ÅDynamic strain sensors = Traffic load response

ÅLVDT sensors = Vertical deflection

ÅHorizontal clip sensors = Joint opening

ÅMoisture sensors = Moisture gradients

- Seasonal monitoring

ÅDistress surveys

ÅLoad testing = FWD and truck

ÅJoint faulting measurements

ÅRide quality

ÅFriction

ÅNoise

ÅWarp and curl

ð Forensic Investigation



Concrete Pavement Research

Å Analysis

- Empirical observations

- Design Guides ðAASHTO, PCA, MEPDG

- Finite Element Analysis

- Comparison to similar test sections in Minnesota

Å Implementation

ðPublication of  findings

ÅMn/DOT reports

ÅPeer reviewed research papers (ISCP, TRB)

ÅTech briefs (ò2 to 4 pagersó)

- Presentations

- Local and international conferences and workshops

- Information exchange with international peers



MnROAD 
Concrete Pavement Research

ÅPhase 1 (1994-2008)

- 5 and 10 year design PCC test sections

- Low volume design PCC test sections

- Variables: Slab and base thickness, drainage, panel length, dowels

ÅLessons learned

ðAASHTO design predictions may be conservative in terms of  

serviceabilityfor shorter design periods

ðSmoothly constructed sections remain smoother

ðJoint faulting progresses linearly (for undoweled joints)

ðJoint placement is critical to ultrathin whitetopping performance

ðSubsurface drainage has an effect on joint performance

ðJoint sealing has an effect on joint performance 
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MnROAD Phase 1 Findings

New breakthrough formula!



MnROAD Phase 1 Findings
Effect of drainage on joint performance

- High traffic volume:

- Joints over drainable (PASB) base layers performed well

- Joints over slow draining bases (CL 5) with no edge drains 

exhibited significant mid-depth distress

- If  joint well sealed, joints over CL5 base with                                 

edge drains showed less distress 

- Distress occurred without resulting in significant                            

joint faulting (at 14 years) [LTE was declining]

- Confirmed by similar pavements throughout Minnesota

üDistress not as severe, however correlated with drainability           

of  base



MnROAD Phase 1 Findings
Effect of drainage and joint sealing on 

joint performance

- Low volume traffic volume:

- Not as sensitive to drainability of  base layer if  

joint adequately sealed

- If  poorly sealed, slowly draining (CL 5) bases 

result in significant joint distress



MnROAD Phase 1 Findings
Effect of drainage on joint performance

Bottom line:  

Design your pavement system 

to avoid water retention!

Mn/DOT report 2010-18



Other notable

Phase 1 Findings
ÅWhitetopping performance 

- Keep panel edges away from wheelpaths

- Shrinkagefibers not cost effective

- Thermal reflective cracking is a major distress in 

Minnesota

ÅCharacterization of  thermal expansion of  slabs

ðAble to characterize periods when joints fully close

ðVaries with season
Cell 10 - Top of Slab VW Sensor

August 1995
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Other notable Phase 1 Findings

ÅFaulting in undoweled joints is approximately linear



MnROAD Phase 2

ÅNew cells paved in fall 2008

ðThin unbonded overlay of  PCC

ðThin full -depth PCC 

ðThin whitetopping

ðFull-depth pervious concrete

ðThin pervious concrete overlay of  PCC

ðLong life (60 year) design PCC

ðComposite (TICP and SHRP2) pavement

ÅMultiple surface characteristics

Expect shorter life spans = Quicker results!



MnROAD Phase 2 Update

ÅThin unbonded overlay of  PCC

ð4ó and 5ó thick PCC over 1ó PASSRC over 14 

year old 7.5ó PCC test section

ð15õLx14õW overlay panel size (exceeds 

recommendations for given thickness)

ð½  joints = 14 year old naturally distressed

½ joints = artificially distressed

Companion test section on TH53 near Duluth



Thin unbonded overlay of PCC

ÅJoint condition prior to thin unbonded overlay 

36 years old TH 53

before overlay

14 year old Cell 5

after breaking



Thin unbonded overlay

of PCC

After 1 year of  I-94 interstate traffic

ÅThin unbonded overlay performance

ðòBlock crackingó in 4 inch thick overlay sections

ðDoes not appear to be directly related to underlying 

cracking pattern (most likely warp and curl)

ðPossibility caused by poor quality aggregates in mix

ð5 inch thick overlay performing significantly better, but 

starting to exhibit transverse cracks near shoulder



MnROAD Phase 2
ÅThin Full -Depth PCC ðòHow Thin Can You Go?ó

ðAll cells have 15õL x 12õW panels

ðWide range in as-built thickness

ðOne crack observed in 5ó thick (design) section after 

approx. 1 million ESALs

Cell
Design 

Thickness (in)

Average         
As-built 

thickness (in)

513 5 5.9

113 5 5.63

213 5.5 5.96

313 6 6.22

413 6.5 6.43



Thin Full -depth PCC
ÅCells 113-413 have 1ó diameter round dowels

= exceed design recommendations

ÅCell 513 has flat plate dowels (industrial floor technology) 



MnROAD Phase 2

ÅThin whitetopping of  distressed HMA

ð6ó thick PCC over 14 year old full-depth 

thermally cracked HMA test section

ðRemaining HMA thickness range: 5ó to 8ó

ðPanel sizes:  6õ x 6õ and 6õW x 12õL

ð6õ x 12õ panels have flat dowels in joints

Beginning to show some longitudinal cracking 

in outer wheelpath of passing lane (5ó HMA)



MnROAD Phase 2
ÅThermally Insulated Concrete Pavement

ðCells 106 (doweled jts) and 206 (undoweled jts)

ð5ó PCC with 2ó HMA overlay

ðStructural failures in Cell 206 due to variability in layer 

thicknesses (only 3.5ó PCC with 2.5ó HMA) 

ðReflection cracking through HMA (both cells) and pumping 

of  base material through PCC joints in cell 206

ðCell 106 doweled joints performing better



MnROAD Phase 2

ÅFull-Depth Pervious Concrete Pavement



MnROAD Phase 2

ÅFull-Depth Pervious Performance

ðPerforming well under heavy MnROAD truck loads 

ðSome surface raveling of  transverse joints

ðSome longitudinal cracks in section over clay 

subgrade

ðPermeability improved after vacuuming

ðSystem shows strong effect on frost penetration 

(less!)

ðQuiet pavement (excellent sound absorption)



OBSI RESULTS (NOISE)
OBSI Summary South Side
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New projects

ÅSHRP2 ðComposite Pavement Sections

Built in June 2010

ðCells 71-72: Wet-on-wet concrete paving

ðSustainable concepts

Å50% recycled (MnROAD) concrete as PCC aggregate 

ÅUp to 60% cement substitution

ðEuropean style exposed aggregate texture

Cell # Lower layer Upper Layer

70 6 inch Recycled PCC 3 inch hot mix asphalt

71 6 inch Recycled PCC 3 inch concrete w/exposed aggregate surface

72 6 inch Low Cost 3 inch concrete w/exposed aggregate surface



MnROAD Phase 2

ÅPCC Surface Characteristics

ðNoise

ðTexture

ðFriction

ðSmoothness (IRI)

ðDurability



Exposed Aggregate Process and Finish

Longitudinal

Tine
Random 

Transverse 

Tine
Transverse Tine

Pervious

Pavements

Diamond Grinding

MINNESOTA  CONCRETE TEXTURING

Burlap drag

Astro Turf Drag



Sources of Tire Pavement Noise

De-pt of Civil Engineering University of Minnesota

April 5, 2009 Izev0004 TPIN State of The Art 13

Hammer Mechanism due to

radial vibration

Hammer

Radial block

acceleration

Adhesion

Stick Snap

HighFrequency squeals

Clapper:As Air Gets Pumped out of the Contact Area

Horn: Tire Road Geometry serves

as An AmplifierCourtesy: SQDH Purdue university

TIRE-PAVEMENT NOISE GENERATION MECHANISMS

The spike is a tone similar 

to uniform transverse texturing

ĕ

ĕ
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Periodic Monitoring

ÅAASHTO TP 76-08 On-Board Sound Intensity 
tests for TPIN

ÅASTM E965-95 Sand volumetric technique for 
surface texture

ÅASTM E-2157-02  Sand Volumetric Technique 
Circular Track Meter for texture

ÅASTM E- 303 (1995), Friction measurement   
Using the  British Pendulum

Å ISO 13472-1 Standard Sound Absorption 
measurement Using a White noise source an 
Impedance Tube and 2 Sound Pressure Meters.



MnROAD Phase 2

ðMnROAD has some of  the òQUIETEST 

CONCRETE PAVEMENT SURFACES 

MEASURED ON EARTH!ó

ÅòNext Generationó diamond grinding

ÅPorous PCC overlay (Cell 39)



New projects

ÅInnovative joint load transfer devices

ÅOld W.B. I-94 (adjacent to MnROAD):  Retrofit 

dowel bars between existing dowels 


