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MnROAD Facility

MnROAD

ÅFull-scale, cold climate pavement test facility 
near Albertville, MN

ÅоΦр ƳƛƭŜ όрΦс ƪƳύ άaŀƛƴƭƛƴŜέ ǎŜŎǘƛƻƴ ǿƛǘƘ 
diverted interstate I-94 traffic

ÅнΦр ƳƛƭŜ όп ƪƳύ ά[ƻǿ ±ƻƭǳƳŜ wƻŀŘέ ŎƭƻǎŜŘ 
loop test track

ÅMultiple pavement test sections

ÅAsphalt

ÅConcrete

ÅOverlays

ÅOperation began in 1994

ÅBeginning Phase 3 experiments
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Provides opportunities for bold ideas



MnROAD History

ÅMnROAD Phase 1 (1994-2007)

üFunded by MnDOT, Mn LRRB and FHWA

üExperiments determined by MnDOT and Minnesota LRRB

ÅMnROAD Phase 2 (2007-2015)

üFunded by MnDOT, Mn LRRB and FHWA,

Pooled fund partners (state DOTs)

üExperiments determined by MnDOT, Mn LRRB, 

Pooled fund partners (state DOTs)

ÅMnROAD Phase 3 (2015-?)

üResearch and operation funded by National Road Research Alliance (NRRA)

[6 states, MnLRRB].  Construction $ = MnDOT 

üExperiments determined by NRRA members (includes input from 30 industry and academia 
members)
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MnROAD Staff

Responsible for site operations

ÅInstall and maintain supporting infrastructure

ÅInstall sensors

ÅConduct load tests

ÅFWD testing

ÅDistress surveys

ÅProvide loading on Low Volume Road

ÅAssist with non-pavement related studies
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MnROAD Phase 3 - Round 1
Primary PCC Studies

ÅFiber-reinforced Concrete Pavement

üThin overlays

üThin slabs on grade

ÅLong-Term Impacts of Early Opening of Concrete Pavements to Traffic

üNew pavements

üRepairs

ÅReduced Cementitious Content Concrete Mixtures

üCurrent limits

üHow low can you go?

Å(Long Term Effects of Diamond Grinding on PCC and Impact of Sealers)

FUTURE?

Å(Compacted Concrete Pavement)

FUTURE?
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Fiber Reinforced Concrete Study

Objectives

üDetermining contribution of fibers in reducing panel fatigue cracking

üDetermining contribution of fibers in mitigating joint faulting

üDetermining optimal panel size
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Fiber Reinforced Unbonded Concrete Overlay

ÅMnROAD Cells 705, 805                               
(Mainline interstate traffic)

üFiber content: 20% RSR (ASTM C1609)

üNon-woven geotextile fabric interlayer

üCell тлрΥ мпΩ² Ȅ мнΩ[Σ мнΩȄмнΩ panels

üCell улрΥ сΩ²ȄмнΩ[ ϧ уΩ²ȄмнΩ[ panels

üоΩ ǿƛŘŜ ǇŀǎǎƛƴƎ ƭŀƴŜ t// ǎƘƻǳƭŘŜǊ 
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Fiber Reinforced Concrete On Grade

ÅMnROAD Cells 506, 606, 706, 806
(Mainline interstate traffic)

üAll ŎŜƭƭǎΥ сΩ Ȅ сΩ ǇŀƴŜƭǎ

üFiber content:

üCell 506: No fibers (control)

üCell 606: 20% RSR (ASTM C1609)

üCell 706: 30% RSR (ASTM C1609)

üCell 806: 0.75% by volume
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3" Existing             

Class 5 base

11" Drainable 

aggregate base

Clay subgrade

5" Fiber Reinforced 

Concrete 



Ultra-thin Fiber Reinforced Concrete On Grade

ÅMnROAD Cells 139, 239
(Low Volume Road traffic)

üAll cells: сΩ ȄсΩ ǇŀƴŜƭǎ

üFiber content: 30% RSR (ASTM C1609)
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3" Fiber Reinforced 

Concrete

6" Class 5

4" common borrow 

(silty -clay

Clay subgrade

4" Fiber Reinforced 

Concrete

6" Class 5

4" common borrow 

(silty -clay

Clay subgrade



Early Opening to Traffic Study

Objectives

üEvaluate visible and non-visible immediate damage caused by early age 
loading

üQuantify the effect of early loading damage on long-term performance

üDetermine minimum strength at opening or other measurable variables 
associated with this parameter

üRecommend strategies for minimizing or avoiding early loading damage 
detrimental to long-term performance
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Early Opening to Traffic

ÅMnROAD Cell 124
(Low Volume Road Traffic)

ü{ǘŀƴŘŀǊŘ ǇŀƴŜƭ ǎƛȊŜ мнΩ² Ȅ мрΩ[

üStandard concrete mix

üDoweled joints

üEarly sequential traffic loadings

üBased on maturity

üVehicle driven across concrete before full set to cause visible damage 
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6" PCC

6" Class 6

Sand subgrade



Early Opening of Repairs

ÅMnROAD Cells 7 & 8
(Mainline interstate traffic)

üFull panel replacements, full-depth 
joint repairs, and partial-depth repairs

üVarious repair materials

o MnDOT spec. 3U18M

o MnDOT spec. 3U58

o Contractor design high early mix 

o Internal cure mix

o Roller Compacted Concrete

Å1 and 2 lifts

üEarly sequential traffic loadings
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Clay subgrade

4" PSAB

3" Class 4 base

7.5" PCC Various repairs



Reduced Cementitious Content Concrete Study

Objectives

üInvestigate the early-age characteristics of concrete paving mixes 
containing low and lower cementitious content

üAssess causes of, or potential for, durability issues with very low 
cementitious content 

üIdentify effect of reduced cementitious content on long term 
serviceability and economics of concrete pavements

üDevelop recommended specifications, mixing and placement 
practices for the use of low cementitious content concrete mixes
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Reduced Cementitious Content Mixes

ÅMnROAD Cells 138, 238
(Low Volume Road traffic)

üAll cells: мнΩ²Ω x мрΩ[ panels

üCell 138: Cementitious content = 500 lb/cy

üCell 238: Cementitious content = 470 lb/cy
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Concrete Repair Product Evaluations

ÅI-94 MnROAD Bypass (1900 ft )
(intermittent interstate traffic)

üпп ȅŜŀǊ Ww/t όнтΩ ƭƻƴƎ ǇŀƴŜƭǎύ

üPartial-depth joint and mid-panel repairs

üVarious repair materials

o 15 early-set materials

o Installed by MnDOT maintenance workers

o Guided by manufacturer/supplier reps

9/20/2017 15

Various repairs



Concrete Mix Designs
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Low Cementitious Cells (138-238)

Table courtesy of American Engineering Testing



Concrete Mix Designs
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Fiber Reinforced Concrete Cells
Fiber type: FORTA-FERRO

20% RSR = 5 pcy; 30% = 8 pcy; 0.75% vol = 11.66 pcy
Table courtesy of American Engineering Testing



Residual Strength
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Table courtesy of American Engineering Testing/Testing, Engineering & Consulting Services, Inc.



Box Test
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After 30 minutes

20% RSR Fiber mixLow cementitious mix

Photos courtesy of American Engineering Testing



Removal of Previous Test Cell
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PASSRC Interlayer after 9 years

Cell 405



Removal of Previous Test Cell
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Cell 406



Instrumentation

9/20/2017 22



Instrumentation
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Paving
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Paving

9/20/2017 25



Paving
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/Ŝƭƭ мофΣ оέ Cw/



Sampling
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Construction Issues
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ÅCw/ /Ŝƭƭ слс ǇŀǾŜŘ мέ ǘƻƻ ǘƘƛŎƪ

ÅPassing lane sawed 1 foot narrower than planned on Cells 705/805

ÅSpongy/non-uniform base under LVR cells

ÅDamage to Cell 139 from construction traffic



Early loading of Cells 124-424
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Maturity 

(Deg-Hr)

Flexural 

(psi)

100 73

200 196

300 267

400 318

Starting Day 2, 5 passes per day for first week

Cell x24 Early Loading Sequence

Loads applied to lanes

1st  Load on Cell 124 (forward and back)

1st Load on Cell 224, 2nd load on Cell 124

1st Load on Cell 324, 2nd load on Cell 224, 3rd load on Cell 124

1st Load on Cell 424, 2nd load on Cell 324, 3rd load on Cell 224, 4th load on Cell 124



Early Loading of Cell 624
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Early Loading of Cell 624
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Early loading of Cells 124-424
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4,000 lb axle vs 14,000 lb axle loads (1st Cell @ 3hrs)



Post Paving Activities
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ÅProfile (Lightweight profiler)

ÅMix uniformity mapping (MIRA)

ÅSlab thickness (MITScanT2)

ÅTransverse joint deployment
üEdge observations before shoulder placement

ÅWarp and curl (ALPS2 laser profiler)

ÅInstall joint opening sensors and pins

ÅFWD Tests (after shoulder placement)

ÅInitial load testing with MnROAD truck 

ÅCompile PCC strength and durability specimen results 



Warp and Curl Profiling

9/20/2017 34
ALPS2



Early Transverse Joint Deployment
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Observation on 7-5-17, Age range: 5 to 9 days

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

CELL 506, 5" CONTROLPCC CELL 606, 6" FRC,20% RSR CELL 706, 5" FRC,30% RSR CELL 806, 5" FRC,0.75%vol

!ƭƭ сΩ Ȅ сΩ ǇŀƴŜƭǎ ƻƴ ōŀǎŜ



Early Loading Damage
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/Ŝƭƭ мофΣ оέ Cw/Σ [ƻŀŘŜŘ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘǊŀŦŦƛŎ Ϫ н ǿŜŜƪǎ ƻƭŘ



Early Loading Damage
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